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ABSTRACT

Plants and their extracts have considerable po&tritr wound healing. So, The aim of this study wasvaluate
the wound healing effect of combined hydroalcohelitract of Teocurium Polium (TP) and the seed ludll
Quercus brantii (Persian oak) (QB) and comparinghwsilver sulfadiazine (SSD) ointment (1%) in rasimals
were divided into six groups consist of normal (eated), physiologic serum, TP, seed hulls of Queetgrantii
(@B), combination of TP and QB and the other greegs SSD. Burn area size, epidermal and dermal diame
number of hair follicle, histopathology of the buskin and concentration of plasma malondialdehig®A) were
determined in different groups. Animals treatechwB and TP, SSD and combination of two extracB {QP)
showed a significant reduction in the burn arearuBeMDA decreased significantly in animals treateth QB, TP
and QB+TP. Histological comparison has shown thBt ©B and combination of them significantly incredse-
epithelialization in burn wounds, as compared tomnal group. In conclusion, our results demonstratteak topical
application of TP and QB has a significant effecttioe burn wound healing.
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INTRODUCTION

The skin is the largest organ in the body and perfonumerous vital functions such as fluid homedstas
immunologic, thermoregulation, neurosensory andabwdic functions. The skin also provides primargtpction
against infection by acting as a physical barfi®hen this barrier is damaged, pathogens have atdioeite to
invade deep tissues. Cutaneous wound healing sdg'd natural process of regenerating dermal ardeemal
tissue. The sequence of events that repairs theagkanis categorized into three overlapping phases' v
inflammation, proliferation and tissue remodeliny [Mhe normal healing process can be impeded astapyalong
its path by a variety of factors. Impaired woundlivey may be a consequence of pathologic statexiassd with
diabetes, immune disorders, ischemia, venous sasisnjuries such as burn wounds [2]. Burn injorgty lead to
complications such as long-term disability, proleddiospitalization, loss of body extremities andredeath. The
skin is maintained by a discrete architecture d6@nd extracellular matrix which, serves as thagiple barrier to
environmental and infectious agents. Tissue inguriesulting from burns, frost-bite, gunshots etisrupt this
barrier, triggering a healing process However, burn is characterized by a hyper metabstate which
compromises the immune system leading to chronigngichealing. Thermal exposure to the body surfaceses
damage to the skin by membrane destabilizationepraoagulation, associated energy depletion gpdtia at the
cellular level which leads to extensive tissue asi&. Furthermore, the burn wound is a continusasere threat
against the rest of the body due to invasion afdtibus agents, antigen challenge and repeatediadditrauma
caused by wound cleanif@]. Wound is a rupture in the epithelial integraf/the skin which resulted from violence
or trauma and may be followed by disruption of seicture and function of underlying normal tisgdig It is a
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clinical entity and is as old as mankind, oftensidared as major problem in clinical practice. Webtwealing is any
process which acts, or induced to act, to restorerntegrity of the damaged tissues in order téa@plost tissues. It
encompasses the activity of an intricate networklobd cells, cytokines, and growth factors whitrmately leads
to the restoration to normal condition of the iejdirskin or tissue [5]. Research on wound healirentsgis one of
the developing areas in modern biomedical scieacgsmany studies have been conducted using differeand
healing models. Synthetic chemical moieties are pgresent treatment regimens for the managemenindéru
healing of wound but they possess a wide rangeidef sffects. In alternative and complementary systef
medicines such as oriental and aromatherapy, pkEmetsdeing used to combat several disease and|pgited
conditions [6, 7, 8, 9]. Herbal products seem tsgess moderate efficacy with little or no toxiciyd are less
expensive as compared to synthetic drugs [10, Mahy plants and plant-derived products have beemvsho
possess potent wound-healing activity. The presefidgoactive constituents in plants has urged aedeers to
screen medicinal plants with a view to determinéeptial wound healing activities [12]. Thereforesearch has
prompted into herbal and natural products whichwkmdo increase the healing of different types ofunds and
which can eliminate the side effects that were @ased with the synthetic chemical drugs [IBhough some of
these drugs have been screened scientifically f@luation of their wound healing activity in difeart
pharmacological models and patients [14], the g@tkeof many of the traditionally used herbal agentmains
unexplored [14]. Hence there is need to identig tharious plants or their chemical entities andnidated them for
treatment and management of burn wounds.

Persian oak (Quercus brantii) (QB) of fagaceaelfargrow in south-western of Iran. The seed hufl®ersian oak
contain a high concentration of tannins. Many sadieported the effects of tannins against burbs 16, 17].
Tueocurium polium (family lamiaceae) (TP) namedoakeh in Iran and grow in Mediterranean and sougktern
of Iran [18]. The aerial parts of TP contain polgpblic substances [12]. A few studies have shovet TP is
effective at wound healing [10, 13]. In this regazdmbination of these plant extracts may be hasrgystic effects
on burn wound healing.

The purpose of this study was to determine theigaiffects of QB, TP and combination of them omnbwounds
in rats and compare the results with silver suHaitie (SSD) ointment.

MATERIALS AND METHODS

2.1. Chemicals

All reagents and solvents consist of 1,1,3,3-té¢ti@e/propan (TEP), trichloroacetic acid (TCA), ahibbarbituric
acid (TBA) were purchased from Sigma-Aldrich (Steim, Germany). Hematoxylin and eosine dyes were
purchased from Merck Company (Germany). The sisdfadiazine was purchased from Behvazan Company
(Iran).

2.2. Plant materials and preparation of the extract

Fruits of Persian oak (QB, the fagaceae family) amdal parts of TP were collected in SeptembebZdm Yasu;j
mountains and identified at the herbarium of resfeaenter of agriculture and natural sources, Y&amiyersity
(Iran) where a voucher specimen was deposited.sS#eQB were dried under shade in room temperg80&5 °C)
and after drying, the loosened hulls separated Beeus (fruits) and powdered. Also, the fresh bpads of the TP
plant were dried under shade and ground in a mortee 100 g of powdered plant materials were maedraith
ethanol/water (70/30) to obtain the hydroalcohotigde extract for 48 hours in room temperature. @kteact was
filtered using a sterile cloth sheet. Solvents wevaporated by drying at 55 °C in a rotary evaporgtior to
storage at 4 °C. The hydroalcoholic extract sotutias freshly prepared and administrated topicailyreliminary
experiment the hydroalcoholic extract (70% ethaaslell as fractions of the plant were screenedhi® presence
of secondary metabolites, including alkaloids, flasids, polyphenols and tannins by using standatd.te

2.3. Experimental animals

Male wistar rats (200 - 220 g), from the centrahaal colony of the Yasuj University were used fbiststudy. The
animals were maintained under controlled envirortnagrihe Institute’s animal house at 25 ¥ and 12-h light—
dark cycle. The experiments were performed in ataace with the regulations specified by the IngituAnimal

Ethical Committee and conform to the national gliigs on the care and use of laboratory animads. IAnimals
were acclimatized for one week before the studgl, during the experiment the animals were houseigigublly in

their cages so as to avoid biting and possible Waanatch to each other. The animals were prowdéd water
and food pelletad libtumbefore and till the end of the experimental period
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2.4. Burn wound model

Sixty male wistar rats (200-220 g) were randombyidéid into six groups. The first group was giventreatment.
This group did not receive second degree burns. ather groups induced burn. The second group redeiv
physiologic serum, the third group as positive oaintas treated with silver sulfadiazine (%1) oietrh The 4, 5"
and " groups were treated with hydroalcoholic extracQ®, TP and combination of QB and TP (50% of each
extract) respectively. The animals were kept irdiially in standardized environmental condition with
temperature of 25+2°C, under a 12:12-h light-dy#lez Rats were givead libitumaccess to food and water. This
study was carried out in accordance with ethicadgiples of laboratory animal care. For creatingnisythe animals
were anesthetized by intra-peritoneal injectionttabpentone (40 mg/kg, i.p.), the dorsal surfacehef rat was
shaved, and the underlying skin cleaned with 7(8aredl.

Then the animals were placed in the device withigthesl puncture on it with dimensions of 2 rfihe skin of
animals heated to 90-95 °C with a metal rod heatbdiling water for 10 seconds. The damaged skis vleaned
with normal saline. To prevent hypovolemic shock 2L of physiologic serum injected to all animaéngle burn
wound was created on dorsal part of each rat. Ateh, dead tissues were excised using sterileécalrglade.
Animals were allowed to recover from anesthesia lamased individually in sterile cages. Every dagad tissues
were cleaned using a piece of sterile gauze. Dutiegcleaning of wounds the healing process wasigtisd and
removes the treatments that were topically appli@gdthe way, for all groups, the extracts of plar86D and
physiologic serum were applied topically, once yddr 10 days as described above and total amotistach
treatment applied was so as to cover the wholearaa of wound/ulcer. Wounds were covered and wipmaind
with a gauze bandage for protecting from animalsrig.

2.5. Histopathological evaluation

The granulation tissues were excised on day 10woshding and fixed in 10% neutral formalin. Theraais were
scarified and injured tissues were removed casefdivided into two sections with length of 1cm. Whal tissues
were immediately preserved in 10% buffered formalid passed through different grades of alcohalrder to
ensure complete dehydration of tissues and theredédda in paraffin wax. Serial sections of paraffirbedded
tissues of 6 pm thickness were cut using a micretand stained with haematoxylin and eosin staincrsgrved
for the histopathological changes under microscape. burn surface areas were measured by rulewansl taken
from center of burn area. Then a photograph of sacdtion was produced using a microscope (Olymilasiel:

BX51, Japan) at the magnification of 400. The cegaiimages were digitized using Olysia software.

2.6. Malondialdehyde (MDA) measurement

Malondialdehyde (MDA) of the treated and untreatedund tissues were analyzed with the UV-Vis
spectrophotometer (model V-530, Jusco, Japan) atay® after burn tissue harvesting. Recording theoigption
spectra and absorbance measurements were cartiadtlow UV-Vis spectrophotometer using 1.0 cm tuaells
at) = 532 nm. A part of injured tissues isolated amchediately was transferred to nitrogen tank for sneement
of MDA. MDA was assessed based on the reactiomiobarbituric acid (TBA) with MD*. Three skin samples
were randomly chosen in each site for MDA assaythadneans were analyzed.

2.7. Statistical analysis
All data were expressed as mean + S.D. Data weadyzad using one-way ANOVA, followed by a post hoc
Tukey’s test. Differences were considered to beiaantly when gt 0.05.

RESULTS

In this study the several parameters such as bem apidermal thickness, dermis thickness, thebeurof follicle
and the malondialdehyde concentration were invatgdyand optimized versus to treated animals wigh,@P
QB+TP extracts and SSD ointment. According todh&ined results, the animals treated with QB aRdeXtracts
show improved of wound healing, so that after 1@sdaf treatment, burn areas were reduced to appaigly
100% of the original size. Also, SSD and combirmatid two extracts (QB +TP) showed a significantugtthn in
the burn area, but the average size of burn wasestbre to the normal control in these groups. fidnares of
merits are summarized in Table 1. The thicknesthefepidermis and dermis in the case of TP and @Bps
increased with comparison to normal group. AlsouiseMDA decreased significantly in animals treaveth QB,
TP and QB+TP (Table 1). This parameter in SSD grdidpnot show significant difference. The numberhair
follicles significantly increased in groups recalvextract of QB, TP and QB+TP compared to the nbgnaup.
According to the obtained results, it is conclutiattthe combination of the extract from QB and Ta¥eha
significant effect on the healing wound burn. letfadue to synergistic effect of these plants thprovement in
wound burn has been seen in comparison to indiViegikteact of TP or QB.
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Histhopathalogical survey of the wound healing proess

The histological study showed that the tissue feiamawas more than in treatment groups compar&eonbrmal
group. There was no difference between QB+TP and §®ups. Haematoxylin and eosin stained sectidns o
granulations tissue collected on various days veasmined for cellular infiltration, neo-vascularieat epithelial
regeneration and matrix organization. In thd" Iy, sections showed increased cellular infiltratio animals
topically treated with the SSD ointment (Fig. 1Bathcontrol Fig. 1A) and, epidermal regeneration wa$
observed. On day 12, a well-advanced organizatibrgranulation tissue and on-going epithelializatioms
observed in treated groups, either with SSD creaifPo QB and QB+TP extract (Fig. 1 C, D and E, eetipely).
The histological examination showed that the oagtissue regeneration was much faster in the whinnd treated
with extract or SSD without any edema, congestiomflammatory disorders. There was full thicknepglermal
regeneration which covered completely the wound.afe epidermis was thick and disorganized, eafigevhen
compared with the adjacent normal skin. The kerktyer was thick with focal parakeratosis. The dermas
cellular with proliferation of fibroblasts, layingpdn disorganized and poorly oriented collagen fibBre@minent
capillary-sized blood vessels were seen. Scattemtbctions of inflammatory cells, consisting mainbf
macrophages and few neutrophils were also presemighout the whole thickness of the dermis.

DISCUSSION

Medicinal plants have been used extensively inlacagng burn wound healing due to chemical comptssuch

as flavonoids and tannin [12]. The existences effllwvonoids materials in the aerial partsTopoliumwere studied

in previous literature [12, 13, 15]. On the othand it is found that the hydro-alcoholic extractQ@f brantii had
active components such as tannins and flavonoid§. [I. polium has pharmacological effects such and
antispasmodic, antibacterial, anti-inflammatoryti@idant, antiulcerogenic, antinociceptive [17,].18Iso, it has
been reported that Q. Brantii has antioxidant amitracrobial properties [1]. Therefore, it would beasonable to
assume that the burn wound healing propertiesT.opolium andQ. Brantii can be attributed to bioactive
components available in these plants. Silver sidfade as a popular drug for treatment of burn datsseptic,
antimicrobial and anti-inflammatory effects [16].

Our results showed that the therapeutic effect.dB@ntii and T. Polium on burn area was compar&bIi8SD. A
numerous studies have been proposed that T. Paluh®. Brantii promoted wound healing. Ansari erepborted
that T. Polium extract facilitated the burn wourehling [13]. Similar results have been reportedKlayimi and
Moradi for Q. brantii possibly due to its antioaitt potential [19]. In addition to favorable actiohextracts on
Burn area, hydroalcholic extract of these plargsificantly reduced plasma MDA levels. Indeed, dase of MDA
was in parallel with reduction of burn area in figtgy groups of extracts alone or combination ob textracts.
Some studies have proposed that oxidative stressahpivotal role in the burn wound healing that |dobe
prevented by antioxidants. In this study SSD hdaseen shown antioxidant effect. It seems thatrattechanisms
such as anti-inflammatory and antimicrobial effegte important than oxidative stress in wound Ingafirocess.
We also, postulated that combination of two exgactuld potentiate these favorable effects. Socameluded that,
there is a synergistic effect between fractionshese two extracts. The pathological studies rekal significant
change of the epidermal and dermal thickness betwesated groups and normal group after ten days. |
conclusion, our results demonstrated that the #bggtract of T. Polium or Q. Brantii can be usedtreat burn
injuries. It has also been shown that combinatibthese two extracts has beneficial healing eféecburn, but it
was not more effectively than any of extracts alone

Table 1: Effect of alcoholic extract of Q.B, T.P ad QB+TP Extract on Burn area, epidermal thicknessdermis thickness number of hair
follicle and MDA in different groups

Parameters roups Normal Normal saline SSD QB TP QB+TP Extract
Burn area (cﬁ) 0 0.72+0.25 0.44+0.047 O** Q** 0.4+0.29*
Epidermal thickness (um) 75+5.41 41.1+5.87 34.4949. 41.37+6.9 | 52.1448.2% 58.1+0.8
Dermis thickness (um) 1200+35)2 780142 .4 980+48.8 98+84.5 901+64.4 1051+54.8
Number of hair follicle (mr?) 8+1.23 2+0.14 1+0.05 5+1.07** 4+,98** 6+0.76*
Malondialdehyde (umol/L) 1.48+0.2% 3.79+0.31 3.4280 | 3.22+.21* | 3.24+.11* 2.24+0.30**

Data are means *SE (n = 10 rats/group). * Signifitaifferent from treatment groups vs. normal salgroup (P < 0.05). ** Significant
different from treatment groups vs. normal salineup (P < 0.01).
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Figure 1. Comparison of the trend of regeneration foskin injured by burn wounds in all groups, EH staning, 40-optical microscope. A-
Treated with physicologic serum, B- Treated with dver sulfadiazine, C- Treated with Tueocurium Polium extract, D- Treated with
Quersus Brantii extract, E- Treated with TueocuriumPolium - Quersus Brantii extract
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