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Abstract

Objectives: We aimed to evaluate the impact of the tryptanthrin (TRP) compound, with antimicrobial and anti-inflammatory ef-
fects, on the excisional wound (EW) model. In an EW model in mice, we tried to explain the possible effect of TRP through vascular
endothelial growth factor (VEGF) and matrix metalloproteinase-9 (MMP-9) that contribute significantly to wound healing.
Methods: A total of 90 BALB-C female mice aged 6 - 8 weeks were used in the present study. Animals were randomly divided into
five groups. After creating the EW model, three different doses (1, 2.5, 5 mg/kg) of TRP compound were applied topically for 14 days,
and wound closure rates were measured on days 0, 3, and 7. Vascular endothelial growth factor and MMP-9 were evaluated on days
3,7,and 14 on wound explants and on day 14 on serum samples by enzyme-linked immunosorbent assay. Histopathological analysis
was performed on wound explants.

Results: After the EW model creation, significant healing of the wound areas was observed in the groups for which TRP was applied,
especially on the third day. Moreover, in groups that received the third dose of TRP, the wound closure rate was 94%. It was found
that the wound areas were closed due to the increase in TRP dose. In line with wound healing, VEGF and MMP-9 levels gradually rose

on the third and seventh days and decreased on the 14th day.

Conclusions: Tryptanthrin compound usage on the EW model increased wound healing and did not leave a scar after 14 days.
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1. Background

The healing procedure is the same in all wounds oc-
curring, consequently in the corruption of skin integrity.
Wound healing includes processes that restore the barrier
function and mechanical integrity of the skin. This com-
plex dynamic procedure comprises hemostasis, inflamma-
tory, angiogenesis, and remodeling steps (1). Hemostasis
is the first response to the wound healing process. Inflam-
matory, angiogenesis, and remodeling phases require in-
tercellular interactions and the contribution of released
components, such as extracellular matrix (ECM) (2-4). Neu-
trophils and macrophages are essential in the inflamma-
tory phase and responsible for pathogen removal at the
wound site (3). Matrix metalloproteinases (MMPs) are cru-
cial in processes such as remodeling, angiogenesis, and
wound healing. As a result of increased MMP-9 activity in
the wound area, the wound healing process may be inacti-
vated, and stabilizing these factors is likely to raise wound

healing capacity (4).

Wounds pose a significant socioeconomic burden on
society due to their high prevalence and recurrence (1). The
medical cost of wound curation is high and continues to
increase quickly. Therefore, there is a requirement for a
better biological and clinical understanding of the mecha-
nisms that support wound repair and for finding effective
therapeutic agents to alleviate the financial burden on pa-
tients and the country (5).

Due to the complexity of the content of plants, re-
searchers have focused on investigating the effect of a sin-
gle active ingredient of plants in recent years to avoid
these complications (6-8). TRP, which is present in in-
digo plants, is an indole quinazoline alkaloid. The nat-
ural product tryptanthrin (indolo[2,1-b]quinazoline-6,12-
dione) is a weakly basic alkaloid. This brilliant yellow com-
pound comprises a quinazoline ring fused to an indole
moiety within carbonyl groups in the 6- and 12-positions.
The name tryptanthrin is derived from the production of
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this compound by the yeast Candida lipolytica when grown
in an L-tryptophan-containing medium. TRP derivatives,
which are native and chemically synthesized, have been
found and bear a varied functional group at the sixth posi-
tion of acommon indolo|2,1-b]quinazoline core. It was first
isolated from the culture of yeast C. lipolytica and later from
the Chinese medicinal plant Strobilanthes cusia Kuntze. It
can also be gained from other herbal species, such as Isatis,
Clanthe, Wrightia, and Couroupota (9). Many studies have
revealed that TRP has many biological and pharmacologi-
cal activities, including antimicrobial, anti-inflammatory,
anti-allergic, anti-cancer, anti-protozoal, and anti-allergic
effects (8-13). The excisional wound (EW) model utilized in
the present research is the most used wound model, and
itis easy to register the time-dependent closure rate of the
wound by forming an open wound (14).

2. Objectives

This study aimed to evaluate the effect of the TRP com-
pound, which has antimicrobial, anti-inflammatory, and
antioxidant properties, on the EW model in mice. Further-
more, we tried to explain the possible effects of vascular en-
dothelial growth factor (VEGF) and MMP-9 on wound heal-
ing.

3. Methods

3.1. Experimental Procedure

3.1.1. Excision Wound Model

We utilized the excision wound model improved by
Morton and Malone (15). The excision wound was made
on the dorsal part of the mice 1 cm away from the spine
and 5 cm from the ears under anesthesia with a combina-
tion of ketamine and xylazine (20/10 mg/kg). An excision
wound model was formed by removing a circular part of
two wound, nearly 4 mm in diameter and 2 mm in depth,
per animal, using Kai Sterile Dermal Biopsy Punch (Japan).
The animals were divided into five groups healthy, EW, EW
+ 1 mg/kg, EW + 2.5 mg/kg, and EW + 5 mg/kg (16). Three
doses of 1, 2.5, and 5 mg/kg of TRP (CAS: 13220-57-0, 97%,
MW:248.24, BLDpharm, UK) were administrated topically
to the wound part every day for 14 days, and the test was
terminated when complete healing was observed in the
wound parts on the 14th day. To assess the therapeutic ef-
fectiveness of TRP, the wound closure rate was assessed on
days 0, 3,7, and 14 by applying a caliper (150 mm, Mesem®,
China).

3.1.2. Evaluation of Wound Closure

Wound closure was assessed using a caliper on days 0,
3,7, and 14, and the wound closure percentile was figured
out with the following formula:

day 0woundarea — day n wound area
% W ound closure = x 100
day 0 wound area

3.2. Subjects and Experimental Groups

A total of 90 BALB-C female mice aged 6 - 8 weeks were
utilized in the present investigation. Mice were held in a
checked room (22 £1°C, relative humidity of 50% - 60% on
a12-hourlight/dark cycle)and were fed tap water and pellet
food. Mice were randomly allocated into five groups, with
18 mice in each group. Among the animals in each group,
6, 6, and 14 were utilized for analysis on days 3, 7, and 14,
respectively.

3.3. Vascular Endothelial Growth Factor and Matrix
Metalloproteinase-9 Analysis in Wound Explants

In order to examine the influence of TRP on VEGF and
MMP-9 levels in the wound area, VEGF and MMP-9 levels
in tissue explants from mice were analyzed by enzyme-
linked immunosorbent assay (ELISA). Vascular endothelial
growth factor (catalog No: E0114Mo, Bioassay Technology
Laboratory, China)and MMP-9 (catalog No: E0277Mo, Bioas-
say Technology Laboratory, China) in wound explants were
taken on the 3rd, 7th, and 14th days and were analyzed us-
ing the ELISA kit. The results were compared with the val-
ues obtained from healthy controls.

34. Vascular Endothelial Growth Factor and Matrix
Metalloproteinase-9 Analysis in Serum Samples

On the last day of the experiment, intracardiac blood
samples were taken from each mouse by cardiac puncture
into gel vacuum tubes under anesthesia. After centrifuga-
tion at 3000 rpm for 20 min, VEGF and MMP-9 levels were
analyzed by ELISA. Vascular endothelial growth factor (cat-
alog No: E0114Mo, Bioassay Technology Laboratory, China)
and MMP-9 (catalog No: E0114Mo, Bioassay Technology Lab-
oratory, China) in blood samples taken on day 14 were mea-
sured by ELISA. The results were compared with the values
obtained from healthy controls.

3.5. Histopathological Evaluation

Skin specimens were fixed in 10% neutral buffered
formaldehyde for 72 hatroom temperature for histopatho-
logical assessments, and specimens were deposited in
paraffin blocks. Sections of approximately 5 ym were cut
from paraffin blocks with a Leica RM2125RT microtome (Le-
ica Microsystems, Wetzlar, Germany). Crossman’s modi-
fied triple staining technique was applied for all groups,
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and the samples were investigated under a light micro-
scope (Nikon Eclipse i50, Tokyo, Japan), and photographs
were taken. Histopathological scoring was performed
for each group using a previously described method (17)
to demonstrate epidermal and dermal regeneration. All
sections were evaluated in terms of epithelial prolifera-
tion, formation, granulation tissue thickness, inflamma-
tory cells, and angiogenesis in the wound area. For this
purpose, scoring was performed by evaluating 20 random
areas per section from each sample with a X 40 objective
lens.

3.6. Statistical Analysis

The data were assessed statistically utilizing SPSS soft-
ware 22.00 (IBM, USA). It was conducted utilizing a Tukey
test, which comprised one-way ANOVA and posthoc multi-
ple comparative assays.

4. Results

4.1. Wound Closure Rates

In order to examine the effect of the TRP compound on
excisional wound healing in mice, the TRP compound was
applied topically for 14 days after creating a wound model,
and wound closure rates on days 0, 3, 7, and 14 were mea-
sured using a digital caliper. Our findings revealed that
the wound closure percentages of the TRP molecule on the
third day were 52.12%, 72.20%, and 87.22%, and significant
improvements were found in the wound areas with these
rates. On the seventh day, the percentage of wound closure
was found to be 94% in the groups which received the third
dose of TRP. When the wound closure rates were investi-
gated on day 3 (Figure 1A), day 7 (Figure 1B), and day 14 (Fig-
ure 1C), the wound model was formed. It was detected that
the wound areas were closed due to the enhanced dose of
TRP compound.

4.2. Vascular Endothelial Growth Factor of Wound Explants

On days 3, 7, and 14, VEGF levels were higher in the ex-
cisional wound group compared to the healthy controls
group. A dose-dependent enhancement was detected in
the groups treated with excisional wound + TRP compared
to the excisional wound group with a statistically signif-
icant difference (P < 0.001). The VEFG level on days 3, 7,
and 14 (Figure 2) indicated that the rates for the excisional
wound group increased gradually on days 3 and 7, depend-
ing on the increasing dose of TRP, and decreased on day 14.
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4.3. Matrix Metalloproteinase-9 of Wound Explants

On the 3rd, seventh, and 14th days, MMP-9 levels were
higher in the excisional wound group than in the healthy
control group. It was determined that in the TRP groups,
it increased dose-dependently compared to the excisional
wound group with a statistically significant difference (P
< 0.001). The MMP-9 level on days 3, 7, and 14 (Figure 3) re-
vealed that the rates for the excisional wound group rose
gradually on days3and7depending on the increasing dose
of TRP and declined on day 14 with the completion of heal-

ing.

44. Vascular Endothelial Growth Factor and Matrix
Metalloproteinase-9 of Serum Samples

The VEGF (Figure 4A) and MMP-9 (Figure 4B)levelsin in-
tracardiac blood samples taken on day 14 are shown in Fig-
ure 4. Vascular endothelial growth factorand MMP-9 levels,
which have important roles in wound healing processes,
increased in the groups where the 1st dose (1 mg/kg) and
2nd dose (2.5 mg/kg) of TRP were applied, and the 3rd dose
of TRP (5mg/kg) was found to be decreased in the groups to
which it was applied. The decline in serum VEGF and MMP-
9 levels in the groups which received the third dose of TRP
indicated that the wound healing process was completed.

4.5. Histopathological Findings

The examination of the sections stained with Cross-
man’s modified triple staining technique under the light
microscope revealed that the skin samples of healthy con-
trols (Figure 5A) had a normal histological structure. Com-
paring the skin samples of the excisional wound group
with the healthy controls showed that epidermis regener-
ation in the wound area was insufficient, and the epider-
mal development was incomplete. In addition, dermal re-
generation was also very low, and edema and congestion
areas rich in inflammatory cells and thick granulation tis-
sue in the dermis of the wound area were remarkable (Fig-
ure 5B). When TRP-administered groups were examined, it
was found that epidermis regeneration increased in the
1 mg/kg TRP group compared to the wound group, and
the edema and congestion areas in the dermal area began
to decrease, while there was still a thick granulation tis-
sue (Figure 5C). In the excisional wound groups, 5 and 2.5
mg/kg groups had the highest healing levels. Regenera-
tion was completed in the epidermis of the excision area of
the rats and the newly formed blood vessels in the dermis
layer of the wound area (Figure 5D). Collagen fiber bundles
were synthesized and started to organize, and connective
tissue proliferation was striking. Furthermore, granula-
tion tissue was considerably reduced (Figure 5E). Scores of
histopathological findings obtained from the groups are
presented in Table 1.
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Figure 1. Wound closure rate compared to the 3rd, 7th, and 14th days; *: compared to the excisional wound group (* P < 0.05, ** P < 0.01, *** P < 0.001); #: compared to the
control group (# P < 0.05, ## P < 0.01, ### P < 0.001)

Table 1. Scores of Histopathological Findings *

Control EwW EW +1st Dose EW +2nd Dose € EW +3rd Dose ¢
Reepithelization 3.75+ 0.44 1.85 £+ 0.49 210 1+ 0.45 275+ 0.44 3+0.56
Granulation tissue thickness and collagen matrix 170 + 0.47 2.90 £ 0.45 2.45 £ 0.51 24056 1.85 4 0.75
Inflammatory cells 3.90 £ 031 0.90 £ 0.55 135+0.49 230 £ 0.47 3.40 £ 050
Angiogenesis 3.65 £ 0.49 0.85 % 0.59 170 £ 0.47 2251 0.44 320 +0.70

Abbreviation: EW, excisional wound

? Values are expressed as mean = Standard deviation.
by mg/kg TRP

€ 2.5 mg/kg TRP

ds mg/kg TRP
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Figure 2. Vascular endothelial growth factor levels in wound explants on days 3,7, and 14; *: compared to the excisional wound group (*P < 0.05,** P < 0.01, **P < 0.001); #:
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Figure 3. Matrix metalloproteinase-9 levels in wound explants on days 3,7, and 14; *: compared to the excisional wound group (*P< 0.05, **P< 0.01, **P< 0.001); #: compared

to the control group (# P < 0.05, ## P < 0.01, ### P < 0.001)

5. Discussion

In this paper, we evaluated the effect of the TRP
compound, which has antimicrobial, anti-inflammatory,
and antioxidant properties (18), on the excisional wound
model in mice. According to our results, the wound clo-
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sure percentages of TRP molecule, especially on the third
day, were 52.12%, 72.20%, and 87.22%, with significant im-
provements in the wound areas compared to the healthy
controls group. Examination of VEGF and MMP-9, which
have important roles in wound healing, indicated that the
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Figure 4. Serum vascular endothelial growth factor (A) and matrix metalloproteinase-9 (B) levels compared to the 3rd, 7th, and 14th days; *: compared to the excisional wound
group (*P< 0.05,**P < 0.01, **P < 0.001); #: compared to the control group (# P < 0.05, ## P < 0.01, ### P< 0.001)

wound healing of TRP-administered groups improved on
the third and seventh days as expected and declined on the
14th day in line with complete healing.

For centuries, medicinal herbs have been utilized in
traditional medicine and have been recorded to heal
wounds by minimizing pain and scarring (6). The fail-
ure of wound healing can lead to severe complications
and even death (19). The therapeutic agent utilized in
wound healing must possess antimicrobial, cell prolifera-
tion, and antioxidant properties. The literature review has
pointed out that TRP possesses antimicrobial, antioxidant,
and anti-inflammatory properties. Therefore, this com-
pound was selected for wound healing (9). Investigations
have revealed that TRP has numerous biological and phar-
macological activities, such as antimicrobial, anti-cancer,
anti-inflammatory, anti-allergic, and anti-protozoal effects
(8-12). Moreover, compounds coated with TRP (13, 20-22)
have been shown to have anti-inflammatory, antimicro-
bial, wound healing, anti-tumor, anti-allergic, and other bi-
ological activities. Another study demonstrated that the
indigo compound promoted wound closure in human ker-
atinocyte HaCaT cells (23).

Our study results indicated that the TRP molecule
caused essential improvements such as wound closure
rate, especially on day 3, and the recovery rate was 94% in
the groups that received the third dose of TRP on day 7.
However, healing in the excisional wound group was de-
layed until the 14th day. The relevant studies (24-28) re-
vealed that healing in the wound areas started from day
three, and the healing rates were very high on day 7. The
findings of the current study were consistent with other
studies. It was also observed in line with other studies that
TRP completely healed the wound area over time.

Vascular endothelial growth factor is an important
biomarker in wound healing (29) and increases vascular
permeability, allowing the flow of inflammatory cells to
the wound area. Moreover, it facilitates tissue repair by pre-
venting the migration and proliferation of pre-existing en-
dothelial cells. Decreased VEGF level is associated with de-
fective healing (30). In research (31), VEGF was high in cells
that migrated for repair after wound formation, and these
levels remained high in the course of granulation tissue
formation until epidermal closure was complete. In our
study, it was determined that VEGF levels rose on days 3
and 7 and decreased on day 14, depending on the increas-
ing dose in the groups treated with TRP compared to the
excisional wound groups. The high levels of VEGF in the
groups treated with TRP indicated the positive effect of TRP
on angiogenesis.

Matrix metalloproteinases have a considerable role in
accelerating wound healing via stimulating angiogenesis.
Studies have shown the inhibition of cell proliferation and
delayed wound closure in MMP-9 knockout mice. Matrix
metalloproteinase-9 contributes to wound repair by mod-
ulating VEGF release (32). In other studies (31-33), high
levels of MMP-9 were associated with late recovery. The
current study revealed that MMP-9 levels increased on the
third and seventh days and declined on the 14th day, de-
pending on the increasing dose in the groups treated with
TRP compared to the excisional wound group. The latter
finding indicated that the TRP molecule positively affects
the wound healing rate.

Blood vessels, fibroblasts, collagen fibers, and angio-
genesis were assessed to evaluate the inflammatory phase.
In addition, collagen regulation plays an important role
in the remodeling phase and thus in the subsequent scar
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Figure 5. Light microscope images of wound explants on day 14 (Crossman’s modified triple staining, X 10). A, Healthy controls group; B, excisional wound; C, excisional
wound +1mg/kg TRP; D, excisional wound + 2.5 mg/kg TRP; E, excisional wound + 5 mg/kg TRP

formation phase of wound closure. It was found that
histopathological analyses performed on the 14th day of
wound healing increased re-epithelialization and collagen
content in the wound area (34). In our study, the highest
level of healing was found in the 5 mg/kg TRP group com-
pared to the excisional wound group, and it was closest to
the histological structure in the healthy control group. In
the sections belonging to this group, it was observed that
epidermis regeneration was at a very high level, the granu-
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lation tissue in the dermis considerably reduced, and the
collagen fiber bundles began to cover a large part of the
dermis.

5.1. Conclusions

After applying TRP in the excisional wound model,
it has been proven macroscopically and microscopically
that wound healing reached the maximum level on the
third day and completely healed on the 14th day in a
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dose-dependent manner compared to the healthy controls
group. We showed that this improvement after TRP ap-
plication might be due to the levels of MMP-9 and VEGF,
which induce neovascularization, which is very important
in wound healing. Furthermore, we proved this improve-
ment histopathologically. Therefore, it could be concluded
that TRP has the potential to be used in threpeutic agent in
wound healing due to its positive effects on wound heal-
ing. However, further clinical studies are required.

Footnotes

Authors’ Contribution: Zerrin Kutlu: Planning the
study, creating the model, medicine administration, and
biochemical analysis. Zekai Halict: Creating the model,
designing, supervising, and approving the final article.
Semin Gedikli: Histopathological analysis. Biisra Sirin: Cre-
ating the model. Maide Sena Civelek: biochemical analysis.

Conflict of Interests: The authors declare no conflict of
interest.

Data Reproducibility: The data presented in this study
are uploaded during submission as a supplementary file
and are openly available for readers upon request.

Ethical Approval: This study was approved under the
ethical approval code of E-93722986- 000-2100340854
and 11 (link: atauni.edu.tr/hayvan-deneyleri-yerel-etik-
kurulu/eski).

Funding/Support:  This research was supported by
Ataturk University Scientific Research Projects Com-
mission with Project Number TAB-2021-9178 (link: bap-
sis.atauni.edu.tr/ASProjeArama.aspx).

References

1. Komi DEA, Khomtchouk K, Santa Maria PL. A Review of the Contri-
bution of Mast Cells in Wound Healing: Involved Molecular and Cel-
lular Mechanisms. Clin Rev Allergy Immunol. 2020;58(3):298-312. doi:
10.1007/s12016-019-08729-w. [PubMed: 30729428].

2. Abdoli A, Maspi N, Ghaffarifar F. Wound healing in cutaneous leish-
maniasis: A double edged sword of IL-10 and TGF-beta. Comp Immunol
Microbiol Infect Dis. 2017;51:15-26. doi: 10.1016[j.cimid.2017.02.001.
[PubMed: 28504090].

3. Barchitta M, Maugeri A, Favara G, Magnano San Lio R, Evola G,
Agodi A, et al. Nutrition and Wound Healing: An Overview Focus-
ing on the Beneficial Effects of Curcumin. Int | Mol Sci. 2019;20(5).
doi: 10.3390/ijms20051119. [PubMed: 30841550]. [PubMed Central:
PMC6429075].

4. Momtaz S, Abdolghaffari A, Jasemi E, Yaghoobvand B, Esmaeilzadeh
S, Abdollahi A, et al. Evaluation of wound healing and anti-
inflammatory activities of a herbal ointment consisting of Althaea
officinalis, Lavandula angustifolia, and Rosa x damascena in animal
excision wound model. | Medicinal Plants. 2021,20(77):37-49. doi:

10.52547/jmp.20.77.37.
5. Simonetti O, Lucarini G, Morroni G, Orlando F, Lazzarini R, Zizzi A,

et al. New Evidence and Insights on Dalbavancin and Wound Heal-
ing in a Mouse Model of Skin Infection. Antimicrob Agents Chemother.

10.

1.

12.

14.

15.

18.

19.

20.

21

. Wilkinson HN, Hardman M]. Wound healing:

2020;64(4). doi: 10.1128/AAC.02062-19. [PubMed: 31932371]. [PubMed
Central: PMC7179315].

cellular mecha-
nisms and pathological outcomes. Open Biol. 2020;10(9):200223.
doi: 10.1098[rsob.200223. [PubMed: 32993416]. [PubMed Central:
PMC7536089].

. Sheba LA, Anuradha V. An updated review on Couroupita guianen-

sis Aubl: a sacred plant of India with myriad medicinal properties.
JHerbmed Pharmacol. 2020;9(1):1-11. doi: 10.15171/jhp.2020.01.

. Hsiao CY, Hung CY, Tsai TH, Chak KF. A Study of the Wound Heal-

ing Mechanism of a Traditional Chinese Medicine, Angelica sinen-
sis, Using a Proteomic Approach. Evid Based Complement Alternat
Med. 2012;2012:467531. doi: 10.1155/2012/467531. [PubMed: 22536285].
[PubMed Central: PMC3319019].

. Kaur R, Manjal SK, Rawal RK, Kumar K. Recent synthetic and medic-

inal perspectives of tryptanthrin. Bioorg Med Chem. 2017;25(17):4533-
52.doi: 10.1016/j.bmc.2017.07.003. [PubMed: 28720329].

Lin YK, Leu YL, Huang TH, Wu YH, Chung PJ], Su Pang JH, et al.
Anti-inflammatory effects of the extract of indigo naturalis
in human neutrophils. | Ethnopharmacol. 2009;125(1):51-8. doi:
10.1016/j.jep.2009.06.014. [PubMed: 19559779].

Kahraman E, Demirci EA, Tanyolac ZG, Yarali ZB, Karaman O. The effi-
cacy of using RGD peptide sequence on in vitro wound healing. 2016
20th National Biomedical Engineering Meeting (BIYOMUT). Izmir, Turkey.
2016. p.1-3.

Popov A, Klimovich A, Styshova O, Moskovkina T, Shchekotikhin A,
Grammatikova N, et al. Design, synthesis and biomedical evalua-
tion of mostotrin, a new water soluble tryptanthrin derivative. Int |
Mol Med. 2020;46(4):1335-46. doi: 10.3892[ijmm.2020.4693. [PubMed:
32945360). [PubMed Central: PMC7447309].

. Popov AM, Gafurov YM, Moskovkina TV, Kachanov AV, Krivoshapko

ON, Petrovicheva SE, et al. Kourokhitin, a potential drug contain-
ing two active substances. Dokl Biochem Biophys. 2009;426:131-3. doi:
10.1134/s1607672909030028. [PubMed: 19650304].

Baktir G. [Wound Repair and Experimental Wound Models]. Exper-
imed. 2020;9(3):130-7. Turkish. doi: 10.26650/experimed.2019.19023.
Morton ]J, Malone MH. Evaluation of vulneray activity by an open
wound procedure in rats. Arch Int Pharmacodyn Ther.1972;196(1):117-26.
[PubMed: 5059357].

. Jahne EA, Eigenmann DE, Sampath C, Butterweck V, Culot M, Cecchelli

R, et al. Pharmacokinetics and In Vitro Blood-Brain Barrier Screen-
ing of the Plant-Derived Alkaloid Tryptanthrin. Planta Med. 2016;82(11-
12):1021-9. doi: 10.1055/s-0042-105295. [PubMed: 27093249].

. Galeano M, Altavilla D, Bitto A, Minutoli L, Calo M, Lo Cascio P,

et al. Recombinant human erythropoietin improves angiogene-
sis and wound healing in experimental burn wounds. Crit Care
Med. 2006;34(4):1139-46. doi: 10.1097/01.CCM.0000206468.18653.EC.
[PubMed: 16484928].

Kant V, Gopal A, Kumar D, Pathak NN, Ram M, Jangir BL, et al.
Curcumin-induced angiogenesis hastens wound healing in dia-
betic rats. J Surg Res. 2015;193(2):978-88. doi: 10.1016/j.jss.2014.10.019.
[PubMed: 25454972].

Wagner-Dobler I, Rheims H, Felske A, El-Ghezal A, Flade-Schroder D,
Laatsch H, et al. Oceanibulbus indolifex gen. nov,, sp. nov,, a North
Sea alphaproteobacterium that produces bioactive metabolites. Int
J Syst Evol Microbiol. 2004;54(Pt 4):1177-84. doi: 10.1099/ijs.0.02850-0.
[PubMed: 15280288].

Popov AM, Nedashkovskaya OI, Gafurov YM, Moskovkina TV. An-
timicrobial activity of «Kourochitin» preparation. Russ | Biopharm.
2011;3:19-22.

Popov AM, Shtoda YP, Krivoshapko ON, Gafurov YM, Moskovkina TV.
Wound healing activity of different ointment forms of quinazoline
alkaloid tryptanthrin. Russ J Biopharm. 2012;4:21-4.

Iran | Pharm Res. 2022; 21(1):e127665.


http://dx.doi.org/10.1007/s12016-019-08729-w
http://www.ncbi.nlm.nih.gov/pubmed/30729428
http://dx.doi.org/10.1016/j.cimid.2017.02.001
http://www.ncbi.nlm.nih.gov/pubmed/28504090
http://dx.doi.org/10.3390/ijms20051119
http://www.ncbi.nlm.nih.gov/pubmed/30841550
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6429075
http://dx.doi.org/10.52547/jmp.20.77.37
http://dx.doi.org/10.1128/AAC.02062-19
http://www.ncbi.nlm.nih.gov/pubmed/31932371
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7179315
http://dx.doi.org/10.1098/rsob.200223
http://www.ncbi.nlm.nih.gov/pubmed/32993416
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7536089
http://dx.doi.org/10.15171/jhp.2020.01
http://dx.doi.org/10.1155/2012/467531
http://www.ncbi.nlm.nih.gov/pubmed/22536285
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3319019
http://dx.doi.org/10.1016/j.bmc.2017.07.003
http://www.ncbi.nlm.nih.gov/pubmed/28720329
http://dx.doi.org/10.1016/j.jep.2009.06.014
http://www.ncbi.nlm.nih.gov/pubmed/19559779
http://dx.doi.org/10.3892/ijmm.2020.4693
http://www.ncbi.nlm.nih.gov/pubmed/32945360
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7447309
http://dx.doi.org/10.1134/s1607672909030028
http://www.ncbi.nlm.nih.gov/pubmed/19650304
http://dx.doi.org/10.26650/experimed.2019.19023
http://www.ncbi.nlm.nih.gov/pubmed/5059357
http://dx.doi.org/10.1055/s-0042-105295
http://www.ncbi.nlm.nih.gov/pubmed/27093249
http://dx.doi.org/10.1097/01.CCM.0000206468.18653.EC
http://www.ncbi.nlm.nih.gov/pubmed/16484928
http://dx.doi.org/10.1016/j.jss.2014.10.019
http://www.ncbi.nlm.nih.gov/pubmed/25454972
http://dx.doi.org/10.1099/ijs.0.02850-0
http://www.ncbi.nlm.nih.gov/pubmed/15280288

Kutlu Z et al.

22.

23.

24.

25.

26.

27.

28.

Popov AM, Krivoshapko ON, Tsybulsky AV, Shtoda YP, Klimovich AA,
Gafurov YM, et al. Therapeutic activity of preparation «Kourochitin»
at modeling allergic dermatitis. Russ ] Biopharm. 2015;7:24-30.
Shimizu T, Takagi C, Sawano T, Eijima Y, Nakatani |, Fujita T, et al.
Indigo enhances wound healing activity of Caco-2 cells via activa-
tion of the aryl hydrocarbon receptor. ] Nat Med. 2021;75(4):833-9. doi:
10.1007/s11418-021-01524-y. [PubMed: 33963491].

Prasad R, Kant V, Kumar D, Gopal A, Ahanger A, Kurade N, et al. Eval-
uation Of Wound Healing Potential Of Curcumin In Excision Wound
Model In Rats. Wound Repair Regen. 2012;20:A35.

Satish AM, M. K ], Gangadhar TV, Ramu R. Evaluation of Wound
Healing Activity of Catharanthus Roseus Aqueous Extract in
Adult Albino Rats. Int | Life Sci Pharma Res. 2021;11(2):146-52. doi:
10.22376/ijpbs/lpr.2021.11.2.P146-152.

Park KS, Park DH. The effect of Korean Red Ginseng on full-
thickness skin wound healing in rats. ] Ginseng Res. 2019;43(2):226-35.
doi: 10.1016/j.jgr.2017.12.006. [PubMed: 30976160]. [PubMed Central:
PMC6438823].

Yuan Y, Das SK, Li M. Vitamin D ameliorates impaired wound
healing in streptozotocin-induced diabetic mice by suppressing
NF-kappaB-mediated inflammatory genes. Biosci Rep. 2018;38(2).
doi: 10.1042/BSR20171294. [PubMed: 29330224]. [PubMed Central:
PMC5835716].

Sia DK, Mensah KB, Opoku-Agyemang T, Folitse RD, Darko DO.
Mechanisms of ivermectin-induced wound healing. BMC Vet Res.
2020;16(1):397. doi: 10.1186/s12917-020-02612-z. [PubMed: 33081763].
[PubMed Central: PMC7576857].

Iran | Pharm Res. 2022; 21(1):e127665.

29.

30.

3L

32.

34.

Mazumdar S, Ghosh AK, Dinda M, Das AK, Das S, Jana K, et al. Evalu-
ation of wound healing activity of ethanol extract of Annona reticu-
lata L. leaf both in vitro and in diabetic mice model. ] Tradit Comple-
ment Med. 2021;11(1):27-37. doi: 10.1016/j.jtcme.2019.12.001. [PubMed:
33511059]. [PubMed Central: PMC7817713].

LazaroJL,1zzoV,Meaume S, Davies AH, Lobmann R, Uccioli L. Elevated
levels of matrix metalloproteinases and chronic wound healing: an
updated review of clinical evidence. ] Wound Care. 2016;25(5):277-87.
doi: 10.12968[jowc.2016.25.5.277. [PubMed: 27169343].

Simonetti O, Cirioni O, Lucarini G, Orlando F, Ghiselli R, Silvestri
C, et al. Tigecycline accelerates staphylococcal-infected burn wound
healing through matrix metalloproteinase-9 modulation. | Antimi-
crob Chemother. 2012;67(1):191-201. doi: 10.1093/jac/dkr440. [PubMed:
22065244].

Masson-Meyers DS, Andrade TAM, Caetano GF, Guimaraes FR, Leite
MN, Leite SN, et al. Experimental models and methods for cuta-
neous wound healing assessment. Int | Exp Pathol. 2020;101(1-2):21-
37. doi: 10.1111fiep.12346. [PubMed: 32227524]. [PubMed Central:
PMC7306904].

. Soliman AM, Lin TS, Ghafar NA, Das S. Virgin coconut oil and diabetic

wound healing: histopathological and biochemical analysis. Eur |
Anat. 2018;22(2):135-44.

Wagner VP, Webber LP, Ortiz L, Rados PV, Meurer L, Lameira OA, et al.
Effects of Copaiba Oil Topical Administration on Oral Wound Heal-
ing. Phytother Res. 2017;31(8):1283-8. doi: 10.1002/ptr.5845. [PubMed:
28635033).


http://dx.doi.org/10.1007/s11418-021-01524-y
http://www.ncbi.nlm.nih.gov/pubmed/33963491
http://dx.doi.org/10.22376/ijpbs/lpr.2021.11.2.P146-152
http://dx.doi.org/10.1016/j.jgr.2017.12.006
http://www.ncbi.nlm.nih.gov/pubmed/30976160
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6438823
http://dx.doi.org/10.1042/BSR20171294
http://www.ncbi.nlm.nih.gov/pubmed/29330224
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5835716
http://dx.doi.org/10.1186/s12917-020-02612-z
http://www.ncbi.nlm.nih.gov/pubmed/33081763
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7576857
http://dx.doi.org/10.1016/j.jtcme.2019.12.001
http://www.ncbi.nlm.nih.gov/pubmed/33511059
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7817713
http://dx.doi.org/10.12968/jowc.2016.25.5.277
http://www.ncbi.nlm.nih.gov/pubmed/27169343
http://dx.doi.org/10.1093/jac/dkr440
http://www.ncbi.nlm.nih.gov/pubmed/22065244
http://dx.doi.org/10.1111/iep.12346
http://www.ncbi.nlm.nih.gov/pubmed/32227524
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7306904
http://dx.doi.org/10.1002/ptr.5845
http://www.ncbi.nlm.nih.gov/pubmed/28635033

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Experimental Procedure
	3.1.1. Excision Wound Model
	3.1.2. Evaluation of Wound Closure

	3.2. Subjects and Experimental Groups
	3.3. Vascular Endothelial Growth Factor and Matrix Metalloproteinase-9 Analysis in Wound Explants
	3.4. Vascular Endothelial Growth Factor and Matrix Metalloproteinase-9 Analysis in Serum Samples
	3.5. Histopathological Evaluation
	3.6. Statistical Analysis

	4. Results
	4.1. Wound Closure Rates
	Figure 1

	4.2. Vascular Endothelial Growth Factor of Wound Explants
	Figure 2

	4.3. Matrix Metalloproteinase-9 of Wound Explants
	Figure 3

	4.4. Vascular Endothelial Growth Factor and Matrix Metalloproteinase-9 of Serum Samples
	Figure 4

	4.5. Histopathological Findings
	Figure 5
	Table 1


	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 

	References

