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ABSTRACT

Article info:

Introduction: Hedera helix is an evergreen plant used in treatment of wounds in the Iranian
folk medicine. One of the main stages in wound healing process is, the proliferative phase in
which fibroblasts proliferate within the wounds and produce extracellular matrix. Collagen is
the main constituent of extracellular matrix. So the aim of this study was to evaluate the effect
of Hedera helix alcoholic extract on dermal collagen bundles in wound healing process.
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Methods: 7 adult Oryctolagus Caniculus rabbits were enrolled in this experiment. Four wounds
were created on each rabbit. Alcoholic extract of hedera helix dried leaves were prepared.
Wounds were treated with eucerin, phenytoin, hedera helix 10% and 20% eucerin-based
creams for 20 days. On day 21 (after the completion of the experiment), skin samples were
taken and the collagen bundles in reticular and papillary layers of the dermis were evaluated
histologically.

Keywords:

Results: Histological assessment of dermal collagen bundles in the reticular layer showed that
both 10% and 20% hedera helix creams, increased collagen bundle thickness significantly,
compared to eucerin treated wounds (P<0.001 and P<0.01). In papillary layer there was no
significant effect in both groups. Compared to eucerin treated wounds, collagen bundles were
more organized in phenytoin and hedera helix 10% and 20% cream treated wounds, in a
Histomorphological point of view.

Hedera helix, Wound healing,
Collagen

Conclusion: Our results showed that hedera helix contains phytochemicals which may act on
the proliferative phase of wound healing process.
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1. Introduction

cute wounds are among themost common
unpleasant incidents, with at least 11 million
people affected [1]. The process of tissue
repair, is called Wound healing. Platelets,
keratinocytes, immune cells, microvascular
cells, and fibroblasts play key roles in reconstruction of
tissue integrity [2, 3]. The wound repair process includes 4
phases of coagulation, inflammation, genesis of granulation
tissue (proliferative phase), and the phase of scar formation
[4]. Effective medications in wound healing not only
engage these phases to repair the skin, but also induce
healing process via different mechanisms [5].
Some plants also, have the wound healing potential . Such
phytochemicals are both safe and cost-effective. The literature review shows that a large number of plants are used in
folk medicine for treatment of wounds and burns, worldwide
[6]. A series of recent studies has indicated that the natural
drugs have some bioactive constituents which induce healing
and regeneration of lost tissues through multiple mechanisms
such as antibacterial activity, anti inflammatory effect, fibroblast proliferation, motility, etc. [5, 6]. One of the main stages
in wound healing process, is the proliferative phase in which
fibroblasts grow in wounds and produce extracellular matrix,
which leads to forming granulation tissue. This matrix mainly consists of collagen III, fibrin, fibronectin, and hyaluronic
acid which are progressively substituted with the matrix main
containing collagen I [4].
Previous studies have emphasized that collagen provides
the foundation of soft tissues and determines many biological and mechanical properties of the skin [3]. Some herbal
extracts increase fibroblast cells and collagen fibers [7].
Hedera helix is an evergreen climbing plant native to Europe and Asia. This plant is used as an analgesic and antiinflammatory agent, in the traditional medicine [8]. The
leaves taken orally are also effective cough expectorant
and may improve bronchitis. A number of existing studies in the broader literature have examined and proven the
above-mentioned effects, scientifically [9, 10]. Hedera helix
is one of the most well-known herbs for burns in Iranian
traditional medicine. The objective of the current study was
to evaluate the effect of Hedera helix on collagen formation
or proliferative phase of wound healing.

2. Materials and Methods
Plant material
Fresh leaves of hedera helix were collected in April,
from Shahid Bahonar University, Kerman, Iran. The
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taxonomic identity of the plant was confirmed by Prof.
M. Mirtadzadini, the Head of Herbarium Museum, in the
Department of Biology, Faculty of Basic Sciences, Shahid
Bahonar University of Kerman, Kerman, Iran. The voucher
specimen number of the herb is 1942 in that herbarium.

Extract preparation
Fresh leaves were shade dried at room temperature (2
weeks). The maceration method was applied, to prepare the alcoholic extract. In short, 50-100 gr of plant
was powdered and, methanol was gradually added until
the powder was completely wet Three minutes later, the
same solvent was again added to wet the powder until completely covered and reached 8-10 cm above the
powder level. The liquid was shaken for half an hour,
eventually. Then, it was left in a dark place for 24 hours.
Afterwards, the supernatant was filtered and some extract, collected. Consequently, some solvent was added
to the remained material and the previous method proceeded. This process was repeated 2 to 3 times. In the
end, filtered extracts of each stage where gathered and
dried by a rotary evaporator.
Animals
Seven healthy adult Oryctolagus caniculus rabbits of
both genders (3 females and 4 males) weighting between
1.3-1.6 kg were enrolled to the experiment. Rabbits were
quarantined individually in cages (48 cm×32 cm×31 cm)
bedding with dried hay for a month to guarantee adaptation
before initiation of the research. Rabbits belonging to the
pre-test an dpost-test setting were kept individually in the
same cages, with food and water ad libitum. Also, natural
lighting was used during this period. The protocol of this
study was on the basis of ethical principles of international
committees that protect laboratory animals.

Experimental design of the study
Rabbits were anesthetized with ketamin (Trittuau,
Germany; 90 mg/kg, i.m) and xylazin (Bayer,
Leverkusen; 10 mg/kg, i.m). The rabbits dorsum hair
was clipped and shaved. The region was surgically
prepared with 7.5% povidone-iodine surgical scrub and
alcohol 70% [11]. Four wounds were created on each
animal as per descriped in the protocol by Cross et al.
(1995) [12]. In brief, a template of 10 mm in diameter
circular metal was placed on the disinfected region and
its outline was traced on the skin, using a fine-tipped pen.
In the following step, full thickness wounds were made
at dorsum of rabbits with aid of a scalpel.
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The wounds were parallel to sagittal axis and were 2.5
cm distant from spinal column. The wounds on each
animal were washed with normal saline and treated topically, with 0.2 gr of the following drugs daily: 1. Eucerin
(as negative control treatment); 2. Phenytoin 1% (Darupakhsh Co. Iran; as positive control treatment), 3 &
4. Eucerin-based creams of 10% and 20% hedera helix
alcoholic extract recpectively. In order to eliminate the
role of wound location on wound healing procedure, we
considered different location for each treatment in rabbits. This procedure continued for 20 days.
Sampling and histological process
Following the completion of the experiment (on day
21), rabbits were euthanized. The wounded spots were
shaved and the healed wound areas with 1 cm of normal skin around them were observed. Skin samples were
taken from middle of the wounded area. Fixations were
done using 10% buffered formalin solution. By absolute
ethanol and xylol, they were dehydrated and then embedded in paraffin wax and serially sectioned at 5 µm
Figure 1
(Slee® microtome; Germany and Tissue Processor Didban sabz DS2080/H; Iran).

A

C

Sections were then stained using Masson’s trichrome
method [in order to measure the thickness of collagen
bundles in reticular and papillary layers of the
dermis] and Hematoxylin-Eosin (H&E) (for standard
histopathological evaluation). On the Masson’s trichrome
stained slides, the average diameter of 10 collagen
bundles in every 10 fields were measured using a digital
lens (Dino-eye, AM-7023, 5Mp, Taiwan) (Figure 1)
[13, 14]. The H&E sections were used to assess the
presence of inflammatory cells and angiogenesis in the
dermis. Results were expressed as Means±SEM. Data
were analyzed by One-Way ANOVA as well as the LSD
test, using the SPSS software (version 17) (Statistical
Package for the Social Sciences, version 17, SPSS;
Chicago, USA). P-values less than 0.05 were considered
as significant.

3. Results
Histomorphometrical findings
Histological assessment of dermal collagen bundles in
the reticular layer showed that both 10% and 20% Hedera
helix creams, increased collagen bundle thickness
significantly, compared to eucerin treated wounds
(P<0.001 and P<0.01). Expectedly, collagen bundles

B

D

Figure 2. Histomorphology and histopathology evaluation of dermis. A, B, C and D show eucerin, phenytoin, hedera helix 10%
and 20% treatments, respectively. In picture (A) arrows show the presence of inflammatory cells. Angiogenesis can be seen in
pictures (B) and (C) by markers. H&E (×100)

Figure 1. Histomorphology and histopathology evaluation of dermis. A,
B, C and D show eucerin, phenytoin, Hedera helix 10% and 20%
Motaghi S, et al. Histomorphometrical and Histopathological Evaluation of Hedera Helix Alcoholic Extract on Dermal Collagen Bundles. Anatomical Sciences. 2017; 14(2):55-62.
treatments, respectively. In picture (A) arrows show the presence of

57

2 14, Number 2
May 2017,Figure
Volume

A

D

C

B

Figure 2. Histomorphometrical evaluation of collagen bundles. Picture (

Figure 1. Histomorphometrical evaluation of collagen bundles. Picture
(A) isofa Hedera
samplehelix
of Hedera
helix
and (B)
is a pheA) is a sample
10% and (B)
is a10%
phenytoin
treated
nytoin treated wound. Pictures (C) and (D) show ucerin and Hedera
helix
20%(C)wounds
recpectively.
Arrows
show
wound.
Pictures
and (D) show
ucerin and Hedera
helix
20% collagen
wounds
bundles. The bundles are less organized in ucerin treated wounds.
Masson'sArrows
trichrome
recpectively.
show (×100)
collagen bundles. The bundles are less

thickness was significantly greater in phenytoin treated
wounds compared to the eucerin treated ones (P<0.01)
(Table 1). No statistically significant effect was seen on
both groups, with respect to the papillary layer. Collagen
bundles increased in phenytoin tretment, compared to
the eucerin one, although it did not reach the significance
15
level (Table 1). Our results demonstrated
that , compared
to eucerin treated wounds, collagen bundles were more
organized in phenytoin and Hedera helix 10% and 20%
cream treated wounds, in a Histomorphological point of
view (Figures 1 and 2).

organized in ucerin treated wounds.Masson's trichrome (× 100).

which implies the positive effect of this plant on collagen bundles. In addition, better organization of collagen
bundles was observed. In other words, this study represented the effectiveness of Hedera helix phytochemicals
on wound healing process. Several studies suggest that
such effect has been reached by other plants as well [1517]. A major incident in dermal wound repairing process
is the growing increment in mechanical strength of the
tissue; the biomechanical properties of the skin are mostly formed as a result of the dermis function, in relation to
the structure of collagen and elastic fiber networks.
16

Histopathological findings
BY the use of H&E staining method, our results
showed that the inflammatory cells including neutrophil
and macrophages were more abundant in eucerin treated
wounds, whereas they were scarce in phenytoin and extract treated wounds (Figure 2). Angiogenesis was observed to be more prominent in phenytoin and Hedera
helix 10% treated wounds (Figures 1C and 2B).

4. Discussion
The present histomorphometrical study proved an increase in collagen bundle thickness of reticular layer,

In addition, it is also well acknowledged that tensile
strength is also associated with the organization, content,
and physical properties of the collagen fibril network
[18]. The main constituents of this plant, effective in
wound healing process include alkaloids, flavonoids, tannins, terpenoids, saponins, and phenolic compounds [5,
19]. During wound healing process, fibroblasts, change
their position from the wound edges, to the wound site;
increase, and subsequently produce the main component
of the extracellular matrix, collagen.
One of the mechanisms by which herbal extracts may
enhance the wound healing process, is the incitement of
fibroblasts. In other words, some of the phytochemicals

Table 1. Histometric measurements of collagen bundles

Treatments

Reticular Bundles Thickness (µm)

Papillary Bundles Thickness (µm)

Eucerin

2.47±0.56

1.82±0.33

Phenytoin

3.07±0.60*

2.04±0.11

Hedera helix 10%

3.13±0.55**

1.88±0.32

Hedera helix 20%

2.78±0.70*

1.89±0.42

Data presented as Means±SE; * P<0.01; ** P<0.001 compared to eucerin treatments.
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cause proliferation, migration and functioning of
fibroblasts [20, 21]. These effects on fibroblasts,
probably, are the result of phytoconstituents of herbal
extract that may have a growth factor-like activity or
have the ability to stimulate the early expression of
growth factors [22]. Many herbal studies have shown the
presence of mitogenic components in medicinal plants
[23-25] but the specific compounds responsible for the
mitogenic activities have not yet been identified [26].

Funding

Some phytochemicals increase the viability of collagen
fibers by either preventing cell damage or increasing the
circulation [5, 27]. At the wound site, increased amounts
of superoxide anion radicals were produced by activated
platelets, neutrophils and fibroblasts, and stimulated by
the pro-inflammatory cytokines during the inflammation
phase [26]. Hence, any drug that inhibits these actions
will increase the viability of collagen fibrils. Therefore,
some herbal extracts cause better collagenation due to
upgrading the antioxidant status [28].
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