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Abstract

This study evaluated the healing effect of black seed essential oil (Nigella sativa; NS)
dietary supplementation on skin wound in goldfish (Carassius auratus). Some 48
goldfish were divided into 4 groups, including the control and 3 treatment groups in three
replications and kept for study period of 7 days. NS essential oil was added to the basal
diet of treatment groups at the concentration of 2% for the NS2 group, 4% for the NS4
group, and 6% for the NS6 group. The control group was fed the basal diet without NS
during the experimental period. The 5 mm incision made by scalpel on the right flank of
all fishes below the dorsal fin above the lateral line. The fish fed three times a day with
assigned diet for a week. Histological investigations approved the effects of NS essential
oil on skin wound healing. Diet with 6% concentration of NS6 revealed the improved
healing outcomes such as re-epithelialization, muscle regeneration and scale formation
rather than NS2 and NS4 groups.
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Introduction

Cutaneous wound is the most common
disorder in fish that significantly
increases morbidity and mortality due to
access of various pathogens and
predators to  underlying  tissues
(Schmidt, 2013; Coutant et al., 2019).
The immediate treatment of wounds is
substantial for reasons such as repairing
integumentary adaptations to aquatic
habitats and  preventing  tissues
contaminations (Richardson et al., 2013;
Schmidt, 2013). Suboptimal conditions
in aquariums make the ornamental
goldfish (Carassius auratus) susceptible
to bacterial diseases. Also cultured fish
will be suffering from superficial
injuries and different stressors as a result
of intensification in fish farms (Brown et
al., 2018; Reyes, 2019). Recently,
nutritional scientists used medicinal
plants and their bioactive principles or
extracts for many different purposes in
aquaculture farms. They exhibited
various advantageous properties such as
growth-promoting, antimicrobial,
immunostimulant, antioxidants, and
hepatoprotective  activities.  Growth
promotion, appetite and immune
stimulation and antimicrobial and anti-
stress properties are some of the
biological activities of medicinal plants
in aquatic organisms (Citarasu, 2010;
Chakraborty and Hancz, 2011; Awad
and Awaad, 2017). Black cumin
(Nigella sativa) and its derivatives have
some beneficial therapeutic features for
farmed fish. Black seeds contain
thymoquinone with anti-cancer, anti-
inflammatory and immune-boosting
properties and carotene that can be

converted to vitamin A (required in cell
growth and skin healthy) (Abd EI-Hack
et al., 2021). In case of cutaneous
injuries, healing agents must be
available and the dietary
supplementation of medical plants acts
as alternative (Jinendiran et al., 2019).

The wound healing effects of black
seed essential oil in fish species have not
been widely investigated yet. However,
the antibacterial efficacy of black seed
on fresh fish (Barbus grypus) fillets
during storage has been proved by
Ozpolat and Duman (2016). Considering
the sequence and frequency of skin
injuries of fish in different breeding
systems caused by manipulations,
transportation, density, parasitic factors,
etc. The present study investigates the
role of oral use of black seed essential oil
as a feasible and less stressful method in
the healing process of skin incisional
wounds of goldfish.

Materials and methods

Fish

A total of 48 healthy goldfish were
bought and transferred to Aquatic
Laboratory of Veterinary Faculty,
Shahid Bahonar University of Kerman.
The goldfish are considered free of
diseases by general observation and
macroscopic and microscopic wet mount
examination of skin investigations. The
fish were maintained in 100 L water
rectangular aquarium for 7 days of
acclimation period. Water quality
characteristics during the experimental
period were as follow: temperature
(28.3£0.1°C), pH (7.3£0.2), and
dissolved oxygen (6.3£0.3 mg/L). The
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fish were fed three times a day at the rate
of 5% of their body weight. Uneaten
feeds and feces were siphoned daily, and
a water exchange of (25-50%) was
performed every two days. The
day/night cycle was kept at a constant
change of 12h light/ 12h dark.

Experimental design

Forty-eight fish (8.5+1.8 g) were divided
randomly into four main groups of 12
fish (each group with three replications
of 4 fish) in separate aquaria (45x15 cm)
as control and 3 treatment groups
including NS2 (2% concentration of NS
oil), NS4 (4% concentration of NS) and
NS6 (6% concentration of NS) provided
with aerator. In order to study the
efficacy of feasible and reliable
parenteral treatment method on wound
healing, the essential oil of NS (Barij
Essence Co., Kashan, Iran) was sprayed
evenly on and mixed well with the feed
grains (Energy®, Thailand, protein:
28%, Fat 3%, Fiber 4%, Moisture 10%)
at the levels of 2, 4 and 6 g/100g diet
after wounding and fed twice a day
(Dorucu et al., 2009).

Skin wounding procedure

All fish were fasted 24 hours before
anesthesia with 50 PPM solution of
clove oil for 5 min. Each individual was
placed in lateral recumbency out of
water for the wounding procedure once
a surgical plane of anesthesia was
achieved (Sladky et al., 2001). Then
sterile disposable scalpel was used to
gently remove scales on the incision area
of skin before wounding and the exposed

skin was flushed thoroughly with sterile
saline solution (0.9% sodium chloride).

A 5 mm horizontal wound was made
by a disposable scalpel into the right
dorsal myotomal muscle of each
anesthetized fish just below the dorsal
fin with the depth of whole skin
thickness to subcutaneous muscle in the
control and treatment groups. After
wounding, fish were returned to the
aquaria where they were kept under
observation for the gross appearance of
wound site healing for a week until
sacrificed.

In order to prevent the missing
microscopic early and rapid differences
in the healing tissue between treatment
and control groups and based on the
gross visual differences of wound sites
after 7 days, the decision was made to
euthanize the fish a wusing high
concentration of clove oil for subsequent
microscopic examinations. However,
the continued periods of investigations
are performed on another fish type by
Sveen et al. (2018). Skin and underlying
muscle samples were taken with 5 mm
margin and fixed in 10% neutral
buffered formalin for at least 24 hours,
then embedded in paraffin, sectioned at
Sum and stained with hematoxylin and
eosin  (Merk®, cat. No. 1.5938,
Germany) stain.

Photography

The gross wound photos were taken
using a digital camera (Panasonic®-
Lumix DMC-Lx3 Fk8HA002283,
Japan) on day 7 after wounding and
microscopic imaging was performed
from the stained tissue slides by means
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of Nikon® (Eclipse50i Digital camera,
Japan) afterward.

Results

Pathologic findings

The 7th day after wounding,
macroscopic  observations  showed
wound closure, reduction of the size of
the wound, and hyperemia in the fish fed

with different concentrations of NS oil
supplemented diets in comparison with
the control group. The control wounds
were more hyperemic with edematous
margins. Between the treatment groups,
fish fed with 6% concentration of NS oil
had more efficacy and the incision lines
had almost faded (Fig. 1).

Figure 1: Gross appearance of wound healing 7 days after incision. A: skin wound healing of control
group, B: 2% oral NS (NS2), C: 4% oral NS (NS4), D: 6% oral NS (NS6).

At T7th day post wounding, some
parameters were observed in all wounds
of the control and treatment groups. All
wounds  were completely re-
epithelialized and covered with a new
multiple- layer epidermis. Mucous cells
were present in the surface of the new
epidermis. Melanin pigments were also
scattered throughout the thickness of the
epidermis.

In the control group, the epidermis
was thickened and irregular in different
parts. In the dermis layer, formation of
granulation tissue was poor.

Inflammatory cells were dispersed
among disintegrated muscular fibers.
Weak regeneration of muscular tissue
was observed in this group.

Treated groups that were fed with NS
oil supplemented diet in 3 different
concentrations showed distinguished
wound healing in a dose-dependent
manner. In the NS6 group, the new
epidermis was more resemble to the
intact skin with enclosed scale pockets
and scales within them. Under the
epidermis layer, collagen fibers were
regressed  and  substituted  with
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regenerated muscular tissue. Also,
regeneration of subepidermal muscles
occurred rather faster than NS2 and NS4
groups. Inflammatory cells  were
infiltrated in the hypodermis with
various intensities without considerable
difference between the treated groups.

In the NS2 group, muscular
regeneration and scale formation was
slow and weak in comparison with the
NS4 and NS6 groups. The scale pockets
with no embedded scales within them
were formed in this group (Fig. 2).

~ \:, 1 { ..'#

Figure 2: Effect of NS essential oil supplemented diet on wound healing at 7"-day post wounding. a)
Control group: the new epidermis is slightly hyperplastic and irregular (arrow) and
inflammatory cells were infiltrated between decomposed muscle tissues (arrowhead). b)
NS2 group. The irregular new epidermis, scale pocket (SP) and mild muscular
regeneration (asterisk) are observed. ¢) NS4 group. The photograph shows the formation
of regular neo-epidermis as well as scale (thick arrow), and the regeneration of sub-
epidermal muscles, especially in the margins wound (arrows), has been increased. d) NS6
group. Re-epithelialization (thin arrow) with technically sloughing a part of it, the
presence of scale pockets with scales (thick arrow) within them and more muscular
regeneration (asterisk) rather than other groups are obvious.

Discussion

In order to evaluate the efficacy of
wound healing therapy, many wound
healing models have been developed. At

the pre-clinical level, animal models for
various skin depths and co-morbidity
were available (Kumar et al., 2013). In
terms of wound depth, a wound can be
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either a superficial, partial-thickness, or
full-thickness wound (Percival, 2002).
Full-thickness skin wounds involve all
skin layers and may extend to muscles
and bones, such as incision wounds or
gunshot wounds. Based on the criteria,
this study attempted to evaluate a trend
of full thickness wound healing process
of goldfish, which involves the
epidermis, dermis, hypodermis, and sub-
dermal muscular tissue.

Various animal models, such as
bovine, sheep, dog, porcine, zebrafish,
etc., have been selected to evaluate the
therapeutic effect of any treatment for
wound repair in different conditions
(Grada et al., 2018). However, there are
a few studies reporting effect of
environmental factors and dietary
components on the cutaneous wound
healings of fish (Sveen et al., 2018). In
some species, such as rainbow trout, the
regeneration process is slow and muscle
wounds does not regenerate within 100
days Furthermore it remains fibrotic at
least one-year post-wounding (Schmidt
et al., 2016) that is in contrary with the
observed healing rapidity in goldfish
during the present study.

Because of osmotic deteriorations
after wound incident, the rapid healing
trend would be vital in aquatic
organisms. When skin damage occurs, a
rapid wound healing process is essential
to prevent entry of pathogens to
subcutaneous tissues and secondary
infections (Zydlewski et al., 2010; Olsen
et al.,, 2012). Wound healing speed
varies between different species of fish,
among which, the fastest trend belongs
to a member of the cyprinids

(Sharifpour, 2004). This study is based
on a 7 days monitoring period of healing
and accordingly, the macro and
microscopic observations revealed its
efficacy for C. auratus.

Therapeutic outcomes of wound
healing intervention can be evaluated
from the combination of macroscopic
and histological observations,
biochemical and biomechanical
measurements to estimate the effect of a
therapy on the progression of wound
repair (Dorsett-Martin and Wysocki,
2008). The macroscopic evaluation, also
known as gross morphology
observation, provides an early indication
of wound healing efficiency. Parameters
that can be obtained from this
observation include time to complete
healing, wound contraction, and wound
closure (de Moura Estevéo et al., 2019).
It is important to note that wound closure
does not guarantee quality of skin
regeneration (Takeo et al., 2015). As
such, a microscopic evaluation of skin
regeneration is paramount.

Gross investigations of goldfish
wounds displayed more appropriate
wound closure in our treated fish and
reduction of wound size and hyperemia
were notable. The control wounds were
more hyperemic with edematous
margins, which imply the inflammatory
responses of post wounding cascade
(Sveen et al., 2019). Between the
treatment groups, fish fed with 6%
concentration of NS oil had more
efficacy and the incision lines had
almost faded.

The wound healing process involves
four consecutives, yet overlapping,
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phases comprising haemostasis,
inflammatory, proliferative, and
remodeling phases (Singh et al., 2017).
Any disruption or imbalance in each
phase can result in wound healing
attenuation or over induction. This
phenomenon implies  that  the
classification and quantitative
calibration of wound healing phases and
processes through scorings and statistics
are less applicable and reliable than
qualitative followings and observations.
This fact has been the intellectual
support of the authors of the current
study to prioritize the qualitative
assessments of wound healing process.

Wound healing in fish is a cascade
comprised  of  re-epithelialization,
inflammation, granulation  tissue
formation, and tissue remodeling, which
are all activated initially through the
occurrence of deep injuries (Guerra et
al., 2008; Richardson et al.,, 2013,
Schmidt, 2013, 2016; Sveen et al.,
2019). Despite the similarities, the initial
re-epithelialization stage is replaced by
the initial blood clot formation in
mammals (Sveen et al., 2020).

NS has had a special status as a
medicinal herb since ancient time (ljaz
et al., 2017). NS and its main content
thymogquinone are well known to have a
wide range of therapeutic effects mainly
attributed to their anti-inflammatory,
antioxidant, anticancer, antibacterial,
nephroprotective, and neuroprotective
properties that have been revealed in
various in vivo studies (Cascella et al.,
2018).

Thymoquinone contributes in several
biological activities of the black seeds

(Ali and Blunden, 2003). It would
appear that the beneficial effects of
thymoquinone might be related to its
cytoprotective and antioxidant actions,
and effect on some inflammatory
mediators, which mainly contributed to
wound healing process (Darakhshan et
al., 2015; Cascella et al., 2017; 2018).
In the present study, dietary
administration of NS  facilitated
migration  and  proliferation  of
malpighian cells or regeneration of the
new epidermis. Also, the number of
mucous cells in the NS groups was more
than the control group. In aquatic
organisms, the mucous layer and
epidermis have important role in barrier
function during steady conditions and
skin repair (Wainwright and Lauder,
2017). In fish, rapid superficial wound
repair and scale regeneration is essential
for restoration the integument integrity
and osmotic regulation (Zydlewski et
al., 2010; Olsen et al, 2012).
Accordingly in our study, muscles and
scales begun to regenerate in the first
week after wounding and the process
was more complete in the treatment
groups that is mainly due to the
induction of angiogenesis, increased
fibroblast proliferation, and subsequent
collagen synthesis (Shahani et al., 2013)
Seo et al. (2017) revealed that
regeneration of muscle tissues is
accelerated by other substances such as
silver nanoparticles in both direct skin
application and immersion treatments.
Arginine is one of the important amino
acid and does exist in Black seed (Yimer
et al., 2019). It has been shown to
cooperate in cutaneous wound healing
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by enhancing skin mucosal function,
regeneration and biosynthesis of the
extracellular matrix (Chen et al., 2020).
Thus, dietary supplementation of black
seed essential oil has potentially
beneficial on mucosal barrier functions,
homeostasis and consequently the initial
re-epithelialization step in fish. The
current study emphasizes that even oral
usage of black seed essential oil provides
acceptable speed of healing process and
performance and is less expensive and
easier to use for users in comparison
with the local superficial treatments.

The authors showed that dietary
supplementation with 6% concentration
of NSessential oil accelerates the skin
wound healing process. The oral
effectiveness of this product on skin
wound healing confirms the variety of
paths and mechanisms through which
skin regenerates, but more studies are
required to clarify its mechanisms and
effective compounds. These results can
open new possibilities in
environmentally supportable
innovations that lead to the replacement
of antibiotics with natural sources and
less risk of antibiotic resistance. To the
best of our knowledge, this is the first
dietary form of black seed
administration for wound healing of
goldfish.
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