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A B S T R A C T   

Many researches have been undergone to hasten the natural wound healing process. In this study, several Hi
biscus species (leaves) were extracted with petroleum ether, methanol, and their mucilage was separated. All the 
tested species extracts were assessed for their viability percentage using the water-soluble tetrazolium. H.syriacus 
was the plant of choice to be incorporated in a new drug delivery system and evaluated for its wound healing 
activity. H.syriacus petroleum ether extract (PEE) showed a high percentage of palmitic and oleic acids while its 
mucilage demonstrated high glucosamine and galacturonic acid. It was selected to be formulated and pharma
ceutically evaluated into three different composite sponges using chitosan in various ratios. Fourier-transformed 
infrared spectroscopy investigated the chemical interaction between the utilized sponges’ ingredients. 
Morphological characteristics were evaluated using scanning electron microscopy. H.syriacus composite sponge 
of mucilage: chitosan (1:5) was loaded with three different concentrations of PEE. Medicated formulations were 
assessed in rat model of excision wound model. The wound healing ability was clearly proved by the clinical 
acceleration, histopathological examination, and modulation of correlated inflammatory parameters as tumor 
necrosis factor in addition to vascular endothelial growth factor suggesting a promising valuable candidate that 
supports the management of excision wounds using single-dose preparation.   

1. Introduction 

Wound healing is a complex process, which includes coordination 
between diverse immunological and biological systems. This involves 
many processes, inflammation, proliferation, accumulation of fibrous 
tissue, collagen deposition, contraction of the wound with the formation 
of granulation tissues, remodeling, and maturation [1]. Different herbal 
formulations have been reported to accelerate the process of wound 
healing by promoting epithelization, neovascularization, the formation 
of granulation tissue, collagen synthesis, wound contraction, tensile 

strength, etc [2]. Enhancing the normal wound healing process is 
considered one of the most important areas of research studies. Different 
new dressings and/or medicinal agents emerged to serve that important 
goal. With a cost approaching 25 billion $ in USA only in the past two 
decades; we can easily realize the importance of keep searching for a 
better solution and enrich the market with these lifesaving products [3, 
4]. Topical formulation represents an achievable and useful method that 
aids in the wound healing process [5]. Sponge technologies offer a 
suitable wound healing dressing especially in managing wounds with 
fluid exudates. The sponge which is considered as one of the widely used 
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topical preparations could be defined as a dispersion of gas (usually air) 
into a solid matrix to give a porous solid structure [6]. A sponge dressing 
is formulated to grasp moisture on the surface of the wound and due to 
their high moisture content, they help to prevent bacteria and oxygen 
from reaching the wound providing a barrier that prevents infection. 
Additionally, it inhibits the loss of body fluids and accelerates the wound 
healing process [7]. 

Over three-quarters of the world population relies mainly on plants, 
plant extracts, or natural products for health care [8]. Concerning the 
wound healing remedy, more than 400 species of plants are identified as 
potentially useful alternative medicine [9]. Chitosan is a polysaccharide 
derived from naturally occurring chitin, that is considered as a 
commonly used biodegradable polymer in pharmaceutical preparations 
and an FDA approved food additive [10]. Chitosan displays unique 
polycationic, chelating, and film-forming properties due to the presence 
of active amino and hydroxyl functional groups. Chitosan also exhibits 
many interesting biological activities, including intrinsic antimicrobial 
activity, and its ability to deliver extrinsic antimicrobial agents to 
wounds and burns besides diverse stimulating or inhibiting activities 
toward several human cell types [11–13]. 

Family Malvaceae, (Mallow family), is well-known for its economic 
importance and wide folk medicinal uses, with 244 genera and 4225 
species of plants distributed worldwide. Hibiscus is considered one of its 
biggest genera with 550 native species. Hibiscus sabdariffa L. (Roselle) 
has a diversity in its folk uses as being a hypotensive, diuretic, mild 
laxative, used in gastrointestinal ailments, antimicrobial, emollient, 
antipyretic, besides sedative effects [14]. Chemical characterization of 
H.sabdariffa showed the abundance of flavonoids as well as phenolic 
acids [15–18] justifying its folk use worldwide. Many biological activ
ities have been demonstrated as an antioxidant [19], chemopreventive 
[20], cytotoxic and anti-inflammatory [21] anti-obesity [17], hypolipi
demic [22], anti-anxiety, antidepressant [16], antihypertensive [23], as 
well as having a vasorelaxant effect [18]. 

Hibiscus syriacus L., an ornamental shrub, found throughout eastern 
and southern Asia, traditionally used as antifungal, febrifuge, in skin 
diseases, and as anthelmintic. Phytochemical study of roots showed the 
presence of triterpenoids [24,25], naphthalene, and lignans [26,27], 
coumarin [28], while leaves showed the presence of sterols and flavo
noids [29], in addition to anthocyanidin malonyl glucosides in flowers 
[30]. Those bioactive compounds were contributors to different activ
ities as an antidepressant and antidiabetic [24,25,27–29,31,32] 

H.tiliaceous, is a shade tree conventionally used as antipyretic, cough 
sedative, and demulcent, relieving chest congestion, diarrhea, dysen
tery, and typhoid. Leaves and flowers were reported for their antioxi
dant, antibacterial antityrosinase, and analgesic activities [33,34], while 
flowers showed antidiabetic and hypolipidemic activities [35] corre
lated to the high phenolic contents [33]. Data about its phytochemistry 
is scarce, however, the main identified classes of phytoconstituents were 
friedelane-type triterpene, triterpenoids, coumarins, sterols, and amides 
[36,37]. 

H. rosa-sinensis, an ornamental shrub with leaves commonly used as a 
laxative [38]. The roots were used as cough sedatives, while the flowers 
have a diversity of uses as, aphrodisiac, emollient, and emmenagogue, 
besides the effect on fertility which was demonstrated by biological 
studies [39,40]. Biological effects such as antioxidant, anticonvulsant, 
hypoglycemic, antimicrobial [41–44], antiadipogenic [45], wound 
healing [46], inhibitory effect to melanoma [47] while its mucilage was 
tested as an excipient in tablet manufacture [48,49]. Reported phyto
constituents include flavonoids and phenolic acids contributing to 
anti-implantation activity [50], sterols, fatty acids, and pentacyclic tri
terpenoids [51]. 

In the pharmaceutical industry, there is an increased demand for 
biopolymers such as polysaccharides due to their ability to deliver 
unique physical functional characteristics [52]. Mucilage is a main class 
of phytoconstituents characterizing Hibiscus species, a hydrocolloid, 
which is hydrophilic in nature, used as a viscosity-enhancing agent, 

emulsifier, and gelling agent in topical preparation due to its ideal 
percutaneous absorption having a wide variety of therapeutic activities 
including wound healing, antidiabetic, antioxidant besides its binding 
and gelling properties, therefore a possible candidate for drug delivery 
modulation [53]. 

Oils derived from natural source have long been used on the skin for 
cosmetic and medical considerations. They may act as a protective 
barrier to the skin and retain moisture. Fatty acids have a role in immune 
and inflammatory responses. Essential fatty acids such as linoleic acid, 
ensure epidermal integrity while monounsaturated oleic acid increased 
skin permeability [54,55]. Sterols as well, such as tocopherol, a 
well-known antioxidant, and β-sitosterol, an angiogenic factor included 
in approved topical herbal preparation (MEBO ®) 

In this study, several Hibiscus species were separately extracted with 
petroleum ether, methanol, and their mucilage was separated, their 
mineral content was compared and the viability potential of the 
different extracts was assessed. H.syriacus was further exposed to an in- 
depth phytochemical study, formulated in a sponge delivery system then 
further exposed to an excision wound model in rats. 

2. Results and discussion 

2.1. Determination of mineral content 

Minerals have a great role as metalloenzymes, antioxidants besides 
being enzyme structural factors in healing wounds. In this study, and 
comparing the four studied species for their mineral content (Table 1), 
H. syriacus had the highest amount of Zn (10.54 mg) followed by H. rosa- 
sinnesis. Additionally, the highest Cu content was observed in H. rosa- 
sinnesis (6.42 mg) followed by H. tiliaceus, while H. sabdariffa showed the 
highest Se content this was followed by H. syriacus (0.25 mg) (Table 3). 
Zinc was reported to be essential for DNA replication in highly dividing 
cells as inflammatory and epithelial cells, and fibroblasts, in addition to 
its importance in collagen production, fibroblast proliferation, and 
epithelialization by stimulating the activity of involved enzymes [56]. 
Moreover, the importance of selenium as a powerful antioxidant and its 
ability to speed up wound healing has been reported [57]. 

2.2. Mucilage yield and characterization 

Natural polysaccharides play an important role in the pharmaceu
tical industry as, an emulsifying agent, adhesive, thickener, viscosity 
enhancer, stability enhancer, and in pharmaceutical preparations [53]. 
Malvaceae is well known for its mucilage rich plants. Comparing the 
mucilage yield in the tested four species, the highest yield was obtained 
with H.rosa-sinensis (6 %), followed by H.sabdariffa (5 %), H.syriacus (4 
%), and finally H.tiliaceous (3 %). 

The swelling characteristics of Hibiscus species were highly different, 
where H.syriacus showed the highest swelling capacity (160 %), fol
lowed by H.rosa-sinensis (50 %), H.tiliaceous (30 %), while the lowest 
value was observed for H.sabdariffa (10.5 %). The higher swelling ca
pacity estimated a higher water-holding capacity. 

Analysis of monosaccharides in the H.syriacus mucilage (Table 2) 
showed the predominance of glucosamine 16.78 %, followed by galac
tose (2.17 %). Additionally, galacturonic acid (57.61 %) showed the 
highest concentration. The galacturonic acid and the high negative 
charge that it provides, besides the hydroxyl group, gives H.syriacus 
mucilage a high water holding capacity, increased surface area, 

Table 1 
Mineral composition (mg/kg).  

Minerals H.sabdariffa H.syriacus H.rosa-sinensis H.tiliaceous 

Cu 2.72 3.79 6.42 6.36 
Zn 7.73 10.81 10.54 8.76 
Se 0.32 0.25 0.23 0.12  
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increased surface wettability, and water penetration giving higher hy
drophilic nature providing an ability to maintain the skin water content 
besides being easily biodegradable [58–61]. Those results were in 
accordance with the previous report, where galacturonic acid was the 
main component [62]. 

2.3. Determination of H.sYriacus lipoidal content 

GC–MS analysis of the unsaponifiable matter of H.syriacus (Table 3), 
revealed the presence of phytol (25.05 %), an unsaturated acyclic 
alcohol, a byproduct of chlorophyll degradation that was reported to 
stimulate the cell proliferation by enhancing its markers in human 
keratinocytes as well as ameliorating collagen production in dermal fi
broblasts [63]. γ tocopherol (13.94 %) and β-sitosterol (9.24 %) were 
also reported for a potential wound healing effect both due to powerful 
antioxidant, as well as a plant angiogenic phytosterol successfully 
applied in chronic wound [64,65]. Additionally, palmitic acid was 
detected as the major saturated fatty acid (34.04 %), followed by linoleic 
acid (10.41 %) while the major unsaturated fatty acid was oleic acid 
(42.03 %) (Table 4). Palmitic acid was demonstrated to downregulate 
the pro-inflammatory cytokines (TNF-α and IL-12), besides a potential 
antimicrobial effect [66]. Furthermore, linoleic and oleic acids were 
proved to speed up the wound healing process by stimulating neutro
phils to release vascular endothelial growth factor (VEGF-a), interleukin 
(IL-1b) and cytokine-induced neutrophil chemoattractant (CINC-2a/b) 
[54]. 

2.4. Proliferation assay 

To evaluate and compare the cellular proliferation among all Hibiscus 
leaves extracts (petroleum ether, mucilage, and methanol) and choose 

the best representative, the water-soluble tetrazolium (WST-1) was 
used, as a rapid, simple, and sensitive method to measure cellular 
metabolic activity. H.syriacus petroleum ether extract and mucilage 
exposed to skin fibroblast at doses, 100 and 1000 μg/mL showed the 
highest viability and lowest toxicity with a percentage of viability 
ranging between 99.36 and 82.11 at the lowest concentration and 92.88 
and 77.67 % at the highest concentration (Fig. 1). Therefore, due to the 
high safety margin of H.syriacus, and its high swelling capacity, it was 
chosen for pharmaceutical and pharmacological study. 

2.5. Pharmaceutical formulation 

The H. syriacus composite sponges were successfully formulated 
using different ratios of H. syriacus mucilage and chitosan (1: 1, 1: 3, and 
1: 5) with the same amount of PEE of H. syriacus. The selection of the 
best formulation is based on the physical properties and the in vitro 
release of β-sitosterol from the prepared H. syriacus composite sponges 
(Table 5). The obtained H. syriacus composite sponges were dark brown, 
flexible with a porous structure, and of uniform weight, texture, and 
thickness. They have an elegant appearance with no visible cracks. Such 
combined properties increase the chance of these formulae to have a 
convenient application on the wound site. 

2.5.1. Water uptake ability and Weight loss of prepared composite sponges 
Water uptake capacity is one of the important parameters for bio

logical claims for wound healing because it translates the sponge ability 
to absorb exudates from wounds besides providing a uniform release of 
the active constituent from sponges [67]. The water uptake of the 
observed sponges increased by increasing the ratio of chitosan to 
mucilage up to 5 (Table 6). This is principally due to the presence of 
amine and hydroxyl groups on the chitosan moiety, which is the most 

Table 2 
Composition of H.syriacus mucilage.  

Carbohydrate % of dry weight 

Neutral sugar 
Glucosamine 16.78 
Galactose 2.17 
Uronic acid 
Galacturonic acid 57.61 
Glucuronic acid 3.35 
Glutric acid 6.65 
Total identified 86.56 %  

Table 3 
GC–MS analysis of unsaponifiable matter of the n-hexane fraction of H.syriacus.  

No. RRt 

(min) 
Relative 
(%)  

[M+] 
m/z 

Component 

1 0.5 2.06  206 5,5-Dimethyl-4-[3-Methyl-1,3- 
Butadienyl]-1-Oxaspiro[2.5]Octane 

2 0.51 1.85  180 2(4 H)-Benzofuranone, 
5,6,7,7a-tetrahydro-4,4,7a- 
trimethyl-, (R) 

3 0.68 1.19  246 Benzene, (1-pentylheptyl)- 
4 0.69 1.23  246 5-Phenyldodecane 
5 0.74 2.26  246 1,3,3-Trimethylnonyl) benzene 
6 0.76 1.69  290 13-phenylpentacosane 
7 0.78 13.94  268 2-Pentadecanone, 61,014-trimethyl 
8 0.82 1.77  310 Docosane 
9 0.83 1.81  260 Benzene, (1-methyldodecyl)- 
10 0.87 1.89  290 24,714-Tetramethyl-4-vinyl-tricyclo 

[5.4.3.0(1,8)] tetradecan-6-ol 
11 0.98 3.67  450 Dotriacontane 
12 1 25.05  296 Phytol 
13 1.31 13.94  502 γ tocopherol 
14 2.16 9.24  414 β-sitosterol 
15 2.30 3.63  426 α-amyrin 
16 2.41 4.49  426 β-amyrin 
17 2.46 7.75  442 Betulin  

Table 4 
GC–MS analysis of fatty acids methyl esters of the n-hexane of Hibiscus syriacus.  

No. RRt (min) Relative % Structure [M+] 
m/z 

Components 

1 0.52 0.70 C9:0 216 Dimethyl azelate 
2 0.68 1.95 C13:0 242 Methyl isomyristate 
3 0.76 0.59 C14:0 256 Methylmyristate 
4 0.85 34.04 C16:0 270 palmitic acid 
5 0.90 0.62 C16:0 284 palmitic acid, ethyl ester 
6 0.93 0.78 C17:0 284 margaric acid 
7 0.99 10.41 C18:2 294 linoleic acid 
8 1 42.03 C18:1 296 oleic acid 
9 1.02 4.73 C18:0 298 Methyl isostearate 
10 1.05 1.56 C17:0 310 Ethyl oleate 
11 1.17 0.76 C20:0 326 arachidic acid 
12 1.3 1.01 C22:0 354 Behenic acid 
13 1.34 0.50 C23:0 368 Tricosanoic acid 
Saturated fatty acids (%) 47.44 
Unsaturated fatty acids (%) 52.4  

Fig. 1. Percentage of Viability of Different Extracts of Studied Hibiscus Species 
(n = 3, data are represented as mean ± SD). 
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likely site for the accommodation of the additional water due to its 
hydrophilicity [68]. Besides, the microporous structure within the 
sponges plays a significant role as it affects the water-retaining ability 
within the pores. The SPC offered maximum water uptake capacity 
among all the prepared sponge formulations; indeed the sponge can 
retain water in their porous structure surrounded by thick cell walls as 
the water uptake ability extends more than 500 %. Contrary, decreasing 
the amount of chitosan in the sponge led to smaller water uptake as the 
pores opening are surrounded by thin and friable walls. Also, the 
appearance of the fibrous networks in the sponge with lower chitosan 
content attenuates the ability of the water retained within pores [69]. 
Similar results were also reported in a previous study [70], which were 
subsequently confirmed by the weight loss of the sponges. This weight 
loss is in contrast with the increase in the chitosan ratio, as more chi
tosan can resist the dissolution in water. 

2.5.2. Fourier transform infrared spectroscopy (FTIR) 
FTIR was utilized to investigate any possible interactions between H. 

syriacus mucilage and chitosan at different blend ratios (Fig. 2). All the 
peaks in the IR spectrum of mucilage affirmed a polysaccharide struc
ture. The characteristic peaks of chitosan were seen at 3428.81, 1631.4, 
and 1590 cm− 1 corresponding to free alcoholic OH, amide and amino 
group, respectively. The FTIR spectrum of the H.syriacus mucilage 
showed a sharp and characteristic peak in the fingerprint region at 
1040.4 cm− 1 corresponding to C–O stretching vibration. The peak at 
1627.6 cm− 1 indicates the presence of aromatic C––C bending vibration. 
The sharp band at 2930.3 cm− 1 is characteristic of methyl C–H 
stretching associated with the aromatic ring system. The characteristic 
absorption peak of –NH3

+ shifted to 1622 cm− 1 in the spectrums of the 
three formulated sponges with different intensity indicated the degree of 
ionic interaction between the negatively charged carboxylic ion group of 
H.syriacus mucilage and the positively charged amino group of chitosan 
in the three ratios of the blend [69,71]. 

2.5.3. Morphology of Composite Sponges: scanning electron microscopy 
(SEM) 

Exploring the sponge morphology was essential to recognize the 
sponges’ structure and well recognize their behavior. The morphological 
images of chitosan/ H. syriacus mucilage composite sponges is presented 
in Fig. 3, where, the sponges seemed as a highly porous structure while 
the coarseness of the sponge surface increased with rising the chitosan 
amount. Besides, the pore size decreased with increasing the chitosan 
content in the composite sponge. This was simply associated with the 
higher sponge density and is parallel to the effect of increased 

carrageenan content on the sponge structure previously reported [72]. 

2.5.4. Drug content 
The loading of PEE (estimated as β-sitostetrol) in the sponges did not 

depart markedly from the calculated amount where > 95 % of active 
ingredient was recovered. 

2.6. In-vitro release study 

In-vitro release profile of chitosan/ H. syriacus mucilage composite 
sponges loaded with PEE was studied in phosphate buffer solution for 
48 h. Although chitosan is a natural biodegradable polymer that gets 
solubilized at acidic pH, its solubility in basic pH is limited [73]. 
Therefore it was assured that all tested composite chitosan sponges 
remained intact in this buffer during the time of release assay. The 
average percentage release of β-sitosterol was nearly 95 %, 80 %, and 60 
% for SPA, SPB, and SPC, respectively, in 48 h. It is worthy to say that the 
β-sitosterol release was markedly increased with a decrease of the chi
tosan amount in the prepared sponge (Fig. 4) as the polymer regains its 
gel structure upon sponge hydration with subsequent increase in diffu
sional path length of the drug which may interrupt the release profile. 
Moreover, thickening in the gel layer formed on the swollen sponge 
surface can prevent matrix disintegration and subside additional water 
penetration therefore delaying the drug release [74]. Besides increasing 
polymer content coupled with a smaller pore diameter as mentioned 
previously may obstruct the penetration of the solution into the 
matrices. By the end of release study, composite chitosan sponge is still 
intact 

2.7. In-vivo wound healing activity 

2.7.1. SPC induced rate of wound healing after 1 cm2 excision wound 
induction 

The rate of wound healing in male Wister rats treated once, on the 
wound induction day, with low to medium concentrations of H. syriacus 
sponge was significantly faster compared to both the control, non- 
treated group, (SPC-low, p = 0.026 and SPC-medium, p = 0.037) and 
the standard* treated group (SPC-low, p = 0.031 and SPC-medium, 
p = 0.026). Although the SPC-high didn’t show a significant change 
compared to both the control or standard treated group, it showed a 
higher healing rate as shown in Fig. 5. 

2.7.2. The inflammatory markers value restored in H. syriacus sponge 
treated wounds 

At the end of the experiments, the inflammatory markers were 
measured in the healed skin using both immunohistochemistry and 
ELISA. Tissue expression of Tumor necrosis factor-α (TNF-α) in the 
wound area was demonstrated in Fig. 6A. All treated groups showed a 
significant decrease in TNF-α expression at the wound area compared to 
the non-treated control group. The latter was confirmed by the resto
ration of TNF-α values, in all treated groups, to the normal tissue value. 
The control group showed a significant increase regarding TNF-α release 
compared to normal skin tissue (p = 0.0004). There was a significant 
reduction in standard, SPC-plain, SPC-low, SPC-medium and SPC-high 
groups in compared to control group regarding TNF-α 
(P < 0.0001, = 0.009, 0.0009, 0.002 and < 0.0001 respectively as 
shown in Fig. 6A. The current study proved that SPC at low and medium 
doses not only enhances the wound healing process but also it modulates 
the main key players’ cytokines. The good formation of stable newly 
generated healed tissue with proper collagen deposition and epithelial 
layer formation mainly depends on many cytokines and pathways [75]. 
The current study proved that the modulation of TNF-α levels greatly 
supports this theory by connecting the healing process with the modu
lation of such cytokines. SPC helps to restore the normal expression of 
TNF-α in the healed skin compared to the untreated wound. TNF-α is one 
of the most important parameters to assess the inflammation degree 

Table 5 
Composition of prepared H. syriacus composite sponges.  

Mannitolb 

(%) 
PEE of 
H. syriacusa 

μg/mL 

Feeding ratio Formula 
Code   

Chitosan H.syriacus 
mucilage  

0.25 100 1 1 SPA 
0.25 100 3 1 SPB 
0.25 100 5 1 SPC  

a Lyophilized powder of petroleum ether extract of H. syriacus. 
b Mannitol used as a cryoprotectant. 

Table 6 
Physical parameter of the prepared sponges.  

Weight loss (%) ± SDa Water absorption (%) ± SDa Formulae code 

67 ± 8.74 270 ± 52.92 SPA 
49 ± 10.5 310 ± 50.85 SPB 
36.5 ± 7.29 543 ± 60.28 SPC  

a Mean ± SD (n = 3). 
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Fig. 2. FTIR spectra of (a) chitosan, (b) mucilage, (c) SPA, (d) SPB and (e) SPC.  
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during the healing process [76]. This is in line with a previous study [77] 
where the decrease in the TNF- α levels was associated with the fast 
wound repair mechanism upon the use of chamomile extract. 

Transforming growth factor beta (TGF-β) in the healed tissue was 
significantly reduced in the control group compared to the normal non- 
wounded skin (p = 0.004), SPC-plain and SPC- low groups showed a 
similar effect. While there was a significantly increased value of stan
dard and SPC-high treated groups compared to the control group 
(p = 0.01 and < 0.0001 respectively as shown in Fig. 6B. Regulation of 
both deposition and synthesis of extracellular matrix proteins such as 
osteonectin, fibronectin, collagen, and thrombospondin during the 
wound healing process solely depends on the active regulation of TGF-β. 
Also, degradation of the matrix is achieved via controlling levels of TGF- 
β which controls the expression of proteases such as MMP1, transin, 
collagenase, and plasminogen activator [78]. In a study showing the 
response to the usage of Korean Red ginseng, it demonstrated that in the 
early stages of wound healing there is an increased level of TGF-β [79]. 
However, in the present study, the levels of TGF-β after the wound 
healed didn’t show differences with the untreated control except at a 
high concentration dose of SPC. 

The gene expression of the vascular endothelial growth factor 
(VEGF) showed a significant increase in standard, SPC-plain, SPC-low, 
SPC-medium and SPC-high groups compared to control group (P = 0.03, 
<0.0001, < 0.0001, = 0.0004, and 0.02 respectively). The control group 
did not show any differences in comparison to the normal tissue as 
shown in Fig. 6C. VEGF represents the main pathway in angiogenesis, 
therefore, treatment with SPC upregulates the expression of VEGF which 
gives rise to the required new blood vessels essential for proper wound 
healing process [80]. This is in line with a previous study [79] where the 
use of Korean Red Ginseng increased significantly the VEGF levels of the 
wound healing process. 

2.8. Histopathological examination 

The examination of skin specimens from different experimental 
groups is illustrated in Fig. 7. Skin sections from the normal group 
showed normal histology of skin; the epidermis consisted of multiple 
layers of epithelial cells rested on an intact basement membrane and 
covered by the keratin layer. The dermis was formed of fibrous tissue 
containing skin-associated structures (adnexa) as hair follicles, sweat, 
and sebaceous glands. On contrary, the wounded area of skin in the 
control group exhibited serious histologic alterations; the epithelial 
cover was completely lost exposing the underlying tissue. The wound 
gap was filled with haphazardly arranged granulation tissue with in
flammatory cell infiltrations. Numerous newly formed blood capillaries 
were observed at the base of the wound. Standard treated group showed 
retarded healing; the surface was covered completely by a thick sero- 
cellular crust composed of necrotic tissue debris and inflammatory ex
udates, beneath the crust only partial re-epithelization was noticed at 
the wound edges. The wound gap was filled by organized tissue with its 
characteristic perpendicular arrangement of the newly formed capil
laries over the fibrous tissue. Intense inflammation was noticed. SPC- 
plain group exhibited better signs of healing, thickened hyperplastic 
epithelial cap was covering the wound area completely and the wound 
gap was filled by organized tissue with more collagen. Minimal in
flammatory reaction was a prominent feature as well. The best healing 
criteria were observed in SPC-low group where the re-epithelization and 

Fig. 3. SEM images of surface morphology of chitosan / H. syriacus mucilage composite sponges.  

Fig. 4. The drug release behaviors of chitosan/ H. syriacus mucilage composite 
sponges loaded with β-sitosterol (n = 3, Mean ± SD). 
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epidermal remodeling were perfect; the wound surface was completely 
covered by regenerated epithelium with keratinization. The wound gap 
was filled by collagen-rich organized tissue. Few numbers of inflam
matory cells were observed. In SPC-medium group, the wound was 
covered by a thick scab of inflammatory exudates and tissue debris. 
Beneath, a thin regenerated epithelial cover was observed, and the 
wound was filled by inflamed organized tissue. SPC-high group exhibi
ted perfect epidermal remodeling and the wound area was containing 
collagen-rich organized tissue. Enhanced re-epithelization and perfect 
epithelial remodeling were observed in SPC treated groups compared to 
the control non-treated group. The standard group only exhibited mild 
improvement in epithelial healing. Generally, SPC- treated groups 
showed complete organization of the wound area with well-formed 
collagen fibers. Inflammatory cells infiltration was observed in all 
groups, but SPC-treated groups showed a numerical non-significant 
decrease in the intensity of the inflammatory reaction except SPC-low 
group that exhibited a significant decrease in inflammation score 
compared to the control group. Angiogenesis was improved significantly 
in both SPC-low and SPC-high groups. Standard and SPC-medium 
groups showed numerical improvement in the angiogenesis score. 
Concerning the collagen fibers evaluation (Fig. 8), MTC stained sections 
revealed a significant increase in collagen content at the wound area of 
all treated groups compared to the control group. 

Re-epithelization is a pivotal histologic feature of ideal wound 
healing [81], perfect full-thickness re-epithelization with complete 
coverage of the wound area in all treated groups proves the ability of a 
single dose of SPC to promote and accelerate wound healing, and 
demonstrate the role of angiogenesis in wound healing as it is essential 
in providing the nutrients and oxygen supply required for wound repair 
[82]. SPC-treated groups showed an increase in capillaries formation 

compared to the non-treated groups that support their claimed role in 
tissue repair (Fig. 9). Collagen is one of the major components of 
extracellular matrix ECM related to the wound healing process and 
increasing the collagen content is a continuous process related to the 
progression of repair [83], the evidence of increased collagen in treated 
groups favor the positive impact of SPC on the process of wound closure. 

3. Material and methods 

3.1. Hibiscus species extraction 

The leaves of H.sabdariffa, H.syriacus, H.tiliaceous, H.rosa-sinensis 
were collected in September 2018, from the Medicinal, Aromatic and 
poisonous Plants Experimental Station, Faculty of Pharmacy, Cairo 
University, Giza, Egypt. The plants were kindly identified by Dr. 
Mohammed El-Gebaly, senior botanist and consultant at Orman Botan
ical Garden. The voucher specimens (No.10–13/3/2019) were stored at 
the Herbarium of Faculty of Pharmacy, Cairo University. 

The leaves (500 g) of each species were air- dried, defatted with 
petroleum ether using Soxhlet apparatus till exhaustion. The extracts 
were vacuum dried. The defatted plant material of each species was 
extracted with 70 % methanol, whereas the aqueous methanolic extracts 
were combined then vacuum dried. The dried residues of both petro
leum ether and aqueous methanolic extracts were kept in refrigrerator at 
− 20 ◦C prior to use for phytochemical and biological investigations. 

3.2. Mucilage extraction 

The cleaned, fresh leaves of the studied species were air-dried and 
ground. For yield estimation, 10 g of powdered leaves were macerated in 

Fig. 5. Wound healing effect of different formulae concentration compared with standard marketed drug (Mebo®). The left panel (A) shows the rate of wound 
healing from day 0 (wound induction day) to day 9. The right panel (B) shows a quantitative measurement of area under the curve (AUC). Data are shown as 
scattered plot for each individual wound and represented as mean ± SD of at least 7 wounds. SPC- low and medium have P < 0.05 compared to control and standard, 
the exact P valve are shown in the graph. 
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water (80 mL), heated on a water bath at 50 ◦C for 5 h, the obtained 
slurry was centrifuged at 300 rpm (10 min.), the supernatant was mixed 
in the ratio 1:3 with 99 % ethanol, then centrifuged again at 3000 rpm 
for further 10 min. The obtained mucilage was then dried in a hot air 
oven at 60 ◦C overnight. The yield of the extracted mucilage was ob
tained by dividing the obtained dried mucilage weight by the weight of 
dried leaves used and expressed as % w/w yield [52]. The plant of choice 
(500 g) was further extracted using the same methodology keeping the 
same conditions. 

3.3. Minerals estimation 

Analysis of minerals in the Hibiscus leaves of the studied species was 
performed using atomic absorption spectroscopy. The leaves were 
weighed, heated in a quiet heater at 40 ◦C till there were no vapors, 
cooled at room temperature then moistened with concentrated H₂SO₄ 
and heated till fumes of H₂SO₄ ceased to evolve. The container with 
H₂SO₄ ash (one gram in 100 mL of 5 % HCl) was then heated for 2− 3 h in 
a quiet heater at 60 ◦C till constant weight. The instrument measures the 
change in intensity which is converted into an absorbance related to the 
sample concentration [84]. 

3.4. Determination of swelling index 

1.0 g of the dried mucilage was added in a graduated cylinder con
taining 100 mL of water, left for 24 h., and then the swollen volume was 
calculated as follows. S =V2 /V1; where S is the swelling index, V2 is the 
volume of the mucilage prior to hydration, V1 is the volume mucilage 
after hydration [85] 

3.5. Monosaccharides and organic acids composition of Hibiscus 
mucilage 

The mucilage of the chosen species having the highest viability 
percentage (cell proliferative assay) was subjected to HPLC analysis to 
identify and quantify the monosaccharides content and organic acids. 
0.05 g of the mucilage was hydrolyzed using 4 M Trifluoro-acetic acid 
(10 mL), refluxed at 80 ◦C for 8 h., filtered through 0.45 μm, then 
injected into High-performance liquid chromatography-Refractive index 
detector (HPLC-RI) (Agilent1260, USA), The separation was achieved 
using isocratic elution using water with flow rate 0.6 mL/min. Peaks 
were identified based on their retention times, and quantified using, 
glucose, melezitose, galactose, mannose, fucose, fructose and one amino 
sugar (glucosamine) standards. Organic acids were separated by HPLC- 
UV (knauer, Germany), set at 214 nm, the flow rate was set at 0.6 mL/ 
min, while the column oven temperature was kept constant at 65 ◦C, and 
the mobile phase was 0.005 M H2SO4 data. Integration was carried out 
by clarity-chrom software. 

3.6. Determination of lipoidal matter 

One gram of the petroleum ether extract of the chosen species (H. 
syriacus) with the highest viability percentage was refluxed with 5 % 
alcoholic KOH for 3 h., alcohol was distilled off, then the mixture was 
diluted with an equal volume of distilled water and the unsaponifiable 
matter (UNSAP) was extracted till exhaustion with extracted diethyl 
ether, which was combined, dried under reduced pressure, then kept for 
GC/MS analysis. The saponified H.syriacus extract was acidified with 5 N 
HCl, extracted thrice with diethyl ether, and then the combined extract 
was dissipated to dryness. The residue was methylated by refluxing for 
3 h with 50:3 MeOH: H2SO4. The reaction mixture was extracted again 
thrice with diethyl ether where the combined extract was then dried and 
kept for GC/MS analysis for determination of fatty acid methyl ester 
(FAME) [86,87]. 

Fig. 6. Inflammatory and proliferative markers expression in the healed tissue. 
Quantitative analysis of the inflammatory markers in the healed tissue at the 
sacrifice day; tumor necrosis factor-α (A, TNF-α), transforming growth factor 
beta (B, TGF-β) and relative expression of vascular endothelial growth factor (C, 
VEGF). Data are shown as scattered plot for each individual wound and rep
resented as mean ± SD of at least 7 wounds except normal skin n = 3. P < 0.05 
compared to control group, * P < 0.0001, the exact P valve are shown in 
the graph. 
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3.6.1. GC/MS analysis of UNSAP 
UNSAP was analyzed on Shimadzu GCMS-QP2010 (Tokyo, Japan) 

where mass spectra were recorded. Rtx-5MS fused bonded column (30 m 
x0.25 mm i.d. × 0.25 μm film thickness) (Restek, USA) equipped with a 
split–splitless injector was used where the injector temperature was 
280 ◦C while the initial column temperature was kept at 50 ◦C for 3 min 
(isothermal) that was programmed to 300 ◦C at a rate of 5 ◦C/min and 
kept constant at 300 ◦C for 10 min (isothermal) and Helium gas flow at 
1.37 mL/min. Fragmentation was performed at 60 mA filament emission 

current, 70 eV ionization voltage 70 eV at 220 ◦C ion source. Confir
mation of the hydrocarbons was achieved by comparison of their mass 
spectra with the NIST database and the available literature. 

3.6.2. GC/MS analysis of FAME 
FAME was analyzed using Shimadzu GCMS-QP2010 (Tokyo, Japan) 

equipped with Rtx-5 MS fused bonded column (30 m x0.25 mm i. 
d. × 0.25 μm film thickness) (Restek, USA) with a split–splitless injector. 
The initial column temperature was kept at 50 ◦C for 3 min (isothermal) 

Fig. 7. Histopathological examination of the healed tissue. Photomicrograph of skin, H&E stained (A) Normal group, (B) Control, (C) Standard, (D) SPC-Plain, (E) 
SPC-low, (F) SPC-medium and (G) SPC-high. Charts, histopathological evaluation of re-epithelization, granulation tissue formation, inflammation, and angiogenesis. 
No histological alterations were detected in normal group. Data represented as mean ± SD of at least 4 wounds. a, b, c and d indicate significant difference 
at P < 0.05. 

Fig. 8. Collagen formation in the healed tissue. Photomicrograph of skin, MTC stained (A) Normal group, (B) Control, (C) Standard, (D) SPC-Plain, (E) SPC-low, (F) 
SPC-medium and (G) SPC-high. Data represented as mean ± SD of at least 5 wounds except normal skin n = 3. a, b, c, d and e indicate significant difference 
at P < 0.05. 
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and programmed to 300 ◦C at a rate of 5 ◦C/min and kept constant at 
300 ◦C for 10 min (isothermal), the injector temperature was 280 ◦C and 
the helium carrier gas flow rate was 1.37 mL/min. All the mass spectra 
were recorded following the usage of emission current, 60 mA; ioniza
tion voltage, 70 eV; ion source, 220 ◦C. Diluted samples (1% v/v) were 
injected with split mode (split ratio 1: 15). Matches for fatty acids were 
confirmed manually and by searching the NIST database using the NIST 
Mass Spectral Search Program. 

3.7. Cell proliferative assay 

Human skin fibroblast cell line was obtained by Nawah Scientific 
Inc., Cells were maintained in supplemented Dulbecco’s modified eagle 
medium (DMEM) of streptomycin 100 mg/mL, Penicillin with 100 
units/mL and heat-inactivated fetal bovine humidified serum with 10 %, 
carbon dioxide atmosphere 5 % (v/v) at 37 ◦C [88]. The proliferative 
assay was assessed by the Abcam® kit (ab155902 WST-1 Cell Prolifer
ation Reagent. Human skin fibroblast cells (3 × 103 /well) were 
implanted in 96-well plates. After cell adhesion, different concentrations 
of plant leaves extracts (mucilage, petroleum ether, methanol; 100, 
1000 μg/mL) were added, incubated for 48 h., then the proliferation was 
assessed using water-soluble tetrazoluim-1 (WST-1), and the absorbance 
was measured after an hour at ʎmax. 459 nm using a BMG LABTECH®- 
FLUOstar Omega microplate reader (Allmendgrün, Ortenberg) [89]. The 
assay was chosen as the criteria for further phytochemical, pharma
ceutical and in-vivo study 

3.8. Pharmaceutical formulation 

3.8.1. Preparation of H. syriacus composite sponge 
Chitosan solution (1% w/v) was prepared in 1% aqueous acetic acid 

at 25 ◦C. The slurry of H. syriacus mucilage was prepared by mixing the 
mucilage powder of H. syriacus (25 gm) in 100 mL water at room tem
perature then centrifuged to get rid of the precipitate. The composite 
mixtures were prepared by vigorously mixing the slurry of H. syriacus 
mucilage with a chitosan solution in different portions (1: 1, 1: 3, and 1: 
5; H. syriacus mucilage: chitosan) using a magnetic stirrer (Wisestir1 
(DAIHAN-Scientific Co., Ltd., Seoul, Korea) till obtaining homogenous 
consistency. 100 μg/mL of dried petroleum ether extract powder (PEE) 
of H. syriacus was added to the prepared homogenous mixture to form 
three formulae named; SPA, SPB, and SPC. The mixtures were then 
sonicated for five minutes to remove trapped air bubbles. Two ml of each 
homogenous mixture was poured into 8 wells of empty tablet strips with 
dimensions (2.5 × 2.5 cm2). The molded mixture subjected to freezing 

at − 40 ◦C for 24 h preceding lyophilization step using lyophilizer (Lyph 
lock1 4.5, LABconco, Kansas, USA) at a vacuum set at 40 mTorr, for 10 h 
to obtain H. syriacus composite sponge. 

3.8.2. Characterizations of H. syriacus composite sponge 

3.8.2.1. Water uptake ability of H. syriacus composite sponge. The water 
absorption ability of H. syriacus composite sponge was measured 
through the incubation of known weight of composite sponge in 
phosphate-buffered saline (PBS) pH 7.4 at room temperature for 2 h, 
then the swollen sponge was weighted after being pressed gently be
tween filter paper to ensure complete drying and remove the excess 
absorbed water on the surface, then weighed directly on an electronic 
balance scale. 

The water content of the sponge was calculated as follows:  

Ead = [We − W0/ W0] × 100 [70]                                                           

Where, Ead is the water absorption percentage of composite sponge at 
equilibrium, (We) is the weight of the mucilage-chitosan sponge at 
equilibrium, and (W0) is the initial weight of the mucilage-chitosan 
sponge. The experiment was carried out in triplicate and data are 
offered as the mean of percentage water absorption ± SD (n = 3). 

3.8.2.2. Weight loss of prepared composite sponges. The weight loss of the 
prepared composite sponges was carried out in triplicates. Samples of 
H. syriacus sponge were carefully merged in PBS solution pH 7.4 at 
37 ◦C. After 24 h, the sponges were splashed with deionized water, 
frozen, lyophilized, and reweighing. 

Weight loss of sponges was calculated as follows:  

% W = (W0− We) /W0 × 100 [70]                                                          

Where (W0) is the initial weight of sponge (g) and (We) is the weight 
lyophilized sponge (g). 

3.8.2.3. Fourier-transformed infrared spectroscopy (FTIR). FTIR spectra 
of H.syriacus mucilage, chitosan, and H.syriacus mucilage: chitosan 
composite (with different ratios 1:1, 1:3, 1:5) were recorded using FTIR 
spectrophotometer equipped with deuterated triglycine sulfate (DTGS) 
detector and potassium bromide (KBr)/Germanium as a beam splitter. 
The instrument was connected to software OMNIC ver.9.7 and IR spectra 
were scanned at over the range of 650− 4000 cm− 1 and recorded for 32 
scans at a resolution of 8 cm− 1. Each data point was recorded in three 
replicates using absorbance mode to facilitate quantitative analysis 

Fig. 9. Tumor necrosis factor- α expression on the healed tissue. Photomicrograph of skin, Immunostaining of TNF-α. (A) Normal group, (B) Control, (C) Standard, 
(D) SPC-Plain, (E) SPC-low, (F) SPC-medium and (G) SPC-high. Data represented as mean ± SD of at least 5 wounds except normal skin n = 3. a, b, c and d indicate 
significant difference at P < 0.05. 
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[90]. 

3.8.2.4. Scanning electron microscopy (SEM). SEM (JSM 5300, JOEL, 
Japan) was used to detect the morphological structure of the prepared H. 
syriacus composite sponges, the sponge was placed on the sample holder 
of the SEM using adhesive strip in their both sides carefully not to 
damage the surface topography of the sponge, after that the sponge was 
covered with a thin layer of 150 A◦ gold and kept for two minutes in a 
3 × 10− 1 atm of argon (gas) in a vacuum and images picked up using i- 
scan 2000 software [91]. 

3.8.2.5. Drug content. Samples of H.syriacus sponges were weighed 
accurately and soaked in 50 mL of methanol, followed by sonication for 
90 min. The methanolic solution was filtered using a 0.45 μm membrane 
filter and analyzed for β-sitosterol content using UV–vis spectropho
tometry (Thermo Spectronic genesys 5, Haverhill, MA, USA) at λ208 nm. 
The actual content of β-sitosterol was estimated from the absorbance 
value, by comparison with the linear equation resulting using a serial 
dilution of β-sitosterol in pure methanol [92]. Each formulae was eval
uated in triplicate and data are given as the mean ± SD (n = 3). 

3.8.2.6. In-vitro drug release. Each composite sponge (2.5cm × 2.5cm) 
was immersed in glass vials with 20 mL phosphate buffer solution, pH 
7.4 as releasing medium. The sealed vials were placed in a shaking water 
bath adjusted to 37 ± 0.5 ◦C and shaken at a regularity of 50 strokes/ 
min. All the supernatants were withdrawn periodically and swapped 
with an equivalent volume of fresh phosphate buffer solution. The 
samples were filtered by a 0.45 μm filter, and the amount of drug 
released was measured quantitatively using UV-spectrophotometry at a 
wavelength of λ208 nm [93]. β-sitosterol was chosen to represent the 
PEE. The concentration of released drug was then calculated using a 
standard curve of β-sitosterol in methanol. The percentage of β-sitosterol 
released was estimated as the following equation:  

β-sitosterol release (%) = β-sitosterol released at time t / total β-sitosterol 
loaded in sponge × 100                                                                          

All measurements were done in triplicates (mean ± SD). 
Relying on the pharmaceutical evaluation results, the optimized H. 

syriacus composite sponge formulation was selected to be loaded with 
two other different concentrations of H.syriacus petroleum ether extract 
to investigate and compare their efficacy as medicated wound healing 
formulations (SPC-low, SPC-medium, and SPC-high) containing (100, 
300, and 600 μg/mL H.syriacus PEE) respectively. 

3.9. In-vivo determination of the wound healing activity 

3.9.1. Animals 
Twenty-four male Wister Albino rats (120− 140 g) were obtained 

from VACSERA (The Egyptian Company for production of vaccines, sera 
and drugs). Animals were kept in MSA-animal house in plastic cages, 
with free access to food and water under standard room temperature 
while the light was maintained in a 12-h light and dark cycle. Animal 
experiments were in conformity with the MSA-ethical committee 
(Approval number PH6/EC6/2019). After 6 days of acclimatization, 
animals were randomly allocated into six groups (four animal/group), 
and two excision wounds were induced/ each animal. Sample size 
(n = 8) was calculated using G* Power 3.1.9 software, 80 % statistical 
power was used with alpha value = 0.05. The animal’s groups were as 
follow, control group (saline), standard group (mebo®), plain group 
(SPC-plain) and 3 different treated groups with 3 different concentration 
of our tested material, assigned as (SPC-low, SPC-medium and SPC-high 
groups). 

3.9.2. Excision wound 
The experimental protocol has been previously described [94], 

briefly, the animals were anesthetized using intraperitoneal ketamine 
(70 mg/ kg) and xylazine (7 mg/kg). Dorsal hair was removed with 
depilatory cream, swabbed with 70 % alcohol for sterilization, then 
using a 1 cm biopsy punch, 2 wounds were made in the back of the rat, 
down to the fascia of the panniculus carnosus without breaking through 
it. Pictures of the wounds were taken before applying the treatment. 
Each group got one-time treatment on the day of wound induction. The 
animals were individually housed after the procedure, inspected daily 
for well-being, monitoring the wound and were pictured every other day 
for quantitatively measuring the rate of wound closure. Animal were 
sacrificed under ether anesthesia, skin samples from the healed wound 
were stored either, in formaldehyde at room temperature, for histopa
thology or in phosphate buffer saline at -20 ◦C for further biochemical 
markers. 

3.9.3. Measurement of wound healing 
Image J 1.52 software was used to measure the wound size quanti

tatively. A scaled picture from each wound was used to calculate the 
wound area in day 0, 2, 5, 7 and 9. Percentage of healing was measured 
using the following equation (100 – ((wound area at day n/wound area 
at day 0)*100)), where n = 2, 5, 7 or 9. 

3.9.4. Wound healing markers 

3.9.4.1. Enzyme-linked immunosorbent assay (ELISA). Transforming 
growth factor beta (TGF- β) (CSB-E04725 h) and Tumor necrosis factor-α 
(TNF-α) (MBS267654), were estimated using ELISA kit according to the 
manufacturer’s instructions (Cusabio Life Sciences, Wuhan, China and 
MyBiosource, Inc., San Diego., USA respectively). Whereas, for TGF- β, 
tissue was rinsed with PBS to remove excess blood, chopped into 
1− 2 mm pieces, and homogenized with a tissue homogenizer in PBS or 
in lysate solution, lysate solution: tissue net weight = 10 mL : 1 g (i.e. 
Add 10 mL lysate solution to 1 g tissue), then centrifuged at approxi
mately 5000 X g for 5 min, then assayed immediately or the homoge
nates were stored at -20 ◦C. Then the procedure and calculation were 
performed according to Rat TGF beta 1 ELISA Kit (Catalog Number 
MBS824788). For TNF-α, 100 mg tissue was rinsed with 1X PBS, ho
mogenized in 1 mL of 1X PBS and stored overnight at -20 ◦C. After two 
freeze-thaw cycles were performed to break the cell membranes, the 
homogenates were centrifuged for 5 min. at 5000 x g, 2–8 ◦C. The su
pernatant was removed and assayed immediately. Alternatively, ali
quots and stored samples at -20 ◦C or− 80 ◦C. Centrifuge the sample 
again after thawing before the assay. Avoid repeated freeze-thaw cycles. 
Then the procedure and calculation were performed according to the Rat 
TNF-α ELISA Kit (Catalog Number.CSB-E11987 r). 

3.9.4.2. Quantitative real time PCR (VEGF determination) 
3.9.4.2.1. RNA extraction. Gene expression of VEGF were deter

mined by Quantitative Real-Time polymerase chain reaction (qRT-PCR) 
in the tissue: 30 mg of tissue sample was excised and placed in vessel for 
disruption and homogenization. The tissue was disrupted, lysed in lysis 
Buffer RLT and the lysate was homogenized by tissue homogenizer for 
40 s., followed by centrifugation for 3 min. at full speed, then the su
pernatant was carefully removed and transferred into a new micro
centrifuge tube where 350 μl of 70 % ethanol was added to the cleared 
lysate. 700 μl of the sample, 500 μl Buffer RPE, 700 μl Buffer RW1 and 
700 μl Buffer RW1 were transferred into spin column (RNeasy) and 
centrifuged for 30 s at 8000 rpm to allow effective washing of spin col
umn membrane. Then placed in a new collection tube (1.5 mL) and 
30− 50 μl RNase free water was added and centrifuged for 1 min at 
8000 rpm to elute the RNA. The supernatant was then transferred to a 
new Eppendorf tube to store at − 80 ◦C for additional use. (A 260/ A280) 
purity obtained with the concentration of the RNA using spectropho
tometry (dual wave length Beckman, spectrophotometer, USA). 

3.9.4.2.2. cDNA synthesis. 3 μl of random primers were added to the 
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10 μl of RNA which was denatured for 5 min. at 65 ◦C in the thermal 
cycler. The RNA primer mixture was cooled to 4 ◦C and the cDNA master 
mix was prepared (19 μl) according to the kit instructions then added to 
31 μl RNA-primer mixture which result in 50 μl cDNA. The mixture was 
incubated in the preprogrammed thermal cycler for one hour (37 ◦C) 
then inactivation of enzymes (90 ◦C) for 10 min. and at last cooled at 
(4 ◦C), RNA was changed to cDNA which stored at (20 ◦C). 

3.9.4.2.3. Real-time qPCR using SYBR green I. Real-time qPCR 
amplification and analysis were performed using an Applied Biosystem 
with software version 3.1 (StepOne™, USA). The qPCR assay with the 
primer sets were optimized at the annealing temperature. 

3.9.4.2.4. Primers used (VEGF determination). Forward primer : 5′- 
ATCATGCGGATCAAACCTCACC3′

Reverse primer:5′- GGTCTGCATTCACATCTGCTAT3′

β-actin 
Forward primer :5′-CAG GAT GGC GTG AGG GAG AGC-3′

Reverse primer: 5′-AAG GTG TGA TGG TGG GAA TGG-3′

3.9.4.2.5. Calculation of relative quantification (RQ) (relative 
expression). The relative quantitation was calculated according to 
Applied Bio system software using the following equation  

Δ Ct = Ct gene test – Ct endogenous control                                               

ΔΔCt = ΔCt sample1 – ΔCt calibrator                                                      

RQ = Relative quantification = 2-ΔΔCt                                                     

The RQ is the fold change compared to the calibrator (untreated 
sample) 

3.10. Histopathological examination 

Tissue specimen from the skin wound were fixed in 10 % neutral 
formalin saline, routinely processed by passage in grades of alcohols and 
xylene, embedded in paraffin wax and stained with hematoxylin and 
eosin (H&E) and Masons trichrome stain (MTC) [95]. Tissue slides were 
examined under light microscope, Olympus BX43 connected to Olympus 
DP-27 digital camera. Histologic scoring was done according to previous 
report [96], briefly a score ranging from 0 to 4 was given to the degree of 
re-epithelialization (0=Absence of epithelial proliferation, 1=Poor 
epidermal organization, 2= Incomplete epidermal organization, 
3=Moderate epithelial proliferation and 4= Complete epidermal 
remodeling), granulation tissue and collagen matrix organization 
(0=Immature granulation and inflammatory tissue, 1=Thin immature 
and inflammatory tissue, 2= Moderate remodeling, 3=Thick granula
tion layer and well-formed collagen and 4=Complete organized tissue), 
degree of inflammation (0 = 13–15 inflammatory cells per histological 
field, 1 = 10–13 inflammatory cells per histological field, 2 = 7–10 in
flammatory cells per histological field, 3 = 4–7 inflammatory cells per 
histological field and 4 = 1–4 inflammatory cells per histological field) 
and angiogenesis (0= Absence of angiogenesis and presence of conges
tion, hemorrhage, edema, 1 = 1− 2 vessels per site with edema, hemor
rhage, congestion, 2 = 3–4 vessels per site, moderate edema, congestion, 
3 = 5–6 vessels per site, slight edema, congestion, 4=More than 7 vessels 
per site vertically disposed toward the epithelial surface). MTC stained 
sections were used to demonstrate collagen fibers. MTC stained areas 
were quantified as (area %) using Cellsens dimensions (Olympus 
software). 

3.11. Immunohistochemistry 

Prepared paraffin blocks were used to cut 5 μm sections on positively 
charged slides for immunostaining. After deparaffinization and rehy
dration, tissue sections were subjected to heat-induced epitope retrieval 
in microwave followed by blocking against endogenous peroxidases. 
Tissue sections were washed in PBS and incubated with monoclonal 
mouse anti- TNF-α antibodies (Santa Cruz Biotechnology, Inc.) 

overnight in refrigerator. After washing, HRP-labelled secondary anti
body (Abcam, UK) was applied for 2 h at room temperature. DAB- 
substrate detection kit (Thermofisher, USA) was used to visualize the 
reaction. Negative control slides were obtained by removal of primary 
antibody. Positive staining was quantified and expressed as area % using 
CellSens dimensions (Olympus software). 

4. Conclusion 

This study demonstrated the promising and potential wound healing 
effect of H.syriacus loaded in a novel composite sponge formulated with 
bioactive polysaccharides (chitosan and leaf mucilage) besides the pe
troleum ether extract and evaluated in an in-vivo rat model. H.syriacus 
showed the presence of minerals, fatty acids, and sterols that demon
strated good correlation with the wound healing effect. Topical appli
cation of single dose of the formulated sponge resulted in accelerating 
wound closure through a potential decrease in TNF-α, and increase in 
both TGF-β and VEGF resulting in enhanced re-epithelization, angio
genesis and perfect epithelial remodeling. 
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