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Abstract

Wound healing is a complicated process that requires the use of many
medications including anti-inflammatory and antioxidants. A naturally
occurring flavonoid, apigenin can be found in a variety of fruits, vegetables,
and medicinal plants that has versatile benefits and medical uses including
wound healing, antioxidant, antiaging and others. Organogel is one of the
promising topical drug delivery strategies which have many potentials in
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evaluated for their gelation temperature, pH, drug content, viscosity and

Keywords: Wound healing, drug release. The results demonstrated that without PEG 400 only 55% of
Apigenin, Lecithin and the drug was released after 6 hours while 91% was released when PEG 400
organogel was used. Formulation F5 was the optimum formula with appropriate

viscosity (3372 mPs), pH (6.33), drug content (91%) and 27°C gelation
temperature. Drug release was around 91% within 6 hours. The formulated
APN topical organogel will have the potential to improve wound healing by

. @ @ delivering the medication to the wound site in a sustained and localized
@ : approach.
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1. Introduction

Skin injuries are common because skin is the largest organ of the human body. It acts as a barrier between the internal
and external environments, that is why it is continuously exposed to a variety of injuries such as cuts, abrasions, burns
and infections. Wound healing after injury is a complex process and mainly require the use of anti-inflammatory agents
among other medications needed (Parvanescu et al., 2021). Natural substances termed flavonoids have demonstrated
known anti-inflammatory and antimicrobial qualities that may aid in wound healing and have potential uses in wound
care (Utpal et al., 2024). Apigenin (APN) is a naturally occurring flavonoid found in a variety of vegetables, fruits and
several medicinal plants. The APN has been shown in numerous studies to have a wide range of therapeutic potential,
including anti-inflammatory, anti-cancer, antioxidant, and antidiabetic properties as shown in Fig.1 (Majma Sanaye et
al., 2022). It’s clinical use is limited by its poor dissolution due to its highly lipophilic nature and very low aqueous
solubility (Kazmi et al., 2022, Allemailem et al., 2024). Rajesh et al formulate APN as hydrogel for wound healing. It
was noticed that wound contraction was significantly increased in the injured animals compared to the control group.
On day 18 the APN hydrogel treated group was completely healed compared to the control which had only 86.25%
healing after 20 days (Shukla et al., 2016). It has been also revealed that APN may improve tissue repair and wound
healing in diabetic rat skin (Zhang et al., 2015).
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Figurel: Dermatological and Cosmeceutical Applications of Apigenin. Apigenin, a naturally
occurring flavonoid, exhibits multiple biological activities, including immunomodulatory, antioxidant,
and anti-inflammatory properties. These effects contribute to its potential dermatological and
cosmeceutical applications, particularly in the management and prevention of skin cancers, wound
healing, dermatitis, pigmentation disorders, skin aging, and ultraviolet (UV)-induced skin damage.
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Topical drug delivery can be achieved using different drug delivery systems such as creams, ointments, gels,
emulsions, hydrogels and organogels. Organogels are a promising class of topical drug delivery systems that have
gained a lot of interest due to their potential to increase drug effectiveness by immobilizing the drug loaded to sustained
release (Nishad et al., 2025). They are composed of gelators and polar solvent which are immobilized within the
available spaces of a three-dimensional network system to form semisolid bicontinuous systems (Raut et al., 2024).
They are divided into two categories: chemical and physical. The first kind is produced when covalent crosslinks
interact to form chemical organogels during the gelation process. In contrast, physical type interacts by noncovalent
cross-linking. They are made by the physical interactions and self-assembly of organogelator molecules without the
need for permanent cross-linking. This type ideally, exhibit viscoelastic properties; involving sorbitan monostearate,
microemulsion—gelatin-based, eudragit, limonene and pluronic lecithin organogels (Raut et al., 2024). Several studies
demonstrated the effectiveness of using organogels for topical drug delivery in wound healings (Almeida et al., 2012).
One of the widely used materials for organogel formulations are isopropyl myristate (IPM), soy lecithin (LN) and
pluronic F127. IPM is an emollient that is non-oleaginous and has a high spreading capacity while LN is a naturally
occurring combination of fatty acid diglycerides coupled with phosphoric acid choline esters. LN is also used as a
penetration enhancer in the organogel. Pluronicc F127 strengthining the bond that hold the gel network together and
stabilize the organogel formation process (Balata et al., 2014). In the current research, IPM, LN and Pluronic F127
will be used for organogel formulation in addition to studying the effect of PEG 400 on the organogel properties. This
APN topical organogel will have the potential to improve wound healing by delivering the medication to the wound

site in a sustained and localized approach.

2. Materials and Methods
2.1. Materials

Apigenin and Soy Lecithin were bought from bidepharm technology, China. PEG 400 and Sorbic acid (SA) were
supplied from Baoji Guokang Bio-Technology CO., Ltd, China. Isopropyl myristate (IPM) obtained from ACMEC
biochemical company, China. Whereas, Pluronic F127 was bought from BASF, Germany and Potassium sorbate (PS)
have purchased from Henan GP chemical Co., Ltd., China.
2.2, Methods

2.2.1. Preparation of APN Pluronic LN Organogel

APN organogel was prepared utilizing three different phases which are drug phase, oil phase and aqueous phase and
the quantities and materials used for each phase can be seen in Tablel. The oil phase was prepared by dissolving
soybean LN in IPM, which was used as a stabilizing, emulsifying, and dispersing agent. The mixture was then left
overnight to allow the LN to completely dissolve followed by the addition of sorbic acid SA as preservative. For the
preparation of aqueous phase, potassium sorbate and pluronic F127 were dissolved in cold water to create pluronic
gel. The dispersion was then refrigerated at 2—4°C overnight to effectively dissolve Pluronic F127. For the preparation
of the drug phase, APN was either dissolved in the oil phase or dissolved first in PEG 400 then the mixture was added
into the LN-IPM solution (oil phase). PEG 400 serves as a moisturizer and co-solvent. Lastly, a mechanical stirrer was

used to gradually introduced 70% aqueous phase to 30% oil phase while stirring at 400 rpm (Ba et al., 2016).
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Tablel: The APN Organogel Formulas

Ingredients (w/v %)
Formula Drug Phase Oil Phase Aqueous Phase
Code APN PEG400 | LN | SA | IPMQS Pl;fg;‘c PS | Water QS

F1 1 - 1 0.2 30 25 0.2 70
F2 1 - 2 0.2 30 25 0.2 70
F3 1 - 3 0.2 30 25 0.2 70
F4 1 - 4 0.2 30 25 0.2 70
F5 1 5 3 0.2 30 25 0.2 70
F6 1 5 4 0.2 30 25 0.2 70
F7 1 5 5 0.2 30 25 0.2 70
F8 1 5 6 0.2 30 25 0.2 70

QS=sufficient quantity

2.2.2. In-vitro Evaluation of APN organogel
2.2.2.1. Gelation Temperature Determination
Organogel (0.25 g) from each formulation was placed in a test tube and then the test tube was placed in water bath at

2°C. The temperature increased at a rate of 5°C per hour up to 50°C. At the end of each hour the tube was tilted 90
degrees and the meniscus was observed. The transition from sol to gel was recorded when the test tube meniscus did
not move and the temperature at which the formulation's physical condition changed was known as the gelation
temperature (Pandey et al., 2010, Belgamwar et al., 2008).

2.2.2.2. Viscosity Measuring
Atago viscometer (Atago, Japan) was used to measure the viscosity of the formulations prepared at 25°C. All the

formulas were subjected to viscosity measuring test using spindle number 6 (Agrawal et al., 2010).

2.2.2.3. pH measurement
Each formula was assessed for its pH using Hanna pH meter (Hanna, India). The electrode was immersed in each

formula and the pH was recorded (Esposito and Kirilov, 2021).

2.2.24. Drug Content
For each formulation, 0.5 g of the organogel was mixed with 50 mL ethanol and stirred for one hour to ensure complete

dissolve of the drug. After that the mixture was filtered via 0.45 mm syringe filters, the resultant solutions were
subjected to spectrophotometric analysis for APN using a standard curve set at 336 nm (Fayez et al., 2015).

2.2.2.5. In-Vitro Release Study
The dissolution apparatus type II was used to study the drug release from the organogel. One gram of each formulation

was placed into the dialysis bag (MW 12,000-14000Da), then into the dissolution apparatus jar filled with 200 ml of
phosphate buffer pH 6.8 at 37°C. The study was conducted for 6 hours and a sample of 3 ml was withdrawn at specific
times (15, 30, 45, 60, 90, 120, 180, 240, 300 and 360 min). Each time the withdrawn amount was replenished with the
same amount of fresh buffer in order to maintain the sink condition. The samples were analyzed using
spectrophotometer at APN UV lambda max 336 nm (Chauhan et al., 2024).

2.2.3. Statistical analysis

Significance was assessed using a one-way ANOVA, and a difference was deemed significant when p<0.05.
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3. Results and Discussion

3.1. In-Vitro Evaluation of The Organogel
All the formulations were successfully prepared and had an opaque yellow color and homogeneous appearance.
3.1.1. Gelation Temperature
The organogel formulas gelation temperature was within the range of 21-35°C, as shown in Table2. The gelation
temperature increased as the percentage of LN increased from F1to F4. The high concentration of LN will form dense
matrix with strong interconnections that needs more energy to disturb the structure and to form an organogel. In
addition, the formulations contained PEG 400 (F5 and F6) had higher gelation temperature compared that those free
from PEG 400 and has the same LN percentage (F3 and F4). This increase in temperature can be explained by the fact
that PEG 400 forms strong hydrogen bonding with LN leading to higher energy and temperature for the disruption of
the LN bonding and formation of an organogel (Almeida et al., 2012).
3.1.2.  Viscosity
The viscosity of the organogel is very important since it affects its spreadibility, flow property, patient compliance as
well as the drug release. The produced organogel formulations showed viscosities range of 2873-3881 poise, as
demonstrated in Table2. The viscosity measurement was under constant shear rate and temperature (370C) which
demonstrate non-Newtonian nature for the formulated gel. As the LN concentration raised, the viscosity of the formula
increased and this could be due to the complex dense network formation in the gel. The viscosity also increased when
PEG 400 was added (Rhee et al., 2006, Fakhari et al., 2017).
3.1.3. Ph Measurement
The formulas pH was within the range of 6.1-6.9 and this range was compatible with skin pH as skin afford this range.
The pH measurement of the formula stated in Table 2. The results were about neutral and suitable for topical use
without any irritation or discomfort (Ali and Yosipovitch, 2013, Dikstein and Zlotogorski, 1994).
3.1.4. Drug Content

APN amount in each formulated organogel was between 96.2-99.4% as demonstrated in Table2.
The results of the APN content in the formulated gel demonstrated the active ingredient uniform

distribution withing the base (Iwanaga et al., 2010, Dai et al., 2020).
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Table2: The evaluation parameters for the organogel (n=3)
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F(g::ll;la Gelation Temperature Viscosity pH Drug Content
F1 21+0.5 2873+12 6.90+0.24 98.23+1.42
F2 23+1.0 2974422 6.61+0.35 97.18+2.75
F3 24+0.5 3193+10 6.10+£0.61 98.22+2.63
F4 27+0.0 3302+25 6.75+0.17 99.27+1.74
F5 27+0.5 3372431 6.332£0.23 99.40+2.43
F6 29+0.0 3501+09 6.52+0.27 96.20+3.64
F7 33+0.5 3736+23 6.48+0.14 96.89+1.63
F8 35+0.5 3881+15 6.4320.11 98.46+2.85

3.1.5. In-Vitro Release Study

The dissolution study was performed in order to explain the ability and amount of the APN release from the formulated

organogel to be available topically in the required area Fig.2. Formulations with no PEG 400 had only around

35%,25%, 42% and 55% of the drug released within 6 hours for F1, F2, F3 and F4 respectively. The release was

slowed as the LN concentration increased due to the formation of a denser gel matrix that hinder drug diffusion out of

the ogranogel matrix (Franckum et al., 2004, Fayez et al., 2015). However, when PEG 400 was added, drug release

was enhanced and the maximum amount of drug release reached 91% in 6 hours with F5 compared to 42 % in F3

without PEG 400. The process of APN release from the formulation relays on the drug solubility in the organogel and

diffusion from the organogel. When PEG 400 was used it acted as cosolvent and enhanced drug solubility and

dissolution, thus enhancing drug release (Bolourchian et al., 2013, Saharan et al., 2009, Vélaz et al., 1998). It was also

noted that when LN concentration increased, drug release was slower in F6, F7 and F8 in spit of the presence of PEG

400 (Kumar and Katare, 2005, Jatav and Ramteke, 2015).

ecoRRaE

Figure2: In-vitro Drug Release Profiles of Formulations F1-F8. The figure illustrates the
cumulative percentage of drug release (% drug release) from eight different formulations (F1-F8) as a
function of time (0-360 min). All formulations exhibited a time-dependent increase in drug release,
with noticeable differences in release rates and extents among formulations. Formulations F5 and F6
showed the highest cumulative drug release over the study period, whereas F1-F4 demonstrated
comparatively slower release profiles. Data are presented as mean + standard deviation (SD), as
indicated hv error bars
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4. Conclusion
Several APN organogels were prepared and compared regarding pH, viscosity, gelation temperature and drug release
to be used in wound healing. Formulations F5 containing LN 3% (w/v), 25% pluronic F127 (w/v), 30% IPM (w/v)
and 1% APN was chosen as the optimum formula because of the proper viscosity, pH and 91% of the drug was released
within 6 hours. This could be a promising topical drug delivery strategy to enhance the topical delivery of APN for

wound healing.

5. Contflicts of Interest: The authors declare no conflict of interest.
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