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Abstract

Pseudomonas aeruginosa (P. aeruginosa) is one of the most important microorganisms causing
burn wound infection. Due to the rapid increase in resistance to the currently used antimicrobial agents,
finding new antibiotics is one of the research priorities. This study was designed to investigate antibacte-
rial and wound healing effects of Zataria multiflora essential oil (ZMEOQO) on burn wounds infected with P
aeruginosa in Sprague-Dawley rats. Experimental burn wounds were created on the back of the animals
and infected with P. aeruginosa. The animals were randomly divided into 4 groups of 7 to 10 as follow:
negative control (no treatment), carrier gel group treated with carboxymethyl cellulose (CMC) gel, ZMEO
group that received CMC gel loaded with ZMEO, and positive control group that received silver sulfa-
diazine (SSD). All medications were applied topically once daily for 28 days. On the days 7th, 14th, 21st,
and 28th after the start of treatments, the surfaces of the wounds were measured and some samples were
collected for histopathological evaluations. The tensile strengths of rats’ skins were also measured on the
28th day. The results showed that on the 7th day, while a significant healing of the wounds was observed in
the ZMEO group, the other groups did not show remarkable wound healing (P<0.05). Therefore, ZMEO
showed an accelerating effect on the healing process of burn wounds and could be considered for further
evaluations in order to develop new medications for the treatment of burn wounds infected with P. aerugi-
nosa.
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L. Introduction hospital burn care units. Burn wounds provide

Wound infection is a constant concern in
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favorable environments for the growth of vari-
ous types of pathogenic bacteria and may lead
to sepsis which is associated with high mortality
(1). Among the pathogenic microorganisms in this
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field, P. aeruginosa is one of the most common
hospital infectious bacteria that accounts for about
50% of burn wound infections (2, 3).

Despite the development of numerous
and diverse anti-pseudomonas antibiotics, unfor-
tunately, the rate of drug resistance is increasing
rapidly. Recent studies show that approximately
80% of clinical isolates of P. aeruginosa demon-
strate resistance to various antibiotics (4). In this
regard, the use of traditional herbal medicines that
have antimicrobial properties can be a promis-
ing solution. Zataria multiflora (Z. multiflora), a
thyme-like plant from the Lamiaceae family, could
be considered as a potential wound dressing (5).
Z. multiflora has shown antibacterial properties in
both lab and animal studies (6). Various compo-
nents of Z. multiflora, such as phenolic compounds,
carvacrol, and thymol have been shown to disrupt
the bacterial cell wall and inhibit the growth of
pathogenic bacteria through different mechanisms
(7). Additionally, Z. multiflora stimulates innate
immune system responses (8) which can expedite
the wound healing process by reducing the micro-
bial load. Although many studies have been con-
ducted on the antibacterial effects of this vegetable
oil, few researches have evaluated its therapeutic
effects on infected burn wounds caused by P. aeru-
ginosa. Therefore, we designed this study with the
aim of investigating the antimicrobial and wound
healing properties of ZMEO in a rat model of burn
wound infected with P. aeruginosa.

2. Materials and Methods
2.1. Animals

Male Sprague Dawley rats weighing
180410 g were housed in standard cages under a
12-hour light/dark cycle, at a temperature of 20-25
°C and humidity of 25-35%. Food and water were
provided ad libitum. All experimental procedures
adhered to the guidelines set forth by the Institu-
tional Ethics Committee for Animal Care and Use
at Shiraz University of Medical Sciences (Ethical
code number: IR.SUMS.REC.1392.6106).

2.2. Materials

Zataria multiflora essential oil was pur-
chased from Barij Essence Company (Iran). Silver
sulfadiazine cream (1%) was purchased from Sob-
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han Darou Company (Iran). Carboxymethyl cellu-
lose was purchased from Sigma Company (USA).

2.3. Methods

2.3.1. Preparation of infectious bacterial inoculum
Three young colony of P. aeruginosa

(ATCC 27853) were cultured in Mueller Hinton

Broth and aerobically incubated at 35 °C for 18

hours for reaching to logarithmic growth phase

and preparing 1.5x108 CFU/mL (9).

2.3.2. GC-MS analysis of ZMEO

The essential oil was analyzed using an
Agilent 7890A GC instrument coupled with a Tri-
ple Quad MS detector (Agilent Technologies, CA,
USA). A DB-1ms capillary column (30 mx0.25
mm ID, 0.25 pum film thickness) was used with
high-purity helium (99.999%) as the carrier gas at
a flow rate of 1.2 mL/min. The injection volume
was 0.1 pL, with a split ratio of 1:30. The oven
temperature was initially set at 70 °C which was
increased to 280 °C at a rate of 1.2 °C/min and
held at 280 °C for 4 minutes. The MS system oper-
ated in electron ionization mode with a quadrupole
detector at 70 eV ionization energy. The chemi-
cal composition of the ZMEO was identified by
calculating Kovats retention indices using the re-
tention times of an n-alkane ladder, injected after
the injection of ZMEO sample. Mass spectra were
compared with those in the computer library for
component identification.

2.3.3. Determination of in vitro antibacterial ac-
tivity of ZMEO

Minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC)
tests were conducted to assess in vitro antibacterial
activity of ZMEO. The MIC was determined using
micro-broth dilution method (10). Briefly, 0.5 to
256 pL/mL serial dilutions of the ZMEO were pre-
pared and exposed to 1.5x108 CFU/mL inoculum
size of P. aeruginosa (ATCC 27853). The experi-
ments were performed in duplicate and the tested
micro-plates were incubated at 35 °C for 20 hours.
To interpret the results, the MIC was defined as the
concentration at which the well showed complete
clarity and the MBC was determined as the low-
est concentration at which no subculture bacterial
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colonies were visible. In this study, the MBC of
ZMEO was utilized for contaminating the experi-
mental burn wounds in the animals.

2.3.4. Preparation of ZMEO carboxymethyl cel-
lulose gel

The gel-forming agent was prepared based
on the previously reported procedure (11). Briefly,
1% (W/V) sodium carboxymethyl cellulose was
prepared in deionized water and continuously
stirred with a mixer for 15 minutes. Next, ZMEO
(1% V/V) which was dried with sodium sulfate
was gradually added to the prepared gel. Finally,
the prepared gel was homogenized for 30 minutes
and the prepared gel was collected in an aluminum
tube in the refrigerator.

2.3.5. Creating experimental burn wounds

To induce burn wounds, animals were
anesthetized by intramuscular injection of ket-
amine (100 mg/kg) and xylazine (10 mg/kg).
The hair on the back of the rats was shaved and
a standard third-degree burn wound of 2x2 cm
was created using a hot metal plate. The resulting
burn was confirmed by a pathologist and was de-
termined to be equivalent to twelve percent of total
body surface area (TBSA) calculated using equa-
tion 1 (Equation 1) (12):

2 =kx . . 23

Total body surface area (cm”) =k [Ammal weight (g) } (Eq1)
Where k is the Meeh’s constant (9.46 for Sprague
Dawley rats (13).

2.3.6. Microbial inoculation of burn wounds with
P. aeruginosa

15 minutes after burn wound induction, 1
ml of P. aeruginosa inoculum (1.5 x 108 CFU/ml)
was applied to the burned areas. After leaving the
wounds overnight, samples were collected from
the surrounding areas using wet sterile swabs.
These swabs were then sent to the microbiology
laboratory and analyzed by an expert bacteriolo-
gist to confirm the microbial infection of the burn
wounds.

2.3.7. Treatments
24 hours after creating experimental burn
wounds and infecting them with P. aeruginosa, the
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animals were randomly divided into 4 groups of
7 to 10 rats as follow: group 1: the negative con-
trol group that received no treatment; group 2: the
carrier gel group which was treated with CMC
gel topically; group 3: ZMEO group that received
CMC gel loaded with ZMEO (1%); and group 4:
the positive control group that treated with silver
sulfadiazine (SSD) ointment (1%). All treatments
were applied topically every day for 28 days.

2.3.8. Measuring the wound area and wound con-
traction percentage

The wound areas were measured using a
standard ruler. The percentage of wound contrac-
tion was calculated using equation 2 (Equation 2)
(145 15):
Wound contraction percentage 2[7(/\/ —P)x 100)

X (Eq2.)

X=the area of the wound on day 0
Y = the area of the wound on the day of the test

2.3.9. Histopathological evaluations

Tissue samples that were collected from
the edges of the infected wounds were immediate-
ly stored in 10% neutral buffered formalin before
being sent to the histopathology laboratory. The
tissue sections were stained with hematoxylin and
eosin and were evaluated for histological indices
of wound healing including epithelialization, gran-
ulation tissue formation, collagen organization, fi-
broblast proliferation, and vessel density (14, 16).
The scoring system used for wound healing evalu-
ation is shown in Table 1.

2.3.10. Tensometric evaluations

Tensile strength test was performed on
all skin tissue samples 28 days after starting the
treatments as follows. Four rats from each group
were killed on the last day of the experiment, and
the skin samples were collected to evaluate skin
elasticity. Skin samples were prepared by remov-
ing any fat and muscle. Then, the samples were
fixed in the chambers of the tensometer for testing
under opposing forces (at a speed of 30 mm/min).
The resulting data were recorded, and the tensile
strength was calculated using equation 3 (Equation

3) (17):
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Table 1. Histological scoring of wound healing.

Indices
........ 0 1
""""""""" Epithelializaton ~ None  Partial
Granulation tissue formation None Immature
Collagen organization None Thin bundle of
collagen
Fibroblast proliferation rate None Mild
................. DEiy VeSS | NORE G
rs=1/,
(Eq3.)

TS: Tensile strength (g/cm?)
T: Maximal tensometer reading (g)
A: Cross - sectional area (cm?)

2.3.11. Statistical analyses

Data were expressed as mean+SEM and
analyzed statistically using Kruskal-Wallis fol-
lowed by Bonferroni tests. The data were analyzed
using SPSS software version 23 and P<0.05 were
considered statistically significant.

3. Results

3.1. GC-Mass analysis of the ZMEO components
The GC-Mass analysis results of ZMEO

showed that cymene (p), terpinene (y), and thy-

mol were the most abundant molecules found in

ZMEO (Table 2).

3.2. Inhibitory and bactericidal effects of ZMEO
on P. aeruginosa

Scores
................. 234
""""" Moderate  Complete, immature ~ Complete, mature
Moderate Mature -
Thick bundle Completely -
of collagen organized
Moderate Marked -
Moderate Abundant -

ZMEQ exhibited inhibitory and bacteri-
cidal effects on P. aeruginosa with an MIC of 4
pL/mL and an MBC of 256 pL/mL.

3.3. Effect of ZMEO on wound area

Calculation of wound contraction per-
centage at 7 days after the start of the treatments
showed that ZMEO caused the highest wound
contraction percentages (P<0.05). At this time, no
wound contraction effect was observed in other
groups instead, the wound extent was appeared to
be increased in these groups. At days 14, 21, and
28, an increasing trend of wound contraction was
observed in all groups so that the differences be-
tween most of the groups were not statistically sig-
nificant. The SSD-treated group was appeared to
have less wound healing effect compared to other
groups and its difference with ZMEO was signifi-
cant at all time intervals (P<0.05) (Table 3, Figure

).

3.4. Effect of ZMEO on total histological scores of

Table 2. GC-Mass analysis of the Z. multiflora essential oil.

1 1.32 917
2 0.39 925
3 1.79 965
4 1.45 975
5 36.64 1011
6 1.75 1017
7 35.99 1047
8 0.46 1078
9 0.52 1157
10 1.03 1211
11 18.14 1273
12 0.49 1284
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Name Reference Kovats index

""""""" Thujene (@) 924
Pinene (o-) 932
Pinene (B-) 974
Myrcene 988
Cymene (p) 1020
Phellandrene (f) 1025
Terpinene (y) 1054
Bicyclo[3.1.0]hexan-2-ol 1080
Terpinen-4-ol 1174
Carvone 1239
Thymol 1289
Carvacrol 1298
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Therapeutic effect of Zataria Multiflora on P. aeruginosa-infected burn wound

Table 3. The percentage of wound contraction in the studied groups at different times after the start of
treatments.

ZMEO 4 1.35+1.54*
Negative control 4 -14.19+1.45
SSD 4 -60.99+9.81
Carrier gel 3 -25.414£5.54

63.74+5.11 87.32+1.3 99.85+0.08
58.17+4.56 87.00+3.43 98.50+0.55
52.14+3.31 74.89+5.92 95.38+0.11
60.36+1.58 77.84+1.4 99.65+0.06

Values show mean+=SEM. Kruskal-Wallis followed by Bonferroni test was used for data analysis.

*P<0.05 as compared with the negative control group

ZMEQ: Zataria multiflora essential oil; SSD: Silver sulfadiazine
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wound healing

The total histological scores of wound
healing in the four groups of this study at different
times are demonstrated in Figure 3. Data analyses
revealed significant differences in the mean total
histological scores between the ZMEO-treated
group and the other groups particularly at 7th day
after the start of the treatments (p < 0.05).

As shown in figure 2, at 7th day after the
start of the treatments, ZMEO induced better epi-
thelialization and granulation tissue formation,
higher fibroblast proliferation, and vessel length
density compared to the other groups.

3.5. Effect of ZMEO on skin tensile strength
Figure 4 shows the results of skin ten-

sometry in four studied groups at 28 days after the

start of the treatments. The skin samples of ZMEO

p=0.007

1020

p=0.014
p=0.031

o« oo

p=0.027

“ oo

Wound Area (em2)

200

group exhibited significantly higher strength prop-
erties compared to the other groups (P<0.05).

4. Discussion

Burn wounds provide an ideal environ-
ment for the proliferation of pathogenic bacteria.
P aeruginosa is an opportunistic pathogen that
causes potentially life-threatening nosocomial
infections in burn patients. Rapidly developing
resistance to existing antibiotics has made the
wounds infected with this microorganism really
hard to manage (18). Herbal essential oils have
been considered in wound healing due to their
valuable bioactive compounds. Zataria multiflora
essential oil (ZMEO) has been shown to possesses
numerous antimicrobial and immunomodulatory
properties that greatly enhances wound repair
mechanisms (19). In the present study, we evalu-
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Figure 1. Wound area on days 7, 14, 21 and 28 after the start of the treatments in the ZMEO, negative
control, carrier gel, and SSD groups. Values show mean + SEM. Kruskal-Wallis followed by Bonferroni
test was used for data analysis. ZMEO: Zataria multiflora essential oil; SSD: Silver sulfadiazine
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Figure 2. Stained samples of rats' wounds 7 days after the start of treatments: (A) carrier gel group shows
ulceration with many acute inflammation, focal necrosis, and minimal fibroblast infiltration; (B) ZMEO
group shows fewer inflammatory cells, many fibroblast and vessel proliferation with collagen deposition
and maturing granulation tissue; (C) SSD group shows necrotic tissue with acute inflammation and fat
necrosis. Hematoxylin and eosin staining, 200x

ZMEQ: Z. multiflora essential oil; SSD: Silver sulfadiazine.

ated the antibacterial effect of ZMEO against P, over a 28-day period. ZMEO showed a remarkable
aeruginusa. We also examined the wound heal- bactericidal effect on this pathogen with an MIC
ing properties of ZMEOQ at different time intervals of 4pL/mL and an MBC of 256 uL/mL. Our find-

p<0.001

g E ]
H H 8
H 2 £
2 -4 2
2 2 2

Figure 3. Histopathological scores of wound healing on days 7, 14 and 21 after the start of the treatments
in the ZMEO, negative control, carrier gel, and SSD groups

Values are expressed as mean=SEM. Kruskal-Wallis followed by Bonferroni tests was used for data
analysis p < 0.05 were considered significant.

ZMEQ: Z. multiflora essential oil; SSD: Silver sulfadiazine.
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Figure 4. Tensile strength of the skin samples of rats 28 days after the start of the treatments in the

ZMEQ, negative control, carrier gel, and SSD groups

Values show mean+SEM. Kruskal-Wallis followed by Bonferroni test was used for data analysis. p <

0.05 were considered significant.

ZMEQ: Zataria multiflora essential oil, SSD: Silver sulfadiazine.

ings are consistent with the results of Zomorodian
K, et al. and Mahboubi M, et al. who explored the
antimicrobial property of ZMEO against several
strains of P. aeruginosa in vitro (20). In addition
to evaluating the in vitro antibacterial effects, we
examined the wound healing properties of ZMEO.
Our results showed that ZMEO is excellent in im-
proving wound healing indices, including reduc-
ing the burn wound area, improving histological
indices of wound healing, and increasing skin ten-
sion. The wound healing effects of ZMEO started
as soon as 7 days after the start of the treatments,
while the other groups showed no effect on wound
area and even increased the wound surface dur-
ing this period. After this time, an increasing pat-
tern of wound healing was observed in all groups
which may be related to the natural mechanisms
of wound healing in the body. By days 5 through
7, the fibroblasts start to produce new collagen
and glycosaminoglycans which help stabilize the
wound (21). Therefore, it appears that the advan-
tage of ZMEO lies in its accelerating effect on
wound healing. Other researchers have reported
similar results. Farahpour et al. have reported the
therapeutic effects of ZMEO ointment on wounds
infected with P. aeruginosa (22). Also, a study by
Stupin V. et al. showed that the topical applica-
tion of ZMEO increases the histological indices
of wound healing (23). The mechanisms by which
the ZMEO exerts its antimicrobial effects are not
fully understood, but it has been proposed that the

Trends in Pharmaceutical Sciences 2024: 10(4): 313-322.

main components of ZMEO such as p-cymene,
terpinene (y-), and thymol have antimibacterial
and immunomodulatory properties (24, 25) via
stimulating the innate immune responses (26) as
well as their direct enhancing effects on skin cell
proliferation (27). As we showed in the current
study, ZMEO positively affected the proliferative
phase of wound healing that leaded to significant
improvements in histological indices such as col-
lagen organization, fibroblast proliferation rate,
vessel density, epithelialization, and granulation
tissue formation. Moreover, it has been proposed
that these compounds may enhance the formation
of granulation tissue and elevate the level of trans-
forming growth factor beta (24, 28, 29). ZMEO
also has shown the ability of increasing the levels
of endothelial growth factors, promoting fibroblast
proliferation and differentiation, improving col-
lagen organization, and enhancing vessel density
(22,30, 31).

At last, we evaluated the effects of ZMEO
on the skin mechanical properties. According to
our results, ZMEO enhanced skin tensile strength.
The skin samples derived from ZMEO-treated
rats were able to tolerate more force and exhibited
higher tensile strength than the other groups. This
property is possibly due to the enhancing effect of
ZMEO on the thick bundles of collagen and fibro-
blast proliferation rate, as highlighted by Nair’s
report on the relationship between the structural
integrity of the skin and quality of the extracellular
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matrix (30, 32).

Another observation of this study was that
silver sulfadiazine, a common antimicrobial treat-
ment for burn wounds, initially delayed wound
healing. This effect has been reported in several
studies by other authors (33, 34). Intoxication of
fibroblasts and keratinocytes with silver as a heavy
metal has been proposed as the mechanism of ef-
fect of SSD in delayed wound healing (35).

5. Conclusion

Considering the accelerating effects of
ZMEO on wound healing and skin tensile strength
as well as its strong antibacterial properties, we
suggest this plant essential oil as a suitable can-
didate for further evaluations in order to develop
new topical drugs for the treatment of wounds in-
fected with P. aeruginosa.

Acknowledgements

We express our gratitude to Kamyar Zo-
morodian and Nader Tanide for their scientific and
practical support in the Basic Sciences at the infec-
tious Disease Research Center and the Stem Cells
Technology Research Center, Shiraz University of
Medical Sciences, Shiraz, Iran.

Authors contributions

Maryam Motevasel, Maryam Zare, and
Ali Karimi Akhormeh conceived the presented
idea, developed the theory of the study, verified the
analytical methods, and supervised the findings of
this work. Aida Iraji contributed in GC-MS analy-
sis of compounds and their interpretation. Maryam
Zare, Ali Karimi Akhormeh, Maryam Motevasel,
Marzieh Ashrafmansouri, and Omid Koohi Hos-
seinabadi, contributed to sample preparation,
treatments, data collection, and data visualization.
Maral Mokhtari contributed to histopathological
data analysis and visualization. Maryam Mote-
vasel, Elahe Sattarrinezhad, Maryam Zare, Ali
Karimi Akhormeh and Azar Purkhosrow took the
lead in writing the manuscript. Maryam Motevasel
prepared the primary draft of the manuscript. All
authors discussed the results and contributed to the
final version of the manuscript.

Funding source
Shiraz University of Medical Sciences
has supported this study

Conflict of Interest
The authors declare that they have no con-
flict of interest.

References

1. Hashemi SS, Sharhani A, Lotfi B, Ahma-
di-Juibari T, Shaahmadi Z, Aghaei A. A Systematic
Review on the Epidemiology of Pediatric Burn in
Iran. J Burn Care Res. 2017 Nov/Dec;38(6):€944-
€951. doi: 10.1097/BCR.0000000000000524. Er-
ratum in: J Burn Care Res. 2018 Jan 1;39(1):173.
doi: 10.1093/jber/irx059. PMID: 28328658.

2. Church D, Elsayed S, Reid O, Winston B,
Lindsay R. Burn wound infections. Clin Micro-
biol Rev. 2006 Apr;19(2):403-34. doi: 10.1128/
CMR.19.2.403-434.2006. PMID: 16614255; PM-
CID: PMC1471990.

3. Rajput A, Saxena R, Singh KP, Kumar V,
Singh S, Gupta A, Singh RK. Prevalence and anti-
biotic resistance pattern of metallo-beta-lactamase-
producing Pseudomonas aeruginosa from burn
patients--experience of an Indian tertiary care hos-
pital. J Burn Care Res. 2010 Mar-Apr;31(2):264-8.
doi:  10.1097/BCR.0b013e3181d0f4bf. PMID:

320

20182377.

4. Nikokar I, Tishayar A, Flakiyan Z, Alijani
K, Rehana-Banisaeed S, Hossinpour M, Amir-Al-
vaei S, Araghian A. Antibiotic resistance and fre-
quency of class 1 integrons among Pseudomonas
aeruginosa, isolated from burn patients in Guilan,
Iran. [fran J Microbiol. 2013 Mar;5(1):36-41.
PMID: 23466812; PMCID: PMC3577559.

5. De Luca I, Pedram P, Moeini A, Cerruti
P, Peluso G, Di Salle A, et al. Nanotechnology de-
velopment for formulating essential oils in wound
dressing materials to promote the wound-healing
process: a review. Appl Sci. 2021;11(4):1713.

6. Osanloo M, Noori F, Varaa N, Tavassoli
A, Goodarzi A, Moghaddam MT, et al. The wound
healing effect of polycaprolactone-chitosan scaf-
fold coated with a gel containing Zataria multiflora
Boiss. volatile oil nanoemulsions. BMC Comple-
ment Med Ther. 2024;24(1):56.

7. Walczak M, Michalska-Sionkowska M,

Trends in Pharmaceutical Sciences 2024: 10(4): 313-322.



Therapeutic effect of Zataria Multiflora on P. aeruginosa-infected burn wound

Olkiewicz D, Tarnawska P, Warzynska O. Po-
tential of Carvacrol and Thymol in Reducing
Biofilm Formation on Technical Surfaces. Mol-
ecules. 2021 May 6;26(9):2723. doi: 10.3390/
molecules26092723. PMID: 34066411; PMCID:
PMC8125478.

8. Kavoosi G, Teixeira da Silva JA, Sa-
harkhiz MJ. Inhibitory effects of Zataria multiflora
essential oil and its main components on nitric
oxide and hydrogen peroxide production in lipo-
polysaccharide-stimulated macrophages. J Pharm
Pharmacol. 2012  Oct;64(10):1491-500. doi:
10.1111/5.2042-7158.2012.01510.x. Epub 2012
Apr 5. PMID: 22943180.

9. Weinstein MP, Lewis JS 2nd. The Clinical
and Laboratory Standards Institute Subcommittee
on Antimicrobial Susceptibility Testing: Back-
ground, Organization, Functions, and Processes.
J Clin Microbiol. 2020 Feb 24;58(3):¢01864-19.
doi: 10.1128/JCM.01864-19. PMID: 31915289;
PMCID: PMC7041576.

10. Wikler MA, Cockerill FR, Craig WA,
Dudley MN, Eliopoulos GM, Hecht DW et al.
Methods for dilution antimicrobial susceptibility
tests for bacteria that grow aerobically ; approved
standard. 7th ed. Pennsylvania (USA): Wayne;
2006. p. 9-18.

11. Alizade Naini M, Mehrvarzi S, Zargari-
Samadnejadi A, Tanideh N, Ghorbani M, Deh-
ghanian A, et al. The Antioxidant and Anti-In-
flammatory Effects of Quercus brantii Extract
on TNBS-Induced Ulcerative Colitis in Rats.
Evid Based Complement Alternat Med. 2021 Jan
7;2021:3075973.  doi:  10.1155/2021/3075973.
PMID: 33505492; PMCID: PMC7808820.

12. Gouma E, Simos Y, Verginadis I, Lyk-
oudis E, Evangelou A, Karkabounas S. A simple
procedure for estimation of total body surface
area and determination of a new value of Meeh's
constant in rats. Lab Anim. 2012 Jan;46(1):40-5.
doi: 10.1258/1a.2011.011021. Epub 2011 Oct 18.
PMID: 22008848.

13. Gilpin DA. Calculation of a new Meech
constant and experimental determination of burn
size. Burns. 1996 Dec;22(8):607-11. doi: 10.1016/
$0305-4179(96)00064-2. PMID: 8982538.

14. Li K, Diao Y, Zhang H, Wang S, Zhang
Z, Yu B, et al. Tannin extracts from immature
fruits of Terminalia chebula Fructus Retz. pro-
mote cutaneous wound healing in rats. BMC

Trends in Pharmaceutical Sciences 2024: 10(4): 313-322.

Complement Altern Med. 2011 Oct 7;11:86. doi:

10.1186/1472-6882-11-86. PMID: 21982053;
PMCID: PMC3198757.
15. Ashkani-Esfahani S, Imanich MH,

Khoshneviszadeh M, Meshksar A, Noorafshan
A, Geramizadeh B, et al. The healing effect of ar-
nebia euchroma in second degree burn wounds in
rat as an animal model. /ran Red Crescent Med J.
2012 Feb;14(2):70-4. Epub 2012 Feb 1. PMID:
22737558; PMCID: PM(C3372044.

16. Jacobsen F, Fisahn C, Sorkin M, Thiele I,
Hirsch T, Stricker I, et al. Efficacy of topically de-
livered moxifloxacin against wound infection by
Pseudomonas aeruginosa and methicillin-resistant
Staphylococcus aureus. Antimicrob Agents Che-
mother. 2011 May;55(5):2325-34. doi: 10.1128/
AAC.01071-10. Epub 2011 Feb 22. PMID:
21343458; PMCID: PMC3088190.

17. Yates CC, Whaley D, Babu R, Zhang J,
Krishna P, Beckman E, et al. The effect of mul-
tifunctional polymer-based gels on wound heal-
ing in full thickness bacteria-contaminated
mouse skin wound models. Biomaterials. 2007
Sep;28(27):3977-86. doi: 10.1016/j.biomateri-
als.2007.05.008. Epub 2007 May 24. PMID:
17561250; PMCID: PMC2034502.

18. Ridin RA. Phenotypic Discrimination of
Antibiotic Resistance Among P. Aeruginosa Col-
lected from Burn Sample. University of Thi-Qar
Journal Of Medicine. 2023;26(2):693-9.

19. Ardekani NT, Khorram M, Zomorodian
K, Yazdanpanah S, Veisi H, Veisi H. Evaluation of
electrospun poly (vinyl alcohol)-based nanofiber
mats incorporated with Zataria multiflora essential
oil as potential wound dressing. Int J Biol Mac-
romol. 2019 Mar 15;125:743-750. doi: 10.1016/j.
ijbiomac.2018.12.085. Epub 2018 Dec 10. PMID:
30543881.

20. Zomorodian K, Saharkhiz MJ, Rahimi
MJ, Bandegi A, Shekarkhar G, Bandegani A, et
al. Chemical composition and antimicrobial ac-
tivities of the essential oils from three ecotypes
of Zataria multiflora. Pharmacogn Mag. 2011
Jan;7(25):53-9. doi: 10.4103/0973-1296.75902.
PMID: 21472080; PMCID: PMC3065158.

21. Reinke JM, Sorg H. Wound repair and re-
generation. Eur Surg Res. 2012;49(1):35-43. doi:
10.1159/000339613. Epub 2012 Jul 11. PMID:
22797712.

22. FarahpourMR,SheikhS,KafshdoozE,Son-

321




Maryam Zare et al.

boli A. Accelerative effect of topical Zataria multi-
flora essential oil against infected wound model by
modulating inflammation, angiogenesis, and colla-
gen biosynthesis. Pharm Biol. 2021 Dec;59(1):1-
10. doi: 10.1080/13880209.2020.1861029. PMID:
33378625; PMCID: PMC7782911.

23. Stupin V, Manturova N, Silina E, Litvits-
kiy P, Vasin V, Artyushkova E, et al, Gladchenko
M, Aliev S. The Effect of Inflammation on the
Healing Process of Acute Skin Wounds Under
the Treatment of Wounds with Injections in Rats.
J Exp Pharmacol. 2020 Oct 30;12:409-422. doi:
10.2147/JEP.S275791. PMID: 33154679; PM-
CID: PMC7608486.

24. Costa MF, Dur¢o AO, Rabelo TK, Bar-
reto RSS, Guimardes AG. Effects of Carvacrol,
Thymol and essential oils containing such mono-
terpenes on wound healing: a systematic review. J
Pharm Pharmacol. 2019 Feb;71(2):141-155. doi:
10.1111/jphp.13054. Epub 2018 Dec 7. PMID:
30537169.

25. Sousa LGV, Castro J, Cavaleiro C, Sal-
gueiro L, Tomas M, Palmeira-Oliveira R, Mar-
tinez-Oliveira J, Cerca N. Synergistic effects of
carvacrol, o-terpinene, vy-terpinene, p-cymene
and linalool against Gardnerella species. Sci
Rep. 2022 Mar 15;12(1):4417. doi: 10.1038/
s41598-022-08217-w. PMID: 35292704; PMCID:
PM(C8924259.

26. Shokri H, Asadi F, Bahonar AR, Khosravi
AR. The Role of Zataria multiflora Essence (Ira-
nian herb) on Innate Immunity of Animal Model.
Iran J Immunol. 2006 Dec;3(4):164-8. PMID:
18685176.

27. Vassiliou E, Awoleye O, Davis A, Mishra
S. Anti-Inflammatory and Antimicrobial Proper-
ties of Thyme Oil and Its Main Constituents. /nt
J Mol Sci. 2023 Apr 8;24(8):6936. doi: 10.3390/
ijms24086936. PMID: 37108100, PMCID:
PMC10138399.

28. Marchese A, Arciola CR, Barbieri R, Silva
AS, Nabavi SF, Tsetegho Sokeng AJ, Izadi M, Ja-
fari NJ, Suntar I, Daglia M, Nabavi SM. Update on

322

Monoterpenes as Antimicrobial Agents: A Particu-
lar Focus on p-Cymene. Materials (Basel). 2017
Aug 15;10(8):947. doi: 10.3390/mal10080947.
PMID: 28809799; PMCID: PMC5578313.

29. Giinal MY, Okcu Heper A, Zaloglu N. The
effects of topical carvacrol application on wound
healing process in male rats. Pharmacog J. 2014.
30. Vogel HG. Correlation between ten-
sile strength and collagen content in rat skin.
Effect of age and -cortisol treatment. Con-
nect Tissue Res. 1974;2(3):177-82. doi:
10.3109/03008207409152242. PMID: 4279799.
31. Khezri K, Farahpour MR, Rad SM. Ef-
ficacy of Mentha pulegium essential oil encap-
sulated into nanostructured lipid carriers as an
in vitro antibacterial and infected wound healing
agent. Colloids Surf A: Physicochem Eng Asp.
2020;589:124414.

32. Nair RP, Joseph J, Harikrishnan VS,
Krishnan VK, Krishnan L. Contribution of fibro-
blasts to the mechanical stability of in vitro en-
gineered dermal-like tissue through extracellular
matrix deposition. Biores Open Access. 2014 Oct
1;3(5):217-25. doi:  10.1089/biores.2014.0023.
PMID: 25371858; PMCID: PMC4215331.

33. Cho Lee AR, Leem H, Lee J, Park KC.
Reversal of silver sulfadiazine-impaired wound
healing by epidermal growth factor. Biomateri-
als. 2005 Aug;26(22):4670-6. doi: 10.1016/j.bio-
materials.2004.11.041. Epub 2005 Jan 13. PMID:
15722137.

34, Rosen J, Landriscina A, Kutner A, Adler
BL, Krausz AE, Nosanchuk JD, Friedman AJ. Sil-
ver sulfadiazine retards wound healing in mice via
alterations in cytokine expression. J Invest Der-
matol. 2015 May;135(5):1459-1462. doi: 10.1038/
jid.2015.21. Epub 2015 Jan 27. PMID: 25625423.
35. Muller MJ, Hollyoak MA, Moaveni Z,
Brown TL, Herndon DN, Heggers JP. Retarda-
tion of wound healing by silver sulfadiazine
is reversed by Aloe vera and nystatin. Burns.
2003 Dec;29(8):834-6. doi: 10.1016/s0305-
4179(03)00198-0. PMID: 14636760.

Trends in Pharmaceutical Sciences 2024: 10(4): 313-322.



