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Objective: This experimental work examined the healing effect and probable
adverse impact of topical Prolavacid� solution (a polyhexamethylene biguanide-
based wound cleanser) and topical Medihoney ointment in an animal model of
cutaneous wound.
Approach: We randomly divided 22 adult Sprague-Dawley rats (all were male)
in two groups (n = 11): (1) those for which Prolavacid solution was poured on the
skin wound surface; and (2) those animals for which Medihoney� ointment was
applied to the wounds. These two agents were applied daily throughout the
study period (21 days). We photographically followed the wounds’ contraction
with imaging performed on days 0, 7, and 21 postwounding. The histopathologic
features of the healing wounds were evaluated using skin biopsies taken on
days 7 and 21 postwounding.
Results: The difference in mean wound surface area between two groups was
not statistically significant on the examined days. Histopathological assessment
indicated no statistically significant difference between the Prolavacid- and
Medihoney-treated groups on days 7 and 21. We did not detect tissue necrosis
following the topical application of Prolavacid solution.
Innovation: This was the first study to examine the efficacy and probable ad-
verse consequences of topical Prolavacid on cutaneous wound healing process.
Conclusion: Our work showed no statistically significant difference between the
efficacy of daily topical application of Prolavacid and Medihoney products on the
healing process of fresh cutaneous wounds in our rat model.
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INTRODUCTION
Polyhexamethylene biguanide

(PHMB), also called polyhexanide, is
a cationic and highly water-soluble
polymeric agent with broad-spectrum
antimicrobial activity.1,2 This agent
remains unaffected by sunlight and

pH fluctuations.3 Because of its fea-
tures, PHMB is used in a combina-
tion of different products, including
skin disinfectant solutions, wound
dressing materials, and contact lens
cleaning solutions.1,2,4 In addition,
PHMB can be used in the treatment
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of topical infections, such as Acanthamoeba kerati-
tis in ophthalmologic cases.2 PHMB may be used in
the management of both acute or chronic wounds
types.1,5,6 One PHMB-based product that is com-
monly used in Iran, particularly for lower extremity
wounds, is Prolavacid� solution (0.01% [w/v] PHMB-
based wound cleanser; SUNMEDIC Co.7).

Medical-grade honey is a product with two main
features, including acceleration of wound healing
and antimicrobial activity.8–11 The U.S. Food and
Drug Administration (FDA) agency approved the
use of this product for wound care in diabetic ul-
cers, second-degree partial-thickness burns, trau-
matic wounds, and so on.12 Moreover, recent in vitro
studies have affirmed the antibacterial properties of
this product and provided evidence of its efficacy
against multidrug-resistant organisms, which may
infect wounds and lead to increased morbidity, in-
cluding the methicillin-resistant Staphylococcus
aureus and Pseudomonas aeruginosa.9,10

CLINICAL PROBLEM ADDRESSED

According to Prolavacid solution producers, this
product has minimal cell toxicity and no bacterial
resistance. However, there is no strong documen-
tation about this specific product. This experi-
mental study histopathologically evaluated and
compared the effects of Prolavacid solution and
medical-grade honey (as an FDA-approved agent)
on physiological processes of cutaneous wound
healing in rats.

MATERIALS AND METHODS
Ethical approval

The Animal Ethics Committee of Shiraz Uni-
versity of Medical Sciences, Shiraz, Iran (No. 9067),
approved our study protocol. All of the required
procedures were performed on animals after in-
duction of general anesthesia. We made all efforts to
minimize animals’ suffering during the experiment.

Animals and excisional wound model
After consultation with a statistician for deter-

mination of sample size, 22 Sprague-Dawley rats
(all were adult, male, and healthy; with a mean
weight of 350 g) were selected. We kept these
rats in separate and clean wire-bottomed cages.
Their environment was temperature controlled
(22�C – 2�C) and humidity controlled (55% – 15%),
with 12-h light/dark photocycles. All rats had free
access to equal amounts of water and standard
animal food (Center of Comparative and Experi-
mental Medicine, Shiraz University of Medical
Sciences, Shiraz, Iran). They were allowed to adapt

to their environment for 1 week before the study
began. The rats were categorized into two groups
using a simple randomization method (11 rats per
each group): group 1: rats for which the PHMB-based
solution Prolavacid (Paya Co., Iran) was applied to
wound surfaces (called PHMB-treated group); and
group 2: those for which medical-grade honey
(Medihoney�; Comvita Ltd., New Zealand) was ap-
plied to their skin wounds (called Honey-treated
group). Within the study time frame, the aforemen-
tioned products were applied daily (using a dispos-
able applicator; each time a thin layer of product was
created that fully covered the skin wound surface
area). No wound dressing was used in this experi-
ment. Both groups were followed for 21 days.

Before wounding, the rats were anesthetized with
intramuscular injection of xylazine (dose of 10 mg/kg;
Alfasan International, Woerden, Netherlands) and
thiopental sodium (dose of 40 mg/kg; Biochemie,
GmbH, Austria); then, after the back (mid-dorsum of
the rat) hair was shaved, the site of wound creation
was disinfected using alcohol ethylic solution. In the
next step, a full-thickness excisional and circular-
shaped cutaneous wound (radius of 10 mm and es-
timated depth of 2 mm) was created on the shaved
skin using scissors and forceps.

During the study time frame, each rat’s wound
was carefully examined every day for any possible
complication, mainly the presence of any macro-
scopical signs of infection.

Photographic assessment of wound healing
The healing process was monitored photograph-

ically using images taken from each of the skin
wounds during the study. This was done by a digital
camera (PowerShot G9 Model, a 12.1 megapixel
camera; Canon, Tokyo, Japan). We fixed the camera
at a distance of 10 cm from the wound surface (ver-
tical view) to calibrate the magnification of the
photographs. In addition, a fine-line ruler was kept
at wound level at the time of imaging. Photos were
taken on days 0, 7, and 21 postwounding. Analysis
was done using the Photoshop CS Program (Adobe
Systems, San Jose, CA) (analysis menu; record
measurements command). Analysis of the wound
contraction was the second endpoint of the study.

Histopathological evaluation of wound healing
We took semicircular and full-thickness skin

biopsy samples from the wound sites of the studied
animals (both groups) on days 7 (half of the wound
site with a margin of 2 mm) and 21 (the remain-
ing part with a 2 mm margin) postwounding. To
perform the skin biopsy, the rats were anesthetized
by inhalation of ether on day 7 and euthanized with
the same agent on day 21.
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Tissue biopsy specimens were washed using ster-
ile 0.9% saline immediately, fixed in 10% formalin
(buffered formaldehyde), and sent for histopatho-
logical assessment using established techniques
(hematoxylin and eosin and Masson’s trichrome
stainings, and light microscopic examination).

For histopathological evaluation of the wound
healing process, we followed the scoring system
introduced by Abramov et al. (Table 1).13

The aforementioned scoring rule analyzes the
following criteria: the degree of neovasculariza-
tion, the degree of collagen deposition, the degree of
re-epithelialization, amount of acute and chronic
forms of inflammation, and amount and matura-
tion of granulation tissue. In our study, all inves-
tigators who analyzed images or assessed tissue
specimens were blinded to the agents given. Of
note, analysis of the histopathologic changes was
the first endpoint of the study.

Statistical analysis
The results are presented as mean – standard

deviation (SD). Statistical comparisons were made
using the Mann–Whitney U-test (version 16; SPSS
Statistics software, Chicago, IL). p-Values less
than 0.05 were considered statistically significant.

RESULTS
Wound contraction

All of the studied rats survived to the end of the
experiment. The mean – SD values of cutaneous
wound surface area were calculated for the rats
placed in each group using the photos taken on
days 0, 7, and 21 postwounding (Table 2).

The results revealed no statistically significant
difference in mean skin wound surface area between
the two studied groups on days 0, 7, and 21 of the
study. Of note, the rats’ cutaneous wounds had no ap-
parent sign of infection. However, it should be noted
that we did not inoculate any infection in this study.

Histopathological examinations
The results (Fig. 1) are summarized in Table 3.

No statistically significant difference was seen

between the PHMB- and Honey-treated groups
regarding the following factors: the degree of
acute and chronic inflammation, the amount and
maturation of granulation tissue, the degree of
neovascularization, collagen deposition, or re-
epithelialization. Moreover, no tissue necrosis
was seen.

DISCUSSION

Cutaneous wounds, especially chronic types
such as pressure ulcers, venous ulcers of the legs,
and diabetic foot ulcers, are presently a worldwide
health problem. These wounds provide a suitable
environment for bacterial colonization and biofilm
formation. Such local infections are now a preva-
lent therapeutic challenge in the area of wound
management and result in extended duration of
hospital stay, increase in the costs of treatment,
and patients’ morbidity and mortality.14,15 Based
on these facts, wound dressings that accelerate the
healing process and resolve the problem with local
infections are highly desirable.

Selection of an appropriate dressing is a princi-
pal component in the field of wound care and
management.16,17 Currently available dressings
have a variety of properties that support the wound
healing environment, such as optimizing the level
of moisture at the skin wound surface, absorption
of wound exudates, prevention of surrounding soft
tissue maceration, and controlling the bacterial
colonization.15 One main feature of some of these
wound dressings is the use of antiseptic agents in

Table 1. Histological scoring system for wound repair13

Parameter

Score

0 1 2 3

Acute and chronic inflammation None Scant Moderate Abundant
Amount of granulation tissue None Scant Moderate Abundant
Granulation tissue maturation Immature Mild maturation Moderate maturation Fully matured
Collagen deposition None Scant Moderate Abundant
Re-epithelialization None Partial Complete but immature or thin Complete and mature
Neovascularization None Up to five vessels per HPF 6–10 vessels per HPF More than 10 vessels per HPF

HPF, high-power field; PHMB, polyhexamethylene biguanide.

Table 2. Skin wound surface area (mm2) in polyhexamethylene
biguanide and Medihoney groups on different days
postwounding

Day 0 Day 7 Day 21

PHMB 310.16 – 13.22 48.54 – 11.34 0.0 – 0.00
Medihoney 316.87 – 13.67 50.83 – 9.49 0.26 – 0.49
p 0.123 0.234 0.187

Values are mean – SD.
SD, standard deviation.
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their composition that contribute to the prevention
or treatment of local wound infections.18

Of note, the use of systemic antibiotics for
treating local wound infections may be unsuccess-
ful because of difficulties such as their insufficient
accumulation in soft tissue, increased bacterial
resistance, and colonization of the wound by mul-
tiresistant microorganisms.19 Therefore, the use of
systemic antibiotics in clinical practice as a single
therapy remains controversial, especially in cases
of infection that are complicated by the presence of
a foreign body, biofilm, or reduced blood circulation
and the presence of necrotic tissue.18 Because an-
tiseptics are often topically applied to the wounded

human skin for therapy, it is necessary to examine
their efficacy in wound healing and their possible
cytotoxic effects.

One of the most frequently used skin wound
antiseptic agents is PHMB.18 It may be used sep-
arately, in the composition of wound dressings such
as polyhexanide-containing biocellulose dressings
or in the form of a gel or solution (like Prolavacid).20

PHMB kills bacteria by integrating into the cell
membrane and reorganizing the membrane struc-
ture. The structural change prevents cells from
pumping PHMB out of their membrane; thus,
bactericidal concentrations of the agent are main-
tained in the cells.21

Figure 1. (A, B) Histopathologic changes in the ulcers of polyhexamethylene biguanide group on day 7 showed ulceration, chronic inflammation (infiltration
of lymphocytes), and granulation tissue formation. (C, D) Histopathologic changes in the lesions of the same group on day 21 showed full re-epithelialization
and neovascularization. Magnification: (A, C) · 100; (B, D) · 400.

Table 3. Histopathological scores of wound healing among two studied groups

Parameter

Groups

Day 7

p

Day 21

pPHMB Medihoney PHMB Medihoney

Acute and chronic inflammation 2.00 – 0.89 1.90 – 0.94 1.00 2.54 – 0.52 1.81 – 0.87 0.069
Amount of granulation tissue 2.54 – 0.52 2.63 – 0.50 0.60 0.72 – 1.00 0.81 – 0.75 0.34
Granulation tissue maturation 2.45 – 0.52 2.54 – 0.52 0.91 1.36 – 1.56 2.09 – 1.37 0.28
Collagen deposition 1.63 – 0.67 2.00 – 0.44 0.08 1.54 – 0.52 2.00 – 0.89 0.23
Reepithelialization 0.45 – 1.03 0.54 – 1.03 0.51 2.72 – 0.64 2.72 – 0.64 0.83
Neovascularization 3.00 – 0.00 3.00 – 0.00 1.00 3.00 – 0.00 3.00 – 0.00 1.00

Values are mean – SD.
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Although PHMB seems to be compati-
ble with skin tissue, evidence shows that
this product is cytotoxic in the peritoneal
cavity and that the exposure of human
endothelial cells and osteoblasts to this
agent may result in severe cell dam-
age.1,22 Moreover, there are reports of
hypersensitivity reaction to this prod-
uct.23 For this reason, some questions
have arisen concerning the various ef-
fects of PHMB-based products on wound
healing.

Although there is no strong documen-
tation on Prolavacid, some previous studies have
examined and compared the effects of PHMB so-
lution on the skin wound healing process. Daes-
chlein et al. examined four cases suffering from
poorly healing decubitus ulcers and found that
PHMB was superior to silver nitrate and povidone/
iodine regarding the improvement of wound heal-
ing, both clinically and histologically.24 The au-
thors recommended this agent for treatment of
second-degree burn wounds, which cannot pri-
marily be covered by methods of plastic surgery.
Another finding of the aforementioned study was
that PHMB did not inhibit the re-epithelialization
step of wound healing.24 In another research, Eber-
lein et al. compared the efficacy of polyhexanide-
containing biocellulose dressings and silver dressings
in the treatment of locally infected and painful
wounds.25 According to their results, both dressings
were effective in reducing pain (a common problem
associated with chronic wounds with concomitant
local infection) and the bacterial burden; however,
the polyhexanide-containing biocellulose dressing
decreased the critical bacterial load of the wound in a
shorter time.25 Other studies also confirmed the role
of PHMB dressings in reducing the pain of infected
chronic wounds.14 Fabry et al. demonstrated a sig-
nificantly better antiseptic, anti-inflammatory effect
and tissue compatibility for the PHMB-based solution
Lavasept� (B. Braun, GmbH, Germany) compared to
Ringer solution. These authors reported no evidence
of impaired wound healing.26 Results of the current
work (in accordance with previous studies) show that
0.01% (w/v) PHMB-based solution Prolavacid had no
negative effect on the healing process of superficial
cutaneous wounds in this rat model. Moreover, the
current study shows that Prolavacid had no statisti-
cally significant difference with medical-grade honey
(an FDA-approved agent) regarding the wound
healing process.

This study had a main limitation that should be
considered in interpreting the findings. For each
rat, biopsies on days 7 and 21 were taken from one

wound (half of the wound site was biopsied at each
day). This limitation affected only the wound size
variable on the 21-day follow-up (wound size on day
7 postwounding was examined before the biopsy
was taken). However, rectifying this matter in fu-
ture works could provide a better interpretation of
wound surface area and the wound contraction
process. The second limitation was that Prolavacid
is a solution, whereas the medical-grade honey has
a relatively thick liquid form. Thus, the water loss
and the barrier function could be greater in the
Prolavacid group. Next, this study included no
nontreated group as a control. This will make some
difficulties in interpreting negative effects of the
examined agents on wound healing. Additional
limitations include the following:

� This work was not a human clinical trial, and
there may be different responses in human
versus rat wound models.

� The study was conducted on noninfected
wounds, whereas the intended use for human
chronic wounds often, and typically, involves
infection and/or bacterial colonization.

� No untreated control groups were included in
the study design, leaving us uncertain as to
whether either agent had any effect on the
expected rate of wound healing for this type of
wound in a rat in the absence of treatment.

INNOVATION

Due to the widespread use of Prolavacid solution
as a skin disinfectant in Iran, this work evaluated
this agent’s efficacy and probable adverse effects
following local use on fresh cutaneous wounds.

CONCLUSION

According to this study, the efficacy of a daily
topical application of 0.01% (w/v) PHMB-based
solution Prolavacid to fresh skin wounds in rats
is similar to that of medical-grade honey for the

KEY FINDINGS
� Prolavacid solution caused no significant negative impact on the micro-

scopic processes involved in the skin wound healing process, including
acute and chronic inflammation, the degree of granulation tissue for-
mation and maturation, neovascularization, the amount of collagen
bundle deposition, and wound surface re-epithelialization.

� The use of Prolavacid solution on fresh wounds does not lead to sig-
nificant tissue necrosis.

� The healing effects of the PHMB-based solution did not significantly
differ from those of medical-grade honey, for noninfected or non-
contaminated wounds.
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healing process. No significant negative impact on
the physiologic processes involved in the cutaneous
wound healing process occurred following the us-
age of this PHMB-based product. However, further
studies on human cases and on other types of
wounds are recommended to thoroughly evaluate
different aspects of this solution and compare it
with other approved products.
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FDA ¼ U.S. Food and Drug Administration
HPF ¼ high-power field

PHMB ¼ polyhexamethylene biguanide
SD ¼ standard deviation
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