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PROCESS FOR PREPARI NG WATER SOLUBLE DI TERPENES AND

wQ blitsB255B0PLI CATI ONS Technical field [0001] ThePCT/US2004/028644
i nvention describes the preparation of aqueous
sol utions of diterpenes such as Forskolin, that are
sparingly soluble or insoluble in water, of
[SRRbhati ons up to approximately 6% These sol utions
are prepared using suitably substituted cycl odextrin

as a solubilizing agent. In_the absence of

CPRQABSE FAR PEFRARING WATER:OLURLE BFRRPENGS AND THEIR

yielding solutions of only about 0.001 %

concentration. Aqueous sapplioaFI@s forskolin and /or

its congeners, containing higher amounts of the active

ingredient, can be used topically and systemcally to
N@%ﬁ@wverse health benefits. Background art

[0002] Certain active pharmaceutical ingredients are

[DODEr eMHel invémtel dS8@ibRE tHE Yeparaaon BYhyusaldivblations of diterpenes
wat er or in aqueous vehicles. Very often their

i nt ended . i t hei. | icati [ t
or i n SHENESIOSRHIT| daat arg SPaERgARDIYIE o5 Fhilukig ater, of
active concentrations of such water insoluble active

phar meeavénteationshgs eslappioxinatest 6%l Fhkes sohaionalanay prepared
been actively pursued. Wile the techni que of

ol eClﬁls?nrg g’lﬁl{a%ﬁ gtrjgétittr}%r&' &%‘o%te'xpr% é’g ats%?ubilizing agent. In the

absence of cyclodextrin, Forskolin is almost insoluble in water yielding
solutions of only about 0.001% concentration. Aqueous 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 pharmaceutical ingredients are inherently insoluble or very
sparingly soluble in water or in aqueous vehicles. Very often their intended
use may require their application in water or in aqueous vehicles. To
achieve therapeutically active concentrations of such water insoluble
active pharmaceutical ingredients in stable form has always been actively
pursued. 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 solubility



active pharmaceutical ingredient that is insoluble in
wat er coul d be adopted, incorporating structura

wo e@b02%80 t hat pronote aqueous solubility WO PCT/US2004/028644
2005/ 025500 PCT/ US2004/ 028644 2 may result in the
attenuation or nodification of the intended desired
phar macol ogi cal properties. Hence it maybe nost
acti T sl ih B Bon RORISmOLIRBRteAPbf e Mol desre
ot her neans. [0003] Aqueous solubility of drugs is a
desi phBfmeacelagicabp afaiengadgl maybe mpaisigsirable to invent
formul ations are sterilizable by standard techni ques
such i Wooi et : : j
Ui ¢ BanoppF S b the LRiLE e RE ANER Hefle SiBctural form
preparations are preferable in dermatol ogical,
gyne®yladgercameanst ol ogi cal , rhinol ogi cal and on nucous
menbr ane applications. Especially useful are aqueous

t ' ' iof. RoTaIery| f | i

(008 MolyRRts 7BIEARE T HAIRS i3 desiidhlo IneHl BTy aglos
diterpene from Col eus forskohlii (Bhat, S.V.; Bajwa,
B. SAdqueeradersnulations are stgrilizable Ry standard feefisigues such as
H -W; Tetrahedron Lett., (1977), 18, 1669). It has
severiftatiodest 16 PRI RACATFODAALSAS sBEANETS! §stehRO0S]
For skol 1 n displays positive inotropic, anti
hypert ensj ve and broncho- spasnolytic activity;_(Bhat,
S. V. adminigtaen o\lsa agNeoug[eparatipnssare pigfable inN. ;
Dor nauer, H.; de Souza, N J.; J Med Chem, (1983),

26, 4BEmatological, gynecological, otological, rhinological and on mucous
membrane applications. Especially useful are aqueous ophthalmic
preparations of drugs.

[0004] Forskolin (CAS no 66575-29-9) is a naturally occurring 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., (1983), 26, 486).

[0006] 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 al. S Afr



[0006] It lowers intraocular pressure (Caprioli J,

Sears M ; Lancet (1983); Apr 30;1(8331):958-60; .
w@adsaesshd et al . ; Kl in Mnatsbl Augenheil kd (ROBU¥2004/028644

185: 5226, Zeng S, et al. Yah Ke Xue Bao (1995);

11:173-176, Lee PY , et al.; Arch Ophthal nol (1987);
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e Res (19 45- 749 Br ubaker RF
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The use of forskolin, a potent nonadrenergic

sti nuAedmOphthGhM%?MOSm??@ﬂ) al | owed a
non-invasi ve study in the human eye of the effects of

TR T8 Do 5 103F0hn. HoBbl SimdraRetmsalinbEioratipriote

the results of decreased intraocular pressure,

decr eaygbabd, nfllawed antnuinchsing stidyuh thewufrei &yd ¥f thehsfects of
author of this study postulated that these

ci et AR B AR bl 2y Afleebof vl AR Bpsugtion upon

can reduce net aqueous inflow (Sears, M; AmJ

Opht haduamius H@86r dymarhiss1 @sk) :akothe r288lts of 86&8hs&d WFaocular
reports revealed that intravitreal i nj ection or

- caucaes e, BeRtdkindk, i i uloR iAo 2l Hp author o

aqueous i nflow w t hout any increase in outfl ow

f aci | thisystudty piostulategghatthese obserfvations kapport $his plsasthatithe

in normal human vol unteers caused significant
activated ciliary epithelial adenylate cyclase receptor complex can reduce
net aqueous inflow (Sears, ML; Am J Ophthalmol. 1985 Jul 15;100(1):194-
198).

[0008] Other reports revealed that intravitreal injection or topical administration of
forskolin significantly reduces intraocular pressure in rabbits by reducing
aqueous inflow without any increase in outflow facility. Topical application
of forskolin suspension in normal human volunteers caused significant
d‘ecrease in intraocular pressure and aqueous flow with no change in
outflow facility (Caprioli, J. et al. Lancet. 1983 Apr 30; 1(8331):958-60).

[0009] A double blind intraindividual comparison of forskolin eye drops (0.3%-
0.6%-1.0%) was done in 18 healthy male subjects (6 per group). This

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

intraocular pressure in healthy male subjects. The reduction of intraocular



decrease in intraocul ar pressure and aqueous flow w th
no change in outflow facility (Caprioli, J. et al.

Wa 20502550983 Apr 30; 1(8331):958-60). [0009] PCTUSIN€028644
bli nd intraindividual conpatison of forskolin eye
drops (0.3% 0.6% 1.0% was done in 18 healthy male
subjects (6 per group). This study denonstrated that

f or skptassuesy wad hepwe8n 3% 28% %Untl. tA&duPMRIS of ﬂh@ztéf%?ﬂ?wcﬁ‘éased
pressure in healthy nal e subj ects. The reduction o

:Opte;sure vvasx\ﬁ)%%&gag ) g%oaggg{'rtgs l?}gg?lﬁsﬁr?ofPqu:@edmgs of

effect increased wth the concentration from3 to 5

hour sthevintargatiinal sympRsame edifogskoif , Bdmebayt @fidiat, lﬂ;‘gﬁ 175-
synposi um on forskolin , Bonbay , I ndi a , 1985 , 175

182) . 149010] Another group of researchers reported two
studies With forskolin eye drops in adult patients

wi th open angle glaucoma. In one study, 26 patients

[ORdPE Anefber gen o reseatshprsimasiootegrtaoptudics wmem@mnobye drops
study, 11 patients received forskolin for glaucoma.

st Iug)ﬁn\ll\?adgh iefiehfwih o@eln %r@ué g quﬁgﬁﬁoﬁb orfd it ayé@ patients were

forskolin reduced intraocul ar pressure for up to 6
hour snclydgd éwith forkjaeehmgesuiph. n titer semonidastugy e paterits
the placebo group. In these studles forskolin

suspeasEiQed lf(?/f*skﬁhr?ﬁfr*b%l}ér ocee &%Hk/ tﬂ?ﬁe WaR &'20% intraocular

(Pinto-Pereira L I NGS
I nt ernati onal %/rrp03| um on forskoli n Bonbay, | ndi a,
pressure which was seen from hour 1 until 4 hours. In study 2, forskolin

reduced intraocular pressure for up to 6 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,
1985,183-190).

[0011] Diverse biological activities are observed by raising the levels of cAMP,
and as a result activating protein kinase. Such properties have led to
numerous uses of Forskolin. Due to such activities, more than 1500
citations dealing with the physiological properties of Forskolin 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 soluble.
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[0014]

W@bh‘é@tehﬁ’at%ecﬁ‘&%né@%gﬂﬁhﬁfalt@ﬂg of B%ﬁe dt upqular

cular structure, physicoc
nci t he solublllty of the underlvatlzed drug in

rSt SpBBYSiepgIasyical tesbrigbbe of eohantingities solubility of the
ude mcellar solubilization u3| ng surface active

Qmo%lﬁﬁ/étlzé@dﬁfb Wildter ﬁQ\r/éTb at 1 dﬁ?}éé{ﬁrﬁ%fnbf:e tecﬁnologles

aining the drug. Anot

include micellar solubilization using surface active ingredients, which will
form water soluble micelles containing the drug. Another related technique
is complexation of the drug molecule with a host molecule. The host
molecule is usually one that has good solubility in water. The host
molecule does not form any covalent bonds with the drug molecule but
forms a weak complex through non-covalent interactions and the host
molecule(s) keep the drug molecule(s) in water solution.

Cyclodextrins are cyclic oligosaccharides which have been recognized as
useful pharmaceutical excipients. The common cylcodextrins are called a-,
B-, y- and 8- cyclodextrins depending on the number of glucose molecules
in the cyclic oligosaccharide structure. These cyclodextrins are (a-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



Is conpl exation of the drug nol ecule with a host

nol ecul e. The host nolecule is usually one that has
w@owd/0sshubi ity in water. The host nol ecul e POBPESI004/028644

form any coval ent bonds wi th the drug nol ecul e but

forms a weak conpl ex through non-coval ent interactions

and the host nol ecul e(s) keep the drug nnlecule(s) in

wat er rotation albout theR lidkingsoned&f tid

ol i gosacchari des whi ch %m\?e been ?gﬁgggftz'{g\égua%& molegulIe They
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not exactly perfect cylinders due to restriction of
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rotati on about their |inking bonds of the units of the

sugar, of at S Qr a
tr unduPRsfed Sofsplit TEBRIERGY I £ o ihateaboniamences,
the wider edge of the rimwhile the primary hydroxyl

gr ougd996), 88, 1027 BaRejpwski, R Af Stdlle, Vouys. PA%enaceutical
solubilities of these nplecules in water and the

Siuglrlfééhe ﬁ&g@@egsrﬁd’ﬁ 'éé,\é Q&\G?%/p? E—cyc ydextrln contalnlng

Phar maceuti cal Sciences, (1996), 85, 1017 & Raj ewski
R ASeven glugpse\units.is showhasmcexamplel  Sci ences,
(1996), 85, 1142). The structure of [1-cycl odext rin
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Structure of Beta-cyclodexirin

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

cyclodextrins have their water solubilties at 250 C (9/100 ml) 14.5, 1.85,



seven glucose units is shown as an exanple [0015] O1
0 2 HOHX H(c)H2C O Structure of Beta-cycl odextrin
WO 00E02550he a- cycl odextrin has si x anhydr ogl ucBEBUS2004/028644
nol ecules in the ring; the ¥- and 6- cycl odextrins
have ei ght and ni ne respectively. The a-, p-, y- and
- cyclodextrins have their water sol ubi It| es at 250 C

/10 5 . :
(o 500,70 % 8 gy 00 47 300 0 v glopiprtripg arg sometimes
R-, y- and 6- clodextrins are sonmetines called
nat ur aqallegidsnaad'aiqup@eﬂﬁ@s anditheiseolubilities inewater axatwéthe lower
are at the lower end of the desi rabl e range.
Never t eV
for sane G tare PecRtr MG ey TBnERe
t he aqueous solubilities of these nat ur a
cycl odekthiizirg agentsdar spmemidne waker laﬁ@ubb metasslles. To increase
R-, y- and 6- cyclodextrins have been carried out in

the | ith€ baliHbEs sbra%mbsmmem{ufal %gcleuékmﬂexﬁ{dlé&lar

have nmuch 'hi gher solubilities than their

eas

modifications of these a-, -, y- and &- cyclodextrins have been carried out
in the literature.

[0017] These modified cyclodextrins have much higher solubilities than their
natural counterparts and they can be classified as Methylated derivatives
of B-cyclodextrin, 2-hydroxypropylated B- and y-cyclodextrins,’
sulfobutylated- B-cyclodextrins, branched cyclodextrins, acylated B- and y-
cyclodextrins.

[0018] The cyclodextrins can be methylated by Kuhn-Trischmann methylation,
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, 17).
The first two technologies have been used to 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 -cyclodextrin dramatically



natural counterparts and they can be classified as
Met hyl ated derivatives of [3-cyclodextrin,
wQ@20vgdessay pr opyl ated R- and y-cycl odextrins, PCT/US2004/028644
sul fobutyl at ed- R-cycl odext¥ins, branched
cycl odextrins, acylated R- and y- cycl odextrins.
[0018] The cycl odextrins can be nethyl ated by
Kuhn- Improyessing salebijy af thiranddady erethylatetbofdidddxtrin, referred in
met hod wi th nethyl chloride under pressure an

d
Hakangyid [ j hyl.hal ogenpde an odi um
nycr i i VeRg¥h Bk rAVEBCTS, RO Wb SRBE el g
Del ivery Reviews, (1996), 36, 17). The first two
[GShnbheis @' tatally-Aelydraxy droops (Bhsemndang bgtinoxy! groups and
nmet hyl ated cycl odextrin m xture. On the other hand

;lg? ﬁﬁ‘{e&@'ﬁ@%@ﬂ@eﬁy’@gﬁ&?ﬁﬁf%@“{"ﬁ?ﬁ%ﬁrgéﬁee Sati &b solubility of

cycl olgg\x rins. The introduction of nmethyl substituents
inth M%‘%@Ddﬂcrteﬁées g dhe gembesiof nrehylgioopy regches 2rbund 13-
parent 13-cyclodextrin dramatically WO 2005/ 025500

PCT/ UsR@R4/dedRss ' bl f this
random y net hyi at gdécvgwggaé@r%éﬁoégﬁ%?ty%n&}f é{ogps per
i nventi %3? %s TRAI\/EBCD versus the parent

[ 3- cyBPEGEE ¢fi breyglodextTinTAe exammpie pbasiohymercidilyonaiisble
groups (14 secondary hydroxyl groups and seven

pr | MERAMBRTID tbd it Ae ¢ifbd Breifd ALY By BEkor chomie and

aqueous sol ubility of I ncreases as

of meth Ig%{ougs eaches around 13- 14 and decreases
as mgvﬂ%@ B %&b?d@@%Q%&@L@ow W Boasna ECAS no 128446-

nmol ecul e of [3-cyclodextrin. An exanple of a
comeGs6rIAquedvigisoldilfies 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 RAMEBCDs are available
commercially and have very good aqueous solubilities as noted. The

general structure of such RAMEBCDs are shown as follows:



RAMEBCD product can be cited the one produced by

Wacker Chem e and marketed under the name CAVASOL(r)
wO\ZooMoBdser ma ( CAS no 128446- 36-6). Aqueous  PCT/US2004/028644

solubilities of such RAMEBCDs are typically - 220g/ 100

m of water. Such RAMEBCDs have an average degree of

methylation -1.7 to 1.9 per anhydroglucose unit. Such
[(RAEBCDs are available comercially and have very

good aqueous solubilities as noted. The general

structure of such RAVEBCDOs._ar wn as follows: WO

2005/ 025500 PCT/ US2004/ R=CH3orH 0O

ROH2C ROHZC 0 Sth@4 React i n§ = CH, or H

cycl odextrins with propyl ene oxi i n alkal i ne

sol ution resul ts—io™%ubstitution of the hydr oxy

groups in the@yet odextrins with 2- hydr% propyl

derivati ves. hi gher substitution of tte Nydfinwpl s

with propyle oxide also results in the meti on of

ol i gonerg oxypropyl ene oxi de side ch
formation. “SuglpR2- hydr oxy-propyl -[i- cyclodex{rin
referred in thpos invention as HPBCD is repg nted by
the OR or O
© CH,OR
OR OR o
ROH.C 0 RO 0
CH,OR
0

Structure of RAMEBCD

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

following generic structure. Such materials are available commercially.



foll owi ng generic structure. Such materials are

avai | abl e commercially. WO 2005/ 025500 [ 0022] 10
wkogorisne of HFECD PCT/ US2004/ 028644 [ 0023] SPoi/uszony028644

to HPBCD, y-cyclodextrin cam be hydroxypropylated to

gi ve hydroxypropyl y-cyclodextrin, referred as HPGCD

in this invention. Such materials are available
[G%ercial |y [0024] n=8 Structure of HPGCD R= *+CH

CH(CH3).O,mH m=Q 1, 2-.etc WO 2005/ 025500

PCT/ U82004/ 028644 1a %12,53] A review on the

applications;@f ~C tr ® he opht haI mc;field
has appeared SSOH&?J%%I nen, E{T At (CH )

Drug Deliver vl ews, (R999), , 59 ). ‘A patent, US
6, 346, 2738€scT i bes the aqueous ©ql ub| |izationnefl, 1,2 etc
forskolin

hrough the use of pol yad ygr ol i done and

a surfactgnt, polyethyl eneglycol -
triripgdp ate. The maxi num sol ubi ty of Forskolin
achi eved | Off his patent is 0.2% 0
DRO
CH,OR
2]
ROH.C
CH OR
Structure of HEBCD

[0023] Similarly to HPBCD, y-cyclodextrin can be hydroxypropylated to give

hydroxypropyl y-cyclodextrin, referred as HPGCD in this invention. Such
materials are available commercially

[0024]

OR

RO O]
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s—-CH CHCH 0] H

m=012gtc
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Structore of HPGCD



[0026] US Patent 4476140 describes a conposition and

nmet hod for treatnent of  auconma by adm nistration of
wa@2aokeeapeut i cal |y ef fective anmount of a nat ePCHEIUS2004/028644

selected fromthe group consisting of forskolin,

colforsin and pol yoxygenated Labdane derivatives. The

active agent concentration of 0.1 %to 4%is reported
[Q0258i A revieeopthesapplingtions b cedib@sitiii i tMeedphthalmic field has

adm ni stered as a topical suspension to the eye.

descr TRIERBUdTTsorie, Fic8flnel T oRdianesd B DalleriReviews,

i nternedi ates and processes for the preparation
t her dP99hrb, B8hdciatent, U6 36273 désaribes|the apuesas!r e
utilizing conpounds or conpositions. [0028] EP0268256

ces C A of Nl 8F0RLATNE A8 P bW ATHE S ag o

i nternmedi at es an

processes

met hods_for reducing intraocular pressure utilizing

t he

sPeyelbyianesivcobalyceyd 0iintleat cfhe imesiEnum

prior art references do not describe solubilization of

unnoddiuisity [P FoksidliR écgiéq}étdqhg?igﬂéntqg@ws sol uti ons

of concentrations of | % or

he™ 1°hvent i on
reparation of agqueous WO 2005/ 025500

[ th
[Oggéf [gégg%i?@%é%@ﬂ 40 desgrbes anesnpesititin ang evetbod éartrexstment of

Forskolin, that are sparingly soluble or insoluble in

t ergl | il VR %
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cycl odetxt.rL%]qlgﬁeg solubilizing agent. In the absence

of c%

[0027]

[0028]

[0029]

A Han3 the orpupscaIsiming of forskolin, colforsin and

polyoxygenated Labdane derivatives. The active agent concentration of
0.1% to 4% is reported herein to be physiologically effective when
administered as a topical suspension to the eye.

US5070209, 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.

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



insoluble in water yielding solutions of only about

0. 001 % concentration. Aqueous solutions of forskolin
w@r@s/Hzis00 t s congeners, containing higher anoPeL/ESmN4/028644

the active ingredient, canlibe used topically and

systemcally to provide diverse health benefits.

Di scl osure of the Invention [0030] Forskolin has the

f ol | osdlotioss ofiditerpeneSsuh bs Forsielial trlé@wé@.bi'aﬁné@%gﬂdble or
A closely related isonmer is called Isoforskolin and It

pcr USSabBo Beha -t e R tens G to appdnemaieooTbepe
| sof orskolin al so has been reported to have nmany

si ni | salufidns awec prepared usiny syitably ssbstitutBarssRIdeRtrins a
have used these six commercially avail abl e

cycl ElLing, S -cyclodextrins as well

at narebiiEnE adefah he Abserite oy HIFUsS i asoRy M ipsimpst
HPGCD to sol ubilize the rather sparingly water

sol ubngolpblesikovater yietiiag soitioss bfibnlyi A UF0D.8RMY Eoncentration.
usi ng cycl odextrins, the chosen cycl odextrin and

For skayhidbiar i ' er cifi roportians. .
The. Iz?éq)dlheous b lﬂ?ﬁfsg%f ﬁfésﬁilﬁl?ﬁedr]@zmséopgﬁﬁg@ §F?9{a'”'”g higher
undi ssoved particles to obtain a clear aqueous

sol utdBaus ofdhe Relivaringrediante can be used topically and systemically to
provide diverse health benefits.

Disclosure of the Invention

[0030] Forskolin has the following structure:

Structure of Forslolin

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

structure:



[0034] Alternatively, the cyclodextrin and Forskolin
in certain proportions are dissolved in a suitable
waoelmgeetsosuch as et hanol or acetone or ethyl aPEer/asm4/028644
The solvent is renoved to ll1gave behind a white powder.
Such powder freely dissolves in water as the exanples
Wil illustrate. Further, additives to the aqueous
solution of Forskolin can 3Jso be pdded. These
additives are usually use al-fitakni ng sterility,
pH mai nt enance, mai ntenanceg o osholarity etc. WO
2005/ 025500 PCT/ US2004/.9- 4 4-9 0035] A wi de
vari ety of choice exis sel ection of such
additives. Wile benzs shl oride is used in the
illustrative exanple for pres rvdbi ve, one could
equal | y choose from marf cguch as Benzet honi um
chl ori de, chl orobut anol, nethyl par aben, propyl
par aben, Thi nerosal etQUuhgggﬁhsﬁmrﬁﬁmhoxidant such as
the disodiumsalt of EDTA is used to stabilize the,
preparation; other antioxidants such as sodi um
bisulfite, sodium nmnetabisulfite, thiourea could be
used al so anong ot hers. [0037] Especially for

ti Vi SCOSI desired for an
W@%?i 180tdkomB % RES bpen Fesg fofiaje meny simiiar phaymacological
Vi scosity enhancers such as pol yvinyl alcohol,
pol y\propeéntigs mel Fatekelin. et nglve cebl Whesesix commermally available
hydr oxypr opyl et hyl ceIIquse hydr oxyet hyl cel
coul .. 003 exanpl es . that are descri bed
bel o%yg@ldggﬁﬁﬁe{‘?m& r’&)’s afrﬂy%@xtrm axwelhas\eeir derivatized
exanples and do not Iimt in any way the broad scope
of t Ipreducts such as RAMEBCD, HPBCD, HPGCD to solubilize the rather

sparingly water soluble Forskolin.

[0033] To solubilize Forskolin using cyclodextrins, the chosen cyclodextrin and
Forskolin are mixed in water in specific proportions. The aqueous solution
is filtered to 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 ethyl acetate.
The solvent is removed to leave behind a white powder. Such powder
freely dissolves in water as the examples will illustrate. 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 etc.



i nvention. Mde(s) for carrying o?t Lhe I nvention

0039] EXAMPLE 1: Determination of the aqueous .
W(Esotmﬂh)}zﬂsi)uy of Forskolin. Forskolin (300ng) wesT/Ais1084028644

at 105C for 6 hours. Dried1forskolin 200ng was

stirred with 100m water for 48 hours for the

determnation of intrinsic solubility at anbient

[Q08%heAavide omestyl of cipiceoéxisisan theselctioe bedush éaaﬁbes While
0.45pm nylon filter and anal yzed for the content of

oy e TR B B BBt el or eeservativ,

solubility of -0.001 %wvVv in water. WO 2005/ 025500
PCT/ 520 0avid 2aally cheos@ran] mExpdihdrs ZucharssBehiathonium
(98.5% assay, 25 ng) was added to 1 ml water

t 5 . oXy--propyl
R Cyal et SrOBy R et Sarabn o oY ot s Firarbaal otc
75 RPM.in an isothermal shaker for 60 hours at
Oﬁéﬁbe‘éf&?uv%' daisucheas thei digodibmusalvof BRFAfis luseded stabilize the
t hrough 0.45pm nylon filter and anal yzed for the

cont esrepaiatibar strel hﬁu&hﬁda 's‘(aé:é % itth b%tggtewé?’%/" Wv.

[ 0041] MPLE 3: Forskolin 0 assay,
added to, |l m % cont ai ni ng 500ngy Hydroxy propyl y-
cycl daeRPIyite fhiguseq caylsl hepsed ey amoMPGtRrs( - 50% .

Suspension was agitated at 75 RPMin an i sother nal

[oema]kaspfe@rauﬁ%hﬁpmﬁamcfs@rmi%h@t\Hé si%}% n’§§5¢4|¥ Hw g%hgmnic

solution was filtered through' 0.4

tent of Forskolin by
anal %oFuctllon IS in ph% r%(r)lge 25 and 50 cps. Viscosity enhancers such as

polyvinyl alcohol, polyvinylpyrrolidone, methyl cellulose,
hydroxypropylmethyl cellulose, hydroxyethyl cellulose could be used.
[0038] The examples that are described below serve their purpose only as

illustrative 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 (300mg) was dried at 105°C for 6 hours. Dried Forskolin 200mg
was stirred with 100ml water for 48 hours for the determination of intrinsic
solubility at ambient temperatureResulting solution was filtered through
0.45um nylon filter and analyzed for the content of Forskolin 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.



HPLC 1.52ng/ m or 0.152% w v. [0042] EXANPLE 4:

Experinments were performed by "changing”the »
weeyswadsho nity of Forskolin by recrystallizi nBCT/USI004/028644

met hyl ene chl oride and fromsethyl acetate. Resulting

"amor phous” Forskolin was used for conplexation wth

Hydr oxyropyl y-cyclodextrin HPGCD. Forskolin (29.3 ny)

[0040] YEXAMPEE@: MérsRolifE{Isys % rssgl C%%g%é 58&@(5‘% Rl water
assay 99.0% was added 3l vva nt ai ni

Suspelay °§V@Erq°§¥oév%da¥%§es§&%gﬁ'ﬂ&%ﬁ'x"f Sé%%vifs?&’ Gdextrin,

shaker for 160 hour at tenperature 30C. Resulting
sol ut HBBOBI~504)e3eshehbionughs Qgﬂ&@@di"WSqi?Pl\/f ﬂn'ér?rsom?eﬁimal

anal yzed for the content of Forskolin by H

pct) CRA6H A0 Ay e LRSSt s

(30.3 ng) recrystallized with ethyl acetate

( For shodugh @48pmn Aol Htemasd addigded GordRl coAtaHt of Forskolin by
containing 1.5gram Hydroxy propyl y-cyclodextri

HPGCQI S S agitated at 75 RPM in
an |so[% ﬁ’a@zn‘ﬁﬁﬁé’?% W/i\é\@ Vhour  at t enperature 30C.
Resul ting solution was filtered through 0.45pm nyl on

[0P#1} EEXAMPLEN! Foeskdlinr(98 5% assay, @Um@@ faﬁiﬂéd # 1Ml water
HPLC 3.38ng/ M or 0.338% w v. [0044] MPLE 6:

Eg;fg‘&h?eﬂgﬁg%&ﬁm@ﬂ p(roﬁgl?))é m@%@%gﬁg] lsgﬁhé,ggn;so\?\l?etd state.

agitated at 75 RPM in an isothermal shaker for 40

hour $HRGEB) et lirSuspefsioRagal aitgted at 75 RPM in an isothermal
shaker for 60 hours at temperature ~300C. Resulting solution was filtered
through 0.45um nylon filter and analyzed for the content of Forskolin by
HPLC 1.52mg/ml or 0.152% w/v.

[0042] EXAMPLE 4: Experiments were performed by "changing"the crystallinity of
Forskolin by recrystallizing from methylene chloride and from ethyl
acetate. Resulting "amorphous" Forskolin was used for complexation with
Hydroxyropyl y-cyclodextrin HPGCD. Forskolin (29.3 mg) recrystallized
with methylene dichloride (Forskolin assay 99.0%) was added to 3ml water
containing 1.5gram Hydroxy propyl y-cyclodextrin, 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.



solution was filtered through 0.45pmnylon filter and
anal yzed for the content of Forskolin by HPLC
waosbessomd or 2. 046% w'v. [0045] EXAMPLE 7: SeCTDE1004/928644
of Forskolin in water was deéterm ned at the different
concentrations of RAVEBCD ranging from5 to 66% The
relationship is nearly linear and i ndlgatgs that the
GOH3PbEXANIPIOE 57 Fosdi@llin 3038 mbNFSPRstSnlz0d withosthiopidlate
[thgqlconcentrati on of RKI\/EBCD.QPS. I\?S;&:oncegg/r Eél gn 0
RAVEBCDUg-or skcl i n uwy 159RAMSBCDO. 09 21 0%
RAVEBER5S KL %Sf%%%ém Fesie dtoopAveteCDeNtEniBg oS gram
RAMEBCD2. 746 653. 26YRRAMEBCD4. 165 766. 6%rAMEBCDS5. 029

[ 0046Hy ESAYREE Ay -y dlod @ ah, WGWFS‘@%E?%?@%‘O{N;\Q/A%S agitated

Forskolin with a cycl odextrin is prepar

' d.as the 2005/ 025500
T URoR R b A Sothemial sRLeGRT d9InuE A fomp RIRHEBCIIFC.
(100 g) is taken in a one liter flask with mscgwanl cal
or neResulting sdiutibhvead fMedrbi lth’rou?ﬁ 10548 rh W]iygoﬁwcﬁlg%gaeﬁgf?%alyzed fo

charged into the flask. Water (400 nl) !
t empel BT £ eSO IoaNAPbh BSh T eea.Siadbay. |
[0044] EXAMPLE 6: Forskolin (98.5% assay, 330mg) was added to 10ml! water
containing 4g of RAMEBCD (~40%). Suspension was agitated at 75 RPM
in an isothermal shaker for 40 hours at temperature 30°C. Resulting
solution was filtered through 0.45um nylon filter and analyzed for the
content of Forskolin by HPLC 20.46mg/ml or 2.046% wi/v.
[0045] EXAMPLE 7: Solubility of Forskolin in water was determined at the
different concentrations of RAMEBCD ranging from 5 to 66%. The

relationship is nearly linear and indicates that the solubility of Forskolin is

increased by increasing the concentration of RAMEBCD.

SN, %Concentration of RAMEBCD %Forskalin wiv
1 5% RAMEBCD 0.09
2 10% RAMEBCD 0272
3 15% RAMEBCOD 0767
4 20% RAMEBCD 145
5 40% RAMEBCD 2746
5 53.26% RAMEBCD 4185
7 66.6% RAMEBCD 5029

[0046] EXAMPLE 8: A typical aqueous formulation of Forskolin with a

cyclodextrin is prepared as follows, RAMEBCD, being used as the



undi ssol ved Forskolin particles are seen, they are

resuspended and stirred. Benzal koni um chl ori de (50
worggosaessodi sodi um EDTA (500 ng) are added andPCT/US2004/028644

di ssolved in the flask. Tha7pH of the contents could

be adjusted to the desired range with the help of 0.1

N sodi um hydroxi de. (usually pH range 3.5 to 7.5).

Cal cuemmleaaxfmmtodes(tmoawmmbomdg)sekeuéénqri d §n§‘ﬂfe‘?q‘lask with

to maintain the osnolarity of the solution equiva

to th hl or,i he 't taI vol unme o
the so eﬁﬁ | oﬁ P%/ lﬁgggeﬂqﬁsﬁrglngdgc@y gp{%ﬁp i3 (@5 g)avas charged into
f| Itration. A solution thus prepared has approxi nately

| % of thedfaskoWater (4 00hml)ds shatgeeitothatiask %H%e contents were
cycl odextrins al so could be used and dependi ng on %

cycl o |ss Ived c ent of Forskol|n
in \Aﬂ?@é&éag %g 9 'O'Fbsr%qktélﬂeﬁi {f5m
was di ssolved in 5ml acetone and 1 gram of

RAVEBOBisgaivet Eorskotnl particied am@éeﬁﬂ@h%ﬂél@f &is8kpend And
the sol uti ons vvere m xed t oget her and sol vent acet one

i oo et SeCeatOREim RAGHRELa0 B S BisoditSTA T00 mo) are

di ssol ved very easily within 1 hour of stirring

f or miaflfles anckdissolvbdiin dwsflasio Mhiei ph of ¥R é’&ﬁéhm be adjusted
PCT/ US2004/ 028644 18 [0048] EXAVMPLE 10: | sof orskol

or opar ot BeSFed Bt RS Fef o Bkl wﬁ@@ﬁwwuanyw

wat er contai ning a sw tabl e anount of a cycl odextrin,
for ¢RB8pR& torV AMEBTDulaRah amounabbstdium chloride solution is added

to maintain the osmolarity of the solution equivalent to that of 0.9% sodium
chloride. The total volume of the solution is made up to 500 mi after sterile
filtration. A solution thus prepared has approximately 1% of Forskolin in
the dissolved state. Other cyclodextrins also could be used and depending
on the cyclodextrin used, the dissolved content of Forskolin in water
differed.

[0047] EXAMPLE 9: Forskolin (50 mg) was dissolved in 5mi acetone, and 1gram
of RAMEBCD was dissolved in 5ml 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.



100 M water. After agitation at roomtenperature, the

solution was filtered and the resulting solution was
war@bpzao by HPLC whi ch showed the presence OPCT/US2004/028644

| sof orkolin approxi mately 085% The anmount of

di ssol ved |Isoforskolin could be altered by changi ng

t he anbunt of RAMEBCD. [0049] EXAMPLE 11: An

[0048)s EXAMPEE ebargoferskbli BRoidi@BE %bdaﬁbla}eeté‘f Erskdif. In one
preparation is presented. The anti-glaucoma activ ?

of th ion was studied in alblno
¢ abbi P ep%@?’ %%P[??ﬁnﬁ%%‘# MY Q&GP HSPENAedvia atemeontaining a
described in exanple 8 was used for the experinents

[ 00503uithizigmbesi gha ofoiodektri ésxaMde R AER i
Nunmber of groups: 4 Nunmber of ani rraIFgéln eachldDgzopg) in about

6 in up n contr ol royp [ 0051]
vat or O 01 e, B8 BoBod oL o oo e, e sglion was fitered
Zeal and strain, of both sexes, weighing 1.0-1.5 Ib

wer e aibthevesTiiegrsnhitidrswae laaalyszedw HPLCv@dbh sﬁBQ/ed the
wel | -ventl | at ed open space. Each rabbit was fed

Islt gln ﬁ‘]fee(;é% % 4rx?ﬁg%ﬂp@§ﬁna¥%bg#?‘ Oﬂh{? E@%c?udnt%? dissolved

hyperten3|on was i nduced by the nethod reported by

BonoriBoferskalin qouid/ be taltept hwblmhgmgW&aﬁmm of RAMEBCD.
15(9):781-4.) The rabbits were g| ven 0.3

[0BUOT GEX AP IR ?JI ﬁjllﬁ%{rﬂﬁﬁg %}C(amg f}ﬂaaﬁgtg%@ é&?\@ty@f the

betanet hasone so
for a period of three weeks (the Intraocular WO

2005/FgBFaGOPET prespnteu. Hesdrti-glb9comassativy oF @R fotékolin
third week was maxi num as per literature). Local
composition was studied in albino rabbits. A 1% solution of Forskolin in
water as described in example 8 was used for the experiments
[0050] Study design:  Animal model: Albino rabbit. Number of groups: 4
Number of animals in each group: 6 in treatment group and 2 in control
group
[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-ventilated 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 m|

subconjunctival injection of Betnesol containing betamethasone sodium

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



thetic propracaine eye drops were used prior to

gﬂgionj unct Pva}o injections. [0053] In each rabbit the
WO edos/oesse0 was kept as control for glaucoma andpPeres2004/028644

right eye was treated for 18l aucoma usi ng Forskolin,
Tinmolol, and the placebo. [0054] For each treatnent,
the 1 OP readi ngs were neasured at intervals of 30
m nut BESS§Hre §OP)@tthind eskusasmaximeumas parniiteeiure). Local
tononeter (NCT). [0055] Results: |_n)kclee ?e'SI'LglllgAdII .
210 " TR ol PiPracdll Sle i weté Ugd b 1 silogonncibal
rraaL, ., |OP OFCOx t 1, p pp aninmA ngo | hctween 4-
4.3 . INjgaieng;

[0053] In each rabbit the left eye was kept as control for glaucoma and the right
eye was treated for glaucoma using Forskolin, Timolol, and the placebo.
[0054] For each treatment, the |IOP readings were measured at intervals of 30

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

[0055] Results:

Time - Y@Fﬁt}ﬂl@gﬁ * (mmig)
{mikns) ~ Placebg | Timulal ] Forskodin
Riglt aye {reated) B

£ 14 13 i4
30 | 13 8 | 7
&l 3 12 T 6.5
k474 I3 A 4.5
1260 11 4 3
0. | s 25 6
180 - o “ s — | 7
210 Q 5 7.5

* Average of § determinations
IOP ofleft eve (eomirol) ranged between 12~ 13 mmbg,
TOP of eontrol group animals ranged betwoen 4 = 4.5 mmHG.

[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

hY

not by chance.



[0056] Statistical Analysis: The | OP readings of the

pl acebo, Forskolin and Tinolol were subjected to
wWeOTM2(50me way). The p val ue was 0.0022 whi cPCT/BS2004/§28644

significant, indicating thad the variation in colum

means is not by chance. | WO 2005/ 025500

(gq)(@ U%OOM 028644 20 [0057] The | OP readings of the

[¥>{debBedRE resrings ofitharplacebolrnstioeskdlin Wers @58cted to " test to

det erm ne whet her the nedi ans of Forskolin and the

pl acebeted J L 'h‘r@ﬁé Y was foun

to be O. OT;rgeemiegLegi@géconélﬁ?fe@%@%%gﬁﬁpécego d(ljffer

Simlarly, the _|OP readings of the placebo and Ti nol ol

had as'gmﬁlcaofésr-d'@%p velugogas foumidch bes0.8d A7 which is considered

significant. [0058] The IOP readings of Forskolin and

Ti ol signifieast. & ' inak he p val

was fognd to bemg?%gg:g%vﬁﬁgﬁglpggr?ggﬁescéﬁgleg&aé’ﬁl Timoldl had a

significant.,. inplying that the activity of forskolin

pr epaPatViaEW @f50-9§57,swgnﬁhﬂ$ again|sjgnifi¢drdr ent  from

Ti nol ol . [0059] Concl usion: The Forskolin conposition

[0088] arfie K ausdi b il ol . v
2oo]5/ 025500 PCT/ sé%ggyéwkbg%%@ﬁpgq@@g\{éﬁg aT%@%bJﬁﬁ&eﬁ?a t" test.

of salubilizing diterpenes such as forskolin,
i sof g't'%%l"ﬁﬁ{e ‘ga%l é%wwf {71 & Ps398Pi whichhisinot consielsrsdssignificant.,
anal 0gs and derivatives, of natural or

implying that the activity of forskolin preparation is not significantly different

from Timolol.

[0059] Conclusion: The Forskolin composition has anti-glaucoma activity

I

comparable to Timolol.



synthetic origin, individually or as mxtures, in
water. 2. The diterpenes of Caiml my be obtained
wo e@si0255p0 ant source such as but not |imted pOT/Ostoeus28644

forskohlii. 3. The method @1 claim| wherein the

solubilizing agent used is a-, R, y- cyclodextrins or
heir derivatized products such as randonly nethyl at ed
M8y cl odextrin ( RAVEBCD),

2- hydr oxy- propyl - R-cycl odextrin (HPBCD),

1hyAheethed GC? refera usi ng
random y %Etgglﬁbgtg@ %ﬁg@e{:r'{egdsé{gﬁﬁ (%REEBQ@? g@ i é-
conpl exi ent. 4. A nethod of preparing a clear
S(‘fi%qe _ #gé‘dﬁﬂgar theﬂfgcmwgam%s @nélogsi dret gemestives U natsral or
forskolin, isoforskolin, their anal ogs or derivatives
bysyathetiash cl odextrin or
cyglﬁz)dext rrfdgedggi?\%w%r%?qxﬁ'(n%qﬁ%\@{%er ein the

agﬂv& oung IS recrystallized froman organic
hee erg &l @mowmebtalm&mnea plehhsbun%@eé@heas but

net hyl ene chlorlde or other solvent, foll owed by

c owplimited it® CoMdiryedHRgiext rin or cycl odextrin
der| vatives by formng a suspension of the nmaterials

wat e foII b agitation at roomtenperature
f |he @WQdﬂi ?@X'@rﬁ@nfthﬁtsﬂblbﬂlamg #gerit usedhie doQ -, v-
preparing a clear aqueous fornulation in solution or

soVelddéxtring or e é‘éWeﬂﬂe@ gﬁ%ﬁcﬁsf %ﬂbﬁ %5 Qgﬁ&ﬁm&um Hated B-

forskolin, its anal ogs, eners,

zg&?@@@%%A&%%%&o&hm%@%%%ﬁgyéﬁéﬁumn HFECD)

of Caim6 may be conpounded into capsules, tablets,

f bydfoxypropy! y-cyclodextrin (HPGCD) preferably using randomly methylated
B-cyclodextrin (RAMEBCD) as the complexing agent.

4. A method of preparing a clear solution containing 0.09% to 6% diterpenes
such as forskolin, isoforskolin, their analogs or derivatives by mixing the
compound with 5%-70% cyclodextrin or cyclodextrin derivatives.

5. A method wherein the active compound is recrystallized from an organic
solvent selected from ethanol, acetone, ethyl acetate, methylene chioride or
other solvent, followed by complexation with cyclodextrin or cyclodextrin
derivatives by forming a suspension of the materials in water followed by
agitation at room temperature for 40 to 160 hours and filtration.

6. A method of preparing a clear aqueous formulation in solution or solid form,

containing 0.09%-6% diterpenes such as forskolin, its analogs, congeners, or

derivatives suitable for ophthalmic, topical and systemic uses.



products, injectables, patches, ointnents, gels,

emul sions, creans, |lotions, dentrifices, sprays,
waele@p®23300 ot her dosage forns includi ng sust ai NEAT/US2004/028644

rel ease fornms, for human @2 veterinary use. 8. A

met hod of use of the formulation of claim®6 al one or

i n_conbination with antioxidants and/or anti-glaucoma

Tagthe formuatierwet Clagmi Giomaydiutemppouredsdingo cAps@Bs MBbfets, food

or human subj ects presenting with ocul ar hypertension

Or piddab&O Mectabled of (the fornulation of

clgi m 6 aln%ae or iﬁgfg‘é%‘g’l (ﬁéﬁrﬁ%ﬁs&?lé, © U%W?Snﬂeam& lotions,

pyr?rFﬁl_'_done, hyal uroni c acid and derivatives, in

ASRIitces, SRiAWSn drepsopreether gosagenformg iNgItdingrsUsedfed release
syndrone. 10. A nmethod of use of the fornulation of

clfeims 5ol RuRRPEY V18 §lseSOl ubl e  nol ecul ar and
receptor probes for research and commercial purposes.

1 A.net hod of use of the fornulation of claim6 to
8'né$1 meé@?é PEES‘FI e fhenfopapiationof slaimd aloneerda coutdination with

forskolin, its anal ogs, congeners and derivatives, in

hamtingidants amd/BRhA-gMIRIH ; Lhistration
i s topical, percu’%l agneoﬁg?é]?%‘??gxr:@ﬂgﬁ’g'”@ﬁrﬁm|prsﬁsure In
oral . I12. The material of claimin | is useful in

d& RIS UeamavBiectsresentng wit loculaaigpertehsibadr glaucoma.

di terpenes as diet drinks for managenent of obesity,

9.weA gfidthodenage Bk ffie AL i oGV MBSS,. . .
hypertension, all ot gy aﬁ%ﬁh@dﬁ%\fl\%&a p'FiC@éi‘i’St?'Bﬁgoer'th
terial of claiml is useful in

farskolin. 13 Th dal )
ngﬁ)\‘?E‘ry’ Ryralidane. byp KPRIC Bsidhandiderdratives, infamistats bPhuman
and rel ated diterpenes as enul sions, sprays, solutions

osublectssubsentiriy With 289525 aRARET/ US20047 028644

10. A method of use of the formulation of claim 6 in preparing water soluble
molecular and receptor probes for research and commercial purposes.

11. A method of use of the formulation of claim 6 to manifest the health benefits of
diterpenes such as forskolin, its analogs, congeners and derivatives, in
humans and animals, wherein the mode of administration is topical,
percutaneous, intfavenous, sublingual or oral.

12. The material of claim in 1 is useful in delivering formulations of Forskolin and
related diterpenes as diet drinks for management of obesity, weight
management and improving lean body mass, hypertension, allergy among the
known applications of forskolin.

13. The material of claim 1 is useful in delivering water soluble formulations of

forskolin and related diterpenes as emulsions, sprays, solutions or aerosols. or
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14. The material of claim 1 could be used in combination with antioxidants, lipase
inhibitors, other anti-obesity products including hydroxycitric acid, garcinol, and
their salts, vasoirrigators, other known collagen boosters, anti-inflammatory

agents, phosphodiesterase inhibitors, among others.



