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ABSTRACT
Objective(s): Skin wounds are appraised as a rapidly growing threat to the economy and public health. Wound 
management is the main goal to promote rapid repair, with functional and esthetic outcomes. Among several 
wound healers, ointments are the most cost-effective and highly functional.  
Materials and Methods: Here, polysaccharide was isolated from Rosa canina and structural analysis was 
performed by NMR, LC-MS/MS, and FTIR. Then, the polysaccharide was encapsulated in SLN through 
the dialysis process. Structural analysis was committed to a survey on the physical and chemical properties 
of polysaccharide-SLN (PS-SLN) complex by Uv-Vis spectrophotometry, dynamic light scattering (DLS), 
and scanning electron microscopy (SEM) technologies. The ointment was prepared by adding PS-SLN to R. 
canina oil and beeswax.  
Results: The prepared PS-SLN nanoparticles had monodispersity with a size of about 217 nanometers.  The 
nano-ointment showed high stability with a pH of about 6 and a high density near 3256 centipoises. The 
skin absorption of the compounds was determined by the Franz cells. The in vitro skin absorption indicated 
that during the first 12 hr 36% of our nano-ointment’s skin permeation and then continued up to 12 hr to 
51%. The higher healing rate of nano-ointment than positive control with no allergic effects confirmed its 
efficiency in wound management.  
Conclusion: The results indicated that the nano-ointment could be applied for the healing of scars in pre-
clinical and clinical trials. Owing to effectual scar healing, nano-ointment may be effective in the treatment 
of other wounds including burn, diabetic and chronic ones. 
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INTRODUCTION
The wound is a disruption of tissue continuity 

that is breached by several injuries ultimately 
leading to structural interruption. Wounds can 
be open where occurred on the body surface in 
which the skin permits penetration of foreign 
components. Conversely, a closed wound like a 
hematoma, contusion, or seroma is developed 
in internal tissues and is usually created by blunt 
trauma that harms internal organs, muscles, and 

even skin [1]. A cutaneous wound is an open 
and/or outer injury in the skin originating from 
physical, chemical, and biological invaders and 
can be divided into acute and chronic insults. 
Acute skin lesions including surgical, traumatic, 
abrasions, and superficial burns heal with time, 
while infection can delay their recovery. Thus, 
management of healing and infection should be 
considered to prevent scar formation. On the 
other hand, in light of the non-healing character, 
chronic skin wounds are the most pressing medical 
problem that can affect the quality of life with 
organ failure and/or death so as to garner almost all 
of the attention [2]. In consonance with Medicare 
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data, about 8.2 million patients were allocated 
to chronic non-healing wounds (CNHW) in the 
United States [3].  Moreover, a 5-year cohort study 
has demonstrated that the number of patients 
with wounds was raised by 71% from 2012/2013 
to 3.8 million in 2017/2018 [4]. It is conceivable 
that wound healing in patients suffering from 
obesity, aging, diabetes, vascular abnormalities, 
other comorbidities, and even recent COVID-19 
might cause chronic wounds leading to more 
vulnerability to infection and other environmental 
issues [5].  In this regard, research is in progress 
to assess molecular mechanisms of wound healing 
and develop new strategies for rapid healing of 
both acute and chronic wounds.

Wound healing is a normal and well-
orchestrated process involving several cellular and 
molecular interactions to proceed with several 
overlapping stages such as inflammatory response, 
proliferation, regeneration, vascularization, and 
remodeling of tissue [6-8]. In this line, a major 
technological breakthrough in wound science is 
to strive for wound healers to shorten the healing 
time and mitigate infection and scarring [9]. 
Recent researches support the usage of herbal 
medicine, phytochemicals, and biologically active 
products as a traditional strategy to manage 
wound care and optimize the healing process [10, 
11]. Among bioactive agents, compounds driven 
from medicinal plants like polysaccharides are of 
great interest.  As an illustration, cellulose as a 
biodegradable glucose-driven polysaccharide can 
be extracted from bacteria, probiotics, and plants 
providing compatible wound dressings. Cellulose 
can also act as a convenient drug carrier of other 
wound healer molecules to accelerate the healing 
of wounds [12]. In addition, other polysaccharide 
polymers such as chitooligosaccharides and 
homopolysacchrides are used for repairing 
numerous wounds [13, 14]. 

Among the course of wound dressings, 
ointments are most commonly used as a commercial 
drug in the market. The ointment is a semisolid, 
viscous, and oily pharmaceutical formulation with 
a base containing mineral oil, petrolatum, and 
fatty alcohol compound that is used for external 
application on the skin [15]. The healer agents 
such as biologically active components should 
be added to the ointment base with an assured 
and controlled amount. To achieve a conceivable 
availability of compounds, novel drug delivery 
strategies seem to be used. Owing to the major 
technological breakthrough of nanotechnology in 
biomedical science, nanomaterial interventions 

may hold great attention for wound healing. To 
such an extent, solid lipid nanoparticles (SLNs) are 
a novel colloidal delivery system that remains solid 
in the body and at room temperature. SLNs are 
prepared from a mixture of several types of lipids 
and surfactants in a water medium with a size of 
nearly 40-1000 nm. They are a cost-effective and 
biocompatible group of nanocarriers that can be 
applied for the encapsulation of hydrophobic and 
hydrophilic drugs [16]. 

Taken together, it is worth considering 
that nanoencapsulation of drugs such as 
polysaccharides in ointment accommodates the 
impetus to get a rapid wound closure effect than 
previous traditional ointments.

MATERIAL AND METHODS 
Isolation and characterization of polysaccharide 
from Rosa canina

Fruits from R. canina were collected from 
Kermanshah province (West of Iran) and were 
authenticated by a botanist. The hydro-ethanolic 
extract was prepared, and the polysaccharide 
was isolated by using several chromatographic 
procedures and characterized using LC-MS/MS, 
NMR, and FTIR techniques according to a report by 
Rahimi et al [17]. The isolated polysaccharide was 
named RCP (Polysaccharide isolated from R. canina).

Preparation of RCP-SLN
To obtain the RCP-SLN formulations with a 

particle size of 200 nm or smaller, the modified 
previous self-assembly method was used in this 
study [18].  Briefly, polysaccharide was solved 
(CH2Cl2 and DMSO, respectively) and added to 
one milliliter of lipid at room temperature (25 
°C), which was then sonicated for 120 s at 80 WT. 
Then, the mixture was freeze-dried and stored at 
-20 °C. Also, the blank-SLN (B-SLN) was synthesized 
with a similar method. We examined the physical 
aesthetics, convenience of re-constitution, and 
quality characteristics of the nano-capsules when 
added to cell culture media.

Determination of EE and DL %
Following the centrifugation at 18,200×g for ten 

minutes at room temperature to produce the pellet 
(loaded drug) and supernatant (un-entrapped 
drug), the supernatant of the stock formulations 
was analyzed with a UV-VIS spectrophotometer, 
at wavelength of 263nm for polysaccharide and 
determination of entrapment efficiency (EE%) 
and drug loading (DL%). Calibration curves were 
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created with a straight line and R2 of 0.9988 for 
polysaccharide. The DL% and EE% of RCP-SLN 
were calculated by the formula given below:

EE%: [Total drug −Free drug / Total drug] ×100.
DL%: [Total drug −Free drug / total weight 
nanoparticles] ×100.

All measurements were done in triplicate, and 
the data were presented as mean ± S.D.

In vitro drug release
We assessed polysaccharide released from 

RCP-SLN using a dialysis bag method (Sigma 
Aldrich,  molecular weight cut off-20  kD) [19], in 
phosphate buffer (pH = 7.4). Briefly, 4 ml of the 
RCP-SLN was placed in a dialysis bag which was 
immersed in 80 ml of phosphate buffer solution 
(pH = 7.4) and put in a shaker incubator (200 rpm 
at 37 °C, for 55 h. In predetermined time points (0, 
1, 2, 3, 4, 5, 6, 24, 48, and 55 hr), 1 ml of the release 
medium was removed and replaced with fresh 
PBS of the same volume. Then, polysaccharide 
was quantified by a UV-vis spectrophotometer set 
(Philips PU  8620) at absorption maxima (λ max), 
corresponding to 263 nm for polysaccharide. 
Drug quantification for the in vitro drug release 
profile was calculated as a percentage of the drug 
release quantity at each time interval relating to 
the amount of drug trapped within the SLN. The 
experiment was identically repeated in triplicate. 

Fourier transform infrared spectroscopy (FT-IR)
By the potassium bromide disk method, FT-

IR spectroscopy of synthesized compounds was 
used to assess the chemical interaction of different 
functional groups. About 2 mg of the samples was 
mixed and triturated with potassium bromide 
(100 mg). An FT-IR spectrophotometer set (IR 
prestige-21, Shimadzu Co., Japan) was used to 
measure the spectra of free isolated polysaccharide, 
B-SLN, and polysaccharide-SLN over 200–40000 
cm-1 with a resolution of 4 cm-1 to determine any 
shift in individual peaks of the drugs.

Preparation of nano-ointment 
Beeswax-based nano-ointment was prepared 

by melting at 65 °C. Then, salicylic acid (2%) and 
vitamin E (2.5%) was added to the 8-12% beeswax 
(13-15) with continuous stirring in a water 
bath. Then, R. canina oil (30%) was added and 
mixed with paraben (0.2%). After cooling, nano-
encapsulated polysaccharide was added to the 
base and mixed with a homogenizer to produce a 

uniform ointment.

Physical and thermal stability of nano-ointment 
Three prepared nano-ointment samples (15 g) 

were evaluated visually at 4 °C, 25 °C, and 45 °C 
for their color, appearance, and phase separation 
[20]. The uniformity of the product was also 
checked by a light microscope after 24 hr, 48 hr, 7 
days, and 30 days. 

pH determination of nano-ointment
The pH of gel formulations was determined 

using a digital pH meter (Techno Scientific products). 
1 g of gel was dissolved in 100 ml of distilled water 
and stored for 2 hr. The measurement of the pH 
of each formulation was done in triplicate and 
average values were calculated [21].

Ex vivo skin permeability determination 
The permeability potential of nano-ointment 

was measured through mouse gut skin samples 
placed on a Franz diffusion cell and left for 48 
hr. The receptor compartment was filled with 50 
mL PBS (pH=7.4) that was previously degassed with 
ultrasound for 5 min and freshly prepared nano-
ointment (4 g) was poured into the acceptor chamber. 
To homogenization of nano-ointment in the receptor 
phase, inert Teflon-coated magnets were used to mix 
the solution with a continuous speed of 700 rpm. 
Sampling (1 mL) was performed at several time points 
(15, 30, 45, 60, 120, 180, 240, and 360 min) from 
the receptor phase and was immediately replaced 
with an equal volume of fresh buffer solution [22].  
Collected samples were stored at 25 °C and used to 
analyze the amount of polysaccharide out from test 
nano-ointments by measuring the absorbance at a 
wavelength of 263 nm.

Sensitivity test 
Skin sensitivity or irritancy test was carried 

out to assess each sign of adverse reactions to the 
nano-ointment formulation on the skin of Wistar 
rats. The nano-ointment (0.5 g) was applied on the 
shaved dorsal skin of the rats daily for 7 continuous 
days. The appearance of any reaction like edema 
and erythema was checked daily [23]. 

In vivo wound healing effect of nano-ointment
Four groups of Wistar rats of 5 each (negative 

control, positive control, ointment, and nano-
ointment) were considered to evaluate the 
healing effect of nano-ointment. The full-thickness 
wounds (2 cm×2 cm) were created on the shaved 
dorsal skin of Wistar rats and treated with sterile 
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normal saline solution, Alpha® ointment, based 
ointment, and nano-ointment for 21 days. The 
process of healing was evaluated every 7 days.  
The wound diameter was measured every three 
days and visualized by ImageJ software.

All procedures were performed in accordance with 
the ethical guidelines for the care and use of laboratory 
animals (principles of Helsinki) and approved by the 
animal care committee of Kermanshah University of 
Medical Sciences, Kermanshah, Iran.

 
RESULTS
Isolated polysaccharide from Rosa canina

As reported by Rahimi et al, the characterization 
of the final extraction from R. canina through NMR, 
FTIR, and LC-MS/MS implied that the ultimate fraction 
(Fig. 1) was a derivative of pectin polysaccharides with 
methylated, acetylated, and carboxylated galacturonic 
acid monomers interlinked with 1-4 glycosidic bonds 
[17]. The isolated polysaccharide was named RCP 
(polysaccharide isolated from R. canina).

Properties of RCP-SLN 
As shown in Fig. 2, empty SLN indicated main 

peaks at 2918 (CH stretch), 1701 (Carbonyl group), 
1583 (C=C), 1463 (Carboxyl group), 1298 (CH 
stretch, 1109 (C-O). In polysaccharide fraction, 
prominent peaks include 3417 (NH stretch), 2924 
(CH stretch or vibration), 2854 (asymmetric CH2), 
1743 (C=O), 1643 (C=C), 1625 (C=C), 1516 (C=C-C), 
1454 (C-O-H or asymmetric CH3), 1244 (C-O 
vibration), 1070 (C-O), 823 (CH). The premier peaks 
in polysaccharide-loaded SLN nano-encapsulate 
were at 3404 (NH brad stretch), 2918 (CH), 2848 
(CH2), 1703 (carboxylic acid), 1467 (C=C-C), 1298 
(C-H), 1105 (C-O), and 943 (C-H).

The common peaks in the complex of 
polysaccharide-SLN were 2899 (CH bonds), and 
1454 (C=C bonds). Given that polysaccharide was 
encapsulated in SLN, a number of interactions 
were changed in comparison with SLN and/or 
polysaccharide alone verifying the formation 
of a polysaccharide-SLN complex. In this line, 

the alterations were 3381→3417, 2918→2924, 
1734→1743, 1639→1643, 1463→1454, 1352→1336, 
and 1249→1294. 

In vitro drug release of RCP-SLN at pH=7. 4 for 48 
hr showed that the release of polysaccharide was 
about 25.97% after 48 hr incubation (Fig. 3). EE% and 
DL% were calculated as 86% and 20%, respectively.

The physicochemical properties of SLN and 
RCP-SLN were shown in Table 1 and Fig. 4. Data 
indicated that the approximate size of RCP-SLN 
was 217±2.5 compared to Blank-SLN with a size 

Fig. 1. Structure of isolated polysaccharide from Rosa canina

Fig. 2. FTIR diagram of Blank SLN, isolated polysaccharide (RCP) 
and nanoencapsulated RCP (RCP-SLN)

Fig. 3. In vitro drug release diagram of RCP-SLN during 48 hr
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of 145±6.1. PDI for polysaccharide-loaded SLN 
nanoparticle (RCP-SLN) was about 0.257 validating 
the low dispersity of size distribution. 

Properties of the prepared nano-ointment
The measured pH and viscosity of nano-

ointment were nearly 6 and 3256 cps, respectively. 
The stability test implied that nano-ointment 

showed no biphasic pattern as well as no 
physicochemical alterations such as color, smell, 
acidity, and density after 28 days of incubation. 
Skin absorption of nano-ointment on mice skin 
composed of dermis and epidermis showed 
an increased permeability potential in a time-
dependent manner (Fig. 5A). The wound healing 
on the dermal wound revealed that nano-ointment 

Table 1. Physicochemical properties of SLN and RCP-SLN

Fig. 4. The physicochemical properties of RCP-SLN. Polydispersity index (A), Zeta potential (B), and SEM micrograph (C)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Z-average diameter [nm] Polydispersity (PDI) Zeta potential [mV] EE% DL% 

SLN 145±6.1 0.08±0.02 12.1 - - 

PS-SLN 217±2.5 0.245±0.08 -9.49 86 20 

Fig. 5. In vivo properties of nano-ointment in rat skin wound model. Nano-ointment permeation profile through mouse skin within 
20 hr of the Franz cell diffusion assay (A). Wound healing effect of nano-ointment in compared to negative and positive control after 

14 days (B). Average wound diameters of wounds in rats treated with nano-ointment and Alpha® ointment in positive control (C)
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causes the wound to heal faster than the positive 
control (Fig. 5B). The measurement of wound 
diameters confirmed the efficient wound healing 
effect of nano-ointment than controls (Fig. 5C).

DISCUSSION
One of the most challenging medical issues 

affecting the social and economic burden of 
health is the development of different wounds 
due to several environmental causes. From a 
therapeutic point of view, the quest for an efficient 
wound dressing is necessary to accelerate wound 
closure and restraint of tissue infection. In the 
present study, a novel nano-ointment based on 
polysaccharide-encapsulated SLN was designated 
to heal superficial wounds. Amidst several 
strategies being developed for wound healing, 
nano-ointment efficiency has been supported 
by a wealth of evidence from recent reports [24-
26]. Given that the isolated polysaccharide from 
R. canina has actuated anti-inflammatory, blood 
glucose modulating, proliferative and regenerative 
effects in vitro and in vivo [27, 28], the results 
endowed us to focus on its accelerated wound 
closure impact in animal models. In this regard, 
to better characterize this aspect, we used nano-
encapsulation to control the release of the isolated 
polysaccharide in the injury location. 

Owing to the biocompatibility engagement, 
therapeutic pipeline of biomolecules such as 
polysaccharides in wound healing seems to provide 
impetus for their utility in clinical trials. For instance, 
cellulose acetate and gelatin scaffold containing 
berberine could accelerate wound closure in 
diabetic foot ulcers [29]. Nevertheless, the lack 
of cellulase enzymes in body limits its implication 
in wound healing. In this regard, research is in 
progress to obviate this issue by manufacturing 
novel cellulose derivatives such as carboxymethyl 
cellulose, nanocellulose, and cellulose-based 
nanocarriers  [30-32]. The synthesized microbial 
cellulose as microfibrils and nanofibrils, 
bacterial cellulose loaded with papain used in 
wound healing [12, 33]. Applicability, cellulose 
nanocrystals from Syzygium cumini garnished 
with silver nanoparticles imply a convenient 
healer in diabetic wounds [34]. In addition, deep 
burns were ameliorated with carboxymethyl 
chitosan and cellulose nanocrystals in hydrogel 
structures [35]. SLN as a safe lipid nanocarrier 
was used to optimize the efficiency of extracted 
polysaccharide from R. canina. In the present 

study, polysaccharide was encapsulated in SLN 
nanocarrier including stearic acid by self-assembly 
method with a good encapsulation efficiency of 
86% and a negative zeta potential indicating that 
weekly electrostatic and/or repulsive interactions 
between nanocarrier and polysaccharide which is 
in accordance with Kaliamurthi et al and Vijayan 
et al [26, 36]. Given the low PDI and Z-Average 
size of all SLN-polysaccharide (about 0.245), the 
uniformity of droplets is expected with well-
disparities, increased stability, and no particle 
aggregation.

The percentage of cumulative in vitro release 
of RCP-SLN was nearly 25.97% after 48 h. A burst 
release of polysaccharide was observed during 
the first 20 h while it slowed down implying the 
presence of unbounded polysaccharide on the 
outer surface of the nanocarrier. The sustained 
release of particles was likely correlated to the 
bounded polysaccharide in the inner layer of 
polysaccharide-SLN. The spherical shape of the 
nanoparticle with uniformity and non-aggregated 
particles was confirmed in the SEM imaging. 

As discussed in previous reports, nano-
ointments prepared from beeswax and Rosa 
oil illustrated the cytocompatibility and wound 
healing effects. In this line, Adibderm® ointment 
including R. canina, Matricaria chamomilla, 
Beeswax, ascorbic acid, oleic and linoleic acid 
ingredients. Adibderm® was used in a clinical 
trial to heal second-degree burns and indicated 
a faster healing in comparison to the silver 
sulfadiazine-treated group with no side effect 
[37]. Furthermore, as an Iranian herbal ointment 
that encompasses beeswax and Lawsonia inermis 
was also was examined in patients with second-
degree burns indicating a powerful treatment for 
burn wounds [38]. The scar-improving efficacy of 
fresh fruits from R. canina in rats is corroborated 
with the use of this extract in Turkish folk medicine 
to treat gastric complaints  [39]. The first clinical 
trial indicated that  Rosehip oil from the fruits 
of R. canina was used to treat post-surgical 
scars implicating lower incidence of erythema, 
dyschromia, and atrophy compared to the control 
group [40]. Given the wide use of R. canina extracts, 
FDA recommended that maximum doses of R. 
canina vary in different manufactured products, 
namely, 0.2% in eye-area skin products and 1.5% 
in lipstick [41]. In this regard, the dose of isolated 
polysaccharide in the nano-ointment was chosen 
in accordance with FDA recommendation. Owing 
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to the healing efficacy of herbal polysaccharides 
in several reports [42, 43] and the regenerative 
activity of isolated polysaccharide from R. canina, 
this study indicated the wound-healing effect of 
the isolated polysaccharide was demonstrated in 
the form of nano-ointment in rats.  

In the present study, Polysaccharide-SLN nano-
ointment is more effective than other groups of 
skin wound rat models revealing the convenient 
wound closure effect of nano-ointment. The time 
to complete healing in groups with nano-ointment 
was about 14 days with the lowest wound 
diameter compared to positive (Alpha® ointment) 
and negative control groups. Despite the novelty 
and good effects, the mechanism of action of 
nano-ointment should be clarified to develop its 
efficiency in clinical trials and commercialization.

CONCLUSION
To draw a conclusion, Beeswax, polysaccharide 

and oil extracted from R. canina as well as SLN 
carrier were the main ingredients of nano-
ointment. Given the cytocompatibility, stability, skin 
permeability potential, and fast closure of wounds, 
nano ointment could be chosen as an expedient 
option for wound healing in clinical trials. 
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