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Abstract: Natural materials in facial prescriptions has been practiced for thousands of years in China. Natural
plant extracts are increasingly used in skin-whitening products. We found Gao-Ben (the rhizome and root of
Ligusticum jeholense Nakai et Kitag, GB) was a common herb used in external whitening prescriptions by
retrieving ancient Chinese medicine texts and modern traditional Chinese medicine(TCM) documents. Then, the
functions of GB in topical application prescriptions for skin lightening were investigated. The essential oil of GB
(GBO) were extracted by supercritical CO fluid extraction (SFE-CO2), with the yield being 1.5%. The oil
ingredients were analyzed by gas chromatography-mass spectrometry (GC-MS), and benzyl alcohol and ligustilide
were major constituents, their relative contents were 55.3% and 35.7%. Then the enhanced penetration effects of
GBO on test compounds, ferulic acid and ligustrazine were tested using the Franz diffusion cell. Finally, the
changes in morphological features of rat skin treated with GBO were researched by computer-aided image analysis
of haematoxylin and eosin (H&E) staining. This study indicates GBO can enhance skin penetration by changing
the structure of the stratum corneum barrier. Therefore, the active components could be absorbed through the
topical skin and exert the whitening effect.

Keywords: Ligusticum jeholense; extract oil; skin-hyperpigmentation; transdermal; promotor. © 2023 ACG
Publications. All rights reserved.

1. Introduction

Ligusticum jeholense Nakai et Kitag is a member of the Apiaceae plant, its rhizome and root has
been used as the traditional medicine Gao-Ben (Korean name, Go-Bon) in China and Korea. Modern
studies have indicated that Gao-Ben (GB) has anti-inflammatory, anti-osteoporosis and antioxidant
activities and shows good curative effects on cardiovascular and cerebrovascular diseases, hypertension,
various pain disorders, and Alzheimer’s disease [1-4]. In the past decade, various compositions,
triterpenoids, flavonoids, coumarins, fatty acids, steroids, and saccharides have been reported [2,5,6].

GB is a common herb in traditional Chinese medicine (TCM) prescription both oral and external.
The history of GB external use can date back to the Jin Dynasty (317-420). It was initially only used as
a deodorant to improve body scent [7] and was then widely used in topical prescriptions until the Tang
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Dynasties (618-907)—the strongest and most flourishing era in the history of China. With social
prosperity and scientific as well as technological progress, TCM achieved rapid development during this
period [8]. Starting from Qian Jin Yao Fang (652), the first encyclopedia of TCM, facial medicine was
categorized as a new class for the first time in the book. After that, most of the facial medicine contained
GB [8,9], which proved GB playing a special role in skin health.

Today, skin-whitening products are gaining interest due to the fact that they are perceived to be
milder and safer than fully synthetic products [10]. Over the past 2000 years and more, the beauty
experience has grown substantially and increasingly matured in TCM. Taking a comprehensive review
in TCM facial prescriptions aids both innovation and development for the skin-whitening industry. The
development of information and computer technology creates the possibility of mining numerous
sources and rich data of TCM. Skin whiten prescriptions of TCM can not only be used to lighten skin
tone, but also treat over-pigmentation in clinics. The increasing interest and demand for skin whitening
products globally, particularly in Asia, have necessitated rapid advances in research on skin whitening
products used in TCM [11].

In this paper, whitening prescriptions had been retrieved from ancient Chinese medicine texts and
modern documents. And the herb varieties and usage frequency in the prescriptions were analyzed by
the Traditional Chinese Medicine Inheritance Support System (TCMISS). The result showed that GB
was second only to Bai-Zhi (root of Angelica dahurica) and appeared in transdermal whiten formulae.
Phytochemical studies on GB suggested it contains ferulic acid [5], which may lighten age spots because
it inhibits cells' ability to produce melanin [12-14] GB is an aromatic herb, the volatile oils are its main
active components [ 15]. The essential oils of some plants have the effect of increasing skin permeability
similar to modern transdermal drug delivery systems [16,17]. We conducted this study to verify if
essential oil of GB (GBO) can enhance skin penetration. Here, the supercritical CO, fluid extraction
(SFE-CO») method was used to extract the GBO. SFE-CO, technology has the advantages of a short
extraction time, high yield of oils, simple processing, and low operating temperature, which will not
affect the natural activity of heat-sensitive substances [18]. To study the effects of GBO on the
transdermal amount of test compounds, transdermal tests were performed using the Franz diffusion cell
in vitro, which is a widely used instrument to evaluate in vitro drug permeation [19, 20]. Ferulic acid
and ligustrazine were used as two test compounds owing to the fact that they are functional constituents
of whitening herbs. The morphologic changes of skin treated with GBO were assessed by computer-
aided image analysis of haematoxylin and eosin (H&E) staining performed according to standard
procedures [21]. Skin experiments suggested that GBO could enhance percutaneous absorption.

2. Materials and Methods

This study is conducted by following two steps of research procedures. First, we conducted corpus
analysis of TCM prescription. The findings of the first step serves as the basis for the second research
guestions.

2.1. TCM Prescription Gathering and Analysis

Classic TCM prescriptions were collected from TCM texts from Tang Dynasties (600AD) to Qing
Dynasties (1910 AD). Modern prescriptions were obtained from digital databases: CNKI
(https://www.cnki.net/), Wanfang Data Knowledge Service Platform
(http://www.wanfangdata.com.cn/), and VIP Database (http://gikan.cqvip.com/), plus the website of
China National Intellectual Property Administration.

Keywords used in searching ancient texts are the following classical Chinese characters with
meaning of ‘complexion dark’ or ‘skin black’: gan(ET), gan(&F), an(Eg), li(Z), hei(2). Keywords used
in searching modern Chinese medicine prescriptions are: ‘Fleck’, ‘aestates’, ‘chloasma’, ‘chromatosis’,
‘skin lightening’.

Analysis platform was Traditional Chinese Medicine Inheritance Support System (V2.5), provided
by Institute of Chinese Materia Medica, China Academy of Chinese Medical Sciences.
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2.2. GBO Extracting and Analysis

The dried rhizome and root of GB used in this study was purchased from Jishen Pharmacy Co.,
Ltd. (Jilin, China) and identified by Prof. Guangshu Wang (School of Pharmaceutical Sciences, Jilin
University, China). The material was pulverized and passed through BS 20 mesh (<1 mm pore size) for
later experimentation.

The extraction of GBO was carried out using SFE-CO; equipment (HA221-50-06, Nantong Huaan
Experimental Instrument Ltd., China). After CO, was condensed in the refrigerator storage tank, it was
driven into the kettles through a high-pressure pump when the temperature reached 60°C in extraction
kettle |, 60°C in separation kettle | and 50°C in separation kettle || . The flow rate of CO,was set to
20 L/h/kg. The extraction cycle was started, and a constant temperature or pressure was maintained
when the pressure of the extraction kettle and separation kettle was 35 MPa and 6 MPa, respectively.
After 2 hrs, the extract was collected from separation kettle | and then dehydrated with anhydrous

sodium sulfate. For each experiment, a stainless steel extraction vessel (2 L) was loaded with 1 kg of
sample. The GBO was kept in an airtight container at 4°C.

This study performed gas chromatography-mass spectrometry (GC-MS) analysis on a Shimadzu
GC-2010 gas chromatography instrument with a Shimadzu 2010 mass spectrometer and DB-5 capillary
column (30 mx0.32 mmx0.25 pm). The GC oven temperature was set as follows: from 60°C to 280°C
at a rate of 12°C/min and then held for 10 mins. The carrier gas was at a flow rate of 1.0 mL/min by
using high-purity nitrogen. The split ratio was 30:1. The mass spectrometer was run in Electron-Impact
mode. The scan range was 20-550 amu. The scan rate was 0.5 s/scan. The temperatures at the interface
and ionization source were 280°C and 230°C, respectively. The chemical compositions of GBO were
qualitatively analyzed by comparing mass spectra with the National Institute of Standards and
Technology (NIST 2008) database and standard samples.

2.3. Transdermal Permeation Effect of GBO
2.3.1. Drugs and Chemicals

Ligustrazine and ferulic acid were obtained from Sichuan Weikeqi Technology Co., Ltd., China.
Propylene glycol was purchased from Tianjin Bailunsi Chemical Reagent Co., Ltd., China. Azone and
trypsin were supplied by Shanghai Macklin Biochemical Co., Ltd., China. Methanol of high-
performance liquid chromatography (HPLC) grade was obtained from Thermo Fisher Scientific (China).
Pentobarbital sodium was purchased from Beijing Dingguo Changsheng Biotechnology Co., Ltd., China.
All other chemicals used were of analytical grade.

2.3.2. Animals

A total of 16 healthy male Sprague-Dawley rats weighing 220+10 g were obtained from the
Experimental Animal Center of Jilin University (Jilin, China), certificate NO. SCXK (Liao) 2015-0001.
All rats were kept in cages containing adequate food and water at a constant temperature (22+2°C),
humidity (50+10%), and suitable light (12 h light/dark cycle, lights on at 8:00 a.m.). All the experimental
procedures were approved by the Committee on Animal Research of Jilin University and performed in
full compliance with international practices for animal care and use.

2.3.3. Test Compounds Analyzing

The HPLC system for analyzing compound concentrations was equipped with an SPD-10A variable
wavelength ultraviolet absorbance detector, two LC-10AT pumps, and a computer integrating system
(N2000, Zhejiang, China). An Inertsil ODS-3 column (4.6 mmx250 mm i.d., 5 um particle size; Japan)
was used to determine the contents of ligustrazine and ferulic acid. The mobile phase was a mixture of
methanol/0.1 mol/L acetic acid (35/65, v/v) at a flow rate of 1 mL/min. The detection wavelength of
both was 280 nm. Quantified samples were filtered through a 0.22 pm membrane prior to manual
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injection into the HPLC system. The calibration curves for ligustrazine and ferulic acid were linear over
the range of 1-400 pg/mL.

2.3.4. Preparation of Skin and Stratum Corneum (SC)

The skin was prepared under extreme caution to reduce overall stratum corneum (SC) damage, and
the abdominal skin of rats was shaved under general anesthesia with ether inhalation. Rats were
sacrificed 24 hrs after shaving to reduce redness or blemishes.

The shaven skin was then removed from the dead rats. The fat and other tissues adhering to the
skin underneath were carefully wiped. The full thickness of the skin was cleaned three times in
succession with isotonic 0.01 M phosphate buffer solution (PBS, pH 7.2), wrapped in aluminum foil,
and stored at -20°C (used within 2 weeks).

At room temperature, the dead rat skin was treated with 0.4% (w/v) trypsin solution for 10 hrs. The
SC samples were divided by using a cotton swab moistened with double distilled water. The sheets were
washed with water and dried in a vacuum desiccator.

2.3.5. Percutaneous Penetration Experiment

A vertical Franz diffusion cell (Gongyi Yuhua Instrument and Equipment Co., Ltd., China) with a
receptor chamber volume of 20 mL (V) and a diffusional area of 1.77 cm? (A) was used to test the
percutaneous penetration enhancement function of the GBO. Applied saturated suspension test
compounds to ensure maximum thermodynamic activity and maintain sinking conditions. The control
group fed with vehicle solution, a propylene glycol: water (78:22, v/v) vehicle containing 0.5 g/mL of
test compounds. The experimental groups fed liquid included 1%, 3%, and 5% GBO in the vehicle. The
positive groups fed liquid included 1%, 3%, and 5% azone in the vehicle.

The epidermis was caught between the diffusion cells with the SC side up and the dermal side next
to the receiver compartment with isotonic PBS (pH 7.2). The receptor cells were kept at a constant
temperature of 32+£0.5°C, and the solution was stirred in the receptor chambers constantly at 400 r/min.
Then, the skin was given 3 mL of feed liquid at varying concentrations. The control was treated with
the vehicle. Samples (Vi=1 mL) were obtained from the receptor chambers at scheduled times (1, 2, 4,
6, 8, 10, 12 and 24 hr) post dosing and added to an equivalent volume of buffer solution. Then, the
compounds concentrations (Ci, ug/mL) of each sample were assayed at once using the HPLC method
described in section test compounds analyzing.

2.3.6. Skin Absorption Experiment

The SC samples were pulverized in a mortar with a pestle. One milliliter of varying concentrations
of GBO in propylene glycol/water (78/22, v/v) containing 0.5 g/mL of test compounds was added to 10
mg of ground SC with frequent vortexing. The control group was only treated with the vehicle. The
mixture was left for 12 hrs at 32°C. The supernatant was obtained by centrifugation at 10,000 r/min for
10 min, and then the compounds content in it was analyzed. The amount of compounds absorbed on the
SC was calculated by subtracting the amount of the supernatant from the starting solution. The partition
coefficient (K) equals the ratio of compound concentration in SC to the vehicle. Each measurement was
performed in triplicate, and the standard deviation was calculated.

2.3.7. Data and Statistical Analysis

The parameters of the skin penetration study were obtained by plotting the relationship between the
cumulative amount of skin penetrating drugs and time (h).

Lag time (Tlag, h) and steady-state flux (Jss, mg/cm?h) were obtained from the x-intercept and
slope of the linear portion of the plot (between 6 h and 12 h), respectively. The cumulative amount of
compound penetration per unit area of skin in 24 hours (Q, pg/cm?) was calculated based on the
concentration in the receptor compartment. To compare the enhancement of different penetration
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enhancers, the enhancement ratio (ER) was also calculated. Q, ER and diffusion parameter (D/h?) were
calculated as follows:

o = (GV R GV

ER = ¢, (with enhancer)/]ss(without enhancer)
D 1

W 6Tigg

The data are expressed as the mean + standard deviation, and the number of repetitions (n) is shown
in relevant figures. The two-tailed Student’s t-test was used to compare the two different conditions. On
all accounts, P<0.05 was considered statistically significant.

2.3.8. Changes of Skin Histomorphology Induced by GBO

Rats were divided into eight groups: the blank, solvent, 1%, 3% and 5% azone groups, and 1%, 3%
and 5% GBO groups. Each group contained two rats and was administered separately. The medicated
solution was tested on the abdominal skin of rats. To prevent the rats from licking the medicine applied
on their stomachs, animals were anesthetized with pentobarbital sodium (30 mg/kg, i.p.) to fall asleep
before the application of drugs [22]. The medicine was applied on the skin for 10 hrs. Rats were killed
by anaesthetization with ether inhalation.

Tissue samples (2x2 cm) were obtained from the red circle of the abdominal skin, fixed in 4%
paraformaldehyde for 48 h, and paraffin-embedded. By dewaxing, dehydration, staining, and
microscopic examination, tissue sections were prepared. The structure of the SC was observed under a
light microscope (magnification, x100).

3. Results and Discussion

3.1. TCM Formulae Gathering and Analysis

TCMISS is a data mining tool that focuses on data mining and analysis of TCM prescriptions to
explore potential therapeutic strategies. Here, 23 typical ancient Chinese medicine texts were selected
owing to their authors are distinguished TCM doctors and representatives of different schools, and were
masterpieces of different dynasties from Tang Dynasty (618 AD) to Qing Dynasty (1912 AD) of China.
Modern prescriptions were obtained through searching digital databases. A total of 234 transdermal
whiten prescriptions were collected, 206 from 19 ancient codes and 28 from present-day literatures.
Obviously, TCM for external use achieved rapid development during Tang Dynasties, 85 skin-
lightening formulae were recorded in two texts of this dynasty (Table 1). 344 herbs were involved in
these topical formulae for treating skin hyperpigmentation. The top 3 most frequently used herbs were
Baizhi, GB, Baifuzi, and the frequencies were 48.3%. 41.5% and 35.5%, respectively. Apiaceae family
plants are the largest and the most important group in external skin-lightening formulae, 5 of top 20 as
well as 3 of top 5 come from this family.
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Table 1. The sources and numbers of the formulae
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Dynasty (Year) Sources Chinese names English names Numbers
Essential Recipes for
Qian Jin Fang T&7 Emergent Use Worth 56
Tang (618-907) A Thousand Gold
Wai Tai Mi Yao R R Medical Secretes of 29
an Official
Yi Xin Fang Y] Ishinpo 7
. Taiping Holy
Tai Pl'ng Shél’lg Hui Fdng ﬁ%%%ﬁ Prescriptions for 40
BeiSong (960-1127) Universal Relief
o s General Medical
Sheng Ji Zong Lu B PSS Collection of Royal 11
Benevolenc
NanSong (1127-1279)  Ydng Shi Jia Cang Fang ¥ KK 7 I{ g':ﬁ'] jlgamﬂly 5
Effective Formulae
Shi Yi Dé Xido Fang HERIFRTT Handed Down For 2
Generations
Yuan (1279-1368) Yii Yudn Ydo Fang b 2575 Imperial Academy 4
Formula
Wéi Shéng Bdo Jian DA% Health Treasure 1
Formula
s s - o Orthodox Manual of
Wai Ke Zheng Zong IMPHER External Diseases 1
Bian Min Tii Ziian {67 S Convenience 1
drawing compilation
Ming (1368-1644) Pii Ji Fang ] Prescriptions for o5
Universal Relief
Wei Shéng Yi Jidn Fang DL S )7 Hygienic Easy to 1
Simplify Formula
Xiang Lian Rin S FE Women beauty health 21
monograph
s g N Surgical Syndrome
Wa_l Ké Zheng Zhi Quan SNG4 3 and Treatment 1
Shii
Complete Book
Weén Tang Ji Yan Fang EELRTT empiri'CaI. 1
prescription
. Yan Fang Xin Bian 075 New Compilation of 1
Qing (1644-1912) g " Empirical Formulas
o " . Prescription for
Wai Zhi Shou Shi Fang  SMaZFH S external treatment to 1
benefits the world
[ Xiao Jidn Bian Lidn - N A Wonderful and
gdng & AR Convenient 1

Prescription
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China National

https://www.cnki.net/ H ] 1 Knowledge
Infrastructure
http://www.wanfangdata. /3 /7 %cdiasn itz Wanfang Data
. . com.cn/ LA Knowledge Service 10
the People’s Republic of Platform
china (1994-) Yt {4 China Science and
http://qgikan.cqvip.com/ ﬁ%ﬁé Technology Journal
Database
https://www.cnipa.gov.cn/ I 5ATiR ks - State Intellectual 18
Property Office
Table 2. Compounds identified from the GBO
No Compound? Formula MW RRI? RRI° Content (%)
1  Sabinene CwoHis  136.23 964 941-975%bcd 0.060
2 Crithmene CioHis  136.23 1047  1031-10743b 0.054
3 o-terpinoene CioHis  136.23 1078  1045-10973° 0.006
4 B-Elemene CisHae  204.35 1387  1382-13913b¢ 0.071
5  Aromadendrene CisHaa 20435 1439  1436-14632P¢ 0.024
6  B-Farnesene CisHaa  204.35 1448  1422-1458%0 0.118
7  o-Bisabolene CisHze 20435 1452  1495-1509? 0.049
8  Humulene CisHaa 20435 1466  1432-1487%0 0.071
9 a-Curcumene CisH2 202.34 1472  1453-1473%b 0.065
10  pB-Selinene CisHaa 20435 1483  1452-1493%c¢d 0.311
11 o-Selinene CisHze 20435 1489  1485-15172 0.193
12 Cuparene CisH»  202.34 1496  1488-1500%° 0.036
13  Sesquiphellandrene CisHas 204.35 1501 1514-15612 0.179
14 2,6-Octadiene, 2,6-dimethyl- CioHis  138.25 1509 - 0.020
15 Spathulenol CisH240  220.35 1521 1545-15752 0.744
16  Myristicin CioH100s 194.18 1529  1509-15323° 0.057
cis,trans-4-methyl-3-
17 oxabicyclo[4.4.0]decane CioH1s0  154.25 1535 - 0.176
18 1-Propanone, 1-(2,4-dimethylphenyl)- CuH1,0  162.23 1544 - 0.459
19 1(3H)-Isobenzofuranone, 3-butylidene-  Ci2H120, 188.22 1558 - 1.324
20 5-Tetradecen-3-yne, (E)- CiaH24 192.34 1576 - 0.138
21 6-Butyl-1,4-cycloheptadiene CuHie  150.26 1645 - 2.000
22 Benzyl Alcohol C/HsO  108.14 1653 55.285
23 ligustilide Ci2H140, 190.24 1685 - 35.679
24 Phenol, 2-octyl- CisH,0O  206.32 1708 - 0.044
25 3,5-Dodecadiyne, 2-methyl- CisHO  176.30 1933 - 0.266
26  Palmitic acid CieH320, 256.42 1940 1958-19713be 0.554
27  Falcarinol Ci7H240 24437 1980 1997° 0.067
28 gégr'o‘:tadecad'eno'c acid, methyl CioHuO, 29447 2092  2075-2094%b 0.030
29 Linoleic acid CisH0, 280.45 2095 2095-2131%be 1.080
30 Oleic Acid CisH30, 28246 2113  2090-2175°° 0.619
31 17-Octadecynoic acid CisHs20, 280.45 2199 2199P 0.149
32 10,12-Octadecadiynoic acid CisHzs0,  276.41 2202 2202° 0.070

2Compounds are listed in order of their elution from a DB-5 column; °RRI: retention indices calculated against Cg-

Cao n-alkanes mixture on DB-5 column; °RRI: retention indices of literature reports: a) NIST Standard Reference
Database Number 69; b) Pubchem database; c) [28], d) [29], ) [30].
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3.2. GBO Extracting and Analysis

Optimization of the extraction conditions (pressure, temperature, and time) of SFE-CO-, was carried
out for maximum oil yield from GB powder. The GBO yield reached 1.5% (v/w, mL/g) with the adopted
method. The total ion chromatogram of the obtained oil is shown in Figure S1. The volatile compounds
were recognized by comparing the existing mass spectra with standard spectra from the NIST 2008 mass
spectral library and by the Kovats retention indices calculated for each peak with reference to the normal
alkane Cg-Cso series. The method for the relative contents in percentage of the constituents in the sample
analyzed by gas chromatography was area normalization. The major constituent of the GBO was benzyl
alcohol (55.29%), which is a common additive to cosmetics for preservation and reducing viscosity.
Followed by ligustilide (35.68%), a natural benzoquinone derivative, has a wide range of
pharmacological properties[23-25]. Extracting the GBO with SFE-CO, method achieved higher oil yield
(1.5mL/100g) than by hydrodistillation, 0.17mL/100g and 0.11 g/100g [26,27]. Compared with the oil
extracted with petroleum ether by Soxhlet extractor [21]. Furthermore, the constituents of GBO obtained
by the SFE-CO, method have more variety, totally 32 kinds of ingredients were recognized. The names,
RRI values and contents of the 32 identified compounds are listed in Table 2.

3.3. Skin Penetration Experiment

The enhancing effect of GBO on the transdermal absorption of rat skin was tested using Franz
diffusion cells for 24 hrs. Taking the time as the X-axis and the cumulant of transdermal drug (Q) as the
Y-axis, a cumulative penetration curve was drawn (Figure 1). The results showed that the cumulant of
positive compound and two test compounds, ferulic acid and ligustrazine, were increased along with
prolonged time during the experiment. The Q values of azone groups and GBO groups were significantly
greater than those of the control groups. The transdermal amount of ferulic acid was positively correlated
with GBO doses in the test. The Q values of ligustrazine of 1% GBO group and 3% GBO group were
similar, the Q values of ferulic acid in 24 hrs of 5% GBO was higher than 3% azone groups. The
permeation parameters of ligustrazine and ferulic acid are listed in Table 3. When comparing the
enhancement ratio (ER) of each group, we found that the value 5% GBO on ferulic acid was very close
to those of 1% and 3% azone groups. The results suggested that GBO did have the effect of promoting
penetration of rat skin, it can enhance skin penetration by changing the structure of the stratum corneum
barrier, although less than azone. Therefore, the active components, like ferulic acid, could be absorbed
through the topical skin and exert the whitening effect. It is beneficial to the transdermal absorption of
other whitening ingredients in the prescription to exert the skin-lightening effect.

The effects of GBO on the partition coefficient (K) of chemical substances in SC and vehicle
systems were researched. The results showed that the K values of both test compounds increased in the
azone and GBO groups (P<0.05), and there were no statistically significant differences among the azone
and GBO groups. This suggests that GBO can promote compound partitioning in the SC, whose
permeability barrier is mostly formed by saturated lipids. The fat-soluble compounds of GBO can affect
the physical and chemical properties of the skin cuticle and easily penetrate the compounds.

Ligustrazine Ferulic acid

& 300 & 360+
g === 1%azone E === 1%azone
) <
5 == 3%azone 5270_ == 3%azone
O 200 —— 5%azone o == 5%azone

— 1%o0il == 1%oil

—— 180 —=—

—a—
——

100

)
o &
o

4 8 12 16 20 24 0 4 8 12 16 20 24
Time(h) Time(h)
A B

Figure 1. The cumulative penetration amounts of test compounds
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Table 3. Permeation parameters of ligustrazine and ferulic acid.

Jss(ug/cm?/h) Tiag(h) Q24(ug/cm?) ER
Enhancer - - — - - — - - — - - —
Ligustrazine Ferulicacid Ligustrazine  Ferulicacid Ligustrazine Ferulic acid Ligustrazine Ferulic acid
control 0.76+0.04 2.39+0.47 8.71+0.38 12.36+£0.12  49.52+7.63 16.64+2.63 1.00 1.00
1% Azone 21.53+2.28" 30.64+4.19"  1.13+0.72" 0.93+0.33 207.48+34.68" 265.03+38.41°  4.61 6.77
3% Azone 19.63+2.03" 20.78+3.53" 1.21+0.32" 0.96+0.72" 184.25+29.13" 233.79+29.07°  3.40 6.26
5% Azone 23.66+2.33" 26.88+3.80"  0.75+0.22" 0.87+0.19" 276.87+40.21" 316.27+49.68" 5.88 7.02
1% oil 13.94+1.37" 16.13+2.75"  1.89+0.60 3.68+0.60" 125.82+19.27" 137.28+18.32"°  2.73 2.97
3% oil 13.92+1.40" 16.5+2.91" 1.77+0.51" 3.17+0.24" 128.16+20.15" 171.34+27.15° 294 2.83
5% oil 9.26+0.84" 21.21+#359"  1.83+0.34" 2.45+0.35" 114.29+16.53" 246.35+38.67°  1.02 6.40

Each value represents the meanzstandard deviation (n=6), except for ER. *P<0.05, statistically significant difference between enhancers and control.
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3.4. Changes of Skin Histomorphology

H&E staining showed that the skin structure of the control group was complete, and the SC as well
as layers of epidermis were arranged tightly, neatly, and clearly layered. Keratin cells were tightly
connected, and there were few keratin fragments (Figure 2A, B). The SC became loose and thin, keratin
fragments increased, the intercellular space in the spinous layer became large, and the basal layer cells
were loosely arranged after treatment with azone and GBO (Figure 2C to H). When the concentrations
of azone and GBO reached 5%, the SC was loosened and peeled off (Figure 2E, H). These results suggest
that the permeability enhancement of azone and GBO was related to the change in skin microstructure.
As a transdermal drug delivery carrier, GBO can dilute the dense membrane structure formed by lipids,
proteins and nonfibrin, weakening its barrier function. This will provide evidence for the further study
of GBO as a transdermal drug delivery carrier.

The results of the in vivo promotion of rat abdominal skin showed that GBO could affect the
structure of the SC, reduce the compactness and increase the degree of porosity of the SC. The results
of H&E staining showed that the 5% GBO group and 5% azone group had similar effects on the structure
of the SC, one of the penetration promotion mechanism of GBO may be similar to that of the-positive
compound azone, and the specific mechanism of the action and biochemical reaction of the permeation-
enhancing effect needs to be further tested in the future.

Figure 2. The H&E staininig of rat skin. (A) Normal. (B) Solvent blank. (C) 1% azone. (D) 3% azone.
(E) 5% azone. (F) 1% GBO. (G) 3% GBO. (H) 5% GBO.

4. Conclusions

Classic prescriptions that TCM gave to the world were the result of refining hundreds years of
clinical practice. Understanding the mechanisms of function is critical for selecting precision medicine,
designing formulation, and improving the efficacy of therapy. This study conducted an in-depth analysis
of the herb varieties and usage frequency in external skin-lightening formulae through TCMISS, found
GB was the second most frequently used herb. A approach GC-MS was used to identify the chemical
component of essential oil from Ligusticum jeholense. The oil was shown to contain sesquiterpene
hydrocarbons, monoterpene hydrocarbons and fatty acids. After its extraction, skin whitening properties
of the oil were investigated. GBs have dual functions of permeation enhancement and skin whitening
activity, that may be the reason GBs are widely used in beauty prescriptions of TCMs. Our preliminary
conclusion is that GB promotes the absorption of active ingredients and the integrative whiten effect of
the formulae is greatly improved. Further studies are required to explore the efficacies and mechanisms
of GB and TCM whiten prescriptions.
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