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고령화 사회가 급속도로 진행됨에 따라 사람들의 건강관리도 관심이 높아

지고 있다. 고령화가 진행될수록 노화에 관한 발병률이 증가하고 있으며, 

노화 예방관련 식품, 의약품, 화장품들도 무수히 연구되고 있다. 노화는 면

역조절, 산화스트레스 등과 관련이 있으며, 이는 염증으로 이어지고 신경퇴

행성질환 및 피부노화로 이어진다. 신경퇴행성질환의 종류로는 알츠하이머, 

헌팅턴, 파킨슨 병이 포함되며, 이들은 모두 염증과 관련이 있다. 신경퇴행

성질환과 관련된 또 다른 반응은 아폽토시스, 염증성사이토카인 등 아직까

지도 밝혀지지 않은 다양한 발병기전들이 존재한다.  

시간이 지남에 따라 인간의 피부는 자연적인 노화, 외부적 손상 등의 과정

을 거치며 노화가 일어난다. 피부 노화는 크게 내인성요인과 외인성요인으

로 구분되며, 주름형성, 색소침착, 피부건조, 두꺼운 피부, 탄력저하 등의 

증상이 발생한다. 피부노화의 대표적인 질환은 건선, 아토피성 피부염, 알
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레르기성 접촉 피부염과 같은 염증성 피부질환이 있으며, 이들은 염증과도 

밀접한 관련이 있다. 

국화과(Compositae) 식물은 세계에 널리 분포하고 있으며, 약 920속 20000

종이 알려져있고, 오래전부터 약용소재로써 사용되어왔다. 그 중 원추천인

국(Rudbeckia bicolor Nutt.)과 큰금계국(Coreopsis lanceolata L.)은 길가에 흔히 

보이는 생존력이 높은 식물로 알려져 있다. 하지만 원추천인국과 큰금계국

의 꽃 함유성분에 대한 연구와 항노화에 관련된 연구는 거의 보고된 바가 

없다. 이에 본 연구에서는 원추천인국과 큰금계국 추출물과 하위 분획물의 

항노화 활성을 확인하였고, 그 활성성분을 분리하고자 하였다. 원추천인국

과 큰금계국의 꽃 70% EtOH 추출물로부터 9개의 화합물 (patulitrin, 

eupatolitin-3-O-glucoside, eupatolin, beta-amyrin, phenylheptatryine, 2'-hydroxy-

3,4,4'-trimethoxy chalcone, 4 ', 7-dimethoxyflavanone, 8-methoxybutin, leptosidin)

을 분리하고 구조동정하였으며, 이들 화합물이 BV2, RAW264.7, HT22, 

HaCaT 세포주에서 염증성 사이토카인 생성 억제 및 NO, 세포보호효과 등

의 효과를 확인하였다. 그 결과 원추천인국 H2O 분획물을 제외한 추출물

과 모든 분획물 및 큰금계국 추출물과 EtOAc, BuOH 분획물은 HT22 해마

세포에서 산화스트레스에 의한 신경독성으로부터 신경세포보호효과가 확인

되었으며, 원추천인국과 큰금계국의 추출물 및 모든 분획물은 LPS로 유도

한 BV2 미세아교세포에서 항신경염증 효과를 확인하였다. 또한 원추천인

국과 큰금계국의 BuOH 분획물을 제외한 추출물 및 모든 분획물에서 LPS
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로 유도한 RAW264.7 대식세포에서 항염증 효과를 확인하였으며, 피부노화

와 관련된 HaCaT 각질세포에서는 원추천인국의 EtOAc 분획물을 제외한 

추출물과 분획물에서, 큰금계국의 BuOH 분획물을 제외한 추출물과 분획물

에서 피부염증 억제효과를 나타내었다. 또한, 분리한 화합물 9종 중 5종 

(patulitrin, beta-amyrin, phenylheptatryine, 8-methoxybutin, leptosidin)에 대해 항

노화와 관련된 염증억제효과를 확인한 결과 phenylheptatryine과 8-

methoxybutin은 BV2 미세아교세포와 RAW264.7 대식세포에서 항신경염증 

및 항염증 효과가 가장 우수하였다. 추가적으로, 분리된 화합물을 이용하여 

원추천인국과 큰금계국 추출물의 지표성분에 대한 정성 및 정량평가를 진

행한 후, 표준화 연구를 수행하였다. 이에 원추천인국과 큰금계국은 항노화

와 관련된 천연 소재로써 개발 가능성이 있음을 시사한다.  
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Abstract 

 

Study on the anti-aging effects of Compounds isolated from the 

flowers of Rudbeckia bicolor Nutt. and Coreopsis lanceolata L. 

Lee, Hwan 

Advisor: Prof. Lee, Dong-Sung 

College of Pharmacy 

Graduate School of Chosun University 

 

Because of a rapidly aging society, people’s interest in health care is also increasing. 

With the progress of the aging process, the incidence of aging-related issues also 

increases; therefore, foods, medicines, and cosmetics related to aging are being 

studied extensively. Aging is related to immune regulation and oxidative stress, 

which lead to inflammation, neurodegenerative diseases, and skin aging. 

Neurodegenerative diseases include Alzheimer’s, Huntington’s, and Parkinson’s, all 

of which are associated with inflammation. Another reaction associated with 

neurodegenerative diseases is apoptosis induced by inflammatory cytokines and 

other processes that have not yet been identified. Skin diseases related to aging also 

exist. Over time, human skin ages through processes such as natural aging and 

external damage. Skin aging is largely categorized as owing to endogenous and 

exogenous factors, and results in symptoms such as wrinkle formation, pigmentation, 

xeroderma, thick skin, and loss of elasticity. Representative diseases of skin aging 

include inflammatory skin diseases such as psoriasis, atopic dermatitis, and allergic 
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contact dermatitis, which are also closely related to inflammation.  

Compositae are widely distributed globally, comprising approximately 920 genera 

and 20,000 species and are known to have been used as medicinal materials for a 

long time. Among them, Rudbeckia bicolor Nutt. and Coreopsis lanceolata L. are 

plants belonging to Compositae, which are commonly seen on the roadside. However, 

not much is known about both plants to date. Thus, the 70% EtOH extract of R. 

bicolor was investigated and compounds patulitrin, eupatolitin-3-O-glucoside, 

eupatolin, and beta-amyrin were isolated and their structures determined. In addition, 

the compounds phenylheptatryine, 2'-hydroxy-3,4,4'-trimethoxy chalcone, 4',7-

dimethoxyflavanone, 8-methoxybutin, and leptosidin were isolated and structures 

determined from the 70% EtOH extract of C. lanceolata. The effects of the isolated 

compounds were investigated in BV2, RAW264.7, HT22, and HaCaT cell lines, and 

the inhibition of inflammatory cytokine and nitrite production and cytotoxicity were 

confirmed. In this study, natural compounds contained in the Compositae plants R. 

bicolor and C. lanceolata were identified, and the inhibitory effect of these 

compounds on the production of inflammatory substances related to aging was 

confirmed in vitro models. As a result, 70% extracts and EtOAc fractions of R. 

bocolor and C. lanceolata showed superior anti-aging effect compared to other 

fractions. Among the isolated compounds, phenylheptatryine and 8-methoxybutin 

showed the best anti-neuroinflammatory and anti-inflammatory effect compared to 

other compounds. In addition, standardization studies were conducted by evaluating 

the content of major components in extracts R. bocolor and C. lanceolata as isolated 

compounds. This suggests that the 70% EtOH extracts of R. bicolor and C. 

lanceolata have potential as anti-aging treatments. 
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Chapter 1. 

 

General Information 
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Ⅰ. Rudbeckia bicolor Nutt. 

 

R. bicolor belongs to the Compositae family and is widely cultivated as an 

ornamental crop and occurs commonly in the wild [1]. Another name is the 

‘pinewood coneflower,’ as the capitulum has a conical shape. The height of the plant 

is approximately 30-50 cm, and the flowers are approximately 5-8 cm in diameter. 

Compositae are widely distributed globally, with approximately 920 genera and 

20,000 species known, many of which have been previously studied [2]. In addition, 

Compositae species have long been known to be effective for colds, stomachache, 

headache, and hypertension, and have been used as a medicinal material such as 

antibacterial, antiviral, and anti-inflammatory [3-5]. Among them, R. bicolor is not 

yet known, although there is a precedent for a member of the same genus being used 

traditionally as a medicinal plant. For example, Rudbeckia hirta L., called the ‘black-

eyed Susan,’ has been used by Native Americans to treat colds and inflammation, 

and studies have been conducted on its antioxidant, anti-inflammatory, and 

immunomodulation activities [6]. In addition, Rudbeckia laciniata L., called the 

‘cutleaf coneflower,’ was used by Native Americans to treat burns, and studies have 

isolated natural compounds such as flavonoids and sesquiterpenoids [7]. The purpose 

of this study was to isolate natural compounds contained in R. bicolor belong to the 

Compositae family and evaluate their anti-aging activities. 
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Fig. 1: Rudbeckia bicolor Nutt. (Compositae) 
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Ⅱ. Coreopsis lanceolata L. 

 

C. lanceolata is a perennial plant belonging to the Compositae family, that is native 

to North America and is distributed in East Asia, Oceania, North America, Central 

America, and South America [8]. The leaves are green and spear-shaped, flowers 4-

6 cm in diameter, and petals are yellow and obovate-shaped [9]. The name Coreopsis 

is derived from the Greek words “koris” and “opsis” that describe the shape of the 

achene and lanceolata is derived from the Latin word for the shape of a long spear 

[10, 11]. Over a 100 species belong to this genus, including Coreopsis tinctoria Nutt., 

Coreopsis grandiflora Hogg ex Sweet, Coreopsis tripteris L., and Coreopsis basalis 

(A.Dietr.) S.F.Blake [12]. C. tinctoria, a well-known plant of the genus, has been 

traditionally used in Xinjiang, China as a herbal tea to treat hypertension and diarrhea 

[13]. In addition, North American Indians used it to treat a number of conditions, 

including diarrhea, bleeding, vomiting, and for blood strengthening [14]. C. 

lanceolata, which blooms in summer, is known for its use as an ornamental plant. 

However, owing to its aggressive spread, it is recognized as an ecological 

disturbance plant in Japan [15]. A previous study isolated various compounds 

including β-sitosterol, lanceoletin, leptosidin, and luteolin from C. lanceolata, and 

these have been reported to have various effects such as antioxidant, anti-

inflammatory, and anti-cancer activity [16-20]. This study aimed to isolate and 

identify compounds present in C. lanceolata and to evaluate their anti-aging related 

activity. 
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Fig. 2: Coreopsis lancelolata L. (Compositae) 
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Ⅲ. Chromatography 

 
Extracts from natural products have long been used in traditional medicine for a 

variety of purposes [21]. However, according to the needs of modern times, a 

scientific basis for traditional medicine is required. Accordingly, many scientists 

have employed the chemical separation and analysis method known as 

chromatography to provide a reasonable scientific basis for natural products used in 

traditional medicine [22]. Natural product extracts consist of various compounds, the 

characteristics of which are utilized in chromatography to present a scientific basis 

for traditional medicines. For example, Taxol isolated from Taxus cuspidata, is a 

proven traditional medicine [23]. There are several types of chromatographic 

techniques. Liquid chromatography, which is typically used, includes both normal- 

and reversed-phase chromatography that can separate chemical substances according 

to their polarity. Similarly, ion exchange chromatography uses ionic interaction for 

separation and size exclusion chromatography separates compounds according to 

size [22]. The method used in this study was both normal- and reversed-phase 

chromatography and size exclusion chromatography, and fractions were additionally 

purified using a preparative column linked to a high-performance liquid 

chromatograph. 
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Ⅳ. Anti-aging and neurodegenerative diseases 

 

Representative diseases of aging include Alzheimer’s, Parkinson’s, and 

Huntington’s diseases, which are neurodegenerative diseases related to the brain [24, 

25]. Generally, aging-related neurodegenerative and neuroinflammatory disorders 

are caused by various conditions, such as disruption in neurotransmitters, 

electrophysiology, and neuroimaging [26]. The human brain has various neurons. 

Microglia, residing in the central nervous system (CNS), play an important role in 

the innate immune response and protect against exogenous toxins and pro-

inflammatory reactions [27, 28]. These cells also remove CNS debris such as 

damaged neurons and pathogens and maintains synaptic homoeostasis [29]. 

However, overactivated microglia accelerate neuroinflammation and neurotoxic 

reactions by releasing various pro-inflammatory cytokines and mediators such as 

interleukin (IL)-1β, tumor necrosis factor (TNF)-α, cyclooxygenase-2, and inducible 

nitric oxide synthase [30]. Overexpression of these factors causes apoptosis and 

damage in midbrain dopaminergic neurons [31]. There are various unknown 

molecular mechanisms for apoptosis associated with neurodegenerative diseases [32, 

33]. The molecular mechanism involved in oxidative stress is the over-accumulation 

of reactive oxygen species (ROS) and reactive nitrogen species (RNS) leading to 

lipid, protein, and mitochondrial dysfunction [34]. Associated with mitochondrial 

dysfunction, there is a further increase in the over-release of ROS and other factors 

into the cytoplasm, including RNS (H2O2, O2
-, NO, ONOO- / ONOOH), triggering 

cellular apoptosis [35, 36]. Abnormally high levels of neuron damage by glutamate, 

a neurotransmitter in the CNS, is closely related to ROS and RNS accumulation. 

Currently, an lipopolysaccharide (LPS)-activated experimental model of microglia 

is used to mimic the inflammatory environment related to neurodegenerative 

diseases in vitro [37]. When cells are stimulated with LPS, toll-like receptor 4 is 
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activated, activating the NF-κB pathway, leading to the production of inflammatory 

mediators, neuroinflammation, and neurodegeneration [38]. Therefore, LPS-induced 

and abnormally activated microglia can be an effective approach as a therapeutic 

model for neuroinflammation and neurotoxic reactions [39, 40]. In addition, a 

hippocampal cell model that causes excitotoxicity is used to mimic apoptosis [41]. 

Accumulation of glutamate causes oxidative damage and neuronal cell death owing 

to excessive neuronal activation [42]. In this regard, the hippocampal cell model 

activated by treatment with glutamate can be an effective approach as a model for 

suppressing apoptosis. The combination of these two models is thus appropriate as a 

research method for neurodegenerative diseases [43]. 
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 Fig. 3: Oxidative Stress & neuroinflammation 
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Ⅴ. Anti-aging and skin disease 

Human skin undergoes natural aging over time [44]. In addition, human skin 

continues to suffer harmful damage owing to environmental factors [45]. Skin aging 

is caused by endogenous and exogenous factors. Endogenous factors include cell 

metabolism, hormonal changes, and genetic mutations, and exogenous factors 

include toxins, chemicals, and ultraviolet (UV) radiation [46-48]. In the aging skin, 

the number of epidermal and dermal cells decreases and the function of the cells 

decreases, resulting in wrinkles, pigmentation, xeroderma, thick skin, and loss of 

elasticity. The epidermis protects the skin from external stimuli and various 

pathogens and plays a role in maintaining moisture and lipid components [49]. 

Keratinocytes are cells that constitute approximately 95% of epidermal cells. These 

cells primarily defend against the environment, such as pathogenic bacteria, viruses, 

UV rays, and allergies, and when they fail to regulate the production of pro-

inflammatory mediators, skin inflammation ensues [50, 51]. Excessive production 

of TNF-α has been linked to inflammatory skin diseases such as psoriasis, atopic 

dermatitis, and allergic contact dermatitis [52]. Atopic dermatitis is a chronic 

inflammatory skin disease with allergies and genetic causes. Symptoms of atopic 

dermatitis include itching, eczema, and hyperkeratosis, and inflammatory cells such 

as Th2 type cells, eosinophils, and macrophages that penetrate the lesioned skin [53]. 

TNF-α, an immune cytokine, binds to receptors on the cell surface and activates 

MAPK, ERK1/2, JNK, and p38 [54]. Moreover, the transcription factor NF-κB 

induces the expression of genes including those of various cytokines and is involved 

in inflammatory conditions [55, 56]. Currently, an experimental model of a 

keratinocyte treated with TNF-α/IFN-γ is used to imitate in vitro the inflammatory 

environment associated with atopic dermatitis [57]. When epidermal keratinocytes 

are activated by cytokines, they can produce IL-6 and IL-8, which mediate the entry 

of Th2-type cells and neutrophils into the epidermis [58]. Thymus and activation-
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regulated chemokine (TARC/CCL17) secreted by keratinocytes and regulated upon 

activation, normal T cell expressed and secreted (RANTES/CCL5) play an important 

role in the penetration of Th2 cells into inflammatory tissue [59-62]. Therefore, the 

use of abnormally activated keratinocytes and macrophages can be an effective 

approach as a therapeutic model that modulates inflammatory factors related to 

atopic dermatitis. 
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Fig. 4: Oxidative Stress & skin inflammation 
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Fig. 5: Inflammatory pathogenesis of age-related diseases 
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Ⅵ. In vitro cell lines for the anti-aging effects 

 

1. Mouse-derived HT22 hippocampal neuronal cell line 

The hippocampus plays a memory-related role in the brain [63]. HT22 is a 

hippocampal neuron cell line that does not express cholinergic and glutamate 

receptors as do mature hippocampal neurons in vivo [64]. Excessive levels of 

glutamate cause oxidative stress in HT22 cells, resulting in neuronal cell death [65]. 

Therefore, the HT22 hippocampal cell model, in which the protective effect from 

neuronal cell death caused by excessive processing of glutamate can be confirmed, 

is adopted as an in vitro model in relation to neurodegenerative diseases. 

 

 

2. Mouse-derived BV2 microglia cell line 

Microglia are resident immune cells that regulate the immune response in the 

central nervous system (CNS) and known to play an important role in defending 

against pathogenic bacteria in the CNS [66, 67]. However, when they are stimulated 

by damage or infection, they are abnormally activated and secrete inflammatory 

mediators and inflammatory cytokines [68]. Overproduction of inflammatory 

mediators and inflammatory cytokines can lead to nerve cell damage and death [69]. 

Thus, BV2 microglia, in which abnormal activation can be induced by LPS, is an in 

vitro model adopted for neurodegenerative diseases. 
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3. Mouse-derived RAW264.7 macrophage cell line 

Macrophages are immune cells that play an important role in immune responses 

such as phagocytosis, antigen supply, and secretion of cytokines and chemokines 

[70]. However, when abnormally activated by external stimulation and damage, they 

produce inflammatory cytokines and inflammatory mediators. This destroys the 

immune system of macrophages, leading to cell damage and death. Thus, RAW264.7 

macrophages, in which LPS treatment can induce abnormal activation, is an in vitro 

model adopted for inflammation 

 

4. Human-derived HaCaT keratinocyte cell line 

The epidermis protects against damage caused by various external factors and plays 

a role in continuous self-regeneration [71]. Therefore, it has been a focus of 

intensive medical research for tissue differentiation, wounds, tumors, skin 

dysfunction, and infection [72]. Keratinocytes are the major cells of the epidermis 

and are known to be the subject of research in various skin diseases such as atopic 

dermatitis and psoriasis. HaCaT cells are naturally immortalized human keratin 

systems and have been widely used in skin biology and differentiation [73]. The 

characteristic of atopic dermatitis is an environmental imbalance owing to elevated 

levels of inflammatory cytokines, chemokines, and monokines, and a complex 

inflammatory network regulates the pathogenesis of atopic dermatitis [74]. 

Accordingly, HaCaT keratinocytes that have been activated by inflammatory 

cytokines are an in vitro model adopted for atopic dermatitis. 
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Fig. 6: Morphology of the cell lines captured by microphotography 
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Chapter 2. 

 

Isolation of natural compounds from the flowers 

of R. bicolor Nutt. and C. lanceolata L.  
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Ⅰ. Introduction 

 

The range of natural products is broad, including those obtained from plants, 

animals, microorganisms, and marine organisms, and these have been used as 

medicine for thousands of years [75]. As evidence, in ancient Egypt, saw palmetto 

(Serenoa repens) was used for urinary symptoms, and a classic Chinese book called 

‘Huangdi Neijing’ describes it as a traditional herbal medicine [76, 77]. In addition, 

this product has been sold as a medicinal herb for more than 2200 years and has been 

used for disease treatment [21]. Previously, natural products were used in the form 

of traditional medicine in each country; however, in Europe, they are legalized and 

regulated based on Directive 2004/24/EC [78]. In the United States, in 2004, the 

Food and Drug Administration published industry guidelines for botanical drugs 

incorporated in the existing system of food ingredients [79]. Unlike previously, 

modern natural products are used to treat diseases in the form of foods and medicines, 

and not in the form of herbs. Representative natural medicines include aspirin (Bayer, 

Germany), Taxol (BMS, USA), and Tamiflu (Gilead, USA). 

Compared to synthetic compounds, natural products are a promising source for 

discovering new drugs based on their diverse structures and broad biological 

activities [80]. Chromatography has been used to separate compounds from natural 

products. In the past decades, natural products have functioned as potential sources 

of various scaffolds in the development of new drugs and have provided innovative 

leads in a variety of medical fields [81, 82]. 

Compositae is widely distributed globally, and approximately 920 genera and 

20,000 species are known [2]. Compositae members have been used as sources of 

traditional medicine for colds, stomachache, headache, and hypertension [3-5]. R. 

bicolor and C. lanceolata of the Compositae family have been used as ornamental 
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crops, and many studies have not yet been conducted on this species. However, 

previous studies conducted on medicinal plants of the Compositae predict that R. 

bicolor and C. lanceolata also have various active components. In this study, the 

components contained in the 70% EtOH extract of R. bicolor and C. lanceolata were 

isolated and identified, and determination of a marker compound was attempted. 
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Ⅱ. Materials and Methods 

 

1. Materials 

(1) Plant Material 

Rudbeckia bicolor Nutt. was collected at Chosun University Herb Garden (Aug. 

2018), Gwangju, Republic of korea in August 2019 and identified by Professor 

Dong-Sung Lee of the Department of Pharmacy at Chosun University. The voucher 

specimen (RB19-001) is stored in the Department of Natural Products Chemistry, 

College of Pharmacy, Chosun University. Coreopsis lanceolata L. was collected in 

Bulgap-myeon, Yeonggwang, Jeollanam-do (Aug. 2017), Republic of korea in 

August 2019, and was identified by Professor Dong-Sung Lee of the Department of 

Pharmacy at Chosun University. The voucher specimen (CL19-001) is stored in the 

Natural Products Chemistry Laboratory, College of Pharmacy, Chosun University. 

 

(2) Chemicals, reagents and chromatography for isolation  

TLC used pre-coated silica gel F plates (Merck, art. 5715, darmstadt, Germany), 

RP-18F plates (Merck, art. 15389, darmstadt, Germany). Resins used for open 

column chromatography (C. C.) were Silica gel 60 (40-63 and 63-200 μm, Merck, 

darmstadt, Germany), LiChroprep RP-18 (40-63 μm, Merck, darmstadt, Germany), 

Sephadex LH-20 (25-100 μm, Sigma-aldrich, Saint Louis, MO, USA) and ODS-A 

(12 nm, S-75 μm, YMC, Kyoto, Japan) was used, and Sand (50-70 mesh, Sigma-

aldrich, Saint Louis, MO, USA) was used to fix the sample. 
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(3) High-performance liquid chromatography 

Analytical high performance liquid chromatography (HPLC) was performed using 

the Waters 1525 binary HPLC pump (MA, USA) and detected with a 996 photodiode 

array (PDA) detector (MA, USA). Preparative HPLC was performed using a 600 

controller manufactured by Waters (MA, USA) and detected with a 2487 dual λ 

absorbance detector (MA, USA). The analytical column was YMC-Triart C18 ExRS 

(5 µm, 4.6 × 250 mm I.D., YMC), and the preparative column was YMC-Triart C18 

ExRS (5 µm, 10.0 × 250 mm I.D., YMC), Kinetex® 5 µm EVO C18 100 Å LC 

column (5 µm, 150 × 21.2 mm, Phenomenex) was used. 

 

(4) Nuclear magnetic resonance 

Nuclear magnetic resonance (NMR) spectra (1- and 2-dimensional) 400 MHz (400 

MHz for 1H, 100 MHz for 13C) were used as a JEOL JNM ECP-400 spectrometer. 

Correlation spectroscopy (COSY), distortionless enhancement by polarization 

transfer (DEPT), heteronuclear single quantum correlation (HSQC), and 

heteronuclear multiple bond correlation (HMBC) were recorded using standard 

JEOL pulse sequences. 600 MHz NMR spectra were recorded on a Varian VNMRS 

600MHz NMR spectrometer (KBSI-Gwangju Center) and chemical shifts are given 

in ppm (δ). The solvents used in the analysis, CDCl3, pyridine-d5, DMSO-d6, and 

CD3OD, were purchased from Sigma (MO, USA). 
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2. Methods 

(1) Extract and fraction of R. bicolor Nutt. 

400 g of dried R. bicolor was extracted twice with 3 L of 70% ethanol at 80 °C to 

obtain 17 g of extract. The extract was sequentially fractionated using CH2Cl2, 

EtOAc, n-BuOH, and H2O to obtain 2.373 g of a CH2Cl2 fraction, 1.078 g of an 

EtOAc fraction, 4.099 g of a n-BuOH fraction, and 9.855 g of a H2O fraction 

(Scheme 1). 

 

 

Scheme 1: Scheme of R. bicolor Nutt. extraction and fractions 
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(2) Isolation of compounds from R. bicolor Nutt. 

The EtOAc fraction (900 mg) was subjected to C-18 column chromatography (C. C.) 

eluting with a MeOH-H2O gradient system to give 17 subfractions (EA1-EA17). 

Fraction EA-1- EA-2 was further chromatographed at C-18 C. C. using a MeOH-

H2O gradient system to give compound 1 (EA-2-2, 60 mg). Compound 1 (EA-2-1-

2, 2.1 mg) was obtained once more from fraction EA-2-1 eluted with MeOH-H2O 

gradient system. Subsequently, fraction EA-3 was preparated by HPLC combined 

with a Kinetex® 5 µm EVO C18 100 Å LC column using a MeOH-H2O gradient 

system to obtain compounds 2 (EA-3-3, 2.4 mg). Next, the fraction EA-3-2 was 

applied to the same system as EA-3 to obtain compound 2 (EA-3-2-3, 3.4 mg) and 

compound 3 (EA-3-2-5, 2.4 mg). Fraction EA15 was obtained using a CHCl3-MeOH 

isocratic system to obtain compound 4 (EA-15-1, 2.0 mg) (Scheme 2). 

 

Scheme 2: Isolation scheme of R. bicolor EtOAc fraction derived compounds 
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NMR data, its molecular formula was determined as C22H22O13. 1H‑NMR (CD3OD, 

R. bicolor EtOAc Fr.
C-18 C.C. (900mg)
M:W (1:3 → 1:0)

WC-EA-3 WC-EA-4 WC-EA-15 WC-EA-16 WC-EA-17

WC-EA-2-1 WC-EA-2-4WC-EA-2-3

C-18 C.C.
M:W (1:10 → 1:0)

Compound 1
(60mg) 

WC-EA-2WC-EA-1

Compound 4
(2mg)

WC-EA-15-2

Silica gel C.C. 
C:M (7:1)

C-18 prep
M:W (9:1 → 1:1)

WC-EA-3-4Compound 2
(2.4mg) 

WC-EA-3-2

Mix

WC-EA-3-1
WC-EA-2-1-1 Compound 1

(2.1mg) 
C-18 prep
M:W (9:1 → 1:1)

WC-EA-3-2-1 WC-EA-3-2-2 Compound 2
(3.4mg)

WC-EA-3-2-4 Compound 3
(2.4mg)

C-18 C.C.
M:W (1:7 → 1:0)



[24] 

400 MHz): δ: 7.73 (1H, s, H-2′), 7.63 (1H, d, J = 8.0 Hz, H-5′), 6.86 (1H, d, J = 8.8 

Hz, H-3′), 6.83 (1H, s, H-8), 5.09 (1H, d, J = 6.8 Hz, H-1″), 3.88 (3H, s, OCH3), 3.72 

(1H, m, H-6″); 13C‑NMR (CD3OD, 100 MHz): δ: 176.1 (C-4), 131.9 (C-6), 156.3 

(C-7), 94.1 (C-8), 151.7 (C-9), 105.4 (C-10), 122.6 (C-1′), 120.6 (C-2′), 114.8 (C-3′), 

147.5 (C-4′), 144.7 (C-5′), 114.9 (C-6′), 60.1 (OCH3), 100.7 (C-1″), 61.2 (C-6″). 

 

Compound 2 was obtained as a yellow gum. Based on the analysis of 1H and 13C 

NMR data, its molecular formula was determined as C23H24O13. 1H‑NMR (DMSO-

d6, 600 MHz): δ: 12.60 (1H, s, 5-OH), 7.61 (2H, m, H-2′ and 6′), 6.86 (2H, s, H-8), 

6.84 (1H, d, J = 9.0 Hz, H-5′), 5.48 (1H, d, J = 7.2 Hz, H-1″), 3.92 (3H, s, 7-OCH3), 

3.73 (3H, s, 6-OCH3), 3.57 (1H, m, H-5″), 3.27 (1H, m, H-3″), 3.09 (1H, m, H-4″); 
13C‑NMR (DMSO- d6, 150 MHz): δ: 156.6 (C-2), 133.3 (C-3), 177.6 (C-4), 151.7 

(C-5), 131.6 (C-6), 158.2 (C-7), 91.2 (C-8), 151.7 (C-9), 105.3 (C-10), 121.1 (C-1′), 

116.3 (C-2′), 144.8 (C-3′), 148.6 (C-4′), 115.2 (C-5′), 121.6 (C-6′), 100.7 (C-1″), 76.5 

(C-2″), 69.9 (C-3″), 74.1 (C-4″), 77.6 (C-5″), 60.9 (C-6″), 60.1 (6-OCH3), 56.5 (7-

OCH3). 

Compound 3 was obtained as a yellow gum. Based on the analysis of 1H and 13C 

NMR data, its molecular formula was determined as formula was determined as 

C23H24O13. 1H‑NMR (DMSO-d6, 600 MHz): δ: 7.34 (1H, d, J = 2.4 Hz, H-2′), 7.29 

(1H, dd, J = 10.8, 2.4 Hz, H-5′), 6.86 (1H, d, J = 8.4 Hz, H-3′), 6.84 (1H, s, H-8), 

5.29 (1H, d, J = 1.2 Hz, H-1″), 3.91 (3H, s, 7-OCH3), 3.73 (3H, s, 6-OCH3), 3.53 

(1H, m, H-5″), 3.51 (1H, m, H-3″), 3.23 (1H, m), 3.21 (1H, m), 3.17 (1H, m), 3.14 

(1H, m), 0.82 (3H, d, 6.0 Hz, Rh-OCH3) ; 13C‑NMR (DMSO-d6, 150 MHz): δ: 156.6 

(C-2), 133.3 (C-3), 177.6 (C-4), 151.7 (C-5), 131.6 (C-6), 158.2 (C-7), 91.2 (C-8), 

151.7 (C-9), 105.3 (C-10), 121.1 (C-1′), 116.3 (C-2′), 144.8 (C-3′), 148.6 (C-4′), 
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115.2 (C-5′), 121.6 (C-6′), 100.7 (C-1″), 76.5 (C-2″), 69.9 (C-3″), 74.1 (C-4″), 77.6 

(C-5″), 60.9 (C-6″), 60.1 (6-OCH3), 56.5 (7-OCH3), 17.5 (Rh-OCH3). 

Compound 4 was obtained as a white gum. Based on the analysis of 1H and 13C NMR 

data, its molecular formula was determined as C30H50O. 1H‑NMR (CDCl3, 400 

MHz): δ: 5.17 (1H, t, J = 7.2 Hz, H-12), 2.01 (1H, dd, J = 13.2, 4.4 Hz, H-19), 3.21 

(1H, m, OH), 1.96 (1H, td, J = 17.6, 4.0 Hβ, H-15), 1.90 (1H, td, J = 16.0, 2.8 Hβ, 

H-16), 1.85 (1H, dd, J = 10.4, 4.0 Hz, H-22), 1.24 (3H, s, 27-OCH3), 1.12 (3H, s, 28-

OCH3), 0.99 (3H, s, 26-OCH3), 0.96 (3H, s, 24-OCH3), 0.93 (3H, s, 29-OCH3), 0.86 

(3H, s, 30-OCH3), 0.82 (3H, s, 23-OCH3), 0.78 (3H, s, 25-OCH3), 0.71 (1H, d, J = 

4.0 Hz, H-5); 13C‑NMR (DMSO-d6, 100 MHz): δ: 38.9 (C-1), 27.5 (C-2), 77.4 (C-

3), 38.7 (C-4), 55.3 (C-5), 18.5 (C-6), 32.7 (C-7), 39.0 (C-8), 47.6 (C-9), 37.0 (C-

10), 23.6 (C-11), 122.1 (C-12), 145.1 (C-13), 41.8 (C-14), 26.3 (C-15), 26.2 (C-16), 

32.8 (C-17), 47.2 (C-18), 46.9 (C-19), 31.3 (C-20), 34.7 (C-21), 37.1 (C-22), 28.6 

(C-23), 17.1 (C-26), 28.7 (C-28), 33.6 (C-29), 24.0 (C-30). 
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(3) Extract and fraction of C. lanceolata L. 

400 g of dried C. lanceolata was extracted twice with 3 L of 70% ethanol at 80 ℃. 

to obtain 40 g of an extract. The extract was sequentially fractionated using CH2Cl2, 

EtOAc, n-BuOH, and H2O to obtain 4.482g of a CH2Cl2 fraction, 3.663 g of an 

EtOAc fraction, 8.051 g of a n-BuOH fraction, and 22.273 g of a H2O fraction 

(Scheme 3). 

 

 

Scheme 3: Scheme of C. lanceolata L. extraction and fractions 

 

  

C. Lanceolata Ext.
(40 g)

CH2Cl2 Fr. 
(4.482 g)

EtOAc Fr. 
(3.663 g)

n-BuOH Fr. 
(8.051 g)

H2O Fr.
(22.273 g)

Coreopsis lanceolata L.
(400 g)

70% EtOH
80 °C Reflux 3h – 2time

Dissolced in H2O
Partitioned with dichloromethane

Partitioned with 
Ethyl Acetate

Partit ioned with
Normal-butanol



[27] 

(4) Isolation of compounds from C. lanceolata L. 

The CH2Cl2 fraction (4445 mg) was applied to silica gel C. C. eluting with a Hexane-

Acetone gradient system to obtain 7 subfractions (DM1-DM7). Fraction DM-1 was 

further chromatographed on silica gel C. C. using a CHCl3-Acetone gradient system 

to obtain 4 subfractions (DM11-DM14). Fraction DM11 was further 

chromatographed on silica gel C. C. using a CHCl3-Acetone gradient system to 

obtain compound 5 (DM113, 54.5 mg). Subsequently, fraction DM-2 was further 

chromatographed on silica gel C. C. using a Hexane-Acetone gradient system to 

obtain 7 subfractions (DM21-DM27). Fraction DM24 was further chromatographed 

on silica gel C. C. using a Hexane-Acetone isocratic system to obtain 7 subfractions 

(DM241-DM247). Fraction DM241 was further chromatographed at C-18 C. C. 

using a MeOH-H2O gradient system to give two subfractions (DM2411-DM2412). 

Fraction DM2411 was further chromatographed at C-18 C. C. using a MeOH-H2O 

gradient system to give 7 subfractions (DM24111-DM24117), and compound 6 

(DM24117, 0.5 mg) was obtained. Subsequently, fraction DM24116 was preparated 

by HPLC combined with a Kinetex® 5 µm EVO C18 100 Å LC column using a 

MeOH-H2O gradient system to obtain compound 7 (DM241161, 0.8 mg) (Scheme 

4). 
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Scheme 4: Isolation scheme of C. lanceolata CH2Cl2 fraction derived 

compounds 

 

The EtOAc fraction (1500 mg) was applied to silica gel C. C. eluting with a CHCl3-

MeOH-H2O gradient system to obtain two subfractions (EA1-EA2). Fraction EA-1 

was further chromatographed on ODS-A C. C. using a MeOH-H2O gradient system 

to give 6 subfractions (EA11-EA16), and compound 8 (EA12, 15 mg) was obtained. 

Subsequently, fraction EA14 was further chromatographed on ODS-A C. C. using a 

MeOH-H2O isocratic system to give 9 subfractions (EA141-EA149). Fraction 

EA142 was further chromatographed on LH-20 C. C. using a CHCl3-MeOH isocratic 

system to obtain 4 subfractions (EA1421-EA1424). Fractional EA1422 was further 

chromatographed at C-18 C. C. using a MeOH-H2O isocratic system to obtain 

compound 9 (EA14223, 20.3 mg) (Scheme 5). 
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Scheme 5: Isolation scheme of C. lanceolata EtOAc fraction derived 

compounds 

 

Compound 5 was obtained as a yellow gum. Based on the analysis of 1H and 13C 

NMR data, its molecular formula was determined as C13H8. 1H‑NMR (CDCl3, 400 

MHz): δ: 7.51-7.49 (2H, m, H-2′ and 6′), 7.39-7.29 (3H, m, H-3′, 4′ and 5′), 2.0 (3H, 

s, H-1); 13C‑NMR (CDCl3, 100 MHz): δ: 4.7 (C-1), 75.3 (C-2), 65.0 (C-3), 67.5 (C-
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J = 1.8 Hz, H-6), 6.50 (1H, d, J = 2.4 Hz, H-3′), 6.49 (1H, dd, J = 7.2 Hz, H-5′), 3.97 

(3H, s, 5-OCH3), 3.94 (3H, s, 4-OCH3), 3.87 (3H, s, 4′-OCH3); 13C‑NMR (CDCl3, 

150 MHz): δ: 127.8 (C-1), 151.6 (C-4), 149.3 (C-5), 144.6 (C-7), 123.3 (C-8), 191.7 

(C-9), 166.1 (C-1′), 168.6 (C-2′), 101.1 (C-3′), 107.6 (C-4′), 114.1 (C-5′), 110.1 (C-

6′). 

Compound 7 was obtained as a yellow gum. Based on the analysis of 1H and 13C 

NMR data, its molecular formula was determined as C17H16O4. 1H‑NMR (CDCl3, 

600 MHz): δ: 7.87 (1H, d, J = 8.8 Hz, H-5), 7.41 (2H, d, J = 8.4 Hz, H-2′ and 6′), 

6.96 (2H, d, J = 8.4 Hz, H-3′ and 5′), 6.62 (1H, dd, J = 8.8, 2.4 Hz, H-6) 6.48 (1H, d, 

J = 2.4 Hz, H-8), 5.42 (1H, dd, J = 16.2, 3.0 Hz, H-2), 3.84 (3H, s, 7-OCH3), 3.83 

(3H, s, 4′-OCH3), 3.06 (1H, dd, J= 16.8, 13.3 Hz, H-3a), 2.80 (1H, dd, J = 16.8, 2.9 

Hz, H-3b); 13C‑NMR (CDCl3, 150 MHz): δ: 79.8 (C-2), 44.1 (C-3), 190.9 (C-4), 

128.7 (C-5), 110.2 (C-6), 166.1 (C-7), 100.8 (C-8), 163.6 (C-9), 114.7 (C-10), 130.6 

(C-1′), 127.7 (C-2′ and C-6′), 114.0 (C-3′ and C-5′), 159.9 (C-4′), 55.6 (7′-OCH3), 

55.4 (4′-OCH3). 

Compound 8 was obtained as a red gum. Based on the analysis of 1H and 13C NMR 

data, its molecular formula was determined as C16H14O6. 1H‑NMR (DMSO-d6, 400 

MHz): δ: 7.40 (1H, d, J = 9.0 Hz, H-5), 6.92 (1H, d, J = 1.2 Hz, H-6′), 6.77 (2H, d, 

J = 3.2 Hz, H-2′ and 3′), 6.57 (1H, d, J = 8.8 Hz, H-6) 5.42 (1H, dd, J = 14.8, 2.4 Hz, 

H-2), 3.70 (3H, s, 7-OCH3), 3.05 (1H, dd, J = 29.2, 12.4 Hz, H-3a), 2.66 (1H, dd, J 

= 19.6, 2.8 Hz, H-3b); 13C‑NMR (DMSO-d6, 100 MHz): δ: 79.8 (C-2), 43.7 (C-3), 

190.8 (C-4), 122.6 (C-5), 110.8 (C-6), 157.2 (C-7), 135.9 (C-8), 155.3 (C-9), 114.9 

(C-10), 130.5 (C-1′), 118.3 (C-2′), 115.9 (C-3′), 145.7 (C-4′), 146.2 (C-5′), 114.8 (C-

6′), 60.7 (OCH3). 

Compound 9 was obtained as a red gum. Based on the analysis of 1H and 13C NMR 

data, its molecular formula was determined as C16H12O6. 1H‑NMR (DMSO-d6, 400 
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MHz): δ: 10.84 (1H, s, OH), 9.73 (1H, s, OH), 9.35 (1H, s, OH), 7.45 (1H, d, J = 2.0 

Hz, H-2′), 7.34 (1H, d, J = 8.4 Hz, H-4), 7.26 (1H, dd, J = 10.0, 1.6 Hz, H-6′), 6.86 

(1H, d, J = 8.4 Hz, H-5′), 6.78 (1H, d, J = 8.4 Hz, H-5), 4.03 (3H, s, OCH3); 13C‑

NMR (DMSO-d6, 100 MHz): δ: 181.9 (C-3), 158.6 (C-8), 158.3 (C-6), 148.7 (C-2), 

146.14 (C-3′), 146.06 (C-4′), 132.8 (C-7), 125.1 (C-6′), 123.8 (C-1′), 119.9 (C-2′), 

118.4 (C-5′), 116.6 (C-4), 115.3 (C-9), 113.9 (C-10), 112.8 (C-5), 61.3 (7-OCH3). 

 

(5) LOD (Limit of detection) and LOQ (Limit of quantitation) 

To establish the LOD and LOQ for an isolated compound, you need to calculate the 

linearity and standard deviation of the compound. Linearity is the ability to achieve 

results that are directly proportional to the amount of analyte in a sample. For the 

linearity setting method, 5 or more concentrations are recommended. In this study, 

linearity was established by injecting 7 standard solutions to evaluate linearity. Then 

use regression to calculate the standard error. Then, substituting the function for the 

standard error, calculates the standard deviation and calculates as follows: LOD = 

3.3 * δ / S, LOQ = 10 * δ / S23 (δ: standard deviation of the intercept, S: slope 

calibration curve). 

 

(6) Quantitative evaluation of the isolated compounds in extracts 

To proceed with a quantitative evaluation, it is necessary to establish the linearity of 

the standard solution. Linearity is the ability to achieve results that are directly 

proportional to the amount of analyte in a sample. The linearity setting method was 

set in the same way as LOD and LOQ. Then I calculated the regression equation as 

follows: y = Ax + B (y: peak area, x: sample volume). All samples analyzed were 

quantified through 3 replicate injections.  
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Ⅲ. Results and Discussion 

 

1. Structural identification of compounds isolated from R. bicolor 

(1) Structure identification of compound 1 

Compound 1 was obtained as a yellow gum. Analysis of the 1H and 13C NMR 

(CD3OD) data determined the molecular formula to be C22H22O13.  

The 1H NMR data of compound 1 showed four olefin protons (δ 6.83, 6.86, 7.63 and 

7.73), anomeric proton (δ 5.09) with glucose moiety protons (δ 3.95-3.39) and a 

methoxy protons (δ 3.88). The 13C and DEPT NMR data showed the presence of 21 

signals including a carbonyl carbon (δ 176.1), four olefinic carbons (δ 94.1, 114.8, 

114.9 and 120.6), an anomeric carbon (δ 100.7), four oxygenated methine carbons 

(δ 70.7, 73.5, 76.7 and 77.2), oxygenated methylene carbon (δ 61.2), and a methoxy 

carbon (δ 60.1). From the analysis of 1H and 13C NMR data, the structure of this 

compound was conjectured as having skeleton of flavonoid glucoside. 

From the comparison with 1H and 13C NMR data in previous literature, the structure 

of compound 1 was determined as 2-(3,4-dihydroxyphenyl)-3,5-dihydroxy-6-

methoxy-7-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-

yl]oxychromen-4-one (patulitrin) (Fig. 7) [83]. 
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Fig. 7: Structure of compound 1  
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(2) Structure determination of compound 2 

Compound 2 was obtained as a yellow gum. Analysis of the 1H and 13C NMR 

(DMSO-d6) data determined the molecular formula to be C23H24O13.  

The 1H and 13C NMR data of compound 2 suggested that its structure was closely 

similar with compound 1, except for finding additional a methoxy group. In addition, 

the presence of the β-D-glucopyranosyl group (δ 100.7, 77.6, 76.5, 74.1, 69.9 and 

60.9) was similar. From the analysis of HMBC data, correlation between H-1''(δ 5.48) 

of glucoside moiety with C-3 (δ 133.3) of flavonoid moiety was suggested that 

glucose was attached to position 3 unlike compound 1. 

From the comparison with 1H and 13C NMR data in previous literature, the structure 

of compound 2 was determined as 2-(3,4-dihydroxyphenyl)-5-hydroxy-6,7-

dimethoxy-3-[(2R,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-

yl]oxychromen-4-one (eupatolitin-3-O-glucoside) (Fig. 8) [84, 85]. 
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Fig. 8: Structure of compound 2 

  



[34] 

(3) Structure determination of compound 3 

Compound 3 was obtained as a yellow gum. Analysis of the 1H and 13C NMR 

(DMSO-d6) data determined the molecular formula to be C23H24O13.  

The 1H and 13C NMR data of compound 3 suggested that its structure was closely 

similar with compound 2, except for oxymethylene group in glucose was substituted 

with a methyl group. From the analysis of NMR data, unlike compound 2, this 

compound has rhamnose moiety attached in position 3. 

From the comparison with 1H and 13C NMR data in previous literature, the structure 

of compound 3 was determined as 2-(3,4-dihydroxyphenyl)-5-hydroxy-6,7-

dimethoxy-3-[(2S,3R,4R,5R,6R)-3,4,5-trihydroxy-6-methyloxan-2-

yl]oxychromen-4-one (eupatolin) (Fig. 9) [86]. 
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Fig. 9: Structure of compound 3 
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(4) Structure determination of compound 4 

Compound 4 was obtained as a white gum. Analysis of the 1H and 13C NMR (DMSO-

d6) data determined the molecular formula to be C30H50O.  

The 1H NMR data of compound 4 (DMSO-d6) shows eight methoxy protons (δ 0.78, 

0.82, 0.86, 0.93, 0.96, 0.99, 1.12 and 1.24). The 13C NMR data showed the presence 

of 30 carbon signals. Additionally, the presence of a hydroxyl group was confirmed 

in C-3 (δ 77.4), and the double bond was confirmed in C-12 (δ 122.1) and C-13 (δ 

145.1). From the analysis of 1H and 13C NMR data, the structure of this compound 

was conjectured as having skeleton of triterpene group. 

Therefore, the structure of compound 4 was determined as 

(3S,4aR,6aR,6bS,8aR,12aR,14aR,14bR)-4,4,6a,6b,8a,11,11,14b-octamethyl-

1,2,3,4a,5,6,7,8,9,10,12,12a,14,14a-tetradecahydropicen-3-ol (beta-amyrin) (Fig. 10) 

[87]. 
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Fig. 10: Structure of compound 4 
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2. Structural identification of compounds isolated from C. lanceolata 

(1) Structure determination of compound 5 

Compound 5 was obtained as a yellow gum. Analysis of the 1H and 13C NMR (CDCl3) 

data determined the molecular formula to be C13H8.  

The 1H NMR data of compound 5 shows five olefin protons (δ 7.51-7.49 and 7.39-

7.29). a methyl proton (δ 2.0). The 13C NMR and DEPT data show five olefinic 

carbons (δ 128.5, 129.5 and 133.0), an aromatic quaternary carbon (δ 121.2), six sp 

carbons (δ 59.0, 65.0, 67.5, 74.7, 75.3 and 78.3), a methyl carbon (δ 4.7). From the 

analysis of 1H and 13C NMR data, the structure of this compound was conjectured as 

having methyltriacetylene group attached phenyl group. 

From the comparison with 1H and 13C NMR data in previous literature, the structure 

of compound 5 was determined as hepta-1,3,5-triynylbenzene (phenylheptatriyne) 

(Fig. 11) [88]. 

 

Fig. 11: Structure of compound 5 
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(2) Structure determination of compound 6 

Compound 6 was obtained as a yellow gum. Analysis of the 1H and 13C NMR (CDCl3) 

data determined the molecular formula to be C18H18O5. 

The 1H NMR data of compound 6 shows a hydroxyl group (δ 13.54), two trans 

olefinic protons (δ 7.44 and 7.86, J = 15.6 Hz), six olefinic proton (δ 6.49, 6.50, 6.91, 

7.17, 7.26 and 7.84) and three methoxy protons (δ 3.87, 3.94 and 3.97). The 13C 

NMR data showed the presence of 18 signals including a carbonyl carbon (δ 191.8), 

four oxygenated aromatic carbons (δ 149.3, 151.6, 166.1 and 166.6) two α,β-

unsaturated carbons (δ 144.6 and 131.1), and three methoxy carbon (δ 55.6, 56.00 

and 56.02). From the analysis of 1H and 13C NMR data, the structure of this 

compound was conjectured as having skeleton of chalcone. Further analysis of 

HMBC data, the position of methoxy and hydroxy group were confirmed. 

From the comparison with 1H and 13C NMR data in previous literature, the structure 

of compound 6 was determined as (E)-3-(3,4-dimethoxyphenyl)-1-(2-hydroxy-4-

methoxyphenyl)prop-2-en-1-one (2ʹ-Hydroxy-3,4,4ʹ-trimethoxychalcone) (Fig. 12) 

[89]. 
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Fig. 12: Structure of compound 6 
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(3) Structure determination of compound 7 

Compound 7 was obtained as a yellow gum. Analysis of the 1H and 13C NMR (CDCl3) 

data determined the molecular formula to be C17H16O4.  

The 1H NMR data of compound 7 shows seven olefinic proton [δ 6.48, 6.62, 6.96 

(2H), 7.41 (2H) and 7.87], a oxygenated methine proton (δ 5.42), two methoxy 

protons (δ 3.84 and 3.83) and a methylene protons (δ 3.06 and 2.80). The 13C NMR 

data showed the presence of 17 signals including a carbonyl carbon (δ 190.9), three 

oxygenated aromatic carbons (δ 159.9, 163.6 and 166.1), an oxygenated methine 

carbon (δ 79.8), two methoxy carbon (δ 55.4 and 55.6) and a methylene carbon (δ 

44.1). From the analysis of 1H and 13C NMR data, the structure of this compound 

was conjectured as having skeleton of flavanone. 

From the comparison with 1H and 13C NMR data in previous literature, the structure 

of compound 7 was determined as 7-methoxy-2-(4-methoxyphenyl)chromen-4-one 

(4ʹ,7-dimethoxyflavanone) (Fig. 13) [90]. 
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Fig. 13: Structure of compound 7 
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(4) Structure determination of compound 8 

Compound 8 was obtained as a red gum. Analysis of the 1H and 13C NMR (DMSO-

d6) data determined the molecular formula to be C16H14O6.  

The 1H and 13C NMR data of compound 8 suggested that its structure was closely 

similar with compound 7, except for a methoxy group was missing and three 

hydroxyl group was added. From the analysis of HMBC data, unlike compound 7, 

this compound has two hydroxy group attached in position 7 and 3ʹ, and methoxy 

group in position 4ʹ was substituted with hydroxy group. 

From the comparison with 1H and 13C NMR data in previous literature, the structure 

of compound 8 was determined as 2-(3,4-dihydroxyphenyl)-7-hydroxy-8-methoxy-

2,3-dihydrochromen-4-one (8-Methoxybutin) (Fig. 14) [91]. 
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Fig. 14: Structure of compound 8  
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(5) Structure determination of compound 9 

Compound 9 was obtained as a red gum. Analysis of the 1H and 13C NMR (DMSO-

d6) data determined the molecular formula to be C16H12O6.  

The 1H NMR data of compound 9 shows three hydroxy group (δ 9.35, 9.73 and 

10.84), six olefinic proton (δ 6.68, 6.78, 6.86, 7.26, 7.34 and 7.45) and a methoxy 

protons (δ 4.03). The 13C NMR data showed the presence of 16 signals including a 

carbonyl carbon (δ 181.9), five oxygenated olefinic carbons (δ 146.05, 146.14, 148.8, 

158.3 and 158.6) and a methoxy carbon (δ 61.3). From the analysis of 1H and 13C 

NMR data, the structure of this compound was conjectured as having skeleton of 

aurone. Further HMBC analysis, three hydroxy group and a methoxy group position 

was confirmed. 

From the comparison with 1H and 13C NMR data in previous literature, the structure 

of compound 9 was determined as (2Z)-2-[(3,4-dihydroxyphenyl)methylidene]-6-

hydroxy-7-methoxy-1-benzofuran-3-one (leptosidin). (Fig. 15) [91]. 
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Fig. 15: Structure of compound 9 
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3. LOD and LOQ of isolated compounds 

HPLC analysis of 70% EtOH extracts of R. bicolor and C. lanceolata with various 

columns showed that the YMC-triart C-18 exrt column showed superior separation 

compared to other columns. Therefore, LOD and LOQ values were calculated using 

the YMC-triart C-18 exrt column. Some compounds could not be analyzed due to 

their low yield, and analysis was attempted on a total of 4 compounds. Area values 

were obtained by injecting 20 μL with 7 different concentrations to establish the LOD 

and LOQ of the isolated compounds. After calculating the standard error and 

standard deviation, I have calculated the LOD and LOQ. The detection limit of 

patulitrin was set at 26.31 μg/mL and the limit of quantification was set at 79.74 

μg/mL. Then, LOD of the eupatolitin 3-O-glucoside was set to 30.94 μg/mL and the 

LOQ was set to 93.77 μg/mL. Next, the LOD for eupatolin was 13.60 μg/mL, the 

LOQ was 41.21 μg/mL, the LOD for leptosidin was 1.20 μg/mL, and the LOQ was 

3.64 μg/mL (Table 1). 

 

 

Table 1: LOD and LOQ analysis of compounds. It was calculated from the area 

values obtained by analysis with 7 concentrations for patulitrin, eupatolitin 3-O-

glucoside, eupatolin and leptosidin. 

(SE of intercept: Standard error of intercept, SD of intercept: Standard deviation of intercept)  

Compound Range 
(μg/ml)

Regression 
equation

Determination 
coefficient

(R2)

SE of 
intercept

SD of 
intercept

LOD
(μg/ml)

LOQ
(μg/ml)

Patulitrin 7.8125-500 y=43175x + 72683 0.999 130133.19 344300.08 26.31 79.74

Eupatolitin
3-O-glucoside 7.8125-500 y=29513x + 169271 0.9987 104604.10 276756.40 30.94 93.77

Eupatolin 3.90625-250 y=27930x – 70246 0.9989 43756.76 115769.50 13.60 41.21

Leptosidin 0.625-40 y=43845x – 2997.8 0.9997 6034.74 15966.43 1.20 3.64
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4. Quantitative evaluation of R. bicolor 

Patulitrin, eupatolitin 3-O-glucoside, eupatolin isolated from R. bicolor were 

evaluated qualitatively and quantitatively. The extract was dissolved at 5 mg/mL and 

injected, and patulin, eupatolitin 3-O-glucoside, eupatolin were injected to compare 

the retention times (RT). The stationary phase was a YMC-triart C-18 exrt column 

and the mobile phase was a gradient system using 10% to 100% methanol (0.1% 

formic acid) for 40 minutes. The flow rate was analyzed as 1 mL/min and detected 

at a wavelength of 254 nm. In the R. bicolor 70% ethanol extract (Rb-70%E), 8 peaks 

predicted as major compounds were detected, and 3 of them were evaluated 

quantitatively. The RTs of the compounds were found at 21.30 min in patulitrin, 

24.40 min in eupatolitin 3-O-glucoside and 26.41 min in eupatolin. It was found that 

Rb-70%E was also detected at the same RT as the 3 compounds (Fig. 16). 

The compounds were then injected at 7 different concentrations to detect the area 

values and calculate the calibration curve. As a result of quantitative evaluation for 

each compound, the patulitrin contained in Rb-70%E was 0.628 ( ± 0.004) %, 

eupatolitin 3-O-glucoside was 1.045 (±0.034) %, and eupatolin was 0.650 (±0.041) % 

(Table 2). 

As a result of qualitative evaluation, all three compounds were found as the major 

compounds of Rb-70%E, and of the 3 isolated compounds, eupatolitin 3-O-glucoside 

was found to be the most abundant in Rb-70%E. 
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Fig. 16: Comparative analysis of R. bicolor and compounds in HPLC. Qualitative 

analysis of the compound using HPLC. R. bicolor 70% EtOH extract (A) and the 

isolated compounds patulitrin (B), eupatolitin 3-O-glucoside (C), eupatolin (D) were 

analyzed with the same mobile phase and column. 

  

Rb-70%E 
(5mg/ml)

Eupatolin
(0.0625mg/ml)

Patulitrin
(0.5mg/ml)

Eupatolitin
3-O-glucoside 

(0.25mg/ml)

A

D

B

C
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Table 2: Evaluation of the content of compounds isolated from R. bocolor. All 

quantitative evaluations were calibrated through three independent analysis and the 

area values obtained through the analysis were calculated. The compounds used in 

the quantitative evaluation were patulitrin (A), eupatolitin 3-O-glucoside (B) and 

eupatolin (C). 

  

1st 2nd 3rd mean O.D.

Rb-70E (uV*sec) 1421725 1427587 1438537 1429283 8533.355

X (ug) 31.24591 31.38168 31.635298 31.42096 0.197646

Content 0.62% 0.63% 0.63% 0.628% 0.004%

1st 2nd 3rd mean O.D.

Rb-70E (uV*sec) 1711096 1761481 1660148 1710908 50666.76

X (ug) 52.24223 53.94945 50.51594 52.23587 1.716761

Content 1.04% 1.08% 1.01% 1.045% 0.034%

1st 2nd 3rd mean O.D.

Rb-70E (uV*sec) 880356 790474 774828 815219.3 56949.88

X (ug) 34.80364 31.6034 31.04632201 32.48445 2.027696

Content 0.70% 0.63% 0.62% 0.650% 0.041%

A

B

C
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5. Quantitative evaluation of C. lanceolata 

The compound leptosidine isolated from C. lanceolata was evaluated qualitatively 

and quantitatively. The stationary phase was a YMC-triart C-18 exrt column and the 

mobile phase was a gradient system using 10% to 100% methanol (0.1% formic acid) 

for 40 minutes. The flow rate was analyzed as 1 mL/min and detected at a wavelength 

of 254 nm. Other compounds isolated from C. lanceolata in this study could not be 

qualitatively evaluated due to their low yield. The extract was dissolved at 5 mg/mL 

and injected, and leptosidine was injected to compare the retention time (RT). The 

RT of Leptosidin was detected at 27.00 min and also in C. lanceolata 70% ethaol 

extract (Cl-70%E) at the same RT (Fig. 17).  

Then leptosidin was injected at 7 different concentrations to detect the area values 

and calculate the calibration curve. As a result of quantitative evaluation for each 

compound, leptosidin contained in Cl-70%E was 0.438 (± 0.015) % (Table 3). 

As a result, it suggested that leptosidin is the major compound of Cl-70%E. 
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Fig. 17: Qualitative analysis of C. lanceolata and compounds in HPLC. C. 

lanceolata 70% EtOH extract (A) and the isolated compound leptosidin (B) were 

analyzed with the same mobile phase and column. 

 

 

 

Table 3: Evaluation of the content of leptosidin isolated from C. lanceolata. 

Quantitative evaluations were calibrated through three independent analysis and the 

area values obtained through the analysis were calculated. 

 

  

Cl-70%E 
(5mg/ml)

Leptosidin
(40ug/ml)

A

B

1st 2nd 3rd mean O.D.

Cl-70E (uV*sec) 995693 939732 937272 957565.667 33042.1407

X (ug) 22.77775801 21.50142091 21.44531417 21.9081644 0.75361251

Content 0.46% 0.43% 0.43% 0.438% 0.015%
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Ⅳ. Conclusion 

The study has isolated nine known compounds from R. bicolor and C. lanceolata 70% 

EtOH extracts through various chromatographic steps including Column 

Chromatography and HPLC. Compounds isolated from R. bicolor 70% EtOH extract 

were structurally identified as patulitrin, eupatolitin-3-O-glucoside, eupatolin, and 

beta-amyrin. All compounds were first isolated in R. bicolor. In addition, it was 

quantified that patulin, eupatolitin-3-O-glucoside and eupatolin were contained in 

0.628%, 1.045%, and 0.65%, respectively, as marker compounds.  

The compounds isolated from C. laceolata 70% EtOH extract were structurally 

identified as phenylheptatriyne, 2'-hydroxy-3,4,4'-trimethoxy chalcone, 4', 7-

dimethoxyflavanone, 8-methoxybutin, and leptosidin. Phenylheptatriyne was first 

isolated in C. laceolata. In addition, it was quantified that it contained 0.438% 

leptosidin as an marker compound of C. laceolata. In this study, the content 

evaluation of each of the five components and marker compounds included in the R. 

bicolor and C. lanceolata 70% EtOH of Compositae was quantified. 
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Chapter 3. 

 

Anti-aging activity of extracts, fractions and 

compounds from R. bicolor and C. lanceolata in 

the various in vitro models   
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Ⅰ. Introduction 

 
As the average life span of humans is increasing, an aging society is rapidly entering 

and the attitude to prevent aging is actively changing worldwide. Anti-aging 

measures include functional foods, anti-aging agents, cosmetics, and surgery. 

Diseases associated with aging include neurodegenerative diseases and skin aging 

[92, 93]. Aging has been linked to immune regulation, oxidative stress, and free 

radical products [94]. In addition, it is accompanied by a decrease in organ function 

and loss of regeneration ability in the Biology [95]. Among these dysfunctions, 

oxidative stress contributes to an aging-related chronic inflammatory process, 

namely "inflammatory aging" [96]. Inflammation is a phenomenon in which pro-

inflammatory mediators, such as cytokines and chemokines, are synthesized and 

released [97]. Chronic inflammation is a condition in which inflammatory cytokines 

and chemokines are increased in response to physiological and environmental factors, 

allowing the immune system to continue functioning at low levels [98]. Causes of 

chronic inflammation include genetic susceptibility, visceral obesity, chronic 

infection, and cellular aging [99]. Oxidative stress contributes to the development of 

age-related diseases, causes imbalance in the body, and directly causes oxidative 

damage to cells, resulting in an inflammatory response in which local tissues resist 

invasion of chemical or biological factors [100-103]. During the inflammatory 

reaction of oxidative stress, unnecessary reactive oxygen species (ROS), such as 

singlet oxygen (1O2), superoxide (O2
-), hydroxy radical (OH), and hydroxy peroxide 

(H2O2), cause disorders of nucleic acids, proteins, and lipids, and block normal 

functions [104, 105]. Furthermore, in this process, inflammation occurs due to DNA 

damage and cell death, and aging-related diseases, such as degenerative brain disease, 

cardiovascular disease, and thereby causing skin aging [106]. Plants of the 

Compositae family has long been used to treat cold, headache, and high blood 
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pressure. Numerous natural compounds have been isolated from the Compositae 

family, and most of them flavonoid-type compounds have been reported. However, 

there are no studies on the anti-aging effects of R. bicolor and C. lanceolata. 

Therefore, I investigated the anti-aging effects by extracts, fractions and compounds 

from R. bicolor and C. lanceolata using the various in vitro models including BV2 

microglia, RAW264.7 macrophage, HT22 hippocampal, and HaCaT keratinocyte 

cells.  
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Ⅱ. Materials and Methods 

 

1. Materials 

(1) Samples preparation 

R. bicolor (RB19-001) was collected at the Chosun University Herb Garden, 

Gwangju, Republic of korea and C. lanceolata (CL19-001) was collected in Bulgap-

myeon, Yeonggwang, Jeollanam-do, Republic of korea. Both were collected in 

August 2012 and extracted with 70% EtOH. Four fractions were obtained from each 

extract using solvent by solvent fractionation. The solvents used were 

dichloromethane, ethyl acetate, butanol and distilled water. The names of the 

fractions obtained through the fractionation method are as follows: R. bicolor 70% 

ethanol extract (Rb-70%E), R. bicolor dichloromethane fraction (Rb-CH2Cl2), R. 

bicolor ethyl acetate fraction (Rb-EtOAc), R. bicolor butanol fraction (Rb-BuOH), 

and R. bicolor distilled water fraction (Rb-H2O), C. lanceolata 70% ethanol extract 

(Cl-70%E), C. lanceolata dichloromethane fraction (Cl-CH2Cl2), C. lanceolata ethyl 

acetate fraction (Cl-EtOAc), C. lanceolata butanol fraction (Cl-BuOH) and C. 

lanceolata distilled water fraction (Cl-H2O). Patulitrin and beta-amyrin were isolated 

from R. bicolor, and phenylheptatryine, 8-methoxybutin, and leptosidin were 

isolated from C. lanceolata. 

 

(2) Chemicals and reagents for cell culture  

Phosphate-buffered saline (PBS) [10 mM phosphate buffer (pH 7.4), 137 mM NaCl, 

2 mM KCl], and fetal bovine serum (FBS) were purchased from Gibco (Grand Island, 
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NY, USA). All other chemicals were purchased from Sigma-aldrich (Saint Louis, 

MO, USA) unless otherwise specified. 

 

2. Methods 

(1) Cell culture 

Mouse hippocampal HT22 cells, murine microglia BV2 cells, and RAW264.7 cells 

were donated by Prof. Youn-Chul Kim, Wonkwang University (Iksan, Korea). 

HaCaT human keratinocyte cells were donated by Prof. Hyeon-sook Cheong, 

Chosun University (Gwangju, Korea). Cells (5 × 106 cells/dish) were seeded in 100 

mm dishes in dulbecco's modified eagle's medium (DMEM) (HT22), α-minimum 

essential medium (α-MEM) (BV2), roswell park memorial institute (RPMI)-1640 

(RAW264.7), DMEM +GlutaMAXTM (HaCaT) containing streptomycin (100 

μg/mL), 10% heat-inactivated FBS, and penicillin G (100 units/mL), and then 

incubated at 37 °C in a humidified atmosphere (5% CO2 and 95% air).  

 

(2) MTT assay  

To determine cell viability, cells were maintained at 2 × 104 cells/well and then 

treated with samples in the absence or presence of glutamate (5 mM). After 

incubation for the indicated times, the cell culture medium was removed from each 

well and replaced with 200 μL of fresh medium in each well. Cells were incubated 

with 0.5 mg/mL of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) for 1 h, and the formed formazan was resolved in dimethyl sulfoxide (DMSO). 

Next, the dissolved formazan was measured for absorbance at a wavelength of 540 

nm using a ELISA microplate reader from Molecular Devices (San Jose, CA, USA). 
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(3) Nitrite assay 

To determine the nitric oxide (NO) levels, the concentration of nitrite was assessed 

by the Griess reaction. The supernatant (100 μL) was mixed with Griess reagent (100 

μL), and the absorbance was determined at 570 nm using an ELISA microplate reader 

from Molecular Devices (San Jose, CA, USA). 

 

(4) Western blot analysis 

The cells were harvested and pelleted by centrifugation at 200 × g for 3 min. Next, 

the cells were washed with PBS and lysed in 20 mM Tris-HCl buffer (pH 7.4) 

containing a protease inhibitor mixture (0.1 mM phenylmethanesulfonyl fluoride, 5 

mg/mL aprotinin, 5 mg/mL pepstatin A, and 1 mg/mL chymostatin). Protein 

concentration was determined using a Lowry protein assay kit (Sigma-aldrich, Saint 

Louis, MO, USA). Protein (30 mg) from each sample was resolved using 7.5% and 

12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and 

then electrophoretically transferred onto a Hybond enhanced chemiluminescence 

(ECL) nitrocellulose membrane (Bio-Rad, Hercules, CA, USA). The membrane was 

blocked with 5% skimmed milk and sequentially incubated with the primary 

antibody (Santa Cruz Biotechnology, Dallas, TX, USA and Cell Signaling 

Technology, Danvers, MA, USA) and a horseradish peroxidase-conjugated 

secondary antibody, followed by ECL detection (Amersham Pharmacia Biotech, 

Piscataway, NJ, USA). 
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(5) Prostaglandin (PGE2) assay 

The culture medium was collected, and the level of PGE2 present in each sample was 

determined using a commercially available kit from R&D Systems. (Minneapolis, 

MN, USA). The assays were performed according to the manufacturer’s instructions. 

 

(6) IL-6 and IL-8 assay 

The culture medium was collected, and the level of IL-6 and IL-8 present in each 

sample was determined using a commercially available kit from BioLegend (San 

Diego, CA, USA). The assays were performed according to the manufacturer’s 

instructions. 

 

(7) DNA binding activity assay 

The DNA binding activity of nuclear factor kappa B (NF-κB) in nuclear extracts was 
measured using the NF-κB transcription factor assay kit from Cayman Chemical 
(Ann Arbor, MI, USA). The measurement method was carried out according to the 
manufacturer's instructions. 

 

(8) Statistical Analysis 

Data are expressed as the mean ± SD of three independent experiments. Statistical 

analysis was conducted using GraphPad Prism software version 3.03 (GraphPad 

Software Inc., San Diego, CA, USA). The differences between means were assessed 

by one-way analysis of variance (ANOVA), followed by Newman-Keuls post hoc 

test, and statistical significance was defined at P < 0.05. 
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Ⅲ. Results and Discussion 

1. Anti-aging effect of R. bicolor and C. lanceolata 

(1) Neuroprotective effect of extracts and fractions in HT22 

hippocampal cells 

Glutamate is the main excitatory neurotransmitter in the central nervous system. 

Glutamate instability is a major cause of neuronal cell death and is considered to 

cause chronic neurodegenerative diseases, such as Alzheimer's and Parkinson's 

disease [107]. Excessive excretion of glutamate results in excitotoxicity and 

oxidative stress [108]. However, there are reports that HT22 hippocampal cells lack 

functional ionotropic glutamate receptors [109]. Thus, excitotoxicity was excluded 

with respect to glutamate-induced HT22 hippocampal cells. During oxidative stress, 

ROS are overproduced and excessive ROS disrupts the balance of the antioxidant 

system, resulting in cell death [110]. Therefore, it was confirmed that R. bicolor has 

a neuroprotective effect against cells damaged by oxidative stress in HT22 

hippocampal cells induced by glutamate. R. bicolor and C. lanceolata extracted with 

70% EtOH and fractions derived from them were treated at each concentration to 

confirm the neuroprotective effect. Individual concentrations of R. bicolor were 

treated with Rb-70% E (10-100 μg/mL), Rb-CH2Cl2 (10-100 μg/mL), Rb-EtOAc (1-

20 μg/mL), Rb-BuOH (25-200 μg/mL), and Rb-H2O (25-200 μg/mL). The results 

showed neuroprotective effects in all fractions except in the Rb-H2O fraction (Fig. 

18A).  

Subsequently, the individual concentrations of C. lanceolata were treated with Cl-

70% E (10-100 μg/mL), Cl-CH2Cl2 (1-20 μg/mL), Cl-EtOAc (25-200 μg/mL), Cl-

BuOH (25-200 μg/mL), and Cl-H2O (25-200 μg/mL). The results indicated 
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neuroprotective effects in all fractions except in the Cl-CH2Cl2 and Cl-H2O fractions 

(Fig. 18B). 
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Fig. 18: Neuroprotective effect on HT22 hippocampal cells of R. bicolor and C. 

lanceolata extract & fraction. HT22 cells were treated with extract and fractions and 

then incubated for 12 h with glutamate (20 mM). Data are presented as mean ± SD 

values of 3 independent experiments. Trolox (100 μM) was used as the positive 

control. *P < 0.05, **P < 0.01, ***P < 0.001 vs. glutamate.   
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(2) Inhibitory Effect of extracts and fractions on neuroinflammation 

in BV2 Microglia 

Microglia, which are macrophages present in the brain, are activated in the presence 

of harmful factors, and play an important role in maintaining homeostasis by 

eliminating adverse reactions in the body. However, when abnormally activated by 

external stimuli, pro-inflammatory mediators, ROS, and inflammatory cytokines are 

secreted [111]. When inflammatory mediators are secreted, cell damage and brain 

damage can occur, leading to degenerative brain diseases, such as Alzheimer's and 

Parkinson's disease [112, 113]. Unusually activated microglia are characterized as 

being found in a variety of neurodegenerative diseases. The pro-inflammatory 

mediators, NO and PGE2, are inflammatory active substances secreted by 

macrophages during inflammation in the central nervous system and are rapidly 

produced when lipopolysaccharides (LPS) or pathogens are injected into the 

macrophages [114]. The secretion of inflammatory active substances eventually 

leads to nerve cell death, and inhibition of these inflammatory substances can be used 

to reduce nerve cell damage in cases of brain injury due to various causes [115, 116]. 

Therefore, in this study, the inhibitory effect of the extract and fractions on LPS-

induced BV2 microglia was observed. First, a toxicity assessment was performed to 

establish the concentration of the compound. Individual concentrations were treated 

at 50-200 μg/mL for all the treatment groups except Rb-CH2Cl2 (25-100 μg/mL), 

Rb-EtOAc (12.5-50 μg/mL), Cl-CH2Cl2 (12.5-50 μg/mL), and Cl-EtOAc (12.5-50 

μg/mL). Toxicity was observed to be present only in Rb-EtOAc among a total of 10 

treatment groups (Fig. 19). 
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Fig. 19: Toxicity evaluation of R. bicolor and C. lanceolata extracts and fractions in 

BV2 microglia. BV2 cells were treated with extract and fractions and then incubated 

for 18 h. Data are presented as mean ± SD values of 3 independent experiments. *P 

< 0.05, **P < 0.01, ***P < 0.001 vs. control group.   
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The concentration setting based on the toxicity assessment was used to confirm the 

effect of inhibiting NO production. Extracts and fractions were pretreated at 

individual concentrations for 3 h and stimulated with 0.5 μg/mL of LPS for 18 h to 

observe NO production using the Griess reagent reaction. Sulfuretin (20 μg/mL) was 

used as a positive control. Individual concentrations of R. bicolor were treated with 

Rb-70% E (5-25 μg/mL), Rb-CH2Cl2 (2-10 μg/mL), Rb-EtOAc (2-10 μg/mL), Rb-

BuOH (5-20 μg/mL), and Rb-H2O (5-25 μg/mL). The results suggested 

concentration-dependent NO inhibitory effects in all treatment groups, and Rb-

EtOAc showed a significant NO inhibitory effect (Fig. 20A). 

Subsequently, the individual concentrations of C. lanceolata were treated with Cl-

70% E (10-50 μg/mL), Cl-CH2Cl2 (2-10 μg/mL), Cl-EtOAc (10-50 μg/mL), Cl-

BuOH (10-50 μg/mL), and Cl-H2O (50-200 μg/mL). Concentration-dependent NO 

inhibitory effects were observed in all the treatment groups, and Cl-H2O showed a 

significant NO inhibitory effect (Fig. 20B). 

  



[61] 

 

Fig. 20: Inhibitory Effect of R. bicolor and C. lanceolata extracts and fractions on 

NO production in BV2 microglia. BV2 cells were treated with extract and fractions 

and then incubated for 18 h with LPS (0.5 μg/mL). Data are presented as mean ± SD 

values of 3 independent experiments. Sulfuretin (20 μM) was used as the positive 

control. *P < 0.05, **P < 0.01, ***P < 0.001 vs. LPS.   
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(3) Inhibitory Effect of extracts and fractions on inflammation in 

RAW264.7 Macrophage 

Macrophages are immune cells involved in the inflammatory response. Inflammation 

is a biological defense response to pathogens or external stimuli, and various 

mediators, such as cytokines, PGE2, ROS, and free radicals are involved in the 

inflammatory process [117, 118]. During an inflammatory reaction, various tissue 

cells and immune cells secrete inflammatory mediators. However, chronic 

inflammatory disease occurs when inflammatory mediators are excessively produced 

in cells involved in the inflammatory response [119, 120]. When macrophages 

respond to external stimuli, they overproduce pro-inflammatory mediators, such as 

NO, PGE2, and cytokines, which leads to chronic inflammatory responses, such as 

tissue damage and genetic mutations [121-123]. Therefore, in this study, I have 

observed the inhibitory effect of the extract and fraction on the production of pro-

inflammatory mediators in RAW264.7 macrophages induced by LPS. First, a toxicity 

assessment was performed to establish the concentration of the compound. 

Individual concentrations were treated at 50-200 μg/mL for all treatment groups 

except Rb-CH2Cl2 (25-100 μg/mL), Rb-EtOAc (12.5-50 μg/mL), Cl-CH2Cl2 (12.5-

50 μg/mL), and Cl-EtOAc (12.5-50 μg/mL). The results showed toxicity in Rb-70%E, 

Rb-CH2Cl2, Rb-EtOAc, and Cl-70%E among the 10 treatment groups (Fig. 21). 
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Fig. 21: Toxicity evaluation of R. bicolor and C. lanceolata extracts and fractions in 

RAW264.7 macrophage. RAW264.7 cells were treated with extract and fractions and 

then incubated for 18 h. Data are presented as mean ± SD values of 3 independent 

experiments. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control group.   
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The concentration setting according to the toxicity assessment was used to confirm 

the effect of inhibiting NO production. Extracts and fractions were pretreated at 

individual concentrations for 3 h and stimulated with 0.5 μg/mL of LPS for 18 h to 

observe NO production using a Griess reagent reaction. Sulfuretin (20 μg/mL) was 

used as a positive control. Individual concentrations of R. bicolor were treated with 

Rb-70% E (5-25 μg/mL), Rb-CH2Cl2 (2-10 μg/mL), Rb-EtOAc (2-10 μg/mL), Rb-

BuOH (5-20 μg/mL), and Rb-H2O (5-25 μg/mL). The results indicated 

concentration-dependent NO inhibitory effects in all the treatment groups except Rb-

BuOH, and Rb-EtOAc showed a significant NO inhibitory effect (Fig. 22A). 

Subsequently, the individual concentrations of C. lanceolata were treated with Cl-

70% E (10-50 μg/mL), Cl-CH2Cl2 (2-10 μg/mL), Cl-EtOAc (10-50 μg/mL), Cl-

BuOH (10-50 μg/mL), and Cl-H2O (50-200 μg/mL). Concentration-dependent NO 

inhibitory effects were observed in all treatment groups exept Cl-BuOH, and Cl-H2O 

showed a significant NO inhibitory effect (Fig. 22B). 
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Fig. 22: Inhibitory Effect of R. bicolor and C. lanceolata extracts and fractions on 

NO production in RAW264.7 macrophage. RAW264.7 cells were treated with 

extract and fractions and then incubated for 18 h with LPS (0.5 μg/mL). Data are 

presented as mean ± SD values of 3 independent experiments. Sulfuretin (20 μM) 

was used as the positive control. *P < 0.05, **P < 0.01, ***P < 0.001 vs. LPS.   
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(4) Anti-skin inflammatory effects of extracts and fractions in 

HaCaT human keratinocytes 

The keratinocytes of the epidermis are the main cells that make up the skin, forming 

the stratum corneum, and forming an effective skin barrier system against physical 

and chemical stimuli and external microorganisms. Keratinocytes are also involved 

in inflammatory and immune responses as well as protecting the skin in a variety of 

ways, such as from penetration and UV rays, and functioning as a moisturizer and 

antioxidant [124, 125]. However, constant exposure of the keratinocytes to 

physiological and environmental stresses leads to the activation of the inflammatory 

response producing various pro-inflammatory cytokines, such as tumor necrosis 

factor (TNF)-α, interleukin (IL)-6, and IL-8 [126]. Excessive production of pro-

inflammatory cytokines damages keratinocytes and causes skin aging, leading to 

inflammatory skin diseases, such as psoriasis and atopic dermatitis [127]. Therefore, 

to treat skin damage and inflammatory diseases, it is necessary to regulate the 

inflammatory response of keratinocytes. Thus, in this study, I have attempted to 

observe the inhibitory effect of the extract and fraction on skin inflammation in 

HaCaT keratinocytes induced by recombining TNF-α and interferon (IFN)-γ. First, 

a toxicity assessment was performed to establish the concentration of the compound. 

Individual concentrations were Rb-CH2Cl2, Rb-EtOAc, and Cl-CH2Cl2 treated with 

2.5-10 μg/mL, Rb-70%E, Rb-BuOH, and Rb-H2O treated with 10-50 μg/mL, Cl-

70%E, Cl-EtOAc, and Cl-BuOH treated with 25-100 μg/mL, and Cl-H2O with 50-

200 μg/mL. The results showed no toxicity in all the 10 treatment groups (Fig. 23). 
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Fig. 23: Toxicity evaluation of R. bicolor and C. lanceolata extracts and fractions in 

HaCaT Human Keratinocytes. HaCaT cells were treated with extract and fractions 

and then incubated for 18 h. Data are presented as mean ± SD values of 3 independent 

experiments.  
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Subsequently, the concentration that was set based on the toxicity evaluation was 

used to confirm the inhibitory effect of IL-6 production. Extracts and fractions were 

pretreated at individual concentrations for 3 h and stimulated with 20 ng/mL TNF-α 

+ IFN-γ for 24 h to observe IL-6 production. Individual concentrations of R. bicolor 

were treated with Rb-70% E (10-50 μg/mL), Rb-CH2Cl2 (2.5-10 μg/mL), Rb-EtOAc 

(2.5-10 μg/mL), Rb-BuOH (10-50 μg/mL), Rb-H2O (10-50 μg/mL). Inhibition of IL-

6 production was observed only in Rb-EtOAc (Fig. 24A). 

Then, the individual concentrations of C. lanceolata were treated with Cl-70% E (25-

100 μg/mL), Cl-CH2Cl2 (2.5-10 μg/mL), Cl-EtOAc (25-100 μg/mL), Cl-BuOH (25-

100 μg/mL), and Cl-H2O (50-200 μg/mL). The results suggested that Cl-70%E and 

Cl-EtOAc showed a concentration-dependent inhibitory effect on IL-6 production 

(Fig. 24B). 
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Fig. 24: Inhibitory Effect of R. bicolor and C. lanceolata extracts and fractions on 

IL-6 Production in HaCaT Human Keratinocytes. HaCaT cells were treated with 

extract and fractions and then incubated for 18 h with TNF-α/IFN-γ (20 ng/mL). Data 

are presented as mean ± SD values of 3 independent experiments. *P < 0.05, **P < 

0.01, ***P < 0.001 vs. TNF-α/IFN-γ.   
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The concentration that was set based on the toxicity evaluation was used to confirm 

the inhibitory effect of IL-8 production. Extracts and fractions were pretreated at 

individual concentrations for 3 h and stimulated with 20 ng/mL TNF-α + IFN-γ for 

24 h to observe IL-8 production. Individual concentrations of R. bicolor were treated 

with Rb-70% E (10-50 μg/mL), Rb-CH2Cl2 (2.5-10 μg/mL), Rb-EtOAc (2.5-10 

μg/mL), Rb-BuOH (10-50 μg/mL), and Rb-H2O (10-50 μg/mL). A concentration-

dependent inhibitory effect on IL-8 production was observed in all the treatment 

groups exept Rb-CH2Cl2, among which Rb-70%E and Rb-BuOH significantly 

inhibited IL-8 production (Fig. 25A). 

Subsequently, the individual concentrations of C. lanceolata were treated with Cl-

70% E (25-100 μg/mL), Cl-CH2Cl2 (2.5-10 μg/mL), Cl-EtOAc (25-100 μg/mL), Cl-

BuOH (25-100 μg/mL), Cl-H2O (50-200 μg/mL). A concentration-dependent 

inhibitory effect on IL-8 production was observed in all the treatment groups exept 

Cl-BuOH, of which Cl-70%E and Cl-H2O significantly inhibited IL-8 production 

(Fig. 25B). 
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Fig. 25: Inhibitory Effect of R. bicolor and C. lanceolata extracts and fractions on 

IL-8 Production in HaCaT Human Keratinocytes. HaCaT cells were treated with 

extract and fractions and then incubated for 18 h with TNF-α/IFN-γ (20 ng/ml). Data 

are presented as mean ± SD values of 3 independent experiments. *P < 0.05, **P < 

0.01, ***P < 0.001 vs. TNF-α/IFN-γ.   
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2. Anti-aging effect of compounds isolated from R. bicolor and C. 

lanceolata 
 

 

(1) Structure of compounds isolated from R. bicolor and C. 

lanceolata 

The compounds used in this study consisted of five compounds isolated from R. 

bicolor and C. lanceolata (Compositae). Patulitrin and beta-amyrin were isolated 

from R. bicolor, and phenylheptatryine, 8-methoxybutin, and leptosidin were 

isolated from C. lanceolata. The structure of the compound is shown in the figure 

(Fig. 26). Patulitrin is a flavonol type compound with a molecular weight of 494.4 

g/mol. Beta-amyrin is a triterpenoid-type compound with a molecular weight of 

426.7 g/mol, while phenylheptatryine has a molecular weight of 164.2 g/mol. 8-

methoxybutin is a flavanone compound with a molecular weight of 302.28 g/mol. 

Leptosidin is an aurone type compound with a molecular weight of 300.26 g/mol. 

Each compound was used for in vitro analysis by calculating its molarity through 

molecular weight and then diluting with DMSO. 
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Fig. 26: Structure of compounds isolated from R. bicolor and C. lanceolata 

 

  

A

B
C

D E

O

O

O

O
OH

OH

OH

OH
OHO

HO

OH
HO

HO

O

OH

OH

O

O
HO

O

O

O
HO

OH

OH



[74] 

(2) Neuroprotective effect of compounds in HT22 hippocampal cells 

Excessive excretion of glutamate causes excitatory toxicity and oxidative stress 

[108]. However, there are reports that HT22 hippocampal cells lack functional 

ionotropic glutamate receptors [109]. Therefore, I have evaluated the oxidative 

stress-related cytotoxic and brain cell protective effects of HT22 hippocampal cells 

induced by glutamate. 

By treating the cells with 5-20 μM of each of the five compounds isolated from two 

Compositae plants, cytotoxicity was observed at 20 μM concentrations of 8-

methoxybutin and leptosidin (Fig. 27A). 

Based on the toxicity evaluation, the maximum concentration of 8-methoxybutin and 

leptosidin were set to 10 μM, and neuroprotective effects were observed in HT22 

hippocampal cells induced by glutamate. Each compound was treated for 6 h, with 

20 mM glutamate and 100 μM Trolox as positive controls. Absorbance 

measurements from the MTT assay after 12 h showed no neuroprotective effects in 

all the compounds (Fig. 27B). 
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Fig. 27: Neuroprotective effect on HT22 hippocampal cells of compounds isolated 

R. bicolor and C. lanceolata. HT22 cells were treated with five compounds and then 

incubated for 12 h (A). HT22 cells were treated with five compounds and then 

incubated for 12 h with glutamate (20 mM) (B). Data are presented as mean ± SD 

values of three independent experiments. Trolox (100 μM) was used as the positive 

control. ***P < 0.001 vs. glutamate (A); ###P < 0.001 vs. glutamate (B).   
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(3) Anti-neuroinflammatory Effect of compounds in BV2 Microglia 

Microglia, which are macrophages present in the brain, are activated in the presence 

of harmful factors, and play an important role in maintaining homeostasis by 

eliminating adverse reactions in the body. However, when abnormally activated by 

external stimuli, pro-inflammatory mediators, ROS, and inflammatory cytokines are 

secreted [111]. The secretion of inflammatory mediators can lead to cell damage and 

brain damage, leading to degenerative brain diseases, such as Alzheimer's and 

Parkinson's disease [112, 113]. When microglial cells are overactivated by external 

stimuli, pro-inflammatory substances, such as NO and PGE2 and inflammatory 

cytokines, such as TNF-α, IL-6, and IL-1β are secreted. Suppressing the secretion of 

active inflammatory substances can prevent cell damage. Thus, the 

neuroinflammation inhibitory effect of the compounds on BV2 microglia induced by 

LPS was observed. 

First, a toxicity assessment was performed on the compound. The results showed 

toxicity at the maximum concentrations of the four compounds except for patulitrin 

(Fig. 28A). Based on the toxicity assessment, the maximum concentration of beta-

amyrin, 8-methoxybutin, and leptosidin was set to 10 μM, and that of 

phenylheptatryine to 20 μM. The maximum concentration of patulitrin was set to 40 

μM to confirm the inhibitory effect of nitrite production. Butein (10 μM) was used 

as a positive control. As for the NO production inhibitory effect of the compounds, 

four compounds, except patulitrin, suppressed NO production in a concentration-

dependent manner, and beta-amyrin, 8-methoxybutin, and leptosidin showed 

superior NO production inhibitory effects than the positive control (Fig. 28B). 

Subsequently, the inhibitory effect on IL-6 production was confirmed for the three 

compounds having an excellent inhibitory effect on NO production. The IL-6 

inhibitory effect of phenylheptatryine and 8-methoxybutin at the same concentration 

was found to be excellent (Fig. 28C). 
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In addition, results confirmed the inhibitory effect on TNF-α production, which was 

observed only in phenylheptatryine (Fig. 28D). Overall, among the five compounds, 

phenylheptatryine showed excellent anti-neuroinflammatory effects. 
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Fig. 28: Anti-neuroinflammatory effects of compounds isolated from R. bicolor and 

C. lanceolata on BV2 microglia. BV2 cells were treated with three compounds and 

then incubated for 18 h (A). BV2 cells were treated with three compounds and then 

incubated for 18 h with LPS (0.5 μg/mL) (B, C, D). Data are presented as mean ± 

SD values of 3 independent experiments. Butein (10 μM) was used as the positive 

control. ##P < 0.01, ###P < 0.001 vs. LPS.   
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(4) The inhibitory effects of compounds on the iNOS and COX-2 

expression in BV2 microglia 

Inflammatory cytokines and NO are active inflammatory substances that are rapidly 

produced when LPS or pathogens are injected into macrophages [114]. These 

substances are increased by the pro-inflammatory proteins inducible nitric oxide 

synthase (iNOS) and cyclooxygenase-2 (COX-2). Therefore, it was confirmed by 

Western blot analysis that the expression of pro-inflammatory proteins iNOS and 

COX-2 was inhibited for compounds that inhibit inflammatory cytokines. As a result, 

phenylheptatryine inhibited the expression of iNOS and COX-2 in a concentration-

dependent manner (Fig. 29). 
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Fig. 29: Inhibitory effect of phenylheptatryine and 8-methoxybutin on the expression 

of iNOS and COX-2 proteins in LPS-induced BV2 microglia. BV2 cells were treated 

with two compounds and then incubated for 18 h with LPS (0.5 μg/mL).  
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(5) The inhibitory effects of compounds on NF-κB translocation in 

BV2 microglia 

The transcription factor that regulates the expression of iNOS and COX-2 is known 

as NF-κB [128]. Normal NF-κB maintains its inactive form by forming complexes 

with proteins such as IκBα. However, when NF-κB is activated by LPS, the 

degradation of IκBα by phosphorylation is promoted and NF-κB tranlocated to the 

nucleus [129]. When NF-κB tranlocated to the nucleus, it binds to the promoter of 

the inflammatory mediator gene and induces the expression of the inflammatory 

mediator [130]. Therefore, it was confirmed that nuclear proteins were extracted 

from BV2 cells stimulated with LPS for compounds that inhibit inflammatory 

cytokines, thereby inhibiting NF-κB activation. As a result, it was confirmed that 

phenylheptatryine inhibited p-IκBα phosphorylation in a concentration-dependent 

manner. Additionally, the translocation of p65 to the nucleus was inhibited in a 

concentration-dependent manner (Fig. 30). In this study, it was confirmed that 

phenylheptatryine inhibited the degradation of IκBα and the activation by LPS. 
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Fig. 30: Inhibitory effect of phenylheptatryine on the Nuclear NF-κB translocation 

in LPS-induced BV2 microglia. Cells were pretreated with the indicated 

concentrations of phenylheptatryine for 3 h and stimulated with LPS (0.5 μg/mL) for 

1 h. Nuclear NF-κB translocation was analyzed using western blotting as described 

in the Materials and Methods section. 

 

  

Phenylheptatryine (μM) - 10

- +

- 20

+ +LPS (0.5 μg/ml)

p-IκBα

β-Actin

p65

PCNA



[84] 

(6) Anti-inflammatory effects of compounds in RAW264.7 

Macrophage 

Macrophages are immune cells involved in the inflammatory response. However, 

when macrophages respond to external stimuli, they overproduce pro-inflammatory 

mediators, such as NO, PGE2, and cytokines, leading to chronic inflammatory 

reactions, such as tissue damage and genetic mutations [121-123]. Therefore, in this 

study, I have observed the inhibitory effect of extracts and fractions on the production 

of pro-inflammatory mediators in RAW264.7 macrophages induced by LPS. 

First, a toxicity assessment was performed on the compound. Results showed 

toxicity at the maximum concentration of all compounds. In particular, leptosidin 

was toxic even at 10 μM (Fig. 31A). Based on the toxicity assessment, the maximum 

concentrations of beta-amyrin, 8-methoxybutin, and leptosidin was set to 10 μM, and 

that of phenylheptatryine to 20 μM. The maximum concentration of patulitrin was 

set to 40 μM to confirm the inhibitory effect on nitrite production. Butein (10 μM) 

was used as a positive control. The inhibitory effect of the compound on NO 

production in LPS-induced RAW264.7 macrophages was observed only in groups 

treated with beta-amyrin and leptosidin (Fig. 31B). Subsequently, the inhibitory 

effect on IL-6 production was confirmed for the three compounds having an 

excellent inhibitory effect on NO production in RAW264.7 macrophages. An 

excellent IL-6 inhibitory effect of phenylheptatryine and 8-methoxybutin at the same 

concentration was observed (Fig. 31C). In addition, phenylheptatryine and 8-

methoxybutin showed inhibitory effect on TNF-α production (Fig. 31D). 

Overall, among the five compounds, phenylheptatryine and 8-methoxybutin showed 

excellent anti-inflammatory effects. 
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Fig. 31: Anti-inflammatory effects of compounds isolated from R. bicolor and C. 

lanceolata on RAW264.7 macrophage. RAW264.7 cells were treated with three 

compounds and then incubated for 18 h (A). RAW264.7 cells were treated with three 

compounds and then incubated for 18 h with LPS (0.5 μg/mL) (B, C, D). Data are 

presented as mean ± SD values of 3 independent experiments. *P < 0.05, **P < 0.01 

vs. control group (A); ##P < 0.01, ###P < 0.001 vs. LPS (B).   
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(7) The inhibitory effects of compounds on the iNOS and COX-2 

expression in RAW264.7 macrophage 

Inflammatory cytokines and NO are active inflammatory substances that are rapidly 

produced when LPS or pathogens are injected into macrophages [114]. These 

substances are increased by the pro-inflammatory proteins iNOS and COX-2. 

Therefore, it was confirmed by Western blot analysis that the expression of pro-

inflammatory proteins iNOS and COX-2 was inhibited for compounds that inhibit 

inflammatory cytokines. As a result, phenylheptatryine inhibited the expression of 

COX-2 in a concentration-dependent manner, and 8-methoxybutin inhibited the 

expression of iNOS and COX-2 (Fig. 32). 
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Fig. 32: Inhibitory effect of phenylheptatryine and 8-methoxybutin on the expression 

of iNOS and COX-2 proteins in LPS-induced RAW264.7 macrophage. RAW264.7 

macrophage was treated with two compounds and then incubated for 18 h with LPS 

(0.5 μg/mL).  
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(8) The inhibitory effects of compounds on NF-κB translocation in 

RAW264.7 macrophage 

The transcription factor that regulates the expression of iNOS and COX-2 is known 

as NF-κB [128]. Normal NF-κB maintains its inactive form by forming complexes 

with proteins such as IκBα. However, when NF-κB is activated by LPS, the 

degradation of IκBα by phosphorylation is promoted and NF-κB tranlocated to the 

nucleus [129]. When NF-κB tranlocated to the nucleus, it binds to the promoter of 

the inflammatory mediator gene and induces the expression of the inflammatory 

mediator [130]. Therefore, it was confirmed that nuclear proteins were extracted 

from RAW264.7 cells stimulated with LPS for compounds that inhibit inflammatory 

cytokines, thereby inhibiting NF-κB activation. As a result, it was confirmed that 

phenylheptatryine inhibited p-IκBα phosphorylation in a concentration-dependent 

manner. Additionally, the translocation of p65 to the nucleus was inhibited in a 

concentration-dependent manner (Fig. 33). In this study, it was confirmed that 

phenylheptatryine inhibited the degradation of IκBα and the activation by LPS. 
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Fig. 33: Inhibitory effect of phenylheptatryine on the Nuclear NF-κB translocation 

in LPS-induced RAW264.7 macrophage. Cells were pretreated with the indicated 

concentrations of phenylheptatryine for 3 h and stimulated with LPS (0.5 μg/mL) for 

1 h. Nuclear NF-κB translocation was analyzed using western blotting as described 

in the Materials and Methods section. 
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(9) Anti-skin inflammatory effects of compounds in HaCaT human 

keratinocytes 

The keratinocytes of the epidermis are the main cells that make up the skin, forming 

the stratum corneum, and forming an effective skin barrier system against physical 

and chemical stimuli and external microorganisms. However, continuous exposure 

of keratinocytes to physiological and environmental stress activates the 

inflammatory response, producing a variety of pro-inflammatory cytokines, 

including TNF-α, IL-6, and IL-8. Excessive production of pro-inflammatory 

cytokines damages keratinocytes and causes skin aging, leading to inflammatory 

skin diseases such as psoriasis and atopic dermatitis. Therefore, it is necessary to 

control the inflammatory response of keratinocytes to treat skin damage and 

inflammatory diseases. In this study, I have attempted to observe the inhibitory effect 

of extracts and fractions on skin inflammation of HaCaT keratinocytes induced by 

the recombination of TNF-α and IFN-γ. First, a toxicity assessment was performed 

to determine the concentration of the compound. All compounds were treated at the 

same concentration (5-80 μM), and toxicity was confirmed. Results showed toxicity 

in a concentration-dependent manner in 8-methoxybutin and leptosidin (Fig. 34A). 

Next, the inhibitory effect of IL-6 production was confirmed using the concentration 

setting based on the toxicity evaluation. Compounds were pretreated at individual 

concentrations for 3 h and stimulated with 20 ng/mL TNF-α + IFN-γ for 24 h to 

observe IL-6 production. The inhibitory effect on IL-6 and -8 production was not 

observed in any of the compounds (Fig. 34B, C). 
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Fig. 34: Anti-skin inflammatory effects of compounds isolated from R. bicolor and 

C. lanceolata in HaCaT human keratinocytes. HaCaT cells were treated with extract 

and fractions and then incubated for 18 h (A). HaCaT cells were treated with extract 

and fractions and then incubated for 18 h with TNF-α/IFN-γ (20 ng/mL) (B and C). 

Data are presented as mean ± SD values of 3 independent experiments. *P < 0.05, 

**P < 0.01 vs. control group (A); #P < 0.001 vs. TNF-α/IFN-γ (C).   

C

IL
-8

 p
ro

d
u
ct

io
n

(p
g
/m

l)

HaCaT

  

 

 



[94] 

Ⅳ. Conclusion 

The purpose of this study was to investigate the treatment mechanisms used for anti-

aging-related diseases, such as the neuroprotective effect of R. bicolor and C. 

lanceolata, and the inhibitory effects of neuroinflammation and skin inflammation. 

In particular, the potential effects of R. bicolor and C. lanceolata extracted with 70% 

ethanol on anti-aging-related diseases were confirmed, and the anti-inflammatory 

effects of the isolated compounds were compared. In this study, treatment group 

concentration settings were established through toxicity assessment. The 

neuroprotective effects of glutamate-induced HT22 hippocampal cells of extracts 

and fractions were observed in all treatment groups except in Rb-H2O, Cl-CH2Cl2, 

and Cl-H2O. Next, anti-neuronal inflammatory effects were observed in all treatment 

groups. Anti-inflammatory effects were observed in all treatment groups except Rb-

BuOH and Cl-BuOH. In HaCaT human keratinocytes induced by TNF-α + IFN-γ, 

Rb-EtOAc and all C. lanceolata treatment groups except in Cl-CH2Cl2 inhibited IL-

6 production. In addition, all C. lanceolata treatment groups except in Cl-BuOH 

inhibited IL-8 production. By investigating the neuroprotective effect, 

neuroinflammation, and skin inflammation inhibitory effect of the five compounds 

isolated from these extracts, phenylheptatriyne showed the best anti-

neuroinflammatory effect. In addition, phenylheptatriyne and 8-methoxybutin also 

showed excellent anti-inflammatory effects. In this study, the anti-aging evaluation 

of extract, fractions and compounds from R. bicolor and C. lanceolata were 

performed. As the results, 70% EtOH extracts and EtOAc fractions of R. bicolor and 

C. lanceolata, and phenylheptatriyne was identified as the best anti-aging active 

component among the isolated five compounds. 
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Fig. 35: 1H-NMR spectrum of compound 1 (400 MHz, CD3OD) 

 

Fig. 36: 13C-NMR spectrum of compound 1 (100 MHz, CD3OD) 

 

Fig. 37: DEPT spectrum of compound 1 (100 MHz, CD3OD) 
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Fig. 38: HSQC spectrum of compound 1 (CD3OD) 

 

Fig. 39: HMBC spectrum of compound 1 (CD3OD) 
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Fig. 40: 1H-NMR spectrum of compound 2 (600 MHz, CD3OD) 

 

 

Fig. 41: 13C-NMR spectrum of compound 2 (150 MHz, CD3OD) 
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Fig. 42: HSQC spectrum of compound 2 (CD3OD) 

 

Fig. 43: HMBC spectrum of compound 2 (CD3OD) 

 



[113] 

Fig. 44: COSY spectrum of compound 2 (CD3OD) 
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Fig. 45: 1H-NMR spectrum of compound 3 (600 MHz, DMSO- d6) 

 

Fig. 46: 13C-NMR spectrum of compound 3 (150 MHz, DMSO- d6) 
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Fig. 47: HSQC spectrum of compound 3 (DMSO-d6) 

 

Fig. 48: HMBC spectrum of compound 3 (DMSO- d6) 
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Fig. 49: COSY spectrum of compound 3 (DMSO-d6) 
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Fig. 50: 1H-NMR spectrum of compound 4 (400 MHz, CDCl3) 

 

Fig. 51: 1H-NMR spectrum of compound 4 (400 MHz, DMSO-d6) 

 

Fig. 52: 13C-NMR spectrum of compound 4 (100 MHz, DMSO-d6) 
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Fig. 53: 1H-NMR spectrum of compound 5 (400 MHz, CDCl3) 

 

Fig. 54: 13C-NMR spectrum of compound 5 (100 MHz, CDCl3) 

 

Fig. 55: DEPT spectrum of compound 5 (100 MHz, CDCl3) 
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Fig. 56: HSQC-NMR spectrum of compound 5 (CDCl3) 

 

Fig. 57: HMBC-NMR spectrum of compound 5 (CDCl3) 
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Fig. 58: 1H-NMR spectrum of compound 6 (600 MHz, CDCl3) 

 

Fig. 59: 13C-NMR spectrum of compound 6 (150 MHz, CDCl3) 
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Fig. 60: HMBC-NMR spectrum of compound 6 (CDCl3) 

 

  



[122] 

Fig. 61: 1H-NMR spectrum of compound 7 (600 MHz, CDCl3) 

 

Fig. 62: 13C-NMR spectrum of compound 7 (150 MHz, CDCl3)  
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Fig. 63: 1H-NMR spectrum of compound 8 (400 MHz, CD3OD) 

 

Fig. 64: 13C-NMR spectrum of compound 8 (100 MHz, CD3OD) 

 

Fig. 65: DEPT spectrum of compound 8 (100 MHz, CD3OD) 
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Fig. 66: HSQC spectrum of compound 8 (CD3OD) 

 

Fig. 67: HMBC spectrum of compound 8 (CD3OD) 
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Fig. 68: 1H-NMR spectrum of compound 9 (400 MHz, DMSO- d6) 

 

Fig. 69: 13C-NMR spectrum of compound 9 (100 MHz, DMSO- d6) 

 

Fig. 70: DEPT spectrum of compound 9 (100 MHz, DMSO- d6) 
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Fig. 71: COSY spectrum of compound 9 (DMSO- d6) 
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