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Abstract

Purpose: The purpose of this study is to investigate the
healing impact of an ointment derived from the A/kanna
tinctoria  plant  upon  Pseudomonas  aeruginosa-induced
infections.

Material and Methods: In this study, 18 male adolescent
rats (mean age 6 weeks) weighed an average of 180 g were
used. Animals were divided into 3 groups. Group 1:
Control group (consisting of burns, no treatment was
done), Group 2 (P. aernginosa): Burn was created and
infected with P. aeruginosa, Group 3 (Cream): P. aernginosa
was used to infect the butns area and the herbal mixture
was administered twice a day, once in the morning and
once in the afternoon. Under anesthesia, the backs of the
rats were shaved, and a specially produced steel bar with a
diameter of 1*1 cm was immersed in boiling water for 15
seconds before being applied to their backs for 20 seconds.
The burned area was subsequently infected with the ATCC
Pseudomonas aeruginosa strain, and samples were collected 24
hours later. To detect bacterial growth in this area, the
samples were inoculated on blood and EMB (Eosin
Methylene Blue) media in a microbiology laboratory. After
inoculation, the animals were placed in separate sterile
cages and randomly divided into three groups. Once the
growth was observed, the tissue and blood samples were
harvested from the rats on the 20d, 7th) 14t and 215t days.
Results: Epithelial regeneration in this group was more
prominent. Vascularization was remarkable on the 2d day,
especially in the group in where we induced a burn and
applied the ointment. VEGF levels increased more in the
ointment group than in that of others. On the 20d day of
the study, the average bacterial count was 105 in sample of
both 2nd and 3t groups. At the end of the study, while the

Oz

Amag: Alkanna tinctoria bitkisinden elde edilen bir
merhemin Pseadomonas aernginosa kaynakli enfeksiyonlar
tizerindeki iyilestirici etkisini aragtirmaktir.

Gere¢ ve Yontem: Bu calismada ortalama 180 gr
agirhiginda 18 adet erkek ergen sican (ortalama yas 6 hafta)
kullanildt. Hayvanlar 3 gruba ayrildi. Grup 1: Kontrol
grubu (sadece yanik olusturuldu, herhangi bir tedavi
yapimadr), Grup 2 (P. aeruginosa): Yanik olusturuldu ve P.
aeruginosa ile enfekte edildi, Grup 3 (Krem): Yanik
olusturularak P. aeruginosa ile enfekte edilerek bitki karisimi
sabah aksam uygulandi. Anestezi altinda siganlarin sirtlart
tiras edildi ve 6zel olarak tretilmis 1*1 cm capinda ¢elik
cubuk 15 saniye kaynar suda bekletildikten sonra 20 saniye
sirtlarina uygulandi.  Yanan alan daha sonra ATCC
Psendomonas aeruginosa susu ile enfekte edildi ve 6rnekler 24
saat sonra toplandi. Bu alanda bakteri tiremesini saptamak
icin, numuneler bir mikrobiyoloji laboratuvarinda kan ve
EMB (Eosin Metilen Mavisi) besiyerine inokiile edildi.
Asilamadan sonra hayvanlar ayri steril kafeslere yerlestirildi
ve rastgele {i¢ gruba ayrildi. Ureme gériildiikten sonra 2.,
7., 14. ve 21. gunlerde sicanlardan doku ve kan Srnekleri
alind1.

Bulgular:  Merhem  uygulanan  grupta  epitelyal
rejenerasyon daha belirgindi. Ozellikle yanik olusturup
pomad uyguladigimiz grupta 2. giin damarlanma dikkat
cekiciydi. VEGF seviyeleri merhem grubunda digetlerine
gore daha fazla artt. Calismanin 2. giniinde, hem 2. hem
de 3. grup Orneklerinde ortalama bakteri sayist 105°tir.
Calismanin sonunda, 2. gruptaki bakteri sayist ortalamasi
artarken, 3. gruptaki bakteri sayist ortalamasi azalmugtir.
Sonug: A. finctorialdan elde edilen merhemin epitel
dokuyu basarih bir sckilde onardigi ve kanda attan
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average of bacterial count was increased in the 20d group,
the average of bacterial count was decreased in the 3t
group.

Conclusion: It was concluded that the ointment obtained
from A. tinctorial successfully repaired the epithelial tissue
and contributed to the healing of wounds by modifying
increasing VEGF in the blood. However, further research

is needed before this ointment can be highly
recommended for therapeutic usage.

Keywords:. Burn, _Alkanna tinctoria, VEGF, rat,
pseudomonas aernginosa

INTRODUCTION

As far as burn infections are concerned, the burned
wound surfaces become vulnerable to infections
particularly post second-degree burns. For this
reason, eradicating resistant microorganisms detected
on the wound sutrface in burn patients may entail
complicated and long processes for both the doctor
and the patient. Throughout this emotionally tough
process, additional antibiotics may be required to be
given to the patient as part of the treatments launched
upon the diagnosis of a secondary infection at the
wound site. Besides being abundant in nature, the
bacteria of Pseudomonas spp. also cause serious
infections not only for burn victims but also for
immunosuppressive patients as well. These bacteria
are particularly dangerous in the case of hospital-
acquired infections. Herbal and pharmacological
treatments have remained popular today due to the
benefits of antimicrobials applied to the wound
surface. Vascular Endothelial Growth Factors
(VEGFs) atre a family of polypeptides with a highly
conserved receptor-binding cysteine-knot structure
like that of platelet-derived growth factors!.

While inflammatory cell infiltration ceases a few days
after injury, sustained pro-inflaimmatory and
dectreased anti-inflammatory cytokine levels have
been reported in infected wounds during the acute
healing process. Chronic inflammation reduces the
mechanical integrity of the temporary matrix, which
limits the formation of new blood vessels?. The use
of A. tinctoria to treat wounds in traditional medicine
can be traced back to the times of Hippocrates and
Theophrastus. Due to such properties, these active
compounds have received increasing attention in the
pharmaceutical, cosmetic, and food sectors in recent
years®. However, most of the research on A. #inctoria
has focused either on its chemical composition or the
function of the active components.

The effect of herbal mixtures on on burned rat

VEGF'yi modifiye ederek yaralarin iyilesmesine katki
sagladigt sonucuna varddi. Bununla birlikte, bu merhem
terap6tik kullanim icin tavsiye edilmeden 6nce daha fazla
arastirmaya ihtiyag vardir.

Anahtar kelimeler: Yanik, a/kanna tinctoria, VEGF, sican,
psendomonas aeruginosa

It is utilized as a dye in the cosmetic and textile
industries. A. #inctoria roots have been used to cure
wounds since ancient times. Numerous researchers
from all around the globe have investigated plants'
antibacterial properties®. According to the World
Health Organization (WHO), nearly 2000 therapeutic
plants are found in 91 countries. Because of their
expanding popularity in treating or preventing
numerous diseases, medicinal herbs are still used by
rural communities®>. While data on the therapeutic
applications of medicinal plants in Pakistan is scant,
Alkanna tinctoria is being explored for its numerous
therapeutic purposes. However, it remains to be
documented in terms of multidrug-resistant bacteria
activity and phytochemical content’. Plants act as
reservoirs for a wide variety of secondary metabolites
with medicinal qualities, such as alkaloids, flavonoids,
tannins, and terpenoids’.

These secondary metabolites are enantiometic
naphthoquinones that are produced by the roots. In
the phospholipid layer, they split and gather to form
granules. Thus, they can be found in the fungal layer
of mature roots. Besides, their accumulation leads to
the red or putple color of the root®. Furthermore,
compared to other Alkanna species, A. #nctoria
genetates a large quantity of alkannin/shikonin (A/S)
and its detivatives. A/S detivatives play an important
role in the plant's antibacterial activity and establish a
chemical barrier against soil-borne microbes. They
are also recognized to have wound healing,
anticancer, and anti-inflammatory effects’. They
include the active pharmaceutical components of
effective wound-healing medications licensed by
Greece's National Medicines Otrganization!?. These
taken into account, the present study aims to
determine the healing effect of A. #nctorial plant upon
burn wounds to generate A/S for medical
applications considering its therapeutic properties.
The hypothesis of this study is to determine whether
A. tinctoria can accelerate infected wound healing in
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burns due to its anti-inflammatory effect. We think
that our finding on the effect of A. #nctoria on
infected burns will contribute to the literature.

MATERIALS AND METHODS

Sample

This study was approved by the Kafkas University's
Faculty of Veterinary Animal Experiments Local
Ethics Committee with the decision number 2020-92,
in which 18 male adolescent rats (average age 6
weeks) weighing approximately 180 grams were used.
Animals were divided into 3 groups. Group 1:
Control group (no treatment was done), Group 2 (P.
aeruginosay:

Procedure

Burn was created and infected with P. aeruginosa,
Group 3 (Cream): P. aeruginosa was used to infect the
butns area. The herbal mixture was administered
twice a day, once in the morning and once in the
afternoon. (Table 1) The animals were subjected to
standard feeding (ad libitum), housing, and
maintenance conditions in a laboratory setting with
12 hours of light and 12 hours of darkness at constant
temperature and humidity. The rats were divided into
three groups, for which sterile microsurgical sets were

Table 1. Experimental groups and procedures.
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prepared during the surgical procedure and whose
tissues were collected on the 215 day using the punch
biopsy method'!. Then, they were anesthetized via an
aseptic intrapetitoneal infusion of 50 mg/kg
ketamine hydrochloride and 10 mg/kg xylazine
hydrochloride under aseptic conditions. Next, the
backs of the rats were shaved, and the specially
prepared metal with a diameter of Steel 1*1 cm was
immersed in boiling water for 15 seconds before
being applied to their backs for 20 seconds. Finally,
the rats with burns were administered 0.02 micg/kg
subcutaneous 2x1 injections of fentanyl citrate and
analgesics for three days. Our study was launched
once the histological evidence showed that second-
degree burns had been acquired on the skin at the
temperature and time achieved in the pilot study.
Once the burn area had been infected with the ATCC
Pseudomonas aernginosa strain, culture samples were
harvested 24 hours later to determine whether there
was bacterial growth. The samples were then
inoculated in blood and EMB (Eosin Methylene
Blue) media in a microbiology laboratory. The
animals were placed in sterile cages separated after
cultivation before being randomly divided into three
groups. Pollowing the detection of growth, sample
tissues were harvested from the rats using a punch
biopsy on the 20d, 7% 14® and 215 days under
anesthesia. As for the blood samples, they were
collected from the tail vein.

Group Number Groups

Number of rats

1 6 Control Group (consisting of burns)

2 6 P. aernginosa Group (P. aernginosa was used to infect the burns area)

3 6 Cream Group (P. aernginosa was used to infect the burns area. The herbal mixture was
administered twice a day, once in the morning and once in the afternoon)

Histological analysis

The tissue samples were taken from each animal
group (n 6)'2. Under anesthesia through
intraperitoneal administration of 50% ketamine and
10mg/kg of xylazine hydrochloride. The skin area to
be infected was prepared aseptically, and the rats were
then fixed on the operating table in ventral posture
before the designated area could be marked. The
tissue samples were put in formaldehyde and
prepared for histopathological processes after
collection in such a way that the other burn areas
would not be harmed. During 48 hours, the tissue
samples were quickly fixed in 3.7% solution
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formaldehyde. All samples were routinely processed
for histology tissue after fixation. All tissues were
passed to increasing alcohol (50, 60, 70, 80, 96, 99-1
h) series for histological tissue processing. The tissues
were kept in xylene for 15 min three times.
Ultimately, they were held in molten liquid paraffin
that was both soft and firm. Then, each tissue sample
was blocked in paraffin. After that, 5 um thick slices
were taken from each paraffin block. This treatment
was petformed on the 204, 7% 141 and 21+ days. The
sections were stained with hematoxylin and eosin,
Masson trichrome, and Periodic acid sift. The
percentage of epithelialization, scar formation,
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inflammation, and angiogenesis were evaluated in all
the samples!'3.

Hematoxylin and eosin (H&E) staining
protocol

After the deparaffinization process, the slides were
kept in xylene for 30 min. Then, they were put in
three different seties of 96%, 80% and 70% alcohol
respectively for per 10 min. Subsequently, the slides
were retained in hematoxylin dye for 1 min, in Acid-
Alcohol mixture for 1 min, in eosin solution for 1
min, wash in water for 1 min, in 70% alcohol for 10
min, in 80% alcohol 10 min, in 96% alcohol 10 min,
in three separate xylene series for 10 min each,
respectively. At the end this process, and they were
covered with entellan.

Masson trichrome staining protocol

After deparaffinization process, they were kept in
xylene for 30 min, in absolute alcohol for 5 min, in
96% alcohol for 5 min, in 80% alcohol for 5 min, in
70% alcohol for 5 min, in distilled water for 5 min, in
iron hematoxylin + ferric choloride for 10 min, in
distilled water for 5 min, in Ponceu-acid fuchsin
solution for 15 min, in distilled water for 5 min, in
Phosphotungustc acid for 15 min, in aniline blue for
5 min, in distilled water for 5 min, in 70% alcohol for
5 min, in 80% alcohol for 5 min, in 96% alcohol in
80% alcohol for 5 min, absolute alcohol in 80%
alcohol for 5 min, in three separate xylene series for
10 min each, and covered with entellan, respectively.

Periodic Acid-Schiff (PAS staining) protocol

After the deparaffinization process, the slides were
held in xylene for 30 min, in Absolute alcohol for 5
min, in 96% alcohol for 5 min, in 70% alcohol for 5
min, in 80% alcohol for 5 min, in 70% alcohol in 80%
alcohol for 5 min, distilled water for 5 min, Periodic
acid for 5 min, distilled water for 5 min, Sciff's reagent
for 15 min, in running tap water for 5 min, in
Hemotoxylene for 5 min, in 70% alcohol for 5 min,
in 80% alcohol for 5 min, in 96% alcohol for 5 min,
in absolute alcohol for 5 min, in three separate xylene
series for 10 min each, and covered with entellan,
respectively.

Biochemical analysis

The plasma levels of VEGF from the blood samples
having been harvested from the tail vein of the rats
on the 20d, 7t 14t and 215t days were used randomly
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by the enzyme-linked immunosorbent assay method
(ELISA)  (Biosource International,  Nivelles,
Belgium). VEGF levels were measured in the blood
of animals based on the small amount of plasma
sample required for the analysis kit, which has a high
degree of sensitivity and specificity specific to rat
studies.

Statistical analysis

SPSS 20.0 (SPSS 20.0 Software Package Program)
was used to perform the statistical analysis. One-way
ANOVA, Tukey’s test of Post hoc-tests, was used for
comparisons between groups. The threshold for
statistical significance between groups was set at
p<0.05

RESULTS

ELISA findings

When the VEGF levels of groups are concerned, the
cream group had the highest level of VEGF and P.
aeroginose group had the lowest level of VEGF.
There was a statistically significant difference
between groups in terms of VEGF levels (p<0.05)
(Table 2).

Table 2. Comparison of VEGF level between groups.

Groups Mean +SD P
2.day

Cream 0.05+0.05 0.0081%*
P. aeruginosa 0.24+0.01 0.2431
Control 0.37+0.09 0.0001*
7.day

Cream 0.50+0.04 0.0001*
P. aernginosa 0.27+0.03 0.7051
Control 0.52+0.02 0.0001*
14.day

Cream 0.61+0.048 0.0001*
P. aernginosa 0.27+0.04 0.672
Control 0.59+0.007 0.0001*
21.day

Cream 0.72+0.00 0.0001*
P. aeruginosa 0.31+0.00 0.0007*
Control 0.62+0.00 0.0001*

Mean +SD (The mean * standard deviation), cream group (P.
aernginosa was used to infect the burns area. The herbal mixture was
administered twice a day), P. aeruginosa (P. aeruginosa was used to
infect the burns area), Control group (consisting only of burns).
*p<0.05.
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Histopathological findings

Table 2 presents the burn histology scoring. On the
2nd day,all the groups showed acute inflammatory
cells. It was remarkable to see vascularization on the
2nd day, especially in the group in which we had
induced a burn and applied the ointment. On the 7%,
the ointment group showed  considerable
improvement (Table 3). Hair follicles were more
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prominent in this group than in the others. Also,
epithelial regeneration in this group was more
prominent (Figure 1). The areas of inflammation
observed in the control group were noticeable on the
14t day. On the 215t day, not only the dermis but also
the epidermis was normal in the ointment group. In
addition, collagen was normal in Masson trichrome
staining on the 21% day, just as the basement
membrane was normal in PAS staining. (Figure 2).

Table 3. Histopathological scores in burn and treatment groups.

Control P. aeruginosa Cream

Histopathologi

e S 2 [ 7 [ 14 |2t |2 [ 7 [ 2|2 [ 7 14, 2.
P day | day day day | day | day | day | day | day | day day day
Epithelial - - + + - - - + | + ++ +++ o+t
regeneration
Inflammatory cell + + ++ [ ]+ + [ A+ [+ |+ | A | et 4+
Vascularization - - + ++ - - - + + ++ +++ T4+
Keratinization - - + ++ - - + + - + ++ +++

negative, + very mild, ++ mild, +++ mild to moderate, ++++ moderate, +++++ severe.

DAY 14

DAY 7

CONTROL

P.AERUGINOSA

CREAM

Figure 1. A) Control Group, 2 day, Hematoxylin
and eosin staining (H&E), 20x magnification. B)
7t  day, H&E staining, 20x magnification,
convoluted arrow; epithelia. C) 14t day, H&E
staining, 20x magnification, convoluted arrow;
epithelia. D) 21st day, H&E staining, 20x
magnification, convoluted arrow; epithelia. E) P.
aeruginosa Group, 204 day, H&E staining, 20x
magnification. F) 7t day, H&E staining, 20x
magnification, normal arrow; epithelia. G) 14t day,
H&E staining, 20x magnification, normal arrow;

epithelia. H) 21t day, H&E staining, 20x
magnification, normal arrow; epithelia. K)
Ointment  Group (Burn+ P.  aeruginosa
+Ointment), 2 day, H&E staining, 20x

magnification. L) 20d day, H&E staining, 20x
magnification, star; epithelia. M) 21st day, H&E
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staining, 20x magnification, star; epithelia. N) 21st

day, H&E staining, 20x magnification, star;
epithelia.

CONTROL

P.AERUGINOSA CREAM

SR

DAY 21_
PAS STAIN

DAY 21
MASSON TRICHROME

Figure 2. P) Control Group, 21st day, Periodic Acid
Schiff (PAS) staining, 20x magnification R) P.
acruginosa Group. 21st day, PAS staining, 20x
magnification, atrowhead; basal membrane. S)
Ointment  Group (Burn+ P. aeruginosa
+Ointment). 21t day, PAS Staining, 20x
magnification, arrowhead; basal membrane V)
Control Group. 21t day. Masson Trichrome
staining, 20x magnification, thick arrow; ligament
Y) P. aeruginosa Group. 21t day, Masson
Trichrome staining, 20x magnification, thick
arrow; ligament. Z) Ointment Group (Burn+ P.
acruginosa +Ointment). 215t day. Masson
Trichrome staining, 20x magnification, thick
arrow; ligament.
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Microbiology findings

The samples were taken from the wounds with sterile
swab which was inoculated into blood and EMB
medium. On the 274 day of the study, the average

Tablo 4. Results of the P. aeruginosa numbers by days.

The effect of herbal mixtures on on burned rat

bacterial count was 10° in sample of both 27 and 3+
groups. At the end of the study, while the average of
bacterial count was increased in the 2°d group, the
average of bacterial count was decreased in the 3t

group (Table 4).

Control P. acruginosa Cream
DAYS Non infected Infected not threated with mixture Infected and threated with
mixture
DAY 2 - 105 microorganism / ml 105 microorganism / ml
DAY 7 - 105 microorganism / ml 10% m microorganism / ml
DAY 14 - 107 microorganism / ml 103 microorganism / ml
DAY 21 - 108 microotganism / ml 102 microorganism / ml
DISCUSSION healing that stimulate angiogenesis'®. Studies have

A. tinctoria is known for having antimicrobial effects
upon the epidermis, thus being very effective in
treating injuries. Also, it exhibits anticancer and
antithrombotic properties in addition to not having
toxic effects!. The purpose of the present study is to
investigate the effectiveness of A. #nctoria upon
experimentally burned wounds that were infected by
P. aeruginosa. Burned wound treatments aim to
regenerate the vascularization, re-epithelialization,
and collagen production of the burned skin. Scientific
studies conducted thus far have aimed to
demonstrate the therapeutic effects of the direct use
of herbal cures, particulatly those based on plant
mixtures and extracts. Many studies in the literature
have revealed that the epidermis and dermis layers are
severely damaged in burned cases!>. Medicinal herbs,
which are increasingly gaining popularity, particularly
in rural communities, are used not only in curing
various infections but also in preventing them as well.
A. tinctoria is one of these therapeutic plants that is
widely utilized for its medicinal properties across the
Mediterranean countries. _A. finctoria  generates
quinone and phenolic chemicals, as well as
antioxidants, in addition to antibacterial and anti-
inflaimmatory effects!. The present study used the
antibacterial and anti-inflammatory properties of this
plant to add to the literature on the efficacy of herbal
remedies. In experimentally induced lesions, the
epithelialization values of the group given a cream
derived from the .A. Znctoria were statistically more
useful than those in the other groups!’. Another
study into the wound-healing properties of A. #nctoria
has found that this herb boosts the production of
fibroblasts, which is of the most crucial phases of
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also shown that elevated fibroblast activity and
angiogenesis help epithelialization of the wound
more rapidly'. Besides, scientific studies argue that
alkannin and shikonin found in A. #nctoria have a
strong effect on wound healing?. In line with the
literature, the present study demonstrated that the 4.
tinctoria mixture significantly boosted fibroblasts and
angiogenesis compared to the other groups. For this
study, we used Masson's trichrome, a special staining
technique used in wound healing research. Masson's
trichrome staining is widely used in pathology
laboratories to distinguish between collagen and
smooth muscle in tumors and to determine collagen
growth in such diseases as cirrhosis. It is also a type
of staining commonly used for liver and kidney
tissues?!. Given that the staining process in question
shows the migration and restructuring of collagen
fibers in the skin following a burn, it is crucial in
detecting wound healing??. This staining is used to
identify collagen fibers as well as other skin
components such as dark hair follicles and adipose
tissues?>. In this study, the relevant data were used to
determine the wound healing score once the
structures were detected thanks to this staining. The
basement membrane, which plays a crucial role in
burn healing, is responsible for fusing the epidermis
and dermis. Therefore, the recovery takes the form
of a scar if this membrane has been damaged during
the burn.

The present study performed the Periodic Acid Schiff
staining to highlight the burns-induced basal
membrane damage. The ointment group had the
most regular basement membrane of all study groups.
Traditional Chinese medicine is widely used in the
treatment of wounds in clinical practice due to its
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beneficial effects in China and other Asian countries.
Traditional Chinese medicine is commonly used in
wound healing due to its established advantages not
just in China but also in other Asian countries as well.
However, compelling evidence for safe application is
lacking and its mechanisms remain to be clarified.
Excisional wounds have long been associated with
disturbed tissue integrity, resulting in vascular injury.
Fibrin fibronectin promotes clot formation and
platelet uptake. As a result, it regulates growth factors
and cytokines, including VEGF and bFGF?.
Granulation tissue formation is known to promote
wound healing, which is also aided by vascular
endothelial and fibroblast cells. It is commonly
believed that VEGF stimulates endothelial cell
proliferation and migration, promotes vascular
permeability and angiogenesis, and increases collagen
deposition?. Repair of scar tissue occurs through the
proliferation of many extracellular matrix proteins
and fibroblast cells, which are growth factors?.
Angiogenesis, which is required for wound healing,
feeds new tissue with both oxygen and metabolites.
Furthermore, it eliminates metabolic waste
products?®. VEGF is crucial to facilitate oxygen and
nutrient delivery by enhancing angiogenesis during
wound  healing and  tissue  regeneration®.
Furthermore, VEGF also mediates
hyperpermeability and promotes the secretion of
both active growth factors and cytokines that are
essential for wound repair®. In our study, in which a
burn model was created, the VEGF growth factors
were significantly higher in the ointment group than
in the normal wound group (p<0.05). Our
histopathological results also demonstrated that re-
epithelialization was higher in the ointment group
than the others (p<<0.05), which also confirmed our
ELISA results. As a result, we suggest that this cream
should be used in clinical settings. However, further
research is needed before this ointment can be highly
recommended for therapeutic usage. An important of
the limitations of our study is not to check the VEGF
levels by using Real Time PCR. In order to apply the
cream, we studied in this study, especially against the
hospital infection that occurs on burns area, we need
to evaluate more advanced techniques.
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