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Abstract
Aim: This study evaluated the effects of a topical herbal patch (PerioPatch�) for
gingival wound healing in a rat model.
Materials and Methods: A mid-crestal incision was performed on each side of the
edentulous anterior maxilla in 48, 6-month-old, Wistar rats. Full-thickness flaps
were raised, repositioned and sutured. Four experimental groups were established:
herbal patch, placebo patch, no patch and no patch and no surgery. Patches were
placed immediately after surgery and replaced every 12 h for the following
3 days. Half of the animals were killed after 5 and the remaining ones after
12 days. Tissue blocks were retrieved and processed for histological and immuno-
histochemical evaluation. Epithelial gap, collagen contents, amount of macro-
phages, cellular proliferation and vascular contents were evaluated in the central
incision area. Statistical analysis consisted of two-way ANOVA.
Results: The herbal patch group presented the smallest epithelial gap at 12 days,
the highest collagen content both at 5 and 12 days, a larger number of proliferat-
ing cells at day 5 and more numerous blood vessels at day 12. Macrophage num-
ber was similar in all groups.
Conclusion: Herbal patch improved wound healing in this animal model.
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Inflammation is necessary for the
effective defence against pathogens
and to set in motion tissue repair
following injury (Romero-Cerecero
et al. 2014). However, exaggerated
inflammatory mechanisms may com-
promise results of bone and tissue
regeneration procedures, especially
where soft tissue dehiscence,

membrane exposure or both occur
(Carlson & Monteleone 2004, Poli-
meni et al. 2004a,b).

A controlled inflammatory pro-
cess with rapid healing of the soft
tissue wound created during the sur-
gical procedures is critical for their
success. Effective wound healing
requires a highly organized series of
events that comprise inflammation,
re-epithelialization, keratinocyte and
fibroblast proliferation, matrix depo-
sition and angiogenesis.

PerioPatch� ([PP], Izun Pharma-
ceuticals Ltd. Jerusalem, Israel) has
been applied to enhance healing of
various types of oral wounds,

injuries and ulcerations of the gingi-
val and oral mucosa, including sto-
matitis, minor chaffing and
traumatic ulcers and lesions associ-
ated with oral surgery. According to
the manufacturer specifications, it is
composed of two layers, an outer
layer composed of a non-absorptive
non-dissolving matrix that allows for
slow dissolution of the inner layer,
composed of a gel containing natural
plant extracts. The inner layer of the
patch is self-adhesive and protects
the underlying tissues by forming a
protective seal over inflamed gingiva
and oral mucosa while at the same
time, due to its herbal components,
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reducing the signs and symptoms of
inflammation. At some interval after
application, the outer layer loosens
and detaches. The gel layer may
remain in place for up to 6 h.

PP contains extracts of three
herbs: Centella asiatica, Echinacea
purpurea and Sambucus nigra which
have been shown to present healing
effects, especially wound healing and
collagen synthesis in skin (Kim et al.
2011), to positively affect the expres-
sion of genes involved in angiogene-
sis and the remodelling of
extracellular matrix (Coldren et al.
2003) and be effective in reducing
gingival inflammation (Sastravaha
et al. 2003, 2005, Harokopakis et al.
2006). Centella Asiatica extract pre-
sents a multiplicity of actions associ-
ated to six important mechanisms:
oedema and capillary filtration con-
trol; strong antioxidant power, effec-
tive on several forms of oxidative
stress associated to inflammation
or infections and synergic with other
antioxidant products; an anti-
inflammatory action; a modulation
of the collagen production avoiding
slower scarring or faster, hyperthro-
phic scarring and cheloids; a modu-
lating action of local growth factors;
a modulation of angiogenesis (Bel-
caro et al. 2011).

PP has been evaluated in previ-
ous clinical trials following non-
surgical periodontal treatment with
positive results (Grbic et al. 2011,
Samuels et al. 2012, Levine et al.
2013) and no adverse effects. In
these studies, PP was found to pro-
vide beneficial outcome by reducing
signs of gingival inflammation when
applied in conjunction with scaling
and root planing. Clinical signs of
inflammation and crevicular fluid b-
glucuronidase levels at 24 h were
reduced following PP placement, sig-
nificantly more than in control sites.
Individuals with gingivitis who
received PP had a greater reduction
in mean gingival index scores com-
pared to those receiving placebo
patches (Grbic et al. 2011). Also,
percentage of participants whose gin-
gival index scores decreased by one
or more was higher among those
receiving PP than among those
receiving the placebo patches. The
average decrease in gingival cre-
vicular fluid ß-glucuronidase levels
for participants receiving PP were
significantly greater than for those

receiving the placebo patches. It was
concluded that topical treatment by
means of the topical herbal patch
may be effective and safe in reducing
gingival inflammation.

However, while these controlled
clinical studies suggest that PP appli-
cation reduces gingival inflammation
following periodontal non-surgical
treatment, its effect on the outcomes
of oral surgical procedures has not
been evaluated. The effect of PP on
the various processes essential for
wound healing: re-epithelialization,
inflammation, angiogenesis cellular
proliferation and matrix deposition,
may provide an answer to its poten-
tial role in improving soft tissue
wound healing.

The aim of this study was to
evaluate the effects of a topical her-
bal patch (PP) on healing of a surgi-
cal gingival wound in the rat model.

Our hypothesis was that PP has
the potential to improve healing of a
surgical gingival wound such as the
one performed during routine peri-
odontal/implant procedures.

Materials and methods

Forty-eight 6-month-old Wistar rats
weighting 427–577 g. were included
in this study. The study protocol
was approved by the Tel Aviv Uni-
versity Animal care committee. Ani-
mals were housed in wire cages in
temperature and humidity-controlled
rooms with a 12-h light/dark cycle,
with food and water ad-libitum.

General anaesthesia was achieved
by an intra-peritoneal injection of
0.1% Xylazine (13 mg/kg) and 0.1%
ketamine (87 mg/kg). Local anaes-
thesia was performed using 0.5 cc
Lidocaine 2% with adrenaline
1:100,000.

A mid-crestal incision was made
on the maxillary alveolar ridge in
the existing edentulous area between
the 1st molar and the incisors. A
full-thickness flap was raised on each
side of the incision and then reposi-
tioned and sutured with resorbable
vycril 4-0 sutures (Ethicon Inc.,
Johnson & Johnson, NJ, USA).

Eight experimental groups were
established:

Study groups: PerioPatch� was
placed on the incision line immedi-
ately following surgery and was
replaced every 12 h for the following
3 days.

Placebo patch control groups:
Protocol was similar as in the study
groups only that a placebo patch
(similar in composition to the Perio-
Patch�, but without the active her-
bal ingredients) was applied. Neither
study nor placebo patches were pres-
ent at the time of the new patch
application.

Negative control groups: No
patch was placed on the incision line
following surgery.

Intact control groups: No surgery
was performed and no patch was
applied.

The type of patch was coded (A
or B) and was not available to the
researchers until the results were
available, therefore, the study was
designed as blind.

To minimize the number of ani-
mals without compromising results,
each hemi-maxilla served as a sample
in a group. A single type of patch
was applied only on one side of each
animal while in half of them, the
contra-lateral side served as negative
control and in the remaining as
intact group. Half of the animals
were killed after 5 days and the
remaining ones after 12 days.

Initially, each one of the eight
groups consisted of 12 sites, there-
fore, altogether, a total of 96 sam-
ples were available. Two animals
died during the experiment. As a
result, two groups were left with 10
samples each.

Tissue harvesting

Animals were killed under anaesthe-
sia using CO2 and the maxillae were
excised and fixed in 4% paraformal-
dehyde for 7 days at room tempera-
ture. After decalcification in a 10%
EDTA solution for 30 days, the
specimens were embedded in paraffin
and cut into serial sections of 4 lm
thickness in a coronal plane, perpen-
dicular to the line of incision.

Histological evaluation

Conventional histology (Haematoxy-
lin & Eosin) for measurement of epi-
thelial gap distance: Slides were
stained with Haematoxylin & Eosin
with the standard methods. Epithe-
lial gap was measured under a 409
magnification using an Olympus
BH-2 (Olympus America Inc, New
York, USA) light microscope. A gap
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zone was defined by lack of wound
tissue and its width was measured at
three epithelial heights within the
incision line: a. deepest (close to the
connective tissue), b. midway
between the epithelial surfaces and c.
most superficial portion of the epi-
thelial wound. A mean of all mea-
surements in two sections was
computed. The mean � standard
deviation (SD) for each of the eight
groups was then calculated.

Quantitation of collagen fibre
content with picrosirius red (PSR)
stain under polarized light micros-
copy: Adjacent sections were stained
with picrosirius red solution (ScyTek
kit SRS250X (ScyTek Laboratories
Inc., Logan, USA). Using polarized
light microscopy and a 9200 objec-
tive, the wound site was photo-
graphed and the area of the wound
occupied by collagen fibres was
determined as percent of the total
area of the connective tissue.

Total connective tissue pixels
adjacent to incision site were calcu-
lated as:

½Total photomicrograph pixels�
� ½Epithelial pixels
þAlveolar crest pixels�

The percentage of collagen in
connective tissue was calculated as:

Connective tissue collagen fibres
pixels (red, yellow, green)*100/total
connective tissue pixels.

Immunnohistochemistry: Antibod-
ies used in this study are summarized
in Table S1. Macrophages stained
with CD68 were counted and
expressed as number of cells/mm2 of
gingival connective tissue adjacent to
the incision site. The number of Ki-
67 positive cells was determined in
the connective tissue below the epi-
thelial area of interest for all eight
groups. The general degree of prolif-
eration with no differentiation
between cells types was assessed.
Cells stained for Ki-67 were counted
and expressed as number of cells/
mm2 of gingival connective tissue
adjacent to the incision site.

Endothelial cells positive to trans-
glutaminase II with a lumen were
recognized as blood vessels. The
number of blood vessels was
expressed per mm2 of gingival con-
nective tissue adjacent to the incision
site.

Statistical analysis

Statistical analysis was performed
using IBM SPSS Statistics (Armonk,
New York, U.S.). A two-way ANOVA

analysis was performed to examine
changes between groups for each
dependent parameter. The statistical
analysis was conducted for the 5 and
12 days data separately. Level of sig-
nificance for all hypotheses was 5%.

Results

Clinical healing was not evaluated,
however, in most animals; partial
soft tissue healing could be appreci-
ated by 5 days, whereas it was com-
plete and uneventful by the end of
the study at day 12.

Five days after the surgical proce-
dure, the smallest epithelial gap was
found in the study group. However,
the difference between the three
groups where surgery was per-
formed, was not statistically signifi-
cant (p = 0.701). In contrast, on day
12, the epithelial gap was signifi-
cantly smaller in the study group
compared to the placebo group
(p = 0.073) and to the negative con-
trol group (p = 0.056) (Figs 1, 2, 3).

A statistically significant higher
collagen content was found in the
study group both at 5 and 12 days
after the surgical procedure
(p < 0.001) (Fig. 4 + Figures S2a,
S2b, S3a, S3b).

Although macrophage counts
were highest in the study group both
at 5 and 12 days, differences
between groups were not statistically
significant (Fig. 5).

A larger number of proliferating
cells was found in the study group.

At 5 days, the effects of the type of
patch approached statistical signifi-
cance (p = 0.054) (Fig. 6 + Figures
S4a, S4b). On day 12, although the
mean number of proliferating cells
was highest in the study group, dif-
ferences between groups were not
statistically significant.

The mean number of blood ves-
sels was highest in the study group,
however, at 5 days, differences were
not statistically significant.
(p = 0.354), reaching significance
only at 12 days (p = 0.014)
(Fig. 7 + Figures S5a, S5b).

Discussion

Our results showed that application
of the topical herbal patch improved
gingival healing compared to control
and the placebo patch, thus, suggest-
ing that the active herbal ingredients
(Centella asiatica, Echinacea purpu-
rea and Sambucus nigra) play an
important role in this effect. Asiati-
coside and Madecassoside, found in
Centella asiatica, promote fibroblast
proliferation and extracellular matrix
synthesis in wound healing (Lu et al.
2004), alleviate infiltration of inflam-
matory cells, enhance epithelializa-
tion resulting from fibroblasts
proliferation and promote angiogen-
esis (Liu et al. 2008). Sambucus nigra
extract was found to potently
inhibit proinflammatory activities
(Harokopakis et al. 2006). Certain
components in Echinacea species dis-
play remarkable wound healing and
anti-inflammatory activities (Tumen
et al. 2011).

Previous studies evaluating soft
tissue healing (Sumitra et al. 2005,
Firat et al. 2013, Ganjali et al.

Fig. 1. Epithelial gap (mean and SD) in microns in the various experimental groups.
S=study group (PP); P, placebo patch group; NC, negative control (no patch) group.
#, p = 0.07 (versus the respective study group). *, p = 0.05 (versus the respective study
group).
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2013, Kulac et al. 2013, Kant et al.
2014) applied a similar methodology
as the present one. Degree of epi-

thelialization, number of blood ves-
sels, proliferating cells and collagen
deposition are the most generally

evaluated parameters to demon-
strate positive effects on wound
healing. An animal study (Ganjali
et al. 2013) investigated if the meth-
anolic extract of the Otostegia persi-
ca can accelerate the healing process
of burn wound because of its anti-
inflammatory and antioxidant
effects. It was concluded that meth-
anolic extract of Otostegia persica
exhibited significant healing activity
when topically applied on rats. In
another example, b-glucan exerted
various positive effects in burn
wound healing, including immuno-
modulatory effects, antioxidant
effects (free-radical scavenging activ-
ity) and effects associated with the
reduction in the inflammatory
response (Firat et al. 2013). b-glucan
application led to higher fibroblast
proliferation, angiogenesis and re-
epithelialization on the 7th day. In
particular, re-epithelialization on the
21st day was significantly better
where b-glucan was administered. In
yet another study, topical treatment
with curcumin (Cur) on burn wound
healing in rats showed positive
effects (Kulac et al. 2013). Other
studies have also reported that Cur-
treated wounds were found to heal
much faster as indicated by
improved rates of inflammatory
cells, collagen deposition, angiogene-
sis, granulation tissue formation and
epithelialization which were also
confirmed by histopathological and
biochemical examinations (Akbik
et al. 2014).

Previous controlled clinical stud-
ies have proven that PerioPatch�

application is useful to reduce gingi-
val inflammation following perio-
dontal non-surgical treatment (Grbic
et al. 2011, Samuels et al. 2012) and
that its application, following scaling
and root planing and oral hygiene
instructions, together with a mouth
rinse containing the herbal active
ingredients may decrease gingival
recession and gingival index scores
with increased gingival thickness
(Levine et al. 2013). This study eval-
uated, for the first time, the effects
of this device on the various
processes essential for soft tissue sur-
gical wound healing: re-epithelializa-
tion, inflammation, angiogenesis
cellular proliferation and matrix
deposition.

Our results showed that the topi-
cal herbal patch application

(c)

(b)

(a)

Fig. 2. Epithelial healing in the study group 12 days after surgery. (H&E). (a) alveolar
crest, (b) gingival connective tissue,(c) epithelium and incision site (arrow). (9110).

(c)

(b)

(a)

Fig. 3. Epithelial healing in the placebo patch group 12 days after surgery. (H&E). (a)
alveolar crest, (b) gingival connective tissue, (c) epithelium and incision site (arrow).
(9110).

Fig. 4. Connective tissue collagen content (%, mean and SD) in the various experi-
mental groups. S, study group (PP); P, Placebo patch group; NC, negative control (no
patch) group. I, Intact (no surgery) group. **, p < 0.001 (versus the respective study
group).
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enhanced the epithelial bridging and
improved healing. Although, the
effect was noted already at day 5, it
only approached statistical signifi-
cance on day 12. However, the pla-
cebo patch, which provided only
mechanical protection, did not exert
a positive healing effect.

The results concerning inflamma-
tory cells were not significantly dif-
ferent between groups. One may
speculate that the study model was
based on a surgical wound which is
clean, therefore, resulting mainly in
a reparative process with minimal
inflammation.

PerioPatch� application resulted
in an improved healing as evaluated
by an increased number of proliferat-
ing cells. This effect only approached
statistical significance by day 5; how-
ever, by day 12 results were statisti-
cally similar in the different groups,
coinciding with the pattern of
increased cellular proliferation during
the healing process.

Increased collagen fibre quantity
was appreciated in the study groups
which was statistically significant both
at 5 and 12 days. The placebo patch
did not affect this parameter positively.

Blood vessels were significantly
more numerous in the study group
compared to placebo patch group at
day 12. This coincides with the tim-
ing of angiogenesis during the heal-
ing process.

Effective wound healing requires
a highly organized series of events
that comprise inflammation, re-
epithelialization, keratinocyte and
fibroblast proliferation, matrix depo-
sition, angiogenesis and wound con-
traction. Together, these processes
result in the restoration of tissue
integrity and functional healing. The
clinical investigation in search for
therapeutic tools to improve the
wound healing process has led to the
development of novel treatment
strategies (Hackam & Ford 2002)
among which this herbal topical
patch may be suitable for some clini-
cal applications. Further clinical
human controlled studies are manda-
tory to corroborate our results.

Conclusions

In this preclinical, animal study,
application of the PerioPatch� and
not the placebo patch improved
wound healing in the described
model. The topical herbal patch sig-
nificantly decreased the epithelial gap
following surgery. The positive effects
on soft tissue wound healing were
also appreciated by increased number
of proliferating cells, collagen produc-
tion and number of blood vessels.
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Supporting Information

Additional Supporting Information
may be found in the online version
of this article:

Figure S1. Epithelial healing in the
negative control group 12 days after
surgery.
Figure S2. Study group. 5 days after
surgery.
Figure S3. Study group. 12 days
after surgery.
Figure S4. Study group 5 days after
surgery.
Figure S5. Study group. 12 days
after surgery.
Figure SA. Mid-crestal incision on
the maxillary alveolar ridge in the
existing edentulous area between the
1st molar and the incisors.
Figure SB. Following full-thickness
flaps raised and repositioned on each
side of the incision, resorbable
sutures were performed to replace
the soft tissues.
Figure SC. PerioPatch� or placebo
patch was placed on the incision line
immediately following surgery and
replaced every 12 h for the following
3 days.
Table S1. Antibodies applied in this
study.
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Clinical Relevance

Scientific rationale for the study:
Rapid healing of the soft tissue
wound is critical for the success of
surgical procedures in the oral cav-
ity. The evaluated topical herbal
patch may have the potential to
improve gingival healing following

routine periodontal/implant proce-
dures.
Principal findings: Application of the
herbal patch resulted in smaller epi-
thelial gap after surgery, an effect
which was accentuated with time.
Other patch positive effects on
wound healing were increased

number of proliferating cells,
increased collagen production and
increased number of blood vessels.
Practical implications : PerioPatch�

could offer clinical benefits for
enhanced soft tissue healing follow-
ing oral surgical procedures.
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