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Abstract:

Introduction: There were some reports about the positive effects of some Korean red ginseng root extract
ingredients on wound healing. The present study was designed to examine the effect of whole Korean red
ginseng root extract ingredients on incisional wound healing and tissue tension in rats.

Methods: In this experimental study, 80 rats (Sprague Dawley, 200-250 gr) randomly divided into four
groups. In day 0 a full thickness circular wound was made on the backs of these rats. They were divided
into these receiver groups: Eucerin (control) and Korean red ginseng root extract (1, 10,100ug/ml) in
Eucerin base were administrated daily. For tissue tension measurement 5 rats in each group were selected
in days of 6, 12 and 18 after anesthesia skin incision 2 cm x1 cm was done and tissue tensile was
measured with tensiometer and data was compared by SPSS with one-way ANOVA and Tukey (P<0.05).

Findings: In this study, we had better wound healing in extract treated groups (depending on the dose) in
comparison with the control group and the receiver of 100 micrograms of the extract was significantly the
best.

Conclusion: Korean red ginseng root extract can be used as a medication for wound healing; probably its
mechanism is increasing fibroid tissue.

Keywords: Ginseng, Wound Healing, Tissue tension, Incisional wound.

Introduction: layers of skin and fat that vessels disrupt and
scar produce when healed (2). Wound
healing or regeneration is a recovery process
emerging after the skin and other tissues
lesion (3). This process is a dynamic
phenomenon depending upon the
biochemical, physiological and
morphological changes and interactions. The

Wound is a physical injury result in skin
opening or breaking (1). There are several
types of wounds such as traumatic, surgical
and chronic. Two categories of wounds
exist, partial and full thickness. Full-
thickness wounds involve a loss of deeper
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wound healing includes three phases of
inflammation, proliferation and maturity.
Inflammation phase is the body's response to
limit damage and prevent further damage.
Proliferation phase includes epithelial
reconstruction and neovascularization to
relieve trauma-induced ischemia. At this
stage, granulation tissue is formed. The
proliferation phase occurs approximately on
four to twelve days. During this period,
tissue continuity is established (4). Maturity
phase is associated with scar formation,
production of collagen cross networks, the
resulting shrinkage and edema loss (5).

The prolongation of wound healing is one of
the main and common problems of the
patients admitted in hospitals (6-5).
Recently, many efforts have been done to
speed up wound healing process. Reduced
infection and angiogenesis and increased
cell growth are useful in wound healing (7-
9). A variety of medicines and ointments are
used for healing the open wound each of
which has many constraints and deficiencies
(10). A simple model is a basic requirement
for the effects of different external factors
analysis on skin-wound healing.(11) In
clinical trials, the most commonly reported
in wounds property is wound area. For
providing a highly accurate wound area
measurement many studies have compared
different modalities of measuring this
parameter (12). Photographic  studies
planimetry and tracing the wound onto a
paper block and then counting blocks (12-
17). Mechanical strength and integrity of a
wound is determined by the amount and
quality of as-precipitated collagen. The
formation of microfilaments and their cross
junctions result in reduced solubility of
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collagen and increased the strength of the
underlying collagen compared to enzymatic
degradation. Scar rearrangement eventually
causes a mature scar devoid of vessels and
cells. The mechanical strength of scar will
not reach that of a healthy tissue. The
restoration of the strength of a tissue is an
important aspect of wound healing. This
process requires the deposition  of
appropriate amounts of extracellular matrix
components, particularly collagen fibers in
the wound area. It is likely that both
structural changes in the collagen and its
lower  concentration measured by
morphometric  analysis could explain
changes in the breaking strength
measurement (5,18).

Red Ginseng root (Panax ginseng CA
Meyer) is a slow-growing perennial plant
with fleshy roots, belonging to the genus
Panax of the family Araliaceae (19). Red
Ginseng root extracts have been used as a
topical medication for skin wound, atopic
dermatitis and skin inflammation. Ginseng
physiological action on the skin is not yet
well understood. It has been reported that
ginsenoside Rb1 in burning wound causes
healing probably because of increasing
collagen synthesis and inhibiting
metalloproteinase expression. Ginsenoside
Rbland Rb2 causes inhibiting angiogenesis
(20,21). Ginsenoside Rgl  promoted
functional neovascularization proliferation
(22-23).

As mentioned before there was reported
paradoxical effects of some ginsenosides on
neovascularization of proliferation phase
(20-23). Thus, we examined the effects of
total ginseng saponins on wound healing and
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tissue tension using a full-thickness
incisional wound in rats.

Methods:

Study protocol:

This is an experimental study in which 80
healthy male rats of Sprague Dawley type
weighing 250£50 gr were randomly
selected. The rats were anesthetized with an
intraperitoneal injection of
ketamine/xylazine. Then hair between the
neck and thorax was first cut by shaving
machine. Thereafter, the area was cleaned
by a shaving razor. The rats were fixed with
adhesive tape on the surgical table. The area
was marked using a circular template with a
diameter of 2 cm. To create a skin lesion,
first a small incision was created on marked
lines using a scalpel, then the skin was
separated from the fascia by small surgical
straight scissors. After that, the skin was
exactly incised from the marked area by
surgical tweezers. Finally, the wound was
disinfected with betadine.

The rats were divided into four groups of 20
subjects. The wound was dressed up daily
for 19 days by 1 ml of ointments containing
1, 10 or 100 pg/ml of aqueous extract of
Korean red ginseng root (experimental
groups 1, 2, 3) or Eucerin ointment
(negative control). On days 1, 3, 5, 7, 9, 11,
13, 15, 17and19,; rats were anesthetized by
ether and the wound was photographed by a
digital camera; to have a fixed similar
distance between the place of wound and
camera, the camera was located on a fixed
base which was designed. The wound area
was calculated using a software (Digimizer
4.2 free trial Ostend, Belgium) upon taking
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the photos (24,25). To evaluate the tissue
tension and histological study of skin, 5 rats
from each group were selected on 6, 12 and
18 days. After anesthetizing with ether, the
rats’ heads were cut with a guillotine. Then,
a strip of wounded skin with two-
centimeter-long and one centimeter wide
(0.5 cm width of normal tissue and 0.5 cm
wide of newly resorted scar tissue) was cut.
The tissue tension was measured using a
Tensiometer device (Boal, England (25,26).

To evaluate histological changes, the tissue
samples fixed in 10% formalin phosphate-
buffered, processed and then were paraffin
embedded. By using a microtome (Olympus,
USA) the specimens were cut at 5 um
intervals to the wound surface long.
Hematoxylin and eosin staining was used to
visualize the gross microscopic cellular
architecture. Light microscopy (Olympus-
DP25 and Olympus-BX51BX51, USA) was
used for pathological change evaluations
such as tissue formation and
reepithelization.

Preparation of plant extracts:

After collecting and identifying the plant by
Kashan Botanical Garden (HN), the roots
powdered and dried at room temperature.
Soxhlet apparatus was used for extraction.
The extracts from the seed powder were five
percent. A certain amount of extract was
dissolved in water, and then it was mixed
with Eucerin to prepare ointments with a
concentration of 1, 10 and 100 pg/ml.

Drugs and solutions:

The following drugs were used: ketamine,
rompun (Sigma-Aldrich, USA), Eucerin
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(Iran), Normal saline (Iran). Stock solutions
of the Korean red ginseng root agueous
extract in different concentrations (1,
10,100, pg/ml) were prepared with mixed
water and Eucerin.

Ethical considerations:

All the experiments were performed in
accordance with the guidelines for the Care
and Use of Laboratory Animals prepared by
the Institute of Laboratory Animal
Resources and published by the National
Institutes of Health (NIH Publication No.
86-23, Revised 1985), and was approved by
the Animal Research Committee in our
university.

Statistical analysis:

All data are expressed as Mean £ SEM and
N is represented as the number of rats in
each group. Comparisons were made using
one way and repeated measures ANOVA
followed by Tukey post hoc test and Least
Significant Difference (LSD) test at the
significance level of p< 0.05 for all
experiments.

Findings:

The effect of Korean red ginseng root
extracts on wound area:

In all groups had no statistically significant
difference regarding the wound area on day
one. On day three, the wound area
significantly increased as compared to day
one in control group. (P<0.01) but in the
extracts group, the wound area decreased as
compared to day one. The wound area in the
group treated extract of Korean red ginseng
root (lpg/ml) ointment was significantly
smaller as compared to the control group on
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days three (P<0.01), 5(P<0.05) and 7
(P<0.01). The wound area in the group
treated using the aquatic extract of Korean
red ginseng root (10ug/ml) ointment was
significantly smaller as compared to the
control group on day 15 (P<0.05). The
wound area in the group of Korean red
ginseng root (100pg/ml) ointment was
significantly smaller as compared to the
control group on days three (P<0.05) and 11
to 17 (P<0.01, P<0.001). No significant
difference was observed between 10 pg/ml
extract group as compared to 1ug/ml Korean
red ginseng root extract in the wound area.
On days 15 and 17, the wound area was
significantly further in the group treated
using 1pg/ml extract ointment as compared
to the group treated with 100ug/ml extract
(P<0.05, P<0.001). The wound area was
larger in the group treated with the ointment
containing 10pg/ml extract as compared to
100 pg/ml extract but it was significant only
on day 15 (P<0.01) (Figure 1&2).

In control group the wound area on day 19
reached <0.2cm2. In one and ten microgram
per mililiter extract groups wound area
reached <0.2cm2 on day 17. On day 15, the
wound area using the aquatic extract of
Korean red ginseng root (100pg/ml)
ointment reached <0.2cm2 (Figure 3).

Histological study:

Histological studies results showed an
improvement in wound healing by the time.
This improvement was quicker with the
Korean red ginseng root ointment. On the
6th day of treatment with Korean red
ginseng, in most samples reconstruction of
the epidermis was initiated), whereas in
control group, foci of necrosis were still
observable. In all groups, fibrinoid tissue
was increased by the time but in Korean red
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ginseng root extracts the fibrinoid tissue
accumulation were more (dose-dependently)

(Figure 4).

The effect of Korean red ginseng root
extracts on tissue tension:

The results showed that the tissue tension
increased significantly from day 6 to day 12
in control group (P<0.001). On day 18, the
tissue tension decreased significantly
compared to day 12 (P <0.001) (Figure 5).
The topical ointment containing aqueous
extract of Korean red ginseng root with a
dose of 1 pg/ml resulted in increased tissue
tension over the time and reached its
maximum value on day 18 (2.46 kg). The
tissue tension in the group treated with an
ointment containing aqueous extract of
Korean red ginseng root (lug/ml) was
significantly higher than the control group
on days 6 and 18 (P<0.01). The ointment
containing 10 pg/ml of the aqueous extract
of Korean red ginseng root increased the
tissue tension of wound on days of
experiment. The maximum tissue tension
was recorded on day 18 (2.98 kg). The tissue
tension in the group treated with the
ointment containing 10 pg/ml of aqueous
extract of Korean red ginseng root was
significantly higher than the control group
on all days (P<0.001). The topical ointment
containing 100 pg/ml of aqueous extract of
Korean red ginseng root significantly
increased the tissue tension in days 6 to 18.
The tissue tension reached its maximum
value (2.74 kg) on day 12. The tissue tension
was significantly higher than the control
group in topical ointment containing 100
pg/ml of aqueous extract in all days
(P<0.01, P<0.001). Despite the loss of tissue
tension in Eucerin group on day 18, the
aqueous extract of Korean red ginseng root
in the dose of 100 pg/ml prevented loss of
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tissue tension like the groups treated with a
dose of 1 and 10 pg/ml. The tissue tension
increased over time in all three groups
treated with an ointment containing 1, 10
and 100 pg/ml of Korean red ginseng root
extract. The tissue tension in 10ug/ml
extract group was significantly higher than
the 1 pg/ml extract group on days 6 and 12
(P<0.001, P<0.01). The tissue tension in 100
pg/ml of extract was significantly higher
than 1 pg/ml extract group on days 6 and 12
(P<0.01). The tissue tension in 100 pg/ml
extract group was the same in 6 and 18 day
and significantly lower than the 10 pg/mi
extract group only on day 12 (P<0.001) 10
pug/ml of Korean red ginseng root extract
was the best dose of tissue tension (Figure

5).
Discussion:

In the present study, it was indicated that the
19-day application of the aquatic extract of
Korean red ginseng root extract(100png/ml)
ointment on the wound was better in healing
the wound and reducing the wound area as
compared to the other doses (1&100ug/ml)
of the same extract and Eucerin. Wound
healing process includes different steps;
each consists of several other steps with
some of them overlap and cannot be
distinguished easily (27,28). Hence, the
quantitative and qualitative progress of each
step can lead to the acceleration of wound
healing and the reduction of its conditions.
Control ointment cannot lead to the wound
healing on the first days as done extract
ointments.

Angiogenesis is a complicated process and
depends on wound forming matrix, growth
stimulating factors, and endothelial cells
migration. Among these factors, Vascular
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endothelial growth factor (VEGF) and
Transforming growth factor beta (TGF-p)
are the most important (29,30). In one study
aqueous extract of Korean red ginseng root
stimulated  angiogenesis  with  VEGF
increased (31). It is noteworthy that, unlike
the extract-receiving groups, wound area in
the Eucerin group was increased at the third
day in our study. In other studies, previously
performed on incision wound, increased
wound area was also seen in all control and
experimental groups at first few days of
wound formation; this can be justified by the
natural procedure of wound healing, i.e.
temporal matching with the inflammatory
phase of wound healing. In addition to
inflammation, skin and muscles tension are
effective on increasing wound area.
Furthermore, the wound is more susceptible
to infection in early days which in turn may
increase wound area (32,33).

In our study, increased wound area was seen
only in control group, while wound area was
decreased in the extract-containing groups;
this can be attributed to the reduced
inflammation due to steroid property of all
Ginsengoids except for RO (34,35).

One of the factors contributing to wound
healing is tensile strength of skin after
healing; closer the tension to the normal
amount, better healing and higher density of
collagen tissue. Various studies have been
carried out on the effects of medicinal herbs
on the tensile strength index of wound
healing so far; in one study showed that a
5% extract of goosefoot had a better tensile
stretch impact than control after healing and
this difference was significant (28). In
another study, they investigated the impact
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of the mummy on healing of incision wound
in rats and found that the amount of tensile
stretch in the experiment group (1271 g) was
significantly higher than the control group
on the seventh day (25). In another study,
the tensile strength was significantly higher
in the fundermol group than the physiologic
serum group (35). Tensile strength was not
measured in studies performed on red
ginseng so far. Our study showed that the
highest amount of tensile strength was seen
in the treatment groups as well as in
negative control group relating to the extract
10 of ginseng root, with an amount of 2.8
kg; in this regard, it had a significant
difference with other groups. Wound tension
was increased from the day six to the day
eighteen and the maximum tensile stretch
was seen in the groups 1 and 10 at the 18th
day.

The maximum tension was in the extract
group 100 at the day 12 and from then,
wound tension decreased. In a study, red
ginseng root was effective in the synthesis
of collagen type one which is the main
compound in strengthening of the dermis
and the main collagen involved in wound
healing (36). It seems that the doses 10
pug/ml and 100 pg/ml increase collagen
synthesis more than the dose 1 pg/ml,
however, the dose 100 pg/ml reduced tensile
strength from the day 12 possibly due to
toxic effect or irregular accumulation of
collagen fibers. On the other side, given the
better effect of dose 100 pg/ml in the first
days in decreasing wound area, this effect
may be attributed to both increased collagen
synthesis and angiogenesis. In the control
group, it increased tensile strength until the
12th day, so that the tensile strength was
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approximately equal to the extract 1 pg/ml
and lower than the extracts 10 pg/ml and
100 pg/ml at the day 12; this difference was
significant. At the 18th day, the extract
group 1 pg/ml had a significantly higher
tension than the control group. Since the
wound area in the extract group 1 pg/ml was
similar to the control group until the day 12
and significantly lower at the days 13 and
15, it can conclude that collagen had
possibly an increased role in tension after
the day 12. At the 18th day, the tensile
stretch decreased in comparison with
previous days in all groups except for the
groups 1 and 10 pg/ml. At this day,
reduction of tensile strength is noteworthy in
the Eucerin group and its abrupt increase at
the 12th day may arise from an irregular
accumulation of collagen fibers.
Interestingly the cause of lower tension may
be attributed to the existence of colloid
tissue during the first few days.

Conclusion:

Based on the present study, it was indicated
that the aquatic extract of Korean red
ginseng root ointment improves wound
healing process. We can suggest two
possible mechanisms for this improvement:
stimulating the growth and activity of
fibroblast and the enhancement of wound
strength. Further studies are needed to
clarify the exact mechanisms.
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Figures 1: The effect of ointment containing Korean red ginseng root extract with a dose of
1,10,100 pg/ml on wound area, each point represents the Mean + SEM .in 1 pg/ml extract group
P <0.05* and P <0.01** as compared with the eucerin group and in 10 pg/ml extract P <0.05# as
compared with the eucerin group, extract P <0.05¥ ,P <0.01¥¥ and P<0.001 ¥¥¥ compared with

eucerin group.
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Figures 2: Wound area was shown in experimental and control groups (photos were taken by
using a digital camera).
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Figures 3: This figure shows the day the wound area reached <0.16 cm2 in different doses of
Korean red ginseng. 1,10,100 means 1, 10,100 pg/ml of Korean red ginseng extract.
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Figures 4: Histological evaluation of wound healing in different groups on days 6, 12, 18 and 23:
1, 10, 100 means ointment containing 1, 10 and 100 pug/ml Korean red ginseng extract. (H&E
used for coloring).
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Figures 5: The effect of an ointment containing Korean red ginseng root extract on tissue tension
on days 6, 12, 18, each point represents the Mean + SEM. P <0.1* ,P <0.01**and P <0. 001***
extract group as compared with the control group.
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