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Background: Scrophularia striata is a well-known plant in Iranian traditional
medicine and its anti-oxidative and anti-inflammatory properties make it a
logical adjuvant to improve wound healing. This study was designed to evaluate
the wound healing potential of S. striata on cutaneous wounds in rat.
Keywords: Methods: A full-thickness excisional wounds was induced on the back of 75
:g”aTEtha”O"C SAEIE Sprague-Dawley rats. The animals were randomly allocated into five groups,
_Scrophularia striata treated with 1ml basal cream, 1ml tetracycline (3%), 1Iml S. striata 5%, 1ml S.
-Wound healing striata 10% and untreated (control). Five animals of each group were euthanized
at each of 10, 20 and 30-days post-injury (DPI) and wounds were assessed
through gross and histopathological analyses.
Results: Treated rats with S. striata showed a significant decrease in the wound
area during the experiment compared to other groups. Additionally, treatment
with S. striata decresed the number of lymphocytes and enhanced the number
of fibroblasts at the earlier stages and increased number of fibrocytes at the later
stages of wound healing. Other parameters such as alignment of the healing
tissue, re-epithelilization and epithelial formation, enhanced maturity of the
collagen fibers and fibroblasts and large capillary-sized blood vessels showed
significant changes when compared to control. The best wound healing activity
was observed with the high dose of S. striata.
Conclusion: The present study showed that application of S. striata extract on
wounds induces considerable wound contraction and accelerates healing and it
may be suggested for treating different types of wounds in animal and human
beings.

Introduction

Wound is a physical injury that results in an opening
and break of the skin that affects function and
anatomy of the normal skin. The process of wound
healing has several steps which involve coagulation,
inflammation, formation of granulation tissue,
matrix formation, remodeling of connective tissue,
collagenization and acquisition of wound strength.*
Despite some recent developments in understanding
its fundamental principles, healing of wound defects
has also faced with considerable limitations,
including scar tissue formation and cosmetic
concerns.?®

One of the developing fields in modern medical
sciences is research on wound healing agents and the
quest for more effective drugs is perhaps one of the
important challenges for investigators. Medicinal
plants are popular remedies used by many people

throughout the world. The usefulness of medicinal
plant in the treatment of diseases is unquestionable.
The World Health Organization estimated that 80%
of the people in many countries use plants as their
primitive source of medication.

The medicinal plants have high content of tannins,
flavonoids, saponins, alkaloids, naphthoguinone and
triterpenes, hence they have been used for many
years in the management of cutaneous wounds to
increase the quality and rate of healing.**

Iran has a rich flora that are widely distributed
throughout the country, particularly in the west. In
Iranian traditional medicine, herbal medicines have
been the source of treatment and cure for many
diseases and physiological conditions. One of the
most important herbal medicines, which is widely
consumed in the west of Iran, is Scrophularia striata
known as “Tashaneh Dari” from Scrophulariaceae

*Corresponding Author: Ali Ghashghaei , E-mail: aghashghaii@razi.ac.ir

©2017 The Authors. This is an open access article and applies the Creative Commons Attribution (CC BY), which permits unrestricted use,
distribution, and reproduction in any medium, as long as the original authors and source are cited. No permission is required from the authors
or the publishers.


http://dx.doi.org/10.15171/PS.2017.38
http://crossmark.crossref.org/dialog/?doi=10.15171/PS.2017.38&domain=pdf&date_stamp=2017-12-30
mailto:aghashghaii@razi.ac.ir

Ghashghaei et al.

family.

This plant is annual or perennial herbs with five
petals and zygomorphic flowers and corolla has lobe
and the fruit is a capsule with many seeds.X
Alkaloids, flavonoids, resin glycosides, iridoid and
cryptophilic acid are active constitutes of S. striata
that usually are found in some parts of plants such
as stem, leave, bud, skin and scion.*? S, striata has
been reported to have some of pharmacological
effects such as Analgesic, Anti-microbial,
Nephroprotective,  nitric  oxide  suppressive,
antitumoral, hepatoprotective and anti-
inflammatory properties.!*%°

According to the literatures review, S. striata
genus’s anti-oxidative and anti-inflammatory
properties make it a logical adjuvant to management
wound healing. So, this study was designed to
evaluate the dermal wound healing potential of S.
striata after topical application of its methanolic
extract on experimentally induced cutaneous
wounds in rat models.

Materials and Methods

Plant Material and extract preparation

The aerial parts of S. striata were collected from
Zagros mountain ranges (around the Kermanshah
city) in April 2015 and the herbarium was prepared
after they were identified and approved by the N.
Eskandari (Code=SS405). The collected plant
materials were first cleaned and then were dried at
room temperature without exposure to direct
sunshine. In the next step, small pieces of dried
plants were provided by cutter and 300 grams were
soaked in methanol for 72 hours and filtered
subsequently. This process was repeated twice to
ensure maximal extraction. After extraction, the
solvent was filtered and then evaporated by
Rotavapor®. The achieved extract was then stored
at -20°C until being used in the experiment.

Animals

The experiments were performed in adult Sprague-
Dawley rats of both sexes, weighing 200 to 220 g.
The animals were housed under standard
environmental conditions (23+1°C, with 55+5%
humidity and a 12 h light/dark cycle) and maintained
with free access to water and ad libitum standard
laboratory diet (70% carbohydrates, 25% proteins,
5% lipids).

Wound creation

The rats were weighed prior to the surgical
procedure. The animals were anaesthetized by
intramuscular injection of 1mg/kg xylazine HCI
(Xylazine 2%; Alfasan) as premedication, and
60mg/kg ketamine HCI (Ketamine 5%; TRITTAU,
Germany) for anesthesia. The backs of the animals,
in the cervical region were surgically prepared for
aseptic surgery. A square shape full thickness

incision of 2x2 cm was made in skin and the incised
piece was removed. The wound was left undressed
and no local or systemic anti-microbial drugs were
administrated.

Study design

After wound creation, the animals were randomly
allocated into five main groups, each containing 15
animals, and three subgroups, representing days, 10,
20 and 30 after injury, each containing 5 animals.
The subgroups were numbered as follows: control
(1-3), basal cream (4-6), tetracycline (7-9), S.
striata 5% (10-12) and S. striata 10% (13-15). No
material was used in the wound area of rats in the
control group. In the basal cream and tetracycline
groups, the injured area was covered with 1ml basal
cream (eucerin) and tetracycline (3%) daily, for 20-
days post injury (DPI). In the group 4 and 5, the
wound area was covered with 1ml S. striata 5% and
10% (5 and 10 g S. striata powder were suspended
in 95 and 90 g eucerin) for 20 DPI, respectively.
From each group, 5 animals were euthanized at each
of 10, 20 and 30 DPI by chloroform inhalation.
Samples from all these groups were collected and
used for histopathological evaluation.

Measurement of wound area

The progressive changes in wound contraction were
monitored planimetrically on days 10, 20 and 30 PI
using the method as described by Oryan et al.
(2010).1¢

Sample collection and histological evaluation

At the end of days 10, 20 and 30 postoperation, the
animals were euthanized by chloroform inhalation
and sampling was done. Full thickness skin samples
from the wound area including dermis, epidermis
and subcutaneous were carefully dissected and fixed
in 10% neutral-buffered formalin, processed
routinely, embedded in paraffin, sectioned at 5 um
thickness, stained with hematoxylin and eosin and
examined with a routine light microscope.
Histological examinations were performed by two
pathologist with a procedure reported by Oryan et al.
(2012)® with some modifications. The pictures were
then captured by a digital camera (Dino capture;
version 1.2.7) and transferred to the computer
software (Photoshop CS-4; Adobe) for digital
analysis. Five photomicrographs were selected from
five microscopic fields of each tissue sample for
histopathologic analysis. The parameters that were
studied in histopathological sections were consisted
of fibrin deposition, hemorrhage,
polymorphonuclear ~and  mononuclear  cell
infiltration, re-epithelialization, epithelium
cornification, revascularizations, fibroblast and
macrophage content, necrosis, presence of
fibrocytes and maturation and organization of
collagen.
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Table 1. Mean + SD of wound surface area (cm?) in groups on different day post-injury (n = 15).

Day Control

Basal cream Tetracycline S. striata (5%) S. striata (10%0)

Day 10 2.12+0.05° 2.05+0.05®  1.95+0.06®°  1.91+0.04"
Day 20 1.29+0.03® 1.17+0.05®  1.09+0.03
0.52+0.02*

Day 30 0.71+0.02* 0.63+0.04°

1.77+0.03°
1.05+0.03" 0.92+0.02°
0.29+0.01° 0.18+0.01°

b

Figure 1. Macoscobic wound images of the control (a,f,k), basal cream (b,g,l), tetracycline (c,h,m), S. striata 5% (d,i,n') and S.

striata 10% (e,j,0), on days 10, 20 and 30 post-injury.

Total cellularity (magnification x200) and number
of fibroblasts, fibrocytes, lymphocytes,
macrophages, neutrophils and blood vessels
(magnificationx800) of the wound area were
counted and their mean and standard deviations
were calculated.

Statistical analysis

Descriptive statistics including the mean, standard
error, median, minimum and maximum were
calculated for all variables. For comparison of
different parameters, the one-way ANOVA
followed by Tukey post hoc test were used. The data
were analyzed by SPSS software, version 22.0
(SPSS Inc., Chicago, IL, USA) and P<0.05 was
accepted as statistically significant.

Results

The wound surface area was calculated and
expressed in cm? as summarized in Table 1. A
significant reduction was observed in the wound
surface area of the low- and high-dose S. striata
groups compared to those of the control group on
days 10, 20 and 30 PI and also cream and

tetracycline groups on day 30 PI (P<0.05) (Figure
1a-0).

Statistically significant differences were determined
by ANOVA followed by post hoc tests comparing
all groups. Means within a column with different
superscript letters (a, b, c) denote significant
differences. P<0.05 was accepted as statistically
significant.

The data obtained from the histopathologic analysis
are summarized in Table 2. At 10 DPI, treatment
with low- and high-dose S. striata significantly
reduced total cellularity compared with the cream,
tetracycline and control groups (P<0.05; Figure 2a—
e). Although the mean number of cells in low-dose
S. striata group was lower than that in the high-dose
S. striata, but this difference was not statistically
significant (P>0.05). At 20 DPI, low- and high-dose
S. striata significantly reduced the total cellularity
compared with control and cream groups (P<0.05),
but the differences were not significant as compared
to the tetracycline group (P>0.05; Figure. 2f-j).
Five fields in each of five histopathologic sections
were analyzed for each group.

Data are Mean + SD, n = 15. Statistically significant
differences were determined by ANOVA followed
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by post hoc tests comparing all groups. Means
within a column with different superscript letters (a,
b, ¢) denote significant differences. P>0.05 was
accepted as statistically significant.

Thirty days after injury, lower total cellularity was
observed in high- and low-dose S. striata groups,
respectively, but these differences were not
statistically significant between groups at this stage
(P>0.05; Figure 2k-0).

The vascular number were significantly increased in
low and high-dose S. striata groups on day 10 PI
compared with the other groups (P<0.05). At 30
DPI, except for high-dose S. striata, which showed
a significant decrease in wvascular number in
comparison with the control and cream groups
(P=0.001 and P=0.017), the differences for other
groups were not significant.

At 10 DPI, low- and high-dose S. striata increased
the mean number of fibrocytes compared to the
other groups on day 10 PI, but these differences were
not statistically significant (P>0.05). At 20 and 30
DPI, the number of fibrocytes was significantly

higher in low- and high-dose S. striata groups
compared with the control, cream and tetracycline
groups (P<0.05). In comparison between treatment
groups at 30 DPI, the high-dose S. striata group
showed a higher number of fibrocytes in compared
with the low-dose S. striata group (P<0.05).

The number of fibroblasts in the low and high-dose
S. striata groups was higher than those in the other
groups on day 10 PI, but these differences were not
significant. At 20 and 30 DPI, the lowest number of
fibroblasts was observed in the low- and high-dose
S. striata groups, respectively, which this decrease
in high-dose S. striata group was statistically
significant when compared to the cream and control
groups (P<0.05).

The number of lymphocytes was decreased in high-
dose S. striata group compared with the other groups
on day 20 PI, but this difference was not statistically
significant (P>0.05). At 30 DPI, high-dose S. striata
significantly decreased the number of lymphocytes
compared to the control group (p=0.04).

Table 2. Histopathologic and histomorphometric analysis.

Day 10 Control Basal cream Tetracycline S. striata (5%)  S. striata (10%0)
Total cell 1323.30£68.44%  1264.60+59.87% 1424.70+21.96° 852.80+103.08" 921.60+56.97"
Vascularno.  8.80+0.38 9.10+0.342 9.90+1.06% 12.60+0.54° 14,18+0.72"
]fl'btfooct;'tfst and 47 80+0.92¢ 18.4040.68°  22.20£0.89°  23.30+0.842 24.45+1 807
Fibrocytes 3.1020.52° 3.40£0.47° 5.27+0.547 5.90£0.83" 5.7020.847
Fibroblasts 14.70+1.10° 15.00£0.55*  16.50£0.95°  17.40+0.92° 19.18+1.50°
Ratio 0.23+0.042 0.21+0.03" 0.3740.07° 0.36+0.06 0.28+0.03"
Lymphocyte  21.70+1.042 20.90£1.13"  22.103.30° 2350131  22.18+1.067
Macrophage  19.10+0.94% 21.20£1.31%  20.7020.94*  22.20#1.51*°  21.630.842
Neutrophil 1.10£0.31 1.00£0.33 0.20£0.13 0.40£0.16 0.4520.24
Day 20

Total cell 1234.80+30.96° 1253.40+54°  814.50£38.54" 709.70£73.41°  770.50+38.46"
Vascularno.  4.70+0.26° 4,5020.22° 5+0.69° 6.30+0.42 6.60£0.84°
Fibroblastand 51 1410900 29804279 26.30#1.12¢  30.90#1.13*  30.50+2.08°
fibrocytes T T T T T
Fibrocytes 8.22+0.57° 7.60%0.68° 12.10:0.62°  15.50£0.73 17.00+1.32°
Fibroblasts 23.2243.10% 22204£2.61%  1510£1.29®  15.40+1.40% 13.5042.42"
Ratio 0.43+0.08" 0.38+0.05 0.80+0.08" 1.10£0.14% 1.99+0.52°
Lymphocyte  14.6621.13 15.20+0.74 14.20+1.31 14.50+1.14 10.80+1.80
Macrophage  21.66+0.88 10.40+1.18° 17.40£1.09°  10.40+126°  18.40£0.71°
Neutrophil 0.22+0.14 0.30£0.30 0.20£0.13 0.10£0.10 0.00

Day 30

Total cell 686.90£20.53  664.60£21.43° 628.20+27.94* 500.30+30.37%  492.30+32.04°
Vascularno.  6.70£0.53 6.10+0.342 5.1020.58% 4.5020.20% 3.3020.33"
Fibroblastand 51 5049 738 9.4042.14@  2570#1.39°  31.10+1.18%  37.60+1.48
fibrocytes T T T T T
Fibrocytes 13.90+0.92° 12.50+0.74° 13.30£1.44°  21.20+1.05° 28.80+0.85°
Fibroblasts 17.30+1.85° 16.90+1.68°  12.40+0.88®  9.90+0.92% 8.8020.91°
Ratio 0.97+0.18" 0.82+0.122 1.14+0.16° 2.4120.39° 3.57+0.37°
Lymphocyte  12.0020.43 11.70+0.49 7.60£0.79 9.10+0.84 5.50+0.50
Macrophage  16.50+0.672 17.60+0.89° 16.00£0.81°  14.60£0.89®  10.80+0.85
Neutrophil 0.3040.21 0.00 0.00 0.00 0.00
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Treatment with high-dose S. striata significantly
reduced the number of macrophages compared to
the control (P=0.01), cream (P=0.001) and
tetracycline groups (P=0.03) at 30 DPI; however, the
animals in low-dose S. striata group revealed a
reduction in the number of macrophages compared
to other groups at this stage, but these differences
were not significant (P>0.05).

At 10 DPI, athick granulation tissue that covered the
wounds area was observed in all rats. The newly
synthesized collagens were still unorganized and
had a randomly distributed pattern in all rats at this
stage. The dilated blood vessels were observed
within the granulation tissue area in all animals.

No regenerating epithelium was evident in control
and cream groups, while animals in low- and high-
dose S. striata groups showed minimal re-
epithelization. In control, cream and tetracycline
groups, the presence of neutrophils were prominent
within the granulation tissue, however there are no
signs of infection around the wound area.

At 20 DPI, more organized pattern in the collagen
fibers and better tissue alignment were observed in
low and high-dose S. striata groups when compared
to the other groups. There was full thickness
epidermal regeneration which covered completely
the wound area. The keratin layer was thin,
composed of orthokeratin. The epidermis was thick
and disorganized, particularly as compared with the
adjacent normal skin. The blood vessels of the
treated wounds with S. striata were more than those
of the untreated lesions and also their diameters
were larger compared to the untreated lesions. In the

control group, the dermis was cellular, and the
presence of fibroblasts and disorganized and poorly
oriented collagen fibers were prominent. In this
stage, the evidence of pus accumulation, fibrin
deposition, polymorphonuclear cells infiltration or
edema were not seen in the lesions of animals in all
groups.

At 30 DPI, the wounds treated with S. striata extract
had a proper re-epithelilization and epithelial
formation than other groups. Moreover, a number of
lymphocytes and macrophages was decreased in the
treated groups, and significantly greater tissue
maturation and large capillary-sized blood vessels
were observed compared to other groups. (Figure

2p-t).

Discussion

Wounds are referred to as a disruption of normal
anatomic structure and function. Skin wounds could
have made by several causes such as physical
injuries resulting in opening and breaking of the
skin.!” Bleeding, heat and redness around the
wound, loss of feeling or function below the wound
site, painful or throbbing sensation, swelling of
tissue in the area and pus like drainage are common
symptoms of the wounds.*®

Wound healing is a very complex, multifactor
sequence of events that establish the integrity of the
tissues. Regeneration and reconstruction of the
interrupted anatomical continuity and functional
status of the skin are the main aim in these processes.

Figure 2. Longitudinal sectlons of the control (a,fk, p) basal cream (b,g,l,q), tetracycllne (c,h,m r) S. strlata 5% (d,i,n,s) and S.
striata 10% (c,j,o,t), on days 10, 20 and 30 post-injury (H&E staining; magnification for a—0=x250, and for p—t=x1000).
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Healing process initiates immediately after
wounding and has four steps including coagulation,
inflammation, re-epitheliasation and remodeling.®
In recent years, tendency of using natural sources as
alternative medicine has been raised. Plants are
candidate source of potentially valuable structures
for achieving effective chemotherapeutic agents.*®
S. striata is used traditionally as a medicinal herb in
Iran and some other Asian countries. Recently, some
novel pharmacological actions of S. striata have
been discovered, such as antimicrobial effects,
inhibitory effect on matrix metalloproteinase
(MMPs), suppression of NO production in activated
murine peritoneal macrophages ex-vivo and
stimulatory effects on human fibroblast cells
proliferation and anti-tumor activity.?> However, no
study has been performed yet to investigate the
wound healing activity of S. striata.

The results of this study established that the wound
healing and repair is accelerated by topical
application of S. striata. The enhanced capacity of
wound healing with the S. striata could be explained
on the basis of the anti-inflammatory properties of
the plants that are well documented in the
literature.’®415 The inflammatory processes of the
treated samples showed improved fibroplasia and
remodeling stages of wound healing. Moreover,
decrease in total cellularity and enhanced fibroblast
maturation and differentiation were observed in the
wound area.

The clear difference in the measured wound area
between the rats treated with S. striata and other
groups is supported by the above mentioned
histological observations. Wound contraction is the
procedure of mobilizing normal skin around the
wound to cover the denuded area and contains
complex and excellently coordinated interactions of
cells, extracellular matrix and cytokines.?* Probably,
the anti-inflammatory effects of S. striata together
with its effect on maturation and organization of the
granulation tissue are responsible for the enhanced
rate of wound closure and reduction in healing time
in the treated rats.

Our histological findings on day 10 PI revealed that
the original tissue regeneration is much better in skin
wounds treated with S. striata than in control
wounds. Although these results established the
beneficial effects of the S. striata on the morphology
of dermal wound healing, but the newly synthetized
collagens were still unorganized and had a randomly
distributed pattern in all rats at this stage.

During the early wound healing process, epithelial
cells proliferate and migrate from the edges of the
wounds and finally cover it. An adequate oxygen
supply has an important role in the proliferation and
migration of the epithelial cells and fibroblasts. This
amount of oxygen may be provided from two ways;
increasing the rate of blood flow in the existing
blood vessels, or through the newly formed blood

vessels.2 Based on histopathological analysis, the
treated lesions with S. striata extract were more
vascular at this stage and it seems that the second
mechanism is responsible for providing more blood
and oxygen supply and therefore an improved
wound healing outcome in the treated animals.

On day 20 PI, the presence of full thickness
epidermal layer which covered completely the
wound area, reduction in cellularity and also a
greater degree of organization of the collagen
orientation were an important histopathological
features of the treated lesions with S. striata extract
when compared to the other groups. These results
can be due to the anti-inflammatory effects of this
plant and also the presence of iridoid glycoside
compounds of S. striata that can accelerate the
fibroblast growth and causing more collagen
synthesis and faster healing.'*

The presence of the collagen fibrils with a greater
degree of organization and a more normal alignment
in the treated lesions may be due to a modification
of the inflammatory reaction or organization of the
fibrin network in the wound area at early stages of
inflammatory phase of healing by the S. striata
extract.®

On day 30 PI, the treated wounds with S. striata
showed a proper re-epithelilization and epithelial
formation when compared to other groups. In
addition, the treated wounds with S. striata had a
lower number of lymphocytes and macrophages and
higher number of fibroblasts and fibrocytes,
significantly better maturation, improved tissue
alignment and large capillary-sized blood vessels
than other groups.

The lower levels of inflammation in the S. striata
groups can be due to the presence of phenyl
propanoid glycosides in this plant species. This
compound can inhibit the macrophages activities
and  production of chemical mediators;
consequently,  decrease  inflammation  and
subsequently promote organization.422

Generally, the wounds treated with 10% S. striata
showed a better healing than wounds treated with
5% S. striata. The reduction of the neovasculature
and better organization of collagen fibrils in dermis
observed in the treated lesions suggest that the high
dose of S. striata accelerates the process of wound
remodeling more than low dose of S. striata.

Due to some limitations, the biomechanical analysis
was not performed in this experiment; certainly,
along  with  histopathological ~ examination,
biomechanical analysis can be helpful in
interpreting the results. To determine the methanolic
extract properties of S. striata, its anti-oxidant effect
and evaluate the expression of the related genes,
more phytochemical studies are needed to
characterize and identify the specific active
compounds of this plant that are responsible for
wound healing activity.
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Moreover, the higher rate of the wound healing in
rats, small population size, age and the anatomical
and physiological variations between rats and
humans should be considered as limiting factors.
Therefore, this is beneficial to support the novel
insight of this study with future clinical trials and to
perform more in vivo mechanistic researches in
different species of animals before suggesting this
therapeutic regime for clinical practice.

Conclusion

The present study established that the methanolic
extract of S. striata improve wound healing activity
in animal as a preclinical study. The obtained results
showed that application of S. striata extract on
wounds induces considerable wound contraction
and accelerates healing and it may be a good
candidate for treating different types of wounds in
animal and human beings.
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