
(12) 
(19)

(54)

(51)

(21)

(87)

(30)

(31)

(43)
(44)

(71)

(72)

(74)

(56)

STANDARD PATENT 
AUSTRALIAN PATENT OFFICE

(11) Application No. AU 2006325244 B2

Title
Therapeutic compositions comprising ingenol-3-angelate

International Patent Classification(s)
A61K 31/22 (2006.01) A61K 47/10 (2006.01)
A61K 9/06 (2006.01) A61P 35/00 (2006.01)
A61K 9/107 (2006.01)

Application No: 2006325244 (22) Date of Filing: 2006.12.18

WIPO No: WO07/068963

Priority Data

Number
0525680.5

(32) Date
2005.12.16

(33) Country
GB

Publication Date: 2007.06.21
Accepted Journal Date: 2013.03.28

Applicant(s)
Leo Laboratories Limited

Inventor(s)
Brown, Marc Barry;Crothers, Michael Edward Donald;Nazir, Tahir

Agent / Attorney
Davies Collison Cave, Level 15 1 Nicholson Street, MELBOURNE, VIC, 3000

Related Art
OGBOURNE, S. M. et al Cancer Research (2004) Vol 64 pages 2833 - 2839 
GILLESPIE, S.K. et al Molecular Cancer Therapeutics (2004) Vol 3 pages 1651 - 
1658
W02007053912 A1 (PEPLIN RESEARCH PTY LTD) 18 May 2007



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization 
International Bureau

(43) International Publication Date
21 June 2007 (21.06.2007) PCT

w
o 

20
07

/0
68

96
3 A

3 ll
llll
llll
llll
llll
llll
llll
llll
llll
llll
llll
llll
llll
lll

(51) International Patent Classification:
A61K9/06 (2006.01) A61K 47/10 (2006.01)
A61K 9/107 (2006.01) A61P 35/00 (2006.01)

(21) International Application Number:
PCT/GB2006/004739

(22) International Filing Date:
18 December 2006 (18.12.2006)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
0525680.5 16 December 2005 (16.12.2005) GB

(71) Applicant (for all designated States except US): PEPLIN 
RESEARCH PTY LTD [AU/AU]; 1 Breakfast Creek 
Road, Newstead, QLD 4006 (AU).

(72) Inventors; and
(75) Inventors/Applicants (for US only): BROWN, Marc, 

Barry [GB/GB]; 30 Oxhey Road, Watford, Hertfordshire 
WD19 4QQ (GB). CROTHERS, Michael, Edward, 
Donald [GB/GB]; 37 Grove Park Culcavey, Hillsborough, 
Co. Down (GB). NAZIR, Tahir [GB/GB]; 3 Thombury 
Avenue, Isleworth, Middlesex TW7 4NF (GB).

(74) Agent: LORD, Hilton, David; Marks & Clerk, 90 Long 
Acre, London WC2E 9RA (GB).

lllllllllllllllllllllllllllllllllllll^
(10) International Publication Number

WO 2007/068963 A3
(81) Designated States (unless otherwise indicated, for every 

kind of national protection available): AE, AG, AL, AM, 
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN, 
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI, 
GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS, 
JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, 
LT, LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MY, 
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, 
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN, 
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every 
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM, 
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, 
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT, 
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
— with international search report
— before the expiration of the time limit for amending the 

claims and to be republished in the event of receipt of 
amendments

(88) Date of publication of the international search report:
1 November 2007

For two-letter codes and other abbreviations, refer to the "Guid­
ance Notes on Codes and Abbreviations" appearing at the begin­
ning of each regular issue ofthe PCT Gazette.

(54) Title: THERAPEUTIC COMPOSITIONS COMPRISING INGENOL-3-ANGEL  ATE

(57) Abstract: Ingenol angelate is a potent anticancer agent, and can be stabilised by dissolving it in an aprotic solvent in the
presence of an acidic buffer.



WO 2007/068963 PCT/GB2006/004739

THERAPEUTIC COMPOSITIONS

The present invention relates to compositions of compounds obtainable from Euphorbia 

species and which are useful in the treatment of skin cancers.

The compound ingenol angelate can be isolated from various Euphorbia species, and 

particularly from Euphorbia peplus and Euphorbia drummondii. Ingenol angelate 

exists in three isoforms; ingenol-3-angelate (isoform ‘b’), ingenol-5-angelate (isoform 

‘a’) and ingenol-20-angelate (isoform ‘c’). The first of these is also referred to herein as 

I3A and has the following structure:

iH

Ingenol angelate has been found to be highly toxic for skin cancer cells via rapid 

mitochondrial disruption and cell death by primary necrosis, while leaving healthy cells 

unaffected.

US-A-6432452 discloses compounds present in an active principle derived from plants 

of the species Euphorbia peplus, Euphorbia hirta and Euphorbia drummondii, which 

show selective cytotoxicity against several different cancer cell lines. The compounds
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are useful in effective treatment of cancers, particularly malignant melanomas and

squamous cell carcinomas (SCCs). The compounds are selected from jatrophanes,

pepluanes, paralianes and ingenanes. The preferred compound is an angeloyl-

substituted ingenane obtained from the sap of Euphorbia peplus.

Microgram quantities of ingenol angelate are typically therapeutically effective. 

However, the tendency for isoform ‘b’ to undergo rearrangement to isoform ‘a’ and 

subsequently to isoform ‘c’ presents a formulation problem, where it is desired to 

restrict the formulation to either a specific isoform or to a ratio of isoforms. This is 

particularly a problem with 13 A, as the different isoforms have different solubilities.

There is a need for an effective, topical treatment for skin cancer, as systemic treatments 

involving other drugs necessarily result in exposure of susceptible healthy cells, in non­

target parts of the body, to cytotoxic chemicals. In addition, systemic anti-cancer 

treatments, whether administered orally or by injection, have lower patient acceptance.

There is a need to provide a stable formulation of ingenol angelate, preferably for 

topical administration.

It has now, surprisingly, been found that ingenol angelate can be solubilised, 

substantially without rearrangement between isoforms, in an acceptable, aprotic solvent 

in the presence of an acceptable, miscible acidic buffer.

Thus, in a first aspect, the present invention provides a formulation of ingenol angelate 

for use in therapy, wherein the ingenol angelate has been dissolved in a 

pharmaceutically acceptable, aprotic solvent, said formulation further comprising a 

pharmaceutically acceptable acidifying agent which is at least partially compatible with 

the solvent and which provides the formulation with an apparent pH of no greater than 

4.5.

The present invention envisages formulations of any of the isoforms of ingenol 

angelate, or mixtures thereof. At present, the preferred isoform is isoform ‘b’, also 

referred to herein as I3A. It will be understood that references to ‘ingenol angelate’ and
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T3A’ include reference to other isoforms and mixtures thereof, unless otherwise

apparent.

Ingenol angelate can be dissolved in many solvents, and various solvents are illustrated 

in accompanying Example 1. However, ingenol angelate is generally susceptible to 

rearrangement in protic solvents, and any substantial degree of rearrangement, typically 

beyond about 1% for plant derived products, but more preferably about 0.5%, is 

undesirable in a pharmaceutical formulation.

In aprotic solvents, which are generally solvents that do not contribute protons to a 

solution, such as polyethylene glycol, dissolution can take some considerable time and 

this, together with the temperatures required, can also lead to rearrangement to an extent 

above acceptable levels.

Substances such as acetone and acetonitrile are capable of dissolving 13 A, but are not 

generally pharmaceutically acceptable, and may not be suitable for long term storage. 

More acceptable may be substances such as methyl ethyl ketone, ethyl acetate, or 

diethyl ether, but benzyl alcohol is generally most preferred.

A number of substances are suitable to dissolve 13 A, but stability is not guaranteed, and 

generally unacceptable rearrangement levels may be observed after periods ranging 

between as little as 12 hours and as much as six months or a year.

In the absence of water, or other protic solvent, there will not be a measurable pH. 

Under such conditions, and especially at elevated temperatures, rearrangement is likely. 

Thus, it has been found that it is generally possible to inhibit rearrangement by the 

presence of a suitable acid.

Suitable acids are generally organic acids, as it has been established that I3A can 

decompose much below about a pH of 3, while rearrangement is likely to occur at 

above a pH of about 4.5. Where it is intended to store the formulation for periods of 

any length, such as a month or more, then it is preferred that the acid be in the form of a 

buffer. Suitable buffers include citrate buffer, phosphate buffer, acetate buffer and
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citrate-phosphate buffer, although other buffers will be apparent to those skilled in the 

art. In particular, it is preferred that the buffer provides an apparent pH to the 

formulation of no greater than 4.5 and no less than 2.5. A formulation pH of less than 4 

is more preferred, and it is particularly preferred that the apparent formulation pH be 3.8 

or less, preferably around 3.5, or less. An apparent pH of around 3 is useful. A buffer 

having a pH of 2.75 has been found to be particularly advantageous, conferring an 

apparent pH of about pH 3.5 to the final formulation when used in quantities as 

illustrated in the accompanying Examples. A preferred pH range of the buffer is 

between 2.6 and 2.85, preferably pH 2.7 - pH 2.8, and is preferably a citrate buffer. It 

will be appreciated that the acid will generally be in the form of an aqueous solution, 

preferably in deionised water, unless otherwise indicated. Citrate buffer is preferred. 

Where acetate buffer is used, this may typically have a pH range of 3.5 to 5.5, while 

citrate-phosphate buffer may typically have a pH range of 2.75 to 7.0.

It will be understood that a solution in which the solvent is aprotic cannot have a pH, as 

this is a measurement of the H+ ion. However, where such a solution is at least partially 

miscible with an acid, or acidic buffer, and such is present, then attempts to measure the 

pH will yield a result. Preferred formulations of the invention are made up as topical 

administration forms, and will generally comprise a majority of buffer, or ionic solution, 

but will always comprise aprotic solvent, so that only an apparent, rather than an 

absolute, pH can be measured, as the measured pH relates only to the ionic component. 

A suitable means for measuring apparent pH is with the Jenway 3320 pH meter. 

Accordingly, the result may not have the meaning normally ascribed to an ionic 

solution, especially where the amount of acid or buffer is small, but the significance is 

that, insofar as any ionic environment is present, that environment is acidic. As the 

amount of acid increases, so the apparent pH becomes more equivalent to pH. While 

not being bound by theory, it is likely that ingenol angelate is primarily dissolved in the 

aprotic solvent, as it has very low solubility in water. Subsequent addition of the 

ingenol angelate solution in solvent to an acidified ionic solution allows a suitable, 

optionally aqueous, ionic solution of ingenol angelate to be prepared, thereby avoiding 

dissolution of ingenol angelate directly in a protic solvent, which is when the greatest 

amount of rearrangement appears to take place. Thus, contact with a protic solvent can 

immediately result in the formation of the other isoforms, but this can be minimised if a
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small amount of acid or acidic buffer, which terms are used synonymously herein unless

otherwise apparent, is added. Even the act of dissolution in protic solvents, given the

length of time and conditions necessary, can lead to undesirably high levels of isoforms

forming, such is the susceptibility of ingenol angelate to rearrangement.

The aprotic solvent and the acid are at least partially compatible, in that a stable 

preparation of the two can be. formed. The acid and solvent are preferably miscible, and 

are preferably miscible at all ratios. In particular, it is generally preferred to add a small 

amount of buffer to the solvent during, or shortly after, solubilisation of the ingenol 

angelate, in order to keep the apparent pH at a relatively low level. Subsequently, it 

may be desirable to make up the solubilised ingenol angelate in an excess of the buffer 

that was used during the initial solubilisation. Stable preparations made up with an 

excess of buffer are illustrated in Example 9, below.

It will be appreciated that it is preferred that the acid and solvent be sufficiently 

miscible to be able to form a single phase, although immiscible, or less miscible, 

solvents and acids may be prepared in the form of emulsions or micro-emulsions. Such 

emulsions can be stable, but the provision of a mixture of solvent and acid as a single 

phase generally further minimises any risk of angelate rearrangement.

Solvents that are particularly useful in the present invention are those which exhibit 

both hydrophilic and lipophilic traits, such as ring systems which are preferably 

homocyclic, and which have hydroxy groups substituted thereon but separated by at 

least one carbon atom from the ring structure. A particularly preferred example of such 

a solvent is benzyl alcohol.

Although it is possible to use an acid rather than a buffer, it is generally preferred to use 

an acidic buffer to minimise the fluctuation in pH. As such, it will be appreciated that, 

whilst the term ‘buffer’ will generally be used herein, this term also encompasses acids 

and acid preparations, where appropriate. A particularly preferred buffer is citrate 

buffer, pH 3 or lower, preferably pH 2.75. In benzyl alcohol, a 2.5% w/w quantity of 

pH 2.5 citrate buffer will generally yield an unmeasurable apparent pH but, at higher 

quantities, yields a pH of around pH 3. The relationship between pH of buffer and
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apparent pH is explored in the accompanying Examples. At low quantities of buffer 

when dissolving I3A in the solvent, it is simply preferred to keep the environment 

acidic, and the nature of the preferred buffer at these levels is similar to the nature of the 

preferred buffer when subsequently diluting the formulation for use. It is generally 

preferred to acidify the solvent, preferably benzyl alcohol, with an amount of acidic 

buffer, preferably between 1 and 10% by weight, more preferably between 2 and 5%, 

prior to addition of 13 A.

While the formulation does not have to be diluted for use, it is generally the case that 

I3A is a potent substance, and stock solutions of I3A in solvent, preferably benzyl 

alcohol, may be made up for storage, preferably at 8°C or below. Such stock solutions 

may then be diluted, preferably with buffer, as desired, when making up any final 

formulation or preparation.

The amount of buffer used when solubilising the ingenol angelate can vary between 

about 0 and 100%. When the amount is 0, it is preferred to add a quantity of buffer 

shortly after adding the ingenol angelate to the solvent, in order to minimise the 

likelihood of any rearrangement taking place. It is generally preferred to avoid using 

amounts of buffer greater than 100% by weight of the solvent, as dissolution directly 

into the buffer is generally not readily achievable. It is preferred to employ the buffer as 

a means to keep the apparent pH of the solvent at a low level, without providing any 

substantial amount of protic solvent during dissolution of the ingenol angelate. Once 

the ingenol angelate has been substantially dissolved, then it is possible, and may even 

be desirable, to make up the formulation with an excess of buffer comprising, if desired, 

other optionally protic constituents, such as antibiotics, for example. Preferred levels of 

buffer are in the region of 0.5%-10%, and preferably between 1% and 5%, with about 2- 

3% being most preferred during the dissolution phase. The dissolution phase comprises 

dissolving at least a majority of the ingenol angelate in the solvent, and preferably at 

least 95% w/w ingenol angelate in the solvent, more preferably at least 99% w/w.

Formulations of the present invention may be used directly, or may be stored for future 

use. In addition, formulations of the present invention may provide a base formulation
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which can then be further modified prior to use. For example, as described above, the

formulation may be made up in an excess of buffer or may be formulated into a gel, for

example.

It has also been found that formulations of the present invention are generally more 

stable at lower temperatures. Particularly preferred formulations of the present 

invention, such as those comprising benzyl alcohol and citrate buffer, may exhibit 

substantial stability at temperatures as high as 40°C but, in general, increasing stability 

is observed at temperatures below room temperature and pressure (RTP), and the 

greatest stability is observed at temperatures below about 8°C. Freezing does not 

appear to enhance stability so that, in general, the greatest stability is achieved simply 

by placing formulations of the invention in a conventional refrigerator at a temperature 

of between about 2°C and 8°C.

The present invention further provides a process for preparing a solution of ingenol 

angelate, comprising dissolving the ingenol angelate in a pharmaceutically acceptable, 

aprotic solvent, said formulation further comprising a pharmaceutically acceptable 

acidifying agent which is at least partially compatible with the solvent and which 

provides the formulation with an apparent pH of no greater than 4.5, said acid being 

added with, before, or after the ingenol angelate.

In an alternative, the present invention provides a process for preparing a solution of 

ingenol angelate, comprising dissolving the ingenol angelate in a pharmaceutically 

acceptable, aprotic solvent, said process comprising the addition of a pharmaceutically 

acceptable acidifying agent which is at least partially compatible with the solvent and 

which provides the formulation with an apparent pH of no greater than 4.5, said 

acidifying agent being added with, before, or after the ingenol angelate. The acidifying 

agent is preferably a buffer.

It is preferred to add the acid, or buffer, sufficiently soon after addition of the I3A to 

ensure that no more than about 1%, and preferably no more than about 0.5%, of the ‘b’ 

isoform rearranges into the ‘a’ isoform. Preferably, the acid or buffer is added to the



WO 2007/068963 PCT/GB2006/004739

8

solvent before adding the I3A, although all three ingredients may be combined at the

same time. This latter is the least preferred option.

This process may also be used for the preparation of ingenol angelate formulations 

using other compounds and solvents, such as polyethylene glycol, where direct 

solubilisation may be associated with an unacceptable level of rearrangement. 

Although 13 A can dissolve in PEG, it takes in the region of an hour at elevated 

temperature, which generally leads to the generation of unacceptable levels of the ‘a’ 

isoform. If the I3A is dissolved in buffered benzyl alcohol first, this can then be 

introduced directly into the PEG, without the prolonged exposure to heat. As only 

enough benzyl alcohol is needed to solubilise the 13 A, then the total amount of benzyl 

alcohol in the final PEG formulation need only be in the region of 1% w/w or less.

These formulations may be kept for sustained periods, especially when kept at 

temperatures of 8°C or lower. Preferred compositions see no more than about 1%, and 

preferably no more than about 0.5%, rearrangement of the ‘b’ isoform to the ‘a’ isoform 

after 3 months, more preferably 6 months.

There is further provided the use of a formulation of the invention in the treatment of a 

skin cancer.

The invention also provides the use of ingenol angelate in the manufacture of a 

medicament for the treatment or prevention of a skin cancer, wherein the ingenol 

angelate is dissolved in a pharmaceutically acceptable, aprotic solvent, said formulation 

further comprising a pharmaceutically acceptable acidifying agent which is at least 

partially compatible with the solvent and which provides the formulation with an 

apparent pH of no greater than 4.5.

Suitable cancers for treatment in accordance with the present invention include 

squamous and basal cell cancers.

It will be appreciated that ‘treatment’, as used herein, includes both therapy and 

prophylaxis.
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The present invention also provides a method of treating a subject suffering from a

cancerous skin condition, comprising the topical application of a therapeutically

effective amount of a composition of the invention to the area of the cancerous

condition.

Suitable subjects for treatment are mammals, including humans, primates, livestock 

animals (including cows, horses, sheep, pigs and goats), companion animals (including 

dogs, cats, rabbits, guinea pigs), captive wild animals, and laboratory animals, such as 

rabbits, mice, rats, guinea pigs and hamsters. The compositions of the present invention 

are particularly suitable for the treatment of human skin cancers.

It will be appreciated that the formulations of the present invention may be used in any 

suitable cancer prophylaxis or treatment. Administration forms may be any suitable, 

and include creams, gels, ointments, lotions, sprays, lacquers and paints for topical 

application, powders, solutions and suspensions for the airways, solutions and 

emulsions for injection, capsules, syrups and elixirs for . oral administration, and 

pessaries and suppositories. Other suitable administration forms will be readily 

apparent to those skilled in the art, and may include transdermal patches, for example. 

In a preferred embodiment of the present invention, the ingenol angelate formulations 

are formulated for topical administration.

In all cases, the initial formulation is as a formulation of the invention. The formulation 

may be made up into the final form either just before use as soon as desired after 

preparation of the formulation, but will usually remain a formulation of the invention at 

all times.

Formulations may comprise additional ingredients, as discussed below. It is particularly 

preferred to employ antioxidants, as these appear to provide enhanced stability to the 

formulations. Suitable examples of antioxidants include retinol, ascorbic acid, 

lycopene, butylated hydroxytoluene, and tocopherol.
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The amount of ingenol angelate required for pharmaceutical efficacy will be apparent to 

those skilled in the art, and may be adapted according to physiological parameters, such 

as age, weight and sex of the patient, as well as the size of any lesion. In general, an 

amount of ingenol angelate suitable to provide between about 0.01 pg cm’2 to about 1 

mg cm’2 may be employed, with a range of 0.1 mg cm’2 to about 100 pg cm’2 being 

more preferred. In the accompanying Examples, a formulation providing 15 pg cm’2 

was used, but formulations of 1 pg cm’2, or less, have been found to be effective. In the 

alternative, formulations of the invention may contain I3A in an amount of from 

0.001% (w/w) to 0.15% (w/w), more preferably up to about 0.1 - 0.12% (w/w).

Topical formulations are a preferred embodiment of the present invention. In this 

regard, a heretofore unrecognised property of the ingenol angelates is particularly 

useful, in that it. has been found that they have vasoconstrictive properties. 

Accordingly, systemic distribution of the active ingredient is minimised, owing to the 

reduced blood flow in the vicinity of treatment.

It will be appreciated that the nature of the formulation will determine the rate of 

permeation across the skin. As such, it is generally preferred that the formulation be 

prepared such that a rate of permeation of at least about 11 ng cm’2 h’1 is achieved. 

There is no special upper limit, although it is generally preferred that this not exceed 
ni

around 1 pg cm" h’ .

Topical formulations may take any suitable form. In general, it is preferred that they 

exhibit some level of viscosity, in order that they can be targeted at the desired area 

without running off. Accordingly, it is generally preferred to formulate ingenol 

angelate as creams, gels, ointments, and paints. Given the potency of ingenol angelate, 

paints may be employed, as they may be applied sparingly, depending on levels of the 

active ingredient.

Poloxamers may be used in preferred formulations of the present invention. They are 

co-polymers which consist of a hydrophobic poloxypropylene (POP) molecule 

sandwiched between two hydrophilic molecules of poloxyethylene (POE). Thus, they
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have the ability to solubilise lipophilic drugs within the hydrophobic core. Furthermore, 

poloxamer based aqueous gel formulations exhibit thermo-rheological properties, which 

may be advantageous for localised, sustained delivery of drugs. Above a certain 

temperature, known as the critical micelle temperature (cmt), the viscosity of the 

poloxamer gel increases dramatically. An increase in viscosity leads to a decrease in 

the diffusion of any drugs dissolved in the gel which slows down the release of drug 

from the gel and leads to sustained delivery. The increase in viscosity may also provide 

a prolonged, localised ‘depot’ at the site of action.

The cmt is dependent on a number of variables such as concentration of poloxamer and 

other additives such as propylene glycol. Ideally, the cmt should be at a temperature 

such that the formulation can be injected into the lesion as a liquid (ease of 

administration) and upon contact with body temperature a gel is formed with the aim of 

achieving a localised, sustained delivery of the drug. Five poloxamers are listed in the 

USP, and include poloxamer 188 and poloxamer 407. Poloxamer 188 has been 

approved as an excipient for IV formulations (http://www.accessdata.fda.gov).

Poloxamer gels have been used for subcutaneous delivery of insulin (Barichello et al., 

1999) arid other drug delivery systems for percutaneous use (Tobiyama et al., 1994). 

One particular copolymer, poloxamer 407 has been administered subcutaneously for the 

slow release of peptides and therapeutics proteins, which included interleukin-2 and 

human growth hormone (Morikawa et al., 1987; Katakama et al., 1997). Following 

administration, the gels slowly released the entrapped protein molecules over a period 

of 1-2 days. Furthermore, a substantial fraction of this poloxamer eventually underwent 

renal excretion.

Poloxamers are generally regarded as non-toxic and non-irritant materials. Animal 

toxicity studies, with dogs and rabbits, have shown poloxamers to be non-irritant and 

non-sensitising when applied, in 5% w/v and 10% w/v concentration, to the eyes, gums 

and skin. In a 14-day study of intravenous administration to rabbits, at concentrations 

up to 0.5 g/kg/day, no overt adverse effects were noted. A similar study with dogs also 

showed no adverse effects at dosage levels up to 0.5 g/kg/day. Furthermore, no 

haemolysis of human blood cells was observed over 18 hours at 25°C, with 0.001-10%

http://www.accessdata.fda.gov
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w/v poloxamer solutions (Wade and Weller, 1994). However, hyperlipidemia in rats

has been reported when an intraperitoneal (IP) injection (1.0 g/kg) of poloxamer 407

was introduced (Wasan et al., 2003).

Oils may also be used in the present invention. The use of an emulsion based 

intralesional formulation has been reported for the treatment of psoriasis (Ho et al., 

1990). Prior to administration, a vehicle, such as poly oxy ethylated castor oil, is 

normally diluted with saline to form the emulsion. However, our studies have shown 

that dilution of 13A with normal saline increases the conversion of isoform ‘b’ to ‘a’. 

This conversion may be minimised if the administration time of the formulation is short.

There are a number of lipophilic products that are formulated as oily solutions for 

intramuscular administrations (IM), for example Prolixin Enanthate (Bristol Myers 

Squibb). The vehicle (oil) used varies widely from vegetable oils such as arachis oil 

(used with benzyl benzoate in Dimercaprol Injection B.P.) and sesame oil (used in depot 

injections of Fluphenazine Enanthate Injection B.P). The use of oleaginous vehicles 

may slow absorption due to delayed partitioning of the drug from the oil to the aqueous 

body fluids (Ford, 1987). When injected into an aqueous environment (such as muscle 

tissue) a relatively lipophilic drug such as I3A, dissolved in an oil phase, will have a 

tendency not to leave the oil and ‘instantaneously’ partition into the aqueous phase. In 

this way a sustained release effect can be achieved.

Buccal formulations may also be employed. Transmucosal delivery of therapeutic 

agents is a popular administration form, because mucous membranes are relatively 

permeable, allowing for the rapid uptake of a drug into the systemic circulation and 

avoiding first pass metabolism. Transmucosal products can be designed to be 

administered via the nasal route and oral/buccal route using mucoadhesives. In the 

development of these drug delivery systems, mucoadhesion of the device/formulation is 

a key element. The term ‘mucoadhesive’ is commonly used for materials that adhere to 

the mucin layer of a biological membrane. Mucoadhesive polymers have been utilised 

in many different dosage forms in efforts to achieve systemic and localised delivery of 

drugs through the different mucosae. These dosage forms include tablets, patches, 

tapes, films, semisolids and powders.
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To serve as mucoadhesive polymers, the polymers should possess physicochemical 

features such as being predominantly anionic with numerous hydrogen bond-forming 

groups, suitable surface properties for wetting mucus/mucosal tissue surfaces and 

sufficient flexibility and length (molecular weight) to penetrate the mucus network or 

tissue crevices. Diverse classes of polymers have been reported as potential 

mucoadhesives such as carbomers (polyacrylic acids), hydroxypropyl methylcellulose 

(HPMC) as well as naturally occurring polymers, such as hyaluronic acid and chitosan.

Preparation of suitable formulations is within the skill of those in the art, and suitable 

excipients for inclusion in any such formulation include, for example, gellants, 

viscosifiers, penetration enhancers, preservatives, such as antibiotics and antifungals, 

and cosmetic ingredients, such as scents and colourings.

Suitable gelling agents include: water soluble cellulose derived polymers, such as 

hydroxyalkyl cellulose polymers (e.g. hydroxymethylcellulose, hydroxyethylcellulose, 

hydroxypropylcellulose and hydroxypropylmethylcellulose), carboxymethyl cellulose, 

methylhydroxyethyl cellulose and methyl cellulose, carbomer (e.g. carbopol); and 

carrageenans. The gelling agent may be added in any suitable amount, such as 1-5% 

(w/w). Preferred gelling agents are cellulose derived, most preferably 

hydroxyalkylcellulose, particularly hydroxyethylcellulose.

Suitable preservatives will be apparent to those skilled in the art, and include the 

parabens (methyl, ethyl, propyl and butyl), benzoic acid and benzyl alcohol. 

Preservatives employed solely for that purpose will generally form 1% (w/w) or less of 

the final topical formulation.

Suitable penetration enhancers include isopropyl alcohol, sulphoxides (such as 

dimethylsulphoxide, DMSO), Azones (e.g. laurocapram), pyrrolidones (for example 2- 

pyrrolidone), alkanols (e.g. decanol), and glycols (for example propylene glycol).

Preferred compositions of the invention comprise:

a) I3A;
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b) penetration enhancer;

c) preservative;

d) gelling agent; and

e) buffer;

wherein the composition has an apparent pH of between 3 and 4, inclusive.

A particularly preferred composition comprises:

a) 0.1% (w/w) 13 A;

b) 30% (w/w) isopropyl alcohol;

c) 0.9% (w/w) benzyl alcohol;

d) 1.5% (w/w) hydroxy ethyl cellulose; and

e) 67.5% (w/w) citrate buffer pH 3, preferably pH 2.75.

The invention will now be described with reference to the accompanying Figures, wherein:

Figure 1: shows a schematic representation of a Franz cell.

Figure 2: Percentage of isoform ‘b’ in isopropanol gel (pH 6.5).

Figure 3: Percentage of I3A ‘b’ in 30% IPA/citrate buffer (pH 3).

Figure 4: Percentage 13A ‘b’ in 100% benzyl alcohol at 2-8 °C, RTP and 40 °C.

Figure 5: Percentage I3A ‘b’ in 100% phenoxythanol at 2-8 °C, RTP and 40 °C.

Figure 6: shows a flow chart for the preparation of 0.1% w/w 13A Formulation 16 and 

the respective placebo. *For  the placebo formulation 0.25 g of benzyl alcohol was 

added to 24.75 g of base formulation.

Figure 7: Relative G’ and G” values for Formulations 4,14,15,16 and 17 (n=5 ± SD).

Figure 8: Corresponding tan d values for Formulations 4, 14,15,16 and 17

Figure 9: Plot of mean amount released after 26 h (pg/cm2) of 13 A ‘b’ from 0.1% w/w 

poloxamer gel and PEG 400 formulations, (n=3 ± SE).

Figure 10: Plot of mean amount released after 26 h (pg/cm2) of 13 A ‘b’ from 0.1% w/w 

oil and PEG 400 formulations, (n=3 ± SE).



WO 2007/068963 PCT/GB2006/004739

15

The present invention will be further illustrated with regard to the following, non­

limiting Examples.

EXAMPLE 1

The stability of I3A was investigated in various solvent systems, including acetone, 

acetonitrile, methanol/water, water, DMSO, phosphate buffers (pH range 4.5 to 7) and 

ammonium buffer (pH 4.5) and was shown to be stable in acetone, acetonitrile, DMSO, 

phosphate buffer pH 4.5 and ammonium buffer (pH 4.5). The rearrangement of the 

ingenol angelate appeared to occur in the order of isomer ‘b’ rearranging to isomer ‘a’ 

and then to isomer ‘c’. Owing to the small quantities of active substance used, the 

measure of stability of the compound was calculated as the ratio of the area of peak ‘b’ 

to the area of peak ‘a’.
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MATERIALS

Materials Supplier

I3A (ingenol angelate)

Batch No. 080402 and Batch No. 300502

Supplied by Peplin Limited,

Australia

β-Cyclodextrin sulphobutyl ether, 7 sodium salt 

(Captisol®) Lot No. CY-03A-010244

Cydex Incorporated, USA

2-Hydroxypropyl-P-cyclodextrin (Cavasol® W7 

HP) Batch No. 74BO08

Miglyol 810N Lot No. 980403

Propylene Glycol Batch No. 286991

Wacker-Chemie GmbH & Co.,

Germany

Mineral oil Lot No. 128H0136

Oleic acid Batch No. 9736588428

Span 80 Lot. No. 120H0454

Tween 80 Lot No. 44H0121

Polyethylene glycol 300 Lot No. 60H0463

DMSO

Sigma Chemical Co., UK

Sodium Hyaluronate (HA)

Batch No.KX00282

Kyowa Hakko Pharmaceuticals

Japan

Monopotassium phosphate Batch No. 14286 Aldrich Chemical Co., UK

Ammonium acetate Lot No. A147753001

Glacial acetic acid

BDH Laboratory Supplies, UK

Acetone-HPLC grade

Acetonitrile-HPLC grade

Methanol-HPLC grade

Rathbum Chemicals Ltd, UK

Deionised water (Elgastat Option 3A) Elga Ltd., UK

Parafilm® American National Cam™,

USA
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All excipients used in the final formulation of 13 A of compendial grade.

METHODS

Stability study of I3A in solvents/excipients

A stability study of 13 A in the following solvent/excipients/excipient combinations was 

performed over 14 days (except where otherwise stated) at room temperature:

Acetone

Acetonitrile

Methanol

Methanol/ water (70/30)

Water

Phosphate buffer pH 4.5, pH 5.5, pH 6.5, pH 7.0
DMSO*

Mineral oil

Miglyol 810

Polyethylene glycol 300

Propylene glycol

Oleic acid

2-Hydroxypropyl- β -cyclodextrin (Cavasol®/H2O)

2-Hydroxypropyl-P-cyclodextrin (Cavasol®/PO4 pH 4.5)

Tween 80/Span 8O/H2O

Tween 80/Span 8O/PO4 pH 4.5 

β-cyclodextrin sulphobutyl ether (Captisol®)/H2O**  

β-cyclodextrin sulphobutyl ether (Captisol®)/PO4 pH 4.5**

Sodium hyaluronate (HA)/ PO4 pH 4.5 ***

Sodium hyaluronate (HA)/ H2O pH 4.5 ***

* 10 days study ** 7 days study *** 2 days study
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A 0.5 mg/ml stock solution of 13A in acetonitrile was prepared. Aliquots of 1.0 ml were 

transferred to individual glass sample vials by a burette; the solutions were dried by air 

jet and then 1.0 g of the respective solvent/excipient/excipient combination was added 

to the vials. On Day 0, Day 5 and Day 14, aliquots of the stability samples were 

removed for HPLC analysis using the chromatographic conditions described under 

“Stability in DMSO”, below. Stability was expressed as the ratio of peak ‘b’ to peak ‘a’ 

(and peak ‘c’ if present), with a high ratio indicating stability in a particular excipient.

HPLC Analysis for the stability of 13A in excipients study

An alternate HPLC method was developed in order to separate out a “shoulder” 

appearing on peak ‘b’ that was seen with some preparations of 13 A.

The chromatographic conditions employed for the excipients stability study were as 

follows:

Column: Hypercarb (ThermoQuest, Phenomenex) 

(S/no.3-34070)

Column length: 100x4.60 mm

Column temperature: 25°C

Guard column: Cis Columbus (Phenomenex)

(S/no. 202678)

Guard column length: 50 x 4.60 mm

Mobile phase: 50% v/v phosphate buffer pH 4.5 / 50% v/v acetonitrile

Flow rate: 1.0 ml/min

UV wavelength: 230 nm

Injection volume: 10 μΐ

Run time: 35 mins
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Preliminary in vitro diffusion study

Once the stability of I3A in the excipients and penetration enhancers had been 

established, a preliminary in vitro diffusion experiment could be conducted to determine 

the permeation of stratum comeum by I3A from some simple formulations. The Franz 

diffusion cell is designed to mimic the physiological and anatomical conditions of skin 

in situ. It is an air/fluid phase static cell, which comprises a donor compartment, 

receptor compartment and a side arm sampling port (see Figure 1). Surgically excised 

skin is positioned between the two halves with the stratum comeum facing the donor 

compartment to allow for drug application.

An initial in vitro diffusion experiment using a simple formulation of I3A in miglyol 

was performed. There was no flux of the drug at all across the stratum comeum 

suggesting that the I3A was not formulated at its maximum thermodynamic activity in 

the miglyol. This formulation was used in later diffusion cell experiments as a negative 

control and also served to confirm the integrity of the stratum comeum, as if there is no 

diffusion of drug from this formulation, it can be assumed that the stratum comeum 

remains intact.

Manufacture of formulations

A formulation of I3A was prepared in phosphate buffer (pH 4.5) with β-cyclodextrins 

(Captisol®) added with a view to increasing the solubility and stability of 13 A, and the 

flux of the drug. A second formulation in DMSO, a known penetration enhancer, was 

also prepared for comparative purposes, as well as a formulation in miglyol, which 

served as a negative control. The diffusion of I3A across the stratum comeum from 

these formulations was investigated.
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The following formulations were prepared:

Formulation Description

1 13 A / Captisol® (30 mM) / phosphate buffer pH 4.5

2 Captisol®(30 mM) / phosphate buffer pH 4.5 control

3 I3A/Miglyol

4 Miglyol control

5 13 A / DMSO / phosphate buffer pH 4.5

6 DMSO / phosphate buffer pH 4.5 control

Table 2 shows the % w/w of each of the ingredients present in the formulations. The 

ingredients were accurately weighed out into sealable glass vials and stirred vigorously 

with a magnetic stirrer bar for several hours at room temperature.
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Choice of receiver fluid

2-Hydroxypropyl-P-cyclodextrin (Cavasol®, 1.38 mM) in PO4 buffer (pH 4.5) was the

receiver fluid used in this study in order to try to maintain sink conditions. A restriction

on other reservoir fluids such as ethanol/water systems was imposed since ‘back

diffusion’ of ethanol through the stratum comeum might have degraded the I3A present

in the formulations.

Skin preparation

A fresh, surgically excised sample of human skin was obtained directly after an 

abdominoplasty. The donor was a 56-year-old non-smoking female White Europid. 

Subcutaneous fat was carefully removed from the skin sample using forceps and a 

scalpel, and then the portion of skin was immersed in water at 60°C for 45 s. The skin 

was then pinned, dermis side down, on a cork board and the epidermis (comprising 

stratum comeum and viable epidermis) gently removed from the underlying dermis. 

The dermis was discarded and the epidermal membrane floated onto the surface of 

water and taken up onto Whatman no. 1 filter paper. The resultant epidermal sheet was 

thoroughly dried and stored flat in aluminium foil at -20°C until use.

A section of the epidermal sheet (with filter paper side up) was clamped and incubated 

for 4 h at 4°C immersed in 0.1% w/v trypsin solution. The skin was then further 

incubated for 1 h at 37°C. The stratum comeum was physically removed by gently 

shaking the clamp with lateral movements. The resultant stratum comeum layer was 

washed twice with deionised water followed by 0.1% w/v anti-trypsin solution to block 

enzyme activity and further washed twice with deionised water. The stratum comeum 

was dried and stored flat in aluminium foil at -20°C until use.

Franz cell diffusion study

Individually calibrated Franz diffusion cells with an average diffusional surface area of 

0.56 ± 0.05 cm and an average receiver volume of 1.79 ± 0.06 ml were used to conduct 

the diffusion experiments. The stratum comeum (prepared as described above) was
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washed with phosphate buffer (pH 4.5), cut with a 10“ borer and mounted onto the 

Franz cells (illustrated in Figure 1). The receiver fluid employed was 2-hydroxypropyl- 

β-cyclodextrin (Cavasol®)/ phosphate buffer (pH 4.5) and this was incorporated into the 

Franz cell, stirred constantly with a magnetic stirrer and maintained at 37°C. The 

membranes were allowed to equilibrate with the receiver phase for 30 mins before 

applying the formulations. An infinite dose of each formulation was applied onto the 

membrane surface using a positive displacement Finpipette® and the donor chambers 

were protected with Parafilm®. Five sampling times were investigated (1, 2, 4, 6 and 24 

h) whereby 200 μΐ of the receiver fluid was carefully withdrawn from the arm of the 

Franz cell; each sample removed was replaced by an equal volume of fresh (37°C) 

receiver fluid. Throughout the experiment, any losses in receiver fluid due to 

evaporation from the Franz cell were replaced to maintain a constant volume. Samples 

were analysed via HPLC (supra).

HPLC Analysis for in vitro diffusion study

The chromatographic conditions employed were as follows:

Column: Hypercarb (ThermoQuest, Phenomenex) 

(S/no.3-34070)

Column length: 100 x 4.60 mm

Column temperature: 25°C

Guard column: Cis Columbus (Phenomenex)

(S/no. 202678)

Guard column length: 50 x 4.60 mm

Mobile phase: 50% v/v ammonium buffer pH 4.5 / 50% v/v acetonitrile

Flow rate: 1.0 ml/min

UV wavelength: 230 nm

Injection volume: 10 μΐ

Run time: 35 mins
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Results

Stability of I3A in solvents and excipients

Table 3, below, provides an indication of stability of I3A in the various solvent systems. 

The stability of 13A in the solvents and excipients after 14 days (unless otherwise 

stated) at room temperature was quantified in terms of the ratio of isoform ‘b’ to 

isoforms ‘a’ and ‘c’, with a predominance of ‘b’ equating to stability. The results are 

summarised in Table 3. It is assumed that for an excipient in which 13 A is not stable, 

other like excipients will not be suitable. ■

Table 3. Summary of the results of the stability study of 13A in various solvents and 

excipients

Solvent/Excipient Stable? Comments

Acetone •V
Acetonitrile

Methanol X Isoform ‘a’ forms

Methanol/water (70/30) X Isoform ‘a’ then ‘c’ form

Water X Isoform ‘a’ then ‘c’ form

DMSO’ ■V
Phosphate buffer pH 4.5 λ/

Phosphate buffer pH 5.5 X Isoform ‘a’ forms

Phosphate buffer pH 6.5 X Isoform ‘a’ then ‘c’ form

Phosphate buffer pH 7.0 X Rapid formation of

isoform Cc’

Ammonium buffer pH 4.5

Mineral oil Viscous nature makes it 

difficult to extract I3A for 

HPLC analysis
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Precipitation of 13 A

Miglyol 810 •V
Polyethylene glycol •V
Propylene glycol X Formation of ‘a’ and ‘c’

isoforms

Oleic acid X Difficult to quantify due to 

many interfering peaks in 

chromatogram, isoform ‘a’ 

present, shoulder on ‘b’ 

fc’ forming)

2-Hydroxypropyl-P-cyclodextrin

(Cavasol®)/H2O

X Large peak for isoform ‘c’

2-Hydroxypropyl-P-cyclodextrin

(Cavasol®)/PO4 pH 4.5

•V Some precipitation of 13 A

Tween 80/Span 80/H2O •V
Tween 80/Span 8O/PO4 pH 4.5 s/

β-cyclodextrin sulphobutyl ether

(Captisol®)/H2O **

X Isoforms ‘a’ and ‘c’ 

present

β-cyclodextrin sulphobutyl ether

(Captisol®)/PO4 pH 4.5 **

■xi

Sodium hyaluronate/H2O *** X Isoform ‘a’ present

Sodium hyaluronate/PO4 pH 4.5 ”*

10 days study 7 days study 2 days study

Preliminary in vitro diffusion study

Table 4 gives a comparison of the flux between formulations of 13 A as determined from 

the cumulative amount of 13 A permeated per unit area. DMSO is one of the earliest and 

most widely investigated penetration enhancers, and it has been shown to enhance the 

percutaneous penetration of many drugs in vitro and in vivo experiments. As such, 

DMSO was a useful comparator excipient to confirm the penetration of stratum
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comeum by 13 A. However, given the highly toxic nature of this solvent and the fact that

it produces irreversible skin damage, DMSO would not be used in a final formulation.

There was no permeation of 13 A observed with the miglyol formulation. A possible

explanation for this lack of diffusion of 13 A from miglyol across the stratum comeum is

that 13 A is highly soluble in this excipient.

Table 4. Comparison of the flux between formulations of 13A as determined from 

the cumulative amount of 13 A permeated per unit area (mean ± s.e.m, n= 3 and 4, 

respectively)

Formulation (pg/cm2/h)

13 A / Captisol® / phosphate buffer pH 4.5 1.92 ±1.02

13 A / DMSO / phosphate buffer pH 4.5 0.61 ±0.13

The results show that I3A diffuses across the stratum comeum (which forms the main 

barrier for the diffusion of most drugs) at detectable levels.

Stability study at 4-8°C

The stability of I3A in various solvents at 4-8°C was investigated. A stock solution of 

1.26 mg of 13 A was weighed out and dissolved in 2 ml acetone. This stock solution was 

used to prepare the stability samples as follows:

Aliquots of 100 μΐ of stock solution were transferred to individual glass HPLC vials via 

a Hamilton syringe, with careful rinsing and drying of the syringe between each sample. 

The samples were dried down by air jet and then 0.5 ml of the appropriate test solvent 

system added. The solvent systems were tested in triplicate and are listed below:

1. 100% v/v acetone
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2. 100% v/v acetonitrile

3. 100% v/v methanol

4. 70% v/v methanol: 30% w/w water

5. 100% w/w water

Blank samples were also prepared in triplicate using 100 μΐ of acetone in place of the 

stock solution. The blank samples were then dried down and 0.5 ml acetone added to 

each vial. The vials were all crimped, sealed with parafilm® and placed at 4-8°C for the 

duration of the stability study. HPLC analysis was performed on the samples on Day 0, 

Day 1, Day 5 and Day 14 of the stability study. The samples were prepared for the 

HPLC assay as described below:

The stability samples were removed from 4-8 °C and left at ambient temperature for 30 

mins. Aliquots of 100 μΐ were transferred to fresh glass HPLC vials using a Hamilton 

syringe, with careful rinsing and drying of the syringe between each sample. To 

facilitate drying of the samples, 0.5 ml of acetone was added to each vial and then the 

samples were dried down by air jet. The samples were reconstituted with 1 ml of 

acetonitrile and analysed by HPLC using the chromatographic conditions specified 

above.

Thus, I3A is stable in acetone and acetonitrile at 4-8°C, as reflected in the 

predominance of peak ‘b’ for both solvents over the 14 days. In protic solvents, the 

formation of isomer ‘a’ and then isomer ‘c’ increases rapidly.

Stability at Various pH’s

The stability of I3A was investigated at pH 4.5 in two buffers i.e. monopotassium 

phosphate / disodium phosphate and acetic acid / ammonium acetate for 24 h at room 

temperature. HPLC analysis showed that I3A is stable in both buffers at pH 4.5 i.e. 

there was still a predominance of isoform ‘b’ (Figure 1) after 24 h.
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The stability of I3A was investigated at pH 5.5, 6.5 and 7.0 over 14 days at room

temperature, and was found to decrease with an increase in pH i.e. the formation of

isoform ‘a’ and subsequently isoform ‘c’ occurs by Day 14.

Stability in DMSO

13 A was investigated for stability in DMSO at room temperature and at 37°C over a 10 

day time period. A control sample of 13 A in acetonitrile was kept under the same 

conditions as the test sample. The samples were analysed by HPLC at the start of the 

experiment (Day 0), after 48 hours (Day 2) and again after 10 days.

The chromatographic conditions employed were as follows:

Column: Hypercarb (ThermoQuest, Phenomenex)

(S/no.3-34070)

Column length: 100 x 4.60 mm

Column temperature: 25°C

Guard column: Cis Columbus (Phenomenex)

(S/no. 202678)

Guard column length: 50 x 4.60 mm

Mobile phase: 50% v/v Phosphate buffer pH 4.5 / 50% v/v acetonitrile

Flow rate: 1.0 ml/min

UV wavelength: 230 nm

Injection volume: 10 μΐ

Run time: 35 mins

Retention time: 15 mins, 24 mins

13A appears to be stable in DMSO at room temperature and at 37°C for 10 days.
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EXAMPLE 2

Isopropanol gel pH 6.5

The stability of I3A ‘b’ in an isopropanol gel preparation (pH 6.5) was investigated.

The protocol was as follows:

Composition of the isopropanol gel (pH 6.5)

Excipient Target mass Actual mass % w/w

Glycerin 5.0000 g 5.0000 g 5.02

Cyclomethicone 0.5000 g 0.5000 g 0.50

Isopropyl alcohol 25.0000 g 25.0000 g 25.10

Carbopol® 934 0.3000 g 0.3018g 0.30

Propyl alcohol 25.0000 g 25.0000 g 25.10

Water 43.7000 g 43.7000 g 43.87

Ethanolamine To pH 6.5 0.1000 g 0.10

Total: 100

The carbopol® was dispersed in the water and glycerin and dissolved by heating to 40°C 

in a water bath. The propyl alcohol was then added to this solution. The cyclomethicone 

was dissolved in the isopropyl alcohol and this second solution was mixed well with the 

carbopol® solution, and then water was added, with stirring, to 100%. The pH of the gel 

was brought to 6.5 with the dropwise addition of ethanolamine. The isopropanol gel 

was stored at 2-8°C until use.

To investigate the stability of I3A ‘b’ in isopropanol gel (pH 6.5), a 0.02% (w/w) I3A 

‘b’/isopropanol gel formulation was prepared and divided into three samples for storage 

at 2-8°C, RTP and 40°C. At regular time points the samples were analysed in duplicate 

for the stability of I3A ‘b’ in terms of the formation of isoform ‘a’, with the results 

given in Figure 2.13 A ‘b’ rearranges to isoform ‘a’ and subsequently isoform ‘c’. This
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can possibly be attributed to the higher pH and presence of water in the isopropanol gel

facilitating this conversion of I3A ‘b’ to isoforms ‘a’ and ‘c’.

I3A ‘b’ in 30% w/w isopropyl alcohol/citrate buffer pH 3.0

The stability of 13 A ‘b’ (Batch no. 240902) in 30% w/w IPA/citrate buffer (pH 3) when 

stored at 2-8°C and 40°C was investigated in duplicate, with the results given in Figure 

3.

Preservatives

Various preservatives were investigated for their suitability for use in the formulations 

of I3A ‘b’ at concentrations likely to pass a preservative efficacy test. Initially the 

preservatives were prepared in citrate buffer (pH 3) and analysed by HPLC to check for 

peaks in the chromatograms that might interfere with the assay for I3A isoforms. The 

results are summarised in Table 5.

Table 5. HPLC analysis of preservatives

Preservative % w/w Comments

Benzyl alcohol 1.0 No interfering peaks

Methyl paraben (M.P.) 0.2 Large peak over isoform ‘a’ region

Propyl paraben (P.P.) 0.02 Large peak over isoform ‘a’ region

Μ. P./P. P. 0.2 / 0.02 Large peak over isoform ‘a’ region -

Phenoxyethanol 1.0 Small peak over isoform ‘a’ region

Citrate buffer control 0 No interfering peaks

It is not desirable to have many interfering peaks in the chromatograms from the 

preservatives, as this leads to difficulties in the analysis of the drug in formulations, and 

could necessitate the introduction of a separate assay for the preservatives.

I3A ‘b’ (0.05% w/w) was dissolved separately in the preservatives selected (benzyl 

alcohol and phenoxyethanol), stored at 2-8°C, RTP and 40°C and checked for stability
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in duplicate in terms of the formation of isoform ‘a’ at regular intervals. The results of

this stability study are given in Figures 4 and 5.

The results indicate that benzyl alcohol is the most suitable preservative of those tested.

Preparation of I3A ‘b’ Formulations

The following three formulations and their respective placebos were prepared:

A. 0.1% (w/w) 13 A ‘b’/macrocetyl ether cream with 1.0% (w/w) benzyl alcohol as 

preservative

B. 0.1% (w/w) I3A ‘b’/30% (w/w) IPA/1.5% (w/w) HEC/1.0% (w/w) benzyl 

alcohol/citrate pH 3

C. 0.1% (w/w) 13A ‘b’/ 9.5% (w/w) cyclomethicone/ 9.5% (w/w) IPM/ 1.0% (w/w) 

benzyl alcohol/ Elastomer 10

A stock solution of I3A ‘b’ was prepared in benzyl alcohol (Table 6) and this stock was 

used to prepare the formulations. For the placebos, benzyl alcohol alone was used in 

place of the I3A ‘b’/benzyl alcohol stock. The accurate masses of the components of the 

13 A ‘b’ formulations are detailed in Tables 7-9. The formulations and their respective 

placebos were prepared as follows:

Formulation A: I3A ‘b’/macrocetyl ether cream

The macrocetyl ether emulsifying ointment was accurately weighed out into a glass vial 

and then melted in a water bath at 60°C. Freshly prepared citrate buffer (pH 3) was 

accurately weighed into a separate glass vial, warmed in the water bath and then 

gradually incorporated into the molten emulsifying ointment with constant stirring until 

cool. This process produced the macrocetyl ether cream. To prepare the formulation, 

I3A ‘b’ in benzyl alcohol was accurately weighed out into a glass vial and the 

macrocetyl ether cream was gradually and accurately weighed out onto this, with 

constant stirring.
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Formulation Β: I3A ‘b’/30% IPA gel

The I3A ‘b’/benzyl alcohol was accurately weighed out into a glass vial. The remaining 

components were accurately weighed onto this solution in the order of IPA, then citrate 

buffer and then HEC, with vigorous mixing between each addition.

Formulation C: I3A ‘b’/silicones

The I3A ‘b’/benzyl alcohol was accurately weighed out into a glass vial. The remaining 

components were accurately weighed onto this solution in the order of Elastomer 10, 

then cyclomethicone and then IPM, with vigorous mixing between each addition.

Formulation analysis

The formulations were analysed at the start of the study to confirm the concentration of 

I3A ‘b’ (w/w) in the formulations and were found to be ca 0.1% (w/w) I3A ‘b’. Of this 

total 13A ‘b’ content, there was less than 0.7% of isoform ‘a’ and no isoform ‘c’ in the 

formulations. The formulations were checked for the appearance of isoform ‘a’ by the 

time of the conclusion of the study and were shown to have less than 0.3% of isoform 

‘a’ when stored at 2-8°C. Isoform ‘c’ was not detected in any of the formulations.
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Stability of 13 A isoforms in the assay solvent systems over 72 h

The stability of 13A isoforms ‘a’, ‘b’ and ‘c’ in the three sample systems over 72 h 

(equivalent to the maximum possible length of time the samples might be held in the 

autosampler during a long HPLC analytical run) was confirmed as follows. Standards of 

the three isoforms of 13A (approximately 100 pg/ml) were freshly prepared in 

acetonitrile, acetonitrile/citrate buffer (pH 3) and acetonitrile/ammonium acetate buffer 

(pH 4.5) and analysed immediately by HPLC. The standards were then each divided 

into three equal volumes and placed at 2-8°C, room temperature and 40°C for 72 h and 

were then again analysed by HPLC. The results of this study are presented in Table 10. 

The largest conversion of 13 A ‘b’ to isoform ‘a’ at room temperature occurred with the 

sample prepared in 100% v/v acetonitrile whereas the 13A ‘b’ standard in 

acetonitrile/citrate (pH 3) showed very little conversion to isoform ‘a’ even at 40°C, 

suggesting that this solvent system might be the most appropriate for ensuring the 

samples remain stable over the sampling time.
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EXAMPLE 3

A pH stability study of 13A ‘b’ in IPA gels prepared with citrate buffer in the pH range

2.5 to 4.0 was conducted at 2-8°C and 40°C (accelerated stability).

MATERIALS

38

Batch No. 0319

Materials Supplier

I3A ‘b’ (ingenol angelate)

Batch No. 070303

Peplin Limited, Australia

Citric acid monohydrate (USP grade) Batch

R11115

Sodium dihydrate citrate (USP grade) Batch

R009243

Raught Ltd, UK

Isopropyl alcohol (USP grade) Lot No.

K31802995310

Glacial acetic acid Lot K2953917

Sodium acetate Lot TAI 044704

BDH Laboratory Supplies, UK

Benzyl alcohol (USP grade) Lot No.K31593981 Merck, Germany

Natrosol® 250 HHX Batch No. Z-0177 Honeywell and Stein, UK

Acetonitrile-HPLC grade Fisher Chemicals, UK

Deionised water MilliQ, UK

METHODS

Preparation of 13 A ‘b’ gels and placebos using citrate buffer in the pH range 2.5 to 4.0.

The compositions of the active and placebo IPA gels prepared for the pH range stability 

study are given in Tables 11 and 12, respectively. Large quantities of placebo were 

prepared to facilitate the measurement of the pH of the placebo gels at Time 0. Smaller 

quantities of the active gel i.e. 30 g of each were prepared since the amount of drug
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available for the study was limited. Previous stability studies conducted on the I3AIPA 

gel, in which the apparent pH of the placebo and active gel were monitored over 12 

months, have shown that there is no noticeable difference between the two. 

Furthermore, the same apparent pH was measured for both the active and placebo gels. 

Thus, only the pH of the placebo gels was measured, to determine the apparent pH of 

the gels at the start of the stability study. After overnight hydration, the gels were 

analysed for the T=0 time point and the apparent pH values of the placebos were 

measured. The samples were divided equally into 7 ml soda glass vials to avoid 

temperature cycling of the material when sampling at the different time points and the 

vials were stored at 2-8°C and 40°C (accelerated stability), respectively.
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Measurement of the apparent pH of IPA placebo gels prepared using citrate buffer in the

pH range 2.5 to 4.0

The apparent pH of the IPA placebo gels prepared using citrate buffer in the pH range 

2.5 to 4.0 were measured using a Jenway 3320 pH meter.

Extraction of I3A from the IPA gels

The drug was extracted from the IPA gels as follows. One gram of each of the gels or 

their respective placebos was accurately weighed into a 10 ml volumetric flask in 

duplicate or triplicate. The samples were first mixed with 1 ml of citrate buffer (pH 3) 

by vigorous and repetitive mixing on a vortex mixer set to maximum speed and then left 

shaking on an orbital shaker for 30 mins at 400 rpm. The volumetric flasks were then 

made up to the volume mark with HPLC-grade acetonitrile and the samples were again 

subjected to vigorous mixing by repetitive mixing on a vortex mixer set to maximum 

speed and then left shaking on an orbital shaker for 60 mins at 400 rpm. Aliquots were 

transferred to HPLC vials for analysis.

The extraction of I3A from the gel was performed in triplicate i.e. three separate 

weighing-outs with duplicate injections for the Time 0 and Time = three months (2-8°C 

samples) points and in duplicate i.e. two separate weighing-outs with duplicate 

injections for the Time - one week and four weeks (40°C samples).

HPLC Analysis

The analysis was performed using the following systems and conditions:

Instruments

Waters Alliance 2695 Separations Module (S/no. B98SM4209M) 

Waters 2487 Dual λ Absorbance detector (S/no. M97487050N).

Waters Alliance 2695 D Separations Module (S/no. G98SM8039N)

Waters 2487 Dual λ Absorbance detector (S/no. L02487106M)
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Empower Pro Empower™ Software

The chromatographic conditions employed were as follows:

RESULTS

Columns: Hypercarb (ThermoQuest, Phenomenex)

S/no.3-34070 and S/no. 1034024A

Column length: 100 x 4.60 mm

Column temperature: ambient

Guard columns: Cig Columbus (Phenomenex)

S/no. 202678 and S/no. 74554-7

Guard column length: 50 x 4.60 mm ,

Mobile phase: 50% v/v sodium acetate buffer pH 4.5 / 50% 

acetonitrile (v/v)

Flow rate: 1.0 ml/min

UV wavelength: 230 nm

Injection volume: 30 μΐ

Run time: 35 mins

Autosampler temperature: 8°C ± 2°C

Retention times: 13 mins ± 2 mins isoform ‘a’; 22 mins ± 2 mins 

isoform ‘b’; 23 mins ± 2 mins isoform ‘c’; 

unassigned peak with relative retention time to 

isoform ‘b’ of 0.93 ± 0.02.

Measurement of the apparent pH of the placebo gels at Time 0

The results for the measurement of the apparent pH of the placebo gels are given in

Table 13. No pH measurements were taken at any of the stability time points.
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Table 13. Measurement of the apparent pH of placebo IPA gels (n=l)

pH of Citrate Buffer (± 0.05) Apparent pH of placebo gel

2.50 3.07

2.75 3.34

3.00 3.62

3.50 4.22

4.00 4.74

Determination of percentage peak purities of I3A isoforms in the active gels

The percentage peak purities of I3A ‘b’ in the active gels at the start of the stability 

study (T=0), and after one week of storage at 40°C, four weeks of storage at 40°C, and 

after three months storage at 2-8°C, are given in Tables 14, 15, 16 and 17, respectively. 

The percentage peak purity of 13 A ‘b’ was greater than 98% whilst the percentage peak 

purity of isoform ‘a’ was less than 1.2% for all the gels after three months of storage at - 

28°C. For the accelerated stability study at 40°C, the greatest decrease in the percentage 

peak purity of ‘b’ over the four weeks was observed with the gel with apparent placebo 

value of 4.74. Since I3A ‘b’ has been shown to convert to isoform ‘a’, the formation of 

isoform ‘a’ was also examined as a stability marker. The increases in the percentage 

peak purities of isoform ‘a’ from Time 0 after one week and four weeks storage at 40°C, 

and after three months storage at 2-8°C were calculated, with the results given in Table 

18.
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Table 14. Percentage peak purities of isoforms of 13A in the active gels (n=3, mean +

standard deviation, UAP = unassigned peak, RRT= relative retention time) at Time 0

45 

pH of 

Citrate 

buffer 

(± 
0.05)

Apparent 

pH of 

placebo 

gel

Percentage peak purity

Isoform ‘a’ Isoform ‘b’ Isoform ‘c’ UAP RRT 

to isoform

‘b’

0.93 ± 0.02

Total other

UAPs

2.50 3.07 0.44 ± 0.03 99.20

0.11

± 0.00 ± 0.00 0.20 ± 0.04 0.16 ±0.07

2.75 3.34 0.24 ± 0.06 99.70

0.09

+ 0.00 ± 0.00 0.02 ± 0.02 0.04 ± 0.04

3.00 3.62 0.52 ± 0.01 99.16

0.06

± 0.00 ± 0.00 0.14 ±0.02 0.19 ±0.06

3.50 4.22 0.47 ± 0.02 99.36

0.10

± 0.00 ± 0.00 0.09 ± 0.03 0.08 ± 0.04

4.00 4.74 0.44 ± 0.03 99.30

0.10

± 0.00 ± 0.00 0.10 ±0.01 0.16 ±0.07



PCT/GB2006/004739WO 2007/068963

Table 15. Percentage peak purities of isoforms of I3A in the active gels (n=2, mean ±

range, UAP = unassigned peak, RRT= relative retention time) after one week of
storage at 40°C

46

pH of 

Citrate 

buffer 

(+ 0.05)

Apparent 

pH of

placebo 

gel

Percentage peak purity

Isoform ‘a’ Isoform ‘b’ Isoform ‘c’ UAP RRT 

to isoform

‘b’

0.93 ± 0.02

Total other

UAPs

2.50 3.07 1.01 ±0.02 98.83

0.05

± 0.00 ± 0.00 0.04 ± 0.01 0.13 ±0.03

2.75 3.34 0.53 ± 0.34 99.06

0.06

± 0.00 ± 0.00 0.06 ±0.01 0.35 ±0.31

3.00 3.62 1.61 ±0.05 98.26

0.09

± 0.00 ± 0.00 0.05 ± 0.01 0.07 ± 0.04

3.50 4.22 2.56 ± 0.04 97.27

0.22

+ 0.00 ± 0.00 0.04 ± 0.04 0.12 ±0.15

4.00 4.74 4.68 ±0.03 95.12

0.07

± 0.00 ± 0.00 0.08 ± 0.02 0.12 ±0.04
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Table 16. Percentage peak purities of isoforms of I3A in the active gels (n=2, mean ± 

range, UAP = unassigned peak, RRT= relative retention time) after four weeks of 

storage at

40°C

pH of 

Citrate 

buffer 

(±
0.05)

Apparent 

pH of

placebo 

gel

Percentage peak purity

Isoform ‘a’ Isoform ‘b’ Isoform ‘c’ UAP RRT 

to isoform

‘b’

0.93 ± 0.02

Total other

UAPs

2.50 3.07 2.70 ± 0.01 96.24

0.09

± 0.00 ± 0.00 0.07 ± 0.02 0.99 ± 0.06

2.75 3.34 2.91 ± 0.02 96.44

0.14

± 0.00 ± 0.00 0.06 ± 0.02 0.59 ±0.11

3.00 3.62 4.74 ± 0.02 94.75

0.12

+ 0.00 ± 0.00 0.08 ± 0.02 0.44 ± 0.09

3.50 4.22 7.68 ± 0.02 92.01

0.12

+ 0.00 + 0.00 0.07 ± 0.04 0.25 ± 0.08

4.00 4.74 13.34 ±

0.02

86.47

0.14

+ 0.00 ± 0.00 0.06 ± 0.03 0.13 + 0.09
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Table 17. Percentage peak purities of isoforms of I3A in the active gels (n=3, mean +

standard deviation, UAP = unassigned peak, RRT= relative retention time) after three

months of storage at 2-8°C

48

pH of

Citrate 

buffer 

(± 0.05)

Apparent 

pH of 

placebo 

gel

Percentage peak purity

Isoform ‘a’ Isoform ‘b’ Isoform ‘c’ UAP RRT 

to isoform

‘b’

0.93 ± 0.02

Total other

UAPs

2.50 3.07 0.56 ±0.01 99.34

0.03

± 0.00 ± 0.00 0.00 ± 0.00 0.10 ±0.03

2.75 3.34 0.20 ± 0.08 99.71

0.13

± 0.00 ± 0.00 0.00 ± 0.00 0.09 ± 0.05

3.00 3.62 0.73 ±0.01 99.15

0.01

± 0.00 ± 0.00 0.00 ± 0.00 0.12 ±0.01

3.50 4.22 0.91 ±0.01 99.00

0.01

± 0.00 ± 0.00 0.00 ± 0.00 0.09 ±0.01

4.00 4.74 1.16 ±0.09 98.73

0.13

± 0.00 ±0.00 0.00 ± 0.00 0.11 ±0.05
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Table 18. Calculated increase in percentage peak purities of I3A isoform ‘a’ from
Time 0 in the IPA gels

49

pH of

Citrate 

buffer 

(+0.05)

Apparent 

pH of 

placebo 

gel

Increase in percentage peak purity isoform ‘a’ from

Time 0 (Table 5):

Stored at 40°C Stored at 2-8°C

T=1 week T=4 weeks T=3 months

2.50 3.07 0.57 2.26 0.12

2.75 3.34 0.29 2.67 0.00

3.00 3.62 1.09 4.22 0.21

3.50 4.22 2.09 7.21 0.44

4.00 4.74 4.24 12.90 0.72

The data suggests that the pH has an effect on the formation of isoform ‘a’ even when 

the gel is stored at 2-8°C for three months. An increase in the percentage peak area of 

isoform ‘a’ of 0.21% was measured with the gel prepared with citrate buffer of pH 3.00 

compared to an increase of 0.44% in the percentage peak area of isoform ‘a’ for the gel 

prepared with citrate buffer of pH 3.5. By T=4 weeks at 40°C, the differences between 

the gels in terms of the increases in the percentage peak purities of isoform ‘a’ were 

amplified.
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EXAMPLE 4

Oil Formulations

MATERIALS

Material Supplier

I3A

Batch No. 0302
Peplin Limited, Australia

Benzyl alcohol Ph Eur, BP, NF

Batch No. K31593981 301
Merck KGaA, Germany

Crodamol GTC/C (Medium 

chain triglycerides)

Batch NO.GE03907

Croda, Singapore

Sodium dihydrate citrate

Lot No. 27833.261

Merck Chemicals, UK

Citric acid Lot No. 111K0142 Sigma Chemical Co., UK

Glacial acetic acid

Sodium acetate Lot 102363P

BDH Laboratory Supplies, UK

Acetonitrile-HPLC grade

Trifluoroacetic acid (TFA) Lot

no. 0392851

Fisher Scientific, UK

Deionised water Millipore, UK

METHODS

Selection of suitable oils/excipients

Sesame oil, fractionated coconut oil (medium chain triglycerides), soybean oil, com oil, 

and peanut oil, were identified as vehicles for parenteral administration. Each can be 

used up to a level of 100%.
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Other excipients, which may be included in parenteral oil formulations, are shown

below, together with the maximum concentrations used.

51

Preparation of 13 A and placebo formulations for preliminary stability studies

Excipient (use) Maximum concentration used (%)

Benzyl alcohol (solubiliser/preservative) 3.0

Ethanol (solubiliser) 70

Butylated hydroxyanisole (antioxidant) 0.03

Butylated hydroxytoluene (antioxidant) 0.03

Sterilisation of fractionated coconut oil

Approximately 50 g of the fractionated coconut oil (CRODAMOL GTC/C) was 

weighed into a 100 ml conical flask (borosilicate glass), stoppered (borosilicate glass 

stopper) and placed inside a pre-heated oven (Gallenkampf Hot box Oven with fan, Size 

2) at 173 ± 5°C for 1 h. After this procedure, the oil was allowed to cool to room 

temperature before use.

Addition of I3A to the sterilised oil

Approximately 10 mg of 13 A was accurately weighed into a 28 ml glass vial and added 

to approximately 200 mg of benzyl alcohol (exact weight noted), which had previously 

been filtered through a 0.22 pm MILLEX-GV filter. This mixture was periodically 

vortexed for approximately 2 h until the I3A had dissolved in the benzyl alcohol. To 

this mixture approximately 9.79 g of the sterilized oil was added and vortexed for 

approximately 5 mins until a homogeneous solution was obtained. The placebo was 

prepared in a similar manner except that approximately 9.80 g (as opposed to 9.79 g) of 

the sterilised oil (exact weight noted) was used to compensate for 13 A. Exact weights 

and percentage compositions are shown in Tables 19 and 20 for active (13A) and 

placebo formulations.
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Table 19 Target and actual amounts (and % w/w) for the I3A oil formulation
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*Rounded up to 3 d.p.

Target weight Target % w/w Actual weight * Actual % w/w

I3A 10 mg 0.10 10.15 mg 0.101

Benzyl alcohol 200 mg 2.0 200.16 mg 1.998

Fractionated 

coconut oil

9.79 g 97.9 9.80854 g 97.901

Total 10g 100 10.01885 g 100

Table 20 Target and actual amounts (and % w/w) for the placebo oil formulation

Target weight Target % w/w Actual weight *Actual % w/w

Benzyl alcohol 200 mg 2.0 200.89 mg 1.971

Fractionated 

coconut oil

9.8 g 98.0 9.99313 g 98.029

Total 10 g 100 10.19402 g 100

* Rounded up to 3 d.p.

Storage conditions for I3A and placebo formulations

Aliquots of each formulation (placebo or active) were dispensed into 2 ml screw cap 

amber glass vials (borosilicate glass), sealed and stored at two storage conditions 

namely 2-8°C and 25 ± 2°C. The formulations were tested using the method described 

below at storage times up to and including one month.

Preliminary stability of I3A in fractionated coconut oil

Table 21 summarises the stability of 13 A in fractionated coconut oil stored at 2-8°C and 

25°C over 43 days. The stability data indicates that there appears to be no increase in 

the percentage of isoform ‘a’ during storage at 2-8 and 25°C after 43 days, comparable 

to the percentage of isoform ‘a’ from a fresh batch of 13 A at t=0 and t=43 days.
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Table 21. The percentage of isoform ‘a’ as a percentage of isoform ‘a’ and 13A ‘b’

stored at two conditions for 43 days.
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% I3A ’a’

Fresh sample 13 A in Acetonitrile at time zero 2.50

Time 0 1.90

Time 5 days (2-8°C) 1.86

Time 5 days (25°C) 1.97

Time 20 days (2-8°C) 1.94

Time 20 days (25°C) 1.93

Time 28 days (2-8°C) 1.93

Time 28 days (25°C) 1.94

Time 43 days (2-8°C) 1.95

Time 43 days (25°C) 1.91

Fresh sample 13 A in Acetonitrile at time 43 days 2.14

RESULTS

There was no significant difference (p>0.05) in peak area and retention time of I3A 

isoforms ‘a’ and cb’ between the samples injected in acetonitrile or acetonitrile/oil.

From the list of oils available two were deemed suitable for formulation of 13 A namely, 

fractionated coconut oil and sesame oil. The recommended sterilisation of sesame oil is 

2 h at 170°C whereas for fractionated coconut oil it is 1 h at 170°C. This has advantages 

with regards to the amount of time and energy spent preparing the formulation. Due to 

the instability of 13A to heat (experimentally proven, data not shown), the oil has to be 

sterilised separately and the I3A added aseptically (filtered) as a solution dissolved in 

benzyl alcohol. A filter medium has been identified to be suitable for filtration of the 

I3A/benzyl alcohol mixture namely a 0.22 pm MILLEX-GV filter, however, the 

adsorption of 13 A on the filter membrane still requires investigation. If desired, due to 

the relatively low viscosity of this oil (approximately 30 mPas compared to sesame oil
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which has a viscosity of approximately 44 mPas) the formulation could also be prepared

in situ with I3A/benzyl alcohol and the complete formulation sterilised by filtration.
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EXAMPLE 5

Oral Formulations

A number of excipients were selected for the buccal formulations, and 17 non-aqueous 

formulations were prepared and visually evaluated for consistency and solvation.

A variety of polymers was as potential mucoadhesive vehicles. Due to the inherent 

instability of 13 A in aqueous systems, the formulations investigated were non-aqueous, 

substituting glycerol and polyethylene glycol (PEG) for the aqueous phase.

MATERIALS

Material Supplier

I3A

Batch No. 0319
Peplin Limited, Australia

Benzyl alcohol Ph Eur, BP, NF

Batch No. K31593981 301
Merck KGaA, Germany

Polyethylene glycol 400 (PEG

400)

Batch no. 8.17003.1000

Merck KgaA, Germany

Glycerol

Batch no. 121K0152

Citric acid

Batch No. 111K0142

Porcine Mucin - Type III

Batch no. 68H7480

Sigma Chemical Co., UK
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Carbopol 934

Batch no. 15885

Serva, Germany

Methylcellulose (MC)

Batch no. 404006/1

Fluka, UK

Hydroxyethylcellulose HX

(HEC)

Hydroxypropylcellulose (HP)

Hercules, USA

HPLC grade Methanol

Trifluoroacetic acid (TFA) Lot

no.0392851

Fisher Scientific, UK

Deionised water (18.2M ohm

cm)

Millipore, UK

METHODS

Preliminary visual screening of placebo formulations

Seventeen placebo formulations were initially prepared and visually screened for 

consistency and solvation (Table 22). Briefly, the required amounts of PEG 400 and 

carbopol 934 were stirred in 28 ml glass vials for 10 mins with a spatula and the other 

ingredients were added in the following order, glycerol, benzyl alcohol and 

methylcellulose or HEC or HPC. The formulations were then mixed with a Silverson 

14RT stirrer at approximately 10,000 rpm for approximately 2-3 mins. All the mixed 

placebo formulations were left to solvate overnight (>24 h) before visual screening.
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Rheological screening of placebo formulations (mucoadhesion)

One approach to the study of mucoadhesion is rheological characterisation of 

mucoadhesive interface. It is based on the assumption that the extent of interpenetration 

can be detected by measuring differences in rheological parameters between polymer 

gels and their mixtures with mucin. The synergistic increase in viscosity has been 

proposed'as an index of bioadhesion bond strength. From the visual screening, five 

placebo formulations were chosen based on viscosity and solvation, for further 

rheological assessment using porcine mucin. The formulations chosen are listed in 

Table 23.

Table 23. Formulations chosen for rheological screening

- Formulation Number 1 %w/w 

excipient added

Excipient 4 14 15 16 17

PEG 400 26.5 26,.5 26.0 26.5 26.0

Glycerol 70.0 70.0 70.0 70.0 70.0

Benzyl alcohol 1.0 1.0 1.0 1.0 1.0

Methylcellulose 1.0 1.5

Carbopol 1.5 1.5 1.5 1.5 1.5

HEC 1.0

HPC 1.0 1.5

Preparation of samples for rheological assessment

Preparation of porcine mucin

Briefly, 15 g of porcine mucin powder was weighed into a beaker and made up to 150 g 

using deionised water to gfve a final concentration of 10% w/w mucin. This was 

allowed to hydrate at 2-8°C for approximately 2-3 h. The hydrated mucin was further 

diluted with deionised water to obtain a final concentration of 5% w/w mucin in 

deionised water. This was left to hydrate overnight in the fridge at 2-8°C.
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Preparation of formulation/mucin mix

The selected formulations (Table 23) were prepared as described above. To each of the 

formulations an equal weight of 10% w/w mucin was added and gently stirred with a 

spatula. This was left to hydrate at 2-8°C overnight. In addition, the selected 

formulations were also diluted (50:50 w/w) with deionised water and left to hydrate 

overnight in the fridge at 2-8°C.

Dynamic (oscillatory) rheology testing procedure

The rheological screening was carried out using a Cammed CSL2 rheometer. 

Approximately 0.5 g of the test sample was placed between the platform and parallel 

plate geometry. Once the sample was compressed between the platform and plate any 

excess sample was carefully removed using a spatula at right angles to the geometry. 

Each sample was tested a total of five times resulting in mechanical spectra. The 

resultant parameters obtained G’, G” and tan dwere used to assess the mucoadhesive 

strength of the formulations, where G’ is the elastic modulus, G” the viscous modulus 

and tan δ the ratio of G’ to G”.

Optimisation and preparation of selected active and placebo formulations

Following rheological testing two formulations was selected for further optimisation 

(Formulation 16 and 17) with respect to preparation of batch of formulation for 

stability. The optimised manufacturing process was used to prepare batches of active 

(containing I3A) and placebo formulations (25 g of each). Figure 6 shows the 

preparation of the active and placebo Formulation 16 with the target amounts of 

excipients/drug used. Briefly, the required amount of carbopol 934 was added to PEG 

400 in a borosilicate bottle and heated to 50°C for approximately 2 h until the mixture 

was fully solvated. This mixture was cooled to room temperature; the required amount 

of glycerol added and the mixture was heated to approximately 60°C in a water bath for 

2 h until a homogenous paste was formed. The required amount of HEC was added and 

stirred into the cooled mixture using a Silverson L4RT mixer set at approximately
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10,000 rpm for 2-3 minutes. This mixture was then allowed to fully solvate overnight

(ca. 12 h) at room temperature. As Figure 6 shows this produced a ‘Base formulation’.

The active formulation was prepared by initially dissolving the I3A in benzyl alcohol. 

The required amount of 13A/benzyl alcohol was added to the solvated base formulation 

and gently stirred with a spatula to give a final concentration of 0.1% w/w 13A. 

Similarly, the placebo formulation was prepared by adding the benzyl alcohol to the 

solvated mixture and gently stirred. Formulation 17 was prepared in a similar manner. 

Table 24 shows the target %w/w of excipients/I3A in the active and placebo 

formulations.

Approximately 1 g of the placebo and active formulations were aliquoted into 2 ml 

screw cap vials and placed on stability at 2-8°C, 25°C and 40°C (the latter temperature 

was utilised for short term accelerated stability studies).

Table 24. Target %w/w (to 1 d.p.) in the optimised active and placebo 

formulations

Formulation 16 Formulation 17

Excipient/drug Active Placebo Active Placebo

PEG 400 26.5 26.5 26.0 26.0

Carbopol 1.5 1.5 1.5 1.5

Glycerol 69.9 70.0 69.9 70.0

HPC 1.0 1.0 1.5 1.5

Benzyl alcohol 1.0 1.0 1.0 1.0

13 A (0319) 0.1 0.1

Analysis of I3A in formulation

Extraction of I3A from the active formulation

For the purpose of drug product evaluation an extraction method was set up to evaluate 

the degradation of 13A ‘b’ to isoform ‘a’ (chromatographic peak purity). The extraction
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of 13A from the active formulation was as follows (the same procedure was also used 

for the placebo formulation). Briefly, about 1 g of the formulation was accurately 

weighed into a 10 ml volumetric flask followed by 1 ml of citrate buffer (pH 3). This 

was gently shaken by hand for approximately 5 mins until homogeneous and made up 

to volume with HPLC grade methanol. The flask was then shaken on a mechanical 

shaker for approximately 2 h. The contents of the flask were then transferred to a 15 ml 

polypropylene tube and centrifuged for 5 mins at 2200 rpm. The supernatant was 

aliquoted into HPLC vials and analysed.

Preliminary recovery data (not shown) indicated that ca. 80% or more of I3A ‘b’ was 

recovered from the active formulation and more significantly, there was no interference 

from any of the excipients in the formulation.

HPLC method

The method of analysis for the analysis of I3A in the buccal formulation is shown 

below.

Column: Symmetry Ci8 - 5 pm (Waters)

(S/no.T636515 07, P/no. WAT054205)

Column length: 150 x 3.90 mm

Column temperature: 30°C

Guard column: Symmetry Cis - 5 pm (Waters)

(P/no. WAT054225)

Guard column length: 20 x 3.90 mm

Mobile phase: 0.02% v/v TFA in water (A); 0.02% v/v TFA in

Acetonitrile (B)

A : B; 50: 50 (starting composition)

(GRADIENT, see table below)

Flow rate: l.Oml/min

UV wavelength: 230 nm (PDA)

Injection volume: 10

Run time: 20 mins
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Autosampler temperature: 8°C

Samples and placebos were tested at time zero. At approximately 1-2 weeks, samples 

stored at 40°C were also tested in order to obtain some accelerated stability data.

RESULTS

Visual screening

The visual screening was carried out qualitatively and provided a relatively efficient 

method of pre-screening a number of formulations with regard to viscosity and 

solvation. Placebo formulations were assessed by two independent assessors and 

rejected on the basis that the viscosity was either too high or too low. Furthermore, any 

formulation, which had not completely solvated, was also rejected. It was quite 

apparent that according to the method of preparation a carbopol 934 concentration 

greater than 1.5% w/w produced non-aqueous gels which were too viscous and/or not 

fully solvated. A reduction in the amount of carbopol 934 to 0.5% w/w and addition of 

methylcellulose at a concentration of 2.0% w/w produced a gel of low viscosity. 

However, increasing the carbopol 934 concentration to 1.0% w/w and concomitantly 

reducing the methylcellulose concentration to 1.0% w/w still gave a gel which was low 

in viscosity. From the visual observations it would appear that the addition of 

methylcellulose did not influence the viscosity to a great extent compared to the 

addition of carbopol 934. However, methylcellulose has been shown to have 

mucoadhesive properties and therefore further formulations were prepared which 

contained 1.0 and 1.5% w/w methylcellulose in combination with 1.5 %w/w carbopol 

934. Visual assessment of these formulations showed that they were homogeneous and 

had the required consistency for further evaluation. Similarly, HPC was found not to 

affect the viscosity relative to the addition of carbopol 934. However, since HPC has 

also been implicated as a potential mucoadhesive, formulations containing HPC at 1.0 

and 1.5% w/w together with carbopol 934 at 1.5 %/w/w were found visually acceptable 

for further rheological assessment. Formulation 4 was also found to be visually 

acceptable with respect to viscosity and solvation and this included HEC (another 

potential mucoadhesive polymer). Therefore five formulations (Formulation 4, 14, 15,
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16 and 17) were Theologically assessed for their mucoadhesive strength using pig

mucin.

Rheological assessment of Formulations 4,14,15,16 and 17

The elastic modulus G’ is a measure of sample resistance to elastic deformation (i.e. a 

reflection of the polymer network connectivity) and G” is a measure of sample 

resistance to viscous deformation.

The mean G’ and G” at 5 Hz, averaged over 5 samples were extracted from the 

resultant data to allow comparisons between different formulations. An expression that 

allows for the determination of synergistic differences, in terms of G’ and G”; between 

the formulation/mucin mixture and the individual components of that mixture is given 

in Equation 1. The higher, the relative G’ values the greater the interaction of the 

formulation with the mucin.

Relative G' =
G' (Formulation/Mucin) — (G (Formulation) "I" G (Mucin))

G' (Formulation) + G' (Mucin)
Equation 1

A similar equation can be used to calculate G”. Tan □ was calculated using the relative 

G’ and G” values using Equation 2.

_ mean Relative G''
tan δ =-------------------------

mean Relative G'
Equation 2

Figure 7 shows the relative G’ and G” values for all five formulations tested and Figure 

8 shows the corresponding tan δ values.

Based on the rheological assessment, the order for the increase in mucoadhesive 

strength was found to be Formulation 17 > Formulation 16 > Formulation 14 > 

Formulation 15 > Formulation 4. However, Formulations 14 and 15 displayed large 

variations (as observed with the large standard deviations). This could be due to the 

non-homogeneous interactions of these formulations with mucin. Furthermore, the G’
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generated for the formulations in deionised water were also found to have large 

variations thus indicating that these formulations displayed non homogeneous 

hydration. Formulation 4 was found to have the highest G’ values when mixed with the 

mucin, however, the relative G’ value was significantly lower (p< 0.05) compared to all 

the other formulations tested. This was attributed to the fact that the G’ values for 

Formulation 4 dispersed in water were considerably higher compared to all the 

formulations dispersed in water. It would appear that Formulation 4 produced a 

relatively good viscoelastic gel in water (compared to the other formulations in water), 

however there appeared to be a relatively small interaction with mucin since the relative 

G’ value, which eliminates the effect of the formulation (as well as the mucin effect) 

was significantly lower. Based on the relative G’ values, Formulations 16 and 17 

showed the largest interaction with pig mucin inferring that these two formulations 

could be used as potential mucoadhesive formulations. Formulations 14 and 15 showed 

some interaction with mucin, however the hydration/interaction of these formulations 

could be inhomogeneous as judged by the large standard deviations. Formulation 4 

showed the lowest relative G’ value and therefore the lowest interaction. The 

corresponding tan δ values are a relative measure of the viscoelasticity, the lower tan δ 

indicates a relatively higher entanglement and conversely the higher tan δ indicates a 

relatively low entanglement (due to a relatively larger viscous component) and thus 

supports these observations.

Optimisation and preparation of selected active and placebo formulations.

The optimisation procedure was carried out in order to reduce the time of preparation 

for the formulations from ca. 24 h down to ca. 12 h. Formulations 16 and 17 were 

chosen for optimisation and stability studies.

HPLC Analysis of I3A formulations

Table 25 shows the percentage peak purities for 13A ‘b’ as well as percentage area,of 

isoform ‘a’ and other unassigned peaks (UAP) for Formulations 16 and 17 taken at time 

zero. Also shown as a comparator is the percentage peak purity of a 0.1% w/w 13 A IP A



PCT/GB2006/004739WO 2007/068963

gel sample at time zero. All peaks for the buccal formulations were manually integrated

and compared to the respective placebo formulations.
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Table 25. Percentage peak purities of formulations at time zero.

Formulation % Peak purity I3A ‘b’ % isoform ‘a’ % Total UAP

16 99.6 0.3 0.1

17 99.7 0.3 0.0

0.1% w/w IP A 

gel

99.2 0.5 0.3

Table 26 shows the percentage peak purities for I3A ‘b’ as well as percentage area of 

isoform ‘a’ and other unassigned peaks (UAP) for Formulations 16 and 17 taken at 

approximately two weeks after storage at 2-8°C and 40°C (accelerated stability). Also 

tabulated as a comparator is the percentage peak purity of 0.1% w/w 13 A IP A gel stored 

at 40°C for one week. All peaks for the buccal formulations were manually integrated 

compared to the respective placebo formulations.

Table 26. Percentage chromatographic peak purities of formulations at time 

ca. 1-2 weeks stored at 2-8°C and 40°C.

% Peak purity I3A ‘b’ % isoform ‘a’ % Total UAP

Formulation 2-8°C 40°C 2-8°C 40°C 2-8°C 40°C

16 99.8 99.2 0.2 0.4 0.0 0.4 .

17 99.8 99.3 0.2 0.4 0.0 0.3

*0.1% w/w

IPA gel

ND 98.3 ND 1.6 ND 0.1

*Peak purity after one week; ND - not determined

There appears to be no apparent difference in the percentage peak purity of 13A in any 

of the formulations, at time zero to the initial value on receipt (99.3% I3A ‘b’, report
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PB21001/24). Furthermore, the percentage area of isoform ‘a’ on receipt was 0.40%,

which is similar to the percentage peak area for isoform ‘a’ at time zero (Table 25).

There was no noticeable increase in the percentage of isoform ‘a’ after approximately 1- 

2 week storage of the buccal formulations, at 2-8°C (Table 26), whereas an increase in 

the percentage of isoform ‘a’ was observed for all buccal samples stored at 40°C. 

However, the increase in the percentage of isoform ‘a’ observed for the 0.1% w/w IPA 

gel was higher (1.60%) after 1 week storage at 40°C. Based on the percentage peak 

purities, this preliminary data would appear to indicate that the 13 A buccal formulations 

are at least as stable as the 0.1% 13 A IPA gel and possibly even more stable.

EXAMPLE 6

Poloxamer Formulations

Four poloxamer formulations were investigated.

MATERIALS

Material Supplier

I3A ‘b’

Batch No 0319. Peplin Limited, Australia.

Citric acid monohydrate BP

Lot no. Rill 15
Raught Ltd, UK

Trisodium citrate dihydrate BP Lot

no. R0092143
Raught Ltd, UK

Deionised water Millipore, UK

Poloxamer 407 (Lutrol Fl27)

Lot no. WPTY562B
BASF, Germany

Ethanol (Analar) 99.7-100% w/w Lot

no. L354007
BDH, UK

Polyethyleneglycol 400 (PEG 400)

Lot no. 53820403 312
Merck, Germany
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METHODS

Propylene glycol

Lot no. K32254378 336
Merck, Germany

Acetonitrile (ACN) HPLC Gradient

Grade Lot no 0309807

Fisher Scientific, UK

Trifluoroacetic acid (TFA)

Lot. no. 0263747
Fisher Chemicals, UK

Benzyl alcohol Ph Eur, BP, NF

Batch No. K31593981 301
Merck KGaA, Germany

Choice of excipients

Prior to preformulation studies, several suitable excipients for poloxamer formulations 

were identified, and are listed below, together with maximum recommended 

concentrations.

*Used for control formulation

Excipients Concentration

Propylene glycol 

*PEG 400 

Benzyl alcohol 

Citric acid 

Sodium citrate

75.2 %w/v (IM); 60.0 %v/v (IV)

65.0 %w/v (IV); 18 %v/v (IM)

3.0 %w/v (IV)

1.0%w/v(IM)

2.85% w/v (IM)

Preparation of formulations for rheological studies

Various placebo poloxamer 407 formulations were prepared using the excipients listed 

above in order to evaluate the rheological behaviour.
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Preparation of citrate buffer pH 3

Citric acid monohydrate (Mwt 211g/mole) was prepared in deionised water at a 

concentration of 0.1 M. A solution of tri-sodium citrate dihydrate, 0.1 M, (Mwt 294.1 

g/mole) was also prepared in deionised water. Citrate buffer solution pH 3 was 

prepared by mixing 40% v/v citric acid monohydrate solution (0.1 M), 10% v/v 

trisodium citrate dihydrate solution (0.1 M) and 50% v/v deionised water and the final 

pH was measured using a pH Meter (3320 JENWAY).

Preparation of poloxamer 407 ‘base’ solutions

Preliminary studies indicated that poloxamer 407 solutions at a concentration range 

between 18-20% w/w were suitable, for providing a range of viscosities with varying 

cmt values. The poloxamer solutions were prepared using the cold method reported by 

Schmolka (1972).

Briefly, the required amounts of poloxamer 407 (Table 27) were added either to citrate 

buffer pH 3 or propylene glycol/citrate buffer pH 3 in 100 ml borosilicate glass Duran 

bottles. The propylene glycol/citrate buffer pH 3 was previously prepared by weighing 

the appropriate amount of propylene glycol and citrate buffer pH 3 (Table 27) and 

shaken for 1-2 mins until visually homogeneous. The Duran bottles containing the 

ingredients were capped and placed in an ice/water bath for 4 h with frequent shaking 

every 15 mins, until clear solutions were produced. These solutions were stored at 2- 

8°C until required.

Sterilisation procedure

Since the gels are required for intralesional therapy, sterilisation is important. In order 

to achieve sterilisation, the prepared gels were autoclaved using the BP method, where 

approximately 100 g of each of the gels listed in Table 27 was placed in 100 ml Duran 

bottles and autoclaved for 15 mins at 121°C. After this procedure, the gels were left to 

cool at room temperature, and then stored at 2-8°C until required.
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Preparation of placebo poloxamer formulations for rheological evaluation

Due to the instability of 13 A to heat sterilisation, formulations containing 13 A should be 

prepared by dissolving the I3A in an appropriate solvent followed by aseptic addition 

(i.e. aseptic filtration) to autoclaved ‘base’ poloxamer solutions. The solvent of choice 

was benzyl alcohol. However, for rheological assessment only placebo poloxamer 

formulations were prepared containing benzyl alcohol due to the limited availability of 

I3A.

Preparation of benzyl alcohol/citrate buffer pH 3 solution

The amount of citrate buffer added to benzyl alcohol was 2.5% w/w, which was below 

the solubility of citrate buffer pH 3 in benzyl alcohol. Briefly, approximately 0.5 g of 

citrate buffer pH 3 was added to 19.5 g of benzyl alcohol to give a final percentage of 

citrate buffer of 2.5 %w/w in benzyl alcohol. This solution was then filtered through a 

Millipore filter (0.22 pm MILLEX-GV, MILLIPORE) to mimic the condition of aseptic 

filtration.

Addition of benzyl alcohol/citrate buffer pH 3 solution to poloxamer ‘base’ 

solutions

Placebo formulations (Table 28) were prepared by adding the required amount of 

filtered benzyl alcohol/citrate buffer pH 3 to the sterilised poloxamer ‘base’ solutions 

prepared above. Briefly, approximately 9.90 g (exact weight noted in Table 28) of each 

poloxamer ‘base’ solution was weighed into a 20 ml soda glass vial and this was cooled 

in ice/water to form a liquid (at room temperature these solutions form gels). To the 

cooled poloxamer ‘base’ approximately 0.10 g (exact weight shown in Table 28) of 

filtered benzyl alcohol/citrate buffer pH 3 was added and vortexed for 2 mins until a 

visually clear, homogeneous solution was obtained. These formulations were then 

stored at 2-8°C until required.
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Rheological evaluation

The rheological evaluation was carried out using a Carrimed CSL2 rheometer. 

Approximately 0.4 g of the test sample was placed between the platform and parallel 

plate geometry. Once the sample was compressed between the platform and plate any 

excess sample was carefully removed using a spatula at right angles to the geometry. 

Each sample was tested a total of three times and the resultant viscosities were recorded 

as a function of temperature.

Preparation of active formulations and relative placebos for stability and release 

studies

Following on from the rheological assessment, active (I3A) and placebo poloxamer 

formulations were prepared for stability and release studies. Furthermore, placebo and 

active (0.1% w/w 13A) PEG 400 formulations were also prepared as control 

formulations for release testing.

Preparation of stock I3A in benzyl alcohol/citrate buffer

Approximately 50 mg (target amount) of I3A was accurately weighed into a 7 ml glass 

bijou vial together with 500 mg (target amount) of benzyl alcohol/citrate buffer pH 3. 

This mixture was periodically vortexed for 5 mins until the 13 A had dissolved.

Preparation of active and placebo poloxamer formulations

Placebo formulations were prepared as described above (Table 28). Active (I3A) 

poloxamer formulations containing a target concentration of 0.1% w/w 13A ‘b’ were 

prepared in a similar manner to the placebo formulations except that the extra weight 

due to the addition of 13 A ‘b’ was compensated by a similar reduction in the amount 

poloxamer ‘base’ solution added (Table 29). Briefly, approximately 110 mg (exact 

weight noted) of I3A/benzyl alcohol/citrate buffer pH 3 was added to 9.89 g of the 

cooled, sterilised poloxamer ‘base’ solution and vortexed for ca. 2 mins until a visibly
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clear, homogeneous solution was obtained. The exact weights and target weights are 

shown in Table 29.
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Preparation of PEG400 control formulations

Following a similar procedure, 12.5 mg of 13A was added to 125 mg benzyl alcohol, 

which had been previously filtered through a Millipore filter (0.22 pm MILLEX-GV, 

MILLIPORE). This solution was vortexed for approximately 5 mins until the I3A had 

completely dissolved. To prepare the active control formulations approximately 110 

mg of this mixture was added to a solution of 7.912 g PEG400 and 1.978 g of citrate 

buffer pH 3. The placebos were prepared in a similar manner except that approximately 

7.92 g of PEG400 and 1.98 g of citrate buffer and 100 mg of sterilised benzyl alcohol 

were used. Exact weights and target weights are shown in Table 6 for placebo and 

active PEG 400 formulations, respectively.

Storage conditions for active and placebo poloxamer formulations

Aliquots of each of poloxamer 407 formulation (placebo or active) were dispensed into 

2 ml screw cap amber glass vials (borosilicate glass), sealed and stored at three storage 

conditions namely 2-8°C, 25 ± 2°C and 40 ± 2°C for stability studies.

Stability testing of I3A in the poloxamer formulations

For the purpose of drug product evaluation an extraction method was set up to evaluate 

the degradation of 13A ‘b’ to isoform ‘a’ (chromatographic peak purity). The extraction 

of 13A from the active formulation was as follows (the same procedure was also used 

for the placebo formulation). Briefly, about 0.5 g of the formulation was accurately 

weighed into a 5 ml volumetric flask and made up to the mark with HPLC grade 

acetonitrile/citrate buffer pH 3 (90:10 v/v). The solution was aliquoted into HPLC vials 

and analysed.

Preliminary recovery data (not shown) indicated that ca. 80% or more of I3A ‘b’ was 

recovered from the active formulation and more significantly, there was no interference 

from any of the excipients in the formulation. Formulations were analysed at t=0 and 

accelerated stability studies (40°C) were conducted at t=5 weeks.
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Preliminary 13 A release studies

The release of I3A ‘b’ from the formulations across synthetic membrane was 

investigated using Franz diffusion cells under occluded conditions.

Choice of receiver fluid

The receiver fluid employed to try and maintain sink conditions was 20% v/v 

ethanol/citrate buffer (pH 3.0) and this was incorporated into the Franz cell and stirred 

constantly with a magnetic stirrer. Preliminary stability studies were conducted on I3A 

in 20% v/v ethanol/citrate buffer (pH 3.0) at 37°C over ca. 18 h. The percentage peak 

area increase in isoform ‘a’ after 18 h was found to be 0.26%. For the purpose of the 

Franz cell study this was considered acceptable. The kinetic solubility of 13 A in 20% 

v/v ethanol/citrate buffer (pH 3.0) was determined to be 509.7 ± 3 pg/ml at 25°C.

In Vitro release studies (Franz cell)

Individually calibrated Franz diffusion cells with an average diffusional surface area of 

0.53 cm and an average receptor volume of 1.85 ± 0.02 ml were used to conduct the 

release study. The regenerated cellulose membranes (MWCO 12000-14000) were 

prepared, cut and mounted onto the Franz cells. The membranes were allowed to 

equilibrate with the receiver phase for 30 mins before applying the formulations. An 

infinite dose of 0.5 g of each formulation was applied onto the membrane surface using 

a positive displacement Finnpipette®. One sample reading was investigated (26 h after 

gel application) whereby 200 μΐ of the receiver fluid was carefully withdrawn from the 

arm of the Franz cell. Throughout the experiment, any losses in receiver fluid due to 

evaporation from the Franz cells were replaced to maintain a constant volume. The 

experiment was performed under occluded conditions (the top of the upper donor wells 

covered with Parafilm®), for all formulations (n=3 Franz cells per active formulation 

and n=l Franz cell per placebo formulation). Samples were analysed via HPLC, as 

described in Example 1, and the concentration of 13A ‘b’ released evaluated using a 

series of calibration standards prepared in 80% v/v citrate buffer / 20% v/v ethanol.
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RESULTS

Sterilisation of poloxamer ‘base’ solutions

Immediately after sterilisation of the poloxamer ‘base’ solutions, Polox-01 and Polox- 

02 -without propylene showed phase separation. Once cooled in ice/water these 

solutions became clear, homogeneous phases. However, the ‘base’ solutions containing 

propylene glycol, Polox-pg-01 and Polox-pg-02 showed no phase separation 

immediately after sterilisation, suggesting that the addition of propylene glycol inhibits 

this phenomenon.

Rheological assessment

Rheological studies were carried out on poloxamer placebo formulations and the 

viscosity (Pa.s) was determined as a function of temperature (°C), over the temperature 

range 4-40°C. The cmt value was determined by taking the mid-point of the inflexion. 

For all placebo formulations there was a small increase in viscosity with increase in 

temperature until at a certain point, at the cmt, there was a dramatic increase in viscosity 

with a small increase in temperature. The cmt value was found to be concentration 

dependent, i.e. the lower the poloxamer 407 concentration, the higher the cmt value. 

Furthermore, the addition of propylene glycol to the poloxamer placebo formulations 

further reduced the cmt. However, above the cmt, the viscosities for the same samples 

increased approximately 1.5-2 fold compared to the respective propylene glycol free 

formulations. For example, at 37°C the viscosity of Polox-01-placebo was found to be 

ca. 1.2 Pa.s whereas the respective propylene glycol placebo formulation (Polox-pg-01- 

placebo) was found to be 2.4 Pa.s. Therefore, the addition of propylene glycol would 

appear to increase the viscosity above the cmt value, however the actual cmt value is 

reduced. Table 31 summarises the cmt values and the viscosities at 37°C for all 

formulations.



PCT/GB2006/004739WO 2007/068963

Table 31. Cmt values and viscosities (at 37°C) for all poloxamer placebo
formulations (n=3 ± SEM)

77

Polox-01-

placebo Polox-02- placebo

Polox-pg-01- 

placebo

Polox-pg-02- 

placebo

Cmt/°C 28.5 ± 0.07 21.9 ±0.03 22.7 ±0.00 18.2 ±0.03

Viscosity (Pa.s)

at 37°C

1.2 ±0.08 2.9 ± 0.06 2.4 ±0.01 3.4 ±0.04

Stability studies of I3A in poloxamer formulations

Table 32 shows the percentage peak purities for I3A ‘b’ as well as the percentage area 

of isoform ‘a’ and other unassigned peaks (UAP) for all active poloxamer formulations 

taken at time zero. Also shown as a comparator is the percentage peak purity of a 0.1% 

w/w I3A IPA gel at time zero. All peaks were manually integrated and compared to the 

respective placebo formulations.

Table 32. Percentage peak purities of formulations at time zero.

Table 33 shows the percentage peak purities for 13 A ‘b’ as well as percentage area of 

isoform ‘a’ and other UAP’s for all active formulations taken at five weeks after storage 

at 40°C (accelerated stability). Also tabulated as a comparator is the percentage peak 

purity of 0.1% w/w 13A IPA gel stored at 40°C for four weeks. All peaks were 

manually integrated compared to the respective placebo formulation.

Formulation % Peak purity 13 A ‘b’ % isoform ‘a’ % Total UAP

Polox-01 -active 99.8 0.2 0.0

Polox-02-active 99.8 0.2 0.0

Polox-pg-01 -active 99.8 0.2 0.0

Polox-pg-02-active 99.8 0.2 0.0

0.1% w/w IPA gel 99.2 0.5 0.3
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Table 33. Percentage chromatographic peak purities of formulations at time five
weeks, stored at 40°C.
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* Tested after four weeks storage at 40°C using HPLC method 1

Formulation % Peak purity I3A ‘b’ % isoform ‘a’ % Total UAP

Polox-01-active 95.6 2.6 1.8

Polox-02-active 93.3 2.8 3.9

Polox-pg-01 -active 92.2 2.7 5.1

Polox-pg-02-active 93.3 3.0 3.7

*0.1% w/w IPA gel 94.8 4.7 0.5

There is no apparent difference in the percentage peak purity of 13 A in any of 

poloxamer formulations. At time zero, however, the percentage of isoform ‘a’ is lower 

for these formulations compared to the I3A IPA gel, possibly as a result of the addition 

of a small amount of citrate buffer pH 3 added to benzyl alcohol during the manufacture 

of the formulations.

An increase in the percentage of isoform ‘a’ was observed for all active poloxamer 

formulations after five weeks storage at 40°C. However, the increase in percentage of 

isoform ‘a’ observed for the 0.1% w/w IPA gel was higher (4.7%) after four week 

storage at 40°C. Based on the percentage peak purities, these data would appear to 

indicate that the stability of the 13 A poloxamer formulations are comparable to the 0.1% 

I3A IPA gel.

Preliminary release studies

Figure 9 shows the amount released (pg/cm2) after 26 h, of 13A from 0.1% w/w 

poloxamer gel and PEG 400 formulations. No significant difference in release was 

found (p>0.05) between any of the poloxamer formulations, however, the release from 

all the poloxamer formulations was significantly slower (p<0.05) than the release from 

the PEG400 control formulation. The amount of I3A ‘b’ released averaged for all 

poloxamer formulations was ca. 16 pg/cm2 whereas the amount released from the 

control PEG 400 formulation was ca. 53 pg/cm2; this represents a reduction of ca. 70%
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in the amount of 13A ‘b’ released from all the poloxamer formulations compared to the

control after 26 h.

RESULTS

Four poloxamer formulations were investigated in this study. These poloxamer gels 

gave an increase in viscosity (at 37°C) where the viscosity of polox-01 -placebo < polox- 

pg-01-placebo < polox-02-placebo < polox-pg-02-placebo. Furthermore, the addition of 

propylene glycol would appear to increase the viscosity above the cmt value, however 

the actual cmt value is reduced.

The stability of the poloxamer gels appears to be comparable to the 0.1% 13 A IPA gel 

under accelerated conditions.

Release studies showed that there was no significant difference in release (p>0.05) 

between any of the poloxamer formulations; however, the release from all the 

poloxamer formulations was significantly slower (p<0.05) than the release from the 

PEG 400 control formulation. Furthermore, a reduction of ca. 70% in the amount of 

13A ‘b’ released from all the poloxamer formulations was observed compared to the 

control, after 26 h.

EXAMPLE 7

The in vitro release of 13A ‘b’ from oily-based intralesional formulations compared to 

the PEG 400 control formulation was investigated.

MATERIALS

Material Supplier

I3A ‘b’
Peplin Limited, Australia.

Batch No 0319.

Citric acid monohydrate BP
Raught Ltd, UK

Lot no. Rll 115
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METHODS

Trisodium citrate dihydrate BP

Lot no. R0092143

Deionised water Millipore, UK

Crodamol GTC/C (Medium chain 

triglycerides)

Batch No.GE03907/3270

Croda, Singapore

Ethanol (Analar) 99.7-100% w/w

Lot no. L354007
BDH, UK

Polyethyleneglycol 400 (PEG 400)

Lot no. 53820403 312

Benzyl alcohol Ph Eur, BP, NF

Batch No. K31593981 301

Merck, Germany

Acetonitrile (ACN) HPLC Gradient 

Grade

Lot no 0309807

Trifluoroacetic acid (TFA)

Lot. no. 0263747

Fisher Scientific, UK

Butylated Hydroxy Toluene (BHT)

Lot no. CHASMP115
Jan Dekker International, Netherlands

Preparation of I3A (active) and placebo formulations for release studies

Three oil formulations were prepared with there respective placebos. The amount of 

benzyl alcohol was kept to 1% w/w. The preparation of two formulations involved 

either the addition of an antioxidant prior to heat sterilisation of the oil or addition of 

antioxidant after sterilisation of the oil.
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Preparation of oil formulation (as reported in PB23001/2) ‘Croda-BA’

Sterilisation of fractionated coconut oil

Approximately 100 g of the fractionated coconut oil (CRODAMOL GTC/C) was 

weighed into a 100 ml conical flask (borosilicate glass), stoppered (borosilicate glass 

stopper) and placed inside a pre-heated oven (Gallenkampf Hot box Oven with fan, Size 

2) at 170 ± 2°C for 1 h. After this procedure, the oil was allowed to cool to room 

temperature before use.

Addition of I3A to the sterilised oil

Approximately 15 mg of 13 A was accurately weighed into a 20 ml glass vial and added 

to approximately 150 mg of benzyl alcohol (exact weight noted), which had previously 

been filtered through a 0.22 pm MILLEX-GV filter. This mixture was periodically 

vortexed for approximately 2 h until the I3A had dissolved in the benzyl alcohol. To 

this mixture approximately 14.835 g of the sterilised oil was added and vortexed for 

approximately 5 mins until a homogeneous solution was obtained. The placebo was 

prepared in a similar manner except that approximately 14.85 g of the sterilised oil 

(exact weight noted) was used to compensate for I3A. Exact weights and percentage 

compositions are shown in Table 34 and 35 for active (I3A) and placebo formulations.

Table 34. Target and actual amounts (and % w/w) for the 13A Croda/BA oil 

formulation

Target weight Target % w/w Actual weight *Actual % w/w

13 A (0319) 15 mg 0.10 15.56 mg 0.104

Benzyl alcohol 150 mg 1.0 159.98 mg 1.065

Fractionated 

coconut oil

14.835 g 98.9 14.84625 98.831

Total 15 g 100 15.02179 g 100

*Rounded up to 3 d.p.



PCT/GB2006/004739WO 2007/068963

Table 35. Target and actual amounts (and % w/w) for the placebo Croda/BA oil

formulation
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*Rounded up to 3 d.p.

Target weight Target % w/w Actual weight * Actual % w/w

Benzyl alcohol 150 mg 1.0 149.84 mg 0.999

Fractionated 

coconut oil

14.85 g 99.0 14.85161 g 99.001

Total 15 g 100 15.00145 g 100

Preparation of oil formulation ‘Croda-BA/Antiox’

Long term storage of oils may lead to rancidity, which may degrade the drug product. 

Therefore, an antioxidant may be included in the formulation (after heat sterilisation) in 

order to reduce this effect. Placebo and active formulations containing an antioxidant 

after heat sterilisation of the oil were prepared according to the following methodology.

Preparation of antioxidant/benzyl alcohol mixture

Approximately 60 mg of antioxidant (BHT) was dissolved in 2 g of benzyl alcohol and 

filtered through a 0.22 pm MILLEX-GV filter.

Addition of 13 A to the sterilised oil

Approximately 15 mg of 13A (Batch 0319) was accurately weighed into a 20 ml glass 

vial and added to approximately 154.5 mg of BHT/benzyl alcohol prepared as above. 

This mixture was periodically vortexed for approximately 2 h until the 13 A had 

dissolved in the benzyl alcohol. To this mixture approximately 14.8305 g of the cooled 

sterilised oil was added and vortexed for approximately 5 mins until a homogeneous 

solution was obtained. The placebo was prepared in a similar manner except that 

approximately 14.8455 g of the sterilised oil (exact weight noted) was used to
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compensate for I3A. Exact weights and percentage compositions are shown in Table 36

and 37 for active (I3A) and placebo formulations.
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Table 36. Target and actual amounts (and % w/w) for the I3A Croda-BA/Antiox 

oil formulation

Target weight Target % w/w Actual weight *Actual % w/w

13 A (0319) 15 mg 0.10 15.14 mg 0.101

Benzyl alcohol 150 mg 1.0 158.27 mg 1.055

BHT 4.5 mg 0.03 4.55 mg 0.030

Fractionated 

coconut oil

14.8305 g 98.87 14.83014 g 98.814

Total 15 g 100 15.0081 g 100

* Rounded up to 3 d.p.

Table 37. Target and actual amounts (and % w/w) for the placebo Croda-

BA/Antiox oil formulation

Target weight Target % w/w Actual weight * Actual % w/w

Benzyl alcohol 150 mg 1.0 150.56 mg 1.004

BHT 4.5 mg 0.03 4.55 mg 0.030

Fractionated 

coconut oil

14.8455 g 98.97 14.84591 g 98.966

Total 15 g 100 15.00102 g 100

* Rounded up to 3 d.p.

Preparation of oil formulation ‘Croda/Antiox-BA’

Dry heat sterilisation of oils may also lead to rancidity, which may degrade the drug 

product. Therefore, an antioxidant may be included in the formulation in order to 

reduce this effect prior to heat sterilisation. Placebo and active formulations containing 

an antioxidant prior heat sterilisation of the oil were prepared according to the following 

methodology.
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Sterilisation of antioxidant/oil mixture

Approximately 15 mg of antioxidant (BHT) was dissolved in approximately 50 g of oil 

in a 100 ml conical flask (borosilicate glass), stoppered (borosilicate glass stopper) and 

placed inside a pre-heated oven (Gallenkampf Hot box Oven with fan, Size 2) at 170 ± 

2°C for 1 h. After this procedure, the antioxidant/oil was allowed to cool to room 

temperature before use.

Addition of I3A to the sterilised oil

Approximately 15 mg of 13A (Batch 0319) was accurately weighed into a 20 ml glass 

vial and added to approximately 150 mg of benzyl alcohol, which had previously been 

filtered through a 0.22 pm MILLEX-GV filter. This mixture was periodically vortexed 

for approximately 2 h until the 13 A had dissolved in the benzyl alcohol. To this mixture 

approximately 14.835 g of the cooled sterilised antioxidant/oil mixture was added and 

vortexed for approximately 5 mins until a homogeneous solution was obtained. The 

placebo was prepared in a similar manner except that approximately 14.8455 g of the 

sterilised oil (exact weight noted) was used to compensate for I3A. Exact weights and 

percentage compositions are shown in Tables 38 and 39 for active (I3A) and placebo 

formulations.

Table 38. Target and actual amounts (and % w/w) for the I3A Croda/Antiox-BA 

oil formulation

Target weight Target % w/w Actual weight * Actual % w/w

13 A (0319) 15 mg 0.10 15.09 mg 0.100

Benzyl alcohol 150 mg 1.0 146.92 mg 0.979

BHT 4.5 mg 0.03 4.42 mg 0.030

Fractionated 

coconut oil

14.8305 g 98.87 14.83568 g 98.891

Total 15 g 100 15.00211 g 100

*Rounded up to 3 d.p.
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* Rounded up to 3 d.p.

Target weight Target % w/w Actual weight * Actual % w/w

Benzyl alcohol 150 mg 1.0 153.9 mg 1.025

BHT 4.5 mg 0.03 4.67 mg 0.031

Fractionated 

coconut oil

14.8455 g 98.97 14.85901 g 98.944

Total 15 g 100 15.01758 g 100

Aliquots of all the formulations were stored for preliminary release studies and the 

remainder were aliquoted into 2 ml amber borosilicate glass vials, capped and stored at 

2-8°C and 25°C for stability studies.

Preliminary I3A release studies

The release of I3A ‘b’ from the formulations across synthetic membrane was 

investigated using Franz diffusion cells under occluded conditions.

Choice of receiver fluid

The receiver fluid employed to try and maintain sink conditions was 20% v/v 

ethanol/citrate buffer (pH 3.0) and this was incorporated into the Franz cell and stirred 

constantly with a magnetic stirrer. Preliminary stability studies were conducted on I3A 

in 20% v/v ethanol/citrate buffer (pH 3.0) at 37°C over ca. 18 h. The percentage peak 

area increase in isoform ‘a’ after 18 h was found to be 0.26%. For the purpose of the 

Franz cell study this was considered acceptable. The kinetic solubility of 13A in 20% 

v/v ethanol/citrate buffer (pH 3.0) was determined to be 509.7 ± 3 pg/ml at 25°C.
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In Vitro release studies (Franz cell)

Individually calibrated Franz diffusion cells with an average diffusional surface area of 

0.53 cm and an average receptor volume of 1.85 ± 0.02 ml were used to conduct the 

release study. The regenerated cellulose membranes (MWCO 12000-14000) were 

prepared, cut and mounted onto the Franz cells. The membranes were allowed to 

equilibrate with the receiver phase for 30 mins before applying the formulations. An 

infinite dose of 0.5 g of each formulation was applied onto the membrane surface using 

a positive displacement Finnpipette®. One sample reading was investigated (26 h after 

gel application) whereby 200 μΐ of the receiver fluid was carefully withdrawn from the 

arm of the Franz cell. Throughout the experiment, any losses in receiver fluid due to 

evaporation from the Franz cells were replaced to maintain a constant volume. The 

experiment was performed under occluded conditions (the top of the upper donor wells 

covered with Parafilm®), for all formulations (n=3 Franz cells per active formulation 

and n=l Franz cell per placebo formulation). Samples were analysed via HPLC and the 

concentration of I3A ‘b’ released evaluated using a series of calibration standards 

prepared in 80% v/v citrate buffer / 20% v/v ethanol.

HPLC method

The HPLC method previously described in Example 1 was used for the determination of 

I3A.

Results

Preliminary release studies

Figure 10 shows the amount of 13A ‘b’ released (pg/cm2) after 26 h, from 0.1% w/w oil 

and PEG 400 formulations. No significant difference in release was found (p>0.05) 

between any of the oil formulations. However, the release of I3A ‘b’ from all the oil 

formulations was significantly less (p<0.05) than the release from the PEG 400 control 

formulation. The amount of 13A ‘b’ released from all oil formulations was ca. 3.4 

pg/cm2 however, the amount released from the control PEG 400 formulation was ca. 16
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fold greater (53 pg/cm2). Furthermore, it would appear that the addition of BHT

(antioxidant) did not significantly affect the release of 13 A ‘b’ from the oil formulations.

EXAMPLE 8

Stability of IPA Gel Formulations

The stability (T=12 months) of 13 A ‘b’ in IPA gel formulations prepared using different 

pH citrate buffers was determined. The pH range was from 2.5 to 4.0.

MATERIALS

METHODS

Materials Supplier

Acetonitrile (HPLC grade)

Batch no. 0444972
Fisher Chemicals, UK

Citric Acid· Monohydrate (USP grade)

Batch no. K9129642
Merck, Germany

Deionised water (MilliQ) Millipore, UK

13 Ab (ingenol angelate)

Batch no. PEP 0401

Supplied by Peplin Limited,

Australia

Tri-Sodium Citrate Dihydrate (USP grade)

Batch no. K9125363
Merck, Germany

Trifluoroacetic Acid (HPLC grade)

Batch no. 0434753
Fisher Scientific, UK

HPLC Instrumentation and Methodology

Sample solutions were analysed for percentage peak purity by HPLC. The 

chromatographic conditions for the HPLC Method 2 are detailed below:
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Instrumentation:

Waters Alliance 2695 Separations Module plus Autosampler (SN:

L96SM4656N)

Waters 996 PDA detector (SN: MX7AM7987M)

Millennium32 Software, Version 4.00

Chromatographic conditions:

Column: Symmetry Cis - 5 pm (Waters)

(SN: T70641T 12)

Column length: 150x3.90 mm .. .

Column temperature: 30°C ± 2°C

Guard column: Symmetry Cis - 5 pm (Waters)

(PN: WAT054225)

Guard column length: 20 x 3.90 mm

Mobile phase: 0.02% v/v TFA in Water (A); 0.02% v/v TFA in

Acetonitrile (B) A:B, 50:50 (starting composition)

Flow rate: 1.0 ml/min

Autosampler temperature: 8°C ± 2°C

UV wavelength: 230 nm

Injection volume: 10 pl

Run time: 20 mins

Gradients

Step Time Flow %A %B Curve

1 1.00 50.0 50.0

2 2.00 1.00 50.0 50.0 6

3 5.00 1.00 40.0 60.0 6

4 12.00 1.00 20.0 80.0 6

5 16.00 1.00 20.0 80.0 6

6 16.50 1.00 50.0 50.0 6

7 20.00 1.00 50.0 50.0 6
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Extraction of 13Ab from the IPA gel formulations

I3Ab was extracted from each of the IPA gel formulations as follows; approximately 

0.5 g of each active or placebo gel formulation was accurately weighed into an A-grade 

5 ml volumetric flask. This was performed in triplicate for each formulation. Citrate 

buffer (pH=3.0, 0.5 ml) was then added to each gel sample and vortex mixed at 

maximum speed for 1 min and then transferred to an orbital shaker and shaken at 400 

rpm for 30 mins. HPLC grade acetonitrile was added, up to volume, to each of the 

volumetric flasks and vortex mixed again at maximum speed for 1 min. Finally, the 

volumetric flasks were transferred to an orbital shaker and shaken at 400 rpm for 60 

mins. Aliquots were then transferred to HPLC vials for analysis.

Measurement of apparent pH of placebo gels

The apparent pH of the placebo gels was measured using a Jenway 3320 pH meter with 

a combination pH electrode. Briefly, approximately 0.5 g of each gel was transferred to 

25 ml glass vials and allowed to stand at room temperature for at least 1 h. The 

combination pH electrode was placed into the IPA gel ensuring all of the membrane of 

the electrode was covered with gel. The reading on the pH meter was allowed to settle 

for a minimum of 1 min and the apparent pH of the gel recorded.

RESULTS

Measurement of the apparent pH of placebo gels at T=12mths

The apparent pH of the placebo IPA gels at T=0 and T=12 months after storage at 2-8°C 

is shown in Table 40.
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Table 40 Apparent pH of the placebo IPA gels at T=0 and T=12 months

pH Citrate Buffer (±0.05)

Apparent pH of

Placebo Gel T=0

(n=l)

Apparent pH of Placebo

Gel T=12

months (n=l)

2.50 3.07 2.97

2.75 3.34 3.19

3.00 3.62 3.57

3.50 4.22 4.23

4.00 4.74 4.75

The data in Table 40 show that there was no significant change in apparent pH, after 12 

months storage at 2-8°C, for the placebo IPA gels prepared with pH 3.00, 3.50 and 4.00 

citrate buffers. However, for the placebo IPA gels prepared with pH 2.50 and 2.75 

citrate buffers there was a slight reduction in pH observed after 12 months storage at 2- 

8°C. The reduction in pH observed for these gels may be attributable to the evaporation 

of IPA from the gel either during storage or during sample analysis.

Percentage peak purity of I3A isomers in active IPA gels at T=12 months

Table 41 shows the percentage peak purity of 13 A isomers for the different active (0.1% 

w/w) IPA gel formulations after storage for 12 months at 2-8°C and Table 42 shows the 

comparison of percentage peak purity of 13 Aa at T=0 and T=12 months.
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Data analysed using HPLC Method 2

pH of Citrate Buffer

(± 0.05)

Apparent pH 

of Placebo 

Gel (T=12

months)

Percentage Peak Purity (mean ±SD, n=3)

Percentage 

peak purity of 

isoform a

Percentage 

peak purity of 

13 Ab

Percentage 

peak purity of 

other UAPs

2.50 2.97 0.64 ± 0.22 99.12 ±0.40 0.24 ± 0.20

2.75 3.19 1.07 ±0.16 98.32 ±0.61 0.31 ±0.17

3.00 3.57 1.26 ±0.24 98.66 ±0.31 0.08 ±0.12

3.50 4.23 2.09 ±0.17 97.74 ± 0.27 0.17 ± 0.11

4.00 4.75 4.92 ± 0.05 94.84 ± 0.07 0.24 ± 0.04

The data in Table 41 show that, after 12 months storage at 2-8°C, there is an increase in 

percentage peak purity of isoform a with increasing apparent pH of the respective 

placebo gel formulation. For example, an IPA gel produced with pH 2.75 citrate buffer 

has a percentage peak purity of isoform a of 1.07% compared to an IPA gel formulation 

prepared with pH 4.00 citrate buffer which has a percentage peak purity of isoform a of 

4.92%. These data highlight the increased stability of I3A b in IPA gel formulations 

prepared with lower pH citrate buffers.
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Table 42. Comparison of percentage peak purity of I3Aa at T=0 and T=12 months

pH of Citrate

Buffer (± 0.05)

Apparent pH 

of Placebo 

Gel (T=12

months)

Percentage Peak Purity (mean ±SD, n=3)

Percentage peak purity

of isoform a T=0

Percentage peak purity 

of 13 Aa T=12 months

2.50 2.97 0.44 ± 0.03 0.64 ± 0.22

2.75 3.19 0.24 ± 0.06 1.07 ±0.16

3.00 3.57 0.52 ±0.01 1.26 ±0.24

3.50 4.23 0.47 ± 0.02 2.09 ±0.17

4.00 4.75 0.44 ± 0.03 4.92 ± 0.05

T=0 data analysed by HPLC Methoc 1 and T=12 months data analysed by HPLC

Method 2

The data in Table 42 show that there is an increase in percentage peak purity of isoform 

a in all of the active IPA gel formulations after 12 months storage at 2-8°C. However, 

the IPA gel formulation prepared with pH 2.50 citrate buffer showed only a slight 

increase in percentage peak purity of isoform a (0.22%) compared to, for example, the 

IPA gel formulation prepared with pH 4.00 citrate buffer which showed the largest 

increase in percentage peak purity of isoform a (4.48%). Again, these results highlight 

the increased stability of 13 A b in IPA gel formulations prepared with lower pH citrate 

buffers. As such, the IPA gel formulation prepared with the lowest pH citrate buffer 

appears to remain within specification (<1% isoform a) for 12 months at 2-8°C.

Thus, after 12 months storage at 2-8°C, the IPA gel formulations that provided the better 

stability for 13 Ab were those that were prepared with lower pH citrate buffers (pH=2.5- 

3.0).
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EXAMPLE 9

Stability of I3A ‘b’ in Gel Premix Solutions of Varying pH and Temperature

Methods

Preparation of Gel Premix Solutions

The gel premix solutions were prepared according to the following procedure:

1. Weigh the citrate buffer directly into a clean dry Duran bottle.

2. Weigh the IPA directly into the Duran bottle from Step 1.

3. Weigh the correct amount of 13 A ‘b’ into a clean dry sample bottle.

4. Weigh the correct amount of benzyl alcohol into the sample bottle from Step 3.

5. Place the sample bottle from Step 4 on an orbital shaker and shake at 400 rpm 

until all of the I3A ‘b’ has dissolved.

6. Add the 13 A ‘b’/benzyl alcohol solution from Step 5 to the Duran bottle from 

Step 2.

7. Still the mixture until a homogeneous solution is obtained.

The compositions of the gel premix solutions to be prepared and placed on stability are:

Table 43 Gel premix solution 1

Component Concentration w/w
Amount to be Weighed

(g)

Citrate Buffer pH 2.75 69.0 13.80

Isopropyl Alcohol 30.0 6.00

Benzyl Alcohol 0.9 0.18

I3A ‘b’ 0.1 0.02
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Component Concentration w/w
Amount to be Weighed

(g)

Citrate Buffer pH 3.00 69.0 13.80

Isopropyl Alcohol 30.0 6.00

Benzyl Alcohol 0.9 0.18

I3A ‘b’ 0.1 0.02

Table 45 Gel premix solution 3

Component Concentration w/w
Amount to be Weighed

(g)

Citrate Buffer pH 3.50 69.0 13.80

Isopropyl Alcohol 30.0 6.00

Benzyl Alcohol 0.9 0.18

I3A ‘b’ 0.1 0.02

Table 46 Gel premix solution 4

Component Concentration w/w
Amount to be Weighed

(g)

Citrate Buffer pH 4.00 69.0 13.80

Isopropyl Alcohol 30.0 6.00

Benzyl Alcohol 0.9 0.18

I3A ‘b’ 0.1 0.02
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Component Concentration w/w
Amount to be Weighed

(g)

Citrate Buffer pH 2.75 69.09 69.09

Isopropyl Alcohol 30.00 30.00

Benzyl Alcohol 0.90 0.90

I3A ‘b’ 0.01 0.01

Table 48 Gel premix solution 6

Component Concentration w/w
Amount to be Weighed

(g)

Citrate Buffer pH 3.00 69.09 69.09

Isopropyl Alcohol 30.00 30.00

Benzyl Alcohol 0.90 0.90

I3A ‘b’ 0.01 0.01

Table 49 Gel premix solution 7

Component Concentration w/w
Amount to be Weighed

(g)

Citrate Buffer pH 3.50 69.09 69.09

Isopropyl Alcohol 30.00 30.00

Benzyl Alcohol 0.90 0.90

I3A ‘b’ 0.01 0.01
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Component Concentration w/w
Amount to be Weighed

(g)

Citrate Buffer pH 4.00 69.09 69.09

Isopropyl Alcohol 30.00 30.00

Benzyl Alcohol 0.90 0.90

I3A ‘b’ 0.01 0.01

Stability Testing of Gel Premix Formulations

The gel premix solutions prepared above were placed on stability at 2-8, 25 and 40°C 

and were tested at time points T=0 and 2 weeks. At each time point the premix 

solutions were assessed for 13 A ‘b’ content according the procedure detailed below.

1.1.3 Stability Testing of Gel Premix Formulations

The gel premix solutions prepared were placed on stability at 2-8, 25 and 40°C and 

were tested at time points T=0 and 2 weeks. At each time point the premix solutions 

were assessed for 13 A ‘b’ content by calculating the percentage HPLC peak area of 13 A 

‘b’ relative to the peak areas of the 13 A ‘b’ related substances isoform ‘a’ and isoform 

‘c’ as described below.

HPLC Instrumentation and Methodology

All samples to be analysed for I3A ‘b’ were analysed using HPLC Method 2. The 

instrumentation and chromatographic conditions for HPLC Method 2 are as follows:

Instrumentation:

Waters Alliance 2695 Separations Module plus Autosampler

Waters 996 PDA detector

Empower Software, version 2.00

Chromatographic conditions:

Column: Symmetry Cis - 5 pm (Waters)

Column length: 150 x 3.90 mm



PCT/GB2006/004739WO 2007/068963
97

WAT054225)

Column temperature: 30 °C ±2 °C

Guard column: Symmetry Cig - 5 μιη (Waters) (PN:

Guard column length: 20 x 3.90 mm

Mobile phase: 0.02%v/v TFA in Water (A); 0.02%v/v TFA in

Acetonitrile (B) A:B, 50:50 (starting composition) 

(Gradient, see Table 51 below)

Flow rate: 1.0 ml/min

Autosampler temperature: 8 °C+ 2 °C

UV wavelength: 230 nm

Injection volume:

Run time:

10/40 μΐ

20 mins

Table 51 Gradient Table for HPLC Method 2

Step Time Flow %A %B Curve

1 1.00 50.0 50.0

2 2.00 1.00 50.0 50.0 6

3 5.00 1.00 40.0 60.0 6

4 12.00 1.00 20.0 80.0 6

5 16.00 1.00 20.0 80.0 6

6 16.50 1.00 50.0 50.0 6

7 20.00. 1.00 50.0 50.0 6

Stability data for 13A ‘b ’ in gel premix solutions pH range 2.75 to 4.00 at 2-8, 25 and 
40 °C (mean, n=3)

Gel 
Premix

#

Storage 
Temperature 
' (°O

Time 
(weeks)

% Peak 
Purity of I3A 
‘b’ Relative to

I3A ‘b’, 
isoform ‘a’ 
and isoform 

‘c’

% Peak Purity 
of isoform ‘a’ 

Relative to I3A 
‘b’, isoform ‘c’ 

and isoform 
‘a’

% Peak Purity 
of isoform ‘c’ 

Relative to 
isoform ‘a’, 
isoform ‘c’ 
and I3A ‘b’

1 N/A 0 98.98 1.02 0.00

2 N/A 0 98.96 1.04 0.00
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3 N/A 0 98.97 1.03 0.00

4 N/A 0 98.91 1.09 0.00

5 N/A 0 99.09 0.91 0.00

6 N/A 0 98.99 1.01 0.00

7 N/A 0 98.99 1.01 0.00

8 N/A 0 99.00 1.00 0.00

1 2-8 2 98.77 1.23 0.00

2 2-8 2 98.65 1.35 0.00

3 2-8 2 98.61 1.39 0.00

4 . 2-8 2 98.50 1.50 0.00

5 2-8 2 98.80 1.20 0.00

6 2-8 2 98.57 1.43 0.00

7 2-8 2 98.44 1.56 0.00

8 2-8 2 98.03 1.97 0.00

1 25 2 98.69 1.31 0.00

2 25 2 98.51 1.49 0.00

3 25 2 98.19 1.81 0.00

4 25 2 97.42 2.58 0.00

5 25 2 98.78 1.22 0.00

6 25 2 98.55 1.45 0.00

7 25 2 98.39 1.61 0.00

8 25 2 97.71 2.29 0.00

1 40 2 97.77 2.23 0.00

2 40 2 96.99 3.01 0.00

3 40 2 96.48 3.52 0.00
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4 40 2 96.02 3.98 0.00

5 40 2 98.09 1.91 0.00

6 40 2 97.93 2.07 0.00

7 40 2 97.23 2.77 0.00

8 40 2 96.43 3.57 0.00

Conclusions:

Storage of all gel premix solutions at 2-8 °C provides the best stability for I3A 'b', 

based on the higher percentage peak HPLC purity obtained for I3A 'b' compared to the 

storage of the gel premix solutions at 25 and 40 °C.

The two gel premix solutions that provided the best stability for I3A 'b1, based on 

percentage HPLC peak purity, were numbers 1 and 5. These premix solutions contained 

the citrate buffer at the lowest pH used in the study (pH=2.75).

The two gel premix solutions that provided the least stability for 13A 'b', based on 

percentage HPLC peak purity, were numbers 4 and 8. These premix solutions contain the 

citrate buffer at the highest pH used in the study (pH=4.00).

Lowering the temperature and the citrate buffer pH in the gel premix solutions 

provided the best stability for I3A 'b' where the percentage HPLC peak purity of I3A 'b' 

was used as an indicator of stability in this study.

Throughout this specification and the claims which follow, unless the context 

requires otherwise, the word "comprise", and variations such as "comprises" and 

"comprising", will be understood to imply the inclusion of a stated integer or step or group 

of integers or steps but not the exclusion of any other integer or step or group of integers or 

steps.

The reference in this specification to any prior publication (or information derived 

from it), or to any matter which is known, is not, and should not be taken as an 

acknowledgment or admission or any form of suggestion that that prior publication (or 

information derived from it) or known matter forms part of the common general 

knowledge in the field of endeavour to which this specification relates.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A formulation of ingenol angelate for use in therapy, wherein the ingenol angelate 

has been dissolved in a pharmaceutically acceptable, aprotic solvent, said formulation 

further comprising a pharmaceutically acceptable acidifying agent which is at least 

partially compatible with the solvent and which provides the formulation with an apparent 

pH of no greater than 4.5.

2. A formulation according to claim 1, wherein the acidifying agent has been added 

subsequent to preparation of a solution of ingenol angelate in the aprotic solvent.

3. A formulation according to claim 1 or 2, wherein the ingenol angelate is ingenol 3- 

angelate.

4. A formulation according to any preceding claim, wherein the ingenol angelate 

present in the formulation is at least 99% ingenol 3-angelate.

5. A formulation according to claim 4, wherein the amount of ingenol 3-angelate is at 

least 99.5%.

6. A formulation according to any preceding claim, wherein the aprotic solvent is 

selected from the group consisting of polyethylene glycol, methyl ethyl ketone, ethyl 

acetate, diethyl ether, benzyl alcohol, and mixtures thereof.

7. A formulation according to claim 6, wherein the aprotic solvent consists essentially 

of benzyl alcohol.

8. A formulation according to any preceding claim, wherein the acidifying agent is an 

acid.

9. A formulation according to claim 8, wherein the acidifying agent is an organic acid.
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10. A formulation according to any preceding claim, wherein the acidifying agent is an 

acid buffer.

11. A formulation according to claim 10, wherein the buffer is selected from the group 

consisting of a citrate buffer, phosphate buffer, acetate buffer, and citrate- phosphate 

buffer.

12. A formulation according to claim 10, wherein the buffer is citrate buffer.

13. A formulation according to any of claims 10 to 12, wherein the pH of the buffer, 

prior to addition to the formulation, is between pH 2.5 and pH 4, inclusive.

14. A formulation according to claim 13, wherein the pH of the buffer is between pH 

2.7 and pH 3.5, inclusive.

15. A formulation according to claim 14, wherein the pH of the buffer is between pH 

2.7 and pH 3.0 inclusive.

16. A formulation according to any preceding claim having an apparent pH of no less 

than 2.5.

17. A formulation according to any preceding claim, having an apparent pH of between 

pH 3 and pH 4.

18. A formulation according to claim 17, having an apparent pH of 3.5.

19. A formulation according to any preceding claim, consisting of ingenol angelate, 

benzyl alcohol and pH 2.5 citrate buffer, wherein the buffer is present in an amount of 

between 1 and 10% w/w of the formulation.
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20. A formulation according to any preceding claim, further comprising an antioxidant.

21. A formulation according to claim 21, wherein the antioxidant is selected from the 

group consisting of retinol, ascorbic acid, lycopene, tocopherol, butylated hydroxytoluene, 

and mixtures thereof.

22. A formulation according to any preceding claim, wherein the solvent and 

acidifying agent are capable of forming a single phase.

23. A formulation according to any preceding claim, further comprising a preservative 

selected from: a paraben, benzoic acid, benzyl alcohol, and mixtures thereof.

24. A formulation according to any preceding claim, further comprising a penetration 

enhancer.

25. A formulation according to claim 24, wherein said penetration enhancer is selected 

from the group consisting of isopropyl alcohol, a sulphoxide, an azone, a pyrrolidone, an 

alkanol, a glycol, a fatty acid, water, a surfactant, a terpene, a phospholipid, and mixtures 

thereof.

26. A formulation according to any preceding claim, further comprising a 

mucoadhesive.

27. A formulation according to any preceding claim, in the form of a preparation 

suitable for topical administration.

28. A preparation according to claim 27, comprising a majority of an acidic buffer by 

weight.

29. A preparation according to claim 27 or 28, further comprising a gellant.
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30. A preparation according to any of claims 27 to 29, in the form of a gel, cream, 

ointment or paint.

31. A preparation according to any preceding claim, wherein the ingenol angelate is at 

least 99% ingenol 3-angelate and wherein no more than 1% rearrangement to the 'a' 

isoform takes place after 3 months.

32. A preparation according to any preceding claim, wherein the ingenol angelate is at 

least 99% ingenol 3-angelate and wherein no more than 0.5% rearrangement to the 'a' 

isoform takes place after 3 months.

33. The use of a formulation according to any preceding claim in the treatment of a 

skin cancer.

34. Use of ingenol angelate in the manufacture of a medicament for the treatment or 

prevention of a skin cancer, wherein the ingenol angelate is dissolved in a 

pharmaceutically acceptable, aprotic solvent, said formulation further comprising a 

pharmaceutically acceptable acidifying agent which is at least partially compatible with the 

solvent and which provides the formulation with an apparent pH of no greater than 4.5.

35. Use according to claim 33 or 34, wherein the formulation is as defined in any of 

claims 1 to 30.

36. Use according to any of claims 33 to 35, wherein the skin cancer is a squamous or 

basal cell cancer.

37. A method of treating a subject suffering from a cancerous skin condition, 

comprising the topical application of a therapeutically effective amount of a formulation 

according to any one of claims 1 to 32 to the area of the cancerous condition.
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38. A process for preparing a formulation of ingenol angelate, comprising dissolving 

the ingenol angelate in a pharmaceutically acceptable, aprotic solvent, said process 

comprising the addition of a pharmaceutically acceptable acidifying agent which is at least 

partially compatible with the solvent and which provides the formulation with an apparent 

pH of no greater than 4.5, said acidifying agent being added with, before, or after the 

ingenol angelate.

39. A process according to claim 36, wherein the formulation is as defined in any of 

claims 2 to 32.

40. A process according to claim 38 or 39, wherein the ingenol angelate is substantially 

ingenol 3-angelate, and the addition of acidifying agent and conditions are so selected as to 

prevent more than 1% of the ingenol 3-angelate rearranging into the 'a' isoform.

41. A process according to any of claims 38 to 40, wherein the ingenol angelate is 

substantially ingenol 3-angelate, and the addition of acidifying agent and conditions are so 

selected as to prevent more than 0.5% of the ingenol 3-angelate rearranging into the 'a' 

iso form.

42. A process according to any of claims 38 to 41, wherein the acidifying agent confers 

an apparent pH of between pH 3 and pH 3.5 on the formulation.

43. A process according to any of claims 38 to 42, wherein the acidifying agent is 

added in an amount of between 1 and 10% w/w of the formulation.

44. A process according to any of claims 38 to 43, wherein the formulation is made up 

with only the components defined, prior to addition of any further desired components.

45. A process according to claim 44 wherein a further desired component is an excess 

of acidic buffer.
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46. A process according to claim 44 or 45, wherein a further desired component is 

polyethylene glycol.

47. A process according to any of claims 44 to 46, wherein a further desired component 

is a gellant.

48. A process according to any of claims 46 to 47, wherein the formulation is 

subsequently stored at a temperature of between freezing and 8°C.

49. A formulation according to claim 1 substantially as hereinbefore described with 

reference to the Examples.



WO 2007/068963 PCT/GB2006/004739
1/6

Figure 1.

a stored at 2-8degC
■ stored at RTP
□ stored at 40degC

Figure 2.
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Figure 3.

□ stored at 2-8degC
■ stored at RTP
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Figure 4.
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Figure 5.
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Figure 6.
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Figure 8.
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Figure 9.

Figure 10.


