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Abstract

Purpose In Traditional Persian Medicine (TPM), different natural treatments have been suggested for skin damages such as
Narcissus tazetta L. bulb application. New drug delivery systems such as niosomes have shown considerable increase transder-
mal drug delivery through stratum corneum, the main barrier against substances transport into skin. The aim of this study is
preparation of niosomal formulations from N. tazetta bulb extract and evaluation of its in vitro wound healing effect.

Materials and methods Non-ionic surfactant vesicles (NSVs or niosomes) were prepared by film hydration method from
percolated extract of N. tazetta bulb. A number of 12 niosomal formulations (F1-F12) were prepared using different proportions
of Span 60/Tween 60/cholesterol and 80% methanol-dissolved/aqueous PEN (percolation extract of N. tazetta) (30 and
50 mg/ml). Their morphology, particle size, physical and chemical stability and encapsulation efficiency was studied. In vitro
wound healing effect of various concentrations of the best PEN niosomal formulation (F9) was evaluated in comparison to PEN
on human dermal fibroblasts (HDFs).

Results Increasing the aqueous/methanolic PEN concentration from 3 to 5% resulted size reduction of NSVs with statistically
significant difference (p < 0.05). F9 showed the most physicochemical stability and was chosen for in vitro wound healing effect.
This formulation exhibited significantly effects (p < 0.05) on cell proliferation in HDF cells at 1.562 and 3.125 pg/ml compared
with the untreated cells using neutral red assay.

Conclusion Formulation of PEN in niosome carrier significantly decreased the gap width on human dermal fibroblasts.

Keywords Narcissus tazetta - Niosome - Wound healing - Human dermal fibroblast - Traditional Persian medicine
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Introduction

Skin damage, like various wounds, can occur as intentional or
accidental trauma. Considering the skin as the largest vital
organ in the human body, skin damage can disturb its efficien-
cy. The wound healing involves four different but overlapping
phases: hemostasis, inflammation, proliferation and remodel-
ing [1]. To enhance the transport and efficacy of many mate-
rials through stratum corneum (SC), one of various methods
expanded nowadays is the usage of new drug delivery systems
such as niosomal formulations. Niosomes are self-assemblies
of non-ionic surfactants with or without cholesterol, which
can be used for encapsulation of both hydrophilic substances
such as insulin [2] or hydrophobic ones such as minoxidil [3].

Niosomes have been shown considerably increased trans-
dermal drug delivery through SC as the main barrier against
drug transport through skin. So, niosomes can be used in
targeted drug delivery [4, 5] via two mechanisms: firstly,
niosomes increase SC hydration and change the attributes of
the SC by reducing trans epidermal water loss (TEWL).
Second, niosomes increase drug transfer through the SC by
acting such surfactants as the matrix and the micro scale size
of niosomes [6]. Niosome can prolong the release of drug in
skin damage, thereby reducing the need for dressing change
during the day [4, 5, 7]. Curcumin loaded sodium hyaluronate
immobilized vesicles (hyalurosomes) were used successfully
in healing wounds and showed good effectiveness on skin
inflammation [8]. Motaal et al. showed the superior properties
of Hypericum perforatum L. niosomal gel in healing rat’s skin
wound model [9].

In Traditional Persian Medicine (TPM), different natural
treatments have been suggested for skin damage, which most-
ly contain medicinal plants. Narcissus tazetta L. bulb, from
Amaryllidaceae family, has been used to treat many diseases,
including wounds [10—-14]. This ornamental plant has white
and yellow flowers, with either uniform or contrasting colored
sepals and corona. Flowering time is from January to April
[15]. In general, although Amaryllidaceae plants are often
tropical or subtropical, N. tazetta occurs firstly in the
Mediterranean region and Southwestern Europe, with a center
of variety in the Iberian Peninsula (Spain and Portugal). Few
species expand the range into southern France and Italy, and
even the Balkans (V. poeticus, N. serotinus and N. tazetta) and
the Eastern Mediterranean (N. serotinus). N. tazetta occurs as
far east as Kashmir and Iran [16]. Narcissus bulb mostly
contained alkaloids like galantamine, [17] lycorine [18] and
flavonoids such as rutin, quercetin and kaempferol, phenolic
acids [19] and a glycoprotein called lectin [20].

N. tazetta is named “Nargis” in Persian and “Narjes” and
“Abhar” in TPM [13, 21]. According to several sources of
TPM, N. tazetta bulb has different therapeutic properties such
as anthelmintic, uterus cleaning and wound healing.
Regarding TPM, N. fazetta bulb is hot and dry in third, strong
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solvent, absorbent, purifier, astringent, improves the internal
and external ulcers. The form of Zaroor has been used to stop
the topical bleeding and wound healing. In TPM, Zaroor is
one of dosage forms that mean: the fine powder of dried plants
sprinkled on an organ for treatment [10, 11, 13]. A combina-
tion of bulb powder with honey is recommended for burns,
nerve injury and internal ulcers and removes skin stain, espe-
cially with vinegar [12, 14]. In TCM (Traditional Chinese
Medicine), traditional medicine of Turkish and Jordan, the
Narcissus bulb is suggested for healing ulcer and improving
inflammation [22, 23].

Since in vitro wound healing effect of Zaroor extract of
N. tazetta was evaluated in pervious study [24], the aim of
this study was preparation niosomal formulation, as a new
drug delivery, of N. tazetta bulb and evaluation of particle size,
encapsulation percentage, in vitro release study of encapsulat-
ed material, and stability of it along three months and effec-
tiveness of this formulation on human dermal fibroblasts. To
our knowledge, there is no previous report on the production
and usage of niosomal formulation of N. tazetta bulb on
wound healing.

Materials and methods
Materials

Sorbitan monostearate 60 (Span 60), its polyxylated derivative
i.e. polysorbate 60 (Tween 60), cholesterol (Chol), isopropyl
alcohol, dimethyl sulfoxide (DMSO), standard rutin were pur-
chased from Merck, Germany, aluminum chloride and Sodium
nitrite were in analytical grade. Normal saline was purchased
from Exir Pharmaceutical Company. Primary human dermal
fibroblasts (HDF) were purchased from Afzalipour Medicine
School of Kerman University of Medical Sciences (KMU).
Penicillin-G, streptomycin and amphotericin B (bioser) and
phosphate buffered saline (PBS) were supplied by Sigma—
Aldrich. Dulbecco’s modified eagle’s medium (DMEM) and
fetal bovine serum (FBS) were used of grade Gibco
(Germany). The other chemicals and solvents were in analyti-
cal grade, and bought from Merck, Germany.

Plant materials

Fresh bulbs of NV. tazetta L. (Amaryllidaceae) were purchased
from the local market in Kerman (Iran) in December of 2015.
For authentication, the bulbs of N. tazetta were planted in
December in the Botanic Garden of School of Pharmacy,
Kerman, Iran. The plant was authenticated by Dr.
Mirtadzadini, after flowering in March, 2016 and a voucher
specimen was deposited at the Herbarium Center of Faculty of
Pharmacy, Kerman University of Medical Sciences (voucher
specimen no. KF1624).
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Extraction method

The fresh bulbs were skinned, sliced and dried in the shade at
room temperature then grinded and passed through a sieve
(mesh 60). Extraction of powder of plant was carried out with
methanol 80% by percolation method and dried by rotary
evaporator [25]. The extraction stopped when the percolate
had no reaction with alkaloid and polyphenol reagents.

Determination of Total flavonoids
Procedure with limited modifications

An aliquot (1 ml) of extract or standard solution of rutin (10—
200 pg/ml) with 1 ml of distilled water was added to test
tubes. After that 100 pl of nitrite sodium 5% were added
and shaked for 6 min. Two hundred pl of aluminum chloride
10% and after 5 min, 1 ml sodium hydroxide 1 mol litre ~*
were added to the mixture. The solution was mixed well and
the absorbance was measured against prepared reagent blank
at 510 nm with ELISA reader (Biotek, USA) [26]. All quan-
titative experiments were performed triplicate and the results
were shown as mean £ SD.

Niosomes preparation

As described previously, non-ionic surfactant vesicles (NSVs
or niosomes) were prepared by film hydration method [27].
Two different methods were utilized; first method, different
molar ratio of Span 60/Tween 60/cholesterol and methanolic
PEN (30 and 50 mg/ml) were dissolved in chloroform in a
round-bottomed flask. The organic solvent was evaporated by
a rotary evaporator (Heidolf, Germany) and the trace residue

of chloroform was removed by a vacuum oven for 12 h. The
dried thin layer of lipids/PEN was hydrated by normal saline
at 55 °C for 30 min. Second method of preparation, aqueous
solution of PEN (30 and 50 mg/ml) was used for hydration of
dried thin lipid film. Blank niosomes were prepared in the
same way without using PEN extract. Generally, 12 niosomal
formulations were prepared as presented in Table 1.
Niosomal suspensions were maintained at room tempera-
ture for 24 h and then placed in refrigerator for further studies.

Niosome characterization
Vesicle morphology

To evaluate the formation of niosomes, possible vesicular ag-
gregation and/or separation of vesicles constituent, niosomal
samples were observed by optical microscopy (Hfxdx, Nikon,
Japan) equipped by a picture transferring loop and software
(DinoCapture 20, Taiwan). Scanning Electron Microscopy
(KYKY SEM China; EM-3200) was used to obtain some
photomicrographs and Transmission Electron Microscopy
(Zeiss EM 10; Germany) was also performed in freshly son-
icated formulation.

Vesicle size measurement

Size analysis of non-ionic surfactant vesicles (NSVs) was
conducted by using static laser light diffraction method
(Malvern Instruments, Master Sizer 2000E, UK).
Micromeritics parameters, including preparation of size distri-
bution curve, mean volume diameter, (d, so) determination and
other statistically derived volume diameters, were calculated
by Master Sizer 2000E software.

Table 1 Different niosomal

formulations prepared for PEN Formulation ST60 ST60 ST60 Chol Amount of WM Mean volume
encapsulation code 35:35 30:30 25:25 extract diameter
(pg/ml) (um) £ SD

F1 v - 30 3% W 12.06 +4.45
F2 - - 40 3% W 8.18 +£0.06
F3 - v 50 3% W 8.37+0.01
F4 v - 30 3% M 7.51+0.14
F5 - - 40 3% M 21.82+10.98
F6 - v 50 3% M 14.25+0.16
F7 v - 30 5% W 571402
F8 - - 40 5% W 8.01+0.11
F9 - v 50 5% W 7.52+0.03
F10 v - 30 5% M 8.31+0.42
F11 - - 40 5% M 104£1.75
F12 (LS-HC-H/M) - v 50 5% M 9.84+0.35

S, Span; 7, Tween; Chol, Cholesterol; PEN, Percolated extract of N. tazetta bulb; W, PEN in distilled water

solution; M, methanolic PEN
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Encapsulation efficiency measurement

For separating the entrapped and non-entrapped PEN, ultra-
centrifuge (Vision/VS-35SMTi, South Korea), 59,000xg was
used for 30 min at 6°C. The total flavonoids in the supernatant
and in the pellet were analyzed using ELISA reader
(Biotek, USA) after disrupting niosomal lipid bilayers
by isopropyl alcohol. The total flavonoids content was
utilized for encapsulation efficiency calculation of niosomes
using the following equation:

EE% = C, x 100/(C,, + Cy)

Where, C,, and C; are the total flavonoids in a centrifuged
pellet and supernatant, respectively.

Physicochemical stability of vesicles

The ability of niosomes to retain the drug (drug retention
behavior) was studied by maintaining the niosomal

formulations at three different temperatures of refrigera-
tion temperature (4-8 °C), room temperature (25+2 °C/
30% RH) and 40+2 °C/70% RH. Samples were stored
in glass vials for 3 months and were withdrawn at regular
time intervals (48 h, 15 days, 1 month and 3 months). For
making sure the integrity maintenance of niosomal lipid
bilayers, EE% was measured during 3 months storage.
Furthermore, the size analysis was conducted as an in-
dicator for physical stability assessment of vesicular
formulations.

Cell culture and condition

Primary human dermal fibroblasts (HDFs) isolated from
the adult human skin of a single donor were prepared
from Kerman Afzalipour Medicine School and were cul-
tured in Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with 20% fetal bovine serum (FBS), and
100 U/ml penicillin-G, 100 pg/ml streptomycin and
1 pg/ml amphotericin B and incubated at 37 °C in
5% CO2.

Fig. 1 Optical micrographs of 12
niosomes formulations (<400
magnification). (Scale bar:

10 um)
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Fibroblast proliferation assay

HDF (approximately 1 x 10* cells) were seeded on a 96-well
microtiter plate. After 24 h of incubation, the growth medium
was removed and was replaced with exposure medium.
Different concentrations of selected formulation (F9) were
prepared in culture medium and added to each well. After
48 h, added 0.33% Neutral Red (NR) solution in an
amount equal to 10% of the culture medium volume
and incubated for 4 h. After incubation, the medium
was carefully removed from the wells by slow aspira-
tion, and the cells were quickly rinsed with NR Assay
fixator. The fixator was removed, and the incorporated
dye was dissolved in NR assay solubilization solution
equal to the original volume of culture medium [28].
Empty niosomes and untreated cells were used as blank
and control, respectively. Absorbance was measured at
540 nm with Eliza reader (Biotech, USA). The assay
was made in triplicate.

Scratch assay

The wound was created on a confluent HDF monolayer on a
6-well dish by making a horizontal and vertical scratch with a
sterile 100-puL plastic pipette tip. Wound margins were
photographed immediately after wounding. The cells were
treated with various concentrations of PEN and its niosomal
formulation (F9) in DMEM containing 5% FBS, incubated
at 37 °C with 5% CO,, and the same fields of the
wound margin were photographed after 24 and 48-h
time points. Untreated cells were used as control, cells
with FBS 10% as positive control and empty niosome
as blank. The average extent of gap width was evaluated
using Image] software [29].

Ethical considerations

The Ethics Committee of Kerman University of Medical
Sciences approved this study by ethical code number:
IR.KMU.REC.1394.742. Single fibroblast donor also signed
the related ethical agreement form.

Statistical analysis

For continuous quantified data, one-way ANOVA was con-
ducted with Tukey’s multiple comparison post-test using
SPSS 16 software. p values <0.05 were considered for statis-
tically significant difference.

Results

Amount of extractable compounds and flavonoid
contents

The Yield of extraction was 25.78% w/w. Total flavonoid
content was estimated 27.04 +0.93 mg rutin equivalent/g
dried extract. The results calculated from regression equation
of the calibration curve (A =0.003B-0.008, R2=0.999) of
rutin.

Niosomal characterization
Morphology and size
As shown in Fig. 1. Multilamellar vesicles (MLVs) were

formed in the presence of 30, 40 and 50 M percentage of
cholesterol.

F8 F10
=48 h —after 2 weeks =48 h —=after 2 weeks

9 after 1 month =after 3 months 8 after 1 month ==after 3 months
8 m
7 7
6 6

s o

S -4

S 3 S 3
2 - 2
1 - 1-
0 - T 1 0 T L |

0.01 1 100 10000 0.01 1 100 10000
Size (um) Size (um)

Fig. 2 F8 and F10 formulations were chosen for physical stability of NSVs at refrigerator temperature (4-8 °C) for 3-month storage duration. High

physical stability was observed for both formulations
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Stability

High physical stability was observed for F8 and F10 formu-
lations that were chosen for physical stability of NSVs at
refrigerator temperature (Fig. 2).

Tables 2 and 3 presented the effect of storage temperature
on physical (size analysis) and chemical (EE%) stability of
selected formulations (F3, F6 and F9).

Encapsulation efficiency percent (EE %)

As shown in Table 3, in the presence of 50% cholesterol,
aqueous PEN (F3) showed more EE% (p <0.05) than

methanolic one (F6), and also increasing aqueous PEN con-
centration from 3 (F3) to 5% (F9) led to more EE%. F9
showed the most physicochemical stability characterizations
depicted as the least volume diameter and encapsulation effi-
ciencies changes as indicated in Fig. 3, Tables 2 and 3. So, F9
was selected for next step of this study. SEM photo of F9,
showed the smooth surface of niosome formed in Fig. 4a
and b and ¢, d, e & f showed the multilamilar vesicles of F9.

Fibroblast proliferation and scratch assay

As shown in Fig. 5, F9 at 1.562 and 3.125 pg/ml signifi-
cantly (p < 0.05) increased cell proliferation compared with

25 C-%30 RH
F3 F6 F9
—48 h —after 2 weeks —48 H —after 2 weeks —48 h —after 2 weeks
7after 1 month  —after 3 months %fter 1 month  —after 3 months élfter 1 month  —after 3 months
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F3 F6 F9
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Fig. 3 Comparison of physical stability of selected formulations including F3, F6 and F9 in refrigerator, room temperature and 40 °C. F9 showed the
most physical stability characterizations depicted as the least volume diameter changes
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c

25000X (IM) 500 nm

d

Fig. 4 a and b SEM photomicrograph images, ¢ and d TEM photomicrograph images, e and f Morphological micrographs (x400
magnification) of F9 formulation

the control (untreated cells) while decreased the prolifera-
tion in concentrations higher than 10 pg/ml (p < 0.05).

In all, the niosomal formulation of PEN showed more
strong effects on gap width compared to the free PEN extract
(Fig. 6a, b and c).

Discussion

There are many reports using Span/Tween/Chol composition
for niosome preparation [30, 31]. Due to C18 hydrocarbon
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chain length of Span/Tween 60, multilamellar vesicles
(MLVs) were formed in the presence of 30, 40 and 50 M
percentag of cholesterol. Increment the amount of cholesterol
from 30 to 40 M percent often resulted in larger niosomes and
maybe increased in the number of lipid bilayers [32]. An in-
crease in the aqueous PEN concentration from 3 to 5% leads
to significant size reduction of NSVs in prepared ST60/Chol
niosomes (p < 0.05). The same result was observed for meth-
anolic PEN in the presence of 40 and 50 mol percentage of
cholesterol. It has been reported that tretinoin-loaded
niosomes and liposomes were smaller than empty lipid
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Fig. 5 Proliferating effect of different concentrations of F9 (the best
niosomal formulation of PEN) on human dermal fibroblasts (HDF)
using Neutral Red assay. 1 x 104 (HDF) were seeded in 96 wells plate.
After incubation in 37 °C and 5% CO2 for 24 h, treated with various
concentrations of F9 and untreated cells used as control. Proliferation
effect was determined using Neutral Red assay after 48 h and
absorbance was measured at 540 nm with Eliza reader. The value from
the baseline control group was set at 100%. (***) significantly increased
cell proliferation (p < 0.05). The results were expressed as mean = S.D.

vesicles [33]. On the other hand, larger niosomes were
obtained following incorporation of bacterial antigens
into lipid vesicles due to possible influence of encapsu-
lated material on vesicle fusion or packing arrangements
of the surfactants [34].

Incorporation of PEGylated surfactants such as polysor-
bates (Tweens) in niosomal formulations alters lipid bilayer
elasticity, [35] vesicular stability [36] and pharmacokinetic of
encapsulated active pharmaceutical ingredients [37]. F8 and
F10 formulations were selected for physical stability of NSVs
at refrigerator temperature (4-8 °C) for 3-months storage du-
ration. High physical stability was observed for both formula-
tions depicted as negligible changes in size distribution
curves. This could be attributed to steric stabilization of lipid
vesicles containing PEGylated surfactants [38].

The proper amount of cholesterol for achieving the most
stable lipid vesicular formulations is different and is related to
their composition, entrapped compound and method of prep-
aration. For example, Briuglia et al. [39] reported that
phospholipid/cholesterol molar ratio of 70:30 can form the
most stable liposomal formulations. On the other hand, Span
60 tail group orientation of the niosome bilayers with 50%
cholesterol exhibits less tilt as well as an increase in the hy-
drogen bond number between Span 60 and water, which
means more stable lipid bilayers [32]. Our recent study also
showed incorporation of cholesterol led to more stable lipid
bilayers formed by Span 80/Tween 80 niosomes [40]. F3, F6
and F9 formulations were chosen to evaluation the effect of
storage temperature on physical (size analysis) and chemical
(encapsulation efficiency) stability because, the presence of

50 mol% of cholesterol stabilized lipid bilayers, according to
the mentioned studies.

Entrapment of different both hydrophilic and hydrophobic
compounds in lipid vesicles is one of the specific character-
izations of vesicular systems turning these types of new drug
delivery systems into vast use and administration. We used
aqueous and methanolic PEN (3 and 5%) for niosomal encap-
sulation and in the presence of 50% cholesterol, aqueous PEN
(F3) was encapsulated more than methanolic one (F6) with
significant difference (p <0.05). This finding could be related
to more hydrogen bonds formation between hydrophilic ma-
terials in aqueous PEN and bilayer components in the pres-
ence of 50% cholesterol [32] and PEGylated surfactants [31].
Increasing the concentration of both lipophilic compounds
such as lacidipine [41] or alpha-tocopherol [42] and hydro-
philic ones, for example, metformin [43] resulted in more
entrapment of an active agent. Similar result was observed
in present study, increasing aqueous PEN concentration from
3% F3 to 5% F9 led to more EE%.

In the final step of this study, we compared the effect of
PEN and F9 on gap width and proliferation of fibroblast cells.
In the previous study, PEN had no significant effect on prolif-
eration of fibroblast cells [24]. Results of Kern study [44]
revealed that cosmetic creams containing processed
N. tazetta bulb extract caused cell proliferation reduction and
cell growth inhibition of human fibroblasts and keratinocytes
in primary cultures. Another study showed that Chamomile
had no effect on fibroblasts proliferation [45] in spite of
Chamomile application as an anti-inflammatory drug in hem-
orrhoids, gastrointestinal ulcers, oral ulcers and acne [46].
Narcissus bulb has also relatively good antibacterial, anti-
inflammatory [47], antiviral [16], and anti-oxidant effects
[44]. That seems these factors might be responsible for its
effect on the ulcer healing. On the other hand, F9 at 1.562
and 3.125 pg/ml significantly (p <0.05) increased cell prolif-
eration compared with the control. Results of scratch assay
indicated that after 24 h F9 at 1.562, 3.126, and 6.25 pg/ml
concentrations and after 48 h, at 1.562 to 10 pg/ml concentra-
tions reduced the gap width which was significantly different
from control (p < 0.05). PEN after 24 h at 1.562, 3.125 pg/ml
concentrations and after 48 h at 1.562 to 6.25 pg/ml concen-
trations significantly (p < 0.05) decreased the gap width com-
pared to the control. The results of the effectiveness of PEN on
gap width were approximately agreement with the results of
the previous study in this field [24]. In comparison, F9 caused
significant reduction in gap width to the PEN. However, both
of PEN and F9 caused cell death in higher concentrations
(especially at 25 and 50 pg/ml). Plant bulbs contain a variety
of phytochemicals such as alkaloids, flavonoids, saponins and
tannins, which may be responsible for inhibitory effects on
cell proliferation [48, 49].

We found that its entering into the niosome carrier signifi-
cantly increased the activity of the V. tazetta. Rabia Nur Un.,
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Fig. 6 Gap widths of scratch of
different concentrations of F9 (a)
and PEN (b) were analyzed with
Imagel software in comparison of
untreated cells as the control and
cells with FBS 10% as the
positive control. (**%)
significantly reduced the gap
width compared to the control
group (p < 0.05). ¢ Comparison of
wound healing effect of F9, PEN,
control and positive control, using
scratch assay on human dermal
fibroblast (HDF)
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et al. compared the effect of the extract and niosomal formu-
lation of Calendula officinalis flowers, on external wound
healing and reported the similar results. The encapsulation of
plant extracts into niosomal carriers is a way to enhance bio-
availability, to protect them from environmental conditions, to
cover their pungent taste and to enable targeted delivery [50].
For example, niosomal formulation of diclofenac enhanced
the permeation capability of drug through rat skin [51].
AbouGhaly [52] showed targeted delivery might be achieved
using topically applied methotrexate niosomes for treatment
of psoriasis. The healing duration in injured guinea pig skin
for niosomal gel formulations containing phenytoin sodium
was also less than placebo [53].

New formulations of drug delivery such as lipid vesicles
play an important role in increasing the bioavailability of
water-soluble plant compounds, such as flavonoids, tannins,
glycosides, aglycones, etc. which is poorly absorbed and due
to the large molecular size and poor lipid solubility, their abil-
ity to transfer from biological membranes is severely restrict-
ed. Thus, with using the new drug delivery technology, desir-
able results such as increase in bioavailability and solubility,
and generally pharmacokinetic and therapeutic indices, as
well as reducing the side effects of natural active compounds,
can be achieved and improved their treatment performance
[50, 54, 55].

The results of this study and the previous study confirmed
the effect of Narcissus on gap width. Although niosomes may
be suitable carriers for the PEN due to the simplicity of the
production method, animal studies should be carried out to
evaluate the toxicity and pharmacokinetic properties of the
PEN. In this regard, clinical studies are also recommended
to evaluate its effect on wound healing.

Conclusion

The in vitro wound healing effect results showed that the
effectiveness of PEN was significantly increased, when
entrapped in niosomal carrier and would be a good option
for medicinal and cosmetic uses.
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