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Original Article

Screening the Chemical Composition and 
Bioactivity of Cerasus serrulata Flower Extracts  
Using Two Extraction Methods

Bing Zhang2, Wenyun Zhang1, Jianfang Luo2, Jian He1, Xiaomin Zheng1, Siyang Zhu1, 
Baoshan Rong1, Yong Ai1, Lanyue Zhang3  and Tinggang He1

Abstract

Background: Cerasus serrulata has an excellent antioxidative, antibacterial, and anti-alopecia effect, but its active ingredients and 
the underlying mechanism are currently unclear, in addition to the fact that the active products vary with the extraction methods.
Aim: Therefore, this study aims to clarify the active components and antioxidative property of C. serrulata extracted by two 
different methods (low-temperature vacuum extraction and ethanol extraction) and explore its potential biofunction.
Materials and Methods: First, the compositions in extracts were characterized by gas chromatographic mass spectrometry (GC-
MS) and liquid chromatography-mass spectrography (LC-MS). Then, the antioxidative activity of both extracts was evaluated using 
free radical scavenging assay (ABTS) and ORAC. Next, the antibacterial activity of both extracts was measured via a bacteriostatic 
circle experiment. The anti-alopecia effects of both extracts were studied using a mouse model of alopecia. The hematoxylin and eosin 
(H&E) staining was used to evaluate hair follicles; vascular endothelial-derived growth factor (VEGF) and interleukin-6 (IL-6) expression 
in mouse skin were evaluated by immunohistochemistry, while β-catenin expression in tissues was used by immunofluorescence. 
The expression of FGFR and insulin-like growth factor 1 (IGF-1) in the skin was determined to evaluate using real-time quantitative 
polymerase chain reaction (RT-qPCR). The levels of DHT and 5α-reductase in the experimental mice were determined by ELISA.
Results: The GC-MS analysis results showed that the extracts were rich in alkanes and aromatic compounds, specifically 
benzaldehyde, which was the highest component in the cold vacuum extraction, while pipecolic acid was the main component 
in the ethanol extract. This indicates that C. serrulata has components that exhibit strong inhibitory ability against the growth 
of five common bacterial strains, expressing excellent free radical scavenging ability. In addition, the active ingredients in C. 
serrulata were found to significantly deregulate the protein levels in the skin of androgenetic alopecia (AGA) mice, with the 
levels of IL-6. They were also able to significantly inhibit VEGF reduction. The β-catenin was being significantly upregulated in 
skin tissue. In addition, FGFR and IGF-1 gene expression also increased. The 5α-reductase and dihydrotestosterone (DHT) 
can be reduced in the C. serrulata treatment.
Conclusion: Our data indicate that C. serrulata extract could be beneficial supplements of natural antioxidative, antibacterial, 
and anti-alopecia agents.

Keywords

C. serrulata, antioxidant, bacteriostatic, androgenetic alopecia

Corresponding author:
Lanyue Zhang, Guangdong Provincial Key Laboratory of Plant Resources 
Biorefinery, School of Biomedical and Pharmaceutical Sciences, Guangdong 
University of Technology, Guangzhou 510006, People’s Republic of China.
E-mail: zhanglanyue@gdut.edu.cn

3Guangdong Provincial Key Laboratory of Plant Resources Biorefinery, 
School of Biomedical and Pharmaceutical Sciences, Guangdong University 
of Technology, Guangzhou, People’s Republic of China

2Guangdong He Ji Biotech Co., Ltd., Guangzhou, People’s Republic of China

1Hua An Tang Biotech Group Co., Ltd., Guangzhou, People’s Republic of China

Received 12 December 2022; accepted 28 February 2023

Introduction

Androgenetic alopecia (AGA) is the most common form of 
alopecia, which is characterized by a progressive decrease in 
the non-vellus, diameter, length, and pigmentation of the hair 
(Adil & Godwin, 2017). The World Health Organization 
(WHO) reports that AGA is one of the top 10 esthetic 
problems, affecting approximately 50% of women and 80% 
of men during their whole life. Furthermore, AGA results 



552	 Pharmacognosy Magazine 19(3)

from the effects of the testosterone metabolite 
dihydrotestosterone (DHT) on androgen-sensitive hair 
follicles. The medical treatment of AGA includes topical 
minoxidil, antiandrogen agents, and 5α-reductase inhibitors. 
In fact, only oral finasteride and topical minoxidil have been 
authorized by the US Food and Drug Administration and the 
European Medicines Agency. The causes and underlying 
mechanisms of AGA are complex, and it may be caused by a 
variety of factors but mainly by genetics and endocrine 
disorders (Kelly et al., 2016; Lolli et al., 2017). Many 
researchers prefer to search for plants’ extract containing 
natural ingredients instead of artificially synthesized ones 
because plant extract is usually considered as safer and more 
eco-friendly. Meanwhile, research on alopecia has increased 
to elucidate its mechanisms for further good application 
(Leem et al., 2018).

Cerasus serrulata is an ornamental and medicinal 
plant belonging to the genus Cerasus in the Rosaceae 
family (Yi et al., 2020). It has reported that C. serrulata 
extract such as phenolic acids, flavonoids, alkaloids, 
polysaccharides, and essential oils depend on different 
extraction methods that exhibit a variety of biological 
activities, including excellent antioxidative ability, 
broad-spectrum antibacterial function, antiviral property, 
anti-inflammatory, and anti-alopecia effect (Mansoori et 
al., 2021; Peixoto et al., 2020; Zhang et al., 2014). The 
mouse model of alopecia induced by acetone injection 
has indicated that the Wnt/β-catenin signaling pathway 
may be the key to solving hair growth abnormalities, 
which can be used to screen target drugs and elucidate 
potential mechanisms of action (Gentile & Garcovich, 
2019). Furthermore, research has suggested that the 
peroxidation stress response of the cortex, free radical 
clearing, and hair growth metabolism are closely related. 
Therefore, there is a need to study the relationship 
between the antioxidant capacity of C. serrulata and the 
Wnt/β-catenin pathway regulation.

In this study, two extracts of C. serrulata were obtained 
using different methods: C. serrulata ethanol extract 
(CSEE) and C. serrulata cold vacuum extract (CSCE). 
Next, the active ingredients in these extracts were 
determined by gas chromatographic mass spectrometry 
(GC-MS) and liquid chromatography-mass spectrography 
(LC-MS), followed by the evaluation of the antibacterial 
activity and anti-free radical scavenging ability. Then, 
CSCE and CSEE were administered in an experimental 
mouse alopecia model to determine the potential anti-
alopecia effects of these extracts using H&E staining, 
immunohistochemistry, immunofluorescence, and ELISA. 
Thus, this study aims to elucidate the effects of C. serrulata 
on alopecia and provide a reference for the development 
of novel therapeutic options for the treatment of this 
common hair disorder.

Materials and Methods

Materials and Chemicals

The extract was stored in the Institute of Nature Medicine and 
Green Chemistry (Guangdong University of Technology, 
Guangzhou, China) as a voucher specimen (no. ZLY-
20210403-006). The plant materials were authenticated by 
Prof. Nian Liu (Zhongkai University of Agriculture and 
Engineering, Guangzhou, China), according to the 
morphological description presented in the China Species. 
Refined peanut oil was purchased from Luhua Group Co., 
Ltd., Shandong Province. Testosterone propionate was 
purchased from the Ningbo Second Hormone Factory, China. 
Minoxidil topical solutions were purchased from the 
Wansheng Pharmaceutical Co., Ltd. DHT and 5α-reductase 
were obtained from the Jiangsu Sumeike Biological 
Technology Co., Ltd. library.

Extraction Methods

Ethanol Extraction

Briefly, 50 g of C. serrulata powder, 100 mL of anhydrous 
ethanol and 20ml of deionized water as a solvent were added 
to a Soxhlet and allowed to stand for 3 h. After ethanol and 
deionized water are removed, spray dry under vacuum at 
40°C to achieve constant weight, brown solid extracts were 
obtained and stored for further use. The corresponding yield 
was calculated based on the weight of the extract.

Cold Vacuum Extraction

Briefly, 50 g of C. serrulata flower petals were placed in low-
temperature vacuum extraction equipment under the 
following conditions: extraction temperature, 40°C–50°C; 
extraction pressure, 80–100 kPa; and extraction time, 6 h. 
The resultant solution was filtered through a membrane with 
a 0.22-micron pore size to obtain the CSCE.

Component Analysis of C. serrulata

The studies of CSCE were performed on a DSQ-II Ultra 
(Thermo Electron, UAS) GC-MS equipment with a DB-5MS 
capillary column (0.25 mm × 30 m, 0.25-μm film thickness) 
(Zhang et al., 2018). The GC temperature program was first 
held at 40°C for 1 min, then increased at a rate of 5°C/min from 
40°C to 280°C, and kept at 280°C for 5 min. The injector 
temperature was 250°C, the sample injection volume was 1 μL, 
the carrier gas was helium, the flow rate was 1.0 mL/min, and 
the split ratio was 100:1. Following were the mass spectrometry 
conditions: electron energy, 70 eV; electron pressure before 
columniation, 70 kPa; and ion source temperature, 230°C. 
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Using the Kovats method (Huang et al., 2022), retention indices 
(RIs) were computed for each chemical in comparison to 
n-alkane standards (C6–C40). By comparing RIs and matching 
the recorded mass spectra of each chemical with the published 
literature and the NIST Chemistry digital book, the contents 
were identified.

The separation and identification of CSEE was performed 
by ultra-high performance LC-MS (Ultimate 3000 LC; 
Thermo Fisher Scientific) equipped with a C18 column 
(Zorbax Eclipse C18, 1.8 μm × 2.1 × 100 mm; Agilent), 
combined with the annotation and classification of mass 
spectrometry database information. The separation conditions 
were as follows: column temperature, 30°C; flow rate, 0.3 
mL/min; mobile phase A, water + 0.1% formic acid; mobile 
phase B, pure acetonitrile; injection volume, 2 μL; and active 
autokinetic nozzle temperature, 4°C.

Determination of the Antioxidant Activity

The ABTS free radical reserve formulation was comprised of 
20 mL of 7 mmol/L ABTS and 352 L of 140 nmol/L potassium 
persulfate, which was allowed to stand overnight at 25°C 
under dark conditions (Wołosiak et al., 2021). The solution 
was diluted into a working solution using anhydrous ethanol 
with an absorbance of 0.7 + 0.02 at 30°C and wavelength of 
734 nm, to which 0.1 mL of the extracted solution and 5 mL 
of the ABTS working solution were added. After mixing 
evenly and allowing to stand for 10 min under dark conditions 
at room temperature (Thermo Fisher Scientific, USA), the 
absorbance of 0.1 mL sample and 5 mL ethanol mixed 
uniformly was measured at 734 nm (A0), using ABTS solution 
as the blank (Ar):

ABTS + free radical clearance rate (%) = [1 ‒ (At ‒ A0)/Ar] × 100,

where At is the absorbance of the sample and Ar is the 
absorption value of control.

Oxygen Radical Absorption Capacity

To determine the oxygen radical absorption capacity of the 
extracts, azo compounds were used as free radical sources, 
fluorescein sodium was used as an indicator, and water-
soluble Vitamin E (Trolox) was used as a reference substance 
for antioxygen analysis (Gunawardena et al., 2019). Oxygen 
free radicals oxidize the fluorescent probes via hydrogen 
transfer, quenching the fluorescent probes overtime (Kameya 
et al., 2014). Antioxidants can prevent the oxidation of the 
fluorescence probe and delay fluorescence quenching until 
the antioxidant activity in the sample is exhausted.

Bacteriostatic Zone Test

The sterilized AGAR medium was heated until it was 
completely melted. The medium was then poured into Petri 

dishes, with 15 mL in each plate (lower layer), and allowed to 
set. The melted PDA medium was cooled to about 50°C and 
mixed with test bacteria. Then, 5 mL of the medium mixed 
with bacteria was added to the solidified medium to be 
solidified (upper layer). Each sample was tested in triplicates 
for each strain (one negative control and one positive control). 
Briefly, the Oxford cup was placed on the surface of the plate 
with the aperture facing upwards, onto which the culture 
medium with the test bacteria was poured. After coagulation, 
the Oxford cup was removed and 100 μL of CSCE and 250 mg/
mL of CSEE solution were added. Sterile distilled water was 
used as the negative control, while silver ion bacteriostatic 
agent was used as the positive control. After the sample solution 
was fully diffused and dried and transferred to culture. The 
bacteria and fungi were cultured at 37°C for 24 and 36 h, 
respectively. The diameter of the inhibition zone was measured 
using vernier calipers, and the resulting measurements were 
averaged. The diameter of the Oxford cup used in the test was 
8 mm, while the diameter of bacteriostatic zone was >10 mm, 
which was estimated to exhibit antibacterial activity in vitro. 
The bacteria inhibition zone diameter of ≤10 mm was judged 
to have no bacteriostatic effect (Jing et al., 2021).

Animals

C57BL/6LJ mice (n = 70) (male, 5 weeks old) (weight, 
22–24 g) were purchased from the Guangdong Medical 
Laboratory Animal Research Center. The mice were randomly 
divided into seven groups (n = 10, with five mice in each 
group fed for 1 week): control, testosterone (TES), minoxidil, 
CSCE-H, 5-fold diluted CSCE-L, 10% CSEE-H, and 1% 
CSEE-L. Except for the control group, all mice were injected 
with testosterone propionate 5 mg/kg on their back (Chen et 
al., 2017). After 4 weeks of successful modeling, the mice 
were administered with the corresponding samples once a 
day for 8 weeks.

Hematoxylin and Eosin Staining of Hair Follicles

An H&E staining kit (Solarbio, Beijing, China) was used to 
evaluate the hair follicles. At the end of week 8, samples of 
skin from the back of the alopecia model mice were obtained 
from each group (1 × 1 cm paraffin sections) and stained with 
hematoxylin and eosin (H&E). The paraffin sections were 
placed in xylene (20 min), alcohol (10 min), and distilled 
water (5 min) for dewaxing treatment, sequentially, followed 
by staining with hematoxylin (3–8 min). After staining, the 
sections were observed microscopically and analyzed in 
Image-Pro Plus to calculate the ratio of stained hair follicles 
to unstained hair follicles (Shin et al., 2022).

Immunohistochemical Staining

The mouse skin (2 × 0.8 cm) was rinsed to remove residual 
blood, dried, and sliced for dewaxing before placing it in a 
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repair chamber comprised of citric acid antigen repair buffer 
(pH 6.0) in a microwave oven for antigen repair. After heating 
and cooling, the samples were washed with PBS (pH 7.4) 
(3 × 5 min) and 3% hydrogen peroxide solution was added, 
and they were incubated under dark conditions for 25 min. 
Next, the samples were washed again with PBS at room 
temperature and 3% BSA was added, and they were allowed 
to stand for 30 min at room temperature. The closure was 
removed and primary antibodies were added (4°C), followed 
by washing with PBS. Then, the second antibody was added, 
and the sections were incubated at room temperature under 
dark conditions for 50 min. After washing once more with 
PBS, the slices were dehydrated and observed microscopically 
(Nikon, Japan) to measure the vascular endothelial-derived 
growth factor (VEGF) and interleukin-6 (IL-6) levels in the 
mouse skin samples (Kim et al., 2019).

Immunofluorescence Assays

Next, the sections were placed in xylene, anhydrous ethanol, 
85% alcohol, 75% alcohol, and distilled water for washing 
(5 min). Paraffin sections were repaired with serial antigens. 
After drying, the slices were incubated in spontaneous 
fluorescent quenching agent for 5 min, washed with running 
water for 10 min, incubated with BSA for 30 min, and treated 
with one and two resistances. After washing with PBS, DAPI 
dye was added to the sections, and they were incubated at 
room temperature for 10 min. Finally, the sections were 
washed with PBS before observing β-catenin expression level 
with an inverted fluorescence microscope (Nikon).

Real-Time Quantitative Polymerase Chain 
Reaction

RNA was extracted from the sample tissues using RNA 
extraction reagents (Khantham et al., 2021). The RNA 
concentration and purity were evaluated using Nanodrop 
2000 in a reverse recording reaction system using 20 μL 
(MB-2917A, MB-6079A, Jiangsu Meibiao Biotechnology 
Co., Ltd.) as recommended. This was mixed and centrifuged 
before analyzing using the following reverse recording 
program: 25°C for 5 min, 42°C for 30 min, and 85°C for 5 s. 
The RNA extract was amplified for 10 min: 40 cycles at 90°C 
(from 60°C to 95°C), followed by heating by 0.3°C per 15 s.

The reaction consisted of 5× reaction buffer (4 μL), oligo 
(dT)18 primer (100 μM) (0.5 μL), random hexamer primer 
(100 μM) (0.5 μL), Servicebio RT enzyme mix (1 μL), total 
RNA × 0.1 ng–5 μg/10 pg–0.5 μg, and free water add to 20 μL 
(Waltham, MA, USA, Thermo Scientific). Primers used for 
real-time quantitative polymerase chain reaction (RT-qPCR) 
are listed in Table 1. GAPDH was used as the internal control 
and the expression of each target gene was normalized by 
GAPDH level.

Statistical Analysis

All data were analyzed statistically using GraphPad.8.0.2. 
Significant differences were calculated by single-factor 
analysis of variance.

Results and Discussion

Components of C. serrulata Extract

As shown in Tables 2 and 3, benzaldehyde (82.65%) was the 
highest component in CSCE and was significantly more 
abundant than the other components (Patsner & Harti, 2020). 
This suggests that benzoin plays a major role in the results 
obtained for the hair and skin of the experimental mice. Other 
aromatic compounds included hexamethyl-cyclotrisiloxane 
(1.82%), 3-carene (1.11%), 1-methyl-4-(1-methylethylidene)-
cyclohexene (3.63%), and 1-methyl-4-(1-methylethenyl)-
benzene (1.19%). As shown in Table 3, the main compounds 
in the CSEE were DL-malic acid, asparagine caffeic acid, 
isoquercitrin, and D-(-)-quinic acid. Studies have shown that 
aromatic compounds can promote the decomposition of oil in 
the skin, which can alleviate the occurrence of seborrheic 
alopecia to an extent (Szollosi et al., 2016). These compounds, 
most of which have a slightly acidic pH, are ideal for the 
scalp environment, leaving the hair soft and smooth. 
C. serrulata is found widely across the globe (Liu et al., 
2019). In addition to the excellent ornamental value of this 
flower, its potential as a sustainable resource of plant 
compounds is gradually being developed. According to 
previous studies, C. serrulata has an excellent antioxidant 
capacity and free radical scavenging ability (Damar et al., 
2012). In fact, some oxidative stress response signaling 
pathways have recently been identified in human experiments 

Table 1. Primer Sequences for FGFR and IGF-1.

Genes

Sequence of Primer (5′→i′)

Forward Reverse

FGFR ATGGATTCTGTGGTGCCTTCTG GTTGTCTGGCCCGATCTTACTC

IGF-1 GTGGATGCTCTTCAGTTCGTGT CTTTCCTTCTCCTTTGCAGCTT

GAPDH CCTCGTCCCGTAGACAAAATG TGAGGTCAATGAAGGGGTCGT

Abbreviations: IGF-1, insulin-like growth factor 1; FGFR, fibroblast growth factor receptor.

Source: NCBI databases.
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Table 2. Component Analysis of CSCE.

R-Time (min) Component CAS# Exp. RI

Content%

CSCE

1 2.34 Acetone 67-64-1 801 0.16

2 2.605 Cyclotrisiloxane, hexamethyl- 541-05-9 824 1.82

3 3.021 Ethyl acetate 141-78-6 861 0.26

4 3.766 Ethanol 64-17-5 926 0.10

5 5.489 Cyclotetrasiloxane, octaethyl- 556-67-2 1077 0.66

6 5.646 α-Pinene 80-56-8 1000 0.81

7 5.981 Trichloromethane 67-66-3 1011 0.28

8 6.105 2,3-dimethylbutan-2-yl-hydroxy-dimethylsilane 55644-10-5 1015 0.23

9 7.537 Hexanal 66-25-1 1060 0.14

10 7.969 β-Pinene 127-91-3 1074 0.17

11 8.649 1,3-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- 99-86-5 1096 0.11

12 9.087 3-Carene 13466-78-9 1108 1.11

13 9.503 α-Phellandrene 99-83-2 1200 0.11

14 9.595 β-Myrcene 123-35-3 1122 0.33

15 9.865 1,3-Cyclohexadiene, 1-methyl-4-(1-methylethyl)- 99-86-5 1129 0.58

16 9.94 Pyridine 110-86-1 1131 0.25

17 10.302 D-Limonene 5989-27-5 1141 0.35

18 10.508 β-Phellandrene 555-10-2 1147 0.23

19 10.697 1,2,4-Triazole, 3,5-dithioxo- 5650-03-3 1152 0.09

20 10.848 2-Hexenal, (E)- 6728-26-3 1156 0.25

21 11.945 o-Cymene 527-84-4 1186 0.59

22 12.177 Cyclohexene, 1-methyl-4-(1-methylethylidene)- 586-62-9 1192 3.63

23 12.928 3-Hexen-1-ol, acetate, (Z)- 3681-71-8 1212 0.28

24 13.241 Cyclohexasiloxane, dodecamethyl- 540-97-6 1219 0.38

25 13.598 1-Hexanol 111-27-3 1128 0.10

26 14.203 3-Hexen-1-ol 544-12-7 1244 0.18

27 14.289 4-Methyl-1,3-heptadiene 17603-57-5 1246 0.07

28 14.354 p-Mentha-1,5,8-triene 21195-59-5 1247 0.19

29 14.932 Cyclobutene, bis(1-methylethylidene)- 3642-14-6 1262 0.12

30 15.148 Benzene, 1-methyl-4-(1-methylethenyl)- 1195-32-0 1267 1.19

31 16.018 Hexasiloxane, 1,1,3,3,5,5,7,7,9,9,11,11-dodecamethyl- 995-82-4 1289 0.19

32 16.277 2-Mercapto-4-phenylthiazole 2103-88-0 1296 0.24

33 16.493 Phenylpropylamine, N-acetyl-3,4,5-trimethoxy- 112369-97-8 1301 0.15

34 16.682 Benzaldehyde 100-52-7 1306 82.65

35 16.92 Linalool 78-70-6 1312 0.19

36 18.492 3,4-Dihydroxyphenylglycol,4TMS derivative 56114-62-6 1352 0.10

37 20.172 Oxime-, methoxy-phenyl-_ 1000222-86-6 1377 0.26

38 20.696 1,1,1,5,7,7,7-Heptamethyl-3,3-bis(trimethylsiloxy)tetrasiloxane 38147-00-1 1408 0.05

39 21.387 Benzenemethanol,α,α,4-trimethyl- 1197-01-9 1426 0.57

40 22.522 Furan, 2-ethyl-5-methyl- 1703-52-2 1455 0.10

41 22.651 1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-Hexadecamethyloctasilo 19095-24-0 1455 0.04

42 22.83 1-Nonen-3-one, 1-phenyl- 30669-47-7 1459 0.07

43 24.488 Cyclohexane, 2-(dimethylhydrazono)-3-[4-hexenyl]-1-aci-nitro-, (E,E)- 112683-26-8 1463 0.06

44 24.553 9-Oxabicyclo[6.1.0]nonane 286-62-4 1507 0.08

Source: PubChem and GC-MS databases.

Abbreviations: CSCE, C. serrulata cold vacuum extract; RIs, retention indices.
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Table 3. Component Analysis of CSEE.

NO RT (m/z)[M+H]+ (m/z)[M-H]- Weight Formula Compound Structure
1 1.13 133.014 134.022 C4H6O5 DL-Malic acid

2 0.97 116.034 132.053 C4H8N2O3 Asparagine

3 9 179.035,215.012,293.028 180.042 C9H8O4 Caffeic acid

4 15.03 465.102,487.084 464.095 C21H20O12 Isoquercitrin

5 1.08 191.056 192.063 C7H12O6 D-(-)-Quinic acid

6 15.74 449.107,471.089 448.101 C21H20O11 Astragalin

7 1.15 110.076,114.092 131.095 C6H13NO2 6-Aminocaproic acid

8 1.25 130.05,152.032 129.043 C5H7NO3 Pyroglutamic acid

9 23.88 265.252,282.279 281.272 C18H35NO Oleamide

10 0.98 181.072,217.049 182.079 C6H14O6 D-(-)-Mannitol

11 1.35 267.097 C10H13N5O4 Adenosine

12 0.95 179.079 C6H13NO5 D-Glucosamine

13 1.53 131.095 C6H13NO2 L-Isoleucine

14 2.42 165.079 C9H11NO2 L-Phenylalanine

15 12.09 163.04 164.047 C9H8O3 trans-4-Coumaric acid

16 1.12 117.079 C5H11NO2 L-Valine

17 1.02 161.046 180.063 C6H12O6 D-(+)-Mannose

18 0.99 341.11,377.086 342.116 C12H22O11 α-Lactose

19 1.04 180.063 C6H12O6 D-(+)-Glucose

20 1.06 125.048 C6H7NO2 NP-019811

Source: LC-MS databases.

Abbreviation: CSEE, C. serrulata ethanol extract.
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in relation to hair loss, with the considerable progress being 
made. Herein, extracts obtained using low-temperature 
vacuum extraction methods exhibited the highest content and 
activity of aromatic compounds and are thereby likely to 
achieve the best results for preventing alopecia.

Anti-free Radical Scavenging Ability

ABTS is a medium used to measure laccase activity in 
compost (Ruksiriwanich et al., 2022). The rate at which 
laccase oxidizes ABTS determines the levels of laccase 
activity. As shown in Figure 1, C. serrulata showed a good 
clearing ability for ABTS free radicals. Moreover, the free 
radical scavenging ability of CSEE was found to increase 
with concentration, reaching the highest scavenging 
rate concentration at 720 mg/L before stabilizing gradually. 
The maximum clearance rate reached over 90%. The 
maximum scavenging rate for ABTS radicals by CSCE was 
proportional to the content; however, the maximum free 
radical scavenging rate was found to be lower than 50%. In 
summary, CSEE exhibited stronger ABTS radical absorbance 
capacity. According to the free radical theory, the accumulation 
of free radicals is detrimental, not only interfering with the 

metabolism of normal cells, but also triggering chain 
reactions, which can lead to the development of different 
diseases. The results presented here indicate that CSEE had a 
stronger ability to clear ABTS, with the effective content of 
the CSEE being higher than that of the CSCE.

Antibacterial Activity of C. serrulata Extract

As shown in Table 4, CSCE has a bacteriostatic effect on five 
types of bacteria flora. Among these, the antibacterial effect 
on Pseudomonas aeruginosa was the most marked. 
Pseudomonas aeruginosa is common in humans and is 
harmless in small amounts. However, this fungus also has the 
ability to penetrate blood, adversely affecting the throat, the 
small and large intestine, and the heart valves. Furthermore, 
Pseudomonas aeruginosa infection in the skin can lead to 
dermatitis, baldness, and itching (Singh et al., 2019). The 
main components containing weak acidity in C. serrulata 
extract may inhibit the growth of Pseudomonas aeruginosa in 
the back skin of the experimental mice, thus inhibiting the 
damage to dermal hair follicles by bacteria (Moosavi et al., 
2020). CSCE had the highest antibacterial effect against 
Pseudomonas aeruginosa.

Figure 1. Anti-Free Radical Scavenging Ability of CSEE and Cold Vacuum Extract. (A) Anti-Free Radical Scavenging Ability of CSEE. (B) 
Anti-free Radical Scavenging Ability of CSCE.

Source: Derived from statistical analysis of oxygen free radical absorption capacity.

Abbreviations: CSCE, C. serrulata cold vacuum extract; CSEE, C. serrulata ethanol extract.

Table 4. Bacteriostatic Zone Data of C. serrulata Extract.

Test Strains Concentration of Bacterium Size of Sample Bacteriostatic Circle (mm)

Escherichia coli 6.0 × 107 11.33 ± 0.26

Staphylococcus aureus 1.4 × 107 10.95 ± 0.28

Pseudomonas aeruginosa 1.2 × 107 11.82 ± 0.32

Candida albicans 1.2 × 106 8

Aspergillus niger 9.8 × 103 8

Source: Bacteriostatic zone test.
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Evaluation of Terminal and Vellus Hair

The control group had a higher density of hair follicles, with 
almost all terminal hair in the field of vision, and only a 
small amount of vellus hair. In the TES group, the total 
number of hair follicles decreased, while the number of 
vellus hairs increased significantly. In the minoxidil group, 
many terminal hairs and few trichomes were observed in the 
visual field. In the other experimental groups, CSCE-H 
showed the highest ratio of terminal hair to setae, with a 
high density of hair follicles, almost all terminal hair in the 
visual field, and less vellus hair. These results indicate that 
the effect of the four types of C. serrulata extract was better 
than TES, while CSCE-H showed the best effect, which was 
better than the effects observed in the minoxidil group. 
Therefore, in terms of alopecia prevention, the extracts 
could mitigate hair loss caused by TES injection to a certain 
extent.

Immunohistochemistry for the Detection of VEGF 
and IL-6 in Skin

VEGF plays a key role during tissue repair (Liu et al., 2022), 
which is of great significance for maintaining skin 
homeostasis. As shown in Figure 3B, the VEGF levels in the 
control and minoxidil groups were significantly higher than 
those in the TES group. The experimental groups all promoted 
the increase of VEGF level, among them, CSEE-H, CSCE-L, 
and CSCE-H significantly increased the level of VEGF 
(**p < 0.01). IL-6 is a proinflammatory cytokine that is 
paradoxically associated with skin healing and inflammation. 
IL-6 expression was evaluated and found to be more highly 

expressed in the TES group than in the control group 
(Lee et al., 2013). When compared to the TES group, the 
other experimental groups showed a significant therapeutic 
effect, wherein IL-6 expression was effectively decreased. 
CSCE was found to overtly decrease IL-6 expression, while 
no significant difference was observed between the CSEE-L 
and the TES groups. Among these, CSCE-H was found to 
have the best therapeutic effect.

These results highlight the close association between VEGF 
and IL-6 expression in alopecia. Thus, the extracts used in the 
experimental mouse model could be used to regulate these four 
growth factors to achieve an anti-alopecia effect, wherein 
CSEE-H showed a better performance than minoxidil.

Immunofluorescence

It is well-known that the one of the key factors in stimulating 
hair growth is the stimulation of Wnt signaling in dermal 
cells, wherein β-catenin is an important element (Gentile et al., 
2019; Nakamura et al., 2018). As shown in Figure 4, the 
content of β-catenin in the TES group was found to be 
significantly decreased (p < 0.01) when compared with that in 
the control group. After treatment, in comparison to that of 
the TES group, the treatment effect of CSCE-L and CSCE-H 
significantly improved the expression of β-catenin (p < 0.01), 
wherein CSCE-L showed the best treatment effects.

These results highlight the correlation between the Wnt 
signaling pathway and the alopecia, further confirming that 
the extracts tested could prevent hair loss by upregulating in 
this pathway. Furthermore, this correlation was found to be 
negative in relation to the concentration of the CSCE within a 
certain range.

Figure 2. Histological Evaluations of the Number of Hair Follicles in Dorsal Skin Tissues of Mice. (A) Hair Follicles Following H&E 
Staining. (B) Representative Terminal Hair Number and Vellus Hair Ratio for Each of the Treated Groups.

Source: Derived from the histological observation and statistical analysis of the stained skin tissue on the back of mice.

Note: Significantly different (**p < 0.01) from the model when evaluated using ANOVA and Duncan’s multiple range tests. Each value 
represents the mean ± SD of three mice.

Abbreviations: CSCE, C. serrulata cold vacuum extract; CSEE, C. serrulata ethanol extract; H&E, hematoxylin and eosin.
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Figure 3. VEGF and IL-6 in Skin Expression in Mouse Skin Samples as Evaluated by Immunohistochemistry. (A) Immunohistochemical 
Staining of VEGF and IL-6 Following Treatment with Various Compounds. (B) Relative Optical Density of the VEGF and IL-6 Signals in 
the Dorsal Skin Samples of Each Evaluation Group.

Source: Derived from the histological observation and statistical analysis of the data after immunohistochemical staining of the skin tissue on the back of mice.

Note: Scale bars: 200:1. Apiece value represents the mean ± SD of three mice, and different superscript values denote statistically 
significant differences in the evaluations (**p < 0.01) as determined by ANOVA and multi-range testing.

Abbreviations: CSCE, C. serrulata cold vacuum extract; CSEE, C. serrulata ethanol extract; VEGF, vascular endothelial-derived growth 
factor; IL-6, interleukin-6.

Figure 4. β-Catenin Expression in Mouse Skin as Detected by Immunofluorescence Assays. (A) β-Catenin Expression in Paraffin-
embedded Mouse Skin Sections as Visualized by Immunofluorescence Assay. (B) The Optical Density of β-Catenin Expression in Mouse 
Skin Samples.

Source: Derived from the histological observation and statistical analysis of data after immunofluorescence treatment of mouse back skin.

Note: Scale bars: 70:1. Apiece value represents the mean ± SD of three mice. Differing superscript values denote statistically significant 
differences between values (*p < 0.05 and **p < 0.01), as mouse skin.

Abbreviations: CSCE, C. serrulata cold vacuum extract; CSEE, C. serrulata ethanol extract.
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FGFR and IGF-1 Expression

FGFR is mainly expressed in the inner root sheath (Kawano 
et al., 2005), which can control the direction of hair follicle 
growth. Insulin-like growth factor (IGF) is known to 
promote hair growth. IGF-1 is secreted by the dermal papilla 
and is one of the main growth regulators of epithelial cells 
produced by the paracrine and autocrine systems. As a 
strong mitogen, IGF-1 stimulates the growth of hair follicle 
epithelial cells.

As shown in Figure 5, FGFR and IGF-1 expression in the 
TES group was found to be markedly lower than in the control 
group. By contrast, the expression of FGFR and IGF-1 in 
other treatment groups was found to be higher than in the 
TES group, wherein expression in the group treated with 
CSCE-H was markedly higher than that in the TES and 
minoxidil groups, indicating that CSCE-H exhibited the best 
therapeutic effects.

The comparison between the results of the experimental 
groups suggests that IGF-1 and FGFR produced by paracrine 
and autocrine can be influenced by experimental extracts, 
with these effects potentially either directly or indirectly 
related to alopecia (Zhang et al., 2019). These findings 
indicate that the extract tested can interfere with hair loss 
caused by androgens through this pathway. Furthermore, this 
association was positively correlated with the concentration 
of the CSCE within a certain range.

DHT and 5α-reductase Levels

5α-reductase can catalyze the conversion of testosterone to 
DHT (Audet-Walsh et al., 2017). The increased levels of DHT 
activity facilitate binding to androgen receptors, leading to 
stimulation of hair follicles to initiate the degenerative phase at 
a faster pace, ultimately resulting in alopecia. Therefore, if 
5α-reductase and DHT can be reduced in vivo, the development 
of seborrheic alopecia could be inhibited to an extent.

As shown in Figure 6, in the experimental mice, the 
expression of DHT in the TES group was found to increase 
significantly when compared to that in the control group 
(Figure 6B), while the expression of DHT in the treatment 
groups and TEST group decreased markedly, although not 
significantly. The expression of DHT in the C. serrulata 
group was found to be higher than that in the positive group, 
while the expression of DHT in the CSCE-H group was 
higher than in other C. serrulata treatment groups (Zgonc 
Škulj et al., 2020). These results indicate that CSCE-H 
exhibited the best therapeutic effect among the four treatment 
groups.

Discussion

The concentration of active components was found to be 
significantly higher in those extracts obtained using 

Figure 5. FGFR and IGF-1 Expression in the Skin Tissues of Treated Mice as Determined by RT-qPCR.

Source: Derived from the statistical analysis of the expression of FGFR and IGF-1 in mouse skin tissue detected by RT-qPCR.

Notes: Apiece value represents the mean ± SD of three mice and different superscript values denote statistically significant differences 
in the evaluations (*p < 0.05 and **p < 0.01) as determined by ANOVA and multi-range testing.

Abbreviations: CSCE, C. serrulata cold vacuum extract; CSEE, C. serrulata ethanol extract; FGFR, fibroblast growth factor receptor; 
IGF-1, insulin-like growth factor 1; RT-qPCR, real-time quantitative polymerase chain reaction.
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Figure 6. (A) DHT and (B) 5α-reductase Contents in the Skin Tissues of Treated Mice as Determined by ELISA.

Source: Derived from the statistical analysis of DHT and 5α-reductase contents in the skin tissues of treated Mice as Determined by ELISA.

Notes: Apiece value represents the mean ± SD of three mice and different superscript values denote statistically significant differences 
in the evaluations (*p c> < 0.05 and **p < 0.01) as determined by ANOVA and multi-range testing.

Abbreviations: CSCE, C. serrulata cold vacuum extract; CSEE, C. serrulata ethanol extract; DHT, dihydrotestosterone.

low-temperature vacuum extraction than in ethanol extraction. 
Furthermore, the active components between the two extraction 
samples were found to differ. The GC-MS and LC-MS results 
indicated that benzaldehyde (82.65%) had the highest content 
in CSCE, at much higher levels than any of the other main 
components. Therefore, benzoin was speculated to play a 
major role in the alopecia mouse model. By contrast, in CSEE, 
the highest concentration was observed for 1-[1-benzyl-4 
-(4-benzyl-1-piperazinyl)-6-methyl-2-thioxo-1,2-dihydro-5-
pyrimidinyl]ethanone, which is also an aromatic compound.

Subsequent antioxidant and bacteriostatic experiments 
using the two extracts showed that the ethanol extract 
exhibited a better free radical scavenging ability. However, 
the cold vacuum extract showed a better antibacterial effect 
on five common bacteria. According to the results of H&E 
staining, the group with the highest ratio of the terminal to 
vellus hair was the control group. The expression of VEGF 
was the highest in the control group, wherein the content of 
IL-6 was the lowest.

According to immunofluorescence analysis, the highest 
optical density of catenin was observed in the control group. 
Furthermore, according to the qPCR results, the highest 
expression of FGFR was observed in the control group, while 
the highest expression of IGF-1 was observed in the CSCE 
(stock solution). Finally, using ELISA, the levels of 
5α-reductase and DHT were found to be the lowest in the 
control group.

Conclusion

In this study, the composition of C. serrulata extract 
obtained using two different extraction methods was 

evaluated, and their corresponding antioxidant and 
bacteriostatic abilities were determined and compared. To 
this end, the function and mechanisms underlying the 
potential anti-alopecia effects of C. serrulata were studied 
in an experimental mouse model of alopecia. Herein, the 
correlation between C. serrulata and the Wnt pathway was 
evaluated by targeting proteins and factors known to be 
related to alopecia. As a result, both the C. serrulata cold 
vacuum and ethanol extracts were found to regulate the 
expression of FGFR-1, VEGF, and IL-6 proteins in the 
pathway, thereby affecting the Wnt/β-catenin pathway, 
thus preventing alopecia. Thus, this study provides 
theoretical support for the research and development of a 
treatment for alopecia wherein C. serrulata is the primary 
raw material.

Summary

The main components and biological activity of C. serrulata extracts 
were studied by two different methods (ethanol extraction and cold 
vacuum extraction).
To study the correlation between the expression of VEGF, IL-6, 
5α-reductase, and Wnt/β-catenin signaling pathway during hair 
growth metabolism, and the anti-baldness efficacy evaluation and 
mechanism study of C. serrulata extract.
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