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Aim: This study was conducted to determine the potentials of egg lecithin (egg-I) and soy lecithin (soy-
1) liposomes in antioxidative and wound healing properties. Materials & methods: The suspensions of
egg-l and soy-l were prepared using the fusion technique. The free radical scavenging activity of both
lecithin liposomes was evaluated by DPPH and ABTS methods. Tissue staining was used to assess wound-
healing parameter. Results: Liposomal lecithins showed an increasing trend of 1-10 mg/ml in radical-
scavenging activities (p < 0.0001). Wound-healing assessments showed a significant effect (p < 0.0001) in
treatment with topical lecithin liposomes. The results of wound healing also showed better outcomes of
egg-l in comparison with phenytoin 1% cream. Conclusion: Antioxidant lecithin liposomes may enhance
the treatment of wound injuries.
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Lecithin, which is mainly extracted from soybean and egg yolk, is commonly known by the scientific name
of 1,2-diacyl-sn-glycero-3-phosphatidylcholine. Indeed, lecithin consists of natural glycerophospholipids such as
phosphatidylethanolamine, phosphatidylinositol, phosphatidylcholine, and so on. Phospholipids in the biological
system are well known by their roles in cell signaling and membrane functionality [1].

Natural and synthetic phospholipids have been widely used in foods, drugs and cosmetic products as solubilizers,
emulsifiers and the main component of colloidal structures like liposomes [2-4]. In addition, scientific evidence
confirms that both the liposomal and free form of phospholipids have the potential to improve neurologic
disorders [51, lipid metabolism [6], and liver 7] and gastrointestinal problems (8]. Therefore, the antioxidant (3] and
immunomodulatory 9] properties of lecithinic liposomes might be effective in improvement of wound healing as
well as dermal drug delivery (4].

The wound-healing process is affected by various factors such as cytokines, hormones, nutrition and environ-
mental factors [10. Among these, antioxidants are also known as the wound-healing agents that act by regulation
of the redox environment [11]. Although reactive oxygen species (ROS) have a key role as the essential mediators
of intracellular signaling and are involved in defence against acquired pathogens in dermal injuries, but excessive
amounts of ROS are harmful because of the generation of free radicals and oxidation of cellular components [11,12].
Insufficient detoxification of the excessive amounts of ROS can affect the wound-healing process, resulting in an
impaired or chronic wound and even neoplastic transformation [11].

Hence, the aim of the current study was to evaluate the iz vitro antioxidant capacity as well as wound-healing
effect of soy-I and egg-l in a rat model. Therefore, the antioxidant scavenging properties of both lecithin liposomes
were analyzed by DPPH and ABTS assays. Additionally, wound-healing parameters, including fibroblasts, blood
vessels, neutrophils, macrophages, epithelization and collagen deposition, and the wound recovery percentage were ~ Future =+

assessed quantitatively during 14-day treatment with liposomal lecithins. Medicine ™
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Materials & methods

Chemicals

1,1-diphenyl-2- picrylhydrazyl (DPPH), ascorbic acid, and 2,2_-azinobis-3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) were provided from Sigma—Aldrich (MO, USA). Potassium persulfate and egg yolk lecithin (highly purified)
were supplied by Merck Chemicals Co. (Darmstadt, Germany). Soy lecithin (highly purified) was obtained from
Dacejung (South Korea).

Lecithin liposomes preparation
In this study, liposomal lecithin suspensions were prepared using the fusion method in which melted lipids were
hydrated under stirrer condition without adding any expedients to the formation of the vesicles [13]. Briefly, each
egg and soya lecithin (5, 10 and 15 % w/v) was melted separately at 45°C; then, 10 ml warmed phosphate-
buffered saline (PBS; pH 7.2) was added to the lipid container in a fine stream and stirred at 700 rpm for 30 min.
The suspensions were sonicated for 2 min by a 20 kHz low-frequency ultrasonic probe sonicator. Moreover, for
topical application, carboxymethyl cellulose (0.3%) was dissolved into liposomal suspensions and PBS alone for
gel formation [13].

The mean diameter of the liposomal lecithins (n = 3) was determined based on the dynamic light scattering by
the Zetasizer system (Malvern Instruments Ltd). Each suspension was also observed microscopically to confirm
liposome formation.

Antioxidant activities assay
DPPH radical scavenging activity

The DPPH free radical scavenging capacity of the liposomal lecithin suspensions was measured according to the
method described by Taheri ez al. 114. Briefly, 2 ml of DPPH solution (0.16 mM in 95% ethanol) was mixed with
an equal amount of sample solution at a concentration of 0—10 mg/ml. The mixture was kept at room temperature
for 30 min and the absorbance was read at 517 nm using a spectrophotometer (Cecil, UK). Distilled water was
used as blank instead of the sample. The DPPH solution has a deep violet dye, which becomes colotless or pale
yellow, when DPPH is neutralized with the scavenger. Radical scavenging capacity was calculated as follows:

Blank absorbance — Sample absorbance 9

Scavenging activity DPPH (%) = 100

Blank absorbance

ABTS radical scavenging activity

The ABTS radical scavenging activity was measured using the procedure proposed by Hosseini ez al. [15]. A stock
solution of ABTS radical was generated by mixing ABTS solution (7 mM) with potassium persulfate (2.45 mM)
and allowing the mixture at room temperature for 16 h in the dark. An aliquot of the stock solution was diluted
with distilled water to prepare a working ABTS solution with an absorbance of 0.7 &= 0.02 at 734 nm. An aliquot
of the sample (20 pl) was mixed with 980 pl of the ABTS reagent and the absorbance was measured at 734 nm
after incubation at 30°C for 10 min in the dark. Ascorbic acid was also used as a positive control in parallel with
the sample tests. The ABTS scavenging activity of the samples was measured using formulation as described in the
above section.

Animals & experimental design

Male Wistar rats (270-300 g) were provided from Tehran University of Medical Sciences (Tehran, Iran). The
animals were kept at room temperature (22-25°C) under 12 h light/dark cycles with access to pellet food and
water. They were acclimated to the room conditions prior to the test day. The experimental protocol was approved
(n0.94-03-158-30179) by the Ethics Committee of Tehran University of Medical Sciences in agreement with the
standards for the care and use of laboratory animals. Animals were divided randomly into four groups of six animals
(n = 6) as follows: control group (buffer saline), soy-1 treatment group, egg-1 treatment group and 1% phenytoin
cream as the positive control group for wound assessment. Treated rats in each group were assessed for wound
parameters and recovery percentage on days 4, 7, 10 and 14. The experimental wounds were covered once daily
with 0.2 ml lecithin suspension gel or phenytoin cream without using any dressing, whereas the control group
received saline gel alone.
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Table 1. The Abramov’s histological scoring system for wound repair.

Parameter Scores

0 1 2 3
Collagen deposition None Scant Moderate Abundant
Re-epithelialization None Partial Complete but immature or thin Complete and mature

Wound methods
Wound induction

An excision wound model was used to evaluate wound healing as previously applied by Takzaree et al. [16). First, the
rats were anesthetized with ketamine (80 mg/kg, intraperitoneal) and xylazine (10 mg/kg, intraperitoneal); then,
the dorsal skin was shaved and cleaned with ethanol 70%. Two incisions at 1.5 X 1.5 cm were made on the back
of each rat spanning the full thickness of the skin. The surgery day was considered day zero and treatment started
immediately after wounding.

Dose response

A primary wound measurement was done to choose the effective dose of lecithin liposomes on the injured skin.
The wounded rats were randomly assigned to seven groups of three rats for this experiment. Three concentrations
of both liposomal suspensions (5, 10 and 15%) were applied daily in a volume of 200 pl per wound for 10 days.
The same procedure was done for PBS hydrogel as control.

Histological stucy

The biopsy samples of wounds were fixed in formalin 10% and processed for paraffin embedding. Sections (4 mm)
were deparaffinized and rehydrated for hematoxylin and eosin and specific Masson’s Trichrome staining to assess
the density of collagen fibers and re-epithelization. The skin tissues were examined in a random order under blind
conditions using a light microscope (CX31-OLYMPUS, Japan) and a magnification field of 40X in ten areas
on the wound bed. Wound-healing parameters, including fibroblast cells, neutrophils, macrophages and vascular
count, were evaluated in the wound bed using the Image Tools 3 software. The data of the collagen fibers density

and re-epithelization were interpreted according to the scoring system of the Abramov’s method [17] described in
Table 1.

Wound recovery assessment

In order to measure the wound area, the lesions were photographed on days 0, 4, 7, 10 and 14 by a digital camera
and the wound area was measured using the Image Tools software. The percentage of wound recovery was calculated
using the following formula [16]:

Wound area day 0—Wound area on day X “

Wound recovery (%) = 100

Wound area day 0

Where X represents day 4, 7, 10 or 14.

Statistical analysis

The differences in quantitative data were assessed by one-way ANOVA followed by the Dunnetts multiple
comparisons test analysis. The data are expressed as mean & SD. The Kruskal-Wallis test was used to analyze
nonparametric histopathological scores and differences among groups are reported as median. p-values < 0.05 were
considered significant.

Results

Characteristics of lecithin liposomes

The average size (radius) of egg-ls and soy-Is was 115 £ 6 and 110 = 4 nm, respectively, and both of them had a low
polydispersity index (0 > 0.4) that estimated using dynamic light scattering analysis, as shown in Figure 1. Also,
microscopically evaluation of egg-l and soy-1 suspensions confirmed the formation of spherical and oval-shaped
vesicles under high power field observation.
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@ Results Diam. (nm) % intensity Width (nm)
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Figure 1. The representative dynamic light scattering analysis of lecithin liposome suspensions. (A) Soy-I. (B) Egg-I.

Scavenging activity of the egg-l & soy-I

The results showed that increased concentrations of both lecithin liposomes (from 1 to 10 mg/ml) exhibited DPPH
radical-scavenging activity in the range of 28.75-84.9% (Figure 2). As shown in Figure 2, the DPPH-scavenging
activity of different concentrations of egg-1 increased significantly (p < 0.0001) compared with equal concentration
ranges of soy-1. Therefore, it is concluded that radical scavenging activity by lecithins has a concentration dependency
and amplified with increasing lecithin contents.

According to the results in Figure 2, there was a strong association between increasing the concentration of
liposomal lecithins and ABTS radical scavenging activity. The ABTS scavenging activity of egg-l at 5 mg/ml (74.14
£ 0.84%; p < 0.01) and 10 mg/ml (84.9 £ 1.6%; p < 0.0001) was significantly higher than the scavenging
activity of equal concentrations of soy-I (Figure 2).

Effective dose of lecithin liposomes

In our primary study, effective dose of both lecithin liposomes was estimated on six groups of three animals on
wound area reduction (Figure 3). Although, both soy-1 and egg-1 exhibited an increasing trend in concentrations of
5 and 10% in wound healing, but there was not found any significant effect compared with control group. While
topical application of egg-1 15% showed significantly effective (p < 0.05) in wound-healing percentage compared
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Figure 2. ABTS and DPPH radical-scavenging capacities at the different concentrations of liposomal lecithins.
#Statistically significant differences p < 0.0001.
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Figure 3. Estimation of the effective dose of the different concentrations of soy-l and egg-l with n = 3 and mean +
standard deviation in wound-healing percentage. Topical application of egg-l 15% was significantly effective
compared with control during the 10-day experiment.

*p < 0.05.

with control group during 10 days experiment. Concerning Figure 3, egg-1 showed also effective on wound recovery
rather than relative doses of soy-1.

Histological outcomes by egg-l & soy-I treatment

According to Figure 4, the number of neutrophils in both egg and soy lecithin groups and the phenytoin group was
significantly (p < 0.0001) lower than the control group at all time points. In our study, topical administration of
liposomal lecithins increased macrophages markedly on days 4 and 7, while it decreased the number of macrophages
significantly compared with control wound sections on the 14th day (p < 0.0001) (Figure 4).

Research Article

future science group www.futuremedicine.com

637



Research Article

Fibroblast (number)

Endothelium (number)

150

100

50

0-

20

15+

10

Nasab, Takzaree, Saffari & Partoazar

I  Control Egg-L Soy-L Phenytoin|
10 7
# *
# e :
# # - — 5 8] '|'
- ) o * *k
£ TT
5
# o op E 6
T o
=)
£ 47
g *
§ 2 il #
= T #
ki
0_
25
*_|: = 207
x o
T
LA T . 2 «
- T sh T E 15 T
T . ¥ 2 o
*k — -
- S 10
e
3 5 .
4 T i_*li_* *_vlc_*
| | | 0- T T
4th 7th 14th 7th 14th
Day Day

Figure 4. Histopathology diagram of wounds biopsy from the experimental groups at days 4, 7 and 14 of the study. Significant
difference values obtained from treated groups versus control were expressed by *p < 0.05; **p < 0.01; ***p < 0.001; and ¥p < 0.0001.

The initiation of a significant (p < 0.0001) fibroblast proliferation by treatment with lecithin liposomes on
the 4th day indicated that the proliferative phase occurred earlier in treated groups while the control group was still
in the inflammatory phase (Figure 4 & 5).

In this study, as shown in Figures 4 and 5, topical administration of lecithin liposomes once daily increased
the number of fibroblasts in treated groups significantly (p < 0.0001) compared with the control group during
14 days. Phenytoin cream also had a significant effect on the proliferation of fibroblasts (p < 0.0001) similar to
lecithin liposomes.

Endothelial cells, as another parameter of wound assessment, increased significant (p < 0.001) in both lecithin
liposomes and phenytoin groups versus control group on days 4, 7 and 14 of the investigation (Figure 4 & 5).

According to the results by Mason’s trichrome staining (Figures 6 & 7), a significant (p < 0.001) increase of
collagen deposition and re-epithelialization was in egg-l treated group in comparison with the control group on day
14 day of the experiment. Moreover, the median score of wound sections in the soy-I group showed significant (p
< 0.05) re-epithelialization in the epidermis (Figure 6). However, phenytoin did not change (p > 0.05) collagen
deposition and re-epithelialization indices significantly compared with the control on day 14 (Figure 6 & 7).

Wound area reduction by liposomal lecithins

As shown in Figure 8A, wound surface decreased significantly following treatment with egg-l (96% £ 1.2; p
< 0.0001) and soy-1 (94% =+ 1.5; p < 0.0001) in compared with control (82% = 5.8) after 14 days. Early wound
contraction was also observed significantly (p < 0.01) with egg and soy lecithin liposomes 10 days after injury in rats
(Figure 8B). Furthermore, phenytoin showed only a significant (p < 0.05) wound recovery percentage compared
with control group at day 14 of the experiment. Treatment with phenytoin drug exhibited a delay effect on wound
area reduction with number of 88% = 2.1 in comparison with both lecithinic liposomes in this experimnt.
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Figure 5. Photography of hemotoxylin and eosin staining related to sections of experimental groups (low power
field). Day 4, the main phenomenon of the sections is inflammation in wound bed. Day 7, granulation tissue,
immature epithelialization and, collagen fibers proliferate and appear in neotissues. Day 14, complete
epithelialization, considerable collagen fibers as well as granulation tissue are observed in egg-I group, which confirm
reconstruction phase.
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Figure 6. Histopathological scores of collagen deposition and re-epithelialization obtained from experimental
groups at the 14th day of wounding. The score analysis of the wound tissues (n = 6) as median + standard deviation
expressed with error bars (min-max). Significant difference values obtained from lecithins liposome versus control
group were expressed by *p < 0.05; ***p < 0.001.

Discussion
DPPH, as a stable free radical, has an unpaired valence electron that is susceptible to reaction through transferring
an electron to the donor molecule [18]. Therefore, unsaturated hydrocarbons of fatty acid chains and phosphate
groups of phospholipids in lecithin may have a tendency to share their electrons or hydrogen to react with the free
radical DPPH [19]. In addition, we used the ABTS test to determine the free radical scavenging activity of lecithin
liposomes, which is used to estimate hydrogen-donating compounds and/or chain-breaking antioxidants [19,20].
The study of Wang has been shown that egg-l had more reactivity in oxidative state than soy-1 under the
experimental conditions [21]. It is proposed that lipid oxidation is a process that usually initializes from unsaturated
fatty acids. Regarding fatty acid composition, egg phospholipids contain only 16.2% linoleate but more long-chain
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Figure 7. Masson trichrome staining of skin sections associated with rats subjected to open field wound during
14-day treatment. (A) Representative section of a normal skin. (B) Photography of wound section of egg-l group
demonstrates a complete epithelialization (red arrow), abundant collagen fibers (white arrow), and deposition of
fibroblast cells (blue arrow) superior phenytoin and untreated groups. (C) Phenytoin-treated group. (D) Untreated
group (control), Masson trichrome, (10x).

polyunsaturated fatty acids than soy phospholipids that comprise 56.6% linoleate, resulting in egg-l has higher
oxidation susceptibility than soy-1 [21].

Types of lecithin may have different oxidative stability not only because of their difference in fatty acid compo-
sition but also because of their phospholipid class composition and their charge. According different reports, egg-1
had more negative potential than soy lecithin that may cause lipid oxidation of egg-l rather than soy-1 in oxidative
experiments [21,22].

Lecithins, alone or in combination with bioactive antioxidants, have been used to inhibit the impact of free
radicals on biomaterial destruction [3,15,23]. Therefore, it can be concluded that the scavenging activity of lecithin
liposomes might affect the improvement of wound through inhibiting the induction of oxidative stress due to free
radicals.

In our study, egg-l treatment was associated with better wound-healing outcomes compared with soy-1 and
even phenytoin cream, which may be related to its greater antioxidant capacity. The results of a previous study by
Sturm and Dignass in 2002 showed that phosphatidylcholine extracted from egg yolk possesses anti-inflammatory
and antioxidant effects and prevents oxidative stress in gastrointestinal wound repair [8]. Furthermore, it has
been confirmed that increase of the antioxidant capacity in a chronic wound can accelerate the wound-healing
process [24,25]. Although some levels of ROS can be detected in the wound fluid [19,26] and enhance defence against
pathogens in the early stages of inflammation (26,27, excessive amounts of ROS are toxic in chronic or nonhealing
wounds because of their high reactivity with cell components such as the phospholipid, DNA and proteins [11].

The wound-healing process usually has three phases, including inflammation, proliferation and remodeling (re-
construction) [10,16]. It is recommended that prolonged inflammation should be inhibited in chronic or nonhealing
ulcers to prevent possible injury to the organs or cancer and neoplasia formation [28].

Our finding showed that lecithin liposomes might play a modulatory role in inflammation by stimulation
of the migration macrophages and inhibition of the production of inflammatory cytokine at early stages of the
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Figure 8. Representative wound recovery outcomes associated with individual drugs. (A) Photograph of the wound
appearances corresponding to the treated groups at relative days. (B) The percentage of wound recovery was
observed statistically significant (as mean =+ standard deviation, n = 6) compared with control group during 14-day
treatment of rats with phenytoin, egg-l 15% and soy-l 15%. *p < 0.05; **p < 0.01; ****p < 0.001.

wound (8,9]. It has been confirmed that liposomes can be recognized as a target for macrophage and dendritic cells for
phagocytosis [20] while their phospholipids could inhibit the production of proinflammatory cytokines [8,9,30]. In the
second phase of wound healing, new tissue formation starts while the levels of immune cells and pro-inflammatory
cytokines decrease in the wound area [11].

Moreover, our important finding in wound treatment by liposomal lecithin was angiogenesis, which plays a
key role in the reparative dermis to support the capillary growth, collagen development and granulation tissue
formation at the injury site [10,16].

According to our results from Mason’s trichrome staining, lecithin liposomes as comparable with phenytoin
drug could potentially enhance fibroblast cells formation, collagen deposition and endothelial cell growth, which
might be associated with their antioxidative capacity. As described in previous reports, the use of low molecular
weight antioxidants enhances cellular proliferation and collagen synthesis at the wound site and reduces the levels
of lipid peroxides [24,27,31]. In this study, the effect of lecithin liposomes on wound re-epithelialization suggested
that differentiation of epithelial cells could possibly develop at an ideal rate, resulting in the formation of a normally
thick epidermis in the remodeling stage [16].

We used phenytoin cream as the positive control because the mechanism of phenytoin drug showed the
acceleration of wound healing. It has been investigated in pressure sores, diabetic ulcers, burns and etc., in clinical
and animal studies. Phenytoin-treated open wounds have shown neovascularization, collagenization, granulation
tissue enhancement and decreased polymorphonuclear cell infiltration as well as wound area reduction [16,32].
Moreover, in our experiment, treatment with lecithin liposomes exhibited a considerable wound area reduction,
rather than with phenytoin cream, which could be due to acceleration of collagen deposition into the lesion site [10].

Regarding the outcomes of lecithin liposomes that were majorly better than phenytoin drug on wound healing,
there is a suggestion that liposomal lecithin might be applicable in treatment of wound injuries in clinical study.

Research Article

future science group www.futuremedicine.com

641



Research Article

Nasab, Takzaree, Saffari & Partoazar

Conclusion

Our findings indicated that liposomal soy and egg lecithin may potentially improve wound-healing through
scavenging activities. Local administration of liposomal lecithin 15% had a better effect than phenytoin drug on
different aspects of wound repair at the early stage.

Summary points

e Liposomal egg lecithin has a scavenging activities rather than soy lecithin liposomes.
e Liposomal lecithin may potentially improve wound-healing trough scavenging free radicals.

e Topical administration of egg lecithin liposomes can improve skin wound more potent than soy lecithin liposomes
in rats.

e Lecithin liposomes might play a modulatory role in inflammation at the early stage of wound.

e Local administration of lecithin liposomes could potentially enhance fibroblast cells formation, collagen
deposition and endothelial cell growth in rats.

e Lecithin liposomes indicated that differentiation of epithelial cells could possibly develop at an ideal rate,
resulting in the formation of a normal thick epidermis.

e Wound area reduction, another important index in wound repair, was observed after 14-day topical treatment
with lecithin liposomes.

e Liposomal lecithin 15% acted better than phenytoin cream in wound repair.
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