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Summary

The presence of opioid receptarsin pathologically changed skin and mucosa jusifie
application of preparations with morphine salt®lbain topical analgesic activity. Numerous
factors associated with the vehicle and therapegént physiochemical properties affect the
capability and rate of penetration of a therapesuilestance in the form of a drug into dermis.
Promotors of transcutaneous absorption, which wedke integrity of epidermal corneal
layer and thus, increase therapeutic substancdrpgoe play more and more important role.
In this study non-ionic macromolecular surfacewecttompounds from Rokacets group were
suggested as potential promotors of transdermabrptien for morphine sulphate and
hydrochloride.

The aim of the study was to work out prescriptiammposition of ointment with
morphine salts of optimal rheological and morphalagparameters and high pharmaceutical
availability of the therapeutic agent (morphinephate, hydrochloride).

Three model emulsive ointment vehicles were praepamed selected promoters of
transdermal absorption were introduced into them. tke basis of the formed vehicles
ointments were made with morphine sulphate anddgydoride. The obtained vehicles and
ointment preparations were subjected to rheolodgiesis. Spreadness was determined by
extensometric method and viscosity with digital eqhate rheometer. Morphological
parameters of the vehicles and ointments, suchpHsand pharmacopeal density were
estimated. Carrying out direct diffusion from theface of the preparation to acceptor fluid
(to water), the amount of the released therapeufostance in time function was determined
by spectrophotometric method.

The performed tests demonstrated that the inveéstigeehicles and ointments are non-

Newtonian systems, viscoelastic and highly thixoizoThe kind of morphine salt affects the



spreadness and viscosity of model ointments. Paépas with morphine hydrochloride have
higher spreadness than viscosity and more alkpkhe

From among the investigated non-ionic surface acttwmpounds Rokacet R-40
appeared to be the most beneficial promotor osttarmal absorption for both pharmacopeal
morphine salts. Pharmaceutical availability of nione sulphate and hydrochloride is the

highest from ointments with its content in the wédiprescription.
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INTRODUCTION

Detection of opioid receptors in skin and mucosadenpossible to battle against
neurogenic pain by topical application of morphim¢he form of an ointment, gel, cream and
the like [1, 2]. Analgesic activity of morphine ioplly applied on pathologically changed
skin appears after its penetration to dermis, b®zau this part nerve endings are found and
opioid receptorsu become active by which pain stimuli conductionctrebral cortex is
blocked.

Many factors affect the capability and rate of #peutic substance (including
morphine) penetration into dermis [3]. One of thesmimportant is distribution coefficient
octanol - water(P) strictly correlating with distribution coeffent epidermal corneal layer —
vehicle (Ky). It enables to determine the therapeutic substaffiity to skin [4]. Very low
morphine coefficient P (P=1,48 [5]) proves hydrdighcharacter of the molecule and faint
absorption by normal skin. However, after applmatiof morphine preparation on
pathological skin with pathologically changed onaged epidermis, the absorption may be
highly effective. It depends to a large degreetanwtehicle prescription composition and on
the applied promotors of transdermal absorption [6]

In this experiment, model ointments with morphia#tsswere produced on absorptive
vehicles the base of which was eucerine. Owingtoinnic emulsifiers of the type w/o being
in the composition of eucerine (cetyl acohol, ckt#eol), there comes to the seal of morphine
salt aqueous solution in the internal phase of simlduring ointment production. This
phenomenon should contribute to regular and pra@dmyocess of therapeutic agent diffusion
from the surface of the preparation to dermis. Adow to Polish Pharmacopoeia VI



requirements, wound ointments must be aseptic, thatvhy a significant argument
confirming the rightness of selection of this typlea vehicle is the possibility of thermal
sterilization of all its components. Non-ionic mamolecular surface active compounds from
Rokacets group were suggested as potential promatotransdermal absorption for the
selected therapeutic agents (morphine sulphate dmngirochloride). Rokacets
(polyoxyethylene esters) are formed as the redutixgethylation of fatty acids, essential
fatty-acid glycerides or some pharmacopeal waxds They belong to biodegradable
compounds, practically non-toxic, devoid of own pheological activity, not irritating skin
and mucosa, not inducing allergic reactions [8,,11, 12, 13].

The aim of the study was to determine the effecdedécted promotors of transdermal
absorption on rheological (spreadness, viscosityy anorphological (pH, pharmacopeal
density) parameters of model vehicles and ointnmeparations and on pharmaceutical
availability of pharmacopeal morphine salts (hythtoode and sulphate) from the suggested

forms of a drug.

MATERIAL AND METHODS

Reagents
- Eucerine — Eucerine Works, Pharmaceutical Laboyes.C. Krakow;
- Glycerol 86% FP VI — Pharmaceutical-Cosmetic rabary PAMPA, Piaseczno;
- Morphine hydrochloride (Morphini HydrochloridunBOLFA Kutno S.A., Kutno;
- Morphine Sulphate (Morphini Sulfas), injectiodgmn 20 mg/ 1 ml — Warsaw
Pharmaceutical Plant POLFA, Warszawa,;
- Rokacet R-70 — Chemical Plant Rokita S.A., Bredny;
- Rokacet R-40 — Chemical Plant Rokita S.A., Breedny;
- Rokacet R-26 — Chemical Plant Rokita S.A., Bredny.

Apparatus
- Nicolet Evolution 300 Spectrophotometer, versiah, Spectro-Lab;
- Digital rheometer DV-lll Brookfield 3,0 with compeit program “Reocalc for
Windows”;
- Bath thermostat PGW E1, Medingen;
- Microcomputer Multifunction Meter CX-551 with a cahex electrode ESKP-301
WP-EURO-SENSOR, Gliwice;



- laboratory equipment: Multimer apparatus, pyknometetensometer and others.

Prescription composition of model vehicles and ointments

The composition of 3 model emulsive ointment vedsclvas worked out (table I). Eucerine
with glycerol were the vehicle base. Selected pronsoof transdermal absorption from
Rokacets group were added.

Basing on the above vehicles 3 ointments were medlucontaining 0,225% of
morphine hydrochloride (MCI), and 3 ointments camteg 0,2% of morphine sulphate (MS).
Despite different percentage share of morphinessd#ite content of free alkaloid in the
produced preparations was the same. Model vehacldointments were made in accordance
with the Polish Pharmacopoeia VI requirements. ¢Pigson compositions of model

ointments are presented in table II.

Spreadness tests of model vehicles and ointments
The spreadness was determined with an extensoate288K. The measurement consists in
the determination of the degree of the increagbetested preparation area together with the

increase of load [14].

Deter mination of model vehicles and ointments viscosity parameters.
Viscosity parameters were determined at 310 + OvilitK digital cone-plate rheometer with a
bath thermostat [12, 13, 15].

Deter mination of model vehicles and ointments pH and phar macopeal density (d).
Determination of hydrogen ions activity (pH) andnsigéy of the tested preparations was

performed in accordance with Polish Pharmacopoér@dbmmendations [16].

Estimation of pharmaceutical availability of morphine hydrochloride and sulphate from
the produced model ointments.

The estimation of pharmaceutical availability wasfprmed with a technique applied
for transdermal therapeutic systems according te tAcommendations of European
Pharmacopoeia [17].

Testing of the rate of diffusion of morphine sdftsm the produced model preparations
was performed with the method of free diffusiomirthe surface of the preparation to water

with six modified Multimer apparatus. 2,0 g (£ 0} of the tested ointment was weighed



into each apparatus, then it was slightly liquefe@éd310K to assure uniform filling of the
containers and 10 chof distilled water were added. Then, in the givienetintervals (after
15, 30, 45, 60, 90, 120 min) the solutions fromwabthe ointment were collected arg
temporethe values of maximal absorbance were measurectrephotometrically (A) at
A=285 nm. Basing on the equation of calibration eardescribed at the level of significance
p=0,05, the concentrations JCof morphine hydrochloride and morphine sulphateren
calculated.
The equations have the form:

- for the ointment with MCL: A=20,874510° + 84,45439 C, (r=0,9999);

- for the ointment with MS: A= -42,7084.0°+ 87,94855 Cs, (r=0,9999).

RESULTSAND DISCUSSION

Model ointments with mor phine hydrochloride

The results of spreadness tests were presentegline fl. The course of dependence between
the spread surface of the vehicle and the modelpations with morphine hydrochloride and
the value of the imposed load was described dethet of significance p=0, 05 with
correlation equations of the type y = ax + b. Patans a and b of the equation were used to
calculate, with integration method, areas P ungeispreadness curves expressed in
conventional units [c.u.]. To make the compara#imalysis easier, basing on the calculated
areas, the values of indices i (P) were determinlkéing a quotient of the area under the
spreadness curve of the preparation and the vatncee base of which it was produced. The
results of the calculations are presented in tdble

Introduction of aqueous solutions of morphine hytitoride into adequate vehicles
produced on the base of Rokacets increases themdess. It is proved by the ointment i(P)
indices values >1 in relation to a unit index of atequate vehicle, e.g. i(P) of model
ointment with morphine hydrochloride produced ohigke with Rokacet R-26 (M1Cl) is 1, 2
(tab. Il1).

The kind of the applied Rokacet affects spreadmdsthe ointment with morphine
hydrochloride. The highest spreadness was obserftedapplication of Rokacet R-70 in the
prescription of model ointments (33692 c.u.) (Tidb.

Viscosity measurements enabled to determine flowesu (the dependence of shear

stress on shear rate) in the form of hysteresip.ldbey were obtained by increasing shear



rate to a certain maximal value and than its rajedrease to zero. Figure 2 presents an
exemplary hysteresis loop for ointment with morghimydrochloride made on the vehicle
with Rokacet R-26 [12].

Viscosity measurements demonstrated that the tegtédent vehicles and preparations
with morphine hydrochloride produced on their base non-Newtonian systems and
viscoelastic because their flow curves are noigiitdines and they do not cross the start of
co-ordinate system. They belong to rheologicallgtahle thixotropic systems, because in
isothermic conditions (T= 310 K) the values of sh&teess of their ascending flow curve are
significantly higher than the values of shear sti@sthe descending curve (fig. 2) [13].

Viscosity parameters are the base for predictingriplaceutical availability of the
therapeutic agent from the tested forms of an entimHigh pharmaceutical availability of
the therapeutic agent is explained to a certaimedeqy low viscosity of systems at 3K0
with preservation of hysteresis loop of small .

Ascending and descending curves of hysteresis Woen@ described with correlation
equations and areas under these curves and thdraxea by hysteresis loop were calculated
by integration method. The obtained results exge$s conventional units are presented in
table IV.

The smallest hysteresis loop was obtained for mamatment with morphine
hydrochloride and Rokacet R-70 (3542 c.u.). Theiealf i(P) index of this ointment is <1 in
relation to a unit index of a vehicle with Rokaé&{0, which before the introduction of a
therapeutic agent has high thixotropy (5601 c.Wiscosity of model ointments with
morphine hydrochloride determined at @t three freely selected shear rates is presented
in fig. 3.

Model ointment with Rokacet R-70 demonstrated tveekt viscosity at all shear rates
and the smallest area of hysteresis loop. The valluéscosity noted for this preparation at
shear rate 260 I/s was 110,1 nsPan descending curve. In the same conditions ef th
experiment the viscosity of an ointment with Rokdeet0 and Rokacet R-26 was: 118,5 and
141,5 mPa&, respectively.

The results of pH measurements and the densitglutles and model ointments with
morphine hydrochloride is presented in table V.

Activity of hydrogen ions (pH) of the tested velegland ointments is >7, but in each
case pH of vehicles is higher than pH of correspandointments with morphine
hydrochloride. For model ointments the obtainediesalof pH were within the limit: 7,91-
8,25.



Comparative analysis of pharmacopeal densitiesof{dyehicles and ointments with
morphine hydrochloride measured according to theomenendations of Polish
Pharmacopoeia VI indicates that they are lower thgfent and very similar.

The diffusion kinetics of morphine hydrochlorideorin model ointments to acceptor
fluid (to water) was described by correlation equa of the type y = a + bx. The parameters
of this equation are presented in table VI.

Constant rates of morphine hydrochloride diffusfoom model ointments to acceptor
fluid are within the limits: 0,01-6-0,0114 nidh®min™. The highest value of the constant
was noted for the process of release from the @ntrwith Rokacet R-70 characterized by

low viscosity and small area of hysteresis loog(Bi 3, tab. IV).
Model ointmentswith mor phine sulphate

The results of the spreadness test are presentigune 4. Correlation equations of the
type y = ax + b describing spreadness of modelclehiand ointments with morphine
sulphate at T = 29R together with calculated areas under spreadneses are presented
in table VII.

The differences in spredness of ointments with o sulphate produced on different
vehicles are less distinct than in the case of inpdgparatons with morphine hydrochloride
(fig. 4). Nevertheless, similar dependences wersenked here as after introduction of
morphine hydrochloride into the vehicle prescriptidhe highest spreadness was observed in
an ointment with morphine sulphate produced ornvétecle with Rokacet R-70 (27693 c.u.).

Rheological instability (thixotropic features) of oael ointments with morphine
sulphate is documented by presented in fig. 5 el@mmmysteresis loop obtained for the
preparation in the composition of which Rokacet(Raas applied [12].

The areas of hysteresis loops obtained for modeh@nts with morphine sulphate are
presented in table VIII.

The smallest area of hysteresis loop was obtaisied|arly as in the tests of systems
with morphine hydrochloride, for an ointment witlblcet R-70 (2355 c.u.).

The value of viscosity of model ointments with nturge sulphate determined at 340
at three freely selected shear rates is presemtiegl 6.

Similarly as after introduction of morphine hydrtmide, the lowest viscosity at all

shear rates was noted for the ointment with mospluiphates and Rokacet R-70. At shear



rate 260 I/s in the descending curve, viscositytho$ preparation was 97,9 mPa and
viscosity of an ointment with Rokacet R-40 and R-P80,7 and 148,3 mRarespectively.

The results of the measurements of pH and densityoalel ointments with morphine
sulphate are presented in table IX.

Activity of hydrogen ions of ointments with morpkirsulphate is within the limit 7,64-
7,80, it is lower than pH of corresponding vehickesl than pH of model ointments with
morphine hydrochloride (7,91-8,25).

The density of model ointments with morphine sutphdoes not differ basically
(0,881-0,899 g/c) and is similar to the density of ointments witlonphine hydrochloride
(0,844-0,908 g/c) (tab. V).

The kinetics of diffusion of morphine sulphate froenodel ointments to acceptor fluid
(to water) was described with correlation equatiohthe type y = a + bx. Parameters of these
eguations are presented in table X.

Constants of the rate of diffusion of morphine balig from model ointments to
acceptor fluid are within the limit: 0,0186-0,024dol'dm>min® and are higher than the
constants describing the process of diffusion ofrphime hydrochloride from the same
ointment vehicles (0,0106-0,0114 rtai®min™) (tab. VI). The highest value of the constant
of morphine sulphate diffusion was observed forghecess occurring from the ointment with
Rokacet R-70 which has low viscosity and small afdaysteresis loop (fig. 5, 6, tab. VIII).

CONCLUSIONS

1. The tested vehicles and ointments with the cormérmokacets in the prescription

are non-Newtonian, viscoelastic and highly thixpitcosystems.

2. The kind of the applied Rokacet affects the spreasirand viscosity of model
ointments with morphine salts. Preparations wittkd&®et R-70 have the highest
spreadness and the lowest viscosity which alloasgsume that the process of their

application on pathologically changed skin willthe easiest and the least painful.

3. Low viscosity of the system with preservation ofadinhysteresis loop at 310 K
indicates that from among non-ionic surface acteepounds used for testing,
Rokacet R-70 is the most beneficial promotor ohgdermal absorption for both
pharmacopeal morphine salts.



4. The carried ouin vitro studies on the kinetics of therapeutic agent patien to the

acceptor fluid point to higher pharmaceutical aafaility of morphine sulphate.

5. All model ointments with morphine salts have simitgensity. The pH values of
ointments with morphine hydrochloride are higheanththose of ointments with

morphine sulphate.
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