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Abstract
The objective of this work was to characterize and evaluate wound healing potential of Piper cubeba oil (PO) via self-
nanoemulsifying drug delivery system (SNEDDS) in comparison with standard gentamycin. PO loaded SNEDDS was 
prepared by low energy emulsification technique and characterized for thermodynamic stability, self-emulsification power 
and various physico-chemical parameters. An optimal formula of PO SNEDDS was subjected to wound healing evaluation, 
collagen determination and histomorphological examination in female Wistar rats as compared with pure PO and standard 
antibiotic/gentamycin. An optimal formula of PO SNEDDS showed significant wound healing effects in Wistar female rats 
in comparison with pure PO. However, wound healing effects of optimized SNEDDS were comparable with standard gen-
tamycin. An optimized formulation also indicated significant enhancement in collagen content (0.82 mg/g) in comparison 
with pure PO (0.53 mg/g) and negative control (0.33 mg/g). While, the collagen content of SNEDDS (0.82 mg/g) treated 
rats were comparable with standard gentamycin treated animals (0.98 mg/g). Histopathological examinations of optimized 
SNEDDS treated animals showed no signs of inflammatory cells which indicated that prepared SNEDDS was safe and non-
toxic to rats. The results obtained in this work showed the potential application of SNEDDS in enhancement of the wound 
healing activity of PO upon oral administration.
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Introduction

Essential oils are very popular group of medicinal plants due 
to their flavoring properties and they have been investigated 
for variety of therapeutic activities including from antiox-
idant to anticancer (Bos et al. 2007; Bakkali et al. 2008; 
Adorjan 2010; Miguel 2010). The most of the therapeutic 
activity of essential oils are due to the presence of terpenes 

(Adorjan 2010). Piper cubeba essential oil (PO) is obtained 
from Piper cubeba plant which is commonly used in Arab 
world. Gastroprotective, analgesic, anti-inflammatory, and 
hepatoprotective activity of PO has been investigated in lit-
erature (Choi and Hwang 2003; Perazzo et al. 2003; Mori-
kawa et al. 2004; AlSaid et al. 2014, 2015). More recently, 
mechanistic anti-inflammatory effects of PO at molecular 
level have also been reported in animal models (Shakeel 
et al. 2015).

Various phytoconstituents such as α-thujene, α-pinene, 
sabinene, trans-sabinene hydrate, limonene, α-cubebene, 
α-copaene, β-elemene, β-caryophyllene, γ-muurolene, 
epi-cubebol, cubebol, γ-cadenene and α-cadinol have been 
reported as the main components of PO (Bos et al. 2007).

Nanomedicine-based drug delivery systems have great 
potential in enhancing pharmacological effects and phar-
macokinetic profile of drug molecules and plant-based 
bioactive materials (Jaiswal et  al. 2015; Shakeel et  al. 
2015; Odei-Addo et al. 2017; Thiruvengadam et al. 2018; 
Alam et  al. 2018). Recently, oral nanoemulsions and 
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“self-nanoemulsifying drug delivery systems (SNEDDS)” 
have also been evaluated for the enhancement of pharmaco-
logical effects of several therapeutic agents (Jain et al. 2015; 
Jaiswal et al. 2015; Shakeel et al. 2015; Sharma et al. 2015; 
Cui et al. 2019; Eleftheriadis et al. 2019). SNEDDS are pre-
concentrates of nanoemulsions in which the drug is encapsu-
lated in oil phase in the presence of surfactant/cosurfactant 
which could form very fine nanosized droplets/nanoemul-
sions upon mild agitation with an aqueous media (Villar 
et al. 2012; Jain et al. 2015; Shakeel et al. 2015; Sharma 
et al. 2015). These systems offer several advantages over 
other colloidal drug carriers due to their ease of preparation, 
low preparation cost, thermodynamic stability and nanosized 
droplets (Villar et al. 2012; Shakeel et al. 2013; Sharma et al. 
2015). Recently, wound healing potential of various essen-
tial oils such as Commiphora guidottii, Ceylon cinnamon, 
Croton zehantneri, Cupressus oil, Juniperus oil, Mentha 
piperita, Cymbopogon citratus, Piper betle, Piper nigrum 
and Vitex simplicifolia have been reported in different ani-
mal models in literature (Cavalcanti et al. 2012; Farhapour 
and Habibi 2012; Ouoba et al. 2012; Tumen et al. 2012, 
2013; Umasankar et al. 2013; Dwivedi and Tripathi 2014; 
Suntar et al. 2014; Wong and Ling 2014; Gebrehiwot et al. 
2015). The wound healing potential of nanoemulsion formu-
lations of clove essential oil and eucalyptus essential oil have 
recently been proved in literature (Alam et al. 2017, 2018). 
Nevertheless, the wound healing potential of PO in terms of 
nanosized formulations had never been investigated in litera-
ture. Most of the studies carried out for wound healing eval-
uation were based on topical administration of pure oil or 
their respective formulations. Moreover, the wound healing 
potential of PO has not been investigated via SNEDDS in 
literature. When, we performed any biological investigation 
on plant materials or plant phytoconstituent, it is necessary 
to include positive control/standard to prove the potential of 
that plant material/phytoconstituent. Positive control may be 
already marketed product of that particular plant material/
phytoconstituent or other marketed product (standard) with 
similar activity. Because marketed products of PO are not 
available in the market, gentamycin was used as positive 
control/standard for comparison purpose. Moreover, gen-
tamycin had broad range of antibacterial activity. For the 
wound healing effects, the inhibition of bacterial infection is 
required. If bacterial infection is prevented, wound healing 
effects will be faster. Therefore, it was selected as positive 
control in this work. Macroemulsions or ordinary emulsions 
of PO were not investigated in the present study because oral 
SNEDDS formulations had lower droplet size as compared 
with ordinary emulsions and hence SNEDDS have been 
reported more reliable in enhancing in vivo absorption and 
therapeutic effects of essential oils (Suqumar et al. 2014; 
Shakeel et al. 2015; Alam et al. 2017). Advantages of PO-
SNEDDS over standard gentamycin tablets are avoidance 

of adverse effects, self-nanoemulsification efficiency, ther-
modynamic stability, dose reduction and avoidance of first 
pass metabolism. Hence, the aim of the present study was to 
develop suitable SNEDDS formulations of PO and to inves-
tigate its wound healing potential in rats in comparison with 
pure PO and standard gentamycin. The SNEDDS formula-
tion of PO was prepared using safe and nontoxic components 
such as “Sefsol-218, Triton-X100, Transcutol-HP and water” 
(Shakeel et al. 2015).

Materials and methods

Plant material and chemicals

The plant of Piper cubeba was procured from local market in 
“Riyadh, Saudi Arabia” which was authenticated and identi-
fied by a taxonomist at “King Saud University”.

The extraction of PO from Piper cubeba plant was car-
ried out according to method described in literature (AlSaid 
et al. 2015).

Different phytoconstituents of PO were characterized 
and determined by gas chromatography–mass spectrometry 
method and results are presented in previously published 
article of same institution (AlSaid et al. 2015). Sefsol-218 
and Transcutol-HP were procured from “Nikko Chemicals 
(Tokyo, Japan)” and “Gattefossé (Lyon, France)”, respec-
tively. Triton-X100 was procured from “Sigma-Aldrich (St. 
Louis, MO)”. Deionized water was obtained from “Milli-Q 
unit” in the laboratory. Other chemicals and reagents used 
were of analytical grade. These materials were utilized with-
out any further purification.

Preparation of PO loaded SNEDDS

Various SNEDDS formulations of PO were prepared by 
spontaneous emulsification technique via construction of 
phase diagrams. The components used for preparation of 
SNEDDS were Sefsol-218/oil phase, Triton-X100/sur-
factant, Transcutol-HP/cosurfactant and deionized water/
aqueous phase. The detailed preparation and optimization 
of SNEDDS is presented in our recently published article 
(Shakeel et al. 2015).

Briefly, 5% w/w of PO was properly mixed with required 
quantity of Sefsol-218 (5% w/w). The specified quantities of 
Triton-X100 (25% w/w) and Transcutol-HP (25% w/w) were 
then incorporated spontaneously into previous oil phase. 
The mass ratio of surfactant (Triton-X100) to cosurfactant 
(Transcutol-HP) was 1:1. The specified quantity of deion-
ized water (40% w/w) was added drop by drop till clear and 
transparent formulation obtained.
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Characterization and evaluation of SNEDDS

Optimized SNEDDS of PO was characterized in terms of 
thermodynamic stability, self-nanoemulsification efficiency, 
droplet size, polydispersity index (PI), zeta potential (ZP), 
viscosity, refractive index (RI), percentage of transmittance 
(% T), and surface morphology. The detailed description 
of these methodologies is presented in recently published 
article of PO SNEDDS (Shakeel et al. 2015).

Animals and wound healing evaluation

Female Albino Wistar rats (weighing 200–250 g) were 
obtained from the “Experimental Animal Care Center at 
College of Pharmacy, King Saud University, Riyadh, Saudi 
Arabia”. The animals were given controlled environmen-
tal conditions of temperature and humidity. All the animals 
were provided free access to standard pellet diet and tap 
water. These studies were performed according to the guide-
lines of the institute. Wound excision rat model for wound 
healing activity was used. For excision wound study, the 
animals were randomly divided into four different groups 
(each containing six animals). Animals were anaesthetized 
using anesthetic ether and depilated at the predetermined 
site before wounding. An excision wound was produced by 
cutting away approximately 500  mm2 full thickness of the 
predetermined area on the anterior-dorsal side of each ani-
mal (Dash et al. 2001). The treatment to animals was given 
by oral administration of different formulations.

Group I animals were given oral administration of an 
optimal SNEDDS F1 without PO and served as control 
group. Group II animals were given oral administration of 
pure PO (at dose of 25 mg/kg) and group III animals were 
given oral administration of an optimal SNEDDS F1 with 
PO (containing 25 mg/kg of PO). Group IV animals were 
given oral administration of gentamycin suspension (at dose 
of 25 mg/kg) that was considered as positive control. Test 
formulations were administered once daily for the period of 
24 days. Wound healing activity of each group was exam-
ined in terms of wound contraction percentage and closure 
time. The wound area was measured every third day by plac-
ing a transparent paper over the wound and tracing it out; 
area of this impression was calculated using the graph sheet 
and wound contraction was expressed as percentage of con-
traction (Werner et al. 1994). The closure time for wound 
time was obtained when total wound healed.

Collagen determination

The piece of skin from the wound area was procured at 
the end of the experiment (after 24 days) and evaluated 
for the collagen content. Briefly, 5 ml of TES buffer and 
0.1 ml of acid hydrosolate was added in tube, mixed well 

and incubated at 37 °C for 6 h, the contents were filtered 
through a syringe filter into clean tube and allowed to stand. 
To 0.2 ml of test filtrate, 2 ml of ninhydrin reagent was 
added and boiled for 30 min and cooled at room tempera-
ture. Approximately 10 ml of 1-propanol was then added 
and the absorbance was recorded spectrophotometrically at 
570 nm (Moore and Stein 1948; Mandl et al. 1953). The 
collagen content in mg/g of tissue was determined from 
spectrophotometric absorbance. The pieces of skin were 
also procured from untreated rats and used for the analysis 
of leucine content in untreated rats. The content of leucine 
(mg/g) in untreated animals was served as negative control.

Histomorphological analysis of tissues

For histomorphological analysis, the healed tissues from the 
animals of each group were taken at the end of the experi-
ment (after 24 days), fixed in 10% formalin, dehydrated by 
alcohol and embedded in paraffin blocks. Tissue sections 
were deparaffinized with the help of xylene. Serial sections 
of particular diameter were cut with the help of microtome 
and finally stained using hematoxylin-eosin (HE) and ana-
lyzed under light microscopy. In the healed areas, the pos-
sibility of the inflammation was estimated in a blind man-
ner by counting the inflammatory cell infiltration/field. The 
presence of “epithelization, inflammatory cell infiltration, 
fibroblast proliferation, neovascularization and collagen 
deposition” on healed area of tissues were determined using 
a modified 0–5 numerical scale reported in literature (Alam 
et al. 2018).

Data analysis

The values are presented as mean ± standard error of the 
mean (SEM). The statistical analysis was carried out by 
ANOVA and P < 0.05 was considered as significant value.

Results and discussion

Characterization and evaluation of PO‑SNEDDS

Various SNEDDS formulations of PO were developed 
by spontaneous emulsification method via construction 
of phase diagrams. Phase diagram studies and detailed 
characterization of these formulations are presented in our 
recently published article (Shakeel et al. 2015). In spon-
taneous emulsification method, SNEDDS were prepared 
based on visual observations, hence there is possibility of 
getting metastable/unstable SNEDDS. Therefore, various 
thermodynamic/physical stability tests were performed to 
remove such formulations. Three different thermodynamic 
tests such as “centrifugation, heating and cooling cycles, 
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and freeze–pump–thaw cycles were performed and devel-
oped SNEDDS formulations were found to be thermody-
namically stable at each test (Shakeel et al. 2015).

The use of cosurfactant, i.e., Transcutol-HP along with 
surfactant (Triton-X100) in SNEDDS was possible for 
thermodynamic stability of SNEDDS (Shafiq et al. 2007). 
The presence of Triton-X00 alone is not able to reduce 
interfacial tension up to the required value. While, the use 
of Transcutol-HP along with Triton-X100 might reduce 
the interfacial tension up to required value and proposed 
SNEDDS become highly stable (Shakeel et al. 2013). Opti-
mized SNEDDS F1 which was investigated in this work 
passed thermodynamic stability tests in terms of centrifu-
gation, heating and cooling cycles and freeze–pump–thaw 
cycles. Optimized SNEDDS also passed self-nanoemulsifi-
cation test with grade A in the presence of various diluents 
including “0.1 N HCl, water and phosphate buffer”.

The physico-chemical parameters of optimized 
SNEDDS F1 are discussed in this work. However, the 
physico-chemical parameters of several SNEDDS for-
mulations of PO are already published in our previous 
publication (Shakeel et al. 2015). Electron microscopic 
image of optimized SNEDDS was also published recently 
which showed spherical droplets of optimized SNEDDS 
in nanometer range (Shakeel et al. 2015). Generally, the 
droplet size and viscosity of SNEDDS formulations of PO 
were found to be decreased with increase in the Sefsol-218 
(oil phase) concentration in formulations. However, the 
concentration of surfactants (Triton-X100 and Transcutol-
HP) had little impact on droplet size and viscosity of for-
mulations (Shakeel et al. 2015). The PIs were obtained as 
less than 0.3 in all prepared SNEDDS which indicated the 
uniformity of droplets in all formulations.

The droplet size, PI and viscosity of PO-SNEDDS (F1) 
used in this work were recorded as 7.53 ± 0.56 nm, 0.119 
and 12.80 ± 1.09 cp, respectively. The ZP of optimized 
SNEDDS F1 was recorded as − 28.98 mV. The RI and % T 
of optimized SNEDDS F1 were recorded as 1.337 ± 0.06 and 
98.7 ± 0.3%, respectively. These results supported proper 
development of SNEDDS formulation of PO. On the basis 
of the best physico-chemical parameters, thermodynamic 
stability and self-nanoemulsification efficiency obtained in 

our previous work, formulation F1 was selected for further 
wound healing activity in this work.

Wound healing evaluation: wound contraction 
and epithelization period

The results of impact of oral administration of pure PO 
and SNEDDS F1 in comparison with standard gentamycin 
on wound area contraction of rats are presented in Table 1 
and Fig. 1. In this research work, the animals were anaes-
thetized with the help of diethyl ether because of its major 
advantages over other anesthetic agents. It was observed 
that wound contraction was increased till day 24 in both 
test samples (pure PO and SNEDDS F1) and standard anti-
biotic treated animals. Pure PO and SNEDDS F1 enhanced 
wound contraction significantly from day 12 to 24 in com-
parison with control (P < 0.05). However, the difference 
in wound contraction between test samples (pure PO and 
SNEDDS F1) and standard gentamycin was not statisti-
cally significant (P > 0.05). The results of impact of oral 
administration of tests (pure PO and SNEDDS F1) in com-
parison with standard gentamycin on epithelization period 
are presented in Table 2. The time for complete epitheliza-
tion was recorded as 12.20 ± 0.58, 11.60 ± 0.74, 8.40 ± 0.52 
and 7.80 ± 0.48 day for control, pure PO, SNEDDS F1 and 
standard gentamycin, respectively. Epithelization period 
was significantly shorter in tests (pure PO and SNEDDS 
F1) and standard gentamycin treated animals in compari-
son with control group animals (P < 0.05). Moreover, epi-
thelization period was also significantly shorter in SNEDDS 
F1 and standard gentamycin treated animals in comparison 
with pure PO treated animals (P < 0.05). However, epitheli-
zation period was statistically insignificant in SNEDDS F1 
and standard gentamycin treated animals (P > 0.05). Wound 
contraction effects and epithelization of SNEDDS F1 were 
comparable with standard gentamycin. These results clearly 
showed that developed SNEDDS formulation showed 
greater wound healing effects after oral administration in 
comparison with pure PO. The enhanced wound contraction 
by SNEDDS F1 was possible due to nanosized droplets of 
SNEDDS and the presence of solubilizers namely “Triton-
X100 and Transcutol-HP” in formulation F1. The capacity 

Table 1  Impact of oral administration of pure PO and an optimized SNEDDS F1 in comparison with standard gentamycin on circular excision 
wound model in rats at different days of treatment

Formulations Wound area of contraction ± SEM (%)

0 Day 4th Day 8th Day 12th Day 16th Day 20th Day 24th Day

Control 0.00 ± 0.00 18.19 ± 2.40 39.49 ± 2.43 69.37 ± 1.85 85.15 ± 1.55 97.46 ± 0.56 99.49 ± 0.10
Pure PO 0.00 ± 0.00 19.60 ± 2.16 46.97 ± 2.43 72.54 ± 1.80 86.85 ± 1.30 98.65 ± 0.18 99.84 ± 0.09
SNEDDS F1 0.00 ± 0.00 47.72 ± 1.44 64.77 ± 2.10 89.14 ± 0.70 92.67 ± 1.44 98.93 ± 0.15 100.00 ± 0.00
Gentamycin 0.00 ± 0.00 61.03 ± 0.73 78.58 ± 0.43 90.25 ± 0.67 95.46 ± 0.73 99.53 ± 0.14 100.00 ± 0.00
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of producing wound contraction by PO and PO loaded 
SNEDDS recorded in this research work indicated that Piper 
cubeba plant possesses a definite prohealing action, because 
100% of wound healing occurred due to contraction (Ejaz 
et al. 2009). These wound healing effects of pure PO and 
PO in SNEDDS could be due to definite enhancement in the 
proliferation of epithelial cells (Getie et al. 2003). SNEDDS 
and oral nanoemulsions have been investigated for enhanc-
ing therapeutic effects of many drugs and essential oils have 
good potential for wound healing (Suntar et al. 2011; Tumen 
et al. 2011; Shakeel et al. 2013; Patel et al. 2019; Tung et al. 
2019). Hence, SNEDDS of PO were chosen in this study for 
the enhancement of wound healing efficacy of PO.

The interesting finding of our research work is that oral 
administration of pure PO and PO-SNEDDS once daily 
for 24 days accelerated the rate of wound closure in exci-
sion wound model in rat. The wound healing potential of 
essential oils have been investigated in literature on animal 
models (Kumar et al. 2007; de Fatima et al. 2008; Tumen 
et al. 2011; Suntar et al. 2011). It has been reported that 
the restoration and the functional integrity of the injured 

tissue involves several processes such as “inflammation, 
wound contraction, angiogenesis, extracellular matrix dep-
osition and tissue remodeling”. Single or multiple mecha-
nisms could involve in individual phases of wound healing 
which can contribute to the overall outcome of the wound 
healing process (Velnar et al. 2009; Grieb et al. 2011). 
At day 4 post-wounding, a marked decrease in the swell-
ing and exudates in animals treated with PO-SNEDDS F1 
was observed. These effects were comparable to standard 
gentamycin treated animals and higher than control and 
pure PO (Fig. 1).

The purpose of this work was to develop SNEDDS of 
PO to enhance its wound healing effects. SNEDDS are the 
systems which are capable to self-emulsify with gastroin-
testinal fluids upon oral administration. Due to this feature, 
SNEDDS can only be administered by oral route. SNEDDS 
are not capable to self-emulsify if administered via other 
routes of administration like topical/transdermal. To obtain 
similar conditions for statistical comparisons, PO was also 
administered orally. If we administered PO by other route 
and SNEDDS via oral route, the comparisons of their bio-
logical effects would not be justified. Hence, both PO as well 
as PO-SNEDDS were administered by oral route. It is known 
that the internal lipoidal portion of SNEDDS increased the 
intestinal lymphatic uptake of hydrophobic molecules which 
can further results in avoidance of pre-systemic metabo-
lism of such drugs (Kalepu et al. 2013). Enhancement in 
lymphatic uptake of drugs and avoidance of presystemic 
metabolism could definitely results in rapid absorption of 
drugs from SNEDDS and finally enhancement in oral bio-
availability and therapeutic efficacy of drugs (Kalepu et al. 
2013; Sureshkumar et al. 2015). Therefore, the enhanced 
wound healing effects of PO-SNEDDS were probably due 

Fig. 1  Wound healing effects of pure PO, PO-SNEDDS (F1) and standard antibiotic gentamycin in comparison with control after 0, 4, 8, 12, 16, 
20 and 24 days of inducing wound healing

Table 2  Impact of oral administration of pure PO and an optimized 
SNEDDS F1 in comparison with standard gentamycin on wound epi-
thelization period in excision wound model in rats

Formulations Period of epi-
thelization ± SEM 
(days)

Control 12.20 ± 0.58
Pure PO 11.60 ± 0.74
SNEDDS F1 8.40 ± 0.52
Gentamycin 7.80 ± 0.48
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to enhancement in lymphatic uptake of PO from SNEDDS 
and avoidance of presystemic metabolism.

Collagen content estimation (leucine assay)

Leucine assay is one of the commonly used methods for col-
lagen estimation (Taskiran et al. 1999; Nayak et al. 2006). 
Leucine content (mg/g of tissue) in the granulation tissues 
of the rats on day 1 and 10 after oral administration of pure 
PO, SNEDDS F1 and standard gentamycin are presented in 
Table 3. Leucine levels of SNEDDS F1 and standard gen-
tamycin treated animals were enhanced significantly on day 
10 in comparison with pure PO treated animals and negative 
control (P < 0.05). In literature, collagen accumulation has 
been reported as the sum of synthesis and destruction which 
occur simultaneously during the process of wound healing 
(Iyyam Pillai et al. 2010). Hence, the enhanced content of 
leucine in SNEDDS F1 and gentamycin-treated animals 
indicated enhanced collagen content in these formulations. 
However, leucine content was lower in case of negative con-
trol, which could be due to a prolonged inflammatory phase. 
In negative control, it was proposed that the degradation of 
collagen was greater than its synthesis which is responsi-
ble for lower level of leucine in negative control. Overall, 
the formulation of PO in SNEDDS was advantageous in 
terms of collagen content because the collagen content of 
rats treated with PO-SNEDDS was higher in comparison 
with pure PO and negative control. Higher collagen content 
helps in wound healing effects because they provide strength 
to repair tissues (Suntar et al. 2014; Gebrehiwot et al. 2015).

Histomorphological analysis of healed tissues

The photomicrographs of histomorphological examination 
of control, tests (pure PO and SNEDDS F1) and standard 
gentamycin-treated animals are presented in Fig. 2. His-
tological evaluation of skin at day 12 with H&E showed 
the sign of ulceration, edema, epithelization, granulation 
and abundance of mononuclear cells infiltration in control 
group animals (Fig. 2a). However, the photomicrographs 

of pure PO treated rats showing the sign of less ulceration, 
edema and large amount of granulation as well as sign of 
healed skin structure with well-formed, near to normal epi-
dermis, restoration of adnexa, and extensive fibrosis and 
collagen tissue within the dermis (Fig. 2b). PO-SNEDDS 
(F1) treated rats showed large amount of granulation tis-
sue, small number of mononuclear inflammatory cells, 
and restoration of adnexa and extensive fibrosis and no 
sign of ulceration and edema (Fig. 2c). The rats treated 
with standard antibiotic gentamycin showed healed skin 
structures with well-formed, near to normal epidermis, 
restoration of adnexa, and extensive fibrosis and collagen 
tissue within the dermis (Fig. 2d). The resulting data of 
histomorphological analysis are presented in Table 4. The 
above results clearly supported that the wound healing 
and repair is accelerated by PO. This ability was espe-
cially obvious when the data were compared with the other 
plants as PO is well known for its antioxidant, antibacte-
rial, antifungal and anti-inflammatory activity (Perazzo 
et al. 2003; Silva et al. 2007). The wound healing is asso-
ciated with reduction in oxidative stress (Yusufoglu and 
Alqasoumi 2011).

Conclusions

The potential of SNEDDS formulation of PO for enhanc-
ing wound healing effects was investigated in this work. 
Optimized SNEDDS formulation of PO was characterized 
physicochemically and subjected to wound healing evalu-
ation in rats in comparison with standard gentamycin and 
pure PO. Wound healing effects of SNEDDS were found 
to be significant in comparison with pure PO and control. 
However, these effects were comparable with standard 
gentamycin. Moreover, SNEDDS formulation also showed 
significant enhancement in collagen content in compari-
son with pure PO and negative control. Histopathologi-
cal examinations of SNEDDS treated animals showed 
no signs of inflammatory cells which indicated that pre-
pared SNEDDS was safe and nontoxic to rats. The results 
obtained in this work showed the potential of SNEDDS 
for oral delivery of essential oil such as PO for enhancing 
its wound healing effects in rats. Overall, the treatment 
with gentamycin was the most successful. This means that 
apparently inhibition of bacterial infection is the most effi-
cient method to stimulate wound healing. Therefore, the 
combination of PO and gentamycin especially in the form 
of SNEDDS would be more interesting for faster wound 
healing effects in future studies.

Table 3  Estimation of collagen after oral administration of pure PO 
and an optimized SNEDDS F1 in comparison with standard genta-
mycin on circular excision wound model in rats at 1st and 10th day of 
treatment

Formulations Collagen ± SEM (mg of leucine/g of tissue)

1st day 10th day Negative control

Pure PO 0.26 ± 0.06 0.53 ± 0.04 0.33 ± 0.04
SNEDDS F1 0.28 ± 0.03 0.82 ± 0.04 0.33 ± 0.04
Gentamycin 0.28 ± 0.03 0.98 ± 0.03 0.33 ± 0.04
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Fig. 2  Histopathology of skin at day 12 stained with H&E (100 ×); a 
control group animals showing, early epithelization, and granulation 
tissue and abundance of mononuclear inflammatory cells (¥); b pure 
PO treated rats showing healed skin structures with well-formed, near 
to normal epidermis, restoration of adnexa (*), and extensive fibrosis 
and collagen tissue within the dermis (arrow); c PO-SNEDDS (F1) 

treated rats showing large amount of granulation tissue, small num-
ber of mononuclear inflammatory cells, and restoration of adnexa and 
extensive fibrosis (#); d gentamycin treated rats showing healed skin 
structures with well-formed, near to normal epidermis, restoration of 
adnexa, and extensive fibrosis and collagen tissue within the dermis

Table 4  The median histopathologic scores of wound healing 
determined after oral administration of pure PO and an optimized 
SNEDDS F1 in comparison with and control and standard genta-

mycin using a modified 0–5 numerical scale; the scores were 0 for 
absence, 1 for occasional presence, 2 for light scattering, 3 for abun-
dance, 4 for confluence of cells and 5 for fibres

Formulations Epithelialisation Inflammatory cell 
infiltration

Fibroblast proliferation Neovascularization Collagen deposition

Gentamycin 4.02 ± 0.29 1.89 ± 0.51 4.10 ± 0.38 3.10 ± 0.23 4.23 ± 0.61
SNEDDS F1 3.93 ± 0.21 1.60 ± 0.25 4.10 ± 0.50 2.83 ± 0.23 3.93 ± 0.31
Pure PO 2.20 ± 0.32 2.60 ± 0.32 2.53 ± 0.52 2.01 ± 0.35 2.50 ± 0.25
Control 0.83 ± 0.41 3.17 ± 0.22 1.00 ± 0.00 0.88 ± 0.35 1.01 ± 0.41
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