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ARTICLE INFORMATION ABSTRACT

Background: Wound healing is a complex biological process involving
inflammatory, proliferative, and remodelling phases. The increasing interest in
natural therapies has led to the exploration of black cumin (Nigella sativa) for its
immunomodulatory, anti-inflammatory, and antioxidant properties. While previous
studies have examined Nigella sativa effects on acute wounds, limited research
has assessed its impact on leukocyte levels and its efficacy compared to
conventional treatments.
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Purpose: This study evaluates the effects of Nigella sativa seed extract on
incisional wound healing and leukocyte levels in Rattus norvegicus, determining
its potential role in accelerating tissue regeneration and modulating inflammation.

Nigella sativa; Wound Healing; Inflammation;
Leukocytes

Methods: A quasi-experimental study with a post-test-only non-equivalent control
group design was conducted using 24 male Wistar rats, divided into four groups:
negative control (distilled water), positive control (povidone-iodine), and two
treatment groups receiving Nigella sativa extract once or twice daily. Wound area
reduction was measured on days 7 and 14, and leukocyte levels on day 7.
Statistical analysis included Kruskal-Wallis, One-way ANOVA, and post hoc tests
(p <0.05).
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Results: Nigella sativa-treated groups exhibited significantly faster wound closure
than controls. By day 14, complete closure was observed in both treatment groups,
while residual wounds remained in controls. Leukocyte levels were significantly
higher in the treatment groups than in the negative control (p = 0.001), indicating
an enhanced immune response. No significant difference was found between
once- and twice-daily treatments (p = 0.166 for wound area, p = 0.996 for
leukocytes).

Conclusion: Nigella sativa extract accelerates wound healing by promoting
wound contraction and modulating immune responses. The findings support its
potential as a natural alternative for wound management, with effects comparable
to povidone-iodine.

infections. An increase in leukocyte counts is commonly
associated with infection and inflammation, highlighting
their importance in the wound healing process.®*

INTRODUCTION

Wounds are defined as damage or loss of epithelial integrity

of the skin caused by trauma, extreme temperatures,
chemical exposure, explosions, electric shock, or animal
attacks.” The wound healing process occurs in three distinct
and sequential phases: inflammation, proliferation, and
remodelling.2 During the inflammatory phase, the immune
system responds by activating white blood cells, or

leukocytes, which are crucial in defending the body against
https://doi.org/10.30595/medisains.v23i1.25269

Over time, wound care management has significantly
evolved, with herbal-based treatments increasingly
recognized as viable alternatives to conventional chemical
antibiotics. Many herbal plants have been utilized as topical
medicines to enhance wound healing, offering a more
natural approach to wound management.> Among them,
black cumin (Nigella sativa) has garnered significant
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attention due to its extensive medicinal properties. This
herbaceous plant from the Ranunculaceae family is often
called a "miracle herb" for its diverse therapeutic benefits.”

Traditionally, Nigella sativa has been used to treat ailments
such as asthma, fatigue, and wounds.”? Its essential oil
contains bioactive compounds such as thymoquinone,
thymol, nigericin, thymohydroquinone, carvacrol, nigericin,
and alpha-heder in,® which exhibit various pharmacological
properties, including immunomodulatory, antioxidant,
antibacterial, anti-inflammatory, and tissue regenerative
effects, making Nigella sativa a promising candidate for
wound healing applications.'®'® Several previous studies
have investigated the effects of Nigella sativa on acute
wound healing. However, many of these studies have not
thoroughly examined variations in dosage or specific
application methods. Furthermore, most research has only
compared untreated wounds with those treated with Nigella
sativa, without including a positive control group such as

conventional antiseptics for a more rigorous comparison.'4-
16

Additionally, while prior research has assessed the impact
of Nigella sativa on leukocyte levels, no study has
specifically explored its effects on leukocyte responses in
conjunction  with  incisional wound  healing.'4-'6
Understanding this interaction is crucial, as leukocytes play
a pivotal role in orchestrating the inflammatory response,
influencing the rate and quality of wound healing.
Addressing these research gaps is essential for developing
safer and more effective natural therapies for wound
management and immune regulation.

This study aims to evaluate the effects of Nigella sativa
seed extract on the incisional wound healing process and
changes in leukocyte levels in Rattus norvegicus. By
investigating these effects, this study seeks to provide
deeper insights into the potential of Nigella sativa seed
extract in accelerating tissue regeneration and its role in
modulating immune responses during the inflammatory
phase of wound healing.

METHOD

Study Design

This quasi-experimental study uses a post-test-only non-
equivalent control group design. The experiment was
conducted to evaluate the effect of Nigella sativa Linn.
extract on wound healing in an in vivo model.'”

Study Site

The study was conducted from June to July 2024 at the
laboratories of the Faculty of Medicine and the Faculty of
Pharmacy, Universitas Muslim Indonesia.

Materials

TThis study utilized a variety of biological samples,
treatment substances, and laboratory equipment essential
for the experimental procedures. The biological sample
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used was Wistar strain white rats (Rattus norvegicus),
which served as the experimental subjects. The primary
treatment substance was Nigella sativa extract, which was
tested for its effects on wound healing. Additional reagents
included povidone-iodine for antiseptic purposes, distilled
water (Aquadest) as a solvent, and lidocaine as a local
anesthetic.

Various laboratory materials were employed to ensure
proper handling and application of treatments, including
gloves, face masks, alcohol swabs, cotton buds, 1cc
syringes, standard rat feed, and capillary pipettes. The
experimental procedures required precise documentation
and measurement tools such as a digital camera, digital
weighing scale, ruler, and marker. To maintain a controlled
experimental environment, rat cages, food and water
containers, and wool gloves were used for safe animal
handling. Additionally, essential surgical and laboratory
instruments included a scalpel with surgical blades, a hair
clipper for preparing the wound site, and ethylenediamine
tetraacetic acid (EDTA) tubes for sample collection. The
selection of materials and equipment was based on their
relevance to ensuring the accuracy and reproducibility of
the study, adhering to standard laboratory protocols in
experimental wound healing research.

Plant Extraction Process

Nigella sativa Linn was extracted using the maceration
method with 90% ethanol as the solvent. A total of 2 kg of
finely ground Nigella sativa seeds was soaked in 3000 mL
of 90% ethanol and continuously stirred using a mixer for
2-3 hours to ensure uniform extraction. The mixture was
then left to stand for 24 hours for complete maceration.

Following the maceration process, the solution was filtered
to separate the solid residues from the ethanol extract. The
filtrate was subsequently concentrated using a rotary
evaporator to remove the solvent, yielding the final
ethanolic extract of Nigella sativa seeds. This concentrated
extract was then stored under appropriate conditions until
further use in the study.'®

In Vivo Procedure
Animal Preparation

A total of 24 Wistar strain white rats were used in this study
and randomly divided into four treatment groups. Group |
(Negative Control), Group Il (Positive Control), Group I
(Treatment 1) and Group IV (Treatment Il). Before the
experiment, the rats underwent an acclimatization period of
one week, during which they were provided with standard
feed and maintained under natural room temperature and
humidity conditions to ensure adaptation to the
experimental environment.'®

Wound Induction Procedure

Prior to wound induction, each rat was anesthetized with an
intramuscular injection of 0.08 mL lidocaine to minimize
pain and ensure immobilization during the procedure. The
dorsal fur of the rats was shaved using a hair clipper,
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creating a 3 cm diameter hairless area, followed by
disinfection with 70% alcohol. A standardized incisional
wound (2 cm long) was created on the dorsal region using
a sterile No.11 scalpel. Each rat received 0.5 pL of the
assigned treatment per application, applied topically to the
wound site.

Experimental Procedure

The assigned treatments were administered topically after
wound induction according to the respective experimental
groups. Group | (Negative Control) received distilled water
(Aquadest), while Group Il (Positive Control) was treated
with povidone-iodine. In the treatment groups, Group Il
(Treatment 1) received Nigella sativa extract once daily,
whereas Group IV (Treatment Il) received the extract twice
daily. Each application consisted of 0.5 uL of the respective
treatment, ensuring uniform dosage across all subjects.

The interventions were carried out under controlled
conditions, with treatments applied directly to the wound
site at consistent intervals. On day seven, wound
measurements were performed, and blood samples were
collected to analyze leukocyte levels. This provided insight
into the inflammatory response and potential
immunomodulatory effects of Nigella sativa extract. On day
fourteen, a second wound measurement was conducted to
evaluate the progression of wound healing and closure.

All procedures followed standardized laboratory protocols
to ensure the accuracy and reproducibility of the
experimental outcomes. The rats were monitored daily for
any signs of distress, infection, or complications to maintain
ethical research standards and ensure the reliability of the
results.

Variables and Measurement

This study evaluated wound healing based on two primary
indicators: wound area reduction and leukocyte levels. The
wound area was measured at two-time points, day 7 and
day 14, using a digital calliper to assess the rate of wound
contraction. The wound size was recorded in square
centimetres (cm). A significant reduction in wound area over
time indicated better healing progression.

In addition to wound size, leukocyte levels were analyzed
to evaluate the inflammatory response and potential
immunomodulatory effects of Nigella sativa extract. Blood
samples were collected on day 7, and leukocyte counts
were measured to determine differences in immune
response among the treatment groups. A decrease in
leukocyte levels was considered an indicator of reduced
inflammation and improved wound healing.

Statistical Analysis

The data obtained in this study were analyzed using One-
way ANOVA for normally distributed data (leukocyte levels)
and Kruskal-Wallis analysis for non-normally distributed
data (wound area) to assess differences in wound area
reduction and leukocyte levels between the control and
treatment groups after intervention. The Mann-Whitney and
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Tukey post hoc tests were conducted to determine
significant differences between specific groups in wound
healing outcomes.?°

Ethical Consideration

This research has been approved by the research ethics
committee of the Medical Faculty, University of Brawijaya,
No0.395/A.1/KEP-UMI/VI11/2024.

RESULTS

Wound Area Reduction

The wound healing process was evaluated by measuring
the wound area on day 1 (baseline), day 7, and day 14. The
wound size at day 1 was 2.00 £ 0.00 cm? across all groups,
confirming uniform baseline wound induction (Table 1). By
day 7, differences in wound contraction were observed
among the groups. The negative control group had a mean
wound area of 1.45 £ 0.14 cm?, while the positive control
group showed a slightly smaller wound size of 1.35 + 0.19
cm? In contrast, the treatment groups receiving Nigella
sativa extract exhibited more pronounced wound
contraction. The once-daily treatment group (Treatment 1)
had a mean wound size of 0.84 + 0.45 cm?. In contrast, the
twice-daily treatment group (Treatment 1) demonstrated the
most significant reduction, with a mean wound area of 0.39
+0.52 cm2

By day 14, complete wound closure (0.00 £ 0.00 cm?) was
observed in both Nigella sativa treatment groups, while
residual wound areas remained in the control groups. The
negative control group retained a wound size of 0.22 + 0.19
cm?, whereas the positive control group showed a mean
wound area of 0.05 £ 0.13 cm?. Statistical analysis revealed
a significant difference in wound area reduction between
the groups (p = 0.001), indicating that the intervention
substantially affected wound healing.

Further pairwise comparisons using the Whitney test
demonstrated no significant difference between the
negative and positive control (p 0.297). However,
significant differences were found between the negative
control and both treatment groups. The once-daily Nigella
sativa extract treatment (Treatment |) showed a significantly
smaller wound area compared to the negative control (p =
0.004), and the twice-daily treatment (Treatment II) also
showed a significant difference (p = 0.006).

Similarly, significant differences were observed between
the positive control group and both treatment groups, with
Treatment | showing a significantly smaller difference. The
wound area compared to the positive control (p = 0.008)
and Treatment Il also exhibited a significant difference (p =
0.016). In contrast, no significant difference was found
between the two treatment groups (Treatment | vs.
Treatment Il) (p = 0.166), suggesting that increasing the
frequency of Nigella sativa extract application beyond
once daily did not provide a statistically significant
additional benefit.
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Table 1. Mean Differences in Wound Area Between
Groups (n=6 per group, cm)

Groups Bas;elm Day-7 Day-14 value
*

Negative 2 040 1.45%0.1 0.22+0.1 0.001

control 4 9

Positive 2.0+0 1.35+0.1 0.05+0.1

control 9 3

;I'Ireatmen 2.0£0 0.84510.4 00

;I'Irleatmen 2.0+0 0.39210.5 0+0

* Kruskal-Wallis Test

Table 2. Comparison of Wound Area Differences Between
Groups

Groups Mean rank p-value*
Neg.a_tive control vs. 7 58 vs 5.42 0.297
Positive control

Negative control vs. 95vs 3.5 0.004
Treatment |

Negative control vs. 933 vs 3.67 0.006
Treatment Il

Positive control vs. 9.25 vs 3.75 0.008
Treatment |

Positive control vs. 9.0 vs 4.0 0.016
Treatment Il

Treatment | vs. Treatment 792 vs 5.08 0.166

Il
* Mann Whitney Test

These findings suggest that Nigella sativa extract
significantly accelerated wound healing compared to both
control groups. However, the lack of significant difference
between once-daily and twice-daily applications of the
extract indicates that a single daily application may be
sufficient to achieve optimal wound healing effects.

Leukocyte Count Analysis

The leukocyte count was measured on day 7 to assess the
inflammatory response and potential immunomodulatory
effects of Nigella sativa extract on wound healing. The
results showed variations in leukocyte levels across the
different groups, with higher leukocyte counts observed in
the treatment groups receiving Nigella sativa extract (Table
3).

The negative control group had the lowest leukocyte count,
with an average of 6.367x10%/L, followed by the positive
control group, which showed a slightly higher leukocyte
count of 7.725x10%/uL. The treatment groups exhibited
even higher leukocyte levels, with Treatment | having an
average leukocyte count of 8.808 x 10%/uL and Treatment I
showing the highest leukocyte count of 8.933 x 10%uL.
Statistical analysis revealed a significant difference in
leukocyte levels among the groups (p = 0.001), indicating
that the intervention substantially affected the immune
response.

Further post hoc analysis (Tukey) provided insights into
specific group differences (Table 4). There was no
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significant difference between the negative and positive
control (p = 0.129), suggesting that Povidone iodine did not
elicit a markedly different leukocyte response compared to
untreated wounds. However, significant differences were
observed between the negative control and treatment
groups. Treatment | showed significantly higher leukocyte
levels (p = 0.003), and Treatment Il showed a significant
increase in leukocyte levels (p = 0.002).

When comparing the positive control group to the Nigella
sativa treatment groups, no significant differences were
observed (p = 0.283 for Treatment |, p = 0.201 for Treatment
II), indicating that Nigella sativa extract elicited a
comparable immune response to povidone-iodine.
Additionally, no significant difference was found between
Treatment | and Treatment Il (p = 0.996), suggesting that
increasing the Nigella sativa application beyond once daily
did not significantly enhance leukocyte activation.

These findings suggest that Nigella sativa extract induces
a higher leukocyte response than untreated wounds and is
comparable to povidone-iodine in modulating immune
activation during the inflammatory phase of wound healing.
However, increasing the application frequency did not
significantly increase the immune response, indicating that
a once-daily application may be sufficient for optimal
immune stimulation.

Table 3. Differences in Leukocyte Levels Between Groups
(n=6 per group, pl)

Groups Leukocyte count p-value*
x103/ul

Negative control 6.367 0.001

Positive control 7.725

Treatment | 8.808

Treatment Il 8.933

* One-way ANOVA Test

Table 4. Comparison
Between Groups

of Leukocyte Level Differences

Groups Mean diff p-value*
Negative control vs. -1.358 0.129
Positive control

Negative control vs. -2.441 0.003
Treatment |

Negative control vs. -2.566 0.002
Treatment I

Positive control vs. -1.083 0.283
Treatment |

Positive control vs. -1.208 0.201
Treatment I

Treatment | vs. Treatment |l -0.125 0.996

* Tukey Post Hoc Test.
DISCUSSION

The results of this study demonstrated that Nigella sativa
extract significantly accelerates wound healing, as
evidenced by a greater reduction in wound area in the
treatment groups compared to the control groups. By day
14, complete wound closure was observed in the groups
receiving Nigella sativa extract, whereas residual wound
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areas remained in the control groups. Furthermore, the
leukocyte count analysis revealed that the treatment groups
had significantly higher leukocyte levels than the negative
control group, indicating a possible immunomodulatory
effect of Nigella sativa extract in wound healing. These
findings align with previous research that highlights the role
of Nigella sativa in enhancing wound recovery through its
anti-inflammatory, antioxidant, and immunostimulatory
properties.’-13

The acceleration of wound healing in the Nigella sativa
treatment groups can be attributed to its bioactive
compounds, which influence various phases of the wound
healing process. Thymoquinone, one of the major active
components, plays a crucial role in the inflammatory phase
by inhibiting cyclooxygenase (COX) activity, thereby
reducing prostaglandin production.?! This mechanism
prevents prolonged vasodilation and helps control
excessive inflammation, allowing a smoother transition to
the proliferative phase. Additionally, saponins in Nigella
sativa stimulate the production of vascular endothelial
growth factor (VEGF), which promotes angiogenesis and
matrix formation, thereby facilitating granulation tissue
development.™

During the proliferation phase, flavonoids contribute to
epithelialization by triggering the reconstruction of the
damaged epidermal layer.?? These compounds enhance
extracellular matrix (ECM) production, which supports
keratinocyte migration from the basal membrane to the
wound surface.?®> This process is essential for effective
tissue regeneration. In the remodelling phase, zinc plays a
vital role in fibroblast proliferation and collagen synthesis,
while fatty acids support new cell formation, contributing to
the maturation of healed tissue.?* The combination of these
bioactive compounds allows for faster and more efficient
wound closure, as observed in this study.

This study's findings are consistent with previous research
demonstrating that Nigella sativa extract accelerates wound
closure by promoting the inflammatory phase and
expediting the transition to the proliferation phase.?® Other
studies have confirmed that Nigella sativa enhances
angiogenesis and ECM production, facilitating improved
skin regeneration.®?® Research on diabetic wound models
has shown that topical application of Nigella sativa
improves  granulation tissue formation and re-
epithelialization.'327-28 The hydroethanolic extract of Nigella
sativa has been particularly noted for its ability to reduce
wound size and inflammation, further supporting its efficacy
as a wound-healing agent."®

Furthermore, Nigella sativa antimicrobial properties
contribute to its effectiveness in wound healing. Studies
have demonstrated its ability to inhibit the growth of
methicillin-resistant ~ Staphylococcus aureus (MRSA),
thereby reducing infection risks and enhancing the wound-
healing process.?® The presence of VEGF and platelet-
derived growth factor (PDGF) in Nigella sativa extract
further supports angiogenesis and tissue regeneration,
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reinforcing its potential as a therapeutic agent for wound
management.30

The leukocyte count analysis in this study indicated a
significant increase in leukocyte levels in the treatment
groups compared to the negative control group (p = 0.001).
This suggests that Nigella sativa extract may stimulate
immune responses, aiding wound healing. The increased
leukocyte levels can be attributed to ascorbic acid and
thymoquinone, which are known to enhance immune
function.” These compounds activate T-helper cells,
increase phagocytic activity, and stimulate macrophage-
driven leukocyte production to defend against infection and
foreign substances.?®

Additionally, thymoquinone has been shown to modulate
pro-inflammatory cytokines, reducing excessive
inflammation while maintaining an effective immune
response. Previous studies have confirmed that Nigella
sativa is an immunostimulant, increasing total leukocyte
counts and enhancing specific and non-specific immune
responses.?! The findings from this study align with
research indicating that Nigella sativa extract improves
immune activity, thereby supporting the wound healing
process.?8

Although a significant difference in wound healing and
leukocyte levels was observed between the negative
control group and the treatment groups, no significant
difference was found between the once-daily and twice-
daily administration of Nigella sativa extract (p = 0.166 for
wound area reduction and p = 0.996 for leukocyte levels).
This suggests that while Nigella sativa extract effectively
accelerates wound healing, increasing the frequency of
application beyond once daily may not necessarily provide
additional benefits. Previous studies have reported a dose-
dependent relationship between Nigella sativa extract and
immune response, with higher doses leading to increased
leukocyte counts.3'-32 However, the stimulatory effects may
plateau beyond a certain threshold, as observed in this
study.

CONCLUSIONS AND RECOMMENDATION

The findings of this study confirm that Nigella sativa extract
enhances wound healing by accelerating wound
contraction and modulating immune responses.
Thymoquinone, saponins, flavonoids, zinc, and fatty acids
contribute to faster wound closure by promoting the
inflammatory, proliferative, and remodelling phases of
healing. Additionally, its immunomodulatory properties
stimulate leukocyte production, aiding in infection defence
and tissue repair. The absence of significant differences
between once-daily and twice-daily applications suggests
that a single daily administration is sufficient for optimal
therapeutic effects. Given its antimicrobial, anti-
inflammatory, and immunostimulatory properties, Nigella
sativa extract holds promise as a natural wound-healing
agent. It may serve as an alternative or adjunct therapy in
clinical wound management. Future studies should explore
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the long-term effects of Nigella sativa extract, evaluate its
efficacy in different wound types, and further investigate
potential synergistic effects with other natural compounds
to optimize its therapeutic application in wound care.
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