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SUMMARY: Apricot Kernel Oil (AKO) is utilized for medicinal purposes to enhance strength and control hemorrhage. AKO
has a long history of use due to its antibacterial, anti-inflammatory, and anti-seborrheic effects. This study aimedtteaxpientying
mechanisms of AKO's anti-inflammatory and anti-seborrheic properties, particularly regarding hair restoration and sebmatigsc de
(SD), through its sebum-suppressing effects and its role in preventing hair loss. We conducted our research on 50Wdistamrets,
divided into five groups (n=10/group): a normal group, a group induced with 0.5 % dinitrofluorobenzene (DNFB) ointmenkat 2 mg/

a DNFB group treated with 200 and 400 mg/kg of AKO ointment, and a normal group treated with 400 mg/kg of AKO ointment. At the
end of the study, we measured tissue levels of key inflammatory cytokines (IL{8, llL-10, and TNFe) and various oxidative stress
parameters, including the total antioxidants capacity and lipid peroxidation levels. Additionally, we assessed the expid4Bi®&n o
MMP-2, CCR-5, and VEGF at both gene and protein levels in skin tissue. Results showed that DNFB administration caused significa
changes in tissue antioxidant levels, inflammatory markers, and the expression of genes and proteins associated witkiBD in the
AKO treatment demonstrated dose-dependent effects in alleviating these changes especially at the 400 mg/kg. Histopathological a
molecular evaluations indicated structural improvements in skin tissue with AKO treatment. In conclusion, this study untterscore
potential of AKO to provide anti-SD benefits in DNFB-induced conditions.
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INTRODUCTION

Seborrheic dermatitis (SD) is a chronidby an imbalance in pro- and anti-inflammatory cytokines
inflammatory skin condition affecting areas rich in(Clark et al, 2015). The immune response involves T-
sebaceous glands, such as the scalp, face, and chleslper cells, particularly Thl and Th17, contributing to
Affecting 3-10 % of the population, it is more common irchronic inflammation. Additionally, SD is associated with
males and individuals with certain neurological disordeignpaired skin barrier function, leading to increased
or compromised immune systems. SD is characterized $ysceptibility to irritants. Emerging treatments include
flaky, erythematous skin and is linked to factors like genethiologics targeting specific cytokines (e.g., IL-17, 1L-23),
predisposition, stress, hormonal changes, and the presead novel topical agents addressing inflammation and
of Malassezia yeast. Recent studies highlight the cruclzrrier dysfunction (Coheat al, 2020). Probiotics and
role of Malassezia species, which metabolize skin lipidprebiotics are also being explored to restore skin
triggering an inflammatory response that is exacerbatesicrobiome balance. Future research is focusing on the
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broader role of the skimicrobiome and personalized Apricot kernel oil (AKQ), extracted fronPrunus
medicine approaches to better manage SD. These advarax@seniacal. seeds, is highly regarded for its rich
hold promise for more effective long-term treatmentomposition of fatty acids, vitamins A and E, and
strategies, particularly for severe or recurrent cases of thistioxidants, making it a valuable natural remedy for various
common skin disorder (Liat al, 2021). skin conditions in both humans and animal models (Pawar
& Nema, 2023). Traditionally, AKO has been used to treat
Dinitrofluorobenzene (DNFB) is a potent haptercardiovascular disorders, diarrhea, anorexia, and skin lesions.
extensively used in immunological research to study skirC-ESI-MS/MS analysis has identified a range of bioactive
sensitization, contact dermatitis, and immune responsescdimpounds in AKO, including isoflavonoids like daidzein
binds to skin proteins, forming complexes that triggeand luteolin, flavonoids such as apigenin and quercetin,
immune recognition and subsequent inflammation, makirggponins, carotenoids, essential fatty acids, anthocyanins,
it a common agent for inducing contact dermatitis in animand amygdalin derivatives. The high levels of oleic and
models (Tanget al, 2021). These models help elucidatdinoleic acids in AKO are essential for maintaining skin
the mechanisms of allergic contact dermatitis, particularlyarrier function and hydration (Liet al, 2017). Its anti-
the roles of innate and adaptive immunity, including thflammatory, moisturizing, and antioxidant properties have
activation of Langerhans cells and sensitized T cells. DNHien shown to alleviate inflammatory skin conditions such
is also employed to explore inflammatory pathways, suas eczema and psoriasis, promote wound healing, and offer
as the production of pro-inflammatory cytokines like IL-anti-aging benefits by protecting the skin from oxidative
1B, TNF-a, and IFNy, which are central to dermatitis damage (Pawar & Nema, 2023). In animal studies, AKO
development. Although DNFB is not directly used to modédas proven effective in treating dermatitis, enhancing skin
seborrheic dermatitis, its role in inflammation researctegeneration, and improving skin barrier function. It is
provides insights applicable to various inflammatory skigenerally well-tolerated, with minimal risk of irritation,
conditions, including seborrheic dermatitis (Gebal, making it suitable for sensitive skin, including that of infants
2018). Studies have compared DNFB-induced dermatitsd individuals with compromised skin barriers (kiral,
with seborrheic dermatitis to understand differing immun2017). However, despite its widespread use in cosmetics and
mechanisms, highlighting the relevance of cytokine artdaditional medicine, clinical research specifically on AKO's
chemokine profiles in both conditions (Huagtal, 2024). effects on skin diseases is limited, with most evidence being
DNFB models are instrumental in testing anti-inflammatorgnecdotal. Comparative studies often indicate that AKO
drugs, corticosteroids, and other therapies, offering potent@rforms as well as or better than other natural oils in
applications for treating seborrheic dermatitis througmoisturizing and reducing inflammation. Further research
immune modulation. Recent research has highlighted tleeneeded to explore its potential in treating conditions like
potential of plant extracts and polyphenols in managing Sidopic dermatitis, its antimicrobial properties, and the
due to their anti-inflammatory, antioxidant, andbenefits of combining it with other agents for enhanced
antimicrobial properties. These compounds work btherapeutic effects. AKO exhibits anti-inflammatory and
modulating the immune response, reducing oxidative stressti-apoptotic effects by inhibiting interleukin-6 (IL-6) and
and inhibiting the growth of Malassezia yeast, which imumor necrosis factor-alpha (TNé&)}, leading to
implicated in SD pathogenesis (Cheal, 2020a). Key downregulation of nuclear factor kappa B (KB) and
plant extracts studied include green #€antella asiatica modulation of the apoptotic pathway via MAPK and PI3K-
L., Kochia scoparid.., Triticum aestivunh.., Ginkgo biloba PKB/Akt signaling pathways (Hywet al, 2019). Flavonoids
L., and effective herbal ingredients such as resveratrol amdAKO, such as apigenin, quercetin, and daidzein, primarily
curcumin (Leest al, 2018; Leest al,, 2020). Clinical studies reduce inflammation and pain related to dermatitis by
have shown that topical applications of these extracts cahibiting cyclooxygenase-2 and lipoxygenase, key enzymes
significantly reduce symptoms such as redness, scaling, amdhe inflammatory cascade (Karuppagoureteal., 2016;
itching, often with fewer side effects compared tdBekenet al, 2020). This study investigates the anti- SD
conventional treatments. Some studies have even found tefi¢cts of AKO using a DNFB-induced rat model, employing
plant extract-based treatments can be as effective as stantté@@dhemical, molecular, and histopathological methods.
therapies, like antifungal agents, and may provide
synergistic benefits when combined with other natural &MATERIAL AND METHOD
synthetic agents (Lirt al, 2020). Mechanistic studies
reveal that these natural compounds influence signaliRgeparation of AKO. Fresh apricot kernels (8000 grams)
pathways involved in inflammation, such as KB-and were first dried at 30C in a dark environment, as verified
MAPK, and affect gene expression related to skin barriby a botanist. The dried kernels were then ground into a
function and oxidative stress (Chenal., 2020b). powder using a soil grinder. This powder was mixed with a
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solvent blend of ethanol and acetone (50:50 v/v) arabllagen fibers in skin tissue sections. First, skin tissue is
incubated at 40C for 48 h. The mixture was filtered throughfixed in Bouin's solution for at least 24 h, followed by
a paper filter and subsequently concentrated using a roténprough rinsing with running tap water to remove excess
evaporator. The final ointment, weighing 415 g, was stordtkative. The tissue is then dehydrated through a graded
at 4°C. An allergy test was conducted on 5 rats, with athanol series (70 %, 95 %, and 100 % ethanol) and cleared
screening period of 48 h under study conditions (Kawahairaxylene before being embedded in paraffin wax. Sections
et al, 2017). are cut at 4-@um thickness using a microtome. The sections
are deparaffinized in xylene for 2-3 min (with two changes)
Experimental design.Fifty male Wistar rats, each weighingand rehydrated through a graded ethanol series (100 %, 95
approximately 21610 g, were randomly divided into five %, and 70 %) for 2-3 min each. They are then stained with
groups of ten rats each. Before starting the study, the ratgigert's Iron Hematoxylin solution for 10 min, followed
were given a 72-hour acclimation period to adapt to th®y Acid Fuchsin for 2-5 min, and rinsed in distilled water.
experimental conditions, including temperature, food, arithe sections are differentiated in Phosphomolybdic acid
water. The animals were housed in propylene cagsslution for 5-10 min and stained with Aniline Blue for 5-
maintained at 264 °C with a relative humidity of 48 %, 10 min. Finally, the sections are mounted on glass slides
and were kept on a 12-hour light/dark cycle. They haand dried. Histological analysis is performed using a light
unrestricted access to standard food pellets and tap wateicroscope ak400 magnification, with images captured
All procedures related to the rats' care and euthanasia wasing a BX61TRF light microscope system (Olympus,
conducted under the supervision and approval of the ethitappan) and analyzed with ImageJ software. To assess the
committee at Chang'an Hospital, adhering to establishaderage thickness of various skin layers and structures,
guidelines for laboratory animal care. SD was performadcluding the epidermal (both stratum corneum and cellular
by applying 10Qul of a 0.5 % dinitrofluorobenzene (DNFB, layers), dermal, and hypodermal layers, measurements were
Sigma, US) ointment, mixed with 38 % olive oil, 20 %obtained using a BX61TRF light microscope fitted with a
acetone, and 5 % DMSO (v/v/v), to the inner surfaces 8fEcam (KEcam Technologies, Nigeria) and Top View
both ear lobes and both shaved inguinal regions on daysbftware (Version 3.7) (Fig. ITabaeiet al,, 2020).
On day 20, skin-fold thickness at these sites was measured )
. . 4olin 18- Wiee
with a micrometer (Schnelltester, System Kroplin % &
immediately before the challenge, and again 8 and 24 h af {
the challenge. An mcrease in thickness was used to gal’ ‘\ A '\

administered 200 or 400 mg/kg of AKO ointment topicall
Additionally, the healthy+400 AKO group received 400 m
kg of AKO ointment topically. The allergy test aimed tcseez - :
determine the effective, non-toxic dose of AKO, with dailyig- 1. Line probe (25 Imes) to estimate the surface denSlty of the
administration at 9 am for 20 days based on prelimina in structures (b). The number of lines located on each structure

studies and existing research on collagenase and AKO (Tfa®): the length of each of the lines in the probe is given by linear
et al, 2016; Karabogat al, 2018). magnification (I/p) and the number of lines located on the internal

part of structures (SI). Finally, count the numbers in the following

to calculate the density of the level: Sw=8l/Spx I/p (H&E
Stereological assesments of skin layefor evaluating the staining, x40). Light photomicrograph of the skin. SG: Stratum

anti- SD effects of the AKO ointment, the rats wergranulosum, SB: Stratum basale, E: Epidermis layer, D: Dermis
anesthetized with an intraperitoneal injection of 0.5 mhyer, DP: Dermal papillae, Stratum corneum (SC), Stratum
diazepam (50 mg/ml). Skin tissues were then carefulBpinosum (SS), Stratum basale (SB), Dermis (Papillary) (DP),
excised and each specimen was fixed in 10 % formalin. Aftdeural fillament (NF), Hair body (HB), Hair medulla (M), Dermis
fixation, the tissues were embedded in paraffin and sectiori&gticularis) (DR), SG: Sebaceous gland, Dermal papillae (DP),
into 5 mm thick slices using a microtome (Model NoFXcretory ducts of the sweat glands (SGL).

SM2010RV1.2, LEICA, Germany). The sections were

subsequently deparaffinized and rehydrated through &kin tissue total antioxidant capacity (TAC).To evaluate
ethanol gradient. Hematoxylin and eosin (H&E) staining wake total antioxidant capacity (TAC) in skin tissue, we utilized
applied to the sections for histological examination. Mallorthe ferric reducing antioxidant power (FRAP) assay. First,
Trichrome staining is used to differentiate muscle frorskin tissue from peri-ovarian fat was homogenized.

566



LI, Y,; LIU, Y.; WANG, S. & LI, W. Exploring the anti-seborrheic dermatitis effects of apricot kernel oil using the rat—dinitrofluorobenzene induced modestigation using biochemical,
molecular, and histopathological methodist. J. Morphol., 43(2p64-573, 2025.

Following this, 10Qul of the homogenized tissue was mixedising random primers. Quantitative real-time PCR was
with 200 ul of cold PBS and transferred to a 2 miperformed with SYBR Green (Vazyme, China) on a
polyethylene tube. Next, 30 of FRAP solution was added fluorescence real-time PCR system (ABI7900, CA, USA).
to the mixture, which was then incubated at@5for 15 The PCR conditions were set as follows: an initial incubation
min. After incubation, the mixture was centrifuged at 12,008t 50°C for 2 min, followed by a denaturation step af@5
g for 10 min, and the absorbance was measured at 593 fam10 min, then 40 cycles of amplification with 96 for
(Guptaet al, 2016). 30 s and 60C for 30 s. Primer sequences used in this study

are detailed in Table I. Gene expression levels were
Skin tissue lipid peroxidation levels.To measure lipid normalized to GAPDH, and relative expression levels were
peroxidation levels in skin tissue, we used the thiobarbiturialculated using the threshold cycle (Ct) method, Mt
acid reactive substances (TBARS) assay. Initially, 100 and fold change formulas applied.
of homogenized skin tissue was placed in a 2 ml
polyethylene tube. To this, 1Q0 of TBARS solution was The fold formula change =2¢T; AACt = [(Ct sample - Ct
added. The mixture was then incubated &C3for 30 min, GAPDH gene) - (Ct sample — Ct control)] (Efal, 2018).
after which the absorbance was measured at 593 nm
(Badawi, 2022). Expression MMP-9, MMP-2, CCR-5, and VEGF proteins

in skin with western blotting. The samples were lysed in
Skin tissue thiol levelsTo measure thiol levels in skin tissue,RIPA buffer that contained protease and phosphatase
a key indicator of tissue antioxidant capacity, we mixed 10d@hibitors for 30 min. The protein concentration was assessed
ul of homogenized skin tissue with p0of 5,5'-dithiobis(2- using a BCA protein assay kit (Beyotime, China). Then, 40
nitrobenzoic acid) (DTNB). This mixture was incubated atig of protein was separated on a 10 % SDS—polyacrylamide
37°C for 15 min and then centrifuged at 12,@d0r 5 min.  gel through electrophoresis and transferred to a PVDF
The absorbance of the resulting supernatant was assessedeahbrane. The membranes were closed with a closure

412 nm using an ELISA reader (Badawi, 2022).

IL-6, IL-1 B, IL-10, TNF-a, MMP-9, MMP-2, CCR-5,

solution [5 % (w/v) skim milk powder] for 1 h and then
incubated overnight at 4C with the following antibodies:
anti-MMP-9 (Cat. No. ab38898; 1:400), anti-MMP-2 (Cat.

and VEGF genes expressionTotal RNA was extracted No. ab97779; 1:400), anti-CCR-5 (Cat. No. ab287959;
using TRIzol Reagent (Invitrogen) and subsequentl}z500), and anti-VEGF (Cat. No. ab51745; 1:500) (Abcam,
purified with the RNeasy Mini Kit (Qiagen), following the UK). After three thorough washes with PBST, the
manufacturer's protocols (Ambion, China). Five microgrammembranes were exposed to the HRP-conjugated secondary
of the purified RNA were reverse transcribed into cDNAantibody (1:5000) for 1 h. The bands were visualized using

Table I. Primer sequences.

ECL (Amersham Pharmacia Biotech, Piscataway, NJ), and
their intensity was quantified using Image J gel analysis

Gene Sequences (5'-3) software. All experiments were conducted three times (Chen
GAPDH F: TGAAGGTCGGAGTCAACGG et al, 2017).
R: AGAGTTAAAAGCAGCCCTGGTG Statistical analysis. Statistical analyses were performed
IL-6 F: GCCCTTCAGGAACAGCTATG using GraphPad Prism 7.0 (San Diego, CA, USA). Data are
R: TGTCAACAACATCAGTCCCAAGA presented as meanSD and were analyzed using one-way
-1 F: GCAACTGTTCCTGAACTCAACT analysis of variance (ANOVA). A p-value of less than 0.05
R: ATCTTTTGGGGTCCGTCAACT was considered statistically significant.
TNF-a F: CCCACGTCGTAGCAAACCACCAA
R: GGGATGAACCAGGGTCTGGGCC RESULTS
MMP-9  F: TGGACCGCTATGGTTACA CC Stereological assesments of skin layets.the stereological
R: CGGCAAACTGCGTAATCCAG analysis of skin structures, the surface area density of
CCR-5 F: GATGGTGGTCTTCCTGCTGT sebaceous glands, hair follicles, blood vessels, and sweat
R: GGGTCAGCAGAGTGACCATC glands was significantly reducegal< 0.05), while interstitial
VEGE F TGCAGATTATGCGGATCAAACC structures were significantly increasgdk(0.05) in the SD
. group compared to the healthy group. However, treatment
R: CTCACACCGCCTTGGCTTGT with 200 mg/kg of AKO (in the SD + 200 AKO group)
MMP-2 F: GATACCTGGATGCCGTGTT significantly increasedp(< 0.05) the area of sebaceous
R: GGCATCCAGGTTATCGGGGA glands and hair follicles compared to the SD group.
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Table Il. The density of sebaceous glands, sweat glands, hair follicles, blood vessels, and interstitial structures(imrfig\sim
measured based on surface density

Body regions Sebaceous gland Sweat gland Hair follicle Bloodvessels  elndtitial structures
Healthy 0.641+0.035 0.322+0.021 0.73+0.02 0.39+0.11 0.16+0.03
SD 0.142+0.032 0.110+0.019 0.29+0.09 0.18+0.03 0.34+0.04
Healthy+400 AKO 0.502+0.016 0.342+0.022 0.61+0.07 0.41+0.02 0.29+0.03
SD + 200 AKO 0.249+0.076 0.162+0.045 0.39+0.07 0.29+0.06 0.22+0.04

SD + 400 AKO 0.432+0.065 0.311+0.027 0.63+0.16° 0.34+0.06° 0.19+0.02

(SV) and reference volume. Data are presented as m88n

Furthermore, treatment with 400 mg/kg of AKO (in the SOQwvere significantly increased (< 0.05) in the SD group
+ 400 AKO group) significantly increaseg € 0.05) the compared to the healthy group. However, treatment with
surface area density of sebaceous glands, hair follicles, blad@0 mg/kg of AKO (in the SD + 200 AKO group)
vessels, and sweat glands, while significantly decreaginggignificantly increasedp(< 0.05) the thickness of cellular
< 0.05) the interstitial structures compared to the SD grogpidermis and dermis compared to the SD group.
(Table II; Figs. 2a and 2b). Furthermore, treatment with 400 mg/kg of AKO (in the SD
+ 400 AKO group) significantly increaseg € 0.05) the
In the stereological analysis of skin layer thicknesshickness of cellular epidermis and dermis, while
the thickness of cellular epidermis and dermis wasignificantly decreasingp(< 0.05) the corneal epidermis
significantly reducedf < 0.05), while corneal epidermis compared to the SD group (Table IlI; Figs. 2a and 2b).

Fig. 2a. Histopathology of the skin (H&E, ¥40;
Scale bar: 10Qm). SG: Stratum granulosum, SB:
Stratum basale, EP: Epidermis layer, D: Dermis
layer, DP: Dermal papillae, Stratum corneum (SC),
Stratum spinosum (SS), Stratum basale (SB),
Dermis (Papillary) (DP), Dermis (Reticularis)
(DR), Stratum granulosum (SG), Sebaceous gland
(SGL), Dermal papillae (DP), Sweat gland (SwG),
excretory ducts of the sweat glands (SwGD),
Dermal papillae (DP), Epidermal peg (Edp), Sweat
gland (SwG),Venule (V), Arteriol (A).
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Table IIl. Skin layer thicknesses (mm). Data are presented asin&@an
Epidermal thickness

Groups Corneal Cellular Dermal thickness  Total thicknes
Healthy 3.4+£1.9 28.2+2.9 401.1+16.6 493.4+41.6
SD 9.4+0.9 5.4+0.6° 211.8+19.6 191.4+22.6
Healthy+400 AKO 3.8+1.6 29.3145.3 421.14+79.2 429.2+44 .1
SD + 200 AKO 7.6x0.6 10.2+2" 235.4+12.3 228.9+19.7
SD + 400 AKO 49+1.1 24.8+5.8 393.1+23.8 461.6x23.1

the SD group. Notably, this increase was
significant p < 0.05) at the 400 mg/kg dosage
(in the SD+400 AKO group) relative to the SD

group (Fig. 3).

Effects of AKO and SD on expression of skin
IL-6, IL-1b, IL-10, TNF-a, MMP-9, MMP-

2, CCR-5, and VEGF genesThe analysis of
gene expression associated with apoptosis and
inflammatory pathways tissue showed that SD
treatment led to a significanp (< 0.05)
upregulation of TNF, IL-6, MMP-2, MMP-

9, CCR-5, and IL-f, alongside a significant
(p < 0.05) downregulation of VEGF and IL-10
in skin tissue compared to the healthy group.
In the SD+200 AKO group, there was a
significant @ < 0.05) reduction in MMP-9 and
CCR-5 expression compared to the SD group.
The most substantial effects were observed in
the SD+400 AKO group, where the expression
of TNF-a, IL-6, MMP-2, MMP-9, CCR-5, and
IL-13 significantly f < 0.05) decreased, while
VEGF and IL-10 expression significantly €
0.05) increased in comparison to the SD group

(Fig. 4).

Effects of AKO and SD on expression of skin
MMP-9, MMP-2, CCR-5, and VEGF proteins.

: : : - The analysis of protein expression related to
Fig. 2b. Histopathology of the skin (Mallory trichrome}0; Scale bar: 100 apoptosis and inflammatory pathways revealed
um). EP: Epidermis layer, Stratum corneum (SC), Dermis (Reticularis) (DRhat SD treatment significantly (p < 0.05)
Stratum granulosum (SG), Sebaceous gland (SGL), Dermal papillae (DP), Swiegteased the levels of MMP-2, MMP-9, and
gland (SG), excretory ducts of the sweat glands (SwGD). CCR-5, while significantly{ < 0.05) decreasing

VEGF expression in skin tissue compared to the

Effects of AKO and SD on skin thiol, FRAP, and TBARS healthy group. In the SD+200 AKO group, a significant (
levels. Thiol, FRAP, and TBARS levels were utilized as< 0.05) decrease in CCR-5 expression and an increase in
critical indicators of overall antioxidant capacity and lipidvEGF expession were observed compared to the SD group.
peroxidation in tissues. The results revealed that SThe most pronounced effects were seen in the SD+400 AKO
significantly @ < 0.05) reduced the levels of these markeigroup, where MMP-2, MMP-9, and CCR-5 levels were
compared to the healthy group. However, treatment wighgnificantly ( < 0.05) reduced, and VEGF expression was
AKO, known for its potent antioxidant properties, resultegignificantly @ < 0.05) elevated compared to the SD group
in a dose-dependent increase in these levels comparedMg- 5)-
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é*s_ DISCUSSION

-% E gﬁalthy . .

s | I B SD+200 AKO AKO effectively suppressed inflammatory
= el pathways and inhibited the activity of matrix
E’ﬁ' metalloproteinase, (MMPs) helping to preserve the
= b structure of skin layers from SD damage induced by
i DNFB. SD development is influenced by factors such as
8 4 l ST b an abnormal immune response, Malassezia fungal
E colonization, and oxidative stress, which generates
& reactive oxygen species (ROS) that overwhelm the skin's
% 5 antioxidant defenses, leading to cellular damage. Studies
= A b a show that oxidative stress exacerbates inflammation and
£ a skin barrier dysfunction in SD (Claét al, 2015). Human

£ L and animal studies have shown that following SD, an
- FRAP (umol/mg) TBARS (nmol/mg) Thiol (umolmg) increase in serum and tissue levels of malondialdehyde

Fig. 3. Skin tissue levels of TBARS (nmol/mg) and FRARMGI/mg) (MDA) and.ad_e_c.rease in antioxidant CaPaG'ty occur. Also,

(meanst SD; n=10/group) in experimental groups. a (p<0.05) SD during the inhibition of endogenous antioxidant enzymes

healthy groups; b (p<0.05) SD+200 and 400 AKO treated vs. SD groufllowing SD, the cells of the cellular layer of the
epidermis undergo apoptosis and the thickness of the

5+ ] Healthy .
. " = ggm“m a stratum corneum (acellular) increases (Qola_eral.,
B SD DO AKG 2020). Animal studies have shown that oxidative stress
§4. 400 AKO can trigger skin inflammation similar to SD, with
g . b a inflammatory cytokines like TNF-a and IL-6 often being
g i upregulated in response to oxidative damage, leading to
53- a increased skin irritation and immune responses.
= b o Inflammation in SD is driven by the activation of various
EZ_ i i immune cells, including macrophages, lymphocytes, and
= b § neutrophils, which release cytokines and chemokines that
; sustain the inflammatory response. Macrophages play a
cg,_ key role by secreting pro-inflammatory cytokines such
- D as TNFa, IL-1B3, and IL-6, amplifying the inflammation
. I a I (Guoet al, 2018). Lymphocytes, particularly T-helper
od

cells (Thl and Th17), further exacerbate the condition
Fig. 4. IL-6, IL-1b, IL-10, TNF-a, MMP-9, MMP-2, CCR-5, and VEGFY.&18asing cytokines like [Fiand IL-17. The cytokine
genes expression (mean§D: n=10/group) in experimental groups. rofile in SD is typically pro-inflammatory, with elevated

(p<0.05) SD vs. healthy groups: b (p<0.05) SD+200 and 400AKO treatg¥fe!S of TNFer, IL-1p, IL-6, and IL-8 contributing to
vs. SD groups. the chronic inflammation, while the suppression of anti-

IL-1p IL-6 TNF-a¢ IL-10 MMP-2 MMP-9 CCR-5 VEGF

ry
1

3 Healthy
B sp

B SD+200 AKO kD
[ 5D+400 AKO a b c d e a

400 AKO

VEGF g e s G amw 5
CCR-Spm S S S e <
MMPYeon D W0 = - 2
MMP-2 - [ IR

Fig. 5. MMP-9, MMP-2, CCR-5, and VEGF proteins expression (me&f3 n=10/group) in healthy (a), SD (b), SD+200 AKO (c),
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inflammatory cytokines like IL-10 may hinder the resolutiorincrease was associated with a thickening of the stratum
of the inflammatory process. Increased apoptosis has besmneum and a reduction in the epidermal cell layer.
noted in keratinocytes within SD lesions, likely due td\ctivation of TNF and IL-B pathways occurs during the
oxidative stress and cytokine activity (Huastcal, 2024). initiation of immediate/ early-phase reaction in SD leading
Animal models mirror these findings, showing that oxidativeo the cascade of other changes including IL-6-pathway
stress and inflammation can trigger skin changes resembliactivation (Zhacet al., 2017). Indeed, IL-6 expression was
SD. The present study demonstrated that, following SD, thesgongly up-regulated in our study. It has been shown that
were changes in total antioxidant capacity (measured hy-6 is produced mainly by keratinocytes during the
FRAP levels), thiol levels, and lipid peroxidation (assesseaicitation phase of SD. In addition to its role in
by TBARS levels). These alterations indicate the onset bématopoietic progenitor cell expansion and synthesis of
oxidative stress in tissues, which in turn accelerates theute-phase response proteins, IL-6 can induce
inflammatory process. Consequently, the levels of pralfferentiation of monocytes to macrophages and terminal
inflammatory cytokines IL-6, IL-, TNF-a, and CCR-5 differentiation of B cells which can induce expression of
increased, while the level of the anti-inflammatory factoECR-5. Expression of VEGF was also strongly decreased
IL-10 decreased. in skin exposed to SD. These models help in understanding
how VEGF contributes to the pathology of SD and the
MMPs, including MMP-2 and MMP-9, are enzymesassociated inflammation (Zhaa al, 2024).
crucial for extracellular matrix remodeling and repair,
playing roles in inflammation and wound healing. In SD, AKO is a versatile oil rich in bioactive compounds,
elevated levels of MMP-2 and MMP-9 contribute tamaking it valuable in nutrition, cosmetics, and medicine. Its
extracellular matrix degradation and inflammationphytochemistry includes a high content of fatty acids,
exacerbating skin damage (Ertugatlal, 2018). Human primarily oleic acid (60-70 %) and linoleic acid (20-30 %),
studies show increased MMP expression in SD lesionshich provide moisturizing and anti-inflammatory benefits.
correlating with heightened inflammation and tissuét also contains phytosterols like beta-sitosterol, which
destruction. Animal models also reveal that MMPsupports skin barrier function, and vitamins E and A, known
overexpression impairs skin integrity and promotes chronfor their antioxidant and anti-aging properties. AKO is also
inflammation (Szalus & Trzeciak, 2024). Additionally, CCR+ich in polyphenols, including quercetin and catechins, which
5 (C-C chemokine receptor-5), a chemokine receptgrotect the skin from oxidative stress and UV damage.
involved in immune cell migration, is upregulated in SDAdditionally, it contains minor components like squalene,
aiding in the recruitment and activation of inflammatorywhich enhances its moisturizing properties, and carotenoids
cells. This receptor's increased expression contributes to tike beta-carotene, which supports skin health (Pawar &
chronic inflammatory state seen in SD. Studies in animBlema, 2023). A study on mice with induced skin wounds
models suggest that targeting CCR-5 could mitigatdgemonstrated that AKO accelerated wound healing and
inflammation and improve skin lesions (Zhetal, 2024). reduced inflammation. The oil promoted the re-
Both MMPs and CCR-5 are integral to SD pathogenesispithelialization of wounds, likely due to its high
with their elevated levels in human and animal studiencentration of fatty acids, vitamin E, and squalene, which
highlighting their roles in inflammation and tissue damagaogether enhance cell proliferation and reduce oxidative
offering potential targets for therapeutic interventionstress (Liretal, 2017). Additionally, AKO reduced the levels
Research indicates that VEGF levels are suppressed in &nflammatory markers such as TNFand IL-13 in the
lesions in both human and animal models, contributing tsound area (Sharmet al., 2019). In this study, AKO
increased vascularization and inflammation. Elevated VEG#Hfectively suppressed inflammatory pathways by reducing
expression is linked to enhanced inflammatory responsgs-inflammatory cytokines (IL-6, ILf3, TNF-a, and CCR-
and epidermal hyperplasia (Samochoekial, 2016). In 5) and increasing anti-inflammatory cytokine (IL-10). In
animal studies, VEGF upregulation mimics SD'sanother mouse model, AKO was applied topically to skin
pathological features, including increased vasculaxposed to UV radiation. The study found that AKO reduced
permeability and inflammation. Targeting VEGF or itdJV-induced inflammation by decreasing the infiltration of
signaling pathways may offer potential therapeutic benefitlsflammatory cells and the expression of COX-2, a key
by reducing inflammation and limiting excessive blooag&nzyme involved in the inflammatory response. This effect
vessel growth in SD lesions (Kim, 2017). Understandingas attributed to the oil's antioxidant properties, particularly
VEGF's role in SD could lead to new treatments aimed dtie to the presence of polyphenols like quercetin (Zeang
improving skin health by modulating VEGF activity. In theal., 2020). Tianet al. (2016), demonstrated that AKO,
current study, the levels of MMP-2 and MMP-9, which aradministered at doses of 200 and 400 mg/kg, effectively
involved in the pathogenesis of SD, were elevated. Thesippresses inflammatory pathways in rats treated with
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cyclophosphamide. This suppression led to a decreasethie dose-dependent improvements in skin tissue structure,
interleukin (IL)-2, IL-12, and tumor necrosis facf(TNF-  reduced inflammatory markers, and enhanced antioxidant
a) levels. Additionally, AKO reduced tissue levels ofcapacity, particularly at the 400 mg/kg dosage. AKO
malondialdehyde, a marker of lipid peroxidation, aneffectively suppressed key inflammatory cytokines and
decreased the activities of endogenous antioxidant enzymesdulated gene and protein expressions related to SD, such
including superoxide dismutase and glutathione peroxidaas MMP-9, MMP-2, CCR-5, and VEGF. The
(Tianet al, 2016). A clinical study involving patients with histopathological analysis further confirmed the restorative
mild to moderate atopic dermatitis found that AKQCeffects of AKO on the skin's structural integrity. Overall,
significantly improved skin hydration and reduced itchinghese findings highlight AKO's therapeutic potential in
and redness after regular application over four weeks. Theanaging SD and possibly other inflammatory skin
study suggested that the oil's fatty acid composition helpsenditions, advocating for further clinical research to explore
restore the skin barrier, while its anti-inflammatory propertidégs application in human dermatology.

reduce the symptoms of dermatitis (Ramaelaal., 2020).

Asmall clinical study explored the effects of AKO on patient&thical Approval . The experimental protocols of this study
with psoriasis. Regular application of the oil led to avere approved by the Chang'an Hospital ethics committee.
noticeable reduction in the severity of psoriasis plagues, with
decreased redness, scaling, and itching. The anti;Y.; LIU,Y.; WANG, S. & LI, W. Exploracion de los efectos
inflammatory effects were linked to the oil's ability to inhibitantiseborreicos del aceite de semilla de albaricoque utilizando
the expression of pro-inflammatory cytokines and improv@l modelo inducido por rata-dinitrofluorobenceno: una
skin barrier function (Liret al, 2017). In studies focused |n_vest|gac!or_1 utilizando métodos bioquimicos, moleculares e
on intestinal and colon epithelial tissues, Karabegal ~Mistopatologicosint. J. Morphol., 43(2p64-573, 2025.

(2(?18)’. and Minaiyaat al (2014), fqunq '_[IjatA_KO protects RESUMEN: El aceite de semilla de albaricoque (AKO)
epithelial cells from dgmage by _mh'b'tmg mflammatoryse utiliza con fines medicinales para mejorar la fuerza y controlar
pathways and oxidative stress induced by ethanol apd hemorragias. EI AKO tiene una larga historia de uso debido a
diethylnitrosamine. These studies revealed that AKQys efectos antibacterianos, antiinflamatorios y antiseborreicos.
enhances angiogenesis in the submucosal area by increagi®@ etudio tuvo como objetivo explorar los mecanismos
VEGF expression, which aids in the restoration of theubyacentes de las propiedades antiinflamatorias vy
parenchymal area and epithelial covering (Minaigaal, antiseborreicas del AKO, en particular en relacién con la
2014; Karabogat al, 2018). In the present study, AKO notrestauracion del cabello y la dermatitis seborreica (SD), a través
only exhibited antioxidant and anti-inflammatory effects bui€ Sus efectos seborrepresores y su papel en la prevencion de la
also upregulated VEGF expression in the dermis, promOtilfgda del cabello_. Rt_eallzamos _nuestra investigacion en 50 ratas
the repair of the epidermal cellular layer and reducing tH!Sta", que se dividieron en cinco grupos (n = 10/grupo): un

. . . rupo normal, un grupo inducido con unglento de
thickness of the stratum corneum. This effect also increa |cr$itrofluorobenceno (DNFB) al 0,5 % a 2 mg/kg, un grupo

j[he. §grface density of b"?‘?d vessels !n the ‘?'e,rm's- NFB tratado con 200 y 400 mg/kg de ungiiento AKO, y un
inhibiting MMPs, AKO facilitated the differentiation of 456 normal tratado con 400 mg/kg de ungiiento AKO. Al final
epidermal basal cells into glandular cells (sebaceous afé} estudio, medimos los niveles tisulares de citocinas
sweat), contributing to the maintenance and formation @fflamatorias clave (IL-6, IL-f, IL-10 y TNF<) y varios

hair follicles. Conversely, in seborrheic dermatitis (SD), thparametros de estrés oxidativo, incluida la capacidad antioxidante
surge of inflammatory factors and free radicals suppressethl y los niveles de peroxidacion lipidica. Ademas, evaluamos
basal cell differentiation and noticeably reduced the surfatseexpresion de MMP-9, MMP-2, CCR-5y VEGF a niveles tanto
density of skin glands (sebaceous and sweat) adjacentdgogenes como de proteinas en el tejido cutaneo. Los resultados
hair follicles. The findings suggest that AKO, as a potentidfostraron que la administracion de DNFB provoco cambios
prodrug or complementary compound, may possess ami_g@mflcatlvos en los niveles de antioxidantes tisulares,

- . . L . rparcadores inflamatorios y la expresion de genes y proteinas
properties, warranting further investigation in human clinical . : : .
. . ? . asociados con SD en la piel. El tratamiento con AKO demostr6
trials and other animal models of skin repair.

efectos dependientes de la dosis para aliviar estos cambios,

especialmente con la dosis de 400 mg/kg. Las evaluaciones

CONCLUSION histopatolégicas y moleculares indicaron mejoras estructurales

en el tejido cutaneo con el tratamiento con AKO. En conclusion,

In conclusion, this study demonstrates the significariste estudio subraya el potencial de AKO para proporcionar

potential of AKO as an effective treatment for SD. Througheneficios anti-SD en condiciones inducidas por DNFB.

a detailed investigation utilizing a DNFB-induced rat model,

AKO exhibited potent anti-inflammatory, antioxidant, and PALABRAS CLAVE: Aceite de semilla de

anti-seborrheic properties. These effects were evidenced@garicoque; Inflamacion; Apoptosis; Hemorragia cerebral.

572




LI, Y,; LIU, Y.; WANG, S. & LI, W. Exploring the anti-seborrheic dermatitis effects of apricot kernel oil using the rat—dinitrofluorobenzene induced modestigation using biochemical,
molecular, and histopathological methodist. J. Morphol., 43(2p64-573, 2025.

REFERENCES Lee, J. H.; Ki, H. H.; Kim, D. K. & Lee, Y. MTriticum aestivurmsprout
extract attenuates 2,4-dinitrochlorobenzene-induced atopic dermatitis-like
Badawi, M. S. Astudy on the antioxidant activity of rosmarinic acid against SKin lesions in mice and the expression of chemokines in human
carbon tetrachloride-induced liver toxicity in adult male albino rats. ~ keratinocytesMol. Med. Rep., 18(3)461-8, 2018.
Int. J. Morphol., 40(1)157-67, 2022. Lin, Q.; Panchamukhi, A.; Li, P.; Shan, W.; Zhou, H.; Hou, L. & Chen, W.
Beken, B.; Serttas, R.; Yazicioglu, M.; Turkekul, K. & Erdogan, S. Quercetin Malassezia and Staphylococcus dominate scalp microbiome for seborrheic
improves inflammation, oxidative stress, and impaired wound healing dermatitis Bioprocess Biosyst. Eng., 44(855-75, 2021. _ _
in atopic dermatitis model of human keratinocyfeediatr. Allergy ~ Lin, T. K.; Zhong, L. & Santiago, J. L. Anti-inflammatory and skin barrier
Immunol. Pulmonol., 33(H9-79, 2020. repair effects of topical application of some plant dii. J. Mol. Sci.,
Chen, B.; He, T.; Xing, Y. & Cao, T. Effects of quercetin on the expression 19(1}70, 2017. _
of MCP-1, MMP-9 and VEGF in rats with diabetic retinopatiiyp. ~ Lin, Y. K.; Chang, S. H.; Yang, C. Y,; See, L. C.; Lee, B. H. & Shih, I. H.
Ther. Med., 14(65022-6, 2017. Efficacy and safety of indigo naturalis ointment in Treating Atopic
Chen, X.; Zhu, C.; Zhang, Y.; Yang, N.; Shi, H.; Yang, W.; Yang, Y.; Liang, Dermatitis: Arandomized clinical trial. J. Ethnopharmacol., 250:112477,
J.; Chen, L.; Zeng, Xet al Antipruritic effect of ethyl acetate extract ~ 2020.

from Fructus cnidii in mice with 2,4-dinitrofluorobenzene-inducedMinaiyan, M.; Ghannadi, A.; Asadi, M.; Etemad, M. & Mahzouni, P. Anti-
atopic dermatitis.J. Evid. Based Complement. Altern. Med., inflammatory effect of Prunus armeniaca L.(Apricot) extracts ameliorates

20206981386, 2020a. TNBS-induced ulcerative colitis in rat®es. Pharm. Sci., 9(2R5-31,

Chen, Y,; Xian, Y. F.; Loo, S.; Lai, Z.; Chan, W. Y.; Liu, L. & Lin, Z. X. 2014 _ o _ .
Huang-Lian-Jie-Du extract ameliorates atopic dermatitis-like skiffawar, K. R. & Nema, P. K. Apricot kernel characterization, oil extraction,
lesions induced by 2,4-dinitrobenzene in mice via suppression of and its utilization: a reviewtood Sci. Biotechnol., 32(249-63, 2023.
MAPKs and NF-kB pathways. Ethnopharmacol., 24912367, 2020b. Ramadan, A., Kamel, G., Shokry, A. A. & EI-Shiekh, R. A. A Potent anti-

Clark, G. W.; Pope, S. M. & Jaboori, K. A. Diagnosis and treatment of ageing and immunomodulatory activity of apricot seed standardized
seborrheic dermatitiém. Fam. Physician, 91(385-90, 2015. extract and its major compound; amygdallrop. J. Nat. Prod. Res.,

Cohen, J. N.; Bowman, S.; Laszik, Z. G. & North, J. P. Clinicopathologic ~ 4(10}728-33, 2020. _ .
overlap of psoriasis, eczema, and psoriasiform dermatoses:$&mochocki, Z.; Bogaczewicz, J.; Sysa-Je,drzejowska, A.; McCauliffe, D.
retrospective study of T helper type 2 and 17 subsets, interleukin 36, P.; Kontny, E. & Wozniacka, A. Expression of vascular endothelial growth
and b-defensin 2 in spongiotic psoriasiform dermatitis, sebopsoriasis, factor and other cytokines in atopic dermatitis, and correlation with clinical
and tumor necrosis factor a inhibitor-associated dermatilen. Acad. featuresint. J. Dermatol., 55(3p141-e146, 2016.

Dermatol., 82(2%30-9, 2020. Sharma, A.; Vaidya, D.; Gupta, A. & Kaushal, M. Formulation and evaluation

Guo, J. Z.; Wang, W. H.; Li, L. F.; Yang, S. M. & Wang, J. The role of of wild apricot kernel oil based massage credmPharmacogn.
metallothionein in a dinitrofluorobenzene-induced atopic dermatitis- Phytochem., 8(1)017-21, 2019.
like murine modelSci. Rep., 81129, 2018. Szalus, K. & Trzeciak, M. The role of collagens in atopic dermalitts.J.

Gupta, M.; Karmakar, N.; Sasmal, S.; Chowdhury, S. & Biswas, S. Free Mol. Sci., 25(14y647, 2024. N . _
radical scavenging activity of aqueous and alcoholic extracts gabaei, S. J. S.; Rahimi, M.; Akbaribazm, M. Ziai, S. A.; Sadri, M.; Shahrokhi,
Glycyrrhiza glabra Linn. measured by ferric reducing antioxidant power S. R. & Rezaei, M. S. Chitosan-based nano-scaffolds as antileishmanial
(FRAP):ABTS bleaching assay(aTEAC):DPPH assay and peroxyl wound dressing in BALB/c mice treatment: Characterization and design
radical antioxidant assapt. J. Pharmacol. Toxicol, 4(235-40, 2016. of tissue regeneratiofran. J. Basic Med. Sci., 23(GB8, 2020.

Hu, Y.; Lu, L.; Qiu, Z.; Huang, Q.; Chen, Y. & Chen, L. Mechanical stretcdang, L.; Cao, X.; Li, X. & Ding, H. Topical application with conjugated
aggravates aortic dissection by regulating MAPK pathway and the linoleic acid ameliorates 2, 4-dinitrofluorobenzene-induced atopic
expression of MMP-9 and inflammation factorBiomed. dermatitis-like lesions in BALB/c micd&xp. Dermatol., 30(2237-48,
Pharmacother., 108294-302, 2018. 2021 '

Huang, Y.; Zhao, C.; Zheng, G.; Yuan, Y.; Gong, L.; Liu, R. & An, JTian, H.; Yan, H.; Tan, S.; Zhan, P.; Mao, X.; Wang, P. & Wang, Z. Apricot
Dictamnine ameliorates DNFB-induced atopic dermatitis like skin ~kernel oil ameliorates cyclophosphamide-associated immunosuppression
lesions in mice by inhibiting M1 macrophage polarization and in rats.Lipids, 51(8)931-9, 2016.
promoting autophagyiol. Pharm. Bull., 47(1)175-86, 2024. Zhang, Q.A.; Shi, F. F.; Yao, J. L. & Zhang, N. Effects of ultrasound irradiation

Hyun, S. W,; Kim, J.; Park, B.; Jo, K.; Lee, T. G.; Kim, J. S. & Kim, C. S.  onthe properties of apricot kernels during accelerated debitte81g.
Apricot kernel extract and amygdalin inhibit urban particulate matter- Adv., 10(18J10624-33, 2020. _ _
induced keratoconjunctivitis sicdslolecules, 24(3550, 2019. Zhao, Y.; Wang, W.; Wu, X.; Ma, X.; Qu, R.; Chen, X.; Liu, C.; Liu, Y,

Karuppagounder, V.; Arumugam, S.; Thandavarayan, R. A.; Sreedhar, R.; Wang, X.; Yan, P.et al Mangiferin antagonizes TNF-a-mediated
Giridharan, V. V. & Watanabe, K. Molecular targets of quercetin with ~ inflammatory reaction and protects against dermatitis in a mice model.
anti-inflammatory properties in atopic dermatifsug Discov. Today, Int. Inmunopharmacol., 4574-9, 2017.
21(4)632-9, 2016. Zhou, B.; Zhou, N.; Liu, Y.; Dong, E.; Peng, L.; Wang, Y.; Yang, L.; Suo, H.

Karaboga, I.; Ovali, M. A.; Yilmaz, A. & Alpaslan, M. Gastroprotective ~ &Tao,J. Identification and validation of CCRS5 linking keloid with atopic
effect of apricot kernel oil in ethanol-induced gastric mucosal injury in ~ dermatitis through comprehensive bioinformatics analysis and machine
rats.Biotech. Histochem., 93(8)01-7, 2018. learning.Front. Immunol., 18.309992, 2024.

Kawahara, T.; Tsutsui, K.; Nakanishi, E.; Inoue, T. & Hamauzu, Y. Effect
of the topical appllcgtlon of an ethanol extract c_)f quince seeds on tt’forresponding author:
development of atopic dermatitis-like symptoms in NC/Nga nsibeC I

Dr. Wei Li
Complement. Altern. Med., 1780, 2017. tof D tol

Kim, B. H. Sopung-san extract enhances healing potential on fuII-thicknerepart'men o - ermatology
skin wound in rats: role of VEGF and TGF-#4erb. Formula Sci., C.hang an Hospital
25(2)123-34, 2017. Xi'an, 710016 - CHINA

Lee, Y,; Choi, H. K; N'deh, K. P. U.; Choi, Y. J.; Fan, M.; Kim, E. K,;

Chung, K. H. &An, J. H. Inhibitory effect @entella asiaticextract ~ E-mail: liwei2024sx@sina.com
on DNCB-induced atopic dermatitis in HaCaT cells and BALB/c mice.

Nutrients, 12(2)11, 2020. ORCID: https://orcid.org/0009-0006-1876-1512
573



