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Abstract

Background: The skin has several functions, one of the most important of which is to

protect the internal organs from external damage and the entry of germs. Since skin

and wound healing is one of the mostly concerned issues worldwide, the development

of wound healing remedies is one of themain fields in modernmedical research.

Objectives: To evaluate the effect of the hydroalcoholic extract of Cumin carvi L. seed

as one of the traditional medicinal plants used for wound healing through an in vivo

model.

Methods: Wide circular skin wounds (2 × 2 cm) were created on the dorsal area

of 50 Sprague–Dawley male rats following ethical principles. The animals were

divided into five groups including no treatment, base gel, tetracycline treatment, 10%

v/v hydroalcoholic extract of Cumin carvi L. seed treatment and 20% v/v hydroalco-

holic extract of Cumin carvi L. seed treatment group. Treatment was performed within

20 days. On days 1, 3, 5, 7 and 10, photographs were taken, and the percentage of

wound healing was calculated. Also, on the 10th day, the skin area was sampled for

histopathology and on the 20th day, the skin was sampled for biomechanical and total

protein assessments.

Results: The results of wound healing percentage showed that from day 3 onwards,

therewas a significant improvement between the group treatedwith 20% v/v hydroal-

coholic extract of Cumin carvi L. and the negative control and basal gel groups (p

< 0.05). According to histopathological and total protein content evaluations, the

amount of collagen production and inflammation score in the Cumin carvi-treated

groups confirmed the healing process compared to other groups.
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Conclusions: According to the results of this project, 20% v/v ethanolic extract of

Cumin carvi L. has potential therapeutic effects in the treatment of skin wounds.

∙ Wounds are oneof the health concerns, and the economic burdenofwound care and

healing has continued to increase over the past years.

∙ The healing effects of C. carvi. ethanolic extract on the woundwere investigated.

∙ The histopathological and macroscopical evaluations, as well as total protein

content, weremeasured to investigate its wound healing properties.
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1 INTRODUCTION

Skin, as a first-line defence barrier, is essential for the fundamental

structure and protection against microorganisms and harmful sub-

stances (Archer, 2010). However, this barrier is mostly effective when

its surface is not damaged. The skin constantly regenerates itself

through the shedding of dead cells and production of new cells made in

the epidermis (the top layer andprotective layer of the skin) (Rodrigues

et al., 2019).When awound occurs, this layermay become infected and

allow microorganisms, some of which live on the surface of the skin,

to enter the bloodstream (Ellis et al., 2018). Cells in the lower layer

of the dermis, after skin damage, begin to make collagen and repair

theepithelial cells (Qing, 2017).Accordingly, finding therapeutic agents

for faster healing of the dermis and epidermis against skin damage is

important.

There are different types of wounds including acute or chronic

wounds, penetrating wounds, puncture wounds, surgical wounds and

incisions, gunshot wounds, or other high-velocity projectiles that can

penetrate the body. Other forms of wounds are thermal, chemical

or electric burns, bites and stings, blunt force trauma, abrasions,

lacerations and skin tears.

Wound healing, as a natural physiological reaction, is classically

divided into 4 stages: (1) haemostasis through vasoconstriction of

blood vessels and platelet aggregation; (2) inflammation characterised

by release of soluble mediators such as proinflammatory cytokines

(including IL-1, IL-6, IL-8 and TNF-α), growth factors (such as PDGF,

TGF-β, TGF-α, IGF-1 and FGF) and small regulatory proteins which

occur within the first 24 h after injury and can last for up to 2

weeks; (3) proliferation phase including replacement of the provi-

sional fibrin matrix with a newmatrix of collagen fibres, proteoglycans

and fibronectin; and (4) remodelling, which happens when collagen is

remodelled from type III to type I and thewound is fully closed (Fitridge

& Thompson, 2011; Reinke and Sorg, 2012).

Impaired wound healing due to predisposing diseases such as dis-

eases that weaken the immune system as well as diabetes ultimately

slow down the wound healing process. The reasons for the delayed

healing are the prolongation of the inflammatory phase, the presence

of infection in the area and the formation of abnormal tissues in the

area (Mangoni et al., 2016; Wilkinson & Hardman, 2020). In detail, the

excessive inflammatory response leads to delay in wound closure and

improperwound healingwhich results in scar formation. Proinflamma-

tory cytokines such as interleukin 1 beta (IL-1β), IL-6, tumour necrosis

factor-alpha (TNF-α) and prostaglandin E2 (PGE2) are released by

macrophages and involved in the upregulation of inflammatory reac-

tions, while wound healing is accelerated by appropriate temporal

downregulation of proinflammatory cytokines levels (Nguyen et al.,

2017).

Therefore, therapeutic interventions should be performed to pre-

vent impaired wound healing. Plants are one of important natural

sources with unique medicinal properties that have long been used

to treat different diseases (Hajialyani et al., 2018). The therapeu-

tic potencies of many traditional medicines are conferred by natural

ingredients produced within the plant. Carum carvi L. (Caraway),

belonging to the family Apaiaceae, are one of the earliest cultivated

herbs in Asia, Africa and Europe. Caraway seeds from C. carvi have

remained popular as culinary spices and have also been overwhelm-

ingly used in folklore therapy since antiquity in diverse geographical

areas (Johri, 2011). Photochemical analysis of C. carvi indicated a

different class of compounds including monoterpenoids, flavonoids,

glucosides, nucleosides and aromatic compounds. The essential oils

of C. carvi main parts include carvone and limonene. C. carvi exhib-

ited a wide range of biological and pharmacological potencies such

as anticarcinogenic, antimutagenic, antidiabetic, antiulcer, antiosteo-

porotic and immunomodulatory activities (Agrahari & Singh, 2014;

Johri, 2011).

Several investigations have demonstrated a potential antimicrobial

activity of C. carvi against a range of pathogenic Gram-positive and

Gram-negative bacterial strains like Klebsiella pneumonia, Streptococcus

mutans and Streptococcus pyogenes. Noteworthy, the antifungal activity

of this plant was observed in numerous human pathogens, including

dermatophytes, Vibrio spp., yeasts, aflatoxins and mycotoxin produc-

ers (Boyraz &Özcan, 2005; Derakhshan et al., 2008; Derakhshan et al.,

2010; Johri, 2011; Shayegh et al., 2008). Also, caraway is known as a

powerful antioxidant due to the high content of phenolic and flavonoid
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compounds with anti-inflammatory activities through inhibiting nitric

oxide (NO) release in lipopolysaccharide (LPS) (Bourgou et al., 2020;

Fang et al., 2010; Keshavarz et al., 2013).

In the present study, for the first time, the healing effects of C.

carvi ethanolic extract, as a natural source of powerful antioxidants

with antimicrobial and anti-inflammatory activities on the wound,

were investigated to determine the efficacy and potency of treatment.

Also, the histopathological and macroscopical evaluations, as well as

total protein content, were measured to investigate its wound healing

properties.

2 MATERIALS AND METHODS

2.1 Ethical considerations

The Animal Care Committee approved the study. The authors fol-

lowed all institutional and international guidelines for animal care and

use during this study. The Animal Research Reporting in vivo Experi-

ments guidelines (ARRIVE) were also followed. At the end of the study,

the rats were euthanised with the rapid and humane method using a

70% volume displacement rate of CO2 increase above 100 % in the

induction chamber.

2.2 Plant materials and preparation of
hydroalcoholic extracts of C. carvi

The C. carvi seeds were obtained and its species was endorsed by tax-

onomists with the herbarium number of 2617. One hundred gram of

driedC. carviwas powdered andpercolated (3 times)with 70%ethanol,

at room temperature, and the extracts were filtered and evaporated

under reduced pressure to obtain 12.7 g of dried C. carvi seed (CCS)

extract (Mardani et al., 2016).

2.3 Preparation of carboxymethylcellulose (CMC)
extract

To prepare a gel-forming agent, we added 5% glycerol to 2% sodium

carboxymethyl cellulose (CMC) in deionised water (NaCMC) and con-

tinuously stirred it with a mixer at 500 RPM. Next, the stock solution

of a caraway extract with 1 mg/ml concentration in 20% ethanol with

a total volume of 50 ml was prepared. Next, 20 ml of this solution was

added to 80 ml of 2% CMC solution; as a result, 20% volume /volume

was prepared. In the case of 10% v/v solution, 10 ml of this solution

was added to 90 ml of 2% CMC solution (volume final = 100 ml). The

mixtures were gradually stirred for 1 h and a uniform gel was obtained,

collected in an aluminium tube and stored in the refrigerator (Alizade

Naini et al., 2021; Naini et al., 2021). In each treatment, 0.5 ml of gel

was applied daily to the wound site using a dropper to fully cover the

wound site.

2.4 Cytotoxicity assessments of hydroalcoholic
extracts of C. carvi

The effect of hydroalcoholic extracts of C. carvi on the prolifera-

tion rate of MCF-7 was studied by 3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) assay (a tetrazolium salt; Sigma-

Aldrich, St. Louis, MO, USA), which determines the cell number as a

function ofmitochondrial activity.MCF-7 cells were obtained from the

Iranian Biological Resource Center, Tehran, Iran. The cells were grown

in RPMI1640 medium supplemented with foetal bovine serum (FBS,

10%) and maintained at 37◦C in the presence of 5% CO2. Cells were

plated in 96-well culture plates (5000 cells/200 μl) and after 24 h, the

medium was changed with the solutions of C. carvi extract at different

concentrations. Cells were further incubated with the extract at 37◦C

for 72 h. At the end of the exposure time, 20 μl of 0.5 mg/ml of (MTT

solution) was added to each well and incubated for 4 h at 37◦C. The

mediumwas removed gently and to dissolve the formazan crystals, and

200 μl/well of DMSO (Merck, Germany) was added. Cell viability was

evaluated by assessing the optical density at 570 nm on a microplate

reader (FLUOstar Omega, BMG LABTECH, Germany) (Barzegar et al.,

2021; Tanideh et al., 2020).

2.5 Evaluation of hydroalcoholic extracts of C.
carvi release

The release profile of the extract was evaluated in deionised water at

room temperature and calculated spectrophotometrically at a wave-

length of 263 nm. 0.5 ml of gel 20% v/v was placed in a cellulose ester

dialysis tube (12 kDa), soaked in 9ml of deionisedwater and then incu-

bated at 37◦C. 30 μl of the suspension which was diluted in 3 ml of

deionisedwaterwas sampledwhile itwas in contactwithdialysis tubes.

Finally, the absorbance was monitored, and the relationship between

the extract concentration plus the absorbance value was obtained by

the calibration diagram (Allafchian et al., 2020; Kayani et al., 2018;

Peptu et al., 2021).

2.6 Skin wound model of the animals

This research was performed with relevant guidelines and regulations

of animal studies approved. Fifty male Sprague–Dawley rats aged 10–

12 weeks and weight of 200 ± 25 g were housed in rat’s cage and all

rats had free access to food and water. The cage was kept at a temper-

ature of 24 ± 1◦C and 12 h light/dark control condition. After 7 days,

all rats were anaesthesia with ketamin-xylazine (200 mg/kg ketamine

and 10 mg/kg xylazine, IM). The hair of the wound area of all animals

was shaved and then one wide circular wound with a diameter of 2 ×

2 cm was created with surgical curved scissors. Then, all animals were

randomly divided into five groups.

Group 1: The negative control group –woundswere created but did

not receive any treatment.
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Group 2: The basal gel group –woundwas created and received the

CMC base gel.

Groups 3: The standard group – wound was created and treated

with 3% tetracycline ointment.

Group 4: The treatment 10% v/v group – wound was created and

treated with a gel. In this group, 0.5 ml of gel containing 50 μg of the
extract was applied to the wound site.

Group 5: The treatment 20% v/v group – wound was created and

treated with a gel. In this group, 0.5 ml of gel containing 100 μg of the
extract was applied to the wound site.

2.7 Macroscopic evaluation

After the wound was created (day 0), photos were taken from the

wound area with a smartphone camera. Also, photos were taken on

days 3, 5, 7 and 10. The area of the wound was measured with digi-

tiser software (MedCalc Software Ltd, Belgium), and the percentage of

healing wasmeasured using the following formula:

Wound healing ratio (%) = 100 × (specific day wound size/initial

wound size)

All images used in the manuscript are not edited or altered using

software and the brightness of image were adjusted using PowerPoint

software.

2.8 Histopathological evaluation

On day 10, the rats were euthanised, and tissue samples were taken

from the healing area using scissors and a scalpel. The samples were

placed in 10% formalin buffer for fixation. The samples were then

dewatered and prepared by tissue processing and moulded in paraf-

fin. Paraffin blocks were cut transversely with a diameter of 5 μm.

The prepared slides were stained with haematoxylin and eosin and

examined by a light microscope (Olympus, Japan). Magnifications 10

and 40 were used to take the picture. Magnification 10 was used to

evaluate the overall wound, arteries and epithelial formation, andmag-

nification 40 was used to evaluate the cell type and collagen fibres.

Histopathology examinations were performed blindly by a pathologist.

In histopathological examination, the index of connective tissue, the

amount of collagen, granulation tissue, re-epithelisation, angiogenesis

and inflammation were scored qualitatively (Table 1). For final scoring,

all index scores were added and one number from 0 to 6 was obtained.

Scores 0–2mean no healing or start healing, 2–4moderate healing and

4–6 successful wound healed (Tanideh et al., 2021).

2.9 Biomechanical evaluation

After 20 days of treatment, a thin specimen from the wound skin was

obtained (8 × 20 mm, width × length, respectively), wrapped with

the foil and stored in –20◦C. The specimens were defrosted before

the biomechanical examination. The sections were subjected to a

tensile strength test. The devicemoved at a speed of 60mmperminute

(BIOPACMP-30 Acq system (Santa Barbara, Goleta, CA).

2.10 Measuring the amount of total protein

The specimen was homogenised in 1.15% potassium chloride. 5 ml of

protein reagent was added and mixed into 0.2 ml of homogenate. The

absorbancewas read at 595nmusing a spectrometer (Bradford, 1976).

A standard curvewas prepared using 0, 20, 40, 60, 80 and 100 μg/ml of

BSA in normal saline-treated similarly.

2.11 Statistical analyses

All statistical analyses were performed using Graph pad prism (v7.0a,

GraphPad Software, Inc., San Diego, CA, USA). The results were

reported as mean ± standard error of the mean (mean ± SEM).

Quantitative data were evaluated by one-way ANOVA and post hoc

Tukey’s test. Histopathological data were evaluated with the nonpara-

metric Mann-Whitney U test. The data were considered statistically

significant at p≤ 0.05.

3 RESULTS

3.1 Cytotoxic evaluation of hydroalcoholic
extracts of C. carvi

Hydroalcoholic extracts of C. carvi were evaluated for cytotoxicity

using a cells proliferation assay. The extract showed an IC50 value of

125.89 ± 5.41 μg/ml. Interesting results were obtained in the concen-

tration ranging from25ng/ml to1μg/ml, so theproliferationof the cells

was improved and this range of concentrationwas an ideal dose for cell

division and proliferation.

3.2 Hydroalcoholic extracts of C. carvi release test

The release profiles of 20% gel extract were evaluated in deionised

water at room temperature. As can be seen in Figure 1, the release pro-

file of the extract began with a sharp increase over 15 min followed by

a gradual increase over time and then reached the plateau in 25min.

3.3 Biomechanical evaluation

Biomechanical examination of the tissues after 20 days of treatment

showed that in the group treated with C. carvi extract, more force was

needed for tissue rupture. There was a significant difference between

the group treatedwith C. carvi extract and the negative control groups,

standard treatment and base gel with p values of 0.005, 0.006 and

0.0052, respectively (Figure 2). There was no statistically significant
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TABLE 1 Criteria for histologic sections scoring

Score Parameter Criteria

0 Collagen deposition None or few

Angiogenesis Fewer than 5 vessels, unmatured

Epithelialization None to veryminimal

Cellular content Mostly acute and chronic inflammatory cells

Granulation tissue None to the sparse amount at wound edges

Connective tissue Few and irregular

1 Collagen deposition Oriented collagen fibers

Angiogenesis More than 5 vessels, matured

Epithelialization Complete and thick epithelium

Cellular content More fibroblast. Moderate inflammatory cells

Granulation tissue Uniformly thick andmature

Connective tissue multiple layers of fibrous connective tissue

F IGURE 1 Release diagram of hydroalcoholic extracts of C. carvi
of CMC gel

difference between the negative control groups, standard treatment

and treatment with the base gel at the level of p< 0.05.

3.4 Macroscopical evaluation

According to Figures 3 and 4, which shows the average percentage

of wound healing in different groups, no significant difference was

observed on day 3 in different groups. Noteworthy, a significant dif-

ference was observed in the percentage of wound healing on day 5

between the negative control groups and 10% and 20% CCS extract-

treated group (p = 0.04 and p = 0.02, respectively). A significant

difference was observed in the percentage of repair on the 7th day

between the negative control group and the 20% CCS extract-treated

group (p= 0.03). Improvement in wound healing was seen on the 10th

day in the group which received 10% and 20% CCS extract compared

with the negative control group at the level of p = 0.01 and 0.005 on.

A significant difference was seen between the negative control group

and the tetracycline-treated group (p= 0.04). It was clear that 10%and

20% CCS extract treatment could better improve the wound healing

profile compared to the tetracycline as a positive control.

F IGURE 2 Tensile strength of skin in different groups. According
to the post hoc test, groups with the same superscripted letters were
not significantly different at α= 0.05 (p≥ 0.05). However, dissimilar
letters indicate a significant difference (p< 0.05)

3.5 Biochemical evaluation

The total protein content of the wound tissue on day 20 was signifi-

cantly higher in the extract treated groups compared to both negative

control and basal gel groups (p < 0.05). Total protein in the group

treated with CCS extract 20% and 10% was significantly higher than

negative control group (p=0.003andp=0.008, respectively) andbasal

gel group (p = 0.008, p = 0.02, respectively). However, there was no

significant difference between treatment groups and standard control

groups (Figure 5).
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F IGURE 3 Wound healing percentage on days 3, 5, 7 and 10. According to the post hoc test, groups with the same superscripted letters were
not significantly different at α= 0.05 (p≥ 0.05). However, dissimilar letters indicate a significant difference (p< 0.05)

3.6 Histopathological evaluation

In histopathological evaluation, re-epithelialisation (in terms of com-

plete or incomplete), tissue granulation (in terms of maturity or imma-

turity), connective tissue density, collagen fibre content, angiogenesis

and inflammation were examined. Also, the final histopathology score

was calculated and statistically evaluated. According to Figure 6, the

mean of the re-epithelialisation index, which indicates complete or

incomplete epithelium, was reported to be statistically significant in

different groups. A significant increase was detected in the animals

which received20%CCSextract compared to the control negative con-

trol group and base gel (p = 0.01); however, the statistical analysis did

not show any significant difference between the other groups.

Themean granular tissue index was also examined. A significant dif-

ferencewasobservedbetween the20%CCSextract-treatedgroupand

the negative control group (p= 0.04).

The mean of connective tissue index revealed a significant differ-

ence between the 20% CCS extract-treated and the negative control

group (p = 0.02). No significant difference was observed between the

other groups at the level of p < 0.05. It was found that the collagen

index, which shows the amount and dispersion of collagen fibres, was

improved in 20%CCS extract-treated rats comparedwith the negative

control groups and the base gel (p= 0.03).

Angiogenesis index, which indicates the amount and maturity of

the blood vessels, was assessed. According to Figure 6, the rate of

angiogenesis in the 20% CCS extract group compared to the base

and negative control group was significant with a p value of 0.02. The

10% CCS extract-treated group showed improvement in Angiogenesis

index although the differences were not significant compared to other

groups. The inflammation index, which indicates the amount and type

of inflammatory cells, was studied in different groups. Inflammation

in the 20% CCS extract-treated group was better than the group

without treatment and the base gel with a p value of 0.008 and 0.02,

respectively. Also, a significant difference was observed between

the 10% CCS extract-treated group and the negative control group

(p = 0.03). According to the final score of histopathology, 20% CCS
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F IGURE 4 Image of wound healing after 3, 5, 7 and 10 days. After 10 days, woundwas not completely closed in all groups, but in treatment
groups and standard group, wound area was smaller than other groups. Negative control= no treatment, standard= tetracycline ointment, basal
gel=CMC, treatment (10)= 10% Carum carvi extract and treatment (20)= 20% Carum carvi extract.

extract-treated group demonstrated better results in comparison with

the rest of the groups. A clear improvement was observed in the 20%

CCS extract-treated group with p = 0.007 and p = 0.01, compared

to the negative control group and the base gel group, respectively

(Figures 6 and 7).

4 DISCUSSION

Skinwounds include damage or any change in the structure or function

of any part of the skin. Acute wound healing is seen after 8–12 weeks

if the human is healthy and has no background problems. Chronic

wounds, however, take longer (several months) to heal completely.

Also, any complications or disease might delay and impair wound

healing in any wound healing stages (Guo &DiPietro, 2010).

The wound healing process involves haemostasis, appropriate

inflammation, differentiation, proliferationandmigrationofmesenchy-

mal cells to the wound site, angiogenesis, re-epithelialisation and

finally, proper synthesis, cross-linking and alignment of collagen to the

tissue. However, some factors might impair the wound healing process

including infections, reactive oxygen and nitrogen species (ROS and

RNS), acute inflammation and decreased host immunity. Noteworthy,
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F IGURE 5 Total protein concentration in different groups after 20
days of wound creation. According to the post hoc test, groups with
the same superscripted letters were not significantly different at α=
0.05 (p≥ 0.05). However, dissimilar letters indicate a significant
difference (p< 0.05)

the prolonged inflammatory phase delays the formation of granulation

tissue and its maturation, interrupting the conversion of proinflamma-

tory factor M1 to anti-inflammatory factor M2, which causes more

secretion of TNF-α and reactive radicals. TNF-α activity prevented pro-
liferating and caused the wound to become chronic (Hesketh et al.,

2017; Zhao et al., 2016).

It was shown that the natural therapies were rich in a wide range of

phytochemicals possessing potent anti-inflammatory, antioxidant and

antimicrobial properties, synergistically playing a vital role in wound

healing. In these cases, traditional Iranianmedicine (also known as Per-

sianmedicine) had promising wound healing effects (Hassanpour et al.,

2019). In one study, wound healing effect of Pistacia atlantica (Persian

turpentine tree) was evaluated and showed improved collagen produc-

tion and organisation (Hamidi et al., 2017). However, more research on

the plants to obtain information about the wound healing properties

of herbal compounds is needed (Rex et al., 2018). C. carvi has exerted

antioxidant, antimicrobial and anti-inflammatory activities, which pro-

mote wound healing by reducing the complications of the microbial

contamination, chronic inflammation and overoxidation process (Hos-

seini et al., 2020; Ibrahim et al., 2018; Johri, 2011). Compounds that

have antioxidant activity in C. carvi including monoterpene alcohol,

linalool, carvacrol, anethole and estragol, flavonoids and polyphenolic

compounds have been reported to improve the speed ofwoundhealing

(Johri, 2011).

In a study conducted by Patil et al. (2009), the wound healing effect

of ethyl acetate and petroleum extract of Cuminum cyminum seed on

rats was evaluated. According to Patil et al.’s (2009), the ethyl acetate

and its petroleum ether fraction showed promoted wound healing

activity on excision, incision and granulomawoundmodels. Carvacrol is

oneof themajor compounds inC. carviwhichhas also shown toproduce

elastin in favour of wound healing process (Johri, 2011). In another

study, Mardani et al. (2016) displayed the healing effect of C. carvi on

oral mucositis in golden hamsters because of containing γ‑terpinene as
a hydroxyl radical’s quencher which produces antioxidant properties.

The anti-inflammatory activity of C. carvi extract stops the secre-

tion of inflammatory factors such as TNF-α, IL-1 and IL-6 and thus

accelerates wound healing and the transition from the inflammatory

stage to the proliferative stage (Seddighfar et al., 2020; Bourgou et al.,

2020). Keshavarz et al. (2013) used cumin essential oil and cumin

extract to treat colitis as the anti-inflammatory agents. The results of

the study showed that terpenoids, flavonoids, fatty acids, triglycerides,

polysaccharides, lignin and polystyrene in C. carvi extract reduced

inflammatory factors in colitis similar to the mechanism of gluco-

corticoid drugs. It seems that this plant reduced the production of

prostaglandin E2 and increased the production of leukotriene B4 in

polymorphonuclear leukocytes (Keshavarz et al., 2013). Carvone in

C. carvi also inhibited the activity of 5-lipoxygenase and cyclooxyge-

nase and thus reduced the activity of leukotrienes and prostaglandins

(Keshavarz et al., 2013). In a previous study, the amount of granular

tissue in terms of maturity and immaturity was also significant in the

group treated with C. carvi extract (De Filippo et al., 2013; Hesketh

et al., 2017).

Antibacterial and antifungal agents are also effective in speed-

ing wound healing (Pachuau, 2015). Cumin and its major compounds

including carvone, linalool, limonene have strong antibacterial com-

pounds that affect a wide range of Gram-positive and Gram-negative

bacteria (Ghazi et al., 2019; Johri, 2011; Yakoubi et al., 2020). The anti-

fungal effects of this plant on the soil, water, animal and human food

such as dermatophyte, Vibrio, yeast, aflatoxin andmycotoxin have also

been studied (Johri, 2011).

Wright et al. reported that Iberogast®, 10% of which is CCS, par-

tially improved the histopathology features of 5-FU-induced jejunal

mucositis (Bourgou et al., 2020). Since no specific research has been

published on the wound healing and collagen-producing effects of C.

carvi, in this study, 10% and 20% (v/v) ethanolic extract of C. carvi was

used to treat skin wounds in rats, and the amount of tensile strength

and collagen score was also evaluated. Due to the lack of reports on

the toxicity and allergic effects of this extract, the 10% and 20% v/v

concentrations of CCS extract were chosen.

According to the biomechanical results, the amount of elasticity

in the group treated with 20% CCS extract was higher than in other

groups, showing an increase in collagen and elastin fibres. In the col-

lagen index of histopathological evaluation, the amount of collagen

in 10% and 20% (W/W) ethanolic extract treatment was higher than

the negative control and the base gel groups. As a result, the increase

in tissue elasticity was due to the increase in collagen and elastin in

the groups treated with the extract. The histopathology evaluation
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F IGURE 6 Histopathology criteria and final histopathology score in different groups

showed that this plant hadpotential collagenproduction activity.Given

that protein and amino acid play a significant role in wound healing

such as adhesion of regenerating tissue, transporting trace elements,

formation of extracellular matrix and inhibiting microbial migration

(Soliman et al., 2018; Volksdorf et al., 2017), high amounts of total pro-

tein in the CCS groups were beneficial in this context. Also, collagen

index in histopathology assessments supported this result and showed

that CCS could enhance protein synthesis and increase the collagen

content.

In the evaluation related to wound closure, in all groups, there was

not any significant difference in the wound healing percentage on day

3, but from day 3 onwards, the percentage of wound healing in the

group treatedwith 20%extractwas better than the other groups. Also,

in histopathological slides in the group that was treated with 20%CCS

extract, the re-epithelialisation index yielded a better score than other

groups.

Given angiogenesis in histopathological evaluation, in the group

treated with 20% CCS, angiogenesis was better than the control and

base gel groups, so that the treated group had mature vessels with

skin appendages. According to our histopathological evaluation and

inflammatory score, the anti-inflammatory effect ofC. carvi extractwas

approved; this is consistentwith the results of other articlesmentioned

above.

The main limitation of the current study was that the exact mech-

anisms that explain the mechanism of wound healing of C. carvi are

lacking to correctly interpret the results of animal models into clinical

practice extract. Also, more research is needed on the collagen pro-

duction activity of C. carvi. In the current study, two dosages of C. carvi
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F IGURE 7 Histopathology of skin at days 10 stained with H&E. (a) 20% v/v CCS treated group, (b) 10% v/v CCS treated group, (c)
tetracycline-treated group, (d) basal gel-treated group, (e) negative control (without treatment).White arrows show ulceration that is visible in d
and e images. Yellow arrows show early epithelisation. 20% and 10%CCS-treated groups showed a large amount of granulation tissue (black
arrow). 20% treated group showing healed skin structure with near to normal epidermis; also fibrosis and collagen tissue is notable in the dermis.
No quality image enhancement software was used.

(10% and 20% v/v) were used. Assessments on the different dosages of

C. carvi might affect the effectiveness of treatments. In the next step,

further clinical trial study can be conducted to ensure that medical

intervention and treatment are safe and effective.

5 CONCLUSION

In this study, the healing effects ofC. carvi ethanolic extract, as a power-

ful antioxidant with antimicrobial and anti-inflammatory potencies on

thewound, were investigated to determine the efficacy and potency of

treatment. Current findings indicated that the administration of 20%

v/v ethanolic extract of C. carvi seed, as a potential herbal medicine

on experimental wounds in rats, can significantly improve the total

protein content and biomechanical factors as compared to the con-

trol and other treated groups. This plant increased collagen production

and improved the angiogenesis and connective tissue index. Also, a

reduction in inflammatory factorswas observed in the 20%v/v ethano-

lic extract ofC. carvi-treated group, thus speeding up thewoundhealing

process. These data could contribute to the formulation of therapeu-

tic products for wound healing purposes that can be used on human.

Further phytochemical analyses are needed to identify the chemical

constituents and elucidate the structural compounds of the extract to

find the lead compound.
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