Topical phenytoin ointment increases autograft
acceptance in rats
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ABSTRACT

Objective: To examine the effectiveness of topical
phenytoin in preserving the skin viability and increasing
acceptance rate of autograft.

Method: We conducted this study in the Central
Laboratory Animal House of Jordan University of Science
and Technology, Irbid, Jordan during the period from
September 2004 to June 2005. Forty-two rats were divided
into 2 equal groups; full thickness dorsal skin wound (4
cm?) was created in the rats. Twenty-one rats were treated
with phenytoin (10% w/w ointment), the other 21 (control)
were treated with standard dressing and Vaseline. An
autograft was performed one week after treatment. Rats
were examined for the presence of healthy granulation
tissue, reduction in wound surface dimensions, and time
for complete graft attachment.

Results: Phenytoin ointment had significantly increased
wound bed viability and the rate of graft acceptance (p-

value <0.0001). Twenty rats had successful grafting
(10% phenytoin); while only 3 rats out of the 21 control
had successful grafts. The mean time to complete graft
attachment and hair growth in the grafted skin was 6.6
+ 0.5 days. The mean wound contraction measurements
(taken just before grafting) were as follow: control group
59.2 £ 11.6%, and phenytoin group 55.7 + 9.2, difference
in skin contractility was not statistically significant. Skin
viability was evident by increased vascularity and granular
tissue formation at the edges of the wound.

Conclusion: Phenytoin appears to be an effective method
for enhancing the take of the full-thickness skin graft.
Further clinical use and evaluation of topical phenytoin
ointment in skin grafting are merited.
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ound closure by skin graft is the simplest and

most versatile method of wound management
when direct skin approximation is not possible.
Revascularization of skin graft “take” is a complex
process that involves a set of cellular, physiological,
and molecular events working to restore the blood
supply and functional integrity to the donor skin.
Development of granulation tissue in the wound
is an important indicator for skin graft treatment.
Granulation tissue has a high level of vascularity

resulting from abundance of new capillary formation.
This degree of vascularity enables granulation tissue
to accept and support skin grafts.!*

Phenytoin an anticonvulsant
managementofepilepsy has been showntohave wound
healing properties. Phenytoin healing properties have
been attributed to its effect on many components in
skin and skin growth. It has the ability to stimulate
fibroblast proliferation, inhibit collagenase activity,

used in the
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promote collagen disposition, enhance granulation
tissue formation, decrease bacterial contamination,
reduce wound exudates formation, and most recently
up-regulating the growth factors receptors.*'*

Despite the fact that phenytoin effect on wound
healing has been widely tested, it was always used
in the form of a powder, or a suspension. To our
knowledge, it was not tested as an ointment, and
its effect on the rate graft acceptance has not been
evaluated. We compared the effect of phenytoin
ointment applied to a full thickness wound versus the
use of a standard normal saline dressing and Vaseline
ointment on the rate of full thickness skin autograft
take in rats.

Methods. PhenytoinpowderBritishpharmacopoeia
(BP) was obtained from Well Worth Medicines,
India. It was triturated into white petrolatum BP
(Vaseline, Al-Eman for cosmetic products, Jordan)
at a ratio of 10% (w/w). Agents used for anesthesia
were: Ketamine HCL USP (Hikma, Pharmacuticals,
Jordan), and Xylazine (Xxla Inj, Chemicals and
pharmaceuticals Adwia, Egypt). This study was
conducted during the period from September 2004 to
June 2005, in the Central Laboratory Animal House
of Jordan University of Science and Technology,
Irbid, Jordan. Forty-two adult Wistar albino rats were
divided into 2 equal groups. The first group weighing
320 - 450 g, mean weight 373.1 + 38.3 grams (mean
+ SD) of both sexes was designated as the control and
the second weighing 295 - 440 g, mean weight 357
+ 36.6 grams as the study group. Rats were housed
individually in standard metal cages and provided
with food and water and libitum.

Rats were anesthetized using intramuscular
injection of ketamine (35 mg/Kg) and xylazine (7
mg/Kg). The dorsal regions were shaved with electric
clipper and the surgical area disinfected with 70%
alcohol. A predetermined area of 2 cm x 2 cm (4
cm?) full thickness skin was excised. Excised skin
was aseptically placed in dextrose saline water in the
refrigerator (4-8°C) for a week to be autografted to
the rats. Excised wounds were irrigated using normal
saline solution, followed by administration of a thin
layer of ointment (drug or control). The ointments
(phenytoin ointment or just Vaseline) were applied
twice daily to the wound area. Seven days post
excision, the recipient wound was cleaned with normal
saline and the superficial crust was removed. The
excised skin was autografted to the exposed wound
area. Due to wound contraction, one third of a slightly
meshed skin taken originally was used. The graft
was fixed using 4 stitches at the corners of the graft.
Control drug or phenytoin was applied twice daily
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for another 7-10 days post grafting.The progressive
changes in wound area were monitored visually for
wound dryness and appearance of granulation tissue;
digital pictures were taken just before grafting and
6-7 days post grafting. Wound margin changes were
measured for monitoring wound contraction. Wound
contraction was expressed as percentage reduction of
original wound size.

Measured parameters data from both groups were
analyzed using the student’s unpaired t-test through a
computerized program Statistical Package for Social
Science. A p value of <0.05 was considered statistically
significant. The percentage wound contraction was
calculated as percentage of the corresponding 0 days
original wound area (cm?).

Results. Forty-two rats were used in this
experiment. A full thickness dorsal skin wound
(4 cm?) was created, and 21 rats were treated with
standard dressing and phenytoin (10% w/w ointment),
the other 21 (control) were treated with standard
dressing and Vaseline. An autograft was performed
one week after treatment. Rats were examined for
the presence of healthy granulation tissue, reduction
in wound surface dimensions, and time for complete
graft attachment.

Treating the 4 cm? wounded areas with 10%
phenytoin ointment increases the amount of
granulation tissue formation. The rate of autograft
acceptance was much higher in the phenytoin treated
group as compared to the control group. In the
phenytoin treated group, 20 rats had successful graft
attachment, with a success rate of approximately 95%.
Only 3 grafts were accepted in the control group. The
Difference in skin graft acceptance was significant
(»<0.0001). A summary of the results is shown in Table
1. The control group wounds started to dry out from
day 2 post skin incision. Seven days post incision,

Table 1 - Summary of 42 rats with dorsal full thickness wound treated
with Vaseline or phenytoin 10% ointment prior to skin

grafting.

Measured parameters Control Phenytoin
(Vaseline) (0% ointment)

Number of rats 21 21

Weight of rats (g) 373.1+38.3 357 +36.6

Percent wound contraction™ 59.2+11.6% 55.7+9.2%

Mean time to complete graft 6.6 0.5 days 6.6 0.5 days

attachment and hair growth

Successful grafts number (%) 3(14) 20 (95)**

*Wound contraction expressed as percentage reduction
of original wound size.
**Difference in skin graft acceptance was significant p-value <0.0001.
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Figure 1 - At 7 days after wounding, the Vaseline (control) treated
wound showing prominent contraction and epithelialization
covered by dry scar.

Figure 2 - At 7 days after wounding, the phenytoin treated wound
showing prominent granulation tissue formation and less
scaring.

most of them had already dried and scarred. Whereas
the phenytoin group showed prominent granulation
tissue formation, Figures 1 & 2. The phenytoin treated
group had more granulation tissue, and higher level
of vascularity, when compared with the control
group (Figure 2). Healthy granulation tissue appeared
within 2-3 days in all phenytoin treated group, while
it took up to 6-7 days in the control group. Most of
the skin grafts of the control group did not attach
well as the wound bed underneath was dry, and the
grafts dried out and peeled-off in 3-4 days (18 out of
21). The graft acceptance was declared as successful
when the grafted skin attached completely and
epithelization was apparent at the inspected edges.
Some successfully grafted skins showed hair growth.
The mean + SD time to complete graft attachment
was in 6-7 days (6.6 = 0.5 days). Figures 3 & 4 show
the skin graft at 0-7 days respectively post grafting in
a phenytoin treated wound.
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Figure 3 - Application of full thickness skin graft to the recipient site
and fixation with absorbable sutures.

Figure 4 - The rat wound, 7 days after grafting, showing the donor
skin fixed and hyperemic reflecting complete take in the
phenytoin treated wound.

In our experiment, topical phenytoin therapy did
not have a significant effect on wound contraction;
actually the effect on contraction was statistically
insignificant. The phenytoin treated group mean
percent wound contraction was 55.7 = 9.2% while the
control group mean percent contraction was 59.2 +
11.6%.

Discussion. Skin grafting is defined as the transfer
of free unattached donor skin to noncontiguous
recipient area. Skin graft could be partial thickness,
full thickness, or cultured graft; any of the previous
could be an autograft or allograft. The full thickness
autograft are preferable when cosmetic appearance of
the wound is of great concern, as this method allows
less wound contraction, less color and texture changes
in the grafter skin.'® In this skin grafting model, full
thickness slightly meshed skin grafts were used.
The grafted skin was accepted in most of the wound
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treated with 10% phenytoin ointment. The success
of a skin grafting depends mainly on the recipient
site and its ability to produce angiogenic factors,
and the amount of supply available under the grafted
skin.'® Biologically, 3 stages have been recognized
in the process of grafting; inhibition phase (graft
nourished and glued by exudates from underneath),
inosculation phase (existing vessels attachment)
and the neovascularity phase (formation of new
vascular beds). The full circulation is usually restored
in the fourth through the seventh day of grafting."”
Phenytoin is known for its effect in stimulation of
granulation tissue formation.*¢ The exact mechanism
is not well understood however, several mechanisms
have been proposed; such as its effect on increasing
fibroblast proliferation, increasing collagen content
and maturation in the healing tissue, decreasing
collagenase activity, inhibition of the release of
lysosomal and cytoplasmic enzymes,”'®!° decreasing
the catabolic effect of cortisol,”® having an anti-edema
and anti-inflammatory actions,” and modulation of
prostaglandin’s metabolism in the wound.?> More
recently, phenytoin was shown to accelerates the
autocrine and paracrine activity of growth factors
by up-regulating the related receptors.'* Granulation
tissue formation was visually detected 2-3 days
post incision formation. Our results are consistent
with another study that looked into effect of topical
phenytoin on granulation tissue formation.*

Phenytoin powder was used for topical application
in almost all of the studies concerned with wound
healing. Using phenytoin in a powder form is not
an ideal way to enhance healing because of the dry
nature of the powder and its direct application does
not provide a moist healing environment necessary for
the development of granulation tissue. The importance
of moisture for granulation tissue formation is well
recognized.”* An ointment form of phenytoin using
petrolatum (Vaseline) at a ratio of 10% (w/w) would
provide a good coverage of the wound and maintains
its inherent moisture and thus stimulating granulation
tissue formation. It would up-regulate growth factors
expression'* and allow tissues to be more viable for
the process of grafting.

Thisfullthickness skin graftprovidesastandardized
model for the study of graft take in animals, as the
graft can be practically preserved and maintained for
a week during which time the local management of
the wound is being conducted. The 10% Phenytoin
appears to be an effective, low-cost, and safe method
for enhancing the take of the full-thickness skin graft,
comparing very favorably with other reported healing
promoting agents. We found that recipient wound
treatment with local phenytoin ointment, increased
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the rate of autograft take compared to a standard
dressing. Increasing the take of skin graft effect is
possibly related to phenytoin’s granulation tissue
formation.
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