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Abstract Medicinal herbs have been used for thousands of
years to heal burn wounds, skin ulcers, and sores. The
yarrow plant (Achillea millefolium) is a well-known
medicinal plant. The aim of this study was to evaluate the
clinical and microbiological efficacy of the yarrow (alco-
holic extract) on the healing of burn wounds in an animal
model. Ten male New Zealand white rabbits, 4-6 months
old and weighing 2,100+240 g, were used. Experimental
burn wounds (20x25 mm?) were created on the dorsal
region of each animal. In the treatment group, the wounds
were washed daily with normal saline followed by 5 ml of
alcoholic extracted yarrow applied to each wounds. This
procedure was repeated for 21 days. In the control group,
the wounds were only washed with the same volume of
normal saline over the same period. Clinical, histopatho-
logical, and microbiological evaluations of the burn wounds
were carried out on days 0, 7, 14, and 21. Compared with
the control group, wounds treated with the yarrow extract
had a better quality of healing with a reduced microorgan-
ism count (p<0.05). To conclude, topical application of
alcoholic yarrow extract, as used in this study, not only
improved the quality of healing of burn wounds but also
reduced the microbiological burden of such wounds in
rabbits.
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Introduction

Burn wounds have always been a major challenge to deal
with, having both a high morbidity and mortality. Docu-
ments related to the medical care and treatment of the burn
wounds can be traced back to ancient times (Lawrence
1994). Traditional remedies for the treatment of the burn
wounds include the application of a vast variety of different
products, such as natural oils, herb extracts, and home-
made balms (Arora and Kaur 1999). Yarrow (Achillea
millefolium) is a flowering plant in the family of Asteraceae.
It grows widely in different parts of the world and is famous
for its versatile medical applications (Moerman 1998).
Yarrow is the interest of both traditional and modern
medicine, and although it is commonly used across the
world, it seems that its first use for medicinal purposes
started from Europe where all parts of the plant including
leaves, flowers, and stem were valued as having therapeutic
qualities (Chevallier 1996; Perry 1980). The scientific name
for yarrow is said to being derived from the legendary Greek
hero Achilles who was the central character of Homer’s
Iliad. According to this epic story, Achilles is said to have
ordered his soldiers to carry and use yarrow preparations in
the battlefields to treat their wounds (Kreutterbuch 1960).
Since then and for the centuries, different types of yarrow
have been used for treatment of different diseases, namely
respiratory, gastrointestinal, cardiovascular, urogenital, and
hepatobiliary conditions (Blumenthal et al. 1998; Bown
1995; Bradley 1992; Hoffmann 1990; Mills 1994). Its vast
medicinal properties have drawn the attention and interest of
scientists in many biological fields specially biochemists and
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physiologists (Saeidnia et al. 2005). Despite the fact that
there is a plenty of anecdotal evidence regarding the
therapeutic effect of this plant on wounds, surprisingly few
scientific studies on the degree of efficacy of the plant on
wound healing especially burn wounds exist (Nedelec et al.
2000; Richey et al. 1989).

The studies have shown that in patients with the burn
wounds, the occurrence of infection is the main cause of the
increased mortality rate which can reach as high as 50%
(Subrahmanyam et al. 2001). It has been noted that the
alcoholic extract of yarrow demonstrates some antibacterial
and antifungal properties (Barel et al. 1991; Hausbn et al.
1991; Pattnaik et al. 1997). Thus, we hypothesized that the
plant’s extract could have some beneficial effects on
preventing infection of burn wounds which would in turn
improve the quality of the wound healing. This study was
set up to determine the degree of antimicrobial action and
clinical efficacy of a topical application of alcoholic extract
of yarrow plant in the healing process of experimental burn
wounds in rabbits.

Materials and methods

Plant samples For the purpose of this research, the aerial
parts of the plant, including the flower, leaf, and stem, were
harvested from its natural habitat around the city of Urmia
during the flowering season (between May and July). The
identification of collected plants were confirmed scientifi-
cally at the research laboratories of the Department of
Agriculture of West Azerbaijan province.

Preparation of the extract The plant extract was prepared
using methods described by Aburjai and Hudaib (2006).
Following their procedure, 100 g of Yarrow powder was
added to 1,000 ml alcohol heated to 80°C and mixed in a
laboratory shaker for 24 h. The mixture was filtered
through a Biichner funnel using ordinary filter paper. The
solution was then passed through a Whatman filter paper
grade no. 1. The filtered solution was transferred to a rotary
evaporator (Heidolph Laborota 4000 eco-Germany), and up
to 80% of the solvent was recovered. The rest of the solvent
was removed using a 30°C water bath. The alcoholic
extract was filter-sterilized (0.2 um, Chromafil) and stored
at 4°C until it was used.

Animals Ten male New Zealand white rabbits weighing
2,100 g+240 and aged between 4 and 6 months were used
in this study. The animals were provided by the Experi-
mental Animal House, Urmia University. They were
randomly divided into two equal groups—control and
treatment. The experiment was approved by the University
Ethics Committee and conducted in accordance with its

@ Springer

regulations and guidelines. Animals were kept under
standard conditions described for experimental animals
and were subjected to a daily 12-h light-12-h dark cycle
with light on from 8AM. Temperature was kept at 23°C at
all times. They were fed standard commercial rabbit pellets
(Dan Pars Co. Tehran), and water was allowed ad libitum.

Experimental burn wounds Anesthesia was induced by
intramuscular injection of 5 mg/kg diazepam (Chemidarou,
Iran) and was then maintained by intramuscular injection of
50 mg/kg ketamine hydrochloride (Alfasan, Woerden,
Holland). With animals in ventral recumbency, their dorsal
hair was clipped and shaved. The area was aseptically
prepared and draped surgically. The Hoekstra’s method
was used to cause the experimental burn wound (Brans
et al. 1994). The square experimental burn wound (20 x
25 mm?) on the dorsum of the each rabbit was caused by a
heated metal plate (170°C) applied to the shaven area
with a pressure of 300 g for 10 s. In the treatment group,
the wounds were washed daily with normal saline
followed by an application of 5 ml of alcoholic extract
of yarrow. However, in the control group, normal saline
was used instead of yarrow extract. All wounds were
dressed and bandaged routinely. No antibiotics were used
throughout the experiment, and the animals were kept
individually.

Clinical assessment The clinical parameters in this study
included gross features of the wounds and the rate of
wound contraction in the two groups. The rate of wound
contraction was calculated by subtracting the wound area
from the area of the previous day and then multiplying it by
100. This was done by documenting the wounds by
standard digital photograph on a daily basis and analyzing
the data with Sigma Scan Pro 5.0 software (Sigma Scan Pro
5.0 software, SPSS Science, Chicago, IL, USA).

Microbiologic assessment The microbiologic parameters in
this study included determining the number and type of
microorganisms colonizing the wounds. Swabs were applied
to the wounds’ surface on a daily basis, and microorganisms
were cultured in BHI agar. Furthermore, a specific culture
media used for biochemical tests was conducted in order to
differentiate the isolated microorganisms.

Histopathological assessment The histopathological assess-
ment of the healing process was performed on the 21st day
of the study. Before samples were taken for analysis,
animals were subjected to general anesthesia. The samples
were collected from the wounds borders as well as from the
middle of the wounds area. Samples were processed to
paraffin, and sections were cut and stained with a standard
hematoxylin/eosin stain.
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Statistical methods Differences between experimental and
control groups were analyzed with an unpaired Student’s ¢
test. Differences were considered significant if p<0.05
(SigmaStat for Windows, version 2.03, Jandel Corporation,
San Rafel, CA, USA).

Results

Before applying the yarrow extracts to the wounds, the
number of settling bacteria on the surface of the wounds
was 4+0.8x104/cm” and 5+0.4x104/cm® in the control
and the treatment groups, respectively. The most commonly
isolated bacteria from the wounds were Strepfococcus
pvogenes, Staphylococcus aureus, Escherichia coli, and
Candida albicans. Figure 1 shows the total count of the
isolated bacteria from the wound surfaces on days 1, 7, 14,
and 21. In the treatment group, the total count for isolated
bacteria from the wounds’ surface on day 1 was 5.8+£0.2%
104/cm?; however, by day 7, the count had increased to
1.5£0.4x105/cm?. On day 14, the total bacterial count in
treated animals demonstrated a partial decrease to 9+0.8 x
104/cm®. This decreasing trend in the treatment group
continued until day 21 by which point there was a
significant reduction in total bacterial count to 1+0.6x
104/cm?. At this stage, S. aureus was the most dominant
isolated microorganism. Compared with the control group,
the total count for isolated microorganisms from the
wounds’ surface on days 1, 7, 14, and 21 were 4+0.4x
104/cm?®, 3+0.2x105/cm®, 4+0.6x105/cm’, and 140.5x%
105/cm?, respectively. On day 21, in the control group, S.
pyogenes was the only isolated microorganism from the
wound surfaces.

From a clinical perspective, the burn wounds healed in
both groups without any apparent complications. The rates
of wound contraction in the control and treatment groups
have been compared in Table 1. From a histological aspect,
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Fig. 1 Comparison of the total microorganism count in the burn
wounds between the treatment and the control group

on day 21 in the yarrow-treated group, the skin defect filled
completely with compact granulation and significant
amounts of collagen fibers with the least amount of
inflammatory cells (Fig. 3). At the same time, in the control
group, the wound cavity was filled with fresh granulation

(Fig. 2).

Discussion

Currently, there are numerous clinical approaches in the
treatment of burn wounds, and antibiotics are common
drugs used to prevent and treat wound infections. However,
the development of new resistant strains, and the issue of
side effect and sensitivity reactions to current antibiotics
have always been the matter of some concern. Thus,
finding new antimicrobial material with higher efficacy
and less side effects has been the centerpiece of any drug
research program (Edwards-Jones et al. 2000). The use of
botanical and herbal medicine has become widespread
during recent years as they offer effective, side-effect free,
cheap, and easy alternatives to conventional medicines.
The yarrow plant, one of the famous members of the
Asteraceae family, has been used frequently as a medicinal
herb in western medicine. There are numerous reports
documenting its application in treating diseases of differ-
ent body systems (Dalsenter et al. 2004; Lans et al. 2007,
Lemmens et al. 2006; Moore M 1993; Singh and
Blumenthal 1998; Taylor and Francis 2001). However,
little research has been conducted to evaluate its healing
and antibacterial properties in an experimental setup
(Nedelec et al. 2000; Richey et al. 1989).

According to the results of this study, wound contraction
in all groups (control and experiment) occurred during
days 7 through to 21 which indicates that the percentage
change in wound area was constant during this period. The
current results showed that in terms of the healing process
and the rate of wound contraction, there was a statistically
significant difference between the control and treatment
groups on days 7, 14, and 21 (p<0.05). Comparing the rate
of wound contraction on day 21 between the two groups
showed that in the treatment group, the wound edges
almost reached the opposite sides. This resulted in a
contraction rate of 99.42%, while this value for the control
group on the same day was 81.91%, showing an incomplete
wound closure (Table 1). These results demonstrate that the
healing process and the wound contraction in the experi-
mentally induced burn wounds in rabbits could be
accelerated by using an alcoholic extract of yarrow. The
results are in agreement with findings from similar studies
(Nedelec et al. 2000; Richey et al. 1989).

‘Wound contraction involves a complex set of extracellular
and cellular interactions that results in the closure of an open
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Table 1 Comparison of the burn wound area and its rate of contraction between the treatment and control groups during the 3 weeks’ course of

the experiment

Groups Day 0 Day 7

Day 14 Day 21

Treatment G 562.4+44.12 mm?

279.97+24.42 mm? ®

42.47+22.40 mm> ® 3.27+2.24 mm? ?

(00.00%) (50.22%) (92.45%) (99.42%)
Control G¢ 542.4+41.24 mm? 366.2+42.44 mm? 152.26+82.24 mm?> 98.16+46.24 mm®
(00.00%) (32.49 %) (71.93%) (81.91%)

 Percentage decrease of wound surfaces in the treatment group
® Statistical significance was taken at the value of p<0.05

¢ Percentage decrease of wound surfaces in the control group

wound. Although there are several theories as to the exact
mechanism, it is believed that movement of proliferating
fibroblasts into the newly open wound contributes to the
early stages of wound closure (Nedelec et al. 2000). Clearly,
wound contraction is a fibroblast-driven event that is acutely
sensitive to fluctuations in the fibroblast-dependent cellular
and extracellular matrix. Although vital to wound closure,
wound contraction and shrinkage of the healed scar can lead
to scar contractures, which may cause significant functional
and cosmetic morbidity. The histopathological evaluation
revealed equal collagen and fibroblast accumulation in both
groups, but in the experimental wounds this was more
orderly arranged (Figs. 2 and 3).

From a microbiological perspective, the total number of
isolated microorganisms from the treatment group on
day 21 was 1+0.6x 10%*/cm?, which was significantly lower
than its equivalent in the control group (1%0.5%10°/cm?)
(»<0.05). It has been reported that the yarrow plant has a
broad-spectrum antibacterial properties against both micro-
organisms and fungi (Barel et al. 1991). It is believed that
special bioactive components and essential oils from the

Fig. 2 Twenty-one days after burn creation, photomicrograph of the
control wound show loose and irregular granulation tissue (area %400,
HE)
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yarrow plant are responsible for its antimicrobial properties
(Aburjai and Hudaib 2006). The bioactive component of
the yarrow plant is mainly thought to be flavonoide
compounds such as rutin, apigenin, luteolin, and acacetin
(Aljancic et al. 1999). A naturally occurring terpene alcohol
called linalool found in the yarrow plant is also believed to
have an inhibitory effect on 17 and 10 microbial and fungal
strains, respectively (Pattnaik et al. 1997).

Considering the positive clinical and microbiologic
results of this study regarding the application of an
alcoholic extract of yarrow on burn wounds in decreasing
the microorganism burden and improving of the healing
process and comparing them with similar studies, one can
consider the yarrow plant’s efficacy in treating wounds.
This study is the first to demonstrate this efficacy on
experimental burn wounds rather than surgical wounds.
Taking into account its desired actions, world-wide avail-
ability of the plant, and uncomplicated preparation proce-
dure, the yarrow plant could be considered as an alternative
or complementary medicine in handling wounds. Although
the majority of studies report no major side effects or
poisoning related to the yarrow plant, some reports of an
allergic rash and light hypersensitivity with repeated usage
at high doses have been documented (Foster S and Duke

Fig. 3 Twenty-one days after burn creation, photomicrograph of the
yarrow-treated wound showed more advanced maturation of granula-
tion tissue with dominance of collagen fibers (area x400, HE)
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1990). Therefore, additional studies and clinical trials are
imperative before the plant’s extract or any of its prepara-
tions find their way into the mass market.
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