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ABSTRACT

Phenytoin ( diphenlhydantoin), a hydantoin derivatives that has long been for its use in epilepsy, Clinical data indicate
that systemic or topical phentoin enhances the healing of various types of wounds and chronic ulcers. This pushes us to
formulate and optimize some topical dermatological formulations containing phentyoin (PHT) or its sodium salt for
treatment of certain skin healing. Dermal films, creams and ointment of phenytoin sodium were designed and
developed for the first time by in vitro and clinical evaluation. Dermal patches of phenytoin sodium were prepared by
solvent evaporation technique using different concentration of Hydroxypropyl, methylcellulose (HPMC) and
Hydroxypropyl cellulose (HPC). Characterization of phenytoin creams and ointment were evaluated from the point of
view of drug content, viscosity measurements and drug release studies. Moreover all topical formulations under
investigation were evaluated for their physicochemical characteristics; the possible drug-polymer interaction by DSC
and IR studies and kinetic release studies. In vivo evaluation was to evaluate and compare dermal phenytoin patch with
phenytoin powder and normal saline in healing of chronic skin ulcer in diabetic patients. Assessment of the ulcers was
done statistically weekly interval up to 12 weeks. Patients with post deep acne scars were assigned to PHT cream,
placebo cream and microdermabrasion alone. Photographs of ulcers and scars were taken at baseline and at the end of
treatment.The results show that, the thickness as well as the weight of the patch increased with the increase in
polymer concentration and there was no interaction between the polymers and the drug. In vitro release studies shows
that, HPMC enhanced the release rate of phenytoin sodium from prepared films and the drug release followed Higuchi
and first order kinetics. The ulcer volume reduction of the phenytoin patch group was greater and statistically
significant comparing with phenytoin powder and control groups. Phenytoin patch appears to be the most stable and
effective topical formula in the healing of chronic diabetic ulcer.The results of the phenytoin release from ointment
bases showed that emulsion based ointment exhibited the higher phenytoin release as well as lower viscosity than
other formulations. Therefore it was selected for further evaluation because of its lower viscosity, easy to remove from
the skin, creamy in nature and higher release of phenytoin . On the other hand, the release of phenytoin from cold
cream bases increase as the borax concentration increased. Kinetic studies revealed that the best fitted model for
phenytoin selected formula was Higuchi kinetic model. The clinical investigation revealed a significant difference
between phenytoin ointments treated group and other groups and has proven that, phenytoin ointment help in better
and faster resolution of the acne lesion as well as in reducing inflammation.
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INTRODUCTION more  than 100  diseases 2. Phenytoin
) ) ) (Diphenylhydantoin), is best known for its clinical use
Phenytoin has been investigated as a treatment for in convulsive disorders and has been reported to
*Corresponding author: enhance the healing of various types of cutaneous
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chronic trophic ulcers in leprosy, split-thickness skin
autograft donor sites and other previous studies were
performed using phenytoin or its mono sodium salt in
the form of powder, suspension or solution *°. The
selection of formulation type for dermatological
products is usually influenced by the nature of the skin
lesion and the opinion of the medical practitioner.
Kitson and Maddin®. Elegantly stated: “‘It is idle to
pretend that the therapy for skin diseases, as currently
practiced, has its origins in science.’”’ To this day a
practicing dermatologist would prefer to apply a
““‘wet’’ formulation (ranging from simple tap water to
complex emulsion formulations, with or without drug)
to a wet lesion and a ‘‘dry’ formulation (e.g.,
petrolatum) to a dry lesion. The preparation of such
formulations as poultices and pastes is
extemporaneous, and it is unlikely that the industrial
pharmaceutical formulator will be required to develop
products of this type.

Solutions and powders lack staying power (retention
time) on the skin and can afford only transient relief.
In modern-day pharmaceutical practice, semisolid
formulations are the preferred vehicles for
dermatological therapy because they remain in situ and
deliver the drug over extended time periods. In most
cases, therefore, the developed formulation will be an
ointment, cream, emulsion, or gel 7°. Many patients
and physicians prefer creams to ointment. For one
thing, they are generally easier to spread, in the case
of creams the oil-in-water emulsion type easier to
remove than many ointments, Pharmaceutical
manufactures frequently market their topical
preparation in both cream and ointment bases to
satisfy the preference of the patient and physician .
Dermal therapeutic systems are dosage forms used for
the topical treatment of skin disease. The typical of
these formulations is a patch, in which a backing layer,
an adhesive, a drug reservoir and a removable
protection liner, are the constitutive elements'""3.

Foot ulcers and amputations are a major cause of
morbidity, disability and costs for people with
diabetes'. Ulcer healing property of topical Phenytoin
has been reported from several animal studies' and
clinical trials ™ '. In most of the clinical trials,
investigators have used Phenytoin powder from the
capsules or phenytoin suspensions " since they are
convenient to use. However, they contain numerous
additional components (e.g. dyes, flavors) and it is not
possible to differentiate the effect of phenytoin from
other components of the preparation. In addition,
finding an inert placebo powder for conducting a
double-blind clinical trial is difficult. The validity of
most of the previous studies is questionable as they
were not conducted in randomized, double-blind
design™. In the light of this, the aim of this part of
preliminary study is to prepare and evaluate clinical
efficacy of newly developed PHT patch in chronic

diabetic.Acne is caused and characterized by multiple
factors, including: Propionibacterium acnes activity;
increased sebum production; androgenic stimulation;
follicular hypercornification; lymphocyte, macrophage,
and neutrophil inflammatory response; and cytokine
activation?. Various types of scars have been
described; these may be broadly categorized into two
main groups, that involving tissue loss and those
involving tissue excess*'. Acne scars caused by loss of
tissue are more common than hypertrophic scars and
keloids. Hence, the clinical work in this study
concerning with scars caused by loss of tissue. The
absence of perfect treatment of such scars leading us
to study the inclusion of phenytoin cream in addition to
microdermabrasion in this preliminary research (to
accelerates the formation and maturation of collagen
fibers, stimulates fibroblast proliferation, and inhibits
collagens activity) aiming to induce equal thickness and
better appearance of the skin.

MATERIALS AND METHODS

Materials

Phenytoin sodium was a gift from El-Nile Pharm. Chem.
Co., Cairo, Egypt, Hydroxypropyl methylcellulose
(HPMC), Hydroxypropyl cellulose (HPC) and Propylene
glycol (PG) from (Sigma Chemicals Co., USA).
Polyethylene glycol 400 (PEG 400) and PEG 6000 (Merk
CO.,Germany ). Dimethylformamide DMF (C.P., Evans.,
CO., England), Absolute ethanol ,White petrolatum,
beeswax, anhydrous lanolin, stearyl alcohol, cetyl
alcohol, wool alcohol, hard paraffin , liquid paraffin,
stearic acid, potassium hydroxide , glycerin, ethanol,
methanol, tween 80.(EL-Naser Pharm. Chem.. Co.,
Cairo, Egypt). Borax (Ostrade Chem. CO). Span 65
(Flua Chem. Buch. Switzerland). All other chemicals
used were of pharmaceutical grade .Teflon plates
fabricated in the faculty of engineering, Assiut
University, Cairo, Egypt.

Methods

HPLC determination of phenytoin

HPLC analyses were performed using a Water
Associates Model 600 pump equipped with a Water 990
variable wavelength UV detector, a Waters 712 WISP
autosampler, and a 20 pl loop injection valve (U6K).
For analysis, a reversed phase symmetry c18 (25cm x
4.6 mm: 5pm particles) column in conjunction with a
precolumn insert was eluted with mixtures of methanol
and deionized water (65:35). A flow rate of 1 ml/min
was maintained. Quantification of the compounds was
carried out by measuring the peak areas in relation to
those of standards chromatographed under the same
conditions. Standard curves were measured at a
wavelength of 254 nm.

I-Preparation and evaluation of phenytoin sodium
patches topical formulations:

Dermal patches of phenytoin sodium were prepared by
solvent evaporation technique'> using varying
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concentration of HPMC and HPC keeping drug
concentration constant (30 mg of phenytoin /9 cm?’
patch). The drug: polymer ratios used were 1:3 (F1),
1:4 (F2) with HPMC, 1:6 (F3), 1:8 (F4) with HPC and
1:2:4 (F5) with mixture of HPMC: HPC. The required
amount of drug and polymer were dispersed separately
in casting solvent (ethanol: distilled water in 8:2 ratio).
The polymeric dispersions were sonicated for 2 minutes
to remove entrapped air bubbles.

The two preparations were then mixed and 15%
propylene glycol was incorporated as plasticizer. This
polymeric dispersion of the drug was poured into teflon
plates (55 cm?) and allowed to dry in oven at 40C° till a
flexible film was formed.

Dried films were carefully removed, checked for any
imperfection or air bubbles .To prevent fast
evaporation from the patches a funnel was placed
inverted on the plate.

After ensuring the complete evaporation of the solvent,
patches of 9 cm? were cut with a borer and packed in
aluminum foil and stored in desiccator to maintain the
integrity and elasticity of the patches.

Physicochemical Characterization

Thickness

The thickness of the films was assessed using an
electronic  digital Micrometer 0.25 mm (MIME
Technology Europe Moastricht-Netherlands).

Ten randomly selected patches of each formulation
were tested for their thickness. The thickness was
measured at 5 separate points on each patch in order
to ensure uniform thickness.

Weight Variation

The patches were subjected to weight variation by
individually weighing ten randomly selected patches.
Such determinations were carried out for each
formulation.

Film Folding Endurance

This was determined by repeated folding of the patch
at the same place until it shows any crack or break.
The number of times the film could be folded without
breaking/cracking gave the value of folding
endurance’. Five randomly selected patches (3x3 cm)
of each formulation were tested.

Content Uniformity

The phenytoin content in the patch was determined by
HPLC analysis. The patch (area 9 cm?) was dissolved in
10 ml of the casting solvent (ethanol: water in ratio
8:2) and diluted further with methanol before
estimation by HPLC.

In vitro Release Studies

The drug release studies from phenytoin patches were
performed using dissolution rate test apparatus (USP-II)
22 The patch of 9cm? fixed to circular glass slide with
the help of cyanoacrylate adhesive.Then it was placed
in dissolution vessel containing 500ml of normal saline
as release media. The study was conducted at 37 + 0.20
C° and paddle speed was kept at 50 rpm. Samples (5

ml) were collected up to 6hrs at suitable intervals. The
analysis was carried out using HPLC.

Drug Polymer Compatibility Study

To study the possible interaction between phenytoin
and polymeric materials of the patches. Infrared (IR)
spectroscopy & Differantial scanning calorimetry (DSC)
was carried out on pure substances and their physical
mixtures containing drug: polymer in ratio of 1:1.
Kinetic Studies

Kinetic study was carried out to determine the release
model which describes the release pattern of the drug.
The formulations were analyzed according to zero
order, first order and Higuchi diffusion model.

Clinical Evaluation

The aim of this preliminary study is to evaluate clinical
efficacy of newly developed phenytoin patch in chronic
diabetic ulcers. The clinical study was conducted at the
outpatient dermatology clinic, Al-Azhar University
Hospital (Assiut). The ethical committee. The ethical
committee of Al-Azhar University has approved the
study protocol.

At base line (day 1), a detailed relevant history and
ulcer examination was done for each patient. The
wound swab was sent for bacterial culture and if there
were any signs of systemic infection, the patient
received appropriate systemic antibiotics. Prior to
initiation of any therapy, all necrotic tissue and slough
was removed. The patients were assigned to a
phenytoin patch group (thirty six patients), phenytoin
powder group (forty four patients) and saline group
(thirty seven patients). In the phenytoin patch group, a
patch of 30 mg of phenytoin per 9 cm? placed over the
wound, followed by a layer of dry sterile gauze as a
backing layer. Phenytoin powder was applied in a
uniform, thin layer to the ulcer surface, and a sterile
dry dressing was applied. In the saline group, sterile
gauze soaked in normal saline was placed over the
wound followed by a layer of dry sterile gauze.
Assessment of the ulcer was performed weekly. The
primary efficacy parameter was the percentage
reduction in surface area of the ulcers. Ulcer volume
was determined by filling the ulcer drop by drop with
distilled water using a graduated syringe.

Preparation and evaluation of phenytoin topical
formulations (ointments and creams):

Methodology

The composition of certain phenytoin ointment
formulation is shown in table (1&2).0Oleaginous and
absorption bases were prepared by fusion or
incorporation method 2, phenytoin was sieved through
150 pg sieve and the calculated amount was
incorporated by the aid of magnetic stirrer. Emulsion
bases were prepared by placing all the aqueous- phase
and the oil- phase ingredients into separate beakers
and heated to 70 C° +2 C° at hot plate, and then the
two phases were mixed and stirred until cold®. The
fine powdered phenytoin can be added to the base and
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stirred continuously using mechanical stirrer. PEG
ointment was prepared by first melting PEG 6000 by
heating to 50 C° and then mixed thoroughly with PEG
400 to homogeneity until room temperature was
reached ° then phenytoin as fine powder (less than 150
ug size range) could be incorporated into the base.
Drug Content Studies

Drug content was determined by dissolving an
accurately weighed quantity of the formulation (100
mg) in 10 ml of DMF. Then filtration using 0, 45 mm
membrane filters then diluted with methanol before
estimation by HPLC.

In-Vitro Release of Phenytoin from the Prepared
Formulations PHT.

One gram sample of the formulation under
investigation was placed on a circular area (6cm
diameter) of cellophane membrane previously
moistened with the receptor phase. The loaded
membrane was firmly stretched over one end of a glass
tube with fixed cross area the tube was then immersed
in a 100 ml beaker containing 50 ml of the release
media (30% v/v DMF in phosphate buffer pH 6.8) and
placed in thermostatically controlled water bath at
37+1 °C at 50 rpm. An aliquot of 5ml sample was
withdrawn at different time intervals, and then
replaced by equal volume of the release medium
maintained at the same temperature. The amount of
phenytoin released at time intervals was determined by
HPLC.

Viscosity Measurements:

Whenever possible the viscosities of formulations were
measured using a Model-RVIIl + Brookfield Viscometer
(Brookfield ENG Labs Inc., Stoughton, MA, USA). The
viscometer was operated at 100 rpm using a T-F (code
96) spindle. In order to obtain stable display readings,
all measurements were recorded 60 sec after the
commencement of spindle rotation and a maximum of
three (3) readings were taken to obtain an average
viscosity value.

Kinetic Studies

Kinetic study was carried out to determine the release
model which describes the release pattern of the drug.
The selected formulations were analyzed according to
zero order?, first order, and Higuchi diffusion model”.
Clinical evaluation of phenytoin ointment in the
treatment of deep post acne scar:

Patients with post deep acne scars were recruited from
the outpatient clinic of the department of
dermatology, Al-Azhar University hospital. The ethical
committee of Al-Azhar University hospital has approved
the study protocol.

At base line (day 1), a detailed relevant history and
scar examination was done for each patient. The study
was performed using microdermabrasion on the face
and 12 sessation weekly intervals. The patients were
assigned to a PHT cream (35 patients), placebo cream
(26 patients) and microdermabrasion group (27

patients). In the phenytoin cream group, after
microdermabrasion the cream spread over the scar
twice a day (morning and evening) along the period of
treatment.

All patient self-administered treatment for 12 weeks.
Assessment of the scar was performed weekly.
Photographs of the scars were taken at baseline and at
the end of treatment. Two phenytoin plasma
concentrations were obtained on each patient in the
phenytoin ointment group. The first plasma
concentration was obtained within four week after
treatment had begun, and the second at the end of
treatment. Concentrations were determined within
four hours of the last phenytoin cream application.
Phenytoin analysis was done by HPLC. Only three of the
treatment patients had blood drawn for two phenytoin
concentrations, two had blood drawn only once and
others had no blood drawn. The other patient refused
due to health problem or other reason model.
Statistical Analysis

Values were expressed as (excellent, good and poor).
The differences in the three groups were analyzed
using the chi-square test. P-values < 0.05 were
considered statistically significant. The analysis was
carried out using Statistical Package for Social Sciences
(SPSS version 14 Inc., Chicago, IL).

RESULTS AND DISCUSSION

Dermal patches of phenytoin sodium

Dermal films of phenytoin sodium were prepared using
varying ratio of drug: polymer (HPMC and HPC). The
thickness and weight of the patches were found to be
uniform among different batches Table 1. Irrespective
of the concentration of polymer used, the drug content
per patch (9cm?) was found to be within 29.943 to
29.986 mg but the thickness and weight of the patch
increased linearly with the increase in polymer content
table (3).

Folding endurance values of matrix films found more
than 300 indicating good strength and elasticity, which
is explained by the linear nature of the cellulose
structure. Formulations were selected on the basis of
their drug release content and release pattern. The
release of phenytoin sodium from prepared films are
illustrated in figure 1. The drug released rates from
films were in descending order: F1 > F2 > F5 > F3 > F4.
The higher release rate of the formulations can be
attributed to the hydrophilic nature of the polymers.
The compatibility between a drug and polymer is a
factor in determining the effectiveness of polymeric
delivery systems 2. It was found that there is no
interaction between phenytoin sodium and polymeric
materials of the patches, appeared in the infrared (IR)
figures 2.0n the other hand, the DSC curves of
phenytoin sodium (figures 3 to 5) showed a single
exothermic peak at about 328.7C° corresponding to
melting of the drug. Such peak remains in the physical
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mixture indicating that presences of polymer increased
the exothermic characters which in turn  mean
increasing the stability of the drug (salt) by retarding
its conversion to the insoluble form (which it's DSC
endothermic).

The data of the in-vitro release of the formulations
were analyzed according to different kinetic
mechanisms table 4.The results revealed that the
release of phenytoin sodium from F1, F2 and F5 follow
Higuchi kinetic model while from F3 and F4 follow first
order model. However F1 was selected for in vivo
evaluation on the basis of both its drug release content
and release pattern.

As shown in table 5, the mean percentage reduction in
ulcer's volume at the end of 1 week was higher in
phenytoin patch and powder treated groups (19.1+1.02
and 16.6+0.89 respectively) than saline group (10.9 +
1.08) (P< 0.001 for each). Compared with powder,
Phenytoin patch showed marked effect and increase in
ulcer's volume reduction

At the end of the second, third and fourth weeks, the
mean percentage reduction in ulcer's volume in the
PHT patch group were (49.9 + 3.63, 73.4+4.04 and
90.1£2.51), respectively which is significantly higher
than in phenytoin powder-treated patients
(38.8+£2.29, 62.7+2.51 and81.1 + 2.8). P <0.01 for each
and the control group (25.6 £1.78, 45.8 +2.59 and 64.3
+3.21). All patients treated with Phenytoin powder
reported irritation after application of the powder,
whereas no irritation reported in the other groups
Phenytoin ointments and creams

Drug Content Studies:

Phenytoin content of the prepared formulations was
determined and found to be 99.876 % + 0.1 of the
claimed amount (2%w/w).

In vitro Release Studies:

Phenytoin release from different ointments and creams
are illustrated in figures (7-10). It was observed that
the amount released increases with the time of
release. It is also observed that oleaginous base formed
of white petrolatum and beeswax or anhydrous lanoline
(F1 & F2) exhibits the lowest phenytoin release than
other formulations. This may due to the stiffening
property of beeswax * and the higher affinity of
phenytoin towards these vehicles. Ezzedeen et al. ©¢°
have studied the release of scorbic acid from an
oleaginous ointment base, they observed a lower
release of the drug from the base and they attributed
this finding to the higher affinity of scorbic acid to the
oleaginous base.

Absorption base containing cetyl alcohol exhibited
higher phenytoin release than that containing stearyl
alcohol (F4 > F3) .This may be due to the reason that
stearyl alcohol increases the stiffness of the prepared
formulation. However, a lower release rate of both
oleaginous and absorption bases may be attributed to
the hydrophobic nature of those bases, which render

them immiscible with diffusion medium and thus
attaining poor release rate of the medicament 3'. The
release of phenytoin from water-soluble ointment base
F5 was found to be higher than from other formulations
figure (8) this may be due to the hydrophilic nature of
the base.

On the other hand, formulation ns denoted F8, F9 and
F10 are cold cream bases containing beeswax-borax
system as emulsifying agent. Figure 9 shows the effect
of different concentrations of borax (1.2, 1 and 0.8 %
w/w) on the release pattern of phenytoin cream .it is
obvious that release of phenytoin increases as the
borax concentration increases.

On comparing the release of phenytoin from emulsion-
based ointment as shown in figure 10, it could be
ranked in the following descending order: F11 > F13 >
F12 respectively. However, emulsion base containing
low stearyl alcohol content (F11) has higher phenytoin
release rate than that of high stearyl alcohol content
(F6). Among ointment bases, it is evident from the
results that, the emulsified ointment bases exhibited
higher release values than either the absorption or the
oleaginous base. The difference in the release behavior
from ointment bases may be attributed to the type and
composition of the base rather than the viscosity of the
base.

Viscosity Measurements:

Table 5 , depicts the value of the viscosity of the
formulations. The result revealed that F11 has the
lowest value of viscosity than other formulations.

In the light of the pervious results F11 was selected for
further evaluation since it has low viscosity, easy to
remove from the skin, creamy in nature and higher
release rate of the tested drug..

Kinetic Study:

The data of the in-vitro release of the selected formula
F11 was analyzed according to different kinetic
mechanisms and the results listed in table (6).The
result revealed that the release of phenytoin from
selected formula F11 follow Higuchi kinetic

Clinical evaluations

The final study cohort was made up of 77 patients only
undergoing microdermabrasion for treatment of post
acne scar, 30 patients were received PHT cream plus
microdermabrasion, 22 patients were received placebo
cream plus microdermabrasion and 25 patients were
treated with microdermabrasion alone.

The characteristics of the patients (age, sex) and the
scar duration are summarized in tables 7.

The result percentage at the end of treatment had
shown in table 8 and figures 11 & 12.

The results revealed that, an excellent percentage was
observed in phenytoin ointment treated group (40%
&26.67 respectively) than microdermabrasion group
(32% &16 % respectively) and placebo treated group
(27.27% &18.18 respectively). The poor percentage was
found in microdermabrasion and placebo group (52%
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&54.55 % respectively) than phenytoin treated group
(33.33%) figure (11).

From the statistical point of view it is clear that, the
difference between phenytoin treated group and other
groups (Microdermabrasion alone p = 0.01 and Placebo
cream plus microdermabrasion p =0.01) was
statistically significant (P < 0.05) while the difference
between microdermabrasion and placebo group was
statistically not significant p = 0.7 (P > 0.05). There is
no any detectable phenytoin found in all blood drawn
samples which mean no notable systemic absorption
occurred.

Figure (14) showed photographs of scars at base line
and at the end of treatment. The faster resolution of
acne lesions and decreasing inflammations by
phenytoin ointment can be attributed to the ability of
phenytoin to inhibiting collagenase activity, promoting
collagen disposition, enhancing granulation tissue
formation and decreasing bacterial contamination 32,
No adverse effects, either local or systemic, observed
in our patients along the study period.

CONCLUSION

From this study we conclude that introduction of
dermal patch of phenytoin is valuable in achieving
prominent healing of chronic diabetic ulcers. Phenytoin
patch PHT is more effective, safe, easy to use and
inexpensive comparison with  other traditional
treatment used. Moreover, the clinical investigation
proved that therapy of acne with phenytoin ointment
was successful and produced high efficacy in improving
acne lesion of the patients, in addition of reducing
inflammation.
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