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Abstract: Objectives: Topically applied chlorhexidine and

hyaluronan have many studies supporting their use to enhance

oral wound healing. Allantoin is widely used topically to

promote epithelial proliferation and wound healing, with very

little scientific evidence to support such uses. This study

investigated and compared the influence of these agents on

the healing of intra-oral excisional wounds with large epithelial

and connective tissue defects. Methods: Excisional wounds,

3 mm in diameter, were made at the centre of the palate of 125

Wistar male albino rats. Five animals constituted the baseline

group at time 0. The remaining animals were divided into four

experimental and one control groups, in which chlorhexidine

digluconate gel 0.2% (Perio.Kin�), hyaluronan gel (Gengigel�),

allantoin 0.5% in vehicle gel, vehicle gel alone and nothing

were applied daily to the wounds. The wound areas were

measured photographically and the epithelialization rates were

determined histologically at 0, 3, 7, 14 and 21 days post-

surgery. Results: The mean wound area and mean distance

between the epithelial margins decreased significantly with

time in all experimental and control groups (P < 0.05).

A significant rate of wound area reduction was observed

following the use of Perio.Kin� and Gengigel� at 7 and

14 days. Perio.Kin� showed a significant rate of wound

epithelialization at 7 days. Allantoin did not positively or

negatively affect wound healing. Conclusions: None of the

tested agents had a negative effect on the rate of wound

healing when applied on an excisional wound with epithelial

and connective tissue defect. Positive results were achieved

with Perio.Kin� and Gengigel�.

Key words: allantoin; chlorhexidine; hyaluronan; oral wound

healing
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Introduction

Many agents have been investigated in the quest for an agent

that promotes oral wound healing and reduces post-operative

complications. With the difficulties in post-operative plaque

control after oral surgical procedures, topical antimicrobial

agents are recommended to enhance wound healing by

reducing the accumulation of plaque, in addition to reducing

post-operative pain and swelling (1, 2).

Maintenance of a high level of oral hygiene and plaque

control have been found to be important factors that determine

the success of various oral surgical procedures, including peri-

odontal (2, 3) and implant procedures (4). This is especially

important in certain wound types which heal by secondary

intention, such as those created at palatal donor sites used for

free soft tissue grafts, where a significant amount of tissue loss

occurs. These are often associated with post-operative discom-

fort, pain and sometimes delayed healing (5). In such wounds,

the topical use of antimicrobial agents is especially recom-

mended and widely used (6). Chlorhexidine is a cationic

bisbiguanide with broad antimicrobial activity (7). Its ability to

reduce plaque formation in a variety of concentrations has

made it the gold standard antiplaque agent, with immense

literature on its use and efficacy in plaque control (8).

In addition to antimicrobials, the use of some biomaterials

has been introduced as an alternative approach to enhance

wound healing. Hyaluronan or hyaluronic acid is one such can-

didate (9, 10). Hyaluronan is a member of the glycosaminogly-

can constituents of the extracellular matrices of many tissues

(11). It has a multifunctional role in the healing of wounds (9,

10). By virtue of its biocompatibility and non-toxicity, it is

used in many biomedical fields, such as ophthalmology, derma-

tology and rheumatology (12). It is recommended as a very

promising candidate to mediate periodontal tissue regeneration

and wound healing (10). In patients with gingivitis, hyaluronan

induces tissue repair and healing when topically applied (13,

14). Additionally, it is reported to be successful in maintenance

following implant surgical procedures (15) and in the manage-

ment of recurrent aphthous ulceration (16).

Another agent to which wound healing properties are attrib-

uted, but nevertheless inadequately investigated, is allantoin, a

final product of uric acid metabolism in most organisms includ-

ing some bacteria, plants and animals (17). Allantoin is thought

to be the active ingredient in comfrey (Symphytum officinale),

also known as knitbone and bruisewort, an herb which has a

long history of use in the treatment of bruises, sprains and

fractures in the form of poultices (18). Comfrey is also claimed

to be of benefit in treating cuts and wounds and gastrointesti-

nal ulcers (19). Most of these effects have been reported anec-

dotally and most medical literature regarding comfrey is

limited to its potential liver toxicity with internal use (18).

Allantoin used currently in the cosmeceutical industry is

synthetic (20). Manufacturers list several beneficial effects for

allantoin as an active ingredient in over-the-counter cosmetics,

including keratolytic, moisturizing, soothing and anti-irritant

properties. It is also advocated for its ability to promote the

renewal of epidermal cells as well as accelerate wounds healing

(21). Controlled studies confirming the efficacy of allantoin in

wound healing are very limited (22). Allantoin is also widely

used in oral products such as mouthwashes and toothpastes,

and according to the US Food and Drug Administration

(FDA), it is safe for use as an oral wound healing agent but

there are inadequate data to establish general recognition of its

effectiveness as such (23). The aim of this study was to

investigate and compare the influence of topically applied

chlorhexidine, hyaluronan and allantoin on the healing process

of intra-oral excisional wounds with large epithelial and

connective tissue defects that heal by secondary intention.

Materials and methods

One hundred and twenty five male Wistar albino rats,

12–16 weeks old, weighing 300–350 g were used. The study

protocol was approved by the Jordan University of Science and

Technology (JUST) Deanship of Scientific Research and the

JUST Animal Care and Use Committee which follows the

guidelines of the National Institute of Health, USA (24). Ani-

mal maintenance and treatment were carried out at the animal

house facility at the Biomedical Research Center, JUST. The

rats were anaesthetized using a regimen consisting of atropine

(0.02–0.05 mg kg)1), ketamine hydrochloride (40–87 mg kg)1)

and xylazine hydrochloride (5–13 mg kg)1) administered intra-

muscularly. Animals were later killed using an anaesthetic

overdose. The animals were monitored for weight loss and

feeding behaviour throughout the experiment to ensure that

they were not affected by the palatal wounds.

After anaesthesia, a circular, 3 mm diameter excisional

wound was made in the centre of the palatal mucosa, using a

disposable punch biopsy tool (Kai Medical, Kai Industries Co.,

Ltd., Seki City, Japan). Mucoperiosteal specimens were

removed by sharp dissection exposing a circular area of bare

bone left for secondary healing (25).

Five animals were killed immediately and provided the

baseline group at time 0. The remaining 120 animals were

randomly divided into five groups. Each of four experimental

groups received a daily application of one of the tested agents
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listed below, and in one control group, nothing was applied. At

24 h postoperatively, mild anaesthesia (i.m. injection contain-

ing 0.1 ml of 10% ketamine hydrochloride and 0.1 ml of 20%

xylazine hydrochloride) was used to apply agents on

the wounds every day. Without touching the wound, 1 ml of

the tested agent was delivered directly to the wound using a

syringe with a blunt cannula. After 2 h of agent application,

animals were fed a standard diet of pellets and water ad libitum.

The tested agents included the following:

1 Perio.Kin� gel (Laboratorios Kin, S. A., Barcelona, Spain)

contains chlorhexidine 0.2% and excipients.

2 Gengigel� gel (Ricerfarma, Milano, Italy) contains hyal-

uronic acid 0.2%, xylitol and excipients.

3 Allantoin in a vehicle gel: allantoin powder [International

Specialty Products (ISP), Wayne, NJ, USA] was added to a

vehicle gel, mentioned below, to a final concentration of 0.5%.

4 Vehicle gel without active ingredient (placebo) kindly pre-

pared by the laboratory of the Jordanian Pharmaceutical

Manufacturing Company, Jordanian Pharmaceutical manu-

facturing Co., Ltd., naor, Jordan. Each gram contained

carbopol 980, 3 mg; benzyl alcohol, 10 mg; propylene glycol,

50 mg; triethanolamine, 5 mg and H2O, 932 mg.

Six animals from each group were killed at 3, 7, 14 and

21 days (6). After death of the animals, maxillae were separated

and every wound was evaluated clinically using photography

and histologically. The palatal specimens were photographed at

a constant distance and magnification using a Fujifilm Finepix

S5700 Digital Camera (Fujifilm Corp., Tokyo, Japan). A con-

stant distance between the camera and the specimen was main-

tained by placing the camera in a box especially made for this

purpose. To ensure maximum accuracy, a scientific ruler was

photographed with the specimens. The digital photographs were

transferred to a computer and the mean wound surface area

(MWSA) was calculated for each animal using AutoCAD� 2007

software Autodesk Inc., San Rafael, CA, USA where the ruler in

the photograph was used as a scale reference.

After taking the photographs, specimens were directly trans-

ferred into 10% formalin for fixation for at least 24 h. Speci-

mens were then decalcified in 10% formic acid for 2 weeks

(6), and processed for histological evaluation. For each wound,

five serial sections, 5 lm apart, were cut perpendicular to the

palatal midline at the widest diameter of the wound and

stained with haematoxylin and eosin. Sections were examined

using light microscopy at a magnification of ·40 and the dis-

tance between the epithelial margins in each section was mea-

sured with the aid of a calibrated ocular micrometre. The

mean wound width (MWW) was calculated for each group at

every time point.

Statistical analyses were performed using Student’s t-test for

both photographic and histomorphometric evaluation. The

difference between the groups was considered significant at

a value of P < 0.05.

Results

Clinical and gross observations

Clinical examination of the wounds (Fig. 1) showed gradual

healing over time in all groups. Slow wound healing was

observed at 3 and 7 days postoperatively (Fig. 1b and c). Mac-

roscopically, bone was covered with a serofibrinous layer. The

(a) (b)

(c) (d)

(e)

Fig. 1. Clinical photographs of the palatal wounds showing gradual

healing taken at days 0 (a), 3 (b), 7 (c), 14 (d) and 21 (e) from the

control group.
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margins of the wound became irregular and started to migrate

towards the centre of the wound. The area of fibrin covering

the base of the wound decreased rapidly from day 7 to day 14.

At 14 days post-operation, the defect was largely covered with

epithelium (Fig. 1d). At the end of the experiment (day 21),

most of the defects were healed with a minimal central depres-

sion (Fig. 1e).

Digital image observations

There were no significant statistical differences between the

control and placebo groups clinically or histologically. There-

fore, data from both groups were combined and presented as a

control plus (control+) group. The MWSA measurements for

all groups at different time points are shown in the chart in

Fig. 2. The MWSA decreased significantly with time in all

experimental and control groups.

At day 3, all groups showed significant reduction of the

MWSA compared with the baseline group at day 0. However,

there were no significant differences among the groups at this

time point. At the next time point tested (day 7), all groups

showed variable reduction trends of the MWSA in reference to

the earlier time point, but the reduction was only significant in

the Perio.Kin�-treated group (P < 0.05). At this time point

(day 7); the MWSAs were significantly smaller in both the

Perio.Kin� and Gengigel� groups compared with the control+

and allantoin groups (P < 0.05). Fourteen days after treatment

application, the MWSAs continued to significantly decrease in

all groups (P < 0.05) except the Gengigel� group, in which the

reduction was not significant with reference to the earlier time

point (day 7). Nevertheless, the MWSAs at day 14 were signifi-

cantly lower in both the Perio.Kin� and Gengigel� groups

compared with the control+ and allantoin groups (P < 0.05). At

the last time point tested (day 21), the MWSAs in the

Perio.Kin� and Gengigel� groups were very low, while the

control+ and allantoin groups still had small residual lesions,

although the MWSAs were significantly reduced compared

with day 14 (P < 0.05).

Histological observations

The histopathological features of the ulcers were essentially

the same for the control group and the tested agents (Fig. 3).

The freshly created ulcers at the beginning of the experiment

consisted of a defect in epithelium, with a denuded bony base.

At the third day, a necrotic base was seen, consisting of a sero-

fibrinous coagulum and cellular debris, with inflamed granula-

tion tissue underneath and the epithelium at the margins

proliferating towards the centre. With time, there was gradual

proliferation of epithelium to close the defect, with complete

healing in some cases at the 21-day examination, while in

other cases, only small defects were still observed.

The MWW measurements for all groups at the different

time points are shown in the chart in Fig. 4. The MWW

decreased significantly with time in all experimental and con-

trol groups. Figure 5 shows variation in the MWW at day 7 of

wound healing in the different groups. However, there were

no significant differences among the groups at all time points

tested except at day 7, where the MWW for the Perio.Kin�

group was significantly smaller than that of all the other groups

(P < 0.05). At day 3, only the Gengigel� group showed a sig-

nificant reduction in the MWW compared with the baseline

group at day 0 (P < 0.05). At day 7, the reduction in the

MWW between days 3 and 7 was significant only for the

Perio.Kin� group (P < 0.05). At day 14 of the experiment,

the MWW reduction was significant only for the Gengigel�

and allantoin groups. At the end of the experiment (day 21),

the reduction in the MWW from day 14 became significant in

the control+ group and continued to decrease significantly in

the allantoin group (P < 0.05).

Discussion

The palatal excisional wound in the rat used as a model in this

study represented a reproducible wound that could be fol-

lowed clinically and histologically. Many studies used this

model to investigate intra-oral wound healing or factors that
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Fig. 2. The mean wound surface areas (±SEM) in square millimetres

evaluated at four time points. The introduced wounds in rat palates

were photographed at each time point and then evaluated using Auto-

CAD� 2007 software in each experimental group. For the control+

group (n = 12), for each of the other groups; chlorhexidine digluconate

gel 0.2% (Perio.Kin�), hyaluronan gel (Gengigel�), allantoin 0.5% in

vehicle gel (n = 6). Comparison is represented within each time point

by letters and across times by symbols; different letters or symbols

indicate a significant difference (P < 0.05).
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might affect it (6, 25–27). In this study, standardized digital

photographs were magnified by computer and the boundaries

of the wound were determined on the magnified image, then

the surface areas were calculated using AutoCAD� 2007 soft-

ware. This method introduced by this study for wound surface

area calculation reduced human error factors which might

occur with other methods. For example, Kahnberg and Thi-

lander (25) used tracing paper in their study to calculate the

surface area, while Kozlovsky et al. (6) used a special marker

to determine the wound margins immediately on the specimen

before taking the photograph, and then calculated the surface

area using a digitalizer. Use of a marker on the margins of an

initially small, 5 mm in diameter wound, which becomes even

smaller with time, is likely to increase the possibility of error.

The histomorphometric evaluation was similar to that used

by Kozlovsky et al. (6) where the distance between the epithe-

lial margins was measured. The main drawback of this method

of evaluation is that it assesses only one dimension of the

wound and lacks the ability to evaluate the changes that occur

in the depth or length of the wound. The photographic and his-

tomorphometric results of this experiment revealed that the

dimensions of the wounds decreased significantly over time.

These findings were consistent with those reported in the study

by Kahnberg and Thilander (25), in which clinical healing of

3 mm-in-diameter excisional wounds in rats increased over

time and became complete in most of the animals at 21 days.

The main concept in using chlorhexidine to promote wound

healing is that chlorhexidine reduces the bacterial load on the

wound. The clinical significance of a critical level of the bacte-

rial load in impairing wound healing has long been established

(28). Invasive wound infection interferes with the normal

wound healing process (29, 30).The body’s defence against

infection through activation of inflammatory cells and media-

tors injures the granulation and the surrounding normal tissues

by a variety of interactions (29, 30). Toxins and fibrinolytic

enzymes produced by certain bacteria further impairs the heal-

ing process (30). Moreover, surrounding oedema and inflamma-

tion isolated the affected tissues and formation of bacterial

biofilms protects bacteria from antimicrobials (30). These

factors may collectively impair therapeutic intervention and

wound healing. Conversely, a small bacterial load may increase

the rate of wound healing by accentuating the inflammatory

reaction that is a prerequisite for tissue repair (31).

It is important to note here that studies on chlorhexidine

have shown considerable contradiction on its effect on

wound healing. A number of in vitro studies showed that

(a) (b)

(c) (d)

(e)

Fig. 3. Low power photomicrograph of the

rat palate showing gradual healing of the

excisional wounds in the control group at days 0

(a), 3 (b), 7 (c), 14 (d) and 21 (e) (haematoxylin

and eosin stain, original magnification 40·).
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Fig. 4. The mean wound width (±SEM) in micrometres evaluated at

four time points. The distance between the epithelial wound margins

were measured microscopically using a calibrated ocular micrometre.

For the control+ group (n = 12), for each of the other groups; chlorhex-

idine digluconate gel 0.2% (Perio.Kin�), hyaluronan gel (Gengigel�),

allantoin 0.5% in vehicle gel (n = 6). Comparison is represented within

each time point by letters and across times by symbols; different

letters or symbols indicate a significant difference (P < 0.05).
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chlorhexidine negatively affected fibroblast and keratinocyte

proliferation in a concentration- and time-dependent manner

(32–35). However, only some in vivo studies (36, 37) indicated

a negative effect of chlorhexidine on wound healing, while a

considerable number of studies indicated the value of chlor-

hexidine rinses after various oral surgical procedures and a posi-

tive effect of chlorhexidine on wound healing (1, 6, 38–44).

The results of this study confirmed the positive in vivo effect

of chlorhexidine. The contradiction between in vivo and

in vitro results may be explained by the different cellular,

molecular and environmental interactions affecting the tissue

in vivo as opposed to those in vitro. For instance, in the oral

cavity, chlorhexidine binds mostly to bacteria, and an addi-

tional amount of the applied chlorhexidine is precipitated by

serum proteins (45, 46). Therefore, the remaining amount of

chlorhexidine molecules available to bind to and harm host

cells in the wound is significantly reduced (6).

In this study, Perio.Kin� (chlorhexidine gel 0.2%) resulted

in significant wound improvement at the clinical and histologi-

cal levels. This is in partial agreement with the observation

made by Kozlovsky et al. (6) who found that chlorhexidine

enhanced wound healing significantly at the histological level

but not at the clinical level. The positive clinical result in this

study may be due to the different methods used to calculate

the surface area of the wound.

A similar histomorphometric study on palatal excisional

wound healing in rats revealed that wound healing was

disturbed by a chlorhexidine concentration of 0.5% and that

wound healing was only slightly delayed with a chlor-

hexidine concentration of 0.1% and 0.2% (36). However, one

of the drawbacks of that study was that all the animals in

the control and experimental groups were receiving a

systemic antibiotic during the experiment, which must have

reduced the bacterial influence on wound healing; as the

bacterial load might positively (31) or negatively (29, 30)

interfere with the normal wound healing process. Accord-

ingly, the positive effects of chlorhexidine compared with

the control group might have been reduced or masked by

the use of the systemic antibiotic.

In this study, hyaluronic acid gel (Gengigel�) significantly

improved wound healing at the clinical level. This result was

expected in view of the multiple functions attributed to hyal-

uronan during wound healing (9, 10) and consistent with the

results of some studies on oral tissue healing after gingival

therapy (13, 14), implant surgery (15) and management of

aphthous ulceration (16). The histomorphometric evaluation,

however, did not reveal significant improvement in wound

healing. A possible explanation of this difference may be that

the clinical evaluation included the measurement of two

dimensions of the wound, while the histomorphometric evalua-

tion included only the measurement of one dimension. Accord-

ingly, some improvement in the other dimensions may have

been missed in the histological evaluation.

Chlorhexidine gel (Perio.Kin�) caused significant improve-

ment at both the clinical and histological levels, while hyal-

uronic acid (Gengigel�) caused improvement only at the

clinical level. Nevertheless, there was no significant difference

at the clinical level between the groups receiving Perio.Kin�

and Gengigel�. It seems that Perio.Kin� is slightly better than

Gengigel�, and this may be attributed to the substantival or

persistence effect of chlorhexidine (47). As there was only one

daily application of either agent in this study, it is reasonable

to see a better effect of Perio.Kin�, while multiple daily appli-

cations of Gengigel� may increase its effect. Therefore, further

studies in this area are recommended.

Allantoin did neither improve wound healing nor negatively

affect it in this study. However, in view of the widespread use

of comfrey, a major source of allantoin in alternative medi-

cine, the widespread use of allantoin in the cosmeceutical

industry, the many anecdotal claims of its value in tissue regen-

eration, the lack of adequate scientific evidence of that (18)

and the fact that only one concentration of allantoin was tested

(a)

(c)

(b)

(d) Fig. 5. Low power photomicrograph of the pala-

tal wounds at day 7 showing variation of wound

healing in the different groups. (a) Control

group, (b) Perio.Kin� group, (c) Gengigel�

group and (d) Allantoin group (haematoxylin

and eosin stain, original magnification 40·).
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in this experiment, we believe that further studies with various

concentrations and wound types are warranted before any solid

conclusions can be made.

Conclusions

Significant effects on wound healing were achieved with

Perio.Kin� and Gengigel� where Perio.Kin� improved wound

healing clinically and histologically and Gengigel� improved

wound healing clinically. It seems warranted to use either of

these agents following oral surgical and periodontal procedures.

Allantoin did not have any positive effect on the rate of wound

healing. A single concentration of allantoin was tested in this

study. Therefore, it may be valuable to re-evaluate the effect of

allantoin on intraoral wound healing either at different concentra-

tions or preparations. Nevertheless, none of the tested agents had

a negative effect on the rate of wound healing when applied on

an excisional wound with epithelial and connective tissue defect.
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