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ABSTRACT: Short-wave UVB (ultraviolet B) causes rapid
oxidative damage to the skin. Rose water is obtained mainly
from the petals of Rosa damascena Mill. (Rosaceae) and used
traditionally to hydrate dry skin and reduce signs of aging. This
work aimed at evaluating the possible protective potential of the
prepared eco-friendly Taif rose oil nanoemulsion (ROSE-NANO)
against UVB-induced photoaging in adult male Wistar rats. Taif
rose oil (ROSE) was obtained from R. damascene by classical steam
distillation and formulated in emulgel (100 mg/g). In addition, the
oil was formulated in ROSE-NANO-loaded emulgel (50 and 100
mg/g) to enhance the effect of ROSE. All prepared formulas were
tested topically for their potential protective effect in UV-induced
skin photoaging. The obtained results demonstrated that
application of ROSE-NANO-loaded emulgel resulted in superior antiaging potency over ROSE emulgel based on histological
studies as well as biochemical evaluations via amendment in CAT and SOD activities, decreasing the concentration of the
inflammatory markers and preventing collagen fragmentation through reduction of MMP-9 content in fibroblasts. Moreover, a
significant decrease in mRNA expression of NF-KB, JNK, ERK1/2, and p38 MAPK genes was observed. In conclusion, the current
study provides scientific evidence for the traditional use of rose oil in skin aging. Moreover, the NANO formula showed promising
efficacy as a skin photoprotector against UV-induced oxidative damage and skin aging.

1. INTRODUCTION
Family Rosaceae includes 200 species and more than 18,000
cultivars, of which Rosa damascena is the most famous and
important.1 Rose oil is obtained mainly from the petals of R.
damascena (Rosaceae), which is also known as damask rose,
since it was brought from Damascus to Europe.2

The plant is well known not only for its medicinal and
pharmacological effects but also because of its holy beliefs. In
Iran, this flower is known as Gol-E-Muhammadi (the flower of
Muhammad).3 Nevertheless, most commercial rose oil is
derived from R. damascena, including Bulgarian and Turkish
rose essential oils, which are the world’s major producers.2 West
Saudi Arabian societies have embraced roses as a cultural
symbol. Rosa damascena Miller var. trigintipetala is cultivated on
a large scale in Taif governorate, where it is named “Ward Taifi”
and is considered one of the industrial crops in this region.
Production of rose oil in Saudi Arabia amounted to 5% of the
global rose oil production.4

The oil is used in cosmetic manufacturers (e.g., body lotions,
soaps, face creams) for its fragrance. Meanwhile, it is usually
added as a flavoring agent in food manufacturing.5 Traditionally,
a decoction of the flower is used in Iranian medicine for chest
and abdominal pains, menstrual bleeding, and digestive ailments
and as cardiotonic. Besides being used for cleaning eyes and
mouths, it was traditionally used as an antiseptic for alleviating
abdominal pain, lung congestion, and bronchial problems.6 The
Damask rose was first described over a thousand years ago by
Avicenna (980−1037 AD). It has various medical benefits,
including its gastrointestinal and cardiac tonic effects, cosmetic
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properties that eliminate sweat odor, skin, and mucosal repair,
antinociceptive properties, and anti-inflammatory effects. Rose
water is used traditionally to hydrate dry skin, reduce signs of
aging, and strengthen facial skin.7

Modern medicine has proven its different pharmacological
activities including hypnotic, antimicrobial, anticonvulsant,
analgesic, antidiabetic, anti-inflammatory, anti-HIV, and anti-
oxidant.2 Further, due to its antibacterial effect, the oil is used in
treating acne.2 Moreover, consuming R. damascena as functional
food induces a protective effect in skin aging induced by
ultraviolet through collagen synthesis enhancement as well as
increased expression of TGF-b1.8

The exposure of skin to UV radiation can produce reactive
oxygen species (ROS), which lead to oxidative damage and
accumulation of oxidative products, both of which are indicators
of oxidative stress in the tissue causing skin aging.9 Moreover,
UV irradiation of the skin causes the expression of elastase and
collagenase, leading to wrinkles and sunburn on the skin.10 As a
result, unprotected UVB exposure is a recognized factor in the
onset of early aging symptoms.11 The skin’s vulnerability to
oxidative stress and ROS production are the primary indicators
of early photoaging.12 Additionally, UV light causes the skin to
have acute inflammatory reactions that speed up the aging
process.13 Previously, it was known that topical application of
antioxidants protects skin from oxidative damage.14 Several
natural antioxidant ingredients also have anti-inflammatory
properties that can be used in the treatment of oxidative damage-
associated conditions such as photoaging.15 In this work, ROSE
emulgel (100 mg/g) as well as an eco-friendly Taif rose oil
nanoemulsion (ROSE-NANO) was prepared at two dose levels
(50 and 100 mg/g emulgel) to study their possible protective
effect against UVB-induced photoaging. Its protective effect was
assessed by measuring antioxidant parameters: SOD and CAT;
anti-inflammation markers: TNF-α and IL-6; and antiwrinkle
parameter: MMP-9. Additionally, total RNA isolated from rat
dissected joints was used to analyze the expression of JNK,
ERK1/2, and p38 MAPK genes.

2. EXPERIMENTAL SECTION
2.1. Chemicals and Reagents. α-Cyclodextrin (MW = 972

Da) was procured from Merck Life Science (Darmstadt,
Germany). TNF-α (tumor-necrosis factor-α), SOD (superoxide
dismutase), and MMP-9 (matrix metalloproteinases 9) were
measured employing an ELISA kit following the stated guidance
(Glory Science Co, Ltd.). A CAT (catalase) enzyme-linked
immunosorbent assay ELISA kit and IL-6 (interleukin 6) were
acquired from MyBioSource, Inc. (San Diego/CA) and
CUSABIO Inc. (Wuhan/Hubei/China), respectively.
2.2. Preparation of Rose Oil (ROSE). A volatile oil was

prepared from the petals of R. damascenaMiller var. trigintipetala
(Taif rose) by the classical hydrodistillation method under the
supervision of the corresponding author from one of the Taif
rose factories (Taif governorate, Saudi Arabia). The collected oil
was dried over anhydrous sodium sulfate, filtered, and kept at
−20 °C for experimental studies.
2.3. Essential Oil GC/MS Analysis. Three biological

replicates of the oil specimen (10 μL) were dissolved in 1 mL
of methylene chloride (GC grade) and analyzed by GC-17A gas
chromatography (Shimadzu, Tokyo, Japan) coupled with a QP-
5000 mass spectrometer (Shimadzu, Tokyo, Japan). The
samples were chromatographed on a DB5-MS column (J&W
Scientific/Santa Clara/CA) with a length of 30 m, an internal
diameter of 0.25 mm, and 0.25 μm film thickness using the

splitless mode of injection and helium (a carrier gas) at a 1 mL/
min flow rate. The temperature programming was as follows:
starting at 38 °C for 3 min, increased temperature to 180 °C with
a rate of 12 °C/min, retained for 5 min at 180 °C, increased to
220 °C with a rate of 40 °C/min, and finally kept at 220 °C for 2
min as previously discussed.16 The peak identity was confirmed
by adopting AMDIS software (www.amdis.net), matching the
mass spectrum with NIST, as well as its KOVAT index, and
comparing it with the standard when available.
2.4. Preparation of an Eco-friendly Rose Oil Nano-

emulsion (ROSE-NANO). An eco-friendly rose oil nano-
emulsion was prepared using a modified previously reported
approach utilizing high shear homogenization.17,18 ROSE (150
mg), α-cyclodextrin (α-CD, 50 mg), and water (1 g) were
homogenized at ambient temperature for 5 min (T25 digital
Ultra-Turrax/IKA/Staufen/Germany) at a speed of 15,000 rpm.
The prepared ROSE-NANO was kept at 8 °C for biological
study.
2.4.1. Droplet Size and Polydispersity Index Determina-

tion. The droplet diameter (expressed as z-average) was
measured after diluting the prepared emulsion with double
distillation using the dynamic light scattering technique. In
addition, the polydispersity index (PDI) of the developed
ROSE-NANO was determined using a Zetasizer Nano ZSP
(Malvern Panalytical Ltd./Malvern/U.K.).
2.4.2. Preparation of ROSE-NANO Emulgel. ROSE-NANO

emulgel was prepared at two different concentrations (50 and
100 mg/g emulgel). The prepared ROSE-NANO was dispersed
in water with hydroxypropyl methylcellulose (HPMC) as a
gelling agent and then homogenized at ambient temperature for
2 min at a speed of 10,000 rpm. The prepared dispersion was
sonicated for 5 min in a water bath sonicator and then kept in the
refrigerator for 24 h. Rose oil-loaded gel (ROSE emulgel) was
prepared with the same method at a concentration of 50 mg/g
HPMC gel. Also, α-CD-loaded gel (plain NANO-loaded gel)
was prepared with the same method and used in the same
equivalent concentration used in the 100 mg/g ROSE-NANO
emulgel preparation.
2.5. Biological Study. 2.5.1. Animals. The experiment was

performed on the hairless skin of adult male Wistar rats weighing
between 180 and 220 g (6−8 weeks old) obtained from the
animal house of the National Research Center, Giza, Egypt. The
animals were housed in plastic cages and kept in a conditioned
atmosphere at 22 ± 3 °C and 50−55% humidity with 12/12 h
light/dark cycles. They were fed standard pellet chow (El-Nasr
Chemical Company, Cairo, Egypt) and were permitted free
access to water. The animals were subjected to one week
habituation period before starting the experiment. The
experimental procedures were reviewed and approved by the
Ethics Committee of the Faculty of Pharmacy, Cairo University
(Permit number: PT2949). The study also fulfilled the
recommendations of the National Institutes of Health Guide
for Care and Use of Laboratory Animals (2011). All efforts were
made to minimize the animal distress throughout the
experimental period.
2.5.2. Experimental Design. Sixty rats were randomly divided

into six groups, each containing 10 animals: group 1: non-UVB-
irradiated group, group 2: UVB-irradiated group, group 3:
irradiated and topically pretreated with 0.5 g of the plain NANO
formulation (vehicle), group 4: irradiated and topically
pretreated with 0.5 g of ROSE-loaded gel (100 mg/g), and
groups 5 and 6 were irradiated and topically pretreated with 0.5 g
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of ROSE-NANO (50 and 100 mg/g emulgel, respectively), daily
1 h before the UVB exposure (Figure S1).19

2.5.3. UVB Exposure Test. Using UV radiation of wavelength
302 nm (CL-1000 M; UVP, Upland/CA), skin photoaging was
induced. Rats were positioned on a platform and exposed to
UVB radiation (the lamp was set 5 cm above the platform) at a
dose of 40−80 mJ/cm2 for exposure times of 15−30 s.20,21 The
rat’s dorsal side was shaved 24 h before the experiment. Daily,
the dorsal skin of the animals was visually reported and graded
from 0 to 3 for the scoring of erythema22 and wrinkles23 (Table
S2).
2.5.4. Tissue Preparation. To allow time for any acute UV

effects to recuperate, biochemical assays were carried out three
days following the final UV exposure.24 At the end of the
experiment, the rats were anesthetized by ketamine (85 mg/kg,
i.p.) and euthanized by cervical dislocation, and the treated skin
of each rat was dissected into two halves. The first half of the
dorsal skin of the rats was preserved in 10% formalin for
histopathological examination. The other half of the skin
samples were homogenized and subjected to biochemical
estimation of the antioxidant (CAT, SOD), anti-inflammatory
(TNF-α, IL-6), and antiwrinkling (MMP-9) markers.

2.5.5. Biochemical Analysis. The levels of catalase (CAT)
and superoxide dismutase (SOD) reactive substances were
estimated in the homogenate, as reported previously.20 The
levels of interleukin 6 (IL- 6), TNF-α, and matrix metal-
loproteinase (MMP-9) were determined using an enzyme-
linked immunosorbent assay.
2.5.6. Histopathological Studies. The skin samples from the

dorsal skin of the rats were used. The samples were embedded in
paraffin and formalin-fixed for histopathological analysis. They
were prepared as follows: 10% neutral buffer formalin fixation,
trimming, water washing, ethyl alcohol dehydration, xylene
clearing, and paraffin embedding. Hematoxylin and eosin and
Masson’s trichrome stain (Merck Life Science) were used to
prepare and stain thin slices (4−6 μm) to identify fibrous
connective tissue.25 Fixation and staining procedures were
carried out as formerly stated.26 The examination was performed
using a light electric microscope (Optika B 150, Optika
Microscopes, Italy)
2.5.7. Immunohistochemistry Staining Protocol. The

avidin−biotin−peroxidase complex (ABC) technique was
used to mount paraffin slices on positively charged slides
where the Anti-Rat collagen I antibody, polyclonal antibody
(Thermo Fisher Scientific, Cat# PA1-26204, Dil.: 1:200), and

Table 1. Relative Percentage of Detected Volatile Constituents in R. damascena Mill. Flowers Using GC/MS Analyses (n = 3)

no. average Rt(min) KI compound name percentage ± SD

Alcohols
1 7.922 954.5 linalool 3.24 ± 0.14
2 8.129 966 phenylethyl alcohol, rose oil 4.96 ± 0.04
3 8.997 1021 1-terpinen-4-ol 0.41 ± 0.05
4 9.25 1031 δ-terpineol 0.70 ± 0.58
5 9.3 1037 α-terpineol 0.12 ± 0.15
6 9.908 1074 β-linalool 1.54 ± 0.26
7 9.933 1080 citronellol 16.34 ± 1.02
8 10.163 1090 nerol 23.40 ± 2.13
9 10.242 1098 geraniol 29.20 ± 1.27

10 11.136 1157 2-methyl-6-methylene-octa-1,7-dien-3-ol 0.56 ± 0.08
11 15.061 1485 trans-farnesol 2.86 ± 0.03

Total alcohols 83.32
Aliphatic Hydrocarbons

12 14.844 1448 dodecane 1.47 ± 0.02
13 17.192 1614 1-hexadecene 2.11 ± 0.24
14 17.711 1643 hexadecane 9.25 ± 0.45

Total aliphatic hydrocarbon 12.83
Ester

15 11.478 1181 2,6-octadien-1-ol, 3,7-dimethyl-, acetate 0.90 ± 0.07
16 14.767 1442 n-lauryl acrylate 1.12 ± 0.15

Total ester 2.03
Monoterpene Hydrocarbon

17 6.067 852.2 β-myrcene 0.05 ± 0.01
18 7.921 951 β-thujene 0.03 ± 0.02

Total monoterpene hydrocarbon 0.08
oxide/ether

19 8.011 961 trans-rose oxide 0.08 ± 0.05
20 11.367 1167 eugenol 0.99 ± 0.01
21 11.758 1201 methyl eugenol 0.34 ± 0.11

Total oxide/ether 1.40
Sesquiterpene Hydrocarbon

22 11.964 1218 β-caryophyllene 0.04 ± 0.02
23 12.125 1230 (Z,E)-α-farnesene 0.07 ± 0.00
24 12.869 1287 unknown 0.15 ± 0.00

Total sesquiterpene hydrocarbon 0.26
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Rat NFKB-P65 antibody, polyclonal antibody (Elabscience,
Cat# E-AB-32232, Dil.:1:100) were assessed. The chemicals
needed for the ABC technique (Vectastain ABC-HRP kit,
Vector laboratories) were introduced after sections from each
group were treated with these antibodies. To identify antigen−
antibody complexes, markers were expressed and colored with
diaminobenzidine (DAB, made by Merck Life Science). The
primary or secondary antibodies were substituted with non-
immune serum for the negative controls. An Olympus
microscope (BX-53) was used to view IHC-stained slices.
2.5.7.1. Immunohistochemical Quantitative Analysis.

Immunohistochemical expression levels of collagen A1 and
NF-Kβ were assessed in six randomly chosen, non-overlapping
fields using a Leica application module-operated full-HD
microscopic imaging equipment (Leica Microsystems GmbH/
Wetzlar/Germany)
2.5.8. Quantitative RT-PCR (Real-Time Polymerase Chain

Reaction). Total RNA separated from rat dissected skin was
analyzed for JNK, ERK1/2, and p38 MAPK gene expression.
The RT-PCR kit (Stratagene, Cat. # 600188, La Jolla/CA) was
used to prepare the complementary DNA according to the
manufacturer’s procedures. Using JNK, ERK1/2, and p38
MAPK primers (Table S1), quantitative RT-PCR was assessed
by mixing 5 μL of complementary DNA, 12.5 μL of the SYBR
Green JumpStart Taq ReadyMix (Sigma-Aldrich, Cat. # S5193,
St. Louis/MO), 5.5 μL of RNAse free water, and 2 μL of each
primer (5 pmol/μL).
2.5.9. Statistical Analysis. The results were represented as

the average mean ± SD and were analyzed using one-way
ANOVA, following Tukey’s post hoc analysis. Statistical
variations were considered significant at P < 0.05.

3. RESULTS AND DISCUSSION
3.1. Volatile oil analysis. GC/MS analysis of volatile

constituents of R. damascena (Table 1) led to the identification
of 24 constituents classified into six different classes including
alcohols (83.3%), aliphatic hydrocarbons (12.8%), esters
(2.03%), monoterpene hydrocarbon (0.08%), oxide/ether
(1.4%), and sesquiterpene hydrocarbon (0.26; Figures S2 and
S3). Alcohols were the most prominent class of volatile

constituents in Taif rose oil, where geraniol, nerol, citronellol,
phenyl ethyl alcohol, and linalool represented 29.2, 23.4, 16.34,
4.96, and 3.24%, respectively. Meanwhile, hexadecane was the
predominant aliphatic hydrocarbon (9.25%). The obtained
results agree with previously published data on Taif rose oil,
which showed prominence of β-citronellol, nerol, geraniol, and
linalool in addition to phenyl ethyl alcohol, which plays a
remarkable role in rose odor.4,27

3.2. In Vitro Characterization of ROSE-NANO. The z-
average diameter of the developed ROSE-NANO was 125.5 ±
3.7 nm. The relatively low observed PDI value of 0.167 ± 0.008
nm indicates good homogeneity and high kinetic stability of the
developed formulation.28

3.3. UVB Exposure Test. The effect of topical ROSE
emulgel, ROSE-NANO, and plain NANO formulations on UV-
induced photoaging was assessed visually on dorsal mouse skin.
The results (Figure S4) showed that the non-UV-irradiated
group had undamaged skin with a smooth surface (group 1).
Meanwhile, the occurrence of irritation and inflammation in the
UV-irradiated group (group 2) was proved through increasing
skin thickness and the appearance of scars. Plain NANO
formulation (group 3) with slightly enhanced skin inflammation
was observed in group 2, which may be attributed to the
photoprotective effect of α-CD.29,30 Application of ROSE
formulation (group 4) showed slight enhancement of rat skin.
Meanwhile, the prepared ROSE-NANO at both tested
concentrations (50 and 100 mg/g emulgel) revealed protective
and prophylactic effects on the skin, where higher oil
concentrations showed higher potency. This could be explained
by NANOs’ penetration enhancer function, which improves the
permeability of the drug through the stratum corneum barrier.
Moreover, the reported interaction of cyclodextrin with skin
keratocytes may result in higher retention of the prepared
formula in the skin in comparison to the free rose oil.31,32 As a
result, our findings highlight the NANO formulation’s potential
to keep medication deeply in the skin layers, which is consistent
with the current study’s essential goal; therefore, ROSE-NANOs
can be proposed as a viable topical antiaging tool.

In this study, the hairless dorsal skin of rats was used as an
experimental model for the photoaging study. During the

Figure 1. Effect of ROSE and ROSE-NANOs on antioxidant enzyme (SOD and CAT) levels. Values were expressed as mean ± SD. *P < 0.05
compared to the control group, #P < 0.05 compared to the ultraviolet-irradiated group, @P < 0.05 compared to the vehicle group, $P < 0.05 compared
to the ROSE emulgel group, and %P < 0.05 compared to ROSE-NANO (50 mg/kg) after using ANOVA, followed by Tukey’s post hoc test.
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experiment, the dorsal skin of animals was visually examined
daily and scored for erythema22,33 and wrinkles23,34 according to
the scoring scale (Table S2).

As illustrated in the Supporting Information (Table S3), at
day 1, no phototoxic signs can be noticed in all groups. At day 1,
no phototoxic signs were noticed in all groups except in the
positive control group, which showed clear signs starting from
the first day of exposure. At day 3, signs of phototoxicity began to
appear in all of the groups exposed to UVB radiation. In all
groups, the toxic reactions of UVB irradiation were increased by
increasing the period of exposure. It is clear that all treated
groups (groups 3, 4, 5, and 6) showed a lower incidence of
phototoxic effects than the positive control group (p 0.05).
Groups 3 and 4 showed the lowest skin protection effects,
concerning both the antierythematic and antiwrinkle effects (p
0.05), proving that using higher essential oil concentrations had
a beneficial effect on the suppression of the phototoxic effects.

Dorsal parts of the rats’ skin under study were visually
examined at the end of the experiment.

Intact skin with a smooth surface was observed in the negative
control group. On the other hand, thick and deep wrinkles with
projecting scars were obvious after UVB irradiation. This was
improved by the pre-application of suspensions, where only few
wrinkle and scar traces were observed. Interestingly, pre-
application of the formula offered high prophylactic and
protective effects, and skin appeared intact and clear from any
inflammatory or wrinkling sign.
3.4. Biochemical Analysis. Skin damage is a result of

unprotected exposure to UVB radiation, and other biochemical
indicators can be used to further prove this. The indicated
protective impact of the produced ROSE-NANOs was assessed
in the current investigation by assessing the levels of biochemical
markers for antioxidant, anti-inflammatory, and antiwrinkle
activities.
3.4.1. Effect of ROSE-NANO on the Antioxidant Markers on

UVB-Irradiated Rats. Reactive oxygen species (ROS) is
responsible for UVB-induced cell death due to its ability to
transfer electromagnetic energy from UVB light to molecular
oxygen, causing skin damage.10,24 This study showed the ability
of ROSE emulgel and ROSE-NANOs to reduce the level of

antioxidant enzymes, as displayed in Figure 1. The findings of
the present study revealed that exposure to ultraviolet rays
resulted in a significant reduction of antioxidant enzymes in the
UVB-irradiated group (group 2) by 2.3-fold, which is in line with
earlier studies.20 Topical application of the ROSE formula
(group 4) caused a significant reduction of the antioxidant levels
(CAT and SOD) in comparison to the UVB-irradiated group
(group 2) by 1.5- and 1.4-fold, respectively, confirming the
antioxidant activity of the oil. UVB exposure induces direct
inflammation and proliferation in human and animal skin and
produces reactive oxygen species indirectly by depleting the
antioxidants in the skin.35 Moreover, exposure of mammalian
cells to UVB causes the generation of reactive oxygen species,
which is considered one of the major alterations that lead to
deleterious outcomes.36 Topical application of the prepared
formula (groups 5 and 6) significantly improved the oxidative
stress by decreasing CAT and SOD by 1.6- and 1.3-fold,
respectively, in comparison to ROSE oil.

This effect was also confirmed during visual inspection of the
skin rat after treatment. The antioxidant activity of ROSE is well
established through its active compounds. The oil inhibited
hexanal oxidation by 100% at 100 μg/mL, scavenged the DPPH
radical by 70%, and inhibited malondialdehyde formation from
squalene upon UV irradiation by 46%.37 The observed
antioxidant effect of the oil could be attributed to its major
constituents of geraniol (29.2%), nerol (23.4%), citronellol
(16.34%), phenyl ethyl alcohol (4.96%), and linalool (3.24%). It
was reported that citronellol, nerol, and geraniol inhibited
malondialdehyde formation at 1000 ppm concertation by 27.5,
42.7, and 34.9, respectively, in the thiobarbituric acid assay.37

Meanwhile, linalool was reported to have a strong radical
scavenging activity in the DPPH assay.38 The obtained results
confirmed the advantage of the prepared NANO formula over
regular emulgel as skin antiaging through antioxidant activity.
3.4.2. Effect of ROSA-NANO on Anti-Inflammatory Markers

on UVB-Irradiated Rats. Exposing rat skin to ultraviolet
irradiation resulted in the release of proinflammatory cytokine
(IL-6 and TNF-α), causing skin damage as displayed in the UV-
irradiated group (group 2) that showed a significant increase in
proinflammatory cytokine (IL-6 and TNF-α) by 2.4- and 2.3-

Figure 2. Effect of ROSE and ROSE-NANOs on the proinflammatory cytokines (IL-6 and TNF-α). Values were expressed as mean ± SD. *P < 0.05
compared to the control group, #P < 0.05 compared to the ultraviolet-irradiated group, @P < 0.05 compared to the vehicle group, $P < 0.05 compared
to the ROSE emulgel group, and %P < 0.05 compared to ROSE-NANO (50 mg/kg) after using ANOVA, followed by Tukey’s post hoc test.
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fold, respectively, in comparison to a nonirradiated group
(group 1; Figure 2). Topical application of either ROSE formula
or ROSE-NANO exerts significant anti-inflammatory activity. In
comparison to the UV-irradiated group (group 2), ROSE
emulgel (group 4) caused a significant decrease in the levels of
IL-6 and TNF-α by 1.3- and 1.4-fold, respectively. This result is
in agreement with previously published data that reported folk
use of ROSE as an anti-inflammatory39 and its ability to suppress
COX-2 in vitro.40 In addition, it was observed that the plain
NANO formulation (group 3) also exerts anti-inflammatory
activity by decreasing IL-6 and TNF-α by 1.2- and 1.7-fold,
respectively, which may be attributed to the protective and
defending effects of the nanosystem.41 Finally, ROSE-NANO
groups (5 and 6) displayed promising anti-inflammatory activity
that was evident through a significant decrease in IL-6 and TNF-
α. As discussed before, the obtained results confirmed the
advantage of the prepared NANO formula in enhancing drug
solubility, warranting improvement of skin penetration and the
photoprotective effect.

Moreover, the major constituents in ROSE were also reported
for their significant anti-inflammatory activity. Citronellol is
reported to inhibit the production of NO and PGE2 in RAW

264.7 macrophage through inhibition of iNOS enzyme activity.
In addition, it also suppresses the production of COX-2 in LPS-
induced inflammation and activated PPAR α and γ.40 Moreover,
nerol showed a significant decrease in the level of inflammatory
cytokines (IL-13 and TNF-α) in oxazolone-induced colitis.42

Linalool can also reduce edema and exert strong anti-
inflammatory activity in the carrageenan-induced rat edema
model, which could be attributed to its ability to reduce levels of
leukotrienes.40 Phenethyl alcohol also proved anti-inflammatory
activity in topical application by decreasing TNF-α and NF-κB
protein expressions in addition to its antioxidant activity.43

Based on these results, ROSE-NANO plays a unique function in
preventing photoaging in the skin by lowering IL-6 and TNF-α
levels, which work in tandem with ROSE’s photoprotective
effect.
3.4.3. Antiwrinkling Markers. Exposure to ultraviolet

radiation stimulates the generation of free radicals, which raises
the synthesis of MMPs, resulting in the degeneration of elastin
and collagen networks and finally leading to skin wrinkling.44,45

Ultraviolet radiation produced wrinkle formation due to the
degradation of the three-dimensional fiber network under the
effect of IL-1 and the granulocyte-macrophage colony-

Figure 3. Effect of ROSE and ROSE-NANOs on the production of MMPs. Values were expressed as mean ± SD. *P < 0.05 compared to the control
group, #P < 0.05 compared to the ultraviolet-irradiated group, @P < 0.05 compared to the vehicle group, $P < 0.05 compared to the ROSE emulgel
group, and %P < 0.05 compared to ROSE-NANO (50 mg/kg) after using ANOVA, followed by Tukey’s post hoc test.

Figure 4.Microscopic examination of histological features in different skin tissues (hematoxylin and eosin stain). (A) Normal histological structure of
the skin. (B) Replacement of the prickle cell layer (star) by fibrous connective tissue, partial formation of some epidermal layers (arrowhead),
formation of migratory epidermal cells (green arrow) with focal infiltration by mononuclear inflammatory cells (black arrow), and congestion of
dermal blood vessels (black arrow). (C) Partial loss of the prickle cell layer (star) with formation of some epidermal layers (green arrow), the presence
of dermal blood vessel congestion (black arrow), and the presence of dermal hemorrhage (arrowhead). (D) Partial loss of the prickle cell layer (star)
with formation of some epidermal layers (arrowhead) and migratory epidermal cells (blue arrow) and the presence of mononuclear inflammatory cells
(green arrow) with hemorrhage (double arrow) in the dermis. (E) Formation of some epidermal layers (arrowhead) with dermal edema (star) and the
presence of the focal area of mononuclear inflammatory cells (arrow). (F) Formation of the epidermal layer (arrowhead) and migratory epidermal cells
(star). A: Control, non-UVB-irradiated group; B: UVB-irradiated group; C: vehicle group; D: ROSE emulgel group; E: ROSE-NANO (50 mg/kg);
and F: ROSE-NANO (100 mg/kg).
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stimulating factor.46,47 The obtained results, Figure 3, revealed
the elevation of MMP-9 (antiwrinkling marker) in the irradiated
group by 3.2-fold from the control group. Meanwhile, ROSE
emulgel as well as ROSE-NANO groups exerted significant
reduction in MMP-9 with the superior activity of the prepared
NANO formula by 1.6-fold over the oil formula. The antiwrinkle

effect of the oil could be attributed mainly to its radical
scavenging activity as well as its anti-inflammatory effect, as
discussed before. In consequence, collagen fragmentation was
prevented due to a reduction in MMP-9 production in
fibroblasts.10,24 Furthermore, collagen and hyaluronic acid as
major components of the dermis and epidermis (which are non-

Figure 5. Microscopic examination of histological features in different skin samples using the Masson trichrome stain. (A) Normal histological
structure of the skin. (B) Loss of the prickle cell layer with partial formation of some epidermal layers (black arrow). (C) Partial loss of the prickle cell
layer with formation of some epidermal layers and migratory epidermal cells (black arrow). (D) Partial loss of the prickle cell layer with formation of
some epidermal layers and migratory epidermal cells (black arrow). (E) Formation of some epidermal layers and migratory epidermal cells (black
arrow) with dermal edema (double arrow). (F) Formation of all layers of the epidermis and migratory epidermal cells. A: Control, non-UVB-irradiated
group; B: UVB-irradiated group, C: vehicle group; D: ROSE emulgel group; E: ROSE-NANO (50 mg/kg); and F: ROSE-NANO (100 mg/kg).

Figure 6. Immunohistochemical expression of collagen I in the skin of irradiated and treated groups, showing a negative reaction in (A), a strongly
positive reaction in (B), a moderate reaction in (C, D), and a negative reaction in (E, F) (IHC-peroxidase�DAB). A: Control, non-UVB-irradiated
group; B: UVB-irradiated group; C: vehicle group; D: ROSE emulgel group; E: ROSE-NANO (50 mg/kg); and F: ROSE-NANO (100 mg/kg) *P <
0.05 compared to the control group, #P < 0.05 compared to the ultraviolet-irradiated group, @P < 0.05 compared to the vehicle group, $P < 0.05
compared to the ROSE emulgel group, and %P < 0.05 compared to ROSE-NANO (50 mg/kg) after using ANOVA, followed by Tukey’s post hoc test.
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fibrous) also contribute to dryness protection. Moreover, a
decrease in hyaluronic acid production and collagen cleavage has
also been reported following UVB skin irradiation. Therefore, it
could be concluded that ROSE could prevent hyaluronic acid
degradation by inhibiting hyaluronidase activation.48

In conclusion, biochemical studies have indicated that ROSE-
NANO formulations have superior antiaging properties to free
drugs and plain NANO formulations.
3.5. Histopathological Examination. Microscopic histo-

pathological examination by using the H&E stain of skin samples
isolated from the control group showed typical histological
properties of epidermal layers. It revealed intact keratinocytes,
an intact dermal layer, limited inflammatory cell infiltrates, and
normal vasculature (Figure 4A). On the other side, the
ultraviolet-irradiated group demonstrated an increase in the
thickness of the epidermal layer, shrinking of keratinocytes
nucleus, cytoplasmic vacuolation, and formation of apoptotic
bodies (Figure 4B). The ROSE emulgel, as well as ROSE-
NANO-treated groups in both concentrations, revealed almost
consistent morphological characteristics with partial protective
efficacy.

Intact epidermal layers with evident normal keratinocytes
were shown in these groups with a marked decline in the
epidermal thickness. Further, dermal layers displayed minimal
inflammatory cell infiltrates with minimal records of congested
blood (Figure 4D−F). Microscopic histopathological examina-
tion of skin samples using the Masson trichome stain showed

severe loss of the prickle cell layer and its replacement by fibrous
connective tissue as well as inflammatory cell infiltrates in the
UVB-irradiated group compared to the normal nonirradiated
control group (Figure 5A,B).
3.6. Immunohistochemical Quantitative Analysis of

Collagen I andNF-κB. Significant reduction in collagen I fibers
was observed in both ROSE-NANO-treated groups at both
concentrations (Figure 6E,F) relative to the control irradiated
group, while no significant effect was observed in the ROSE-
treated group (Figure 6D). Moreover, in comparison to the
ultraviolet-irradiated group, ROSE emulgel and ROSE-NANO
groups showed a significant decrease in positively stained
subepidermal elastic fibers. (Figure 6E,F).

Quantitative analysis of NF-Kβ immunoreactivity is done in
different groups as a tool to identify the proliferation of the
inflammatory insult in different layers of the skin of rats after
UVB irradiation and treatment with different preparations.
Immunohistochemical examination demonstrated that the
average number of skin NF-Kβ cells was greatly higher by 8-
fold in the model UVB-irradiated rats as compared with the
nonirradiated group. This dramatic elevation in the proin-
flammatory cytokines proved a marked insult to different skin
layers following the UVB irradiation. Conversely, the mean
number of skin NF-Kβ cells decreased significantly by 3.4, 7.2,
14.2, and 17% in groups 3, 4, 5, and 6 treated groups,
respectively, compared with the mean model-induced group.
These results revealed a significant improvement in the

Figure 7. Immunohistochemical expression of NF-κB in the skin of irradiated and treated groups showing s negative reaction in (A), a strongly positive
reaction in nuclei of epidermis in (B−D) (black arrows), a mild reaction in (E) (black arrow), and a negative reaction in (F) (IHC-peroxidase�DAB).
A: Control, non-UVB-irradiated group; B: UVB-irradiated group: C: vehicle group; D: ROSE emulgel group; E: ROSE-NANO (50 mg/kg); and F:
ROSE-NANO (100 mg/kg). Values were expressed as mean ± SD. *P < 0.05 compared to the control group, #P < 0.05 compared to the ultraviolet-
irradiated group, @P < 0.05 compared to the vehicle group, $P < 0.05 compared to the ROSE emulgel group, and %P < 0.05 compared to ROSE-NANO
(50 mg/kg) after using ANOVA, followed by Tukey’s post hoc test.
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inflammatory pattern of the skin of animals exposed to UVB
irradiation when treated with ROSE-NANO preparations
(Figure 7).
3.7. Quantitative RT-PCRAnalysis of JNK, ERK, and p38

MAPK Signaling.MAPKs (mitogen-activated protein kinases)
are a group of protein kinases accountable for cytokine gene
expression, apoptosis, cell proliferation, and metalloproteinase
production.49 Furthermore, the MAPK pathway regulates the
synthesis of proinflammatory cytokines.50 In this work, three
main MAP kinase families, ERK, JNK, and p38, were evaluated
(Figure 8), where p38 is included in the production of
cytokine51 while inflamed and damaged skin are caused by
JNK and ERK signaling.52

The obtained results revealed high expression of JNK, ERK1/
2, and p38 MAPK genes in the irradiated group, while ROSE
emulgel and ROSE-NANO groups showed lower expression of
these genes. Furthermore, no notable variations were observed
between the ROSE-NANO groups and the negative control
group.

4. CONCLUSIONS
Exposure of the skin to ultraviolet rays accelerates the
appearance of aging signs. Exposure to UV radiation resulted
in severe oxidative stress due to the production of ROS. These
signs appear because ultraviolet radiation causes a deficiency of
antioxidants and a reduction in anti-inflammatory and anti-
wrinkling markers. Therefore, topical application of antioxidants
protects skin from photoaging. In this regard, the use of natural
skin care products is one of the safest alternatives to synthetic
ones due to their lack of side effects. Moreover, a nano-

formulation of natural products will increase the solubility of the
active compound, improve skin penetration, and provide
photoprotection. In this work, ROSE emulgel (100 mg/g), as
well as the prepared ROSE-NANO formulations, was applied
topically on the rat skin at two dose levels (50 and 100 mg/g
emulgel) to study their possible protective effect against UVB-
induced photoaging in adult male Wistar rats. The prepared
nanocomposite was able to reduce the signs of aging in the group
irradiated with ultraviolet radiation more effectively than ROSE
emulgel through improvement in the antioxidant markers levels,
namely, CAT and SOD, decreasing the level of the inflammatory
markers. The protective effect could be referred to the reported
antioxidant and anti-inflammatory effects of major constituents
in rose oil ROSE, including geraniol (29.2%), nerol (23.4%),
citronellol (16.34%), phenyl ethyl alcohol (4.96%), and linalool
(3.24%). Moreover, the prepared formula prevents collagen
fragmentation through the reduction of MMP-9 in fibroblasts
where ROSE-NANO formulations were superior to ROSE
emulgel. In addition, the expression of NF-KB, ERK1/2, JNK,
and p38 MAPK genes decreased significantly. Finally, the
current study demonstrates that ROSE-NANOs were success-
fully designed to overcome ROSE delivery barriers within the
skin and to prove their efficacy against UV-induced oxidative
damage and skin aging as skin photoprotectants. Furthermore,
the nanoformulation of rose oil may be able to deliver the same
amount of the oil as the traditional application but with a much
smaller dose. This can lead to cost savings for both patients and
healthcare providers.

Figure 8. ERK1/2, JNK, and p38 MAPK levels assessed by PCR in the rat skin. Values are expressed as mean ± SD; n = 3. Statistical analyses were
performed using one-way analysis of variance (ANOVA), followed by Tukey’s post hoc test. Values were expressed as mean ± SD. *P < 0.05 compared
to the control group, #P < 0.05 compared to the ultraviolet-irradiated group, @P < 0.05 compared to the vehicle group, $P < 0.05 compared to the
ROSE emulgel group, and %P < 0.05 compared to ROSE-NANO (50 mg/kg) after using ANOVA, followed by Tukey’s post hoc test.
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