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COMPOSITIONS FOR NASAL ADMINISTRATION CONTAINING POLAR METABOLITES
OPIOID ANALGESICS

This invention relates to a composition for nasal

8}

‘administration and more particularly to a composition for

the nasal administration of the polar metabolites of opiloid

analgesics.

Opioid analgesics have a useful role in pain relief,

i0 particularly foripiatients in the terminal sta}ges"'Of cancer.

>

1njectlon as an oral controlled release formulatlon or by

suppos:Ltory Morphlne has also been glven Vla the nasal. ‘

route and morphlne snuff was descrlbed in the last century

15

The 1ntranasal admlnlstratlon of opldtes has been |

. l dlscussed by Ralley (Can..J.Anaesth 36, 5 491~493 (1989)

who suggested that morphlne could be glven by thls route.f

The route was relatlvely free of s:Lde effects normally
20 assoc:l.ated with op::.o:.ds but a posss.ble dlsadvantage was the '

| :_ short duration of sedatlon which lasted only up to 60

mlnutes

Nasal administration of morphine is discussed in EP

25 205282 where a Sustained release effect is achieved through

the use of a cellulosic derivative that adheres to the

mucosa. A solid unit dosage form is described.

Morphine 1s a widely used agent and can be administered via

4 v s,
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WO 8203768 describes a system for nasal drug delivery
comprising morphine or its analogues having at least one
phenolic hydroxy group n.vith a non toxip nasal carrier.

Ointments, gel solution cor suspension salts of morphine are

preferably used in the sustalned release products.

It is well known that the therapeutic use of morphine
gives rise to Vafious side effects, including constipation
and respiratory depressibn Recently it has been dj sclosed
that some of the metabolltes of morphlne, namely morphlne-

6-glucuronide and morphine-6- sulphate may be several times

‘more active than the parent drug and is less ll}cely to have

the unwanted side effects (Pasternak et al (1987) Life

103; Brown et al (1985) J Pharm.Sci. 74',82.1).- They' may
also have a longer blologa.cal half-life. The use of
. _morphinemgﬁglucuronide as a .c‘lrug substance in it_s'cwnr'ight

'has been discuSsed_' in the pharmaceutlcal and medlcal

literature (os'borne’ et al (1988) Lancet Aprll 6 P 828)

- Similarly, morphlnew6wsulphate has been descrlbed J.n the ,

‘literature as an analgesic agent (Brown et al Supra).

However, the major problem.facing delivery of these agents
and polar metabolites of this and other opioid analgesics
by methods other than 1injection, is the high water
solubility of the c:ompounds'. It 1s Unlikely that the
materials w;i.'ll be well absorbed across mucosal surfaces,
for example from the gastrointestinal tract. .’ It 1is

possible that the glucuronides would be absorbed from the
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colon but this would only occur after the glucuronide was

converted back to the parent compound by the action of the
reducing conditions within the lérge bowel created by the
microbial flora in that region. The polar nature of the
compounds also means that they are likely to be poorly
transported across normal mucosal surfaces such as the
nasal, buccal, vaginal and rectal nmucosae. Hméever, we
have now found, surprisingly, that the absorption of such
polar metabolites across the nasal mucosa can be. great‘ly
increased by' combination with an absorption pr‘omoting

agent.

Thus the present invention provides a composition for .

nasal administration comprising a polar metabolite of an

0pioid analgesic and an 'absdrption promoting agent. A

preferred metabolite 1s a glucuronide, e‘specially morphine«
6-glucuronide, however glucuronides of other opioid

analgesics such as codeine, levorphanol, hydromorphone,

,0xymc>rphone ) nalbuphine,  buprenorph ine , na lorphine '

hydrocodone, oxycodone and butorphanol are alsosuitable.

A further preferred metabolite is a sulphate, espedially
morphine-6~sulphate but again sulphates of other opioid

analgesics such as those mentioned above are also suitable.

Opiold analgesics are metabolised in the body to a
variety of compounds that are more polar than morphine
itself, and this is what we mean by the term metabolite as

used herein. The polar nature of a compound can be
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determined by measuring its partition coefficient between

an aqueous buffer and an organic solvent such as octanol.

The partition coefficient of morphine, expressed as a

logarithm (logP) partitioned between an agueous buffer and
octanol ranges from 0.70 to 1.03 (Hansch C. and ﬁec; A.
"Substituent Constants for Correlation Analysis in
Chemistry and Bioclogy' Wiley, New York, 1979). The polar
metabolites of morphine will therefore have a lower logP
value than that of morphine. The major metabolites of
morphine are morphine-3-glucuronide (M3G) and morphine-6-
glucuronide (M=-6G). Formatibn of the ethereal sulphates at
positions 3 and 6 in ‘the nolecule may also occur;
Morphine-6-sulphate which differs from mor'phiné itself by
having an ionizable'group of Carbon-6 at physioclogical PH

has been shown to be a more potent analgesic than morphine

- following intracerebroventricular administration in mice

(Brown et al (.19‘85) J. Pharm. Sci. 74 821) . Morphine-é--
sulphate and a number of its 3-O-acetyl derivatives exhibit
potent antinociceptive activity in the rat when g'iven by'
subcutaneous injection (Houdi, ‘et al (1992) Pharm. Res. 2 '

The structures of morphine~6-glucuronide and morphine=

6~sulphate are shown below :-
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P 15 _:prov:.des therapeutlc levels of metabollte in the plasma_ '

morphine-6-~glucuronide  ' morpnineveﬁsulphate\

The absorptlon promotlnq agent should be such that 1t

T fwlth an absorptlon efficiency of greater than 10«5 and

' -.. -;_ ;'-,.'preferably greater than 30%. | 'I'he absorptlon 15 measured in

"-‘;terms of the bloavallablllty,‘ whlch is deflned as the ratlo‘

20 ..'-.,1ntranasal admln:l.stratlon compared to that found afterf'. |

of the quantlty af metabollte appearlng 1n the blood after,

| ' '1ntravenous admlnlstratlon, expressed as a percentage. ~'

25

The therapeutic level of the metabolite achieved

should be a -plasma' concentration that is at "1eas‘t -as';" -

equlpotent as the level requlred for the opmomd analge31c -
for analg951c effect. For morphine, the usual therapeutlc
levels in plasma are from 1-500 ng/ml, and more typically

20-100 ng/ml, Data have 1ndicated that, for example,
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morphine-6-glucuronide and morphine-6-sulphate could be

6

many times more active than morphine. Thus the requlired
therapeutic levels of morphine-6-glucuronide and morphine-
6-sulphate may be in the same range as those for morphine
Oor they may be much lower and it is the potency that will
decide the required concentration. Although more wbrk'is
required in this area, morphine-é6-glucuronide and morphine-

6-sulphate levels may be expected to be in the region of

two times less -than those of morphine to give the same pain

relief effect.

The composition of the ‘invention may be used for pain

‘relief in a variety of situations but especially to relieve
‘chronic pain in terminal cancer patients, for acute pain,

for example after dental s‘urgery and for other post-

operative pain.

The absorption promoting agentis'desirably a cationic
polymer, a bioadhesiVQ agent, a surfatie active agent, a
fatty acid, a chelat'ing agent,‘ a mucolytic agent, a
cyclodextrin or combinations theréof or a micro'sphere. )
preparation, and may be present in the 'c:omposi‘t’:ion as a
solution in an agueous medium, a dispersion in an agueous
medium, as a powder_ or as microspheres. The terms used

here are not intended to be mutually exclusive.

Chitosan, a «cationic polymer, is a preferred

- absorption enhancer. Chitosan is deacetylated chitin, or
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poly-N-acetyl-D~-glucosamine. It is available from Protan

Laboratories 1Inc, Redmond, Washington 98052, USA and,
dependlng on the gréde selected, can be soluble in water up
to pH 6.0. A 1% solution of non-water soluble chitosan
(Sea Cure) may be made by making a slurry (eg '29/100 ml) in
water and adding an equal volume of organic acid (eg 100 ml
0f 2% acetic acid) and stirring vigorously for one hour.
Water~soluble chitosan (Sea Cure*) may dissolve without

organic or inorganic acids being present. The chitosan may

also be used as chitosan microspheres.

Chitosan has previously been used to precipitate
proteinaceous material, to make Surgical sutureé and as an
immunostimulant. itﬁas also been employed previously in
oral drug formulations in ordér to i1mprove the dissolution
of poorly soluble drugs (Sawayanagi et al, (1983) Chemn.
Pharm. Bull., 31, 2062=-2068) or fbr the sustained releaSe
of drugs (Nagai et .al, Proc. Jt. US-— ‘Jp.n.. Semin. Adv. '
Chitin, Chitosan, Relat. 'Enzymes, 21-39, Zikakis -J‘.P...
(ed), Academlc Press. Orlando (1984)) by a process of Slow

erosion from a hydrated compressed matrix.

Diethylaminoethyl-dextran (DEAE-dextran) '1s also
suitable and 1is a polycationic derivative of dextran
containing diethYlaminoethyl groups coupled to the glucose

residues by ether linkages. The parent dextran can have an
average molecular weight of about 5,000 to 40 x 10% but is

typically about 500, 000.
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Further cationic polymers which may be used in the
compositions of the invention include other polycationic

carbohydrates such as but not limited to inorganic or

- organic salts of chitosan and modified forms of chitosan

(especilally more positively charged ones), polyaminoacids
such as polylysine, polyquaternary compbunds, protamine,
polyamine, DEAE-im-ine, polyvinylpyridine, polythiodiéth}rl-
aminomethylethylene (P(TDAE) ), polyhiStidine, DEAE-~-
methacrylate, . ' DEAEwacrylamlde, poly p amlnostyrene,
polYoxethane,  o—polymethacrylates (e.g,’ copolymers of'

HPMA, N-(24hydroxypropyl)-methacrylamide,~GAFQUAT (Us Paﬁ

~No 3,910, 862) and poly‘amidoamines° - The polycatlonlc

substances used :m the 1nvent ion typlcally have a molecular'

welght of 10 000 or more.' The chltosan (or salt thereof)

'more preferably at 1east 500, 750 or 1000 ml/g,

The concentration of the 'caticnic ~polymer in a

solut:n,on 1s preferably 0.01 to 50« w/v, more preferably 0.1

to 50% and more preferably 0 2 to 30%

Amongs<t the bioadhesive agents suitabl'e fdr -usé are
included bioadhesivé. microspheres'. - Prefe_,rably - the
microspheres are prepared from a bio?--compatibl'e_materia'l'

that will gel in contact with. the mucosal surface.

- Substantial;y ‘uniform .solid microspheres' are pr.eferred.'

Starch microspheres (crosslinked if necessary) are a

preferred material. Other materials that can be used to
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form 'microspheres include starch derivatives, modified
starches such as amylod~xtrin, gelatin, albumin, collagen,
dextran and dextran derivatives, polyvinyl alcohol,

polylactide-co~glycolide, hyaluronic acid and derivatives

‘thereof such as benzyl and ethyl esters, gellan gum and

derivatives thereof such as benzyl and ethyl esters and
pectin and derivatives thereof such as benzyl and ethyl
esters. By the term "derivatives" we particularly méan
esters and ethers of the parerit compound .that can‘ be
unfunctionalised or functiona‘lised to conta-ih, for example,

ionic groupings.

Suitable starch derivatives include hydfoxyethyl

starch, hydroxyprbpyl stzarch carboxymethyl starch

catlonlc starch acetylated starch phosphorylated starch

‘.~-succ:1nate derlvatlves of starch and grafted starches Such

starch derlvatlves are well. known and descrlbed in the art

(for example Modlfled Starches: Propertles,and_uses, O.B.

Wurzburg, CRC Press Boca Raton (1986)).

Suitable dextran derivatives .include,
diethylaminoethyl-dextran (DEAE-dextran), dextran sulphate,
dextran methylébenzylamide sulphonates, | dextran methyl- ‘
benzylamide:. - carboxylates, ' carboxymethyl dextran, |
diphosphonate ngtran, dextran hydrazide, palmltoyldextran

and dextran phosphate.

Preparation of these microspheres is well described in
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the pharmaceutical literature (see for example Davis et

10

al., (Eds), "Microspheres and Drug Theraipy", Elsevier
Biomedical Press, 1984, which is incorporated herein by
reference). Emulsion and phase separation methods are both
sultable. For example, albumin microspheres may be made
using the water-in-o0il emulsification method where  a
disper-sion of albumin is produced in a suitable oi'];_ by

homogenization techniques or stirring techniques, with the

addition if necessary of small amounts of an appropriate

surface active agent.- - The 'size of the microspheres is
largely dictated by the speed of stirring orhomogehization

conditions. The agltatlon can be provided by a s.unple

.laboratory stirrer or by more sophlstlcated deV1ces such as

- a mlcrofluldlzer or homogenlzer. Emuls:.flcatlon techm.ques

in GB 1 518 121 and EP 223 303 as well as for the

preparation of microspheres' of gelatin'. . Protelnaceous

'm;crospheres ‘may also be prepared by coacervatlon methods'
such as Smele or'complex coacervatlon or by- phase

separation techniques using an appropriate solvent or

electrolyte solution.  Full details of the methods of
preparing these systéms can be obtained from standard text ‘
books (see for example Florence and ' Attwood,
Pbysicochemical Principles of Pbarmécy 2nd Ed., MacMillﬁan.‘

Press, 1988, Chapter 8).

For example, microspheres were prepared as follows:

BN AR TV Y N IA N AN N L TIN[ RRNE XL VIR G R E G A ALSEN T Wi N R by umip M e g
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The preparation of starch microspheres using emulsification

A 103 starch gel was prepared by heating (70°C) 5 g of

starch with 40 ml of water until a clear gel was formed.
After cooling water was added to a volume of 50 ml. 20 ml

5 of the starch gel was added to 100 :ml O0f soya oil
containing antioxidant and 1% v/v Span 80 and homogenised

at 7000 rpm for 3 minutes. Thils emulsion was added to 100

ml hot (80°C) soya o0il BP {containing antioxidant) and
stirred at 1500 rpm while heated to 115°C over 15 minutes.

10 The emulsion was left stirring at 115°C for 15 ﬁihutes and '
then rapidly cooled. 100 ml of acetone was added and the
mlcrospheres were'centrifuged at'4500 rpm.for.ls minutes.
They were then washed with acetone and air | dried; The
microspheres can be separated  into the desired size

15 fraction (for example 1-10 pm) using appropriate sieves.

Preﬂaration_'Of ﬁh.alUronic _acid_ ester.miCrOSQhereS'<b=
solvent extraction .

“An émulsion was formed.by mixing a 6% W/V solutidn'Of

';Mj thepolymeregbenZYl hyaluronic acid eSter(Hyaff *ll)in

dimethylsulphoxide with whité mineraloilcoﬁtainingo.s%

Arlacel A. 'I'he' inner phase‘ was 'added. to the ‘outér oil

phase (their fespective ratlo being 1 : 16 v‘/v)' with

continuous stirring for 10 minutes. (1000 . rpm) .  Ethyl

. 25 acetate, the extraction solvent, was then ;added to the

emulsioh at a ratio of 2 : 1 v/v. The extraction proceeded

for 15 minutes at a stirring rate of 700 rpm until the

microparticles were formed. The microsphere suspension was
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filtered and extensively washed with n-hexane and dried.
Drug can be incorporated into the microspheres by addition

to the i1nitial polymer solution.
The obtained microsphere size was 2-10un.

The preparation of albumin microspheres using _ an
emulsification technique and heat stabilisation
100 ml Soya oil was mixed with 1 ml of a 10% albumin

solution and homogenised at 6000 rpm. The' emulsio'n 'was

added to 200 ml soya oil at 50 °C and stlrred at 1500 rpm.

The emu1510n was heated to 120 °C and equlllbrated for 20°C

at this temperature,- The mlvrospheres were cooled to room

- temperature and waShed. w1th ----petroleum ~ ether, followed bY' ‘

15

20

25

~ Preparation of Albumin micros

technigue

ethanol and acetoné., They were then flltered and drled{

“Microspheres of 1-10 um were obtalned.

pheres using a coacervation

10 ml 259' HSA solutlon (ph=5) was st:.rred (Soorpm)

‘ whlle a 303 solutlon of PEG was added (2 5 ml) untll phasef ,’

separation occurred. The system was stlrred for 15 mlnutes' '
before the albumin‘droplets 'was solldlfledﬁy slowly -
heating the‘mixture'to 90°C aﬁd keeping it at this
temparature.fpr 30 minutes. LInstéad O0f heat denaturation,

glutaraldehyde can be used to crosslink ;thé' albﬁmin but
this 1atter method seens to make thé particles aggregate to

a greater extent than that seen with the heat denaturation.
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The mlcrospheres were then isolated by filtration anag

freeze dried.

With a stirring speed of 500 rpm particles with a mean

5 size of 43 um * 6 um was produced.

Preparation of soluble-otatostarchmicros~heresusin-_a
coacervation. technlgue .
15 ml 59 starch solutlon.(pH~7) was kept at a‘constant
10 Cemperature of ‘70.°C 'and stlrred (500 rpm) whlle .a 30%- -
~solution of PEG was added .(7 ihl) until phese separatlon had
occurred, the system was stirred for further 15 m:l.nutee
before it was eooled’en.lce durlng constant stirrlng Theﬁ

"-mlcrospheres were then lsolated by flltrata.on and freeze_

15 dr;t.ed

Wlth a stlrm.ng speed of 500 rpm partlcles m.th a mean_,-

 51ze of 33 pm.t 10 um was produced.

- 20 Preparation of gelatine microspheres using a coacervation

- technique

30 ml 10% .'bovih -gelatine (pH=8.5) was 'kept' “a'ti a0

constant temperature of 50°C and stlrred (500 rpm) whlle a
30% solutloh. ' of PEG i' was added '.'(20: ml) . untll. the
25 coacervation' regloh was reached | To control thls step a
nephelometer can be‘ used . Thev mixture was cooled on' J.ce
dering consteht stirring.' The mlcroseheres were isolated

by filtration and freeze dried.



WO 93/15737

S

15

20

25

. PCT/GB93/00228

21271805

With a stirring speed of 500 rpm particles with a mean

14
size of 60 um * 10 um was produced.

Preparation of albumin microspheres using an emulsion
technigue

100 ml. olive o1l was mixed with 0.5-2 ml 25% HSA
solution and the mixture was stirred for 15 minut.es’ at 500~
1000 rpm to form a wjo—emulsion.. . Solidifi‘_CatiOn of the
‘albumin droplets can be doné. elther bytheaddition of 0.1~
0.4 ml 25% glutaraidehydeand letting this react with the
albumin for 15 minutes, or by heating the system to 90°C
for 30 minutes. In either case thé microspheres ' are

isolated by filtration; washed'and~freeze'dried, 

A stirring speed of 700 rpm gives a mean particle size

*of 53 m i.ll.um.

Preparation of gelatine microspheres using an emulsion

- technigue

100 ml olive oil (70°C) was mixed with 10 ml  5-10%

gelatine solution and the mixture_was_stirred.at‘500-1500

rpm keeping the'temperature constant at 70°C; the:emulsion'
is stirred for 15 minutes and was then cooled on ice during
c:onstant stirring. The microspheres were isolated by

filtration, washed and freeze dried.

A concentration of 10% gelatine and a stirring speed

of 1000 rpm gives a mean particle size of 70 um *+ 8 um.
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Preparation of Chitosan microspheres

Chitosan microspheres were prepared by an emulsion

technique as follows

Chitosan, as for example a glutamate salt (70% degree

of deacetylation), was dissolved in water to a

concentration of 5% w/v. 100 ml soybean 0il was mixed with

10 ml of the 5% Chitosan solution to form a water' in oil

emulsion.  The microspheres were stabilized by adding

~dropwise 0.1 ml of a 25% w/Vv glutaraldehyde solution.under

continual stirring for 15 minutes. The microspheres were
lsolated by centrifugation, washed and freeze~-dried. The

size of the microspheres was in the range of 10-90 um.

The microspheres obtained may be sieved if necessary
in order to separate out. microspheres in a desired' size

rénqe. Other size separation technlques (alr elutrlatlon)-

- may also be employed 'I'he final mlcrospheres can be
modified by chemical cross-linking. or heat treat.ment..

Suitable cross-linking agents for use with starch

microspheres include "epichlorohydrin, terephthaloyi'
chloride and sodium trimetaphosphate. Suitable agents for'
use W1th. albumln mlcrosphere.s include aldehydes such as
formaldehyde and glutaraldehyde, oxidised ' dextran

("dextranox") and -2,'3-butanediose, the latter also being

suitable for use with gelatin microspheres. Agent.s such as

N,N,N' N'-tetramethylethylenediamine can be wused with

dextran -microspheres. The morphine metabolite can be
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incorporated into the microspheres during their preparation
Oor sorbed 1nto/onto the system after preparation. The
effectiveness of the system can be controlled by the

physical nature of the microsphere matrix and, for example,

5 the extent of cross linking.

As an added advantage the particles may have variable

controlled release characteristics through modifications
made to the miérosphere‘system, for example by‘controlling-

10 the dedree of ‘cr'oss-'linking or by .the incorporation of
.excipients that alter the ‘diffusional‘ properﬁie's*of the
administered drug or by using mechanisms based on ion-

- exchange for metabO'lites t.ha't' are ionizable in équeous
'-.énvironments. F'or-‘ example' DEAE-dethén '-and chitosan a.fe
15 pos.ltlvely charged and can be used fo.r an '.J.on-exchange
- 1nte.:r:act3.on wz.th metabolltes that are negatlve.ly cha'r:ged.
"'The amount of drug that can be carrled.by the mlcrospheres
-‘--13 termed the loadlng capa01ty, which 15 determlned by the
-phys:.co«-chemlcal prOpertJ.es of the drug molecule and in

20 particular 1ts 51ze and afflnlty for the partlcle matr.lx..

Higher loading capacities aré to'be expected whenthe‘
administered' drug is incbrporate,d into_. the microspheres
during the actual .process of microsphere manufacture.

25 Microcapsules of a similar size, which are bioadhesive and
which hav'e. controlled release properties y ' o':i:"-": any
‘microcapsule which p'rovide similar absorption promoting

- effects may alsoc provide similar benefit as an absorption
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promoting agent. These microcapsules can be produced by a
variety‘ of methods. The surface of the capsule can be
adheslve in its own right or can be modified by coating
methods familiar to those skilled in the art. These
coating materials are preferably bicadhesive polymers such
as polycarbéphil, carbopol, DEAE-~dextran, algiﬁateS, or
chitosan. Other bicadhesive powdery materials such as

microcrystalline cellulose, dextrans and polycarbophils may

also be used.

Surface active agents which are suitable 1nclude bile
salts such as sodlum deoxycholate and cholylsarcos:u_ne (a
synthetlc N acyl conjugate oi cholic ac1d m.th sarcos:me
[N-—»methylglyc:.ne]) ’ and derivatives such as sodi.im tauro
dihydrofusidate, nonélonic surfactants, such. as lauretth

(polyoxyethylene -9 lauryl ether), phospholipids and

| ly'scjphc‘)sphatidyl compc)unds” 'such  as | .1ysolecit.hin, .

lys ophosphatidy‘lwethanolamine ; lysophosphat idylch'oline*" ‘

lysophosphatidylglycerol, , lySOphosphatidylseriné;

lysophosphatidic acid etc‘.- - Other phOSphOllpld compounds'

soluble 1in water can be expected to demonstrate sa.ma_lar'

- effects, for example short chain phosphatldylglycerol.and.

phosphatidylcholines. A suitable concentration is from

0.02 to 10%. Phospholipids and lyso'pho’sphatides are

preferred absc)prtion prom'oting materials. Lysophosph_atides

are produced by the hydrolysis of phospholipids. sSuch

materials are surface active and form micellar structures.
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Lysophosphatidylcholine, which is produced from egg or
soy lecithin, changes the permeability of membranes and
allows the increased uptake of proteins and peptides
including, for example, insulin, human'growth hormone and
other products of biotechnology and recombinant DNA
methodologies. After administration the lysothSphatideS
are converted by the cells of the endothellal llnlng of the

mucosa to the intact phosphatides Wthh are normal cell

components. .(Lysole01th1n ltself 1is elso.present in cell

.membranes in very small quantities-.-')'- Thls rapld 'and

efflClent conversion of lysophosphatldes 1nto the complete

phosphatlde rstructure- leadS- to 'mnch~ reduced 'adverse

‘reactions and s:.de effects in terms of ;erltatlon and'

'tox1c1ty

Other. -l.YsophOSphatidylcholines that have different

_acyl ‘groups "as '- wel,l ae lyso ' compounds ] produced from

‘-phdsphatidylethahoiamines ) phosphatldylglycerols  _ahd  .

phosphatldlc acld Wthh have s:..m:.lar membrane modlfy:mg

, propert1es may be used Water soluble phosphollplds wlth

 short acyl chalns will also be approprlate smnce theee are"

ourface active. Acyl carnltlnes (e.g, palm1t0y1~DL ;
carnitine«-chloride) ‘are an alternative. ' Other mater:i.a-ls
include acylmcarnltlnes, acyi:. glycerols . non—1on1c
surfactahts ,' fatty ac1ds and salts (see for exemple llst 1n~ -
Wearly, Crlt.' Rev. The. Drug Carrler ' Systems, - 8;331-—394'

(1991) ; Table 2), glycyrrhetinates and biological

detergents listed in the SIGMA catalog, 1988, page 316-321.
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Also - agents that modify the membrane fluidity and
permeabllity would be appropriate such as enamines (e.g
phenylalanine enamine of ethyl-lacetoacetate), malonates,

(e.g. diethyl-eneoxymethylene malonate), salicylates, bile

salts and analogues and fusidates. Suitable concentrations

would be up to 10%.

Examples of suitable'chelating agents are EGTA, EDTA
and alginates. Suitable mucolytic agents include thiol-
containing compounds such as . N-acetylcysteine . ang -
tyloxapol. . Examples of suitable cyc'lodex.trins'- are -
cyclodextrin, dimethyl--cyclodextrin, --6~Cyclodextrin,

hydroxypopyléchyclonXtrin;. yécyclodextrin,  and 2=

- hydroxypropyl-f-cyclodextrin. Suitable peptide inhibitors

- 15

include  actinonin,  amastatin, antipain, bestatin,

~ chloroacetyl-HO-Leu-Ala-Glyn-NH,, diprotinin A and B,

ebel_actone A and B, Em54’. leupeptin, pepstatin A

20

25

’

phosphoramidon,  H~T =(tBu)-Phe-Pro-OH,  aprotinin,

kallikrein, chYmostatin, benSamidine; .chymdtrypsin,-'

trypsin. Suitableconcentrations wou1d,befrom 0.01'to 5%.

For morphine-6-sulphate it is also possible to use |
structures complementary in charge and size that ,w:i._]..l
complex with the molecule and theréby facilitate uptake
across the nasal mucosa. EXamples of suitable agents are
betaines, alkyl alphapicoiinium bromides, amino acids such
as arginine. and homoarginine hydrochlorides, ‘labile

quarternary ammonium salts, for example as described in US
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4,140,796, 1on-pairing agents for anionic drugs for example

those described by Jonkman and Hunt, (1983) Pharm.Weekbla.d.

Scl. Ed. 5 41 and N,N,dialkylpropionamides.

Preferred absorption promoting agents for use with
both morphine-é6-sulphate and morphinewG--glucuronide are

bioadhesive miCrospher‘es, especnally starch mlcrospheres,

or a lySOphosphollpld suc*h as lysophosphatldylglycerol

Further preferred materlals for use w1th _morphlne~6~

'glucuronzx.de are chltosan and chelatlng agents such as EDTA

Composition8u~accordinq to the“ invention“ can be

; ;adm1n1stered by any approprlate method accordlng to thelr‘

15

o 'form.. ' A comp051t3.on comprlblng mlcrospheres or a powder

can be admlnlstered us:.nq a nasal 1nsufflator dev:l.ce.

L -'“Example of these are already employed for commerc1al powder -

  -dry powder or mlcrospheres. The 1nsufflator 1s preferably  :'

_25

-"systems 1ntended for nasal appllcatlon (e g Flsons Lomudal ,

a System)

The :i.nisufflator' prodUcés.' a finely dividéd -'-'clo'ud' of theﬁ N

provided with means to ensure admlnlstratlon of “a

substantialiy fixed‘amount of the composition.- The powder_.

or mlcrospheres may be used directly w1th an 1nsufflator

- which is provn.ded with a bottle or contalner for the powder

or microspheres. Alternatively the powder or microspheres
may be filled into a capsule such as a gelatin capsule, or

other single dose device adapted for nasal administration.
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The 1nsufflator preferably has means to break open the

capsule or other device.

A composition comprising a solution or dispersion in
an agqueous medium can be admiﬁistered as a spray using an
appropriate device such as a metered dose aerosol valve or
a metered dose pump. A gas or 1liquid propellant can be
used. Details of other devices can be found in the
pharmaceutical literature (see for . example Bell, A.
Intranasal Delivery Devices; 1n .DrUg, Delivery Devices
Fundamentals and Applications, Tyle P. (ed), Dekker-,‘ New

York, 1988), Remington’s Pharmaceutical Sciences , Mack

Publishing Co., 1975.

The invention will now be further demonstrated with

reference to the following éxample.

Example 1
Experimental details

Moxrphine 6-*glucuronide ' purchas"ed from- Ultrafine

Chemicals, salford, UK, was mlxed J.n solutlon w:x.th the:;'

‘polycationic material chitosan, obtained from PrOtan Ltd of

medium viscosity gradé. - The dose of morphine-6-glm"zuronide
was 0.15 mg/kg. ThechitOSanconcentfation waS'0.5° -The
solution was administered :mto the sheep nostrll u31ng a
51mpléspray'pumpfdeV1ce followed by serlal blood sampllng.

The appearance of the morphine-6 ~glucuron1de in the plasma

was followed by taking serial blood samples, removing the



15

WO 93/15737 o ‘ PCT/GBY3/00228
21273800 ’

22

red cells then assaying plasma samples for morphine 6-

glucuronide. Control experiments were conducted using i.v.

dosage of the glucuronide.

5 Dosing
Three animals (labelled NF, OF, PF) were given
morphine~6-glucuronide intraven'ously as a balus _‘of 0.015
ng/kg and a ~.further three an'imals (labelled -IP" JF, KF)
recelved nasally admlnlstered morphlne- v-gluc‘urom.de at a
10_.- dose of 0. 15 mg/kg' Blo.od samp‘les (10 ‘ml) J were", taken at

the follow1ng tlmes.

Predosef'z;'Sf lor lsf 20;'30, 45)"601 90f 1201150,

180, 240, 300, 360 minutes.

Plasma was separated by centrlfugatlon saon after .
.'Sampllng and the plasma samples (approx1mately 5 ml) were '.

stored at w80°C prlor to analy81s.

20 Assay for morhxnewswlucuronlde in 1asma '

Plasma concen‘tratlons of morphlne-G-glucuronlde wete
determn.ned by an J.mpr'oved method based on the publlshed

,procedure 'of Svennson et al (1982) J. Chromatog Blomed '

.25 - Appl. 230, 427.' The method 1nvolves solld phase extractlon

- of morphlne-smglucuronlde from the plasma sample fellowed

by hlgh-performance liguid chromatography analys;Ls ue.lng

electrochemical detection. The limit of quantification of
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the method is 1 ng/ml for a 0.5 ml plasma sample and the

assay 1s linear over the range of 1 to 1200 ng/ml drug

concentration.

During the period of analysils a seven pcnnt plasma
standard callbratlon line (1 to 240 ng/ml) was routlnely‘

run on each' day. Quality control samples cons:.stlnq of

- Sheep blank plasma splked with known amounts of morphlne = =

.glucuronlde were prepared in advance and stored at m20°C

These were analysed W1th the study samples on each day

o Calculatmen of glasma concentratlon

Plasma mcrphlne«- -glucuronlde | 'con'centrations . were

' ucalculated by 1nterpolat10nl from fa callbratlon'line;

'-'515*__’f'jlequat;:.on fz.tted by linear regressmn analys:Ls. Morphme-»é-—

A ,'.-f-"glucuronlde plasma concentratlons of less than 1 ng/ml were

 f regarded as not quantlflable W1th1n the llmlt of prec1s1on,

  'and accuracy of the assay

20 Pharmacokinetic calculations

25

The plasma concentratlon " of morphlnem -glucuronlde o

versus time after admlm.stx:atlon of the four fomulatlons”

was characterlsed in terms of the maximum.'observed 
concentrati'on (Cmax)., the tlme at Wthh Cmax. oc.'c':urred '
(Tmax) . 'I‘he area under the curve (AUC) was calculated over: ;
0—-300 minutes us:mg.the -llnear trape201dal method' The AUC ‘ '

values for the intravenous admlnlstratlon were normallsed

"to the 0.15 mg/kg' nasal dose for the calculation of
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bioavailability. The wvalidity of this normalisation
assumes linear kinetics for morphine-é6-glucuronide up to a
0.15 mg/kg intravenous dose. Clearance was calculated by
dividing the dose by the AUC, and the volume of
distribution was calculated by dividing the clearance by
the elimination rate Constant. The bioavailability was
calculated DYy dividing the mean AUC  'for “;nasal
administration by the normalised mean AUC after intravenous

administration.

Results

Plasma-concentration'time.data

The plasma concentratlons of morphine-6 -g1ucuron1de in

the plasma samples resultlng‘from'the Lntravenous»and nasal

.doses are reported 1n Tables l_and 2 respectively.

NO'morphlne was detected ln any of the plasma samples

(limit of detectlon 1 ng/ml)

.Pharmacokinetic analzsis

The pharmacokinetic parameters calculated fr.o'm'_._thée
plasma concentration data after intraVehous and nasa1Jd6sés

are shown in Tables 3 and 4 respectively.

| Bioavailability

The mean nasal bioavailability was calculated to be

32.3% (n=3).
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TABLE 1

PLASMA CONCENTRATIONS AFTER INTRAVENOUS ADMINISTRATION

morphine-é-glucuronide concentration(ng/ml) 

0}

'SHEEP NF  SHEEP OF  SHEEP PF
Time (min) ' -

- Predose . nd - nda -' hd '

90

300

2

S

10
15 ‘
20

30' :

60

120

240

360

43.8
40.3

36.1

28.6

23 0'2-' '.
22.5.

T

12.0

305

nd

nd

.nd

37.9

54.7

47.0

37.3

- 41. 7 ‘
32.1

. 30.3

25.0

17.7

e 8
34.6
31.8
28.5

  29*8f':'

2403
bl S
14,7

. 11.6
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TABLE 2

PLASMA CONCENTRATIONS AFTER NASAL ADMINISTRATION
morphine-6-glucuronide concentration (ng/ml)

5 SHEEP IF  SHEEP JF  SHEEP KF

Time (min)

Predose ' na nd ';nd

2 | nd 13.3 17.1

5 21.8 50.5 65.3
10 10 89.1 165. 3 . 109.3
15 121.4 154.8  110.3

20 ' 101.9 122.5  94.9

25

10 107.2 105.5  80.9

45

60

S0

120
150

180

240

300

360

nd

o

108.5

66.7

41.1
21.9

10.2

2.7

nd

nad

83.6

64.9

41.3

1 29.2
- 25.9

- 10.0

6.9

nd

45.7

29.3

19.1

12,7

_5;37j1.:

fna .   

not detectable (less than 1.0 ng/ml)
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Example 2
A bioadhesive powder formulation of morphine-6-
glucuronide was prepared using microspheres of cross-1linked
starch. The microspheres were prepared by the method

described in GB 1518121 or EP 223302 described above. A

preferred size of microspheres is 1-100 um.

75 mg of morphine~é6~-glucurconide was di}ssolve_din 30 ml

water and mixed with 1 g of starch -microspheres. The

product was freeZendried to produceja free-flowing-powdef.

The final concentration of morphine metabolite in the

- product was'0.075.mg/mgof starch micrdspheres.

The powder was administered to the nasal cavityuSing

‘an insufflator device. The_quantity administered.was“Z.O-.
mg microspheres per kg body' welght c:bntaining. 0.15 ng

..morphine-Svglucuronide;

Example 3

A bioadhesive powder formulation of morphine-6-

sulphate was prepared using microspheres ofcross-linked

starch. The microspheres were prepared by the method

described in GB 1518121 or EP 223302 described above. A

preferred size of microspheres is 1-100 um.

75 mg of morphine-6-sulphate was dissolved in 30 ml
water and mixed with 1 g of starch microspheres. The

product was freeze-dried to produce a free flowing powder.
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The final concentration of morphine metabolite in the

product was 0.075 mg/mg of starch microspheres.

The powder was administered to the nasal cavity’using
an insufflator device. The guantity administered was 2.0
mg microspheres per kg body weight containing 0.15 mg

morphine-é-sulphate.

Example 4

The biOadh_éSive- ~ -microsphe-re system described in
Examples 2.and.13 were 'prepafédbut’iﬁ- aadition'.an
absorptlon enhanc:.ng agent ‘was employed,_ A preferred

materlal 1s lysophosphatldyl glycerol (LPG) 100 mg LPG.

was added to the suspen51on of the morph:.ne meta.bol:n,te and‘ -

;;mlcrospheres. ' 'l‘he freeze dr:x.ed product was admn.nlstered as*.

a powder as :m Example 1 and 2 'I‘he f:mal quantltles of ,

morphlne- -glucuronlde or morphlnews—sulphate and enhanclnq

.' ' agent were 7 5 mg and 10 mg,~respect1vely 1n a 100 mg dose  ‘

~of mlcrospheres.'

.2..0 o

25

- Example 5

A liquid formulation similar to tha.t' .~"d'escribed'. in S

Example 1 was prepared with added absorption ‘enhancing

agent.asfollows.'

150 mg of morphine-6-glucuronide was ‘dissolved in 10

ml of a 0.5% solution of medium viscosity grade of Chitosan

(80% degree of deacetylation, Protan Limited). The
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substituted cyclodextrin material dimethyl-B-cyclodextrin
(Sigma Chemical Comp) was added to provide a concentration

of 5%. The liquid formulation was administered using a

conventional pump spray device.

Examgle &

The formulation described in Example 5 was prepared

~ but in the plaCe' cf the d1methyl~8 cyclodextrln, -

'cyclodextrln ( Slgma Chemlcal Co. ) at the same conc:entratzon .

of 50 mg/ml was added,

Example 7

The mlcrosphere formula.'t.lon descra.bed J..n Example 4 was |

o .prepared but 3.nstead of the enhanclnq agent a chelatlnq

-agent in the form of EDTA wa” employed. 50 mg of EDTpras '

 added to the-fsuspen51on .of -morphlne. metabollte a nd'

o .m:s,‘crospheres.*_t The product was freeze drled as. before :m_

-EXample-z- The flnal quantltles of morphlnem ~glucuron1de 

and chelatlng agent are 7. 5 mg and 5 mg, respectxvely 1n a-'

100 mg dose of mlcrospheres admlnlstered to sheep
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

S5 1. A composition for nasal administration comprising a polar

metabolite of an opioid analgesic and an absorption promoting

agent.

2. A composition according to claim 1 wherein the metabolite

10 4is a glucuronide.

3. A composition according to claim 1 wherein the metabolite

is a sulphate.

15 4. A composition according to claim 2 wherein the glucuronide

is morphine-6-glucuronide.

5. A compostion according to claim 3 wherein the sulphate 1is
morphine—-6-sulphate.

20
6. A composition according to any one of claims 1 to 5 wherein

the absorption promoting agent is a cationic polymer, a
bioadhesive agent, a surface active agent, a fatty acid, a
chelating agent, a mucolytic agent, a cyclodextrin, or a

25 microsphere preparation, or combinations thereof.

7. A composition according to claim 6 wherein the absorption

promoting agent is chitosan.

30
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8. A composition according to any one of the preceding clains

wherein the composition comprises a solution or dispersion of

the absorption promoting agent.

9. A composition according to any one of claims 1 to 7 wherein
the composition comprises microspheres as the absorption

promoting agent.
10. The use of a composition according to any one of claims 1

to 9 for the nasal administration of a polar metabolite of an

opiocid analgesic.

" T N Y [T 1 L e U PT P PR [T TYRE, TORL, SRPLTEIESRS IO CVIPT 1 D R R D R IS 2 H Bt BRI B R RERRC R LY IO LT OOy R ¢y MUY e 1 s R { {1 1 TR R e T ST

PLaGqnt " . . S e gh il o B g lonye o yu n g s BTN T 0



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims

