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요 약: 여드름은 털피지샘단위(pilosebaceous unit)와 관련된 만성 염증 피부 질환으로, 여드름 병변에서는 피지

과다분비(hyperseborrhea)나 이상분비(dysseborrhea), 염증반응, 그리고 다른 피부상재균들에 비해 증가된 

Cutibacterium acnes (C. acnes)로 인한 피부 미생물 균총의 불균형이 관찰된다. 이 연구는 개똥쑥 추출물(Artemisia 

annua extract: AAE)의 항여드름 효과를 확인한 것으로, 피부 미생물 균총의 균형유지와 관련된 항균효과와 

염증반응의 억제, 과도한 피지 분비의 감소 측면에서 실험을 진행하였다. C. acnes와 Staphylococcus epidermidis 

(S. epidermidis)를 AAE와 공동배양 하였을 때, S. epidermidis의 성장률은 저해되지 않았지만 C. acnes의 성장률

은 저해된 것을 확인하였다. 또한 AAE를 처리하여 배양한 C. acnes 배양배지를 세포에 처리하였을 때, 인터루킨

-1β(IL-1β), 종양괴사인자-α(TNF-α)와 인터루킨-6(IL-6) 같은 사이토카인 분비의 감소와 TLR2 활성 억제도 

확인하였다. 마지막으로 피지세포에 AAE를 처리한 결과, 팔미트산에 의해 유도된 피지형성을 감소시키는 것을 

확인하였다. 이 결과들은 AAE가 다양한 타깃을 지닌 천연추출물로써 여드름의 주요 원인들인 C. acnes의 선택적 

성장저해와 C. acnes로부터 유도되는 염증반응을 억제할 수 있으며, 과도한 피지형성을 감소시켜 결과적으로 

여드름을 완화시키는 물질로 사용될 수 있다는 것을 제시한다. 

Abstract: Acne vulgaris is a chronic inflammatory skin disease related to pilosebaceous unit. In acne lesions, hyperseborrhea, 

dysseborrhea, inflammatory event, and an imbalance in skin microflora, particularly an increase in Cutibacterium acnes (C. 

acnes) colonization comparing to other bacteria, have been observed. The objective of this study was to evaluate anti-acne 

effects of Artemisia annua extract (AAE) on antibacterial activity related to preservation of the balance in skin microbiome, 

inhibition of inflammation, and reduction of excessive sebum production. When C. acnes and Staphylococcus epidermidis 

(S. epidermidis) were co-cultured in the presence of AAE, the reduction of C. acnes growth by AAE was greater than that 

of S. epidermidis. In addition, when C. acnes was cultured in a medium containing AAE (C. acnes AAE), levels of cytokines 

such as interleukin-1β (IL-1β), tumor necrosis factor-α (TNF-α) and IL-6 and toll-like receptors-2 activity were decreased 

in comparison with C. acnes cultured in a medium without AAE (C. acnes CM). Moreover, AAE significantly inhibited 

excessive sebum production induced by palmitic acid. These results suggest that AAE, as a natural extract with various targets, 

can inhibit selective growth of C. acnes and inflammatory reactions derived from C. acnes, which are the main causes of 

acne, and consequently can be used as a substance to alleviate acne by reducing excessive sebum formation. 
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1. Introduction 

Skin is the most external part. Problems of skin with 

changes in appearance can cause aesthetic and psychological 

stress[1,2]. In particular, westernized eating habits, lifestyle, 

and fine dust are causing many skin problems[3,4]. Acne 

vulgaris is increasing as an immune response to exposure to 

harmful factors. Acne is a chronic inflammatory skin disease 

involving pilosebaceous units. Acne lesions show hypersecretion 

or abnormal sebum secretion and inflammatory reaction. In 

addition, there is an imbalance of skin microbial flora due to 

increase of Cutibacterium acnes (C. acnes)[5,6].

Microbiome is a compound word of microbiota and 

genome. Dysbiosis of microorganisms is closely related to 

disease. Skin microbiota refer to the microbial community of 

millions of different microorganisms such as bacteria, viruses, 

and fungi, that inhabit the human skin[7]. Major bacteria that 

make up the microbiome in the skin are Staphylococcus 

epidermidis (S. epidermidis) and C. acnes. They are called 

resident skin flora[8]. Under certain conditions, if the balance 

of these skin flora is disturbed, skin diseases such as acne, 

seborrheic dermatitis and atopic dermatitis can occur[3]. 

Therefore, recovery from dysbiosis is an important part in the 

prevention and treatment of acne related to changes in 

cutaneous microbiota[9]. Several reports have shown that one 

of the causes of acne is C. acnes[10,11]. Overgrowth of C. 

acnes is related to the development of acne. It is also a 

problem if the ratio of S. epidermidis to C. acnes change. In 

healthy skin, S. epidermidis can inhibit the growth of C. acnes 

by fermenting glycerol, a natural component of triglycerides in 

sebum[6]. It can also inhibit C. acnes-mediated inflammatory 

response by producing succinic acid[12]. However, according 

to recent studies, the relative ratio of C. acnes in healthy skin 

is not significantly different from that in acne skin. Instead, it 

has been reported that when the diversity of skin flora 

decreases and the proportion of C. acnes phylotypes changes, 

acne will occur[13]. Inhibiting the growth of all skin 

commensal microorganisms with indiscriminate use of 

antibiotics can cause destruction of the ecosystem of symbiotic 

microorganisms, making acne worse. Thus, it is not an 

effective method to eliminate the ultimate cause of acne even 

if it is treated. Therefore, it is important to find anti-acne 

substances that selectively act on C. acnes in alleviating or 

treating acne.

C. acnes, the main causative agent of acne, can activate 

nuclear factor kappa B (NF-κB) by binding to Toll like 

receptor2 (TLR2) of keratinocytes and sebocytes, causing an 

inflammatory response[14]. It can also induce an inflammatory 

response by forming colonies and secreting various metabolites 

that degrade host tissues such as lipase and protease[15]. If 

this response persists, a biofilm will be formed to show 

antibiotic resistance, leading to a difficulty in treating acne.

Sebaceous glands that secrete sebum exist in high density 

on the face. They are connected to the isthmus of hair 

follicles. They are also called sebaceous gland units. 

Sebocytes can differentiate during movement from the outside 

to the inside part of sebaceous glands. Finally, the nucleus 

and the membrane of differentiated sebocytes are decomposed 

and sebum is secreted[16].

Artemisia annua (A. annua) is an annual plant belonging to 

the genus Asteraceae. It is mainly distributed in Japan, China, 

and Taiwan. It has been widely used for medicinal purposes. 

It is used for reducing fever, managing heat-related symptoms, 

and treating malaria[17]. Artemisinin, the most well-known 

component of A. annua has been found to be effective in 

anti-allergic action by suppressing skin hypersensitivity 

reactions[18]. In addition, flavonoids contained in A. annua 

extract (AAE) have been used in anticancer treatment as 

antioxidants. A. annua oil is known to have antibacterial 

effects. It has been used to relieve inflammatory reactions 

[19,20]. 

The objective of this study was to determine anti-acne 

properties of AAE through its antibacterial effect related to 

maintaining the balance of skin flora, inhibition of 

inflammatory response to virulence factor secreted by C. 

acnes, and reduction of excessive sebum production. 

2. Experimental  

2.1. Preparation of Extracts from A. annua

The whole plant of A. annua was purchased from Angang 

Agrochemicals (Korea). To prepare an ethanol extract, the 
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plant was extracted with 70% (v/v) ethanol at 80 ℃ for 3 h. 

After filtration (No.2 Qualitive Filter paper, 5 µm, Advantec, 

Japan), the filtrate was concentrated using a rotary vacuum 

evaporator (EYELA, Japan) and then lyophilized (yield 

10.43%).

2.2. Microbial Strains and Growth Condition 

C. acnes ATCC 6919T and S. epidermidis ATCC 14990T 

were obtained from American Type Culture Collection 

(ATCC, USA) and cultured in tryptic soy agar (TSA, Difco 

Laboratories, USA) for 48 h at 37 ℃ under anaerobic 

condition.

2.3. Co-Culture Assays 

C. acnes ATCC 6919T and S. epidermidis ATCC 14990T 

were cultured in tryptic soy broth (TSB, Difco Laboratories, 

USA) and the turbidity of suspension was adjusted 2 × 107 

colony-forming units (CFU)/mL and 2 × 105 CFU/mL 

respectively. C. acnes ATCC 6919T and S. epidermidis ATCC 

14990T were co-incubated in 96 well culture plate. Each well 

was inoculated with 10 µL of bacteria suspension. Final 

concentrations of C. acnes ATCC 6919T and S. epidermidis 

ATCC 14990T in each well were 1 × 106 CFU/mL and 1 × 

104 CFU/mL, respectively. Microplates were incubated at 37 ℃ 

for 3 h under an anaerobic condition. After 3 h of incubation, 

each well was inoculated with AAE extract (dissolved in 

DMSO at a concentration of 1,000 µg/mL). These microplates 

were incubated at 37 ℃ for 21 h under an anaerobic 

condition. After incubation, bacteria were diluted with TSB 

media and then inoculated onto selective agar plates 

containing 5 µg/mL of furazolidone (Sigma-aldrich, USA) and 

5 µg/mL ampicillin (Sigma-aldrich, USA) for C. acnes ATCC 

6919T and S. epidermidis ATCC 14990T, respectively. 

According to a previous study, furazolidone on selective agar 

plates can completely inhibit the growth of S. epidermidis, but 

not the growth of C. acnes[21]. CFUs of C. acnes and S. 

epidermidis were counted after incubation at 37 ℃ for 5 days.

2.4. Cell Culture 

THP-1 cells (ATCC® TIB-202™, ATCC, USA), a human 

monocytic leukemia cell line were maintained in Roswell Park 

Memorial Institute (RPMI) 1640 Medium (Welgene, Korea) 

supplemented with 10% fetal bovine serum (FBS, Gibco, 

USA) and 1% penicillin/streptomycin (Thermo Fisher 

Scientific, USA) at 37 ℃ under 5% CO2. Human sebocytes 

were purchased from Celprogen (USA) and cultured in 

Human Sebocyte Complete Growth Media (Celprogen, USA) 

at 37 ℃ in a 5% CO2 incubator. TLR2-HEK293 (HEK-Blue™ 

hTLR2 cells, InvivoGen, USA) were co-transfected into 

human embryonic kidney cells (HEK293) with human TLR2 

and an NF-κB-inducible secreted alkaline phosphatase 

(SEAP) reporter gene. TLR2-HEK293 cells were cultured in 

Dulbecco’s modified Eagle’s medium (DMEM, Welgene, 

Korea) with 4 mM L-glutamine, 4500 mg/L glucose, and 

sodium pyruvate supplemented with 10% fetal bovine serum 

(FBS, Gibco) at 37 ℃ in a 5% CO2 incubator.

2.5 Preparation of Conditioned Medium of C. acnes 

C. acnes was anaerobically cultured in Reinforced Clostridial 

Medium (RCM, Difco Laboratories, USA) at 37 ℃ for 48 h. 

AAE was used to treat C. acnes cultured in a 96 well 

microplate. C. acnes was adjusted to 1 × 107 CFU/mL in 

RCM. AAE was dissolved in distilled water at concentrations 

of 10, 50, 100, 500, 1,000, and 2,000 µg/mL for treatment. 

The final concentration of C. acnes in each well was 1 × 106 

CFU/mL. The microplate was incubated at 37 ℃ for 18 h. After 

collecting the conditioned media, the supernatant was filtrated 

using a 0.22 micron pore-sized filter (EMD Millipore, USA).

2.6. Enzyme-linked Immunosorbent Assay (ELISA) 

Proinflammatory cytokines were detected using an ELISA 

kit (R&D Systems, USA). THP-1 cells were cultured in the 

presence of C. acnes CM (C. acnes cultured in a medium 

without AAE) or C. acnes AAE (C. acnes was cultured in a 

medium containing AAE) diluted to one hundredth in media 

for 24 h. After conditioned medium was collected, secreted 

proinflammatory cytokines including interleukin-1β (IL-1β), 

tumor necrosis factor-α (TNF-α) and IL-6, were analyzed. 

Results were determined using a linear standard curve.

2.7. TLR2/NF-κB/SEAP Activity 

TLR2-HEK293 cells were cultured in serum-free DMEM 
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with C. acnes CM or C. acnes AAE diluted to one hundredth 

in media. After 6 h, conditioned medium was collected and 

reacted with QUANTI-Blue™ solution (InvivoGen, USA) and 

then incubated at 37 ℃ in a 5% CO2 incubator. SEAP 

activity was determined by measuring the optical density (OD) 

at 620 nm.

2.8. Measurement of Cell viability 

Cell viability of THP-1 cells and TLR2-HEK293 cell were 

detected by using a 3-(4,5-dimethyl-2-thiazoyl)-2,5-diphenyl- 

2H-tetrazolium bromide (MTT, (Sigma-aldrich,  USA) and 

WST-1 (Sigma-aldrich,  USA) assay respectively. THP-1 was 

cultured in the presence of C. acnes CM or C. acnes AAE 

diluted to one hundredth in media for 24 h. 0.1 mg/mL MTT 

solution was treated to cultured medium and incubated for 1 h 

at 37 ℃ under 5% CO2. After dissolving the generated 

formazan in DMSO, optical density was measured at 570 nm 

by using a spectrophotometer (Power Wave, Bio-Tek Inc., 

USA). TLR2-HEK293 also cultured in the presence of C. 

acnes CM or C. acnes AAE diluted to one hundredth in 

media for 6 h. 0.1 mg/mL WST-1 solution was added and 

incubated for 1 h at 37 ℃ under 5% CO2. The absorbance 

was measured on an ELISA plate reader (Power Wave, 

Bio-Tek Inc., USA) at 450 nm.

2.9. Measurement of Sebum Accumulation 

Human sebocytes were differentiated with 100 µM palmitic 

acid (Sigma-aldrich, USA) with or without AAE for 48 h. 

Treated cells were washed with PBS and fixed with 4% 

formaldehyde at room temperature for 10 min. After washing, 

cells were stained with 10 µg/mL Nile red (Sigma-aldrich, 

USA) for 15 min. Nuclei were stained with Hoechst 33342 

(Thermo Fisher Scientific, USA). Fluorescence was detected at 

excitation and emission wavelengths of 550 nm and 630 nm, 

respectively.

2.10. Statistical Analysis

Statistical significance of data was determined with student’s 

t-test. All results are expressed as mean ± standard deviation 

(N = 3). A p value of less than 0.05 was considered 

statistically significant.  

3. Results and Discussion 

3.1. Selective Antimicrobial Activity of A. annua Extract

C. acnes and S. epidermidis are the main symbiotic 

bacteria in the pilosebaceous unit. They are the most common 

symbiotic bacteria on the skin. S. epidermidis uses glycerol, 

naturally produced in the skin to produce short chain fatty 

acids (SCFAs) and inhibit the growth of C. acnes to maintain 

the balance of skin flora. However, under certain conditions, 

host characteristics such as stress and hormonal disorder can 

lead to abnormal overgrowth of C. acnes and cause an 

imbalance of the skin flora[6]. Therefore, the use of 

antibiotics in acne lesions caused by the imbalance of skin 

flora can indiscriminately inhibit the growth of symbiotic 

microorganisms, further disrupting the balance of commensal 

microorganisms and consequently worsening the acne.

To evaluate the effect of AAE as an antibacterial activity 

against C. acnes, S. epidermidis (1 × 104 CFU/mL) and C. 

acnes (1 × 106 CFU/mL) were co-cultured in culture media in 

the presence or absence of AAE. Under co-culture conditions 

growths of S. epidermidis and C. acnes did not affect each 

other. However, AAE effectively suppressed the growth of C. 

acnes, but not the growth of S. epidermidis (Figure 1). These 

results suggest that AAE could selectively inhibit the growth 

of C. acnes known to aggravate acne vulgaris. 

3.2. Anti-inflammatory Activity of A. annua Extract

C. acnes can secrete virulence factors such as co-hemolytic 

Figure 1. A. annua extract inhibits the growth of C. acnes

selectively. S. epidermidis (1 × 10
4
 CFU/mL) and C. acnes (1 

× 10
6
 CFU/mL) were co-cultured in the presence or absence of

AAE under anaerobic conditions for two days at 37 ℃. Data 

are expressed as mean ± SD, 
*p < 0.05 compared to the control. 
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Christie-Atkins-Munch-Peterson (CAMP) factors, lipase, sialidases, 

hyaluronate lyase, and porphyrins that can be detected by 

TLRs as pattern recognition receptors. When C. acnes activates 

TLR2, NF-κB signal is increased, which upregulates IKK 

phosphorylation and induces IκB release from cytosolic NF-κ

B. Finally, translocated NF-κB can stimulate transcription of 

pro-inflammatory cytokines in the nucleus[22].

To explore the inhibitory effect of AAE on the secretion of 

virulence factors from C. acnes, we cultured C. acnes in the 

presence or absence of AAE. The cultured medium was then 

collected. TLR2-HEK293 cells were cultured with C. acnes 

CM to measure TLR2 signal activation. Results showed that 

C. acnes CM induced TLR2 activation, whereas C. acnes 

AAE at 2,000 µg/mL inhibited TLR2 activation up to 50% 

(Figure 2A). No cytotoxicity was observed at all concentrations 

tested (Figure 2B). 

To determine whether AAE could inhibit the inflammatory 

response caused by virulence factors secreted by C. acnes, 

THP-1 was cultured with C. acnes CM or C. acnes AAE. 

Secreted proinflammatory cytokines were then measured. C. 

acnes CM stimulated the secretion of IL-1β (Figure 3A), 

TNF-α (Figure 3B), and IL-6 (Figure 3C), whereas C. acnes 

AAE effectively inhibited the production of these cytokines 

from THP-1. No cytotoxicity was observed at all concentrations 

tested (Figure 3D). These results suggest that AAE can 

effectively reduce virulence factors secreted from C. acnes 

and inflammatory responses following stimulation of virulence 

factors.

3.3. Reduction of Excessive Sebum Production by 

A. annua Extract

Excessive sebum production is the main cause and 

consequence of acne lesions. Sebum is composed of several 

lipid components such as triglycerides (TG), fatty acids, wax 

esters, and squalene. It acts to protect the skin by inhibiting 

Figure 3. A. annua extract inhibits the expression of pro- 

inflammatory cytokines in THP-1 cells induced by C. acnes

culture medium. THP-1 cells were cultured in the presence of C.

acnes CM with or without AAE diluted to one hundredth in 

media. Secreted proinflammatory cytokines such as (A) IL-1β, 

(B) TNF-α and (C) IL-6 from THP-1 cells were then measured 

by ELISA. (D) Cell viability of THP-1 was detection by MTT 

assay. Values are expressed as mean ± SD, 
*p < 0.001 versus C.

acnes CM untreated control. 
**p < 0.01 versus C. acnes CM 

treated control. 

Figure 2. A. annua extract regulates C. acnes CM-induced 

TLR2 signaling pathways. (A) TLR2-HEK293 cells were cultured 

in the presence of C. acnes CM with or without AAE diluted 

to one hundredth in media. TLR2 signal activation was then 

measured using a Quanti-blue solution. (B) Cell viability of 

TLR2-HEK293 was detection by WST-1 assay. Data are expressed 

as mean ± SD, 
*p < 0.001 versus C. acnes CM untreated control; 

**p < 0.01 versus C. acnes CM treated control. 
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moisture evaporation and bacterial infection. These lipids are 

involved in functions and differentiation of sebocytes as well 

as immune response and proliferation of keratinocytes. Under 

excessive sebum production condition, the proportion of these 

lipids can be altered which increases sebogenesis, inflammation, 

and comedogenesis, finally leading to acne[23].

In addition, the increase in sebum can promote an 

overgrowth of C. acnes and the formation of biofilm, which 

not only intensifies the inflammatory response, but also makes 

it difficult to treat acne[15]. Therefore, suppressing the excessive 

secretion of sebum is considered to be the main goal to 

effectively suppressing the development of acne.

In this experiment, palmitic acid was used as a factor to 

promote sebum production. Palmitic acid is a saturated fatty 

acid that is also used as extracellular free fatty acids (FFAs). 

It is known to be involved in lipogenesis through SREBP. It 

can increase lipid contents and TG levels in sebocytes, the 

formation of comedone, and inflammatory response through 

TLR2[24,25].

To determine the effect of AAE on sebum production, 

sebocytes were cultured in the presence of palmitic acid with 

or without AAE. Accumulated sebum droplets were then 

measured by Nile red staining. The fluorescence intensity of 

the droplet was calculated using Image J. As a result, it was 

confirmed that AAE decreased sebum production induced by 

palmitic acid in a dose-dependent manner. 10 µg/mL, 50 

µg/mL and 100 µg/mL AAE reduced sebum production up to 

27%, 35% and 60% respectively compared to palmitic acid 

(Figure 4). Therefore, AAE can alleviate acne by reducing 

excess sebum production.

4. Conclusion

Results of this study confirmed anti-acne properties of 

AAE through antibacterial, anti-inflammatory, and suppression 

of excessive sebum production. AAE selectively inhibited the 

growth of C. acnes, a major species in acne lesions, without 

affecting the growth of S. epidermidis in a co-culture condition. 

In addition, AAE inhibited TLR2 activity and pro-inflammatory 

cytokine by reducing secretion of virulence factors from C. 

Figure 4. A. annua extract suppresses sebum accumulation induced by palmitic acid in sebocytes. Sebocytes were cultured in DMEM in 

the presence of palmitic acid with or without AAE. Sebum synthesized in sebocytes was detected by Nile red staining. Scale bars, 100 µm.

Values are expressed as mean ± SD, 
*p < 0.001 versus palmitic acid untreated control, 

**p < 0.001 versus palmitic acid treated control. 
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acnes. AAE also suppressed excessively increased sebum 

production caused by palmitic acid. These results suggest that 

AAE as a natural product can be used as an acne alleviation 

material by inhibiting the growth of C. acnes selectively, 

suppressing the inflammatory response, and reducing excessive 

sebum production. Based on the in vitro results, we are 

planning a clinical trial to confirm the practical efficacy in 

acne patients.
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