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ABSTRACT

Phenytoin stimulates connective tissue growth, while honey has been used in treating
various wounds and ulcers. This study evaluates 2% phenytoin ointment and honey on
excisional wound healing process in experimental albino rats in comparison to 5% Betadine
ointment. Method: Wistar albino rats were divided into four groups (n=6). Excisional round
full thickness skin wounds of diameter 15 mm were created on back of anaesthetized
animals. Medications were applied topically twice daily up to 20 days. Group A — untreated

Keywords (control), Group B — 5% betadine ointment, Group C - 2% phenytoin oinment and Group D
2% Phenytoin, received honey. Wound healing was measured on Days 0, 4, 8, 12, 16 and 20. Number of
Honey, days taken for complete epithelisation of wound was noted. Statistical analysis was done
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using ANOVA followed by Tukey-Kramer test and p<0.05 was considered significant.
Result: 5% Betadine, 2% phenytoin ointment and honey hastens healing and reduces time
taken for complete epithelisation of excisional wound when compared to negative control
(p<0.05). 2% phenytoin and honey were superior to 5% betadine. Conclusion: Both 2%
phenytoin oinment and honey may be considered for wound healing but their role in healing
of infected wound needs to be explored further.

Introduction

Widespread existence of unhealed wounds, ulcers, and
burns has a great impact on public health and economy. Non-
healing and chronic wounds are a significant healthcare problem
in today’s medical practice." Appropriate treatment and wound
care accelerate the healing process and prevent infection and
chronicity of the wound.? Despite extensive efforts to improve
wound healing, the outcomes of existing methods are far from
optimal.> Many interventions, including new medications and
technologies, are being used to help achieve significant wound
healing and to eliminate infections.

Phenytoin (diphenylhydantoin) was introduced into therapy
in 1937 for the effective control of convulsive disorders.® A
common side effect with phenytoin is the development of
fibrous overgrowth of gingiva.® This apparent stimulatory effect
of phenytoin on connective tissue suggested an exciting
possibility for its use in wound healing.® Studies have shown
topical phenytoin to promote healing of decubitus ulcers, venous
stasis ulcers, diabetic ulcers, traumatic wounds, burns, and
leprosy trophic ulcers ®"® but the efficacy of phenytoin in
treatment of such conditions is still controversial. The present
literature available indicates that topical phenytoin deserves
further investigation as a wound healing agent in preclinical
studies in a controlled environment.

Honey is a natural product that has been introduced in
modern medical practice. It has been used both orally and
topically to treat various ailments including gastric disturbances,
ulcers, wounds, and burns. Honey has long been documented as
having healing properties* Honey and sugar paste were
associated with scar less healing in cavity wounds.®
Furthermore, honey causes significantly greater wound
contraction than controls, and it promotes the formation of
granulation tissue and epithelialization of wound.® Antibacterial
properties and its effects on wound healing have been

Tele:
E-mail addresses: drprithwijit@gmail.com

© 2014 Elixir All rights reserved

© 2014 Elixir All rights reserved.

thoroughly investigated. The present study was conducted to
evaluate the effect of phenytoin and honey on the wound healing
process as well as epithelisation of wound compared to standard
therapy betadine on laboratory rats.

Materials and Methods

The experiment was conducted on 24 albino rats of wistar
strain of either sex weighing 150-200 g. The animals were caged
individually (to avoid licking of wound) in a controlled
environment (temperature 25°+ 2°C) with a 12 hr light-dark
cycle. Food and water were available ad libitum to the rats.
Permission of Institutional Animal Ethics Committee was duly
obtained. Prior to creating excisional wounds the rats were
anesthetized by ether anaesthesia, shaved on the back and skin
was disinfected using cotton and alcohol wipes. Using sterile
surgical instrument round full thickness skin wounds of 15mm
diameter were created in the paravertebral area, approx. 5 mm
from midline on the back of rats.” The animals were randomly
divided into four groups (n=6). Group A — served as negative
control. Group B — 5% betadine ointment (positive control),
Group C - 2% phenytoin ointment ° and Group D honey were
applied. Wound healing was measured on Days 0, 4, 8, 12, 16
and 20 of the experiment.’

To measure the contracture of the wound, a transparent
plastic paper was placed on the wound and its shape was drawn
on the same paper with a marker and then matched with the
graph paper (mm?) for finding the area of the wound to the
nearest sq mm.*® Time taken for complete epithelisation (fall of
scab without any raw area) was also noted in all the groups.™
Statistical Analysis:

Statistical analysis was performed with Graph pad Instat 3
version. One way ANOVA followed by Tukey Kramer Multiple
Comparisons Test was done. p<0.05 was considered significant
and p<0.001 was considered very highly significant.
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Results:

Compared to Group A (control), groups B (5% betadine),
C(2% Phenytoin) and D (honey) significantly reduced the
wound surface area in all the animals over a period of 20 days
(Table I). Contracture of wound surface area was noted as early
as on day 4 with 2% Group C and D (p<0.05). This difference
widened throughout with p value gradually becoming very
highly significant (p< 0.001) in later part of the study.

Inter group comparison shows that from 12" day onwards,
Group C and Group D was superior to Group B and (p<0.01)
Groups C and D were comparable (p>0.05) (Table I)

Table I: Average area of wound measured in sq mm (n=6)

Days | Group A Group B Group C Group D
Negative Betadine Phenytoin Honey
control (5%) 2%

0 178+2.1 178+2.3 178+2.2 178+2.1

4 144.6+6.6 137.2+44.5 133.146.3 133.246.1°

8 124.1+4.8 115.3+3.6* 110.446.7 113.446.1°

12 112.3+4.1 05.4+45*** | 845+54" ' | 83557

16 99.2+4.5 67.5+5.6*** | 542+41" " | 56.1+5.8" "7

20 72.2+7.2 38.1+6.7*** | 22.7#5.2" " | 20.1+4.8" **

Values (mean £ SD);

One way ANOVA followed by Tukey Kramer multiple

comparison test done

* denotes comparison of Groups B, C, D vs A; * p<0.05

significant; **p<0.01 highly significant & ***p<0.001 very

highly significant

* denotes comparison of Groups B vs. C &D; * p<0.05

significant; *"p<0.01 highly significant

* denotes comparison of Group D vs. C; * p<0.05 significant;

The average days required for complete epithelisation was

significantly less(P< 0.05) in all the treatment groups B, C & D

compared to Group A. In between comparison of groups

indicates that Group C and D were superior to group B (p<0.05)

whereas group D was superior to group C (p<0.05). (Table II)
Table Il: Time taken for complete epithelization of wound

(n=6)

Groups Average no. of Days required for complete
epithelisation

Group A (negative | 34.6+3.2

control)

Group B (Betadine 5%) | 27.9+2.2"

Group C (Phenytoin | 23.622.7

2%)

Group D (Honey) 18.8+2.37 **7

Values (mean * SD);
One way ANOVA followed by Tukey Kramer multiple
comparison test done
* denotes comparison of Groups B, C, D vs. A; ~p< 0.01 highly
significant &~ "p<0.001 very highly significant
* denotes comparison of Groups C & D vs. B; ¥ p< 0.05
significant & p<0.001 very highly significant
# denotes comparison of Group D vs. C; * p<0.05 significant;
Discussion

Wound healing is the process of restoration of physical
integrity of internal or external body structures and involves
complex interactions between the cells and various other factors.
The healing process consists of a sequence of overlapping
events including inflammatory responses, regeneration of the
epidermis, shrinkage of the wound and finally connective tissue
formation, and remodeling.® By day 4 after injury, new
granulation tissue begins to invade the wound gap and numerous
new capillaries grow through the new stroma with its granular
appearance.*
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A common side effect with phenytoin is gingival
hyperplasia. This apparent stimulatory effect of phenytoin on
connective tissue suggested possibility for its use in wound
healing. The mechanism by which phenytoin accelerates the
wound healing process is unknown. Clinical studies suggest that
stimulation of fibroblastic proliferation, enhancing the formation
of granulation tissue, decreasing collagenase activity (by
reducing its production or secretion or both), promoting
deposition of collagen and other connective tissue components,
decreasing bacterial contamination, and by decreasing the
formation of wound exudate to be some of the ways by which
topical phenytoin hastens the healing process.* ** ** Local pain
relief due to membrane-stabilizing action of topical phenytoin
therapy has been observed in several studies.*® ** Pendse et al.
found antibacterial activity of phenytoin in the wound healing
process. *°

Topical application of phenytoin results in direct access of
the drug to the target site and avoids the risk of getting systemic
side effects. *° The findings of the above-mentioned study were
taken into consideration for selecting the route of administration
of phenytoin for wound healing in the present study.
Modaghegh et al.” compared four topical phenytoin formulations
(gel, cream, powder ) in a rat model of wound healing and
concluded that the phenytoin powder showed the most
favourable results thus we considered phenytoin as powder
formulation in our study to avoid contamination .

Honey has proven antibacterial activity and medical
literature on treating wounds with honey has been reviewed"" '8
As a dressing on wounds, honey provides a moist healing
environment, rapidly clears infection, deodorizes, reduces
inflammation, edema, and exudation. It increases the rate of
healing by stimulation of angiogenesis, granulation, and
epithelialisation.® Honey stimulates tissue growth, synthesis of
collagen, and development of new blood vessels in the bed of
wounds.”

Honey’s antibacterial constituents and mechanisms
identified include hydrogen peroxide (H,O,), methylglyoxal,
(MGO), bee defensin-1, osmotic effect, and pH effects. > When
honey is used topically (example, a wound dressing), hydrogen
peroxide is produced by dilution of honey with body fluids
which is released slowly and acts as an antibacterial. 2 The
acidic pH (3.2 - 4.5) of honey? prevents the growth of many
bacteria. High osmolar solutions like honey inhibits the growth
of microorganism because sugar molecule present in honey ties
up water molecules so that bacteria have insufficient water to
grow.?* Topical honey possesses antimicrobial effects by
promoting autolytic debridement and by stimulating growth of
wound tissue reducing pain, edema and exudates production.”®

Though both the agents have proven potential in healing of
wounds, no available data of head to head comparison of the
two were available. Further, honey being a readily available
natural household remedy finds an edge over phenytoin.

In the present study, it is seen that both 2% phenytoin
oinment and honey hastens both healing and time taken for
complete epithelisation of excisional wound in albino rats when
compared to negative control and 5% betadine. But honey
proved to be superior in time taken for complete epithelisation
of wound.

Conclusion:

Honey is a natural remedy without any known systemic side
effects and has proven antibacterial activity too, but action of
phenytoin on contaminated wounds and its systemic side effects
needs further evaluation. However, there is still scope of further
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detailed investigation of exact wound healing mechanism and
action of both the agents.

Conflict of Interest: None

Funding Sources:  Self

Author’s contribution:

Name

Dr Prithwijit Banerjee
Dr Mohua Sengupta
Dr Suhrita Paul

Dr Musfikur Rahaman
Dr Subhasish Dan
Reference:

1. Alizadeh A, Mohagheghi M, Khaneki M, Saeed PK. A study
of the effect of magnesium hydroxide on the wound healing
process in rats. Med J Islamic World Acad Sci. 2007; 16:165-
70.]

2.Clark RA. Basis of cutaneous wound repair. J Dermatol Surg
Oncol. 1993; 19:693-706.

3.Anstead GM, Hart LM, Sunahara JF, Liter ME. Phenytoin in
wound healing. Ann Pharmacother.1996; 30:768-75.

4.Bhatia A, Prakash S. Topical phenytoin for wound healing.
Dermatol Online J. 2004; 10:5

5. Tripathi KD. Antiepileptic drugs In Essentials of Medical
Pharmacology. 6th edition. Jaypee Brothers; 2008: 382-5.

6. Simpson GM, Kunz E, Slafta J. Use of diphenylhydantoin in
treatment of leg ulcers. N Y State J Med 1965; 65: 886-8.
7.Bansal NK, Mukul. Comparison of topical phenytoin with
normal saline in the treatment of chronic trophic ulcers in
leprosy. Int J Dermatol 1993; 32:210-13.

8. Malhotra YK, Amin SS. Role of topical phenytoin in trophic
ulcers of leprosy in India. Int J Leprosy 1991; 59:337-8.
9.Modaghegh S, Salehian B, Tavassoli M, et al. Use of
phenytoin in healing of war and non-war wounds. A pilot study
of 25 cases. Int J Dermatol 1989; 28:347-350.

10. Iftikhar F, Arshad M, Rashid F, Amraiz D, Anwar P, Giltraz
M, (2010) Effects of Acacia honey on wound healing in various
rat models. Phytother. Res. 24(4), 583-6.

11.Rathi B, Badri N. Wound healing effects of beetle leaf in
albino rats. Orissa J Pharm. 2006; 3:21-5.

12.Clark R, Nielson L, Welch M and McPherson J (1995).
Collagen matrices attenuates the collagen —synthetic response of
cultured fibroblasts to TGF-Beta. J Cell. Sci.108, 1251-61.

Contribution

Principal investigator

Co investigator

Manuscript drafting and protocol deigning
Data interpretation and analysis
Manuscript drafting

Banerjee Prithwijit et al./ Elixir Pharmacy 69 (2014) 22953-22955

13.Rhodes RS, Heyneman CA, Culbertson VL, Wilson SE,
Phatak HM. Topical phenytoin treatment of stage Il decubitus
ulcers in the elderly. Ann Pharmacother. 2001; 35:675-81.
14.McAnally LE, Thompson D. Use of phenytoin for wound
healing. Hosp Pharm. 1992; 27:649-50.

15.Talas G, Brown RA, Mc Grouther DA. Role of phenytoin in
wound healing-a wound pharmacology perspective. Biochem
Pharmacol. 1999;57: 1085-94.

16.Pendse AK, Sharma A, Sodani A, Hada S. Topical phenytoin
in wound healing. Int J Dermatol. 1993; 32: 214-7.

17.Molan P, 1999.Why honey is effective as a medicine.lts use
in modern medicine. Bee World 80, 80-92.

18.Sharp A, 2009. Beneficial effect of honey dressings in
wound management. Nurs Stand. 24(7), 66-8.

19.Molan PC 2001. Potential of honey in treatment of wounds
and burns, Am. J. Clin. Dermatol. 2(1), 13-19

20.Kumar A, Sharma V, singh H, Prakash P and Singh S. (1993)
Efficacy of some indigenous drugs in tissue repair in buffaloes.
Indian Vet. J. 70, 42-44.

21.Kwakman PH, Te Velde AA, De Boer L, Speijer D,
Vandenbroucke-Grauls CM, Zaat, SA (2010). "How honey Kkills
bacteria”. FASEB journal : official publication of the Federation
of American Societies for Experimental Biology 24 (7): 2576—
82.

22.Bilsel Y, D Bugra, S Yamaner, T Bulut, U Cevikbas and U
Turkoglu. 2002. "Could Honey Have a Place in Colitis
Therapy". Digestive Surgery 29 (4): 306-312.

23.Lusby, PE; Coombes, A, Wilkinson, JM (November 2002).
"Honey: a potent agent for wound healing?". Journal of wound,
ostomy, and continence nursing : official publication of the
Wound, Ostomy and Continence Nurses Society / WOCN 29 (6):
295-300.

24.Chirife J, and Scarmato G. 1982. Scientific basis for use of
granulated sugar in treatment of infected wound. Lancetl, 560-
1.

25.Bittman S, Luchter E, Thiel, M, Kameda G, Hanano R,
Langler A. 2010. Does honey have aeole in paediatric wound
management. Br. J. Nurs 19,(15) 19-24


http://dare.uva.nl/document/175222
http://dare.uva.nl/document/175222
http://content.karger.com/ProdukteDB/produkte.asp?Aktion=ShowPDF&ProduktNr=223996&Ausgabe=228557&ArtikelNr=64580&filename=64580.pdf
http://content.karger.com/ProdukteDB/produkte.asp?Aktion=ShowPDF&ProduktNr=223996&Ausgabe=228557&ArtikelNr=64580&filename=64580.pdf

