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Effect of Hydroethanolic Extract of Nigella sativa L. on Skin Wound

Healing Process in Diabetic Male Rats

Abstract

Background: The aim of this study was to investigate the effect of hydroethanolic Nigella sativa L.
extract on skin wound healing in diabetic male rats. Methods: This experimental study was conducted
on 49 male Wistar rats weighing 220-250 g divided into 7 groups of 7 each: control (nondiabetic
untreated), sham (nondiabetic eucerin-treated), nondiabetic phenytoin (1%)-treated, diabetic untreated,
and three diabetic groups treated independently with phenytoin 1%, hydroethanolic N. sativa
extracts 20% or 40%. Diabetes was induced with 60 mg/kg streptozosin in one administration. After
anesthesia, 2 x 1 cm? wounds were made on the rats’ backs and each group was administered with its
own respective treatment until the wounds were healed completely. Tissue specimens were prepared
for histological examinations. The areas of the wounds were measured every 3 days. The data were
analyzed by ANOVA and Tukey’s post-hoc test. Results: The mean duration of wound healing was 27
and 24 days for diabetic untreated and diabetic phenytoin-treated groups, respectively. Wounds were
healed completely in nondiabetic untreated, sham, and nondiabetic phenytoin-treated groups on days
23, 24, and 21, respectively. The shortest duration of wound healing was seen in diabetic N. sativa
extract (40%)-treated group (15 days) followed by diabetic N. sativa (20%)-treated group (18 days).
These two groups were found to have the lowest mean wound area during the study with a significant
difference from mean wound area in the controls (P < 0.05). Conclusions: V. sativa extract significantly
promoted wound healing in diabetic rats in comparison with control groups. Although the beneficial
mechanism of the promotion of wound healing was not specifically studied, it is believed that the
anti-inflammatory and antimicrobial properties of N. sativa would contribute to this enhanced wound
healing.
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Introduction survival of granulation tissue, disturbed
epithelialization, as well as disturbed

Wound healing refers to a set of processes . .
& P restructuring and reconstruction.!>®

that lead to replicating lost tissue as

much as possible. Wound healing is a
dynamic process consisting of five phases:
stopping of bleeding, inflammation,
cell  proliferation, replacement, and
reconstruction or scar formation. These
phases should be fulfilled continuously and
for a specific period so that wound is healed
successfully. It is noteworthy that each
phase starts immediately after the preceding
phase and the durations of the phases vary
depending on the type and site of the
wound and injured tissue.! Meanwhile,
diabetic wounds healing is particularly
important because wound healing may
be delayed and defective in people with
diabetes because of disturbed inflammation
phase, disturbed and reduced angiogenesis,
excessive  formation and  long-term
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Therefore, patients with diabetes are likely
to face certain complications such as wound
infection, amputation, high treatment costs,
and even death.[” Shortening the duration
of wound healing has long attracted
medical researchers’ attention and different
classes of pharmacological drugs have been
recommended to achieve this purpose. With
medical advances, plant-based drugs and
compounds are being increasingly used in
the hope for finding better treatments.®'¢

Black cumin (Nigella sativa L.) is one
of the plants that has been studied for
treatment of diseases.!'”! N. sativa is a plant
in the family of Ranunculaceae. It is a
herbaceous, annual, spontaneously growing
plant covered with trichomes. N. sativa
reaches a height of 40-90 cm. Its fruit
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is similar to a large and swollen capsule that bears 3—7
follicles. Each follicle contains a large number of seeds.!®
When the capsule of a fruit is ripened, it opens and its
seeds fall out and then become black.[') The medical use
of N. sativa dates back to 2000 years ago. N. sativa use
was started in Asia and then spread to Europe, Affica,
and India.”” This plant is used as a spice and also to treat
certain diseases such as asthma, hypertension, diabetes,
inflammation, headache, cough, bronchitis, eczema, fever,
dizziness, and influenza.?" Interestingly, N. sativa can exert
anti-inflammatory, antimicrobial, antioxidant, antitumor,
immune system-boosting, hypotensive, hypoglycemic,
and hypolipidemic actions.””’ A comprehensive preclinical
pharmacological review of the actions of N. sativa has
recently been published (Dajani EZ, Shahwan T, Dajani
N. Overview of the preclinical pharmacological properties
of Nigella sativa (Black seeds): A complementary
drug with historical and clinical significance. J Physiol
Pharmacol 2016;67 (6):801-817). The objective of our
study is to investigate the potential therapeutic actions of
a hydroethanolic N. sativa extract in healing skin wound in
diabetic male rats.

Methods
Laboratory animals

This experimental study was conducted on 49 male Wistar
rats weighing 220-250 g. All rats were maintained in
animal house of department of biology, faculty of basic
sciences, Bu-Ali Sina University, Hamedan, Iran under
controlled (23 + 2°C) temperature and 12-h dark/12-h
light cycle with free access to food and water. The rats
were randomly assigned to seven groups consisting
nondiabetic untreated, nondiabetic phenytoin (1%)-treated,
sham or nondiabetic eucerin-treated, diabetic
untreated, diabetic phenytoin (1%)-treated, diabetic
N. sativa extract (20%)-treated, and diabetic N. sativa
extract (40%)-treated.

Extraction and ointment preparation

After N. sativa was purchased and scientifically identified
by the botanist of Bu-Ali Sina University, 500 g seeds
were pulverized with an electric mill. To extract active
compounds, maceration was used. Adequate amount of
ethanol (2 1) 80% was added to 500 g N. sativa powder
and the solution was refrigerated for a week. Then, the
extract was separated with a filter paper and hopper and
concentrated with a rotary instrument as much as possible.
Next, eucerin (Pasteur Institute of Iran, Tehran, Iran)-based
ointments with 20% and 40% weight/weight ratio were
prepared.®2!

Induction of diabetes in the rats

To induce diabetes, 60 mg/kg streptozosin (Sigma-Aldrich,
USA) was intraperitoneally administered to the rats in all
groups in one injection.?* Three days after streptozosin

2

administration, blood sugar levels of the rats were
measured with a glucometer to ensure induction of diabetes
in them. The rats with glucose levels of over 200 mg/dl
were considered to be diabetic.

Making and treating wounds

After the induction with intraperitoneal administration
of combination of ketamine (50 mg/kg, alfasan,
Woerden-Holland) and xylazine (10 mg/kg, alfasan,
Woerden-Holland), the rats were placed prone on a surgery
table.®?* Then, the hairs on back between the two shoulders
were completely shaven with an electric shaver and a 1 x 2
rectangle was drawn on the skin. Then, a full-thickness
specimen consisting of epiderm, derm, and hypodermic
was taken from the skin with a scalpel. The day of surgery
was considered to be day 0; all rats were left untreated.

One day after surgery (day 1) to the day when complete
healing was observed and epiderm was reconstructed, the
treatment was applied once daily with a clean cotton swab
on wound surface completely every day. Before application
of the treatments, the wounds’ surfaces were separately
cleansed with physiological serum-soaked tampon slowly
and closely. Throughout the study, the wounds were left
undressed.

Wound area measurement

Wound area was measured once every 3 days until
the wounds were completely healed. To prevent rats
from moving in measuring the wound areas, they were
anesthetized with inhaled ether. Then, the rats were placed
prone and wound areas were drawn using a transparent
paper and measured using a 1-mm graph paper as described
by Shoohani et al.?*' Measurements errors were minimized
by measuring the wounds’ dimensions with a caliper and
calculating the mean value of the measurements made by
these two methods.

Histological examinations

To conduct histological examinations, hematoxylin
and eosin staining was used. To do this, specimens of
full-thickness skin were taken on day 21 in all groups. In
N. sativa extract-treated groups, the specimens were taken
on the day when wound healing was completed.

Then, the specimens underwent tissue processing. Formalin
10%-fixed skins tissues were embedded in paraffin and then
cut into 5 wm thick sections by microtom (OSK, OGAWA
SEIKI Co. Ltd. — Japan). The slides were stained with the
conventional hematoxylin and eosin, mounted with neutral
resin, and examined with optical microscope (ZEISS,
Axiostar Pluss — Germany).?! After completion of the
passage, the specimens were molded and thin (5-wm)
sections of them were prepared using a microtome and
placed on a lam. The microscopic stained sections were
examined by an optical microscope at magnifications 100x%,
200x%, and 400 x and then images were taken.
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For data analysis, the wound areas of different groups were
measured on the studied days. The data were analyzed by
intersubject one-way ANOVA and Tukey’s post-hoc test in
SPSS 23.

Results

Wound area increased very markedly in diabetic untreated
and diabetic phenytoin-treated groups on the first 3 days and
decreased very slowly on subsequent days so that the wound
was not completely healed even on day 23 [Table 1]. As
treatment continued, the wounds were completely healed on
days 27 and 24 in diabetic untreated and diabetic phenytoin
ointment-treated rats, respectively. Wound healing occurred
more rapidly in phenytoin-treated group than in untreated
group yet with no significant difference (P > 0.05).

Wound area increased on day 1 and started to decrease on
subsequent days in diabetic N. sativa extract (20%)-treated
group so that the wound was completely healed on day
18. These findings were significantly different from the
findings in diabetic untreated and diabetic phenytoin-treated
groups (P < 0.001).

In diabetic N. sativa extract (40%)-treated group, wound
area increased on day 1, but on subsequent days, it
decreased rapidly so that the wound was completely
healed on day 15. Mean wound area decreased
significantly in this group compared to diabetic untreated
and diabetic phenytoin-treated groups (P < 0.001).
Although wound healing occurred more rapidly in
N. sativa extract (40%)-treated group than in N. sativa
extract (20%)-treated group, no statistically significant
difference in mean wound area was noted between the two
groups throughout treatment period (P > 0.05).
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Figure 1: Mean wound area in different groups throughout wound healing;
*significant compared to untreated nondiabetic group (**P < 0.01),
$significant compared to nondiabetic phenytoin-treated group (%P < 0.01
and 0.001, respectively), *significant compared to sham group (*P < 0.05),
*significant compared to untreated diabetic group (* ***P < 0.05, 0.01, and
0.001, respectively), ‘significant compared to diabetic phenytoin-treated
group (°“>*°0.01 and 0.001, respectively)
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In all nondiabetic groups, wound area increased less
markedly compared to diabetic groups such that a
significant difference was seen between nondiabetic and
diabetic groups (irrespective of the studied treatment as no
group was treated on day 1 of measurement) (P < 0.05).

In untreated nondiabetic group, after this primary increase,
wound area started to decrease so that the wound was
completely healed on day 23. A significant difference in
wound area was seen between untreated nondiabetic and
untreated diabetic groups (P < 0.01) [Figure 1].

In sham group, after observing a primary increase in
wound area, we found that wound area started to decrease
so that the wounds were completely healed on day 25. No
statistically significant difference was seen between sham
and untreated nondiabetic groups (P > 0.05).

In nondiabetic phenytoin ointment-treated, the wound
area increased slightly on day 1 and started to decrease
on subsequent days. The wounds were healed on day 21
[Figure 2]. The findings of this group and the controls
(untreated nondiabetic) were not significantly different
(P > 0.05), but significant difference was noted between
the findings of nondiabetic phenytoin ointment-treated and
diabetic phenytoin-treated groups (P < 0.01).

In the N. sativa extract-treated groups, the epidermal
thickness was significantly greater the untreated and
even phenytoin-treated groups. Overall, the epidermal
thickness was lower in the untreated group than in other
groups (A).

Figure 3 illustrates N. sativa extract (40%)-treated
group (D), which has the most epidermal thickness. This
finding indicates that the wound healing was better in
this group. Moreover, the collagen fibers are thicker and
are arranged more regularly in N. sativa extract-treated
wounds, which represent natural process of wound healing
in these groups. A large number of fibroblasts were seen
in the groups treated with the extract, which represents the

Figure 2: The status of wound healing on day 12. (a) Diabetic
untreated, (b) diabetic phenytoin-treated, (c) diabetic Nigella sativa
extract (20%)-treated, (d) diabetic N. sativa extract (40%)-treated,
(e) full-thickness wound made on the rat’s back on day 0 (the day of surgery)
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Table 1: Wound healing of different groups in different days of treatment

Group Days

(n=7) 1st 3rd 6th gth 12th 15t 18t 215t 23rd

A 2.67+0.08 2.34+0.4 2.00+0.01 1.6+0.05 0.89+0.06 0.62+0.13 0.22+0.12 0.02+0.00 0.00

B 2.66+0.05 2.18+0.09 1.72+0.02 1.24+0.02 0.69+0.02 0.27+0.11 0.05+0.01 0.00 0.00

C 2.67+0.09 2.37+0.04 2.03+0.02 1.64+0.04 1.02+0.05 0.58+0.06 0.26+0.01 0.16+0.01 0.04+0.02
D 2.96+0.04 3.45+0.06 2.95+0.04 2.60+0.05 1.17+£0.05 1.24+0.10 0.91+£0.06 0.39+0.04 0.17+0.02
E 2.95+0.04 3.334+0.10 2.70+0.06 2.23+0.04 1.84+0.05 1.24+0.07 0.74+0.05 0.10+£0.03  0.02+0.005
F 2.92+0.06 2.10+0.04 1.28+0.04 0.70+0.03 0.23+0.02 0.04+0.02 0.00 0.00 0.00

G 2.93+0.06 1.93+£0.02 1.09+£0.04 0.23+0.02 0.07+0.01 0.00 0.00 0.00 0.00

NS=Nigella sativa. Data are mean=SEM of wound area (cm?) in rats. (A) Nondiabetic with no treatment, (B) nondiabetic + phenytoin 1%,
(C) nondiabetic + eucerin, (D) diabetic + no treatment, (E) diabetic + phenytoin 1%, (F) diabetic + NS ointment (20%), (G) diabetic + NS

ointment (40%)

Figure 3: Hematoxylin—eosin-stained tissue section (magnification 400x):
(a) diabetic untreated, (b) diabetic phenytoin-treated, (c) diabetic Nigella
sativa extract (20%)-treated, (d) diabetic N. sativa extract (40%)-treated,

: epidermal thickness,<—: collagen fibers, : fibroblasts
natural process of wound healing because of the main role
of fibroblasts in producing collagen fibers.

Discussion

Medicinal plants are considered a precious treasure and their
extracts have been commonly used to heal skin wounds since
old time.””?! Regarding the findings of the present study,
we found hydroethanolic N. sativa extract (40%) to be the
best studied treatment with the shortest period of wound
healing in diabetic rats. N. sativa ointment was found to exert
anti-inflammatory effects on the early days of healing period,
and therefore, the healing effects of this ointment can be partly
attributed to its anti-inflammatory effects. Aydin et al. study
has reported N. sativa to exert anti-inflammatory effect.*”

Moreover, Noorbar et al. review article has reported
anti-inflammatory property to be one of the properties of
N. sativa.*"" Besides that, according to Ashrafi et al. study,
anti-inflammatory drugs, particularly nonsteroidal ones,
are one of the most commonly used drugs after surgery
to relieve pain, reduce inflammation, and improve general
conditions of the patients in order to accelerate the process
of wound healing.®! Therefore, medicinal plants, such as
N. sativa, which have anti-inflammatory properties and can
positively affect the phases of wound healing accelerate
this process.(?23%

4

A study found that thymoquinone (one of the
N. sativa-active compounds) could prevent oxidative
damage in vitro and in vivo.B" N. sativa is thought
to speed up wound healing through scavenging free
radicals.?” According to Zareian et al. study, modulating
inflammation and wusing antioxidants contribute to
speeding up wound healing.®! N. sativa extract has
antioxidant property that is even more potent than the
antioxidant properties of synthetic antioxidants such as
BHA and BHT.B? These findings are consistent with the
results of the present study.

Khaksari et al. study found that preventing wound infection
accelerated wound healing. According to Khaksari et al.
study, antibiotic drugs can accelerate wound healing
through controlling wound infection.’3)  Consistently,
Noorbar et al. review article has reported that N. sativa has
antibacterial property.!!

This plant has been demonstrated to exert antibacterial
effect on both gram-negative and gram-positive
bacteria.**! Morsi and Aydin ef al. studies have confirmed
antimicrobial action of N. sativa.’**! Accordingly, it can
be argued that one of the reasons for speeding up wound
healing is antimicrobial and antiseptic effects. None of
N. sativa extract-treated rats acquired infection in this
study, which is consistent with Morsi and Aydin et al.
studies.[3%3]

Thymol is one of the active compounds of N. sativa.*”
Thymol is considered to be a constituent of plant-based
compounds and essential oils that is used as a nature-based,
potent antibacterial compound alone or in combination
with other antibacterial compounds.?® Antibacterial,
antioxidant, and antifungal actions of thymol have been
confirmed.B”

Because N. sativa contains large amounts of thymol
that has antibacterial property, hydroethanolic N. sativa
extract is able to control skin infection in the wound and,
therefore, contributes to speeding up the wound healing.
Large amounts of thymol in Mentha piperita essential oil
caused the wounds to be healed more rapidly in the rats
treated with this essential oil.>®

International Journal of Preventive Medicine 2019, 10: 18
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Moreover, wound healing occurred much more optimally
and rapidly in both N. sativa extract ointment-treated
groups than in phenytoin ointment-treated group with a
significant difference. Therefore, it is likely that certain
mechanisms that have been recommended to explain
phenytoin effect in speeding up wound healing can also
be considered to be the mechanisms of N. sativa’s even
more potently and efficient action in this process. Increased
angiogenesis and development of highly stretch resistance
have been suggested to be phenytoin’s repair mechanisms
for wound healing.*®! As a result, N. sativa may use these
mechanisms even more potently in wound healing process.

Both diabetic phenytoin-treated and sham (healthy
eucerin-treated) groups reached complete wound healing
on day 24. The wounds were healed on day 23 in healthy
untreated group. Regarding this finding and the results, we
can argue that there is no significant difference between
healthy eucerin-treated and healthy untreated groups.
Therefore, eucerine alone cannot affect wound healing
process and can be surely used as the ointment base to
produce N. sativa extract ointment, and therefore, the effect
of the produced ointment can be exclusively attributed to
N. sativa. Ashrafi et al. study confirms this argument.®

Comparison of healthy and diabetic untreated and phenytoin
ointment (1%)-treated groups demonstrated a significant
difference between similarly treated groups with more
pleasant healing process in diabetic groups than in healthy
ones. Abdollahzadeh Fard et al. have reported consistent
findings. A mechanism proposed for diabetes-induced
adverse effects on wound healing is that changes in the
release time and expression levels of growth factors can
affect normal process of wound healing.>*”

Comparison of  healthy untreated and healthy
phenytoin-treated groups in this study demonstrated that
despite the fact that the wounds were healed more quickly
in healthy phenytoin-treated group than in healthy untreated
group, the difference was not found to be statistically
significant. Mirnezami et al. study on the effects of
phenytoin, estrogen, and silver sulfadiazine on wound
healing demonstrated that phenytoin 1% decreased duration
of healing compared to estrogen-treated and control groups
yet with no significant difference. Therefore, the effects
of these drugs can be considered to be virtually similar."
Shamseddini ef al. found that phenytoin-treated male rats
exhibited more pleasant effects in healing the wounds
compared to the control group yet with no significant
difference.[*!]

These findings are in agreement with the present study.
Lack of significant effect of phenytoin 1% ointment on
wound healing can be explained by the fact that phenytoin
exerts healing effects on chronic wounds while the studied
wounds in the present study are acute, and therefore,
phenytoin fails to affect their healing. This finding is
consistent with Asadbegi et al. study.*? Besides that,
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Asadbegi et al., however, argued that the 21-day treatment
was not long enough to observe the effects of phenytoin
ointment.*”) In contrast to this argument, in the present
study, the treatment continued until the wounds were
healed completely. Therefore, the length of treatment
cannot be considered a reason for lack of significant effect
of phenytoin compared to the untreated group in this study.

Density of inflammatory cells and fibroblasts as well as
vascular density are other parameters that were investigated
in this study. These parameters represent angiogenesis
rate. Besides that, density of collagen fibers and their
arrangements were studied in this study.

Wound healing is a complex process, which should be
deliberately considered from histological perspective.
Immediately after the induction of the wound, blood

clotting is started by the production of thrombine.
Subsequent natural subprocesses of wound healing
can occur throughout three independent processes:

inflammation, proliferation of connective tissue cells, and
maturation.

In the first phase, some hours after incidence of the wound,
inflammation phase cells (immune system multinuclear cells
or neutrophils) migrate to the wound site to scavenge. It
has been demonstrated that increased number of neutrophils
leads to increased inflammation in the wound. Therefore,
the smaller the number of neutrophils is, the more quickly
wound is healed. Afterward, in the middle of the first phase,
the presence of immune system multinuclear cells becomes
less marked and the number of mononuclear immune
system cells increases. The presence of inflammatory
mononuclear cells is necessary for release of different
cytokines that are effective in healing the wound and
retrieval of fibroblasts and migration of them to the wound
site. Moreover, in the late stages of the first phase of wound
healing, as infectious agents and wound inflammation
decrease, vascular regeneration is started for formation
of epithelial tissue.* The histological examinations in
this study indicated that N. sativa extract-treated groups
had a very small number of inflammatory multinuclear
cells (neutrophils). Therefore, inflammation rate of the
extract-treated groups was lower than other groups (diabetic
untreated and diabetic phenytoin-treated), and therefore,
the extract-treated groups were found to have more rapid
wound healing. This finding is consistent with Farahpor
et al. study. According to Farahpor et al. study, antibacterial
compounds in and anti-inflammatory property of
Hypericum perforatum flower extract caused a significant
decrease in inflammation severity and decrease in
inflammatory multinuclear cells in the wounds treated with
a combination ointment of H. perforatum and cotton oil.®
Because N. sativa has antibacterial and anti-inflammatory
properties, we can argue that these properties have caused
decrease in inflammation and inflammatory cells in the
present study (Aydin ef al. 2015).
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Throughout wound healing, as infectious agents and
wound inflammation decrease, angiogenesis is started for
formation of granulation tissue.[*) Examination of the tissue
specimens indicated a significant difference in the number
of vascular epithelium between N. sativa extract-treated
and untreated groups such that this parameter was higher
in N. sativa extract-treated group than in untreated group.
Therefore, topical application of N. sativa can cause
increase in angiogenesis or vascular regeneration. This is
consistent with previous studies.’¢!

The second stage of wound healing is the phase of
reproduction or proliferation of connective tissue
cells, which begins from the third day after incidence
of the wound. Throughout this phase, angiogenesis,
collagen deposition, epithelialization, and granulation
tissue formation occur to restore the integrity of skin
tissue. Naturally, throughout this phase, on the one
hand, immune cells decrease in the wound site and on
the other hand, fibroblasts migration to the wound site
increases.*#

In this study, comparison of the number of fibroblasts in
tissue specimens of N. sativa extract-treated group with
this parameter in untreated and phenytoin-treated groups
indicated that topical application of N. sativa extract caused
a significant increase in fibroblasts migration to the wound
site. Farahpor et al. study reported that changes observed in
maturation phase can be explained by antioxidant property
of the pharmaceutical agent.’®) Because the antioxidant
property of N. sativa has been confirmed, we can argue that
this plant can help the second stage, proliferation stage,
progress rapidly by exerting antioxidant property, and
therefore the wound be completely healed within a shorter
duration. In this regards, other plants with antioxidant
activity (Sepahvand er al. 2016) may also have the same
effects.

The third phase of wound healing is maturation.
Throughout this phase, collagen synthesis increases and
collagen bundles are further organized, granulation tissue
evolves into scar tissue, other cells are eliminated by
apoptosis, and wound area is further reduced.*¥ According
to comparison of the specimens, in the groups treated with
hydroethanolic N. sativa extract ointment, collagen fibers
had a more organized arrangement and epidermis diameter
increased more markedly than other groups. Because
microscopic examinations in this study were conducted in
the late days of wound healing, it could be clearly observed
that collagen fibers were organized and epidermis formed
in them.

This study not only confirmed the findings of previous
studies on N. sativa properties but also demonstrated that
N. sativa extract could clinically and histologically cause
mitigation of inflammation and acceleration of wound
healing after it was topically applied on full-thickness skin
wounds.

However, before N. sativa can be recommended for
clinical use in diabetic patients, it is necessary to conduct
prospective clinical trials to investigate its safety, efficacy,
and possible mechanisms of action on wound healing.
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