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(71) We, ONO PHARMAGEUTICA!L

, LTD., a corporation of Japan, of 14,
:Doshom 2-chome, ngashl-ku, -Osaka,
Japan, o hereby declare the invention, for
whicli we pray that a Patent may bé’ granted
to us, and the methéd by which it is to be

performed, to be particularly descnbed m and

by the followmg statement : —

' This _invention .relates 'to cyclodextrin
¢lathrate compounds of prostaglandins or
derivatives thereof, to a process for producifig
such clathrates and to phannaceumal ‘com-
.posmons containing them.’ :

- The " prostaglandin - group - of compounds
exists in various tissues of animals. The com-
pounds are newly discovered hormones secreted
by the' living body itself, and small concen-
trations of them affect blood pressure, smooth
muscle contraction, lipid metabolism, plauelet

-aggregation and gastric secretion.

* Prostaglandin > is a general term for a
group of compounds which contain the carbon

skeleton of prostanoic acid. "The " structural

formula of prostanmc acxd Js as follows

Primary prostaglandins inchide prostaglandin
‘B, inafter. referred to as PGE,), prostag-

glandin E, (heremafter referred to as PGE,),
prostaglandin A, (hereinafter referred to as
'PGA,), prostaglandin’ A, (hereinafter referred

to_as PGA,), prostaglandin .F,. ‘(hereinafter
referred to' as PGFy.), and prostaglandin F,,
(hereinafter * referred to' as PGF..),  which
natirally occur in the hvmg body and have
strong pharmacologlcal activities.. The alicyclic
five-membered rings of PGE, PGA and PGF
compounds have the structures :

[Pme 259]

respecﬁveiy.'

These compou-nds are useful as h&potensive
agents, remedies for gastric ulcer, contracep-
tives, labour-inducing agents, anti-thrombotic

‘agents and remedies for asthma. Thus, miore .

‘particularly, PGE,: and PGE, are ‘useful as
hypotenswe agents, remedies for gastric ulcer,
remedies for asthma, contraceptives  and
labour-inducing agents. PGE, is also useful

as an anti-thrombotic agent, PGF,, and PGF,, ..
‘as contraceptives and labour-inducing agents,

‘and PGA; and PGA, 'ds hypotensive agents.
- Furthéimore, compounds containing ¢arbon
skelétons - simmjlar, to that .of prastandic “acid

.active than the primary prostagland:ms ‘For
example, the  compounds in- which a methyl
‘group is. ‘introduced on the carbon atom in

the 15- or 16-position of the prostanoic carbon

50

“haye biological activities similar to that of the ..
T prostaglandms, and sofie ‘of them'are more

55

skeleton “usually have stronger activity and

: greatet longevity of effect than the correspond-
ing ‘prostaglandin. -Homo PGE, is better at
inhibiting ‘platelet aggregation than PGE,.

60

When ‘the functional groups of prostaglindins
or  ¢ompounds “ containing * carbon skeletons -

similar to that of prostanoic acid are sub-
stituted by . other ‘functional groups, the re-
isul‘ung compounds may also exhibit excellent
activity. For example, the decyl esters of PGE,

65

‘and PGE,, which are” described and claimed =

'in the Specification of ‘our Application’ No.
;26850/71 (Senal No. 1,348,162), exhibit a
lastmg gastnc secreuon mhlbmng e&ect, and

70
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2.8 ml, of ethanol. The mixture was heated
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to dissolution at 60° C. and then treated in

the same manner as described in Example 1 -

_ to obtain the clathrate product. The.yield was

210 mg. The content of PGE, de;yl ester was

79%.

: EXAMPLE 4.

A solution prepared by heating and dis-
solving 358 mg. of B-cyclodextrin in 4 ml.
of water was added to a solution prepared
by dissolving- 23.8 mg. of PGA, in 1.0 ml.
of ethanol. The mixture was heated to dis-

solution at 60° C. and -then treated in the

50

was 8%,.

same manner as described in Example 1 to
obtain the clathrate product. The yield was
230 mg. The content of PGA; in the product

EXAMPLE 5. ..~

A solution prepared by heating and dis-

.39

60

solving 776 mg. of B-cyclodextrin in 6.6 ml.
of water was added to a solution -prepared
by dissolving 28.8 mg. of PGA, decyl ester
in 44 ml of ethanol. The mixture was
heated to dissolution at 60° C.; and then
treated in the same manner as described. in
Example 1 to obtain the clathrate product.
The yield was. 260 mg. . The. content .of PGA,
decyl ester in the product was 10.8%.
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to dissolution at 45° C, and then “treated
in the same manner as described in Example

7 to obtain 103 mg. of clathrate product. The

content of o-methyl-PGE, in the product was
10.3%. . - :

EXAMPLE 9.
A solution prepared by heating and - dis-
solving 268 mg. of B-cyclodextrin in 6.1 ml.

ving 21.7
Exanpl e
e

reated in

95

100

-of water was ‘added to a solution prepared ' -

by dissolving 25.40 mg. of PGE, 9-ethoxy-
carbonylnonyl ester in 0.3 ml. of ethanol.
‘The mixture was heated to dissolution at
45° C. and then treated in the same manner

105

as described in Example 7 to obtain 154 mg. .

of the clathrate product. The content of PGE,
9-ethoxycarbonylnonyl - ester in the product
was 5.9%. L ;

EXAMPLE 10.
A solution prepared by heating and dis-

110

solving 251 mg. of B-cyclodextrin in 6.0 mL

of water was added to a solution prepared
by dissolving 14.42 mg. of 9 - oxo - 15a-
hydroxy - prosta - 5 cis, 11,13 - trams-
trienoic acid (known as PG: 234) in 0.2 ml

115

of ethanol. The mixture was heated to dis- '

‘solution at 45° C., and then treated in the
same manner as described in Example 7 to
obtain 143 -mg. of. clathrate product. The
content of PG 234 in the product was 5.5%,.

120



to obtain the clathrate product The yield was 210 ny.
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groups. o ‘the C—15 and -C—16 carbon
atoms respectively. The product when - sub-
jected to chromatography on a silica gel
column can be divided into-two portions, one

portion having a higher polarity than the
-other. The portion-having the higher polarity

is termed 16-methyl-PGEg(B) P, its stereo—
contﬁguranon being unknown. .

A similar explanation for the suffix (B) »
after 17-methyl-PGE2 in Example 13 applies.
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then treated .in the same manner as described -
in Example 7E0{/AbnH94 ibg. of the clath-

EXAMPLE 17

A solution prepared by heating and dis- -
-85

solving . 510. mg. of e-cyclodextrin in- 2. ml. .
of water was added to 25.2 mg. of PGE,

dissolved in 0.3 -ml. of ethanol. The mix-

GEpy
IV|ng 255

o) @41 al dﬂluEXﬁﬁﬂiaﬁad? 760
ntby deSOW@Q\[GE?ﬁ m]g of 16mediyhPGE@B)ny.

of
ent of_'
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ture was heated to .dissolution at 60° C. and -

then cooled .gradually to. room. temperature

to form a precipitate. After standing overnight =

at 0° C, the precipitate was recovered by
filtration, washed ‘with 50%, aqueous ethanol
and dried under -reduced -pressure to obtain

. 261 mg. of the clathrate product. The con-

: EXAMPLE 13. '
A solution prepared by heaung and d1s-
solving 480 'mg. of B-cyclodextrin in 11.0 ml

.of water was added. to a solution prepared

by dissolving 30. 21 mg. of 17-methyl-PGE,(B) -

in 0.3 ml. of ethanol. The mixture was heated

50
‘solving 490 mg. of B-cyclodextrin in.11.0 ml.

to dissolution at 45°.C,, and then-treated in
the same manner as described in Example

.7 to obtain 146 mg. of the clathrate product.

The content of 17-methyl-PGE,(B) in the
product was 10. 8%_ -

EXAMPLE 14
A solutum prepared by. hcaung and d1s—

of water -was added to.a solution prepared

.by dissolving 31,18 mg. of: 15-methyl-PGE;. .

in 0.3 ml. of ethanol. The mixture was heated
to dissolution at 45° C., and then treated.in

_the same manner as described in Example: 7

to obtain- 285 mg. of the clathrite product.

tent of PGE, in the product was 6.0%.

EXAMPLE 18.

A sdlutron preparcd by hearing and dis-

solving ‘418 mg. of w-cyclodextrin in .2. ml.

of water was added to 20.1.mg. of PGE,

alcohol dissolved in 0.2 ml. . of ethanol. The

100

mixture was heated to dissolution at 60°C.

and then cooled gradually to room tempera-

ture to form a precipitate. After standing over- .~

night at 0° C,, the precipitate was recovered
by filtration, washed with 509, aqueous.

- ethanol and  dried. under reduced. pressure
‘to obtain 152 -mg. of clathrate product. The
.content of PGE, alcohol in the product was

110

4.1%,. . .
In all of the above Examples, the clath-
rate compounds obtained: were white powdery -

-substarices and their -infrared spectra showed
-absorptions of carbonyl groups at 17101740

105

cm—? m the - case of. PGE, PGA and their -
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di ssolution at 45[err] C., and then solving 224 ng. of [err]-cyclodextrin
in 6.0 mM. treated in the same manner as described in of water was added
to a solution prepared Exanple 7 to obtain 154 ng. of the clathrate by
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[err]- cy?!ﬁﬂ%?‘)&tpfﬂ Folgn, wes emplgyed i dbes e manner as described in Exanple 7 of
wat er was added-to a sol ution prepared 75 20 to obtain 159 ng. of the
clathrate product by dissolving 6.95 ng. of 16-nethyl-PGE[err](B) The
content of 16-nethyl-PGE2(B) in the decyI ester in 0.2 M. of ethanol. The
m x- product Was 12.1% ture was heated to

di ssol ution at 450 C. and The presence of "(B) " after 16-methyl- then
treated in the sane manner as described PGE[err] as indicated above and in
Exanples in Exanple 7 to obtain 198 ng. of the clath- 80 25 15 and 16
hereafter is explained as follows: rate product. The content of :
16-nmet hyl - PGE[ err] - ‘Wien 16-nethyl -PGE[err]-is prepared, a mx- (B) decyl
ester in the product was 3.0% ture of four.stereoisoners is obtained due
to the configuration of the hydroxy and nethyl groups on the C 15 and C 16
car bon EXAMPLE 17. 30 atons respectively. The product
.when sub- A solution prepared by heating and dis- jected to

chromat ography on a silica gel solving 510 ng. of [err]-cyclodextrinin 2
m . 85 columm can be divided into two portions, one of water was added to
25.2 ng. of PGE2 portion having a higher polarity than the dissolved in.
0.3 m. of ethanol. The m x- other. The portion havi ng the higher polarity
'-.ture was heated to dissolution at 600 C and




35 is terned " 16-nethyl-PGE2(B) ", its stereo- then cooled gradually to

room tenperature configuration bei ng unknown. to forma
precipitate. After standing overnight 90 A simlar explanation for the
suffix " (B)" at O[err] C the precipitate was recovered by after
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dissolved in 0.2 m. cfpethanol The 10077 to obtain 146 ng.” of the -~ ;J

clathrate product. . mi|xgdre was heated to di.ssol ution.at 60[ernl C. The.®
content of 17- nethyl A err](B) |§|the° and then cool ed: %raduatly to. room
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precipitate. After stgndilng over- night at 00 C., the precipitate was
recovered by filtratgdqn, iwashed with 50% aqueous 105 50

EXAMPLE 14. b - ethangl and dried under reduced pressure A
sol ution prepared byghe%ting and d®s- Fp obtain 152 ng. gf clghrate
product. The soIV|ngw4Q@ ng. of [&fr]- cyplodextrln in 11. ) <="content of
PGE1 al cohol in the g rlodgct was of water was added to a sol ution prepared
4.1% by dissolving 33.18 ng. of 15-nethyl - PCGE2 In all of the above
Exanples, the clath- 210{55 in O. 3 m . of ethanol. The m xture was heat ed
rate conpounds obt ai ngddyere mhltéhpowdery to dissolutionwat 4% C, and
then treated in subst|lafides and tHRir i Rfrared spectra sh@wed tde sane
manner as described i BEfanple 7 absorptions of carbonyl groups at
1710-1740 to obtain 285 hg. of the clathrate product. <cnferr] in the case
of PGE, PGA and their 1,351, 238 : 55
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derivatives. The binding ratios of prosta- It was confirned by heit
stability tests glandins with cyclodextrin in the clathrates that the
clathrates of this invention have good 15 (i.e. content of prostaglandins
in the prod stabilities conpared with the original prosta- were determ ned
by quantitative analysis of glandis. Table shows the contents of various
5 the prostaglandins [(n the clathrate conpounds. PGs in the clathrate
conmpounds and resulsts The ‘quantitative _anal ysis was conducted in of
stabilit 1 7 _PGA
PGE and their when cyclodextrin is used as a host nole- 20:derivatives

were isonerized with alkali to cule. PG and the resulting absorption
val ues in Heat stability tests of various cyclodextrin 10 WY spectra
were determ nged 4t wavel ength ~clathrates of this invention gave good
resutts 278 nf|&1f]. In the case of PGF, a contraction regardiess of the
type of -cyclodexirin used. of guinea pig colon was enployed in the
det em Rat.i on. 6 ' 1, 351, 238
[err] (BT A | | _ c 1, 35], 238
7 [err] 00 [en; 1, m1’23§i. % g, - $ﬁj g 8
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9 1, 351, 238

9 10 1, 351, 238

10 1, 351, 238 1 12

1, 351,238 2~ As—showr T Tabr e T

there is a great

prostaglandin in the _
conmpounds according to structures
conpounds. 8Wth regard to the heat

EXAMPLE 21. variety in content of
PGE[err] decyl ester-cyclodextrin capsule clathrate
PGE2 décyl ester<cyclodextrin (PG of the
1,351,238nt ent 9. 4% .8 0.43

g. 5 stabiTiti
3 'g. 65 to be
0.4 g. prostag
It is signific
respect that(
several tines.
that, 220 ng.
em were pack
phar maceut i cal
decyl ester. c
and are easy t
EXAMPLE 22. ®&o0
PCGE[err] -cyclgp
capsul es or

fol | owi ng Ex@m
conditions,

es
mu

1
pRC
10
hat

so that eachﬂh
formu- 12.5 m

)

=]

g

8

<

<

Content *!

Prostaglandiﬁ_ _

PGFa

the clathrate conpounds are shown Mannite
h nore stable than the original Corn starch
ins. Such stable prostwgl angdi ns have never been known
in The above substanges wege well mxed and this :
rding to the invention, ™ sieved through a 32-nmesh siewe/
the use of cyclodextrln clathrates is the first After
hes of the m xture way in which prostagl andins have"heen
nto No. 3 hard capsules. Each 70 bodied |n - :
rme. Since all the caps@e cofit ai ned 2 ngy g of Iﬁf[err]
rate Gbnpo ds obt ai ned®are ite pow defy sub®tances
ndl e they 15 may be enployed in various pharnmaceuti cal
ations, e,g. injectable conpositions, tab-

rin Injectabl e Conposition |ets, aerosols, powders,

sions Powdery PGE[err]“nycloﬁextrln (PG wcontemt The
illu@rateRsone pro- 8% wa8 subdivided® unde® sterile
dures for maki ng the clathrate conpounds into anpoul es
| e contained 20 of this invention into pharnaceuti cal
The air inside each anpoul e was sub- :
< < - -
= 8 ¢ & & & &
b
i . Y i
2 2 g B 2 B
o o «
] © 8

PGE, alcokiol




| at i ons. stituted by nitrogen gas and the
anpoul e seal ed. The content of the anpoul e was useful EXAMPLE 19.
as an injectable conposition containing 1 ng. 80 PGE[err]-cyclodextrin

(Vagirnal Suppository) of PGE[err] when dissolved in a 0,9% saline
Avicel - a registered Trade Mark ' solution for injection. 25
(mcro-crystalline cellul ose) 10. g. Mannite

12.5 g. Tartaric acid = 10 g. EXAMPLE 23.
Sodi um Bi car bgnat e 10 932 PGF[ err]-cycl odextrin Powder ECG
(Cal ci um carhdxylnethylcel | 1 3B rl-cyvclodextrin (PG cont

2% 20 g 85 30 | ose) 2 g. Potato Starch
90g. Granul es wer de by well mxing the The above substances were

m xed wel | and abp# ingredients and adding to the m xture sigqved tdrough-
a 42-nmesk’si eve. [MHdn 400g 0.5 g. of PVP (polyvinylpyrroli done¥  di S@I ved
of lactose Wwere apgfigd to the mixture, the in a small amount of n€thanol as
a binder. ywhol e kidved through the 42-nmesh sieve and 90 35 After
satlsfactoﬁ"fy driing, the granules were nixed again to obtai n 0.1%
PGF][err] powder.j ggssed through_a 12-mesh sjeve tQ obtain uni_.: 1f is

al so possible to Ke a pha;r rrace.utl cal - formal ze %anul es. To Lheseg

granul es were prepgration corrpr|3| ng a m xtUre of the clath- Added %

foll owi ng |ngred| ntis: rates of this invention and free .

cycl odextrin by*u irg an excess of cyclodextrin in the re- 95 PGEerr]-CD
(PG cont ent 8% 2.5 g action with prostagl andins or thejr

anal ogues. 40 j 05 (Calici umZEar boxynet hyg ® Th§ bi 0I°'bg| cal
activities of t¥e &ljat hrat cel'ful ose) ¥ °bf this
i nvention, that gi 0 say, hypotensive Magnesium stearate -

0.5 g. effects, tractive effects of uterine or in- testinal sm)oth
nmuscl e and gastri ecretion 100 Effervescent vaginal suppositories
contain- inhibit ‘effecs, wette very simtar t®those: 45 iRg:-2 my of
PGE2 in each tabl were oB- of&the orfigi naR prostagl andi ns’ agd.th&
toxicity tained b abl eting 500 ng. sanples of the of the cyclodextrin is
so lowthat if in - mxture. : venously
ice at dosage of nore than 1 g./kg., none of them'di es.

o Bh
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onr

-

injected i nt g mal
Con- 105 LE RO.}- sequeptly, there i-s no gbhstacle:in
t he appllca- CE[err]] -cycl gdextrin t abl et g ; tign of these
cl at hrat e cospoungds [for ne@i cal %0 G anul @s Wer@ made by We I m b Ng
17.5 g. useg ' i e Ao
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¥
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a-methyl-PGE,



of lactose and 3.89 g. of starch and addi ng As expl ai ned above the
clathrates of this HPC (hydroxypropylcellulose) in 0.5 g. of invention are
useful as various therapeutic 110 nmethanol as a binder. After

—satistactority dry- preparattons 1n various pharnmaceuti cal
granul es were sieved through a 12-
a 55 nesh sieve to obtain uniformsize granul es.
upon the particular After adding to the granul es 2.86 g.

prostaglandln

fornms. ing, the
The adm ni strative dosage may vary over
w de range dependi ng

of PCGE[err]-

799 and

conpound used, partlcular cycl odextrin (PG content.

250 ng. 1®f _ manner of a@ntnlstratﬁ 8particul ar pharma- 115 nd&ne5|um
stearate, tablets were nmade,  each ceutlcal formand particul ar condition
to be being|8.[5 Mm in di anet er. and 250 ng. in treated. The' foll ow ng
exanples il{fsftrate 60 weight. Each tablet contained 2 ng., -of PCE[ err ]
sone typica|.8actual uses of the agents. 13 W/
1,351,238 |8 13 Labour-lndUC|ng agents
VWHAT WE CLA| M| S:- A Iabour-lndu0|ng agent in the form of
cyclodextriph cjl athrate of a prosta- vaginal suppository, tablet é’bsule or
powder gla1%|n or of a defivative of % prost agl andi n. contalnlng _
PCGE[ err]-cygRBodextri g may Qe admini- o 2. A,,cycl odextri g; cl at%rate of a
. prosta- 65 ‘stere®in atotal - anoun? of 60-120 ng (as® glan in or of a
- derivative pf prostagl andin PGE[err]-cyclodextrin), divided into 3-6 -
doses ingwhich the alicyclic ring of the prosta- at intervals of about 2-3
hour s. A DRO itory glandin or the derivative of a prostaglandin is
inserted i vagi Ma, whiil'st the tabPet, Is t hat' of a“PGE. ¢Bnpound.
capsul e on>p er fo nay be adntnlsﬁbred e 3. A cycloa%xtr|$|clathrate
"~ of a prosth 0-- 10 orally. In case of infusion, the admnistration
- glandin or* pf derivative of a prostaglandin is conducted for a long tine
and in an afpount in which the alicyclic ring of the prosta- of 5-30 ng.
gl andi n or Ee.derivative af a prostagkandi rePGF[ err]-cyef odex¢rin may be
admi ni sterefl® |'s tha& of afPGF conpoun& in £he sane nan¥er exX8ept that the
t ot al 4, ycl odextrin clathrate of a prosta- 75 15 dosage in the form
of a suppos y, tablet, glandin or of a derivative of a prostaglandin
capsul é&gor powder, is from250 ng.-5 g., in which the alicyclic..ring of
- the praogta- st igythe case of infugyon it is fronth = glandln or the
- derivatgve of B prosEbglandin ng..-1 g.i i i's
t hat ofva,L_:PSA c'onpoum 5.¢A cycI odext g5 n cl@thrate of a prost@--- 80
i -
b1 - '«
- ig t g <
g 8
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Contraceptive

A contraceptive agent
claims 1 to 4 in suppository,

in the formof vagi na

glandin or a derivative of a prost

tabl et, capsule or powder, con-

agl andin 20

according to any one of

whi ch the

side chain attached to the alicyclic taining PGF[err]-cyclodextrin may be

adm ni -
of 200 ng. to 1.2 g.
PCE2- cycl odextrin),

suppository.

clathrate of a prosta-

gl andi n derivative a
adm ni'stration cla
for aI%ﬁgtlne W th
30 dosage .of 20 ny-
car bon atqnyGF[err]
or 17-position. of th
gl andi n derivative.
cycl odextrin clathra
of in- glandin deri
my. -5 g. .
esterified with a
cyclodextrin clath
in the glandin derg
capsul e or powder
continuously and ok
repl aced by a hydroxy-
nmet hyl ene group. dayf.
cycl odextrin cl athrat
be ad- glandin or o
t he sane manner exce
dosage is from 40Q-40
[err]-cyclo-_deﬁ%rin
The [err]-cycl od@gxtr
PCE[err]-cycl odegtri
the form of tabl¥t s,

ev\

ring has a doubl e bond between the carbon stered in a total

anount

atoms in the 13- and.14-positions and a 85 (as

disvided into 2-3
in the 25 dqses at |ntervals of aboutL%

clathrate of P _er_r} 2
2.5-25 ny. (as BfE[erg]}
[err]-cycl odext rgn clﬁt

" Prostaglandin

5 ording to any one of orally.

‘pf a pros

dpl t.

on the
15- posi

hydr oxy radi cal
29 -NOUrs. A

'ablets,

or powde.rs are admi 1

capsules,
In case of
1 to 5 which carries a nethyl sub-

otal stituent on the carbon atomin g
150 ng - the carboxy groy
cycl odextrin may be administered in -in t

osta- the sane manner except that the
the formaf swppository, tablet, capsu
pf a prosga- P5 powder is 1-8 g. whilg
ve according to any one of 35 fusion
clains 1 to 6 in which the carboxy n
‘group. Renedy for Ucer. _
a- For ulcer relief, PGE[err]
ve_accorging o .any one of 100 form of
claims™1 to 6 in which the carboxy
admnistered with a of the prostagl ar
10 dosage of 5-50 ng. (as PCE[err]-cyc
ester-cyclﬁ
105 m

pf a prosfa-

. err] decyl-
derivati®e o

prostagl andi n

o

bt fhat according to any one of clains 1
D ny. /day/adult which the clathrate is
a6 Hypot ensi ve- agent .

cl at hr at egof PGE2 As a hypot ensi ve' ager|
pr  PCGE[ er decyl ester.

psul es, ¢ po?pers 11. Theé [err]-cyd
y be adm nistered orally in an anmount
cyclodextrin). In case @ 12. The
hrat e of PGE[err] o
©)
3 g
S e
=) m
& &
B =S
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& g

99

The prostaglandin is represented by the percentage (w/

carbon at om
tion. 11

i st ered
i nfusion, the
i's conducted
d-position to
p, or on the
he 15-, 16-
total dosage:
e ar 7. A
b in the case
it is 500
adical is

:8. A
-cyclodextrin
tabl et ,
adi cal

dextrin)/
A

xtrin may
tered in

'8 in the

5

med with
E 10.
3
8 4 110 in
BHdektrin
% | cohol .

of the prostaglﬁngns.'

'w) of
6°1-4

" *2:  The percentage of prostaglandin remaining stable at 10
. *3;  PG-—CD represents cyclodextrin clathrate compounds

*4: PG represents the prostaglandins,
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50 of intranuscular injection the dosage may be decyl ester. from 1-10

ny. 13. The [err]-cyclodextrin clathrate of
PGA2 115 PGA2 decyl ester-cyclodextrin may be ad- or PGAlerr] decyl

ester. mnisteréd:-orally in the sane manner except 14. The
[err]- cyclodextrln clathrate of PGF2[err]. that the dosage is from 20- 200

ny. 15. The [err]-cyclodextrin clat hrate of a- methyl-PCGE[err]:
55 Renedy for asthna 16. The [err]-cyclodextrin
clathrate of PGE2 120 For the reli ef- af asthma, an aerosol agent.

. 9-et ho cftrin

and/ or Ad. shmem[ 'H‘dle] 1Cﬂﬁﬁeoﬂ@<ymn cl at hr at enml&mzqo PGE2

9- et hoxy caridypriy Iof lino dlex - PGEE&@WW wepaleS- Ci S,

11, 13-tr g |c ra’;’/‘é@ ;i“’f?’ i Fﬂm'bfPGlOQMger r]. -acid.
60 to0s5 ﬂlg&m“f F‘Q,gp cplgﬁ&ym é?t a 18. The3 & & ~
[er]- CyC|t6diéXinﬁdhnm atable ndl2 5Cérh Brch i 04 g -

met hyl - P@Ejsaglpddios. Such3 stable prostaglandms 1, 351, 2 @‘

13 LabourhaY%Bﬁﬁi?l

BT e
Oty
“agent miﬁlﬁseo@r cmiareszss"@ﬁc%de | e, C 320 . el thep&lQﬁﬁ'ea' vagi nal

supp05| t O#ay,in tvmb @tqsmglapmuherecheenacwdemre dirtn Nix 30fardacagkmles. \Bath v of a

prost agl ediechin ccydpyReRtaiiech 2 mey fFSEaderlser. 2. A
Pv!}', 65 5 stered in a total amount of

cycl odext‘ahld}‘i :
t% plbyenl Vi Rli vat i ve of mgmmﬂiml andi n

60- 120;4T0y,
PGE[ err] fmymladdlsxtgr injwytgbleckiompaiitionsi tak-0 nlinnctvblln@mwﬁ@n alicyclic ring

r-rnducing

of the prt OT' § P%‘d‘ﬁrt PS‘”% ofSRteny| andin or
he. der Dvaits) %“mﬁgﬁm@”ﬁ% e g‘mﬁm B e
tabl et2o of Shib bidén m&u E‘ho:nr pxmasammy- be

“admi ni st dads. Gfﬁoaeﬂpsaes@é the 'PG‘P@F oral ly.
case of i nfusion,

le migni stration ; ﬁaﬂ” ’v of a
prost agl W,Qy&oﬁax@rgxr( phdetiorsd Iongoftp laruoua‘t/ salh ich the
-al i cycl i cAvicelng aatgi dgsMark of 5- 30sohwjon for myectwn

gl andi # or @?@'Wi“?‘&f Yelof a pf o8t agl andin PGF[err] - cycl odextrin may be
~admi ni st -4y that of a PGF ggnpound. in thegasffe: ssanner except that the
t ot al

3 Acyclodextrln cla%t I n

60

dmxﬁmfbbﬁdextrl n cl at ho ag.e PEF.acyplodstinPoudr 15 dosage in the form
of a suppESE% (Galcipm cachbpiyintethyleadfi-andj n orP‘é)?zn 7%

magnesium stearate, tablets were made, each
being ‘8.5 mm. in diameter and 250 mg. in
weight. Each tablet contained 2 mg. of PGE,.

ot S

ceutical form and particular condition to be
treated. The following examples illustrate
some typical actual uses of the agents.

rip4PG gaent 2%) pragt &%l andin

capsul ® or EFﬁ\/\der I's from 250 -§ g |chthe allcycl & ring of the
prosta- _ :
Granules were made by well mixing the - The above substances were rmxed well and
above ingredients and adding to the mixture sieved through a 42-mesh sieve. Then 400 g.
0.5 g. of PVP (polywnylpyrrohdone) dissolved of lactose were added to the mxxture, the
in a small amount of methanol as a binder. whole sieved through the 42-mesh sieve.and 90
35 After satisfactorily drying, the granules were mixed again to obtain 0.1% PGF,. powder.
passed through a 12-mesh sieve to obtain uni- It is also possible to make a pharmaceutical
form sizé granules. To these granules were preparation compnsmg a mixture of the clath-
added the following mgred1ents rates of this invention and free cyclodextrin
by using an excess of cyclodextrin in the re- 95
PGE,—CD (PG content 8%,) 2.5g. action with prostaglandins or their analogues.
40 ECG 505 (Calcium carboxymethyl- The biological activities of the clathrates
cellulose) 2 g of this invention, that is to say, hypotensive
Magncs:um stearate 0.5 g' effects, contractive effects of uterine or in-
testinal smooth muscle and gastric secretion - 100
Eﬂervescent vagnml suppositories contain- inhibiting effects, were similar to those
45 ing 2 mg of PGE, in each tablet were ob- of the original prostaglandms and the toxicity
- tained by rableting 500 mg. samplzs of the of the cyclodextrin is so low that if intra-
l*mxt:ure. venously: injected ‘into male mice at dosage of
L ' more than 1 g./kg., none of them dies. Con-- 105
. EXAMPLE 20. sequently, there is no obstacle in the applica- *
PGE,~cyclodexttin tablet uon of ‘these clathrate compounds for medicat
50 Granules were made by well mixing 17. 5 g .
of lactose and 3.89 g. .of starch and addmg As explamed above the’ claﬂlrates of this
HPC (hydroxypropylcellulose) in 0.5 g of invention are useful as various therapeutic 110
methanol as‘a binder. After satisfactorily dry- preparations in various pharmaceuucal forms.
ing, the granules were sieved through a 12- The administrative dosage ‘may vary over a
.55 mesh sieve to obtair uniform size granules. wide range depending upon, the particular
After adding to the granules 2.86 g. of PGE,- prostaglandin - compound ~ used, particular
cyclodextrin: (PG content 7%,) and 250 mg. of manner of administration, particular pharma- 115



whilst in the case of inf'usion it.is from100 glandin or the derivative of
a prostaglandin nyg. -1 Is that of a PGA

g-

conpound. 5. Altyclodextrin clathrate ofl:3lg80sta- 80 Cont raceptive. 13
glandin or a derivati Vigsffs2.dle@sd:R9! andi n 20 wraPw&QRtRcRPLL ve agent in
the form of vagi mallabolaammmb agnd @n #ityfoanefOf ¢l A BRlodextrd dathfiteS HIDROPTOS:A! Y,
tabl et, capsul evagmal i capgyl Q,rrpowﬂee sl n@na hdmtaeniaajpm@ag!
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atﬁraffeosfne Corittat h

[err]-cyclo- de tFeft cer4‘§Jef PGE:-cyclodextrin-in 3 redindia - degeative accordmg to any one of 0100
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PGE[ er r ] - cyclypdansige '01’15—50r m .-11% methylene group. -
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50

53

day/adult.

PGE, decyl ester-cyclodextrin may be ad-
ministered in the same manner except that
the dosage is from 40—400 mg./day/adult.

Hypotensive-agent.

As a hypotensive agent, PGE,-cyclodextrin
i the form of tablets capsules, or powders
ma be administered orally in an amount of

5—-—25 mg. (as PGEz—cyclodcxmn) In case
of intramuscular injection the dosage may be
from 1—10 mg. :

PGA; decyl ester-cyclodextrin may be ad-
ministered orally in the same manner except
that the dosage is from 20—200 mg.

Remedy for asthma.

For the relief of asthma, an aerosol agent
containing PGE, alcohol-cycledextrin and/or
PGE: 9-ethoxycarbonylnoml ester-cyclodex-
trin may be sprayed in an amount of 100 pg.
to 500 pg. (as the clathrate compound) at a
time.

/\ .

9. A cyclodextrin clathrate of a prosta-

. glandin or of a derivative of a prostaglandin

according to any one of claims 1 to 8 in
which the clathrate is formed with S-cyclo-
dextrin.

-10. The B-cyclodextrin clathrate of PGE;
or PGE, decyl ester.

11. The B-cyclodextrin clathrate of PGE,
alcohol.

12. The B-cyclodextrin clathrate of PGE,
decyl ester.

13. The B-cyclodextrin clathrate of PGA,
or PGA, decyl ester.

14. The B-cyclodextrin clathrate of PGF,..

15. The @B-cyclodextrin clathrate of o-
methyl-PGE,.

16, The B-cyclodextrin clathrate of PGE,
9-ethoxycarbonylnonyl ester.

17. The B-cyclodextrin clathrate of 9-oxo-
lsfghydroxy-prosta-S-cis, 11,13-trans-trienoic
acid.

18. The pB-cyclodextrin clathrate of a-
methyl-PGE..
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in the formof tablets, capsules, or powders 11. The [err]-cyclodextrin

clathrate of PGE[err] may be adm nistered orally in an anount of al cohol.

2.5-25 ny. (as PCGE[err]-cyclodextrin). In case 12. The

[err]-cyclodextrin clathrate of PGE[err] 50 of intranuscular

dosage may be decyl ester. from 1-10 ny.

13. The [err]- cyclodextrl n clathrate. of PGA[err] 115 PGA2 decyl

ester-cycl odextrin may be ad- or PGA[ err] decyl ester. mnistered orally

in the Bane nmanner except 14.13k&38 err] -cycl odextrin clathrdte of

- PGF[err]. :thatzisbe.i entsS T rom 20- 3@ e crammis:— 15. The
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28. A pr & accordi ng to. cIa|m24
clathrate of 16- C%a&ﬁtz927 in which g nnal iil‘deﬁ\a{ﬁeoofo

met hy30- CEC@W&] mtumﬂetfmmmfﬂa@nﬂetwgdrdl rgne of aanpdilrt0t4omcycl odextrin
in the R P copa, o Lhabm%am sl "' 114 to
12. stered: in a total amount of 200 mg. t0 1.2 g 403%45 idnk rl\n&??gat & ate of

PGE[ er r J(as PGEQle
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powder is 1—8 g. while in the case of in-
fusion 1t is 500 mg—5 g

Remedy for Ulcer o
For ulcer relief, PGE;-cyclodextrin in the
form of tablet, capsu.le or powder may be
continuously and orally administered with a
dosage of 5~—50 mg. (as PGE,-cyclodextrin)/
day/adult.

PGE, decyl ester-cyclodextrin may be ad-
ministered in the same manner except that

the dosage is from 40—400 mg./day/adult.

Hypotensive-agent..
As a hypotensive agent, PGE,-cyclodextrin

“in the form of tablets, capsules, or powders

50
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may be administered orally in an amount of
2.5—25 mg. (as PGE,-cyclodextrin). In case
of intramuscular injection the dosage may be
from 1—10 mg.

PGA; decyl ester-cyclodextrin may be ‘ad-
ministered orally in the same manner except
that the dosage is from 20—200 mg.

Remedy for asthma.
For the relief of asthma, an aerosol agent

PGE, 9-ethoxycarbonylnonyl ester-cyclodex-
trin may be sprayed in an amount of 100 pg.
to 500 pg. (as the clathrate compound) at a

time. S

A R

glandin derivative according to any one of
claims 1 t6 6 in which the carboxy radical

B is esterified with a decyl group.

8. A cyclodextrin clathrate of a prosta-

-glandm derivative according to any one of

claims 1 to 6 in which the carboxy radical
of the prostaglandin is replaced by a hydroxy-
methylene group.

9. A cyclodextnn clathrate of a prosta-
glandin or of a derivative of a prostaglandin
according to any one of claims 1 to 8 in
which the clathrate is formed with {8-cyclo-
dextrin,

10, The B-cyclodextrin clathrate of PGE,
or PGE, decyl ester.

11. The B-cyclodextrin clathrate of PGE,
alcohol,

12. The B-cyclodextrin clathrate of PGE,
decyl ester.

13. The jB-cyclodextrin clathrate of PGA.
or PGA; decyl ester.

14. The B-cyclodextrin clathrate of PGF,..

15. The @B-cyclodextrin clathrate of «-

 methyl-PGE,.

16. The f-cyclodextrin clathrate of PGE,

- 9-ethoxycarbonylnonyl ester.
containing PGE, alcohol-cyclodextrin and/or "

17. The B-cyclodextrin clathrate of 9-oxo-
15a-hydroxy-prosta~5-cis, 11,13-trans-trienoic
acid.

18. The pB-cyclodextrin clathrate of «-
methyl-PGE;.
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clathrate is from 2.0%
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31. Cycl odextrin
24. A process for the production of a glandins or derivatives

Exanples 1 to 18. 15

clathrates of

t her eof when produced 50 cyclodextrin clathrate as clained in any one
the process clainmed in any one of clains of clains 1 to 23 -which conprises

reacting 24 to 30. a prostaglandin or a derivative- thereof W th
conposition com 20

pharnaceutlcal
prising, -

as aclti ve ingredient,

- 32.
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described with eé@edﬁah*wtﬂemundﬂmwbOéﬁﬁﬁonehmGOHﬂhésmvwmdréwwzmﬁeaﬁed at a

tmmaauneqy
cycl odextrin “cl
separated from
process accor di
t he prosraglqu
conpound and th
t enper at ure of

Maj esty's Statl
Publ i shed byzbh
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25
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w{ugh él'ea tent of the
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e Zﬁe&Cbi'oEH&s If& @hélproduction of a
SRlo@Birig rala} l@te as clauned in any one

éf?ﬁ@
Crflce

egs rraypdaessom@dmgach claim 24 in
which a solution of the cyclodextrin in water
and/or in an oorganic solvent which is miscible
with water is added to a solution of the
prostaglandin or derivative thereof in an
organic solvent which is miscible with water,
the mixture is heated at a temperature below
70° C., and the resulting cyclodextrin clath-
rate of the prostaglandin or derivative thereof
is separated from the reaction mixture,

26. A process according to cldim -25 in
which the prostaglandin or derivative thereof
is a PGE compound and the reaction is cat-
ried out at a temperature of 20—60° C.
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association w1th a phannacetmcally accepmble
carrier. -

33. A phannaceuucal composition accord-
ing to claim 32 substantially as hereinbefore
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described with especial refermce to any one 60

of Exampl& 19 to 23.
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London, W.C.1.
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