The Journal of Medicinal Plants and By-products

Original Article IMPS

Burn Wound Healing Effect of Traditionally Used Persian Medicine Ointment
Containing Herbal Extracts and Yogurt Butter
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ABSTRACT @

This study aimed to assess the burn healing efficacy of this traditionally used foffnulation ointment) in deep second-degree burns
in a Florida white rabbit model. On the dorsal surface of the two rabbits, six b f the same size were inflicted. Herbal ointment
was applied to the wounds on the right side, and silver sulfadiazine was applied to%the nds on the left side. On the 5™ and 18" day of
the treatment, the burn wound site was excised in a square shape with ana urreunding healthy skin for histopathological examination.
At the end of day 18 of the treatment period, all the ulcers in the tr; ointment group were covered entirely with epithelial
tissue, while in the silver sulfadiazine group, the mean and SD of tf diameter were (1.4 £+ 0.1). The duration of pain, blister, and
open wound in the silver sulfadiazine group was 6, 8, and 18 days; howe in the traditional herbal ointment group, on the second day,
none of these complications were observed. Regarding th ical findings, epithelial tissue renewal on day 18" was 6.63 + 0.74 in

the traditional herbal ointment group compared to 4.93 + 0. he sllver sulfadiazine (P<0.05). The findings indicate that the traditional
herbal ointment can reduce the duration of the wound“ealing ess as well as the complications, including pain and blister formation.
The pathological findings also suggest better epitheli e renewal in the traditional herbal ointment group.
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INTRODUCTION
Burn injuries are the most widespread i
with immune and inflammatory res e

ith significant morbidity and mortality. Burns, especially severe burns, are associated

stabolic alterations, and distributive shock, which are difficult to manage and can lead to

multiple organ failures. Injuries gffect ly the patient’s physical health but also their mental health and quality of life [1, 2]. A patient

with burn ulcers is therefore ot 8gnsidered to have recovered once the wound has healed, as burns result in significant long-term changes
nmd

that must be addressed to optimize quality of life [3, 4]. Many topical treatments for burns are already available worldwide, including 1%
silver sulfadiazine, moist oi for exposed burns (MEBO), 10% mafenide acetate cream, and povidone-iodine [1, 5].

Silver sulfadiazine ha ed since 1968 to reduce the risk of infection in burn wounds and has a broad spectrum of antimicrobial
activity. This ointment Ns an antibacterial effect, is easy to use, and doesn’t cause pain or a burning sensation during application. However,
dressings made with silver sulfadiazine often produce scars due to their adhesion to the wound surface and cause a delay in the wound
healing process by disrupting keratinocyte regeneration. Other side effects include leukopenia, silver poisoning, increased pigmentation,
skin discoloration, drug resistance, epidermal necrolysis, neutropenia, failure of the skin to return to its original state, delay in the
separation of scar tissue from the skin, and the possibility of fungal infection has been reported in some patients [6-8].

Several natural products such as honey, beeswax, olive oil, and butter [9, 10], and herbal medicine such as Aloe vera [11], green tea [12],
Teucrium polium [13, 14] and curcumin [15] have been reported to treat burns in laboratory and clinical studies.

The application of Persian medicine formulations for the treatment of burn wounds in Iran has a long history. One such formulation, which
is prescribed for treating burn wounds, is a combination of natural fatty substances such as yogurt butter, olive oil, turmeric, and beeswax.
All of these components have been shown to have positive effects on the wound healing process due to their antioxidant, anti-
inflammatory, and anti-microbial effects [10, 16-19]. The mixture of olive oil and beeswax has been traditionally used in various countries,
such as Egypt [20] and Turkey [9] to treat burn wounds. Olive oil is rich in fatty acids, vitamin E, and phenol compounds with
antimicrobial, antioxidant, and anti-inflammatory activities [21]. Beeswax also contains flavonoids, with antioxidant and antibacterial




properties, and can regulate cytokine production [10, 20]. The fatty acids can play a significant role in the acceleration of the wound
healing process [10, 20]. Turmeric and its active component have been reported to have therapeutic effects on burn pain and wound healing
[15, 22]. Since burn wound treatment has always been problematic and effective drugs that simultaneously control infection, reduce pain,
accelerate wound healing, and prevent hypertrophic scars are still lacking, the introduction of new materials for burns remains vital [23,
24]. The present study aimed to investigate the effects of herbal ointment on burn wounds compared with silver sulfadiazine in an animal
model.

MATERIALS AND METHODS

Ointment Components

The traditional method of preparation was used to prepare the ointment. In this method, the yogurt butter (40%), olive oil (Olea europaea)
(40%), turmeric powder (Curcuma longa) (5%), and beeswax (Cera alba) (5%) were mixed at a temperature of 60 degrees Celsius. Then
the ointment was poured into sterilized tubes and stored at room temperature until use.

Animal Studies
Two healthy white Florida rabbits with an average weight of 2 kg were purchased from the animal house of Alborz University of Medical
Sciences and placed in separate cages one week before the start of the experiment to acclimate them to the environmental and dietary
conditions of the laboratory.
24 hours before burn wound induction, the dorsal surface of the animals was shaved with an electric shaving machine, f d by the
application of a depilatory cream for complete hair removal. To induce burn wounds, the animals were anest tﬁe&ﬂ'

injection of ketamine (100 mg/kg) and xylazine (10 mg/kg).
On the dorsal surface of each of the two rabbits, six standardized second-degree burn wounds of equal size
and three wounds on the left side) were created using the method described by Kaufmann et al. [25].

At that time, square-shaped instruments with a diameter of 1.5 cm were immersed in 75 °C water to_pre
with the rabbits’ shaved skin for exactly 5 s, the pressure exerted being solely due to the weigh

Treatment Groups
Burn wounds on the right side of the dorsal surface were randomly assigned to herbal ointment and the”left side to silver sulfadiazine.
Sufficient amounts of herbal ointment were applied to the right burn wound and silver sulf% to the left wound.

Wounds were dressed using band-aid, and dressings were changed every day. The r

access to food and water. Each wound is considered an experimental unit. InNghi
effects (after 5 days of burn ulcer) and one animal to examine the late effects of t

ept in two separate cages and had free
ome animal was selected to observe the early
t (after 18 days of burn ulcer).

Assessing the Size of the Wounds
The initial wounds were created by a square-shaped instrument, and re supposed to have four dimensions of the same size;
however, during the treatment process, the shape of some of the w nged. The size of the wounds was measured each day by
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Fig. 1 Standard ruler used for daily measurement of the wound size (18" day).

Assessing the Pain

Surgical forceps were used to mechanically stimulate the surrounding skin of the burn wound, and the behavior of the animals was analyzed
to assess if they were feeling pain. We observed pain-like behaviors, including agitation, increased grooming in the affected area, or the
withdrawal of a body part [26]. The findings were recorded systematically as either yes or no regarding the presence of pain, with
assessments conducted daily.

Assessing the Complications



The general condition of the wounds was observed daily, and any alterations, including the presence of infection, blister, scab, or callus
formation, were recorded.

Histopathology

One rabbit was euthanized in a state of unconsciousness on the 5™ day, and another on the 18™ day of the treatment period. The burn
wound repair site was cut and separated with a narrow surrounding healthy skin.

The removed tissue samples were fixed in 10% buffered formalin and sent to the pathology laboratory for histological studies. The criteria
for evaluation of homeostasis, grading of epithelial tissue regeneration, degree of inflammation, and the process of fibroplasia in the repair
site are described in Table 1.

Table 1 Histopathological grading of hemostasis, regeneration of epithelial tissue, reduction of the severity of edema and fibroplasia at the site of burn
repair.
Evaluation of homeostasis
1. Bleeding in the wound more than half of the microscopic field with low magnification (x10)
2. Bleeding in the wound between one quarter and one half of the microscopic field with low magnification (x10)
3. Bleeding in the wound is less than a quarter of the microscopic field with low magnification (x10)
4. Bleeding is limited to the edges of the surgical incision
5. Partial bleeding only in a part of the cut
6. Absence of bleeding N
Grading of epithelial tissue regeneration -
1. Absence of epithelial tissue regeneration
2. Observing the beginning of regeneration of the epithelial tissue from the edges of the wound
3. Regeneration of the epithelial tissue so that it covers about a quarter of the wound surface.
4. Regeneration of the epithelial tissue so that it covers about half of the wound surface.
5. Regeneration of the epithelial tissue so that it covers about three-quarters of the wound surface.
6. Regeneration of the epithelial tissue so that it covers the entire surface of the wound with irregula ess inappropriate quality and
organization.
7. Regeneration of the epithelial tissue so that it covers the entire wound properly and with good quality and organization.
Degree of reduction of inflammation
1. Perivascular infiltration and observation of edematous cells in more than half of the microscopi
2. Perivascular infiltration and observation of edematous cells in the range between a quart
magnification (x10)
3. Perivascular infiltration and observation of edematous cells less than a quarter of t 1Ck@SC!
4. Partial and scattered infiltration of tumor cells inside the connective tissue

5. Absence of inflammation
The process of fibroplasia in the repair site \J y

Wiew with low magnification (x10)
alf of the microscopic field of view with low

iC field of view with low magnification (x10)

1. Absence of fleshy bud tissue

2. The initial appearance of fleshy bud tissue at the wound site
3. Expansion of fleshy bud tissue full of vessels and cells Q
4. The initial appearance of collagen fibers \

5. Expansion of collagen fibers

6. Accumulation, density, and creating order in collagen f
7. Appearance of skin appendages in scar tissues /%

Ethical Issues
Ethical approval was obtained from the niversity of Medical Sciences, Karaj, Iran (Ethical Code: IR.ABZUMS.AEC.1401.003).
All the experimental procedures wer u by the internationally accepted principles for laboratory animal use and care as found in
the European Community GuideQ EE@Directive of 1986; 86/609/EEC).

Statistical Analysis

Data are expressed D) The normality of the data was examined by the Kolmogorov-Smirnov statistic test, and the parametric
test was selected for Istributed data and the non-parametric test for data with non-normal distribution. The statistical significance
between the proportiondf wolind closure on the 181 day and histopathological scores in two treatment groups was analyzed by independent
samples T-test and Man hitney U Test, respectively, using SPSS version 26 software (SPSS Inc., Chicago, IL, USA). A P-value <0.05
was considered statistically significant. The work has been reported by the ARRIVE guidelines (Animals in Research: Reporting In Vivo
Experiments) [27].

ean

RESULTS

Wound size

As it shown in Figure 1, the appearance of the wounds in the two groups was different from the first day after treatment. This difference
was obvious on the 5™ day when the right side wounds (herbal ointment group) were closed and the left side wounds (Silver sulfadiazine
group) were open with blisters and significant tenderness. On day 5, the bed of ulcers in the herbal ointment group was completely covered
by granulation tissue, and the squamous cells were expanding from the margins of the ulcers to the center. While in the silver sulfadiazine
group, the bed of the ulcers was partially covered with granulation tissue and a scab on top of them. These findings, along with data from



clinical assessments including wound size and complications of the wounds, suggest a faster and better healing process in the herbal
ointment group.

The initial diameter of the wounds was 1.5 cm. On the first day, the mean and SD of the wound size in the herbal ointment and silver
sulfadiazine groups were 1.13 + 0.12 and 1.25 * 0.08, respectively. On the 18™ day, the wounds in the herbal ointment group were
completely closed, while the mean and SD in the silver sulfadiazine group were 1.4 + 0.10. Based on the results, on the 18™ day, the
severity of swelling and bleeding in the healing site of the burn wound was reduced in both groups and was limited just to the surface and
edges of the wounds. Although this reduction was significant in the herbal ointment group.

The difference between wound closure in the two studied groups was significant (P<0.001). The wound size difference between herbal
ointment and silver sulfadiazine during the study period is presented in Figure 2.
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Fig. 2 Comparison of the average wound size of herbal ointment (blue line) and silver sulfadiazine (red lig), in each dF the two groups of silver sulfadiazine
and herbal ointment. At first, we had two rabbits with 6 wounds in each treatment group. On the fifth d econtinued the study with one rabbit, i.e., with
6 burn wounds, three in each treatment group. [

Complications \

None of the wounds were infected during the study period in both groups. T u of other assessed complications, including pain,
blister, open wound, scab, and callus, is presented in Figure 3. The £xpansi collagen fibers and the maturation of connective tissue
: e wounds treated with silver sulfadiazine, and in this way,
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Fig. 3 Timeline of the frequency of presence of pain, blister, open wound, scab, and callus in each of the two groups of silver sulfadiazine and herbal
ointment (The upper side shows the wounds treated with silver sulfadiazine and the lower side includes the wounds treated with the herbal ointment) - At
first we had two rabbits with 6 wounds in each treatment group, on the fifth day we continued the study with one rabbit, i.e. with 6 burn wounds, three in
each treatment group.



Histopathological Findings

On the fifth day of the experimental period, no significant difference was observed in terms of wound healing between the silver
sulfadiazine and herbal ointment. In both groups, the bed of the ulcers was covered by blood clots containing fibrin and blood cells, and
the surface of the wounds was covered by scabs, made of accumulated and dense corneal material and necrosed tissue deposits. Hyperemia
and severe edema with the presence of neutrophils indicated the formation of a fibrinous and purulent discharge in the wound healing site.
In the treatment group with herbal ointment, the beginning of epithelial tissue regeneration was visible from the edges of the wound.
However, at this stage, no effect of epithelial tissue regeneration was observed in the wounds treated with silver sulfadiazine (Figure 4).
Regarding these results on the 18™ day, the advantages of the herbal ointment were clear in all the pathological indexes, including
homeostasis, reduction of inflammation, fibroplasia, and re-epithelialization. Scab and callus were also apparent on the wounds of the
silver sulphadiazine group, while the skin appearance was partially normal in the herbal ointment group. According to the obtained results,
herbal ointment showed more efficiency in inducing the healing process in burn ulcers and resulted in better scar formation than silver
sulfadiazine.

Fig. 4 a) Microscopic view of the burn wound site, treated with the herbal ointment o e ation tissue and
epithelialization expanding from the borders to the center of the wound. Certain hyperemia ed in the deeper tissues of this area (Hematoxylin-
eosin, x 120 magnification). b) Microscopic view of the burn wound site treated with sijug ine on day 5. The surface of the wound is covered by
a scab consisting of a blood clot containing coagulated fibrin, inflammatory cg of necrotic tissues. A specific hematoma is observed in
the superficial parts of this area. The bed of the ulcer is covered by granulati@ e){Hematoxylin-eosin, x120 magnification).

The comparison of the healing degree of skin on the 51 day of the trea
Table 2. It indicates an overall augmented improvement i
was seen in the herbal ointment compared with the silv
reduction of Inflammation (P= 0.194), and fibroplasi
however, all of these factors were shown to be slightl

at period based on histopathological parameters is shown in
th | ointment group. A significant enhanced epithelial tissue renewal

ine group (P<0.001). The difference of homeostasis (P= 0.448),
was not significant between silver sulfadiazine and herbal ointment;

Table 2 Histopathological parameters on day 5 of tmeént (mean * SD).
Repair index Homeos Reduction of Inflammation Fibroplasia Epithelial tissue renewal
Group
Silver sulfadiazine (n=3) 2. . 189+0.21a 298+0.19a 1.10+0.06 a
Herbal ointment (n=3) 3.%7 217+0.23a 366+040a 2.13+0.14b
44 0.194 0.056 <0.001

]

P value %
Different letters in each columnsingi ignificant difference (P<0.05).
m

On the 18" day of t eriod, the severity of swelling and bleeding in the healing site of the burn wound was reduced in both
types of treatment an ited only to the surface and edges of the wound, but this reduction was higher in the treatment with herbal
ointment (Table 3). All the assessed factors, including homeostasis, reduction of inflammation, fibroplasia, and epithelial tissue renewal,

were significantly better in the herbal ointment group.

Table 3 Burn wound recovery on the day 18" of the treatment period based on histopathological parameters (mean + SD).

Repair index Homeostasis Reduction of Inflammation Fibroplasia Epithelial tissue renewal
Group
Silver sulfadiazine (n=3) 315+037a 292+027a 3.84+0.16 a 4.93+0.48a
Herbal ointment (n=3) 510+0.24b 446+0.24b 574+0.49b 6.63+0.74 b
P value <0.001 <0.001 0.003 0.029

Different letters in each column indicate a significant difference (P<0.05).

In the wounds treated with silver sulfadiazine, the continuation of epithelial tissue regeneration was visible from the edges of the wound,
and the wound surface was partially covered by new epithelial tissue. Granular connective tissue had completely occupied the space inside
the wound, and the appearance of very fine collagen fibers could also be seen from the side of the tissue adjacent to the repair tissue. The



expansion of collagen fibers and the maturation of connective tissue in wounds treated with herbal ointment showed more progress than
in wounds treated with silver sulfadiazine, and mature granular tissue organized with thick, dense, regular collagen fibers filled the deeper
space of the wound. A marked finding in the wounds treated with herbal ointment was the coverage of the entire surface of the wound by
new epithelial tissue; however, this epithelial tissue, especially in the middle part, was disorganized and lacked corneous substance. On
the sides of the wounds treated with herbal ointment, skin appendages, including hair follicles, appeared in the vicinity of the scar tissue
(Figure 5).

Fig. 5 a) Microscopic view of the burn wound site, treated with the herbal ointment on the 18" day. The relatively organized eIiaI tissue of
the new foundation has completely covered the surface of the wound. The wound space is also occupied by relat §7granulation tissue.
Inflammatory cells are visible to some extent, and mild to moderate hyperemia is observed in the superficial parts of t a e (Hematoxylin-eosin,
%120 magnification). b) Microscopic view of the burn wound site, treated with silver sulfadiazine on the 184 ‘%ous epithelial tissue of the
new foundation has covered most of the wound surface, and only a small part of the wound surface lacksnéw epithelialti§sue and is covered by a scab
consisting of a blood clot containing coagulated fibrin, edematous cells, and the remains of necrotic tissues. Thefwound space is completely occupied by
relatively mature granulation tissue and fibrous strands. Inflammatory cells are visible, and moderate hyperemia is alSprobserved (Hematoxylin-eosin, x120

magnification). %
9

DISCUSSION
Wound healing is an important physiological process for maintaining skin inte
wound healing involves three sequential but overlapping phases, includingsthe
remodeling phase. Wound-healing disorders, such as excessive woupesh
cause unsatisfactory consequences for the patients [28]. Several expe stygties have provided insights into wound healing [3, 29].
The present study was conducted to investigate the effects of a tra erbal ointment containing a mixture of yogurt, olive oil,
turmeric powder, and beeswax on the healing process of burn wounds. 6intment has been traditionally used in the treatment of burns
since ancient times. In this study, the histopathological cha %skin after wound induction were examined in two stages on the fifth
and eighteenth days after treatment. This study demg stra& traditional herbal ointment containing yogurt butter and medicinal
extracts significantly outperforms silver sulfadiazineAiy, promoting burn wound healing, as evidenced by accelerated wound closure,
enhanced epithelial regeneration, and superior histop' al recovery.

By day 18, wounds treated with the herbal ,0in achiéved complete closure, whereas silver sulfadiazine-treated wounds remained
unhealed (1.4 + 0.10 cm; P<0.001). Early % were notable by Day 5, with the herbal group showing initiation of epithelial
regeneration, which was absent in the si azine-treated group (Figure 4, Table 2). Also, by day 18, the herbal ointment group
exhibited complete epithelial covera% collagen fibers, and reappearance of skin appendages (e.g., hair follicles; Figure 5). In

u

idents and deliberate interventions. Normal
tasis/inflammatory, the proliferative, and the
rophic scars and keloids) or chronic wounds, will

contrast, silver sulfadiazine-treated s&till had partial epithelial gaps and immature collagen. The herbal ointment showed
significantly higher reduction in{infl ion (4.46 vs. 2.92; Table 3), likely due to phytochemicals modulating neutrophil infiltration
(Figure 4). Neither group experi infections, but the herbal ointment reduced blistering and scabbing (Figure 3), suggesting better
preservation of wougnd bed %y.

As proposed mecha r yogurt butter, its lactic acid and lipid content (as part of the postbiotic content in yogurt, originating from
native probiotics) lik tains a moist wound environment, facilitating cell migration, reducing scab formation, and eliminating
infection [30-37]. In casgyof herbal extract, bioactive compounds of olive (e.g. phenolic compounds) [31, 38], turmeric [39, 40], and also
beeswax [41, 42] may have stimulated fibroblast proliferation and collagen synthesis, as reflected in the higher fibroplasia score (5.74 vs.
3.84; P<0.05; Table 3). In a similar study, Bayir et al. (2019) studied the effects of beeswax, olive oil, and butter impregnated bandage on
burn wound healing. The results showed that the Beeswax—olive oil-butter (BOB) treatment increased TGF-B1 and VEGF-a expressions
compared to the burn group. The histopathological analyses indicated that the epidermis and dermis layers were injured due to the burn.
BOB treatment improved the regeneration of these layers and increased fibroblast activity and keratinization, which play an important
role in the new blood vessels [10]. The results of this study are largely consistent with the present study.

In an experimental study on rats, using crocodile oil burn ointment, accelerated wound closure, and it had anti-inflammatory and analgesic
effects compared to silver sulfadiazine [3]. In another study, the effect of Aloe vera, milk, and honey mixture was investigated on second-
degree burns. The result showed that the ointment accelerated wound closure rate, cell proliferation, revascularization, and collagen fiber
density in treated animals. It also reduced wound discharge, inflammation, and scarring [43].




CONCLUSION

In conclusion, the results of this study suggest that the herbal ointment may improve wound healing and reduce pain and other
complications of burn wounds. The authors claim that this herbal ointment may be an effective alternative to silver sulfadiazine for the
treatment of burn wounds, provided that further experimental and clinical trials are conducted to assess stronger evidence of its efficacy
and safety.

Acknowledgments
We thank the Vice Chancellor for Research and Technology of Alborz University of Medical Sciences for the scientific support of this
research project.

Medical Ethics
Ethical approval was obtained from the Alborz University of Medical Sciences, Karaj, Iran (Ethical Code: IR.ABZUMS.AEC.1401.003).

Author Contributions
Abbreviations List
MEBO: moist ointment for exposed burns; ECG: European Community Guidelines

Conflict of Interest
The authors declare no conflict of interest.

]
REFERENCES

1. Jeschke M.G., van Baar M.E., Choudhry M.A., Chung K.K., Gibran N.S., Logsetty S. Burn injury. Nature Reviews Disease Pri

2. Burgess M., Valdera F., Varon D., Kankuri E., Nuutila K. The immune and regenerative response to burn injury. Cells: 2@

3. Li H.-L., Deng Y.-T., Zhang Z.-R., Fu Q.-R., Zheng Y.-H., Cao X.-M., Nie J., Fu L.-W., Chen L.-P., Xiong Y.-X. Ev;
wound healing ointment-crocodile oil burn ointment. African Journal of Traditional. Complementary and Alternati

4. Manginstar C.O., Tallei T.E., Niode N.J., Salaki C.L., Hessel S.S. Therapeutic potential of propolis in allg
wound healing in skin burn. Phytotherapy Research. 2024;38(2):856-79.

5. Cancio L.C. Topical antimicrobial agents for burn wound care: history and current status. Surgical Infections. 20

6. Fuller F.W. The side effects of silver sulfadiazine. Journal of Burn Care & Research. 2009;30(3):464-

7. Xie S., Han J., Xie W., Luo G., Shi X., Wang H., Hou H., He X., Hu X., Ji P. Comparing collagenas%ver sulfadiazine in deep second-degree burn
treatment. Archives of Dermatological Research. 2024;316(7):417. °®

8. Nojani M.R., Tabarraei H., Tabari P.Z., Saberfard D., Dineli A., Mosavi S.S., Mojtahedzade
Evaluation of the Effects of a Traditional Combined Ointment on Healing Process of Burn

9. Giimiis K., Ozlii Z.K. The effect of a beeswax, olive oil and Alkanna tinctoria (L.) Tau 1xture’on burn injuries: An experimental study with a control
group. Complementary Therapies in Medicine. 2017;34:66-73.

10. Bayir Y., Un H., Ugan R.A., Akpinar E., Cadirci E., Calik I., Halici Z. Thelg
healing. Burns. 2019;45(6):1410-17.

11. Shahzad M.N., Ahmed N. Effectiveness of Aloe Vera gel compared with 1%
Journal of the Pakistan Medical Association. 2013;63(2):225-30.

12. Xu F.-W,, Lv Y.-L., Zhong Y .-F., Xue Y.-N., Wang Y., Zhang L % Tan W.-Q. Beneficial effects of green tea EGCG on skin wound healing: A
comprehensive review. Molecules. 2021;26(20):6123.

13. Fallah Huseini H., Abdolghaffari A.H., Ahwazi M., Jasep
healing in diabetic rats. The International Journal of Lower B ity Wounds. 2020;19(2):132-38.

14. Fallah Huseini H., Yaghoobi M., Fallahi F., Borouman® F.“EzZati M.H., Tabatabaei S.M., Sotvan H., Ahvazi M., Badiee Aval S., Ziaee M. Topical
Administration of Teucrium polium on Diabetic UlcersiAccelerates Healing: A Placebo-Controlled Randomized Clinical Study. The International
Journal of Lower Extremity Wounds. 2024;23

15. Cheppudira B., Fowler M., McGhee L., Gre es A., Petz L., Devore D., Loyd D.R., Clifford J.L. Curcumin: a novel therapeutic for burn pain and
wound healing. Expert Opin Investig Dru 0):1295-303.

16. Avsar U., Halici Z., Akpinar E., Y vsar U§Harun U., Harun U., Hasan Tarik A., Bayraktutan Z. The effects of argan oil in second-degree burn
wound healing in rats. Ostomy Wouhd Manage. 2016;62(3):26-34.

17. Edraki M., Akbarzadeh A., ei M., Tanideh N., Salehi A., Koohi-Hosseinabadi O. Healing Effect of Sea Buckthorn, Olive Oil, and Their
Mixture on Full-Thickgess Bu%ds. Advances in Skin & Wound Care. 2014;27(7):317-23.

18. Armand N., Amiri H. ili A."The effects of spraying methanol solution and drought stress on level of antioxidant enzyme activity, growth, biomass
and yield of beans (Phasi aris L. cv. COS16). Legume Research-An International Journal. 2016;39(3):385-95.

19. Rad A., Abbasi A., Javady A., Pourjafar H., Javadi M., Khaleghi M. Comparing the microbial quality of traditional and industrial yoghurts. Biointerface
Research in Applied Chemistry. 2020;10(4):6020-25.

20. Moustafa A., Atiba A. The effectiveness of a mixture of honey, beeswax and olive oil in treatment of canine deep second-degree burn. Global Veterinaria.
2015;14(2):244-50.

21. Cicerale S., Lucas L., Keast R. Antimicrobial, antioxidant and anti-inflammatory phenolic activities in extra virgin olive oil. Current Opinion in
Biotechnology. 2012;23(2):129-35.

22. Faroog M.A., Ali S. Therapeutic applications of garlic and turmeric for the diabetic wound healing in mice. 2022.

23. Zhang P., Zou B., Liou Y.-C., Huang C. The pathogenesis and diagnosis of sepsis post burn injury. Burns & Trauma. 2021;9:tkaa047.

24. Jordan K.C., Di Gennaro J.L., von Saint André-von Arnim A., Stewart B.T. Global trends in pediatric burn injuries and care capacity from the World
Health Organization Global Burn Registry. Frontiers in Pediatrics. 2022;10:954995.

25. Kaufman T., Lusthaus S.N., Sagher U., Wexler M.R. Deep partial skin thickness burns: A reproducible animal model to study burn wound healing. Burns.
1990;16(1):13-16.

26. Johnson C. Research Tools for the Measurement of Pain and Nociception. Animals (Basel). 2016;6(11).

27. Kilkenny C., Browne W.J., Cuthill I.C., Emerson M., Altman D.G. The ARRIVE guidelines animal research: reporting in vivo experiments. PLoS Biology.
2010;8(6):e1000412.

S. (11):1-25.
3.
effectiveness in a novel
ines»2017;14(1):62-72.
ry response and promoting

dlphadiazine cream as burn wound dressing in second degree burns.

‘Yaghoobi M., Ziaee M. Topical application of Teucrium polium can improve wound




28. Wang P.H., Huang B.S., Horng H.C., Yeh C.C., Chen Y.J. Wound healing. Journal of the Chinese Medical Association. 2018;81(2):94-101.

29. Sorg H., Tilkorn D.J., Hager S., Hauser J., Mirastschijski U. Skin Wound Healing: An Update on the Current Knowledge and Concepts. European Surgical
Research. 2017;58(1-2):81-94.

30. Harding C.R., Rawlings A.V. 18 Effects of Natural Moisturizing Factor and Lactic Acid Isomers on Skin Function. Dry Skin and Moisturizers. 2000:187.

31. Nguyen T.T.T., Ghosh C., Hwang S.-G., Tran L.D., Park J.S. Characteristics of curcumin-loaded poly (lactic acid) nanofibers for wound healing. Journal
of Materials Science. 2013;48:7125-33.

32. Saravanan P., Balachander N., K K.R.S., S S., S R. Anti-inflammatory and wound healing properties of lactic acid bacteria and its peptides. Folia
Microbiologica. 2023;68(3):337-53.

33. Porporato P.E., Payen V.L., De Saedeleer C.J., Préat V., Thissen J.-P., Feron O., Sonveaux P. Lactate stimulates angiogenesis and accelerates the healing
of superficial and ischemic wounds in mice. Angiogenesis. 2012;15:581-92.

34. Wang Z., Zhao F., Xu C., Zhang Q., Ren H., Huang X., He C., Ma J., Wang Z. Metabolic reprogramming in skin wound healing. Burns & Trauma.
2024;12:tkad047.

35. Abdolhosseinzadeh E., Dehnad A.R., Pourjafar H., Homayouni A., Ansari F. The Production of Probiotic Scallion Yogurt: Viability of Lactobacillus
Acidophilus Freely and Microencapsulated in the Product. Carpathian Journal of Food Science & Technology. 2018;10(3).

36. Rad A.H., Hosseini S., Pourjafar H. Postbiotics as dynamic biological molecules for antimicrobial activity: A mini-review. Biointerface Research in
Applied Chemistry. 2022;12(5):6543-56.

37. Homayouni-Rad A., Azizi A., Oroojzadeh P., Pourjafar H. Kluyveromyces marxianus as a probiotic yeast: A mini-review. Current Nutrition & Food

38. Melguizo-Rodriguez L., de Luna-Bertos E., Ramos-Torrecillas J., lllescas-Montesa R., Costela-Ruiz V.J., Garcia-Martinez O. Potenti f phenolic
compounds that can be found in olive oil on wound healing. Foods. 2021;10(7):1642. °

40. Mahmudi G., Nikpour M., Azadbackt M., Zanjani R., Jahani M., Aghamohammadi A., Jannati Y. The impact of turmeric crei @Of caesarean
scar. The West Indian Medical Journal. 2016;64(4):400.
2023;22(8):2166-73.

42. Shuban F.S., Idris M.1. Fabrication of natural and bio-based wound healing material from alginate and beg,

43. Farzadinia P., Jofreh N., Khatamsaz S., Movahed A., Akbarzadeh S., Mohammadi M., Bargahi A. Anti-infla

Aloe vera, honey and milk ointment on second-degree burns in rats. The International Journal of Lower Extremity

a reSehted at the AIP Conference

Science. 2020;16(8):1163-69.
39. Akbik D., Ghadiri M., Chrzanowski W., Rohanizadeh R. Curcumin as a wound healing agent. Life Sciences. 2014;116(1):
41. Nong Y., Maloh J., Natarelli N., Gunt H.B., Tristani E., Sivamani R.K. A review of the use of beeswax in skincare. Jo m osmetic Dermatology.
Proceedings. 2024.
atory and wound healing activities of
unds. 2016;15(3):241-47.



