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  요  약 : 토복령은 우수한 항균, 항산화, 항염증 효능을 가진 소재로 알려져 있다. 이러한 토복령(Smilax 
china)의 추출물의 기능성을 화장품에 적용하기 위한 기초연구로써 토복령에서 발견되는 플라보노이드인 
quercetin, catechin, naringenin의 농도별 경피 투과 특성을 조사할 필요성이 있다. Marzulli의 정의에 적
용한 결과 케르세틴의 Kp 값은 0.1 mg/mL에서 "빠름"으로 분류되었고, 0.2 및 0.4 mg/mL에서 "보통"으로 
분류되었다. 특히, 농도가 증가함에 따라 투과 속도가 감소하는 경향이 있었다. 나린제닌의 경우 Flux 값은 
각각 0.1, 0.2 및 0.4 mg/mL 농도에서 0.69, 1.07 및 1.42 μg/hr/cm²이었으며, 해당 Kp 값은 각각 
6.95, 5.34 및 3.56이었다. 나린제닌의 Kp 값은 모든 농도에서 "보통" 범주에 속하며, 케르세틴과 관찰된 
것과 같이 농도가 높아짐에 따라 투과 속도가 감소하였다. 카테킨의 경우 Flux 값은 각각 0.1, 0.2 및 0.4 
mg/mL 농도에서 0.75, 1.09 및 1.66 μg/hr/cm²이었으며, 해당 Kp 값은 각각 7.55, 5.46 및 4.16이었다. 
카테킨의 Kp 값은 모든 농도에서 일관되게 "보통"으로 분류되었다. 여드름 저해능 및 항염증 효능이 우수
한 토복령 추출물의 유효성분인 quercetin, catechin, naringenin의 경피 투과 특성이 보통 이상으로 나타나 
기능성 화장품에 사용할 수 있는 우수한 천연물 소재인 것을 확인할 수 있었다.

주제어 : 프란츠 경피투과도 측정, 플라보노이드, 토복령, 케르세틴, 카테킨, 나린제닌

  Abstract : Smilax china is known for its excellent antimicrobial, antioxidant, and anti-inflammatory 
properties. As a foundational study for applying the functionality of Smilax china extracts to 
cosmetics, it is necessory to investigate the concentration-dependent skin permation characteristics of 
the flavonoids in the extract, namely quercetin, catechin, and naringenin. Therefore, it serves as a 
crucial method for conducting this basic research on the functional aspects fo Smilax china extracts 
for cosmetic applications. This investigation focused on examining the percutaneous permeability 
characteristics of flavonoids originating from Smilax china. Applying Marzulli's definition, the Kp 
value of quercetin was categorized as "fast" at 0.1 mg/mL and "moderate" at 0.2 and 0.4 mg/mL. 
Notably, the permeation rate exhibited a decline with increasing concentration. For naringenin, Flux 
values were 0.69, 1.07, and 1.42 μg/hr/cm² at concentrations of 0.1, 0.2, and 0.4 mg/mL,       
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respectively, with corresponding Kp values of 6.95, 5.34, and 3.56. Naringenin's Kp value fell into the 
"moderate" category across all concentrations, and as observed with quercetin, the permeation rate 
decreased with higher concentrations. Likewise, for catechin, Flux values were 0.75, 1.09, and 1.66 μ
g/hr/cm², and corresponding Kp values were 7.55, 5.46, and 4.16. Catechin's Kp value was 
consistently classified as "moderate" across all concentrations. The efficacy of quercetin, catechin, and 
naringenin, active ingredients in high-performance and anti-inflammatory Smilax china extracts, was 
found to exhibit skin penetration properties above the average. This confirms their suitability as 
excellent natural materials for use in functional cosmetics, given their outstanding capabilities in 
preventing acne and reducing inflammation.

Keywords : Franz Diffusion Cell Assay, Flavonoid, Smilax china., Quercetin, Catechin, Naringenin

1. Introduction
  
  The research on the percutaneous permeability 
of flavonoids, natural compounds derived from 
plants, is essential in the development of 
cosmetics. With an increasing consumer demand 
for natural and botanical ingredients in 
cosmetic products, studying the skin permeation 
of flavonoids becomes crucial[1]. Utilizing 
assays like the Franz diffusion cell allows for a 
scientific assessment of how these natural 
compounds penetrate the skin barrier, offering 
data that guides formulation decisions [2-5]. 
Investigating the skin permeation characteristics 
of flavonoids, such as quercetin, naringenin, 
and catechin, obtained from natural sources 
such as Smilax china, provides valuable insights 
into their potential efficacy as cosmetic 
ingredients. These compounds are known for 
their antioxidant, and anti-inflammatory 
properties[6-7], making them attractive 
candidates for inclusion in skincare formulations 
[8-11]. Additionally, Smilax china is known to 
possess antimicrobial properties, which could 
be beneficial in targeting the bacteria such as 
Cutibacterium acnes involved in the 
development of acne[12-13]. From our previous 
results, the extract of Smilax china L. root 
showed antimicrobial activity against the acne- 
causing bacterium, Cutibacterium acnes, and 
its active compound, quercetin, exhibited the 
highest potency among the compounds tested 

against Cutibacterium acnes KCTC 3314, with 
a minimum inhibitory concentration of 31.25 
μg/mL[13]. In the context of cosmetic safety 
and efficacy, understanding the percutaneous 
permeability of natural compounds is vital to 
ensure that active ingredients effectively reach 
their target layers of the skin[14-16]. This 
knowledge is essential for optimizing cosmetic 
formulations to deliver desired benefits while 
maintaining product safety and compliance 
with regulatory standards. Conducting research 
on the skin permeation of flavonoids 
contributes to the evidence-based development 
of cosmetics that leverage the potential benefits 
of natural compounds for skincare. In this 
study, we investigated the skin permeability 
characteristics of key components of Smilax 
china extract, known for its acne-inhibiting 
efficacy. The flavonoids, including quercetin, 
naringenin, and catechin, were measured using 
the Franz cell assay system, shedding light on 
the properties of the skin penetration process 
associated with these compounds.

2. Experiments

2.1. Materials

  The quercetin (95%), (+)-catechin hydrate 
(98%), and (-)-naringenin (95%) used in the 
experiments were sourced from Sigma-Aldrich 
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Mobile Phase A : 0.05% TFA in Water, B : ACN

Flow rate 1mL/min

Column Phenomenex Gemini 5 µm C18 110Å 150 ˟ 4.6mm

Column Temperature 30℃

Wave Length 210nm

Method Isocratic 87%(A) : 13%(B)

Table 1. HPLC analysis conditions for quercetin, catechin and naringenin

(St. Louis, MO, USA). The PBS solution was 
prepared by dissolving one tablet of 
Sigma-Aldrich's Phosphate Buffered Saline in 
200 mL of triple-distilled water. The 
membranes utilized in the experiment were 
Cellu Sep T4 dialysis membranes (Seguin, 
USA) with a molecular weight cut-off 
(MWCO) ranging from 12,000 to 14,000. 
Anhydrous ethyl alcohol and methyl alcohol 
were obtained from Daejung (Siheung, Korea), 
while Acetonitrile (99.9%), Phosphoric acid 
(85.0%), and Trifluoroacetic acid (99.0%) were 
sourced from Samchun (Seoul, Korea). The 
Franz Diffusion Cell Assay apparatus was 
supplied by Biense Tech (Daejun, Korea), and 
High-Performance Liquid Chromatography 
(HPLC) analysis was performed using Waters' 
e2695 model.

2.2. Franz Diffusion Cell Assay

  To investigate the percutaneous permeation 
characteristics of each flavonoid at different 
concentrations, the Franz diffusion cell assay 
was conducted. The concentrations for all 
three substances were uniformly set at 0.1, 0.2, 
and 0.4 mg/mL. Each flavonoid was dissolved 
in the receptor fluid for the experiment. The 
water-soluble Catechin used PBS for the 
receptor fluid, while the lipophilic quercetin 
and naringenin utilized a 1:1 mixture of PBS 
and EtOH as the receptor fluid. The receptor 
fluid completely filled the receptor chamber, 
and the flavonoid solutions were injected into 
the Donor chamber at 2 mL each. Pressing the 
button on the cell part initiated the magnetic 
stir bar, facilitating the diffusion of flavonoid 

solutions in the receptor fluid. The moment 
the button was pressed marked the start of the 
experiment. Sampling time could be freely 
adjusted within 24 hours, and in this 
experiment, samples were taken at 1, 2, 4, 6, 
8, and 12 hours after the start of the 
experiment. The sampling volume was 200 μ
L, and an equivalent amount of Receptor fluid 
was replenished after each sampling. The 
obtained samples were promptly refrigerated, 
and within 24 hours of storage initiation, 
quantification analysis was performed using 
HPLC.

2.3. HPLC analysis

  The analysis conditions for quercetin, 
catechin and naringenin involved using a 
solvent A of 0.05% TFA in distilled water and 
solvent B as ACN. The solvents were delivered 
at an A 87: B 13 ratio isocratically. The flow 
rate was set at 1 mL/min, and the column 
utilized was the Phenomenex Gemini 5 µm 
C18 110Å 150 × 4.6mm. The column 
temperature was maintained at 30℃, and 
detection was carried out at a wavelength of 
210 nm using a PDA detector (Table 1).
  Quantitative analysis of each sample was 
conducted using HPLC, and based on the 
obtained data, Flux values and Kp values were 
determined. The average Kp value was then 
plugged into Marzulli's definition to indicate 
the extent of percutaneous permeation.

2.4. Statistical analysis

  Calculations were made using Microsoft® 
Excel® Office 365 and statistical analysis were 
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Fig. 1. Cumulative amount of permeated quercetin, catechin and naringein through the 

           membrane. Values are presented as mean ± SD. 

performed using GraphPad Prism 8.03. All 
data sets are shown as the mean ± standard 
deviation (SD).

3. Results and discussion

3.1. Skin Permeation Test of Flavonoids, 

Quercetin, Catechin, and Naringenin

  Due to ethical concerns related to animal 
experimentation, non-clinical test methods that 
can replace animals are actively being utilized. 
In the development of cosmetics, substance 
skin permeability assessments using dermal 
absorption cells, following OECD guidelines, 
are widely employed, eliminating the need for 
animal testing. In this study, following the skin 
permeation guidelines, we utilized dermal 
absorption cells, using acetaminophen as the 
control group and quercetin, catechin, and 
naringenin as the test substances. The units 
representing the skin permeation characteristics 

can be observed and confirmed through the 
skin permeation rate, Flux, and penetration 
rate, Kp values. Flux, representing the 
permeation rate, can be calculated as the 
amount of the sample passing through a 
constant skin area per unit time. All three 
substances exhibit an increasing trend in the 
amount of permeated solute over time. The 
results are depicted in 
Figure 1.

              
3.2. Permeability rates (Flux) and 

coefficients (Kp) of quercetin, 

catechin and naringenin

  Permeability rates (Flux) are measurements 
indicating the amount of substance passing 
through a unit area per unit time. All three 
substances show an increase in Flux values 
with higher concentrations, and there is a 
tendency for permeability rates to decrease 
over time. The results are illustrated in Figure 
2 and Table 2.
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Fig. 2. Flux of permeated quercetine, catechin and naringenin. 

                        Values are presented as mean ± SD.               

Table 2. Permeability rates (Flux) of each tested substances

Flux (Control)
(μg/hr/cm2)

 Flux (A)
(μg/hr/cm2)

Flux (B)
(μg/hr/cm2)

Flux (C)
(μg/hr/cm2)

0.1mg/mL 0.97  1.64 ± 0.03 0.75 ± 0.06 0.69 ± 0.04

0.2mg/mL 1.44 1.87 ± 0.14 1.09 ± 0.23 1.07 ± 0.06

0.4mg/mL 2.58 2.41 ± 0.10 1.54 ± 0.08 1.42 ± 0.44

Control: acetoaminophen, A: quercetin, B: catechin, C: naringenin
Values represent the mean ± SD of three independent measurements.

  The permeability coefficient (Kp) is 
measurement indicators of the dermal 
permeability of a substance, representing the 
ability of a substance to be absorbed into the 
body through the skin. Kp is used as an index 
reflecting the capability of a substance to pass 
through the skin and be absorbed into the 
body. For all three substances, there is a       
 

tendency for Kp values to decrease with 
increasing concentration and over time. The 
results are depicted in Figure 3.
 To apply Marzulli's definition to the 
experimental results, the average Kp values for 
each flavonoid concentration were calculated. 
The results are presented in Table 3.
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Fig. 3. Kp value of qurcetine (A), Catechin (B), and Naringenin (C). 
                     Values are presented as mean ± SD. 

Table 3. Permeability coefficient (Kp) of test substances

Control
Kp value

(cm/hr⨯10-3)

A
 Kp value

(cm/hr⨯10-3)

B
 Kp value

(cm/hr⨯10-3)

C
 Kp value

(cm/hr⨯10-3)

0.1mg/mL 9.73 16.43 ± 0.03 7.55 ± 0.13 6.95 ± 0.44

0.2mg/mL 7.18 9.33 ± 0.07 5.46 ± 1.16 5.34 ± 0.28

0.4mg/mL 6.45 6.03 ± 0.24 3.84 ± 0.21 3.56 ± 1.10

Control: acetoaminophen, A: quercetin, B: catechin, C: naringenin
Values represent the mean ± SD of three independent measurements.

  Upon applying Marzulli's definition to the 
experimental results, the permeation rate of 
quercetin appeared as 'Fast' at a concentration 
of 0.1 mg/mL and as 'Moderate' at 
concentrations of 0.2 and 0.4 mg/mL. Both 
catechin and naringenin exhibited a 'Moderate’

permeation rate at all concentrations. All three 
substances showed a tendency for the 
permeation rate to decrease with increasing 
concentration. The results are illustrated in 
Figure 4.
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Fig. 4. The Average Kp values of quercetin, catechin, and naringenine. 

                     A: quercetin, B: catechin, C: naringenin. 
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  Applying the calculated Kp values and judging 
based on Marzulli's definition, the permeability 
of catechin was found to be in the range of 
'moderate,' which is most similar to the control 
group using acetaminophen. 
  Franz diffusion cells are widely used as a 
research tool to evaluate skin permeability and 
the interactions between skin and tested 
products. These cells usually contain excised 
human or animal skin, but synthetic 
membranes are a more convenient option. 
Synthetic membranes mimic skin properties and 
vary in forms. They are useful for studying 
drug diffusion or active compounds in 
products[17]. This study used a polysulfone 
membrane to measure the in vitro release of 
flavonoids (quercetin, catechin, and naringenin) 
from Smilax china.
  To investigate the dermal permeation 
characteristics of the flavonoids,  experiments 
were conducted using the Franz Diffusion Cell 
Assay and HPLC.  For quercetin, Flux values 
of 1.64, 1.86, and 2.41 μg/hr/cm²at 
concentrations of 0.1, 0.2, and 0.4 mg/mL, 
respectively, were observed, with corresponding 
Kp values of 16.42, 9.32, and 6.03. Applying 
Marzulli's definition, quercetin's Kp was 
categorized as 'fast' at 0.1 mg/mL and 
'moderate' at 0.2 and 0.4 mg/mL. The 
permeation rate declined with increasing 
concentration. Naringenin exhibited Flux values 
of 0.69, 1.07, and 1.42 μg/hr/cm² at 
concentrations of 0.1, 0.2, and 0.4 mg/mL, 
respectively, with corresponding Kp values of 
6.95, 5.34, and 3.56, consistently falling into 
the 'moderate' category. Similar to quercetin, 
the permeation rate decreased with higher 
concentrations. Catechin displayed Flux values 
of 0.75, 1.09, and 1.66 μg/hr/cm², and 
corresponding Kp values of 7.55, 5.46, and 
4.16, consistently classified as 'moderate' across 
all concentrations.
  For all three substances, both Flux and Kp 
values decrease over time, suggesting that the 
permeation characteristics involve an initial 
rapid release followed by a slower release in 

the later stages. Furthermore, the increase in 
concentration is associated with higher Flux 
values, while Kp values decrease with higher 
concentrations. This is interpreted as an 
increase in the amount of permeating solute 
with higher concentrations, although the 
proportion of permeated solute relative to the 
total solute decreases. Therefore, all three 
substances exhibit similar permeation 
characteristics, and as concentration increases, 
the permeation efficiency decreases. The dermal 
permeation rates are fastest for quercetin, 
followed by catechin and naringenin.  
  Especially, flavonoids exert potent anti- 
inflammatory effects on the skin, showing 
positive effects on some skin diseases, such as 
photoaging, psoriasis, and atopic dermatitis 
[18]. However, the cutaneous absorption of 
flavonoids is influenced by many factors, such 
as their chemical structure, solubility, 
concentration, formulation, and skin barrier 
function. Therefore, it is not clear how much 
flavonoids can penetrate the skin and exert 
their bioactivity. Moreover, the systemic 
exposure, metabolism, and toxicity of 
flavonoids after topical application are also 
poorly understood. Thus, more research is 
needed to evaluate the safety and efficacy of 
flavonoids as functional cosmetic ingredients.

4. Conclusion

  In summary, the discussed data reveals that 
naringenin and catechin, active components in 
extract, Smilax china exhibits a “moderate” 
skin penetration profile, with their Kp values 
consistently falling into this category across 
various concentrations. Overall, the empasized 
point in the results is the that quercetin, 
catechin, and naringenin surpass the average in 
terms of skin penetration, indicationg their 
effective ability to penetrate the skin. These 
properties render them promising candidates 
for incorporation into functional cosmetics, 
bolstered by their proven efficacy in mitigating 
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acne and inflammation. The moderate skin 
penetration classification further implies their 
potential for optimal skin absorption, an 
attribute highly sought after in cosmetic 
formulation. This data-driven insight could 
pave the way for the development of 
efficacious, natural ingredient-based cosmetics.
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