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บทคดัย่อ 

  

  การศึกษาน้ีสามารถแยกอนุพันธุ์คูมารินได้ 3 ชนิดจากเฟิร์นไซโคลซอรัส เทอร์

มิแนนส์ ได้แก่ สารอินเตอร์รับตินเอ บีและซีในปริมาณร้อยละ 0.20-0.84 ของน า้หนักสารสกัด 

โดยพบว่าสารอินเตอร์รับตินเอและบี มีฤทธิ์ดีในการก าจัดสารประกอบออกซิเจนที่ไม่คงตัวใน

ผิวหนังมนุษย์ชนิดเซลล์ไฟโบรบลาสและเซลล์เคอราติโนไซต์ โดยมีประสิทธิภาพในการก าจัดสูง

ถึงร้อยละ 76.98 และยังสามารถกระตุ้นการแสดงออกระดับยีนและโปรตีนของเอนไซม์ต้านอนุมูล

อิสระ ได้แก่ superoxide dismutase 1 และ 2, catalase และ glutathione peroxidase รวมทั้ง

ยังมีความสามารถในการก าจัดสารประกอบออกซิเจนที่ไม่คงตัวในเซลล์ผิวหนังมนุษย์ที่เกิดจาก

การกระตุ้นด้วยแสงอัลตราไวโอเลตเอและบี ได้มากถึงร้อยละ 81.52 และเมื่อเปรียบเทยีบผลของ

สารอนิเตอร์รับตินทั้ง 3 ชนิด พบว่าสารอนิเตอร์รับตินเอมีประสิทธิภาพดีที่สุดในการก าจัดอนุมูล

อิสระ DPPH โดยให้ค่าความเข้มข้นที่ยับย้ังร้อยละ 50 เท่ากับ 21.79 ไมโครโมลาร์ และสามารถ

ให้อิเลก็ตรอนโดยการรีดิวซ์สารเฟอร์ริกเป็นสารเฟอร์รัสได้ดีที่สุด โดยให้ค่าแอนติออกซิแดนท์

เทา่กบั 682.45±16.31 มิลลิโมลาร์ต่อลิตรของกรดแอสคอร์บิก ต่อโมลของอนิเตอร์รับติน  รวมทั้ง

ยังมีฤทธิ์ในการยับย้ังการเจริญและฆ่าเช้ือแบคทีเรียก่อโรคที่ผิวหนังชนิด Propionibacterium 

acnes ได้ดีโดยให้ความเข้มข้นของสารที่ต ่าสุดที่ ยับย้ังและฆ่าเช้ือได้เท่ากับ 1.95 และ  7.81 

ไมโครกรัมต่อมิลลิลิตร ตามล าดับ และยังพบว่าสารอินเตอร์รับตินเอและบี มีประสิทธิภาพดีใน

การต้านอักเสบโดยสารอินเตอร์รับตินบีมีฤทธิ์ดีที่สุดในการก าจัดอนุมูลอิสระไนตริกออกไซด์ใน

หลอดทดลองและยับย้ังการหล่ังไนตริกออกไซด์จากเซลล์แมโครฟาจหนูที่กระตุ้นด้วยสารไลโปโพ

ลีแซค็คาไรด์ ซ่ึงให้ค่าความเข้มข้นที่ยับย้ังได้ร้อยละ 50 เท่ากับ 67.68  และ 0.81 ไมโครโมลาร์ 

ตามล าดับ ด้วยกลไกการออกฤทธิ์ผ่านการยับย้ังการแสดงออกของยีน nitric oxide synthase ซ่ึง

อาจเป็นผลจากการกระตุ้ นการแสดงออกของยีน peroxisome proliferation activated 
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receptor-  นอกจากน้ีสารอินเตอร์ตินเอ บีและซี ในระดับความเข้มข้นต ่ายังช่วยเร่งการหายของ

แผลได้ดีปานกลาง โดยการกระตุ้นการเคล่ือนที่เซลล์ผิวหนังเข้าปิดบาดแผล 

การเตรียมสารสกัดเฟิร์นไซโคลซอรัส เทอร์มิแนนส์ที่มีสารกลุ่มอินเตอร์รับติน

เข้มข้นโดยวิธีการตกตะกอนอย่างง่าย พบว่าได้สารสกัดที่ได้มีปริมาณของสารกลุ่มอินเตอร์รับติน

เพ่ิมข้ึน 2 เท่า และมีประสิทธิภาพในการก าจัดสารประกอบออกซิเจนที่ไม่คงตัวในเซลล์ผิวหนัง

มนุษย์ได้ดี รวมทั้งสามารถยับย้ังการหล่ังไนตริกออกไซด์จากเซลล์แมโครฟาจหนูได้ถึง 2.37 เท่า

เมื่ อเทียบกับสารสกัดเร่ิมต้น และสารสกัดที่ เตรียมได้ดังกล่าวมีความคงตัวดีเ ม่ือเก็บที่

อุณหภมูิห้องภายใต้การป้องกันแสงในระยะเวลาทดสอบ 3 เดือน อย่างไรกต็ามการเกบ็ในสภาวะ

เย็นช่วยให้สารสกัดมีความคงตัวมากขึ้ น การศึกษาน้ียังได้พัฒนาและตรวจสอบวิธีวิเคราะห์

ปริมาณสารอนิเตอร์รับตินเอ บีและซีด้วยวิธีไฮเพอร์ฟอร์แมนซ์ ลิควิดโครมาโตกราฟี (เฮชพีแอล

ซี) ที่ตรวจวัดสัญญาณด้วยเคร่ืองโฟโตไดโอดแอร์เรย์ โดยใช้คอลัมน์ชนิด reversed phase C18 

และชะสารด้วยส่วนผสมระหว่างเมธานอลและร้อยละ 1 ของกรดอะซิติกที่ละลายในน ้าใน

อัตราส่วน 85:15 โดยปริมาตรต่อปริมาตร  ดว้ยอัตราการไหลเท่ากับ 1 มิลลิลตรต่อนาที  พบว่าวิธี

ดังกล่าวผ่านการทดสอบความใช้ได้ตามหลักของ International Conference of Hamonization 

(ICH) ภายใต้ตัวช้ีวัด ได้แก่ linearity (R2  0.999), range (6.25–200 µg/mL), specificity, 

accuracy (100±10%), precision (intra-day <1%, inter-day <2%), limit of detection 

(LOD) และ limit of quantitation (LOQ)  ดังน้ันจึงเป็นวิธีที่ เหมาะสมส าหรับการวิเคราะห์

ปริมาณสารอินเตอร์รับตินเอ บีและซี ภายใต้การวิเคราะห์คร้ังเดียวกัน ผลการศึกษาทั้งหมดจึง

สนับสนุนการน าสารอนิเตอร์รับตินเอ บี และซี ซ่ึงเป็นอนุพันธ์คูมารินธรรมชาติที่สกัดแยกได้จาก

เฟิร์นไซโครซอรัส เทอร์มิแนนส์ รวมทั้งสารสกัดที่มีอินเตอรร์รับตินเข้มข้นไปพัฒนาเป็นยาหรือ

ผลิตภัณฑ์เวชส าอางส าหรับต้านอนุมูลอิสระ ต้านอักเสบ และต้านเช้ือแบคทีเรีย รวมทั้งวิธีการ

วิเคราะห์ที่ผ่านการทดสอบความใช้ได้ยังสามารถน าไปประยุกต์ใช้ในการวิเคราะห์ปริมาณสารใน

สารสกดัเฟิร์นส าหรับการพัฒนาผลิตภัณฑส์ าหรับสขุภาพต่อไป 
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ABSTRACT 

 

In this study, the three pure coumarin derivatives, interruptins A, B and 

C were isolated from Cyclosorus terminans with 0.20-0.84% w/w of its crude extract. 

As a result, interruptins A and B not only potentially scavenged intracellular reactive 

oxygen species (ROS) in human dermal fibroblast and human epidermal keratinocyte 

with % ROS scavenging as high as 76.98 %, but also induced mRNA and protein 

expression of antioxidant enzymes, including superoxide dismutase 1 and 2, catalase, 

and glutathione peroxidase. Likewise, these two coumarin derivatives remarkably 

suppressed ROS levels in human skin cells under ultraviolet A and B irradiation with 

% ROS scavenging up to 81.52%. Among the three tested isolated interruptins A-C, 

interruptin A exhibited the most effective DPPH proton radical scavenging capacity 

(IC50 = 21.79 M) and acted as the strongest electron transferring compound to reduce 

ferric to ferrous ion (antioxidant value of 682.45±16.31 mmol/L ascorbic acid/mol 

interruptin) as well as strongly inhibited and killed a skin pathogen Propionibacterium 

acnes (MIC/MBC = 1.95/7.81 g/mL). While both interruptins A and B revealed anti-

inflammatory activity, interruptin B acted as the greatest anti-inflammatory agent by 

quenching NO radical and inhibiting NO production in LPS-induced macrophages with 

IC50 values as low as 67.68 M and 0.81 M, respectively. The molecular mechanism 

involved in suppression of inducible nitric oxide synthase (iNOS) gene expression 

which possibly due to activation of peroxisome proliferation activated receptor- gene 

expression.   Moreover, low concentrations of interruptins A-C presented moderate 

wound healing activity by accelerating human skin cell migration. Furthermore, 

interruptins-rich C. terminans extract developed by simple precipitation not only 

revealed approximately 2-folds interruptin content higher than its initial extract but also 
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performed powerful ROS scavenging activity in human skin cells and strongly 

suppressed NO release from murine macrophages with 2.37 folds better than original 

crude extract. The prepared interruptins-rich C. terminans extract that was stored at 

room temperature with light protection displayed good stability over 3-months; 

however, extract stored in cold condition provided better stability. Finally, the high 

performance liquid chromatography (HPLC) with photodiode array detector was 

successfully validated for simultaneous analysis of interruptins A, B and C. The HPLC 

condition was achieved by using a reversed-phase C18 analytical column, methanol/1% 

aqueous acetic acid (85:15, v/v), 1 mL/min flow rate. According to the International 

Conference of Harmonization (ICH) guidelines, the method was validated on the basis 

of these parameters:  linearity (R2  0.999), range (typically 6.25–200 µg/mL), 

specificity, accuracy (100±10%), precision (intra-day <1%, inter-day <2%), limit of 

detection (LOD) and limit of quantitation (LOQ). Therefore, this model is suitable as a 

standard method for simultaneous examination of interruptins A, B and C in a single 

HPLC run. As a result, it was encouraged that the natural occurring coumarin 

derivatives, interruptins A and B from an edible fern C. terminans and interruptins-rich 

extract could be further developed as therapeutic agents or cosmeceutical products for 

antioxidative or anti-photooxidative, anti-inflammatory and antibacterial benefits. The 

validated analysis method could also provide an application for active ingredient 

analysis of C. terminans extract for further health product development. 
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CHAPTER 1 

 

INTRODUCTION 
 

 

1.1 Background and rationale 

 

The human skin is daily exposed to environmental stress factors such as 

chemicals, pollution, pathogens, and ultraviolet (UV) radiation. These factors can easily 

trigger reactive oxygen species (ROS) formation in the skin cells (1,2). In principle, 

ROS are oxygen-containing atoms or molecules that reactive oxidizing other 

molecules, including hydroxyl radical (OH•), superoxide anion (O2
•-), hydrogen 

peroxide (H2O2), singlet oxygen (1O2) and nitric oxide (NO) (3). The excessive level of 

ROS causes cellular oxidative stress, disturbs in a redox system as well as induces 

genetic regeneration and facilitates cellular dysfunction, which ultimately leads to cell 

death and progress skin aging (4). To prevent oxidative damage from excessive level 

of ROS, cells have established a complex antioxidant defense network, including non-

enzymatic compounds, for instance, glutathione (GSH), ascorbic acid (vitamin C) as 

well as -tocopherol (vitamin E) and enzymatic antioxidants, for example, catalase 

(CAT), superoxide dismutase (SOD) and glutathione peroxidase (GPx) (5,6). However, 

overproduction or inadequate removal of ROS results in oxidative stress and affects to 

cellular antioxidant depletion and imbalance.  

Normally, ultraviolet (UV) radiation, UVA (320-400 nm) and UVB 

(290-320 nm), can cause various biological effects to human skin such as inducing 

vitamin D synthesis, pigmentation, sunburn and cell damage (7,8). Nevertheless, a 

common component of their activities is an enhancement of ROS generation and 

oxidative stress formation (9) which may be the first step of multiple damages induced 

by UV irradiation. Moreover, UV exposure can subsequently lead to skin inflammation, 

immunosuppression and skin cancer (10-12).  

Bacterial infection is also a source of cellular oxidative stress. 

Propionibacterium acnes (P. acnes), a Gram-positive bacteria that normally dwell in 

the pilosebaceous units of the skin. Over-proliferation of P. acnes in the pilosebaceous 
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follicles is one of the major pathogenesis of acne vulgaris on the skin. Therefore, 

infection by P. acnes is similarly induced oxidative stress and inflammation of skin 

cells (1,13).  

Inflammation is the body response in order to eliminate exogenous 

agents causing cell damage (14). In the inflammatory process, nitric oxide (NO), an 

inflammatory mediator, is generated by inducible nitric oxide synthase (iNOS). 

Although NO acts as a host defense by destroying pathogenic nucleic acid and 

regulating local blood flow, an excessive level of NO can react with superoxide radicals 

to form peroxynitrite. The reactive peroxynitrite can directly damage function of 

normal cells. Hence overproduction of NO could induce cellular oxidative stress and 

further facilitate inflammation (15,16). 

Interruptins A, B and C, coumarin derivatives, had been isolated from a 

crude extract of Cyclosorus terminans (Thelypteridaceae). Interruptins A and B 

revealed a variety of bioactivities such as antibacterial, anticancer and antidiabetic 

activities. More interestingly, these active compounds exhibited potent ROS 

scavenging property in human adipose-derived stem cells (ASCs) determined by 2,7-

dichlorofluorescein diacetate (DCF-DA) using a flow cytometer (17,18). However, to 

date, the antioxidative property on human skin cells and anti-inflammatory activity of 

interruptins have not been studied yet. Since skin cells such as keratinocytes and 

fibroblasts physically exposed to a variety of challenges that includes oxidative stress 

involved with the anomalous ROS production, and they are further altered by exposure 

to chemicals, UV radiation, infection and inflammatory processes (19,20). Therefore, 

this will be the first report on the antioxidative and anti-inflammatory efficacy of 

isolated interruptins from C. terminans in human skin cells by using UV as ROS 

stimulator and in murine macrophage cells, respectively. The results of antioxidative 

and anti-inflammatory efficacies of active interruptins can further be applied in 

cosmeceutical and pharmaceutical approaches for product development. 

In fact, the use of purified natural occurring compounds was limit due to 

their naturally low amount. Application of the crude extracts that contain high contents 

of active ingredients or enriched extracts is therefore interested and required. Likewise, 

isolated interruptins from C. terminans are natural agents with a variety of 

pharmaceutical potentials, wheras its quantity was insufficient for further application. 
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The usage of interruptin-rich C. terminans extract is an alternative advantage.   

However, the utilization of enriched extract should be controlled the quality by 

measuring the content of corresponding constituents in the extract prior to use. The 

appropriate method for analysis of the target substances is also important. The assurance 

of analytical procedure efficacy such as accuracy and precision is a key issue for the 

quality control of herbal extracts. Thus, the validation of analytical process performance 

is necessary to be assessed before applying the analytical application. Although the high 

performance liquid chromatography (HPLC) method for content analysis of 

interruptins A-C was reported, its performance had not yet been validated (17). For this 

reason, the verification of the HPLC method for interruptins content monitoring should 

be prioritized as the earliest stages of the active constituent-enriched extracts 

development process. 

 

1.2 Objectives 

 

1. To isolate and identify the compounds possessing antioxidative and 

anti-inflammatory properties from the fern C. terminans 

2. To determine the antioxidative efficacy of isolated compounds from 

C. terminans on human skin cells 

3. To determine the anti-inflammatory efficacy of isolated compounds 

from C. terminans on murine macrophage cells 

4. To investigate the mechanisms of action of isolated active 

antioxidative and anti-inflammatory compounds 

5. To prepare the interruptins-rich C. terminans crude extract and verify 

its bioactivity 

6. To validate HPLC method for analysis the interruptin contents in C. 

terminans crude extract 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

 

2.1 Human skin 

 

The human skin is the largest part that outer covering of the body to 

protect damaging of inner organs from the environmental stress. The skin is divided by 

difference development origins into two distinct layers, the first layer is epidermis that 

developed from ectoderm of the embryo and the second is dermis layer which grew 

from mesoderm. The skin plays general functions in the protection of underlying tissues 

and organs against scraping, impact, pathogen and chemical attack, fluid loss as well as 

the maintenance of regular body temperature and synthesis of vitamin D (21,22). 

 

Skin epidermis 

 

The epidermis is a superficial layer that consists of keratinocytes, 

melanocytes, Langerhans cells and Merkel cells. The epithelium of epidermis is 

subdivided into five layers, including stratum basale that is the deepest layer connected 

with skin dermis, next up are stratum spinosum, stratum granulosum, stratum lucidum 

and stratum corneum, respectively. Keratinocytes proliferate in stratum basale and 

move up to the top. Thus, keratinocytes are the most abundant cell type in skin 

epidermis and important in skin structural and functional.  Keratinocyte cells are not 

only a mechanical barrier but also play role in acquired immunity to protect pathogen 

and exogenous toxins (21-24).  

 

Skin dermis 

 

The dermis is the layer of dense irregular connective tissue consists of 

collagen, elastin and many cell types (fibroblasts, adipocytes, and macrophages), 
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vessels (blood and lymphatic) and glands (sweat and adipose). Fibroblast cells are, 

abundant in skin dermis, the basic structure of dermis tissue. The key functions of 

fibroblast are producing extracellular matrix (ECM) such as collagen, 

glycosaminoglycan, elastin, fibronectin, matrix metalloproteinase (MMP) as well as 

secreting cytokines and growth factors. Moreover, fibroblasts also play important role 

in wound healing. (25,26). 

Naturally, the skin dermis and epidermis degenerate throughout the 

lifetime because of ECM degradation and skin cell death, and eventually occur 

physiological skin aging. Moreover, skin frequently exposes to extrinsic factors such 

as chemical, pathogen and UV radiation. These stimuli trigger the generation of reactive 

oxygen species (ROS) which are molecular intermediates to damage the cells. ROS 

formation in the skin may cause oxidative stress, skin inflammation and eventually lead 

to pathological skin aging (1,19,27,28).  

 

2.2 Oxidative stress 

 

Oxidative stress is referred to the resulting stage of unbalanced between 

oxidant production and antioxidant defense in cells or tissues. This imbalance may due 

to (i) increase of oxidant both endogenous and exogenous sources; (ii) decrease of low 

molecular antioxidant level or inactivation of antioxidant enzymes; and (iii) depletion 

of low molecular antioxidant compounds and antioxidant enzyme production (3,29,30). 

Oxidative stress causes damage to cellular compositions, for instance, deoxyribonucleic 

acid (DNA), proteins as well as membrane lipids. Moreover, accumulation of oxidative 

damage in cells or tissues might cause cell or tissue dysfunction and eventually causes 

diseases such as aging, Alzheimer, atherosclerosis and cancer (4,31). ROS are well 

known as molecular intermediates for oxidative stress, thus cells or tissues that exposed 

to a high amount of ROS tend to be damaged by oxidative stress.  Since skin is the outer 

most organ, it is frequently exposed to stress factors that trigger ROS generation such 

as ozone, bacterial infection, chemical as well as UV radiation and easily to be oxidative 

stress (1,20,28). 
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2.3 Stress factors for skin 

 

2.3.1 Reactive oxygen species (ROS) 

 

ROS are specified as oxygen-containing compounds that highly engender with other 

molecules. ROS can be free radical, electron uncoupling molecule, and non-radical, 

oxidizing agent or molecule that can be changed easily to radical. Basically, ROS are 

referred to superoxide anion (O2
•-), hydroxyl radical (OH•), hydrogen peroxide (H2O2), 

peroxy radical (ROO•) as well as nitric oxide (NO). In aerobic cells, ROS are generated 

endogenously during metabolic reactions such as mitochondrial oxidative 

phosphorylation, endoplasmic reticulum stress, fatty acid -oxidation of peroxisome as 

well as enzyme activities, including xanthine oxidase, NADPH oxidase, nitric oxide 

synthase, lipoxygenase, and cytochrome P450 (3,32). The ROS, potent oxidants within 

the cells, can cause genetic regeneration and physiological dysfunction, which 

ultimately progress aging of the organism or diseases. Naturally, ROS perform 

significant roles in cellular signaling to activate or inhibit the expression of transcription 

factors and a wide range of genes that involve in cell proliferation and apoptosis. 

However, the high amount of ROS might induce lipid peroxidation, DNA damage and 

facilitate the extracellular matrix (ECM) degradation and cell death (4,33). Thus, the 

antioxidant agents which are capable to quench reactive oxygen intermediates are 

interested to verify their efficacy and safety. 
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Table 2.1 Major reactive oxygen species (3). 

Type of ROS Formula 

Radical 

Superoxide anion radical  O2
•- 

Hydroxyl radical HO• 

Hydroperoxy radical HOO• 

Alkoxyl radical LO• 

Alkylperoxyl radical LOO• 

Nitric oxide NO 

Non-radical 

Singlet oxygen  1O2 

Hydrogen peroxide H2O2 

Alkyl hydroperoxide  LOOH 

Hypochlorite ion ClO- 

Ferryl ion Fe4+O 

Periferryl ion Fe5+O 

 

 

2.3.2 Ultraviolet radiation 

 

Ultraviolet (UV) rays can be categorized by the wavelength ranges as 

UVA (320-400 nm), UVB (290-320 nm) and UVC (200-290 nm). However, only UVA 

and UVB spectra reach the earth’s surface and affect to living organisms. UVA is the 

major component of UV portion of sunlight (95% of UVA and 5% of UVB). UVA ray 

can penetrate deeply to skin epidermis. It has been reported that UVA indirectly 

damaged the skin by triggering ROS production via cellular chromophore. The ROS 

formation may be the first step of multiple damages induced by UVA exposure (34). 

UVB almost affects the superficial layer of the skin (epidermis). Although UVB is a 

minor portion of UV ray, it can induce deleterious damage effects including, sunburn, 

immunosuppression, inflammation, DNA damage and melanogenesis (7,8). 
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When skin exposes to UV ray, ROS are formed by UV photon 

absorption of photosensitizers in the skin such as DNA and amino acids. 

Photosensitizers are excited from ground stage to exciting stage of electron, then 

excited molecules interact with oxygen molecule in two pathways, type I and type II, 

which result in the generation of ROS and singlet oxygen, respectively (35). 

The increasing of ROS production altered structures and functions of 

genes and proteins. A single dose exposure to UV light of human skin cells, fibroblasts 

and keratinocytes, not only disturbs antioxidant enzymes activities, including 

superoxide dismutase (SOD), catalase (CAT) as well as glutathione peroxidase (GPx) 

but also reduces gene expression of these enzymes (36-38) and induce lipid 

peroxidation (39,40). 

 

2.3.3 Propionibacterium acnes infection 

 

Propionibacterium acnes (P. acnes) is a Gram-positive commensal 

bacterium that commonly inhabits in the skin pilosebaceous units. The over-

colonization of P. acnes in pilosebaceous follicles is one of the major pathogenesis of 

acne vulgaris that causes skin oxidative stress and inflammation (1,11). In the 

inflammatory process of acne vulgaris, coproporphyrin is produced and then further 

generates 1O2 when exposing to UV light. This phenomenon can lead to inflammatory 

lesions of acne. Moreover, O2-produced from P. acnes-infected keratinocytes can 

further stimulate the inflammatory reaction (41,42). Acne vulgaris is the common 

disease broadly affects individuals mainly adolescents. This disease can be painful and 

may lead to acne scar, post-inflammatory hyperpigmentation and psychological 

problems (11,43,44).  

Topical agents (retinoids and benzoyl peroxide) and antimicrobial 

agents (tetracycline, erythromycin and clindamycin) were widely used for acne 

treatment (45). However, bacterial drug resistance remains the problem in acne remedy 

(46). Therefore, novel agents which effectively inhibit P. acnes growth will be served 

as new drugs for acne vulgaris regimen. 
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2.4 Effects of ROS/oxidative stress in the skin 

 

2.4.1 Skin surface oxidation 

 

ROS alter skin condition by oxidized cellular biomolecules including 

lipids and proteins. The acute response was observed as skin barrier function disruption 

and the chronic response was skin roughness (47). Furthermore, lipid hydroperoxides 

and proteins can be oxidized by alkyl aldehydes to yield carbonylated protein, a marker 

of protein oxidation, in the stratum corneum layer of the epidermis and further causes 

stratum corneum thickness. The increase of stratum corneum level has been involved 

with oxidative stress induced by UV-exposure and season change or by some diseases 

such as inflammation, allergy and atopic dermatitis. Thus, stratum corneum thickness 

can reflect the level of oxidative damage that initiated by ROS in the skin (48-51). 

 

2.4.2 Melanogenesis 

 

Skin pigmentation can be also enhanced by ROS. Accumulation of ROS 

may accelerate melanogenesis in melanocytes. Since keratinocytes intensively expose 

to ROS stimulators such as UV radiation, H2O2-generated from keratinocytes easily 

crosses the cell membrane and is transferred to melanocytes (52). NO generated from 

keratinocytes can also trigger melanogenesis in melanocytes by raising the level of 

tyrosinase and tyrosinase-related protein 1 (53,54). Moreover, H2O2 can stimulate 

phenylalanine hydroxylase which is L-tyrosine producing enzyme from L-

phenylalanine. Thus, the increasing of L-tyrosine amount, the initial substrate of 

tyrosinase enzyme, leads to melanogenesis (55). 

 

2.4.3 Skin aging 

 

ROS are one of the factors influencing skin aging that is characterized 

by wrinkles. Generally, wrinkles occur when dermal matrix as collagen is decreased. 

The reduction of collagen fibers caused by collagen fibers breakdown and decreased 

collagen synthesis. ROS such as 1O2, H2O2 and hydroperoxide stimulate the expression 



10 

 

of extracellular matrix degradation enzymes such as matrix metalloproteinase (MMP)-

1 or collagenase in skin cells. This enzyme acts to degrade collagen fibers which cause 

wrinkles (56-58). Moreover, ROS also persuade the reduction of collagen synthesis. 

Thus, ROS are the intermediate molecules that regulate collagen synthesis (59).  

 

2.4.4 Skin inflammation 

 

The skin is easily exposed to UV ray. After the skin exposes to UV 

radiation, it induces skin erythema or sunburn by triggering ROS formation. ROS 

particularly NO that produced from nitric oxide synthase (NOS) enzyme stimulate 

erythema via activation of prostaglandin E2 (PGE2) synthesis (60). The PGE2 is 

synthesis by cyclooxygenase (COX)-2 enzyme and the COX-2 expression is increased 

by ROS. Thus, the use of NOS inhibitor and COX inhibitor can suppress UV-activated 

erythema. These reveal that ROS also acts as skin inflammation stimulator (61,62). 

 

2.5 Antioxidant    

 

Antioxidants, present at low concentration relative to oxidizable 

substrates, are defined as substances that can interact with oxidants to prevent oxidation 

by significantly inhibit or delay the initiation and/or prolongation of oxidizing chain. 

Moreover, some antioxidant can repair the damage of cell or tissue (63,64). In the cell, 

endogenous antioxidant defense system includes both enzymatic system, for instance, 

superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx) and 

non-enzymatic system, for example, glutathione (GSH), ascorbic acid (vitamin C) as 

well as α-tocopherol (vitamin E) (5,6). These cellular antioxidants maintain the balance 

of cellular redox state by controlling the level of oxidants (Figure 2.1) (65). 

For the enzymatic antioxidants, SOD, in the mammal, are identified to 

three isoforms including copper/zinc (CuZn)-SOD or SOD1, manganese (Mn)-SOD or 

SOD2 and extracellular (EC)-SOD or SOD3. SOD1 locates in cytoplasm and 

intermembrane space of mitochondrial while SOD2 is predominantly found in 

mitochondrial matrix. SOD3 is found in an extracellular fluid such as plasma and in 

extravascular space of tissue. All of SOD isoforms dismutase two molecules of O2
•− 
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into H2O2 and oxygen. Therefore, SOD has been considered the most important 

antioxidant enzyme (5,6,66). However, in the presence of metal, H2O2 can be converted 

to OH• which is the most highly reactive ROS. This reaction is called “Fenton Reaction” 

(67). CAT is one of antioxidant enzymes that occupies in cytosol and peroxisome. CAT 

acts to catalyze H2O2 into oxygen and water (5,6). GPx is an enzyme family that its 

action is similar to CAT. GPx converts H2O2 into water by utilizing glutathione (GSH) 

as a substrate. The GSH is catalyzed by oxidative action of GPx and then oxidized-

GSH is recycled by further reducing by glutathione reductase enzyme. There are six 

isoforms of GPx enzyme family, including GPx1-GPx6, whereas GPx1 is the most 

abundant and ubiquitously expresses in all tissue (5,6,68). In a non-enzymatic 

antioxidant network, ascorbic acid or vitamin C is oxidized to dehydroascorbate and 

acts to eliminate most ROS from the cells. Additionally, ascorbic acid also plays a role 

as an enzyme cofactor in collagen and elastin synthesizing processes (51,69). In the 

hydrophobic part of the cell as cell membrane, -tocopherol or vitamin E participates 

in redox reaction by donating a hydrogen atom of hydroxyl functional group on 

chromanol ring of its structure to reduce radicals (70). However, overproduction or 

inadequate removal of ROS leads to oxidative stress and affects cellular antioxidant 

depletion and imbalance. 

Antioxidants have been widely used in medicine, cosmetic and food 

additive (71-73). Antioxidant compounds can be categorized to natural antioxidants, 

that from natural resources (e.g. plant and animal), and synthetic antioxidants which 

commonly are substances with phenolic composition of different degrees of alkyl 

substitution (74). 
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Figure 2.1 The cellular redox reaction in the cell (65). 

 

At present, many natural antioxidants, for example, α-tocopherol, 

ascorbic acid, carotenoids, flavonoids and other phenolic compounds have commonly 

utilized as physiological and dietary antioxidants in order to enhance the body’s 

resistance to oxidative damage (75). They usually come from a variety of plants, 

particularly higher plants. Nevertheless, lower vascular plants such as moss and fern 

are also the sources of natural antioxidant substances. Currently, it has been reported 

the antioxidants obtained from the various kinds of ferns (Table 2.2) 
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Table 2.2 Examples of fern that exhibited antioxidative property. 

Plants Compounds/ extracts Properties References 

Athyrium multidentatum  Polysaccharide  - O2
•- and OH•scavenging activity 

- Ferrous ion chelating activity 

(76) 

Blechum orientale  Methanol extract  - DPPH radical scavenging activity 

- Ferric ion reducing activity and ferrous ion chelating activity 

- Beta-carotene bleaching activity 

(77) 

Cyclosorus acuminatus  Flavonoid-rich extract  - Increase of antioxidant enzyme (SOD, CAT, GPx) levels 

- Lipid peroxidation inhibition 

(78) 

Lygodium japonicum  Polysaccharide  - O2
•-, H2O2 and DPPH radical scavenging activity 

- Metal chelating activity 

- Liposome peroxidation inhibition 

(79) 

Pteris ensiformis  3,5-di-O-caffeoylquinic acid and 

4,5-di-O-caffeoylquinic acid  

- DPPH radical scavenging activity 

- 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulphonic acid (ABTS•+) 

radical scavenging activity 

(80) 

Stenochlaena palustris  Aqueous extract  - DPPH radical scavenging activity 

- Ferric ion reducing activity 

- Metal chelating activity 

(81) 

Polypodium leucotomos  - Chloroform extract  

- Crude extract  

- O2
•-, OH•, H2O2 and 1O2 scavenging activity 

-Lipid peroxidation inhibition 

(82,83) 
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2.6 Inflammation 

 

Inflammation is the sophisticated immune responsiveness of the body to 

molecules or agents that cause cell or tissue injury, in order to eliminate the damaging 

agents as well as to remove damaged cells or tissues. Inflammation has been 

categorized into two types including acute inflammation and chronic inflammation 

(14,84). 

 

Acute inflammation 

 

Acute inflammation, an initial stage of inflammation, rapidly occurs 

within a minute to days after injury and can remain to 2-3 days. Pathophysiology of 

acute inflammation is characterized by fluid and plasma protein exudation, tissue 

edema, and neutrophilic leucocyte accumulation at the injured area (14). 

 

Chronic inflammation 

 

Chronic inflammation occurs after and happens longer than acute 

inflammation. Pathophysiology of chronic inflammation includes connective tissue 

formation or fibrosis, angiogenesis, tissue destruction and the influx of lymphocytes 

and macrophages. However, acute and chronic states of inflammation may co-

progression, and other factors may change in histologic appearance (14,85). 

The signs of inflammation are clinically characterized by redness, 

edema or swelling, fever, pain, and loss of function (86). These symptoms happen as 

consequences of the vascular changes and recruitment and activation of leukocyte. In 

the inflammatory processes, there are important reactions including vascular change, 

recruitment of white blood cells to the tissue at injured site and systemic changes (85).
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2.6.1 Inflammatory pathways 

 

The pathological pathways of inflammation are classified into two 

pathways including arachidonic acid-dependent and arachidonic-independent pathways 

(84). 

 2.6.1.1 Arachidonic acid-dependent pathway 

 

In arachidonic acid-dependent system, the phospholipase A2, a 

predominantly isoform of phospholipase enzymes, is stimulated by various stimulators 

such as microorganism, cytokines or cellular injury to release arachidonic acid (AA). 

Normally, AA, a basic composition of membrane phospholipid of all cells, is further 

catalyzed to different lipid mediators or eicosanoids by cyclooxygenase (COX) enzyme 

and lipoxygenase (LOX) enzyme. The lipid mediators including prostaglandins and 

leukotrienes involve in development of inflammation (84,87,88). 

COX are key enzymes in the process of prostaglandin biosynthesis by 

catalyzing AA. This enzyme includes two isoforms that are cyclooxygenase (COX)-1 

and cyclooxygenase (COX)-2 (89). The COX-1 enzyme exerts constitutive expression 

in most cells and plays roles in physiological processes of gastrointestinal tract by 

reduces gastric acid secretion, vasodilates gastric mucosa vessels as well as involves in 

platelet aggregation (90,91). In contrast, COX-2 activity is commonly undetectable 

under the normal physiological condition of the body. COX-2 is inducible and rapidly 

expresses in a response to pro-inflammatory stimulators such as bacterial 

lipopolysaccharide (LPS) and cytokines, for example, interleukin (IL) and tumor 

necrosis factor (TNF) (89,92). Both COX-1 and COX-2 are responsible to release 

prostaglandins (PGs). PGs produced by COX-1 are involved in cytoprotecting of gastric 

mucosal cells. On the hand, prostaglandins secreted from COX-2 act as inflammatory 

activators that activate other inflammatory substances and alter the activity of many 

immune cells. Thus, PGs, particularly prostaglandin E2 (PGE2) has been considered to 

be one of inflammatory mediators (91,93). 

LOX enzyme is principally found in inflammatory-involving cells, for 

example, leukocytes, macrophages, platelets as well as endothelial cells. In 

mammalian, LOX exists three isoforms, including 5-LOX, 12-LOX and 15-LOX (87). 
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LOX enzyme plays important role in synthesis process of leukotrienes (LTs) and 

lipoxin (LXs) from arachidonate via 5-LOX and 15-LOX pathways. LTs such as LTC4, 

LTD4, LTE4 and LTB4 activate the response of immune and inflammation by induce 

vascular dilation and microvascular permeability and trigger the pro-inflammatory 

mediator release. Moreover, LTB4 is potent chemoattractant on leukocytes and has been 

involved in the pathogenesis of various inflammatory-related disorders (84,85,94). 

  

 2.6.1.2 Arachidonic acid-independent pathway 

 

In arachidonic acid-independent network, nuclear factor kappa B (NF-

B) and nitric oxide (NO) play role in response to inflammation (84).  

NF-B is a nuclear transcriptional factor that locates in cell cytosol and 

translocates into nucleus after activated. The stimulation of NF-B has been implicated 

in inflammatory response to stimulate gene expression of proinflammatory 

components, for instance, tumor necrosis factor (TNF)-, interleukin (IL)-6, IL-8, 

iNOS, COX-2 and other cytokines (95,96).  

NO, a free radical gas, is an inflammatory mediator which involves in 

normal physiological condition and pathological disorder of the body including 

vasodilation, innate immunity and inflammation. NO is produced from an activity of 

NO producing enzyme, nitric oxide synthase (NOS), in the oxidative reaction of L-

arginine amino acid. The NOS enzyme family consists of endothelial NOS (eNOS), 

neuronal NOS (nNOS) and inducible NOS (iNOS) (97). In the physiological status, NO 

is constitutively released in low level by constitutive NO-producing enzymes, eNOS 

and nNOS. In contrast, in the inflammatory process, NO is predominantly produced by 

iNOS in response to pro-inflammatory stimulators, for example, IL-1, TNF- as well 

as lipopolysaccharide (LPS) of bacteria. NO not only regulates vascular blood flow but 

also acts as a host defense by damaging pathogenic DNA and as antimicrobial 

armament of macrophage cells. However, an excessive level of NO can further react 

with superoxide radicals to generate peroxynitrite, a reactive radical, and directly 

damages the function of cells. Thus, overproduction of NO by iNOS causes the cellular 
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oxidative stress and conducts to the higher severity level of inflammation as well as 

may further induce carcinogenesis (98-100). 

    

2.7 Anti-inflammation 

 

Since inflammation is progressed through overproduction of 

proinflammatory mediators such as PGs, LTs, NF-B as well as NO, therefore 

reduction of these mediators could be considered as molecular targets for inflammation 

treatment. (94,95,99). 

At present, nonsteroidal anti- inflammatory drugs (NSAIDs), for 

example, aspirin, diclofenac, ibuprofen and indomethacin are widely used for anti-

inflammation due to their fast onset and curative effect (101,102). These agents share 

similar therapeutic mechanism by preventing the synthesis of prostaglandins from 

arachidonic acid by inhibition of COX enzyme (94). However, they may cause some 

side-effects on gastrointestinal tract when using long-term, due to non-specific action 

on COX enzymes. The adverse reaction of NSAIDs ranging from mild symptom such 

as dyspepsia to severe complications, for example, bleeding or gastroduodenal 

ulceration. Moreover, it can induce some adverse effects on the brain such as 

convulsion, hallucination and loss of consciousness (103,104). Although 

glucocorticoids are also alternatively used as anti-inflammatory drugs, the prolonged 

usage with high doses may cause some undesirable effects. For these reasons, these two 

categories of medicines are not the ideal for inflammatory treatment (101). Therefore 

the development of novel pharmaceuticals with no adverse reactions for treatment of 

inflammation is challenging. At present, a variety of plants both higher and lower 

vascular plants have been evaluated their anti-inflammatory property. The examples of 

natural products possessing anti-inflammatory activity are shown in Table 2.3.  
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Table 2.3 Natural products that exhibited anti-inflammatory property. 

Plants/microorganisms Compounds/ extracts Mechanism of action References 

Blechnum occidentale  Methanolic extract - Reduce rat paw edema and neutrophil migration (105) 

Curcuma mangga  Demethoxycurcumin, 

Bisdemethoxy 

curcumin 

- Inhibit NO and PGE2 release (106) 

Drynaria quercifolia  Ethanolic extract  - Reduce rat paw oedema and granuloma formation  (107) 

Kaempferia parviflora  5-hydroxy-3,7,3′,4′-tetramethoxyflavone - Inhibit NO and PGE2 release (108) 

Spaganium stoloniferum  Sparstolonin B - Inhibit Toll-like receptor (TLR2- and TLR4) 

signaling  

- Decrease TNF-α, IL-6 level 

- Inhibit Erk1/2, p38a, IBα and JNK 

phosphorylation  

- Suppressed NF-B activity 

(109) 

Terminalia catappa  Ethanolic extract - Inhibit IL-1β and nitrite production 

- Suppress iNOS and pro-inflammatory mediator 

gene expression (TNF-α, IL-23, IL-6 and CINC-1)  

(110) 
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2.8 Cyclosorus terminans (J.Sm. ex Hook.) Panigrahi  

 

 

 

 

 

 

 

 

 

 

Figure 2.2 Morphological character of Cyclosorus terminans 

 

 2.8.1 Plant characteristic  

 

 Description: Cyclosorus terminans is a vascular lower plant that is 

belonging to genus Cyclosorus of Thelypteridaceae family. It is a terrestrial fern with 

long creeping rhizomes that including brown linear-lanceolate scales on bases of 

stripes. The stalks are dark stramineous color and its lengths are 20–55 cm. The fronds 

are laminae oblong-lanceolate compound leaves with non-narrowed bases, apices are 

caudate with an apical pinna. The fern leaves comprise of 10-15 pairs of subsessile 

lateral pinnae and a linear-lanceolate middle pinna with rounded-truncate bases. The 

pinnae are lobed 1/2-1/3 toward costae with long-acuminate apices. There are 20-35 

pairs of triangular segments with subacute or obtuse apices on the pinnae. The proximal 

pair of veinlets is anastomosing. The laminae are brownish green papery with adaxially 

short hairs along costae and veins. Sori are hairy and confined to upper part of segments 

of lower surface of laminae, often hollowed indusial persistent (111). 

  Ecology and distribution: It is common on rather on dry mountain 

slopes in the forests at low or medium altitudes up to 1,200 m altitudes. This plant 

usually distributes all over of Thailand and tropics of Asia to Australia (Queensland) 

(111). 

 Use: It has been reported that C. terminans can be vegetable (17). 
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 2.8.2 Phytochemical study of C. terminans 

 

At present, there are three coumarin derivative compounds including 

interruptins A, B and C (Figure 2.3) isolated from C. terminans (0.001-0.002% w/w of 

powder). These isolated interruptins were implicated as the main ingredients found 

from C. terminans (17). However, they were first elucidated from cogenetically ferns 

C. interruptus (112). The physical characteristics and chemical formulas of interruptins 

A-C are shown in Tables 2.4. 

 

 

 

 

 

 

 

 

Figure 2.3 Chemical structure of interruptins A-C. 

 

 

Coumarin compound is a group of secondary metabolites that widely 

distributes in natural sources such as plants, microorganisms and some animal species 

(113). The general structure of coumarin is benzo--pyrone that synthesized from 

cinnamic acid. The substitution on the coumarin nucleus makes their structural 

diversified structures and exhibits various bioactivities (114-116).  

So far, a variety of bioactivities of coumarin compounds from natural 

resources had been reported including antibacterial, antifungal, antioxidative, 

anticancer, antidiabetic, anti-inflammation activities (17,114,115,117).  

Interestingly, the isolated coumarin derivative interruptins and C. 

terminans extract also carried various biological properties such as antibacterial, 

anticancer, antidiabetic, antiobesity and antioxidative activities (17,112). 
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Table 2.4 The physical characteristic and chemical formula of interruptins A-C (112). 

Compounds IUPAC name Chemical 

formula 

 

Molecular 

weight 

(g/mol) 

Physical 

appearance 

Interruptin A 5,7-dihydroxy-6-methyl-

4-phenyl-8-(3-

phenylpropanoyl) 

chromen-2-one 

C25H20O5 

 

400.43 Yellow-white 

powder 

Interruptin B 5,7-dihydroxy-6-methyl-

4-phenyl-8-[(E)-3-

phenylprop-2-

enoyl]chromen-2-one 

C25H18O5 

 

398.414 Yellow 

powder 

Interruptin C 5,7-dihydroxy-8-(2-

hydroxy-3-

phenylpropanoyl)-6-

methyl-4-phenylchromen-

2-one 

C25H20O6 

 

416.429 Pale yellow-

white powder 

 

 

2.8.3 Bioactivity study of C. terminans extracts and its isolated 

compounds 

 

 2.8.3.1 Antibacterial 

 

Ethyl acetate and dichloromethane extracts of C. terminans exhibited 

good antibacterial activity against Methicillin-sensitive Staphylococcus aureus 

(MSSA), methicillin-resistant S. aureus (MRSA), S. epidermidis and Bacillus subtilis 

as shown in Table 2.5. Additionally, the isolated interruptin A was identified as the 

active ingredient showing antibacterial property against above-mentioned 

microorganisms as well as B. cereus and Micrococcus luteus (17,112). 
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Table 2.5 The antibacterial activities of crude extracts of C. terminans, interruptins A-C and standard antibiotics (17,112).  

-  : not test 

 

Extracts/ Compounds MIC/MBC (g/mL) 

MSSA MRSA S. epidermidis B. subtilis B. cereus M. luteus 

Hexane extract 512/1024 256/512 256/>1024 256/>1024 - - 

Dichloromethane extract 256/512 128/>1024 64/128 256/>1024 - - 

Ethyl acetate extract 128/128 128/512 128/128 64/>1024 - - 

Methanol extract 1024/>1024 1024/>1024 256/256 >1024/>1024 - - 

Interruptin A 4/32 4/8 2/16  16/64 2/- 2/- 

Interruptin B >256/>256 >256/>256 >256/>256  >256/>256 >64/- >64/- 

Interruptin C >256/>256 >256/>256 >256/>256 >256/>256   

Vancomycin 1/4 1/4 2/4 1/4   

Chloramphenicol - - 8/- - 4/- 2/- 
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 2.8.3.2 Anticancer/cytotoxicity  

 

The isolated interruptins A and B demonstrated anticancer activity by 

reducing the viability of cancer cells (Table 2.6). Interruptins A and B exhibited 

stronger potency of cytotoxic effect against human breast adenocarcinoma (MCF-7) 

cells and colonic adenocarcinoma (HT-29) cells than standard camptothecin. 

Additionally, these compounds also carried a good cytotoxic activity on 

nasopharyngeal carcinoma (KB) cells (17,112). 

 

Table 2.6 Cytotoxic activity of isolated interruptins against cancer cells (17,112). 

Compounds IC50 (M) 

KB MCF-7 HT-29 

Interruptin A 12.73 8.4710-4 3.7510-4 

Interruptin B 9.54 4.0210-4 3.2610-4 

Interruptin C nt - - 

Camptothecin  nt 3.3310-3 7.4610-4 

Podophyllotoxin 14.4910-3 nt nt 

nt : not test 

- : no activity  

 

 2.8.3.3 Anti-obesity 

 

Interruptin B purified from C. terminans exhibited anti-obesity property 

in adipose-derived stem cells (ASCs). It not only induced cell proliferation and 

adipogenic differentiation, particularly brown adipocytes which are energy expenditure 

cells but also enhanced the lipid accumulation in a concentration-dependent fashion at 

5-20 µg/ml (121.9-167.2% increase), while the increase with rosiglitazone at 17.87 

µg/ml was only 127.7%. Interruptin B also up-regulated the mRNA expression of 

normal adipogenic markers, PPAR-α and PPAR-, together with triggered markers of 

brown adipocytes, uncoupling protein-1 (UCP-1) and mitochondrial carnitine 

palmitoyltransferase 1B (CPT1B). In addition, interruptin B enhanced the 
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mitochondrial membrane potential of differentiated adipocyte cells. A computational 

molecular docking analysis predicted interruptin B as a ligand of PPAR-α and PPAR- 

receptors. The binding affinity of this compound was more selective to PPAR- than 

PPAR-α (18,118). 

 

 2.8.3.4 Antidiabetic  

  

The previous studies revealed that interruptin B from C. terminans 

markedly affected glucose metabolism. Interrutpin B at 10 and 20 µg/ml dramatically 

increased the insulin-stimulated glucose consumption (357-640%) in adopocytes 

differentiated from ASCs which was 2.3-4.1 times greater than treatment with 17.84 

µg/ml of rosiglitazone (157%).  Moreover, interruptin B at 20 µg/ml significantly up-

regulated the levels of glucose transporter (GLUT) -1 and glucose transporter (GLUT)-

4 mRNA compared to the control without treatment (18,118). 

 

 2.8.3.5 Antioxidation  

 

Interestingly, interruptins A and B (10 µg/ml) that purified from C. 

terminans showed strong antioxidative property by acted as intracellular ROS 

scavengers in ASCs (74.5% and 95.4% inhibition, respectively) determined by oxidized 

2’,7’-dichlorofluorescein diacetate (DCF-DA) using flow cytometry (17). 

 

  



25 

 

2.9 The active constituent-enrich extract 

 

  Nowadays, the development of substances derived from natural 

resources to be health care products such as pharmaceutical, cosmeceutical as well as 

nutraceutical is very popular. However, the use of purified natural substances was 

limited owing to its amount was inadequate. Moreover, purification procedures were 

also laborious, high cost and time-consuming. Of these limitations, the crude extracts 

containing a high content of active constituents or enriched extracts were, accordingly, 

established as an alternative application (119,120).  Nevertheless, employment of 

enriched extracts must be consistently quality controlled by monitoring the content of 

corresponding ingredients in the extract prior its utilization. The suitable procedure for 

analyzing the target compounds is therefore essential for quality control of the extract 

in batch-to-batch preparation (121).  

 

2.9.1 Enrich extract preparation 

 

For enrichment of active constituents in herbal extracts, the extraction 

method and fractionation technique that reliably yield products in batch-to-batch are 

important in the preparation process (120,122). Different methods are applied for the 

enrichment of target compounds from various medicinal plants extracts as 

demonstrated in Table 2.7. 
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Table 2.7 Example of methods for preparation of enriched plant extracts.  

Enriched extracts Enrichment methods References 

Anthraquinone rich extract of 

Senna alata  

- Silica gel vacuum chromatography 

- Anion exchange resin (Amberlite® IRA-

67 

(123) 

Brazilin-rich extract of  

Caesalpinia sappan heartwood  

- DiaionHP-20 chromatography 

 

(124) 

Chlorogenic acid-rich extract of 

Eupatorium adenophorum 

- Macroporous NKA-II resin  (125) 

Ellagic acid-rich extract of 

Punica granatum fruit peel  

- Partition (126) 

Flavonoid-rich extract of  

Hypericum perforatum  

- Nonionic polystyrene resin LSA (127) 

Pentacyclic triterpene-rich 

extracts of Centella asiatica  

- Microwave-assisted extraction 

- DiaionHP-20 chromatography  

- Activated charcoal 

(128) 

Phenylbutanoid-rich extracts of 

Zingiber cassumunar  

- Solvent determination for extraction  

- Silica gel vacuum chromatography 

(122) 

Plumbagin derivative-rich 

extracts of Plumbago indica root  

- Solvent determination for extraction  

- Silica gel vacuum chromatography 

(129) 

Rhinacantin-rich extract of 

Rhinacanthus nasutus  

- Solvent determination for extraction  

- Anion exchange resin (Amberlite IRA-

67) 

(121) 
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2.9.2 Method Validation 

 

  The application of medicinal plant extracts with an adequate amount of 

active ingredients is essential in phytomedicine. The standardization of herbal extracts 

is very important to control the quality of extracts in batch-to-batch. Nowadays, 

analytical procedures, for instance, high performance liquid chromatography (HPLC)-

photodiode array (PDA), HPLC-mass spectroscopy (MS) as well as gas 

chromatography (GC)-MS have been developed and validated to quantitate the active 

compounds in medicinal herb extracts (121,130-132). The novel methods used in the 

analytical application are required performance determination to ensure that they are 

reliable and reproducible. For method validation, based on the International Conference 

on Harmonization (ICH) guideline, Validation of Analytical procedures: text and 

methodology Q2 (R1), the typical validation parameters as the following list are 

required (119,133,134): 

 

I. Specificity  

II. Linearity and range  

III. Accuracy  

IV. Precision  

V. Limit of detection (LOD) and limit of quantitation (LOQ) 

 

I. Specificity  

 

Specificity determination is used to specify whether an analytical 

procedure can clearly measure the analyte in the sample matrix. Specificity can be 

accessed by checking the peak purity and the variation of retention time.  
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Linearity and range 

 

The linearity is generally referred to the linear relationship between 

analyte signals and analyte levels in the test sample. The linearity of an analytical 

protocol reflects its capability (within a given range) to give test results which are 

directly relative to the level of an analyte in the sample. Linearity is expressed as 

correlation coefficient (R2) that obtained from linear regression calculation of the 

graphical plot of detected results versus analyte concentrations. The R2 value typically 

should be 0.999. 

The range of an analytical methodology is obtained from the interval 

between the lowest and highest concentrations of an analyte that have been evaluated 

with a suitable value of linearity. 

 

II. Accuracy 

 

The analytical method accuracy indicates the closeness of the acquired 

value of analyte by a validating procedure to the true value. The standard addition 

method or spiking technique is wildly used by adding a known amount of analyte into 

test sample prior to measure the analyte level. If there is analyte in the test sample, its 

actual amount should be detected before spiking. The accuracy is expressed in 

percentage of recovery (% recovery) of the test results. 

 

III. Precision 

 

The precision of the analytical procedure reflects the degree of scattering 

between a series of analysis resulted from multiple determinations of the identical 

homogeneous sample under the specified circumstances. Precision is used to assess the 

reproducibility of the procedure. This character may be regarded to three levels: 

repeatability, intermediate precision and reproducibility. Precision is normally shown 

as relative standard deviation or % RSD which obtained by measuring a sample in 

adequate replicates using the analytical method. The typical acceptable values of all 

levels of precision are 2%. 
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IV. Limit of detection (LOD) and limit of quantitation (LOQ) 

 

  LOD of an analytical procedure is achieved from the lowest level of the 

target substance in the sample that can be monitored under validating condition. This 

level is not necessarily to be quantitated as a certain value. LOQ is not only the lowest 

level of an analyte in a sample but also necessary to be quantitated with sufficient 

accuracy and precision. LOD and LOD are commonly referred to the concentration of 

target compound that gives a ratio of signal-to-noise of 3:1 and 10:1, respectively. 
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CHAPTER 3  

 

METHODOLOGY 

 

 

3.1 Plant material 

 

   Aerial parts of Cyclosorus terminans (J. Sm. ex Hook.) Panigrahi. were 

collected from Nakhon Si Thammarat province, Thailand and identified by Professor 

Dr. Thaweesakdi Boonkard at Department of Botany, Faculty of Science, 

Chulalongkorn University. The voucher specimen (identification no. SKP 208 03 20 

001) was deposited at the herbarum of Faculty of Pharmaceutical Sciences, Prince of 

Songkla University, Thailand. Plant materials were dried in the oven at 50°C. The dried 

materials were blended to a powder and kept in well-closed plastic bag until used.. 

  

3.2 Chemicals and materials 

 

  Authentic interruptin standards, interruptins A, B, and C, were obtained 

from Asst. Prof. Dr. Sireewan Kaewsuwan’s laboratory (17).  

Chemicals and materials used in plant extraction and isolation, 

interruptins-rich C. terninans extract preparation, and HPLC method validation 

sections are shown in Table 3.1. 

For antioxidative property determination of isolated interruptins and interruptins-rich 

C. terminans extract, two types of human skin cells, including human dermal fibroblast 

(HDF) and human epidermal keratinocyte (HEK) which are the representatives of skin 

dermis and epidermis, respectively, were used in experiments. Moreover, murine 

macrophage (RAW 264.7) was used in anti-inflammatory evaluation. The detail of cell 

lines used in this study is given in Table 3.2.  And chemicals and materials used in the 

part of bioactivity evaluation are shown in Table 3.3.  
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Table 3.1 List of chemicals and materials used in plant extraction and isolation, 

interruptins-rich extract preparation, and method validation. 

Chemicals/ materials Company, Country 

Glacial acetic acid RCI Labscan, Thailand 

Dichloromethane (CH2Cl2) (commercial grade) ZEN POINT, Thailand 

Ethanol (EtOH) (analytical grade) RCI Labscan Ltd., Thailand 

Ethyl acetate (EtOAc) (commercial grade) ZEN POINT, Thailand 

Hexane (commercial grade) ZEN POINT, Thailand 

Isopropanol (analytical grade) RCI Labscan, Thailand 

Methanol (MeOH) (commercial grade) ZEN POINT, Thailand 

Methanol (HPLC grade) RCI Labscan, Thailand 

Nylon syringe filter (0.45µm) Fortune Scientific, Thailand 

Pre-coated TLC-sheets (DC-Fertigfolien 

ALUGRAM® Xtra SIL G/UV245), 0.20 mm 

MACHEREY-NAGEL, 

Germany. 

Silica gel, 40-60 µm Silicycle Inc, Canada 

 

 

Table 3.2 List of cell lines. 

Equipment/ instruments Cat. number Company, 

Country 

Human dermal fibroblast (HDF) PCS-201-012 ATCC, USA 

Human epidermal keratinocyte (HEK) CRL-2404 ATCC, USA 

Murine macrophage RAW264.7 TIB-71 ATCC, USA 
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Table 3.3 List of chemicals and materials used in bioactivities determination. 

Chemicals/ materials Company, Country 

2,2-diphenyl-1-picrylhydrazyl (DPPH) Sigma-Aldrich, USA 

2,4,6-tripyridyl-s-triazine (TPTZ) Sigma-Aldrich, USA 

2,7-dichlorofluorescein diacetate (DCFDA) Sigma-Aldrich, USA 

5x HOT FIREPol® EvaGreen® qPCR Mix Plus 

(ROX) 

Solis BioDyne, Estonia 

Ammonium persulfate (APS) Bio-Rad, USA 

Anaerocult® A (anaerobic milieu producer) MARK, Germany. 

Anti--actin (cat no #8457) Cell Signaling Technology, USA 

Anti-CAT antibody (cat no #3286) Cell Signaling Technology, USA 

Anti-GPx antibody Cell Signaling Technology, 

USA 

Anti-SOD1 antibody (cat no #2770) Cell Signaling Technology, 

USA 

Anti-SOD2 antibody (cat no #13194) Cell Signaling Technology, 

USA 

Ascorbic acid Sigma-Aldrich, USA 

Brain Heart infusion (BHI) broth HiMedia, India 

Coomassie (Bradford) protein assay kit Thermo SCIENTIFIC, USA 

Dimethyl sulfoxide (DMSO) Sigma-Aldrich, USA 

Dulbecco’s Modified Eagle Medium (DMEM)  

low glucose 

Gibco, USA 

Dulbecco’s Modified Eagle Medium (DMEM) 

 high glucose 

Gibco, USA 

FavorPrep Blood/Cultured Cell Total RNA 

Purification Mini Kit 

FAVORGEN Biotech Corp, 

Taiwan 

Fetal bovine serum (FBS) Gibco, USA 

FIREScript RT cDNA Synthesis KIT Solis BioDyne, Estonia 

Glycine Bio-Rad, USA 
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Table 3.3 List of chemicals and materials used in bioactivities determination 

(continued). 

Chemicals/ materials Company, Country 

Goat Anti-Rabbit IgG Antibody, Peroxidase 

Conjugated (cat no #AP132P) 

MARK, Germany 

Hydrochloric acid RCI Labscan, Thailand 

Immun-Blot PVDF membranes for protein blotting Bio-Rad, Germany 

Iron III) chloride hexahydrate (FeCl3.6H2O) POCH, Poland 

Keratinocyte-serum free medium (SFM) Gibco, USA 

Lipopolysaccharide (LPS) Sigma-Aldrich, USA 

N-(1-Naphthyl) ethylenediamine dihydrochloride Sigma-Aldrich, USA 

Sodium chloride (analytical grade) RCI Lab-scan, Thailand 

Sodium lauryl sulfate Ajax Finechem, New Zealand 

sodium nitroprusside Sigma-Aldrich, USA 

Spectra Multicolor Broad Range Protein Ladder Thermo SCIENTIFIC, USA 

Sulfanilamide Sigma-Aldrich, USA 

SYBR DNA gel stain Invitrogen, USA 

Thiazolyl blue tetrazolium bromide (MTT) Sigma-Aldrich, USA 

Tris hydrochloride (Tris-HCl) Bio Basic Inc, Canada 

Tris (hydroxymethyl) aminomethane Research Organics Inc, USA 

Trypsin-EDTA Gibco, USA 
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3.3 Equipment and instruments 

 

The general laboratory equipment and instruments employed in this 

project are shown in Table 3.4. 

 

Table 3.4 List of general laboratory equipment and instruments. 

Equipment/ instruments Model Company, Country 

Biosafety cabinet class II 11232BBC 86 BIOBASE, China 

CCD camera Fusion FX5XT Vilber lourmat, France 

Centrifuge LMC-3000 Grni-bio, UK 

Centrifuge ROTINA 380 R Hettich, Germany 

CO2 incubator  NB-203 N-BIOTEK, India 

Flow cytometer BD FACSCalibur Becton Dickinson, USA 

Fluorescent light FL 18W Daylight Lamptan, Thailand 

Horizontal electrophoresis 

system 

MJ-105-S Major Science, USA 

HPLC  binary pump Water 1500 series Water Corporation, USA 

HPLC C18 column TSKgel ODS-100V TOSHO Bioscience, 

Japan  
 

HPLC  quaternary pump Chromaster 5000 series Hitachi, Japan 

Humidity chamber Allen-Bradley 

PanelView C400 

Newtronic Lifecare 

Equipment, India 

Incubator SL incubator SHEL LAB, USA) 

Inverted microscope  Nikon ECLIPSE TS100 Nikon, Japan 

LED transilluminator BLooK GeneDireX, Taiwan 

Microplate reader SPECTROstar nano BMG LABTECH, 

Australia 

Microplate reader Varioskan Lux Thermo Scientific, Finland 

pH meter Mettler LE409 METTLER TOLEDO, 

USA 
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Table 3.4 List of general laboratory equipment and instruments (continued). 

Equipment/ instruments Model Company, Country 

Protein blotting system Mini Trans-Blot 

Electrophoretic 

BIO-RAD, USA 

Protein electrophoresis 

system   

Mini-PROREAN Tetra 

Cell 

BIO-RAD, USA 

Real-time PCR ABI 7300  Applied Biosystems, USA 

Rotary evaporator G3 heidolph Heidolph, Germany 

Ultrasonic bath S 100H Elma, Germany 

Spectrophotometer GENESYS 6 Thermo Scientific, USA 

Thermal cycler Gene Q Thermal Cycler BIOER, China 

Ultrasonic bath  S 100 H Elmasonic Elma, Germany 

UV lamp (18W)  UVA (max = 365 nm) 

UVB (max = 316 nm), 

PHILIPS, Holland 

UV light meter UV340B China 

   

 

3.4 General techniques of chromatography  

 

3.4.1 Thin layer chromatography 

 

Thin layer chromatography or TLC was used in separation processes for 

monitoring the target compounds in the crude extracts. Pre-coated TLC-sheets, 0.20 

mm, was used as absorbent or stationary phase. The solvent system or mobile phase 

was the mixture between hexane and EtOAc in the ratio of 8:2. The samples were 

dissolved in organic solvent and spotted on TLC plate. Then TLC plate was put in TLC 

tank containing the mobile phase by leaving the sample spots over the solvent level and 

allowed the solvent ascending move until reached upper solvent front. TLC patterns 

were assessed by spraying with the mixture of ethanol and sulfuric acid (1:1 v/v) and 

heating on a hot plate. Then the spots of compounds were detected under UV lights at 

wavelengths of 254 nm and 365 nm. 
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3.4.2 Quick column chromatography  

 

The quick column chromatography technique was utilized as the first 

step of separation process. Silica gel was used as an absorbent. Organic solvents 

including hexane, CH2Cl2, EtOAc, and MeOH were used as eluents. The eluents were 

prepared in a step gradient of hexane with an increasing percentage of CH2Cl2 and 

CH2Cl2 with an increasing percentage of EtOAc and EtOAc with an increasing 

percentage of MeOH, respectively. For column packing, silica gel was dryly packed 

into the sintered grass. The crude extract was dispersed in a small volume of solvent, 

mixed with a small quantity of silica gel and dried, and further loaded over the packed 

silica gel. The eluent was then poured down on the sample and vacuumed through the 

column to receiving flask by using suction. Each fraction was evaluated by TLC. The 

fractions that showed similar TLC pattern were then combined and dried using rotary 

evaporator. 

 

3.4.3 Open column chromatography  

 

Open column chromatography was mainly used in compound isolation 

method. The stationary phase and the mobile phase used in this technique were similar 

to a quick column technique. The stationary phase was silica gel. The mobile phase 

consisted of hexane, CH2Cl2, EtOAc, and MeOH. Wet packing technique was used for 

column packing by put silica gel in the solvent, stirred and loaded into the column. 

While dry packing was used for sample loading by dissolving the extract with a small 

volume of solvent, mixing with a small amount of silica gel and drying, and then 

loading on the top of silica gel. The loaded sample was allowed to descending move 

through the stationary phase with mobile phase that performed in an increasing step 

gradient of solvents. TLC was carried out to check the similarity of each fraction before 

combination and drying.  
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3.5 Plant extraction   

 

The four organic solvents including hexane, CH2Cl2, EtOAc and MeOH 

were used for C. terminans extraction combined with reflux method. The solvent 

providing the best interruptins extraction efficacy determined by TLC was then selected 

for further plant extract preparation. In brief, the plant powder (500 g) was extracted 

for 1 h by serial reflux extraction at 80-90°C with hexane, CH2Cl2, EtOAc and MeOH 

(3 L), respectively (three times each). The resulting extracts were filtered through filter 

paper and dried at 45-50C under reduced pressure condition using rotary evaporator 

(Scheme 3.1). All extracts were chromatographed by using TLC with hexane: EtOAc 

(8:2) as a solvent system to identify interruptins-containing extract. Interruptins A, B 

and C were used as markers.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 3.1 The steps of plant extraction. 

  

Reflux 80°c, 1 h 

 C. terminans powder 

(500 g) 

 Hexane 

(3 L) 

Filtrate 

Evaporate at 45-50°C 

Solution  

 Crude extracts 

(Hexane, CH2Cl2, EtOAc, MeOH) 

 Replace with CH2Cl2, EtOAc, 

and MeOH, respectively 

3 times each 

Residue  
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3.6 Isolation and identification 

 

Among four solvents (hexane CH2Cl2, EtOAc, and MeOH) used for 

plant extract preparation in section 3.5, hexane exhibited the best efficacy of 

interruptins extraction by providing highest interruptin contents in the extract. 

Therefore, hexane extract was then further prepared and applied for interruptins 

isolation by using column chromatography. The quick chromatography (13 cm in 

diameter) was firstly used to fractionate the crude extract. Briefly, hexane extract (50 

g) was dispersed in a small volume of solvent, mixed with a small quantity of silica gel 

and dried. The extract was applied over stationary phase and eluted with a step gradient 

of hexane with an increasing percentage of CH2Cl2 and CH2Cl2 with an increasing 

percentage of EtOAc and EtOAc with an increasing percentage of MeOH, respectively. 

The fractions that had similar TLC pattern were combined to yield 8 fractions of A-H 

(Scheme 3.2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 3.2 The steps of fractionation of hexane crude extract with quick column 

chromatography. 
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G (9.7 g)  

(Interruptins B and C-containing fraction) 

 
H (6.9 g) 

(Interruptin A-containing fraction) 

Hexane crude extract (50 g) 

Quick column chromatography 

Mobile phase: Hexan:CH2Cl2, CH2Cl2:EtOAc,   

                        EtOAc;MeOH (10:0-0:10 v/v) 
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3.6.1 Isolation of interruptin A 

 

The 6.9 g of interruptin A-containing fraction (fraction H) was subjected 

to quick column chromatography (7.5 cm in diameter) using dry-packing method. An 

eluent was the mixture between hexane and EtOAc in the ratio of 8:2 to 7:3. The elution 

was checked with TLC. The fractions that showed similar TLC pattern were combined 

to obtain 4 subfractions of H1-H4. The 3.8 g of interruptin A-containing fraction 

(fraction H2) was crystallized by dissolved in small volume of EtOAc then slowly 

dropped with hexane in the ratio of 3:1 v/v. The solution was removed and interruptin 

A crystals were recrystallized with the same solvent system until obtained pure 

interruptin A (Scheme 3.3). 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

Scheme 3.3 The steps of isolation of interruptin A. 
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3.6.2 Isolation of interruptins B and C 

 

The interruptins B and C-containing fraction (fraction G) was further 

purified by open column chromatography (1-5 cm in diameter). The extract (9.7g) was 

dispersed in a small volume of CH2Cl2, mixed with a small amount of silica gel and 

dried. The extract was loaded over the stationary phase and eluted with a step gradient 

of hexane with an increasing percentage of CH2Cl2 and CH2Cl2 with an increasing 

percentage of EtOAc and EtOAc with an increasing percentage of MeOH, respectively. 

The TLC with interruptins markers was applied to monitor interruptins B and C. The 

processes were repeated until obtained the pure compounds (Scheme 3.4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 3.4 The steps of isolation of interruptins B and C. 
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3.6.3 Structure identification and purity assessment 

 

For structure identification, proton-1 nuclear magnetic resonance (1H-

NMR) was used to preliminary investigate the compound structures and their purity. 1H 

spectra were obtained by a Fourier Transform NMR Spectrometer (1H-NMR 500 

MHz), model UNITY INNOVA Varian (Scientific Equipment Center, Prince of 

Songkla University) and compared with a previous report (112). 

Furthermore, the validated HPLC method for analysis of interruprins 

(see in section 3.16 HPLC method validation) was applied to specify the compounds 

by checking the retention time together with the UV absorption pattern compared with 

each interruptin standards and to measure their purity by assessing area under curve 

(AUC) of each compound. The purity of compounds was obtained from % of peak area 

(AUC). The compound with high purity normally expresses a high of % of AUC (close 

to 100%). 

 

3.6.4 Stock sample solution preparation 

 

The sample stock solutions were prepared by accurate weighting 

isolated interruptins A-C in desired amount and then dissolving in DMSO. The stock 

sample solutions were kept in -20 C until used.  Standard drug stock solutions 

including ascorbic acid, indomethacin and clindamycin were prepared and kept with a 

similar procedure of interruptins. 

 

  



42 

 

3.7 Cell culture 

 

  Human skin cells, including HDF and HEK cells, and murine 

macrophage RAW 264.7 cells (Figure 3.1) that used in this study were cultured in 

different culture media. HDF were cultured in 1% (v/v) antibiotics 

(penicillin/streptomycin)-added DMEM-low glucose containing 10% fetal bovine 

serum (FBS).  While the mixture between keratinocyte-SFM medium containing 5 

ng/ml human recombinant EGF and MEM-high glucose supplied with 10% FBS and 

1% (v/v) antibiotics in the ratio of 2: 3 was used as HEK culture medium. RAW264.7 

cells were maintained in 10% serum-containing RPMI-1640 medium supplemented 

with 1% (v/v) antibiotics.  All cell types were normally incubated under a humidified 

5% CO2 atmosphere at 37°C in CO2 incubator. The medium was typically changed in 

three days interval until reaching 80% confluency. The confluent cells were routinely 

sub-cultured by trypsinization with trypsin-EDTA. 

 

 

 

 

 

 

 

 

Figure 3.1 Human dermal fibroblast (A), human epidermal keratinocyte (B), and 

murine macrophage RAW 264.7 (C). 

 

 

  

A C B 
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3.8 Cell viability assay 

 

The survival of cell was assayed by using thiazolyl blue tetrazolium 

bromide (MTT) reagent. The viable cells normally metabolize yellow tetrazolium salts 

into purple formazan crystals by mitochondrial reductase enzyme (Figure 3.2). HDF 

(8103 cells) and HEK (1.8104 cells) were plated into 96-well plate and grown in their 

complete medium at 37°C under humidified 5% CO2 atmosphere for 24 h. The cells 

were treated with various dosages of interruptins A-C (1, 5, 10, 20 µM) in 100 µL 

complete medium. Non-treated cells were used as control. After being incubation for 

24 h, the incubated cells were washed once with PBS and substituted with 100 µL of 

fresh medium. Then, 10 µl of 5 mg/ml MTT reagent was added into each well and 

further kept at 37°C in CO2 incubator for 2 h. The mixture of culture medium and MTT 

solution was then discarded and DMSO (100 µl) was added to dissolve formazan 

crystals. The formazan solution was recorded an optical density (OD) at 570 nm with a 

microplate reader. The experiment was done in triplicate. The viability of living cells 

was calculated and presented as % cell viability using the following equation 1: 

     

 

 

 

 

 

 

 

 

 

 

Figure 3.2 MTT assay (modified from Bahuguna et al, 2017) (135). 

 

Reductase 

MTT Formazan 

OD of sample 

 OD of control 
% Cell viability =  100                           [1] 
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3.9 The study of antioxidative property of interruptins 

 

3.9.1 Intracellular reactive oxygen species scavenging assay 

 

The intracellular ROS scavenging efficacy of interruptins was examined 

using 2,7-dichlorofluorescein diacetate (DCF-DA). Basically, intracellular ROS 

generally oxidize non-fluorescence DCF-DA to highly fluorescence DCF which can be 

detected by a flow cytometer (Figure 3.3). Based on previous reported method (17) with 

some modification, HDF (4105 cells) and HEK (9105 cells) were plated in 60 mm 

culture dish with their complete media for 24h, then starved overnight with serum-free 

medium. The cells were treated with interruptins A-C in various concentrations (1, 5, 

10, 20 µM) and DCF-DA (20 µM) in 0.5% FBS-containing medium for 30 min at 37C 

in the dark condition. Non-treated cells were performed as a negative control. All cells 

were harvested by trypsinization using tryptin-EDTA. The cell pellets were washed 

twice, resuspended in PBS and then detected the fluorescence signals using a flow 

cytometer. Ascorbic acid was used as an antioxidant standard. The observation was 

done in triplicate. Percentages of fluorescence intensity (% FI) which stand for the 

levels of ROS in the cells were calculated according to the following equation 2. 

Additionally, percentages of ROS scavenging of tested samples were evaluated by 

using equation 3.  

 

 

 

 

 

  

Fluorescence intensity of sample 

 Fluorescence intensity of control 

% Fluorescence intensity (% FI) = 
 100         [2] 

% FI of control - % FI of sample 

 
 % FI of control 

 

% ROS scavenging =  100        [3] 



45 

 

 

 

Figure 3.3 Fluorescent DCF formation by ROS. DCF-DA, dichlorofluorescein 

diacetate; DCF, dichlorofluorescein. (modified from Eruslanov and Krusmartsev, 

2010) (136). 
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3.9.2 DPPH free radical scavenging assay 

 

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical quenching capacity 

of interruptins was examined followed a previous report (137) with slight modification. 

The DPPH working solution was freshly made by dissolving DPPH in MeOH and 

measuring an OD at wavelength 515 nm with a UV-visible spectrophotometer to obtain 

an absorbance unit of 1.1 ± 0.02. Interruptins A-C stock solutions were diluted with 

methanol into various concentrations in a range of 5-30 µM. The sample solutions (70 

µL) and DPPH solution (70 µL) were added into 96-well plate and incubated in the 

dark condition at ambient temperature. After 30 minutes, the absorbance of reactions 

was detected at 515 nm with a microplate reader. Ascorbic acid was applied as a 

positive control. The experiment was done in triplicate. The % inhibition was achieved 

using the following equation 4. The result was expressed as IC50 value that was a sample 

concentration giving 50% inhibition. The IC50 values were extrapolated from linear 

regression equation of a graph constructed by plotting between % inhibitions and 

sample concentrations.  

 

 

 

 

OD control = absorbance of DPPH solution without sample.  

OD sample = absorbance of DPPH solution with sample.  

 

 

  

OD control – OD sample 

        OD control 

% Inhibition =  100          [4] 
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3.9.3 Ferric reduction antioxidant power (FRAP) 

 

The FRAP method was employed to assess the antioxidant capacity of 

substances based on the reduction of ferric (Fe3+) to ferrous ion (Fe2+). The ferrous 

product reacts with 2,4,6-tripyridyl-s-triazine (TPTZ) to form ferrous-TPTZ complex. 

The intense blue color will be performed when antioxidants exhibit their reducing 

activities in the reaction. The ferric reducing activity of interruptins was carried out by 

using a previously reported FRAP method (140) with slightly modified. The FRAP 

working solution (20 mM FeCl3 and 10 mM TPTZ in 300 mM acetate buffer pH 3.6) 

was provided newly before use. The 198 µL of FRAP solution and 2 µL of interruptins 

A-C (20 µM) or ascorbic acid (0.01-0.03 mM) standard were added into 96-well plate 

and allowed to react 15 min at ambient temperature. The blue color of reactions was 

detected by measurement an OD at 593 nm with a microplate reader. The experiment 

was conducted in triplicate. The reducing power was evaluated from the graph of 

ascorbic acid that plotted between OD value against its concentration and reported as 

ascorbic acid equivalent (AAE) (mmol/L ascorbic acid/mol interruptin). 

 

3.10 Gene expression of antioxidant enzymes  

 

Gene expression of antioxidant enzymes including, SOD 1 and 2, CAT, 

and GPx from cells treated with interruptins was monitored. HDF (4105 cells) and 

HEK (9105 cells) were plated in cell culture dish (60 mm), grown in their complete 

medium for 24 h, and then starved overnight in serum-free medium. After that, cells 

were incubated with interruptins A and B (1, 5, 10 µM) in 2 % FBS-containing medium 

for 6 h. The sole media was done parallel as a control. Subsequently, total RNA was 

extracted from treated cells using RNA extraction kit (FAVORGEN Biotech, Taiwan). 

The RNA was subjected to measure its concentration by using spectrophotometer at an 

optical density of 260 nm and 280 nm. The ratio of OD at 260/280 nm should be in the 

range of 1.6-2.2.  The cDNA was synthesized from 500 ng of RNA template using 

Oligo(dT)18 primer and a reverse transcription system in accordance with the 

instruction provided by manufacturer (Solis BioDyne, Estonia).  



48 

 

  Real time-polymerase chain reaction (real time-PCR) was employed to 

monitor the mRNA expression levels of antioxidant enzymes. The ready to use PCR 

master-mix 5 HOT FIREPol® Evagreen® qPCR Mix Plus (Solis BioDyne, Estonia) 

was utilized in the PCR condition. The PCR reaction consisted of 2 µL of cDNA 

template (250 ng), 0.5 µL of forward and reverse primers (10 ng/µL) and 5 µL of PCR 

master-mix in a final volume of 25 µL. The amplification reaction was operated with 

activation of polymerase at 95C for 15 min followed by 40 cycles of denaturation at 

95C for 15 sec, annealing at 54C for 20 sec, and elongation at 72C for 30 sec. The 

primer sequences are shown in Table 3.5. Glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) was applied as the endogenous gene. The control group was applied as 

calibrator. The relative gene expression level was quantitated from fluorescence signal 

emission using the comparative CT method. A melting point dissociation curve was 

generated to confirm the presence of a single product (Figure 3.4). All samples were 

performed in triplicates. The relative gene expression was evaluated from the following 

equations 5-8.  

 

     CT                  = [CT of target gene – CT of endogenous gene]  [5] 

     CT                    = [CT of target gene – CT of calibrator]   [6] 

     Relative gene expression      = 2-        [7] 

     The fold of expression          =  Relative gene expression of target gene   [8] 

            Relative gene expression of calibrator 
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Figure 3.4 Amplification curve and melting curve from real-time PCR (Modified 

from https://en.wikipedia.org/wiki/Real-time_polymerase_chain_reaction) (139).  

 

 

Table 3.5 Sequences of primers used for real-time PCR (18). 

Gene Primer sequence Product size  

(bp) 

SOD 1 Forward: 5-TGT GAC TGC TGA CAA AGA TG -3  

Reverse: 5-TCA TCT GCT TTT TCA TGG AC -3 

117 

SOD 2 Forward: 5-GAG CAC GCT TAC TAC CTT CA -3  

Reverse: 5-GCA AGC CAT GTA TCT TTC AG -3 

105 

CAT Forward: 5-TAA CTG GGA TCT CGT TGG AA -3 

Reverse: 5-AGG ACG TAG GCT CCA GAA GT-3’ 

148 

GPx Forward: 5-GAC TAC ACC CAG ATG AAC GA-3 

Reverse: 5-CGT ACT TGA GGG AAT TCA GA -3 

133 

GAPDH Forward: 5-CGA GAT CCC TCC AAA ATC AA -3 

Reverse: 5-TGT GGT CAT GAG TCC TTC CA-3 

294 

 

 

  

T 

https://en.wikipedia.org/wiki/Real-time_polymerase_chain_reaction
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3.11 Protein expression of antioxidant enzymes 

 

Similarly, proteins of antioxidant enzymes (SOD1, SOD2, CAT and 

GPx) from interruptins-treated cells were evaluated the expression level by western 

blotting assay. In brief, HDF and HEK were grown for 24 h and then starved overnight. 

After 6 h expose of interruptins A and B (1, 5, 10 µM) in 2 % FBS-containing medium, 

the cells were subjected to protein analysis using western blot. Non-treated cells were 

performed as a control. Total protein from treated cells was extracted with RIPA protein 

extraction solution and determined the amount with Coomassie protein assay reagent 

by following the protocol provided by manufacture (Thermo SCIENTIFIC, USA). 

Aliquots of 30 µg protein were separated on sodium dodecyl sulfate-12% 

polyacrylamide gel (SDS-PAGE) and transferred to polyvinylidene difluoride (PVDF) 

membrane. The membrane was blocked with 5% milk, washed 3 times with 1% milk 

and further hybridized with rabbit primary antibodies (1:1000) against SOD1, SOD2, 

CAT, GPx and -actin control. The membrane was washed again with 1% milk in order 

to remove the excessive antibodies and subsequently incubated with secondary 

antibody, goat anti-rabbit IgG conjugated horseradish peroxidase (HRP). The protein 

bands on the membrane were detected by reacted with ImmobilonTM Western 

Chemiluminescent HRP substrate. The chemiluminescent signals were monitored 

under a CCD camera. 

 

3.12 The study of anti-photooxidative property of interruptins 

 

On the basis of UV radiation can trigger ROS generation in cells and 

lead to cell death, in this study, UVA (max = 365 nm) and UVB (max = 316 nm) lamps 

were used as alternative UV light sources in order induce ROS production and disturb 

cells. UV intensity was measured with a UV meter. ROS scavenging effect of 

interruptins on UV-induced ROS generation in human skin cells was conducted.  

  HDF (4105 cells) and HEK (9105 cells) were seed in 60 mm culture 

dish with the complete medium and cultured for 24 h. After cell starvation overnight 

with serum-free medium, the media was replaced with PBS and the cells were 

subsequently exposed to UVA 3J (for both cells) or UVB 300 mJ (for HDF) and UVB 
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20 mJ (for HEK). After UV exposure, PBS was removed and cells were treated with 

interruptins (5, 10, 20 µM) in 0.5% FBS-containing medium with 20 µM DCF-DA for 

30 min in the dark. Non-UV exposed cells and non-treated UV exposed cells were done 

as the controls. All cells were subjected to measure the intracellular ROS level by using 

a flow cytometer as described procedure in section 3.9.1.  

 

3.13 Study of anti-inflammatory property of interruptins  

 

3.13.1 Nitric oxide scavenging assay 

 

Base on the production of nitrite ion (NO2
-) from the reaction between 

nitric oxide (NO) and oxygen, and NO scavengers compete with oxygen leading to 

reduce nitrite radical. Hereby NO radical scavenging efficacy of interruptins was 

determined by following the method in the previous report (140) with slight 

modification. Sodium nitroprusside (SNP) was used as NO generator and Griess 

reagent was used to determine the nitrite accumulation. SNP solution (20 mM) was 

mixed with interruptins A-C (20-100 µM) and kept at ambient temperature for 180 min. 

The incubated mixtures were reacted with Griess reagent. The color of the reaction was 

detected at 546 nm using a microplate reader. Gallic acid was applied as a positive 

control. % NO radical scavenging by tested samples were calculated using equation 9. 

The IC50 values were evaluated from the graphical plot between % NO radical 

scavenging and sample concentration. The experiment was done in triplicate.  

 

 

 

 

 

OD control = absorbance of SNP solution without sample.  

OD sample = absorbance of SNP solution with sample. 

 

 

OD control – OD sample 

 OD control 

% NO radical scavenging =  100       [9] 
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3.13.2 Nitric oxide production inhibition assay 

 

The inhibitory effect of interruptins on NO release was examined using 

the model of murine macrophage-like RAW 264.7 cells and followed the process from 

the previous report (141) with slightly modified. The cells (1105 cells/well) were 

plated into 96-well plate with the complete culture medium and then allowed to adhere 

the plate for 1 h at 37oC under humidified 5% CO2 atmosphere. Then the medium was 

substituted with 200 l of 1 µg/ml LPS in fresh medium supplemented with 1-20 µM 

interruptins A-C and cells were further cultured for 24 h. Indomethacin was used as a 

standard. NO release by LPS-induced RAW 264.7 cells was evaluated by detecting the 

accumulation of nitrite in the culture medium using Griess reagent. The OD of reaction 

was read at 570 nm using a microplate reader. The demonstration was done in triplicate. 

The percentage of NO production inhibition by tested substances were calculated using 

equation 10. The IC50 values were also evaluated from the graphical plot between % 

inhibition of NO production and sample concentration. The remaining cells were 

subjected to determined cell viability using MTT followed the procedure as described 

in section 3.8 

 

 

 

 

 

3.13.3 Gene expression of inflammatory related genes  

 

The molecular mechanism of interruptins on anti-inflammation was 

investigated by detecting mRNA level of iNOS, COX-2 and PPAR- genes. The 

experiment was carried out base on the reported procedure in the previous study (142) 

with some modification Briefly, RAW264.7 cells (1.5×106 cells/well) were added to 6-

well plate, incubated for 1 h and further exposed to interruptins A-C (1, 5, 10 µM) in 1 

µg/mL LPS-containing medium for 20 h at 37 ◦C under humidified 5% CO2 

atmosphere. The treated cells were subjected to total RNA extraction and cDNA was 

synthesized using RNA as a template. 

  OD control – OD sample 

 OD control 

% Inhibition of NO production = 
 100               [10] 
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PCR was applied to detect the mRNA expression levels of iNOS, COX-

2, and PPAR-. The PCR reaction consisted of cDNA (200 ng), forward and reverse 

primer (5 ng each) and PCR master-mix in a total volume of 25 µL. The amplification 

reaction was performed with a pre-denaturation step at 95C for 2 min followed by 30 

cycles of denaturation at 98C, 30 sec; annealing at 60C, 30 sec; and extension at 74C, 

1 min and a final extention at 75C for 5 min. The sequences of primers used in this 

experiment are shown in Table 3.6. GAPDH was used as the standard gene. The 

amplicons were distinguished on 1.2% agarose gel by electrophoresis. SYBR dye was 

used to stained DNA bands and observed under a blue light boxbox. 

 

Table 3.6 Sequences of primers for PCR (142,143). 

Gene Primer sequence Product size  

(bp) 

iNOS  Forward: 5- ATCTGGATCAGGAACCTGAA-3  

Reverse: 5-CCTTTTTTGCCCCATAGGAA-3 

580 

COX-2 Forward: 5′-GGAGAGACTATCAAGATAGTGATC-3  

Reverse: 5-GGAGAGACTATCAAGATAGTGATC-3 

680 

PPAR- Forward: 5-CAAAGTAGAACCTGCATC TCC-3 

Reverse: 5-CCTTCACAAGCATGAACTCC-3 

156 

GAPDH Forward: 5-AAC ATC ATC CCT GCA TCC AC-3 

Reverse: 5-AGT GGG AGT TGC TGT TGA AG-3 

262 
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3.14 In vitro wound healing assay 

 

The wound healing effect of interruptins on human skin cells was taken 

under the cell migration assay.  HDF (4105 cells) and HEK (8105 cells) were added 

into 96-well plate in complete medium and allowed to grow in the condition of 5% CO2 

atmosphere, 37°C until reaching 100% confluency. Then confluence cells were starved 

in serum-free medium overnight. The cells were wounded with 1000 L of micropipette 

tip having a large orifice and washed with PBS to remove debris. The wounded cells 

were treated with various concentrations of interruptins A-C (1, 5, 10 M) in complete 

medium. For the monitoring of cell migration, photographs of wound area were taken 

every 12 h by inverted microscope. Three randomly determined points by the side of 

the wound edge were marked, and the transverse lengths of the immigrating cell from 

the initial wound were recorded. The % wound closure was estimated by equation 11. 

The experiment was carried out in three replicates. 

 

 

 

Time0 = initial time of migration 

Timen = time of detection 

 

 

3.15 Antibacterial assay 

 

  Since Propionibacterium acnes infection causes the cellular oxidative 

stress by triggering ROS generation and induces inflammation, anti-P. acnes activity 

of interruptins was also assessed in this study by evaluation tion of minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC) using broth 

microdilution method (144). P. acnes (DMST 149) was kindly supported by Asst. Prof. 

Dr. Sukanya Dej-adisai, Department of Pharmacognosy and Pharmaceutical Botany, 

Faculty of Pharmaceutical Sciences, Prince of Songkla University, Thailand.  

For detail, the test agents were serial 2-fold diluted in BHI broth with a starting 

concentration of 250 µg/mL. The P. acnes was suspended in normal saline to obtain 

Wound distance of time0 -Wound distance of timen 

Wound distance of time0 

% Wound closure = 
 100    [11]  
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McFarland No 0.5 turbidity that approximate 1.5108 Colony-Forming Unit (CFU)/mL 

by measuring an OD of 625 nm (OD 0.08-0.11 unit) with a spectrophotometer. The 

bacterial suspension was then diluted to 1107 CFU/mL. The interruptins-containing 

medium (200 µL) was added into 96-well plate and 10 µL of diluted bacterial 

suspension (5104 CFU/well or 5105 CFU/mL) was inoculated. The solely media and 

media with microbial were used to check sterility and growth condition. The culture 

plates were kept in anaerobic condition for 72 h at 37°C. The 0.1% sterilized-resazurin 

solution (10 µL) was dropped in each well and further incubated in the same condition 

for 2 h. The lowest dosage of sample that inhibits bacterial growth showing the blue 

color of resazurin was defined as MIC. The MBC was achieved by streaking the broth 

from the cultured well that showed growth inhibition onto BHI agar and incubated for 

72 h in anaerobic condition at 37°C. The lowest concentration of interruptins that 

exhibited no P. acnes colony was evaluated as the MBC. The experiment was operated 

in triplicate. 

 

3.16 High performance liquid chromatography (HPLC) method validation 

 

Although quantitative analysis HPLC method of interruptins was 

conducted in the preliminary study (17), it has not yet been validated. In this study, 

validation of HPLC method was operated following the International Conference on 

Harmonization (ICH) guideline, validation of analytical procedures: text and 

methodology Q2 (R1) (133). The validation parameters consisted of linearity, range, 

specificity, accuracy, precision, limit of detection (LOD), and limit of quantitation 

(LOQ). HPLC instrument used was the Water 1500 series HPLC model with binary 

pumps accompanied with a photodiode array detector (PDA) and autosampler. HPLC 

condition consisted of the following list. 

 

Column : Reversed phase C18  

Mobile phase : 1% aqueous acetic acid/methanol (15:85, v/v) 

Flow rate : 1 mL/min 

Detection : 290 nm with PDA detector 
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3.16.1 Standard and sample solution preparation 

 

The interruptins A, B and C were used as standard compounds. The 

standard stock solution was prepared by accurately weighed in equal amount, mixed 

and dissolved in DMSO. After that, it was filtrated through 0.45 µm filter and kept in -

20 C until use. For HPLC analysis, the standard stock solution was diluted in methanol 

to obtain desired concentrations. 

Ethyl acetate extract of C. terminans was used as a sample in the 

validation process. For plant extraction, fern powder was extracted with ethyl acetate 

using reflux. After filtration, the liquid extract was evaporated under vacuo at 50°C to 

achieve crude extract. Then the ethyl acetate crude extract was accurately weighed, 

dissolved in methanol by sonication at 30°C for 15 minutes and filtrated through 0.45 

µm filter to provide the 20 mg/mL sample solution for HPLC analysis. 

 

3.16.2 Linearity and range 

 

Linearity was determined by using the standard solution at six 

concentration points for each interruptins, in triplicates. After analysis, standard curves 

were plotted between the mean of the area under curve (AUC) and concentration. 

Regression analysis was used to achieve the linear equations and the coefficients of 

determination (R2). Range was obtained from the range of standard concentration that 

gave R2  0.999. 

 

3.16.3 Specificity 

 

Specificity of procedure was tested by inspecting the variance of 

retention time and comparing the similarity of UV absorption pattern of standards and 

interruptins in samples. The absorption pattern was checked on three points of target 

peak. The analysis was done in nine replications.  
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3.16.4 Limit of detection (LOD) and limit of quantitation (LOQ) 

 

Standard solutions were diluted in methanol by serial dilution and 

analyzed in three replicates. LOD and LOQ of analysis method were desired from the 

minimum concentration required to give a signal-to-noise (S/N) ratio equal to 3 and 10, 

respectively. 

 

3.16.5 Accuracy 

 

Method accuracy was carried out by using a spiking technique. Three 

different known concentrations of standard interruptins A, B, and C including low (10 

µg/mL), average (50 µg/mL) and high (100 µg/mL)-were added into sample solution 

in order to evaluate the recovery. The quantities of interruptins in sample solution were 

elucidated prior to spiking standard for calculating actual recovery. The amounts of 

spiked interruptins were measured in triplicate for each spiked level and their recoveries 

were calculated using the equation: % recovery = 100  measured content/fortified 

amount.  

 

3.16.6 Precision 

 

Method precision was evaluated to find out repeatability (intra-day 

precision) and intermediate precision (inter-day precision) by determining a scatter 

degree of series analysis. For intra-day precision, six replicate injections of one sample 

solution were analyzed within the same day using the same condition. The intermediate 

precision was accessed by measuring the interruptin amounts in three different 

concentrations of sample solution in three-day interval. The analysis was done in 

triplicate for each concentration in each day. The data was calculated to obtain % RSD 

for intra-day precision and inter-day precision (less than 2%). 
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3.17 Interruptins-rich C. terminans extract 

 

  Due to the limitation of using isolated interruptin compounds, this 

experiment purposed to prepare the interruptins-rich C. terminans extract for an 

alternative application. In a pilot study, EtOAc, EtOH, and isopropanol were evaluated 

their interruptins extraction capacity using four different extraction methods, including 

maceration, microwave-assisted extraction, ultrasonic-assisted extraction, and reflux.  

Among these three organic solvents, EtOAc has been introduced as the most suitable 

for extraction of interruptins from C. terminans powder followed by isopropanol (data 

not shown). However, non-polar organic solvents, including hexane, CH2Cl2, 

chloroform, as well as EtOAc were rarely used in pharmaceutical and cosmeceutical 

industries owing to their inherent toxicities and volatilities. Herein, thus, less toxic 

solvent isopropanol was selected for preparing interruptins-rich C. terminans extract 

using a combination of ultrasonication and reflux extraction. 

   

3.17.1 Preparation of isopropanol extract of C. terminans (CE) 

 

  For extraction step, fern powder (1 kg) was soaked in isopropanol (3 L) 

and then sonicated at 37 kHz for 1 h. After sonication, the plant was subjected to reflux 

at 70-80 C for 1 h. The resulting extract was filtrated through filter paper. The residue 

was re-extract by reflux two times. The filtrated was pooled together and evaporated to 

dryness in vacuo. The prepared isopropanol extract of C. terminans (CE) was subjected 

to quantify interruptins content using a validated HPLC method with the mentioned 

condition in section 3.16. 
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Scheme 3.5 Preparation of isopropanol extract of C. terminans (CE). 

  

 

3.17.2 Preparation of interruptin-rich C. terminans extract (IRCE) 

 

  Isopropanol extract of C. terminans (CE) was subjected to remove 

impurities by using simple precipitation technique. Briefly, CE (15 g) was dissolved in 

isopropanol (35 mL) and then distilled water (20 mL) was dropped. The mixture was 

left for precipitation at ambient temperature for 3 h. The precipitated was filtrated by 

filter paper. The filtrated solution was re-precipitated again by adding 30 mL of distilled 

water, left for 3 h and filtrated. The precipitate on filter paper was dissolved in 

isopropanol and evaporated in vacuo to obtain interruptins-rich C. terminans extract 

(IRCE). The IRCE was subjected to quantify interruptin contents using a validated 

HPLC method as mentioned in section 3.16. 

 

 

 

 Filtrated 

 C. terminans powder 

(1 kg) 

 Isopropanol 

(3 L) 

 Sonicate 

Evaporate at 45-50°C 

 Reflux 

(70-80°C, 1 h) 

 

 Isopropanol extract of C. terminans (CE) 

 

2 times each 

Residue  
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Scheme 3.6 Preparation of interruptins-rich C. terminans extract (IRCE). 

 

 

3.17.3 Bioactivity study of CE and IRCE 

 

  According to the potencies of isolated interruptins on antioxidation and 

anti-inflammation, both CE and IRCE were subjected to evaluate their bioactivities on 

cell viability, intracellular ROS scavenging activity, and anti-inflammatory efficacy 

followed the mentioned protocols in section 3.8, 3.9.1, and 3.13.2, respectively. Crude 

extracts were dissolved in DMSO and kept in -20C for use as stock solutions. In the 

experiments, sample solutions were diluted with test media to various concentrations 

typically in the range of 5-80 g/mL. The % DMSO in test media was allowed as 

0.05%. 

  

Isopropanol extract of C. terminans (CE) 

(15 g) 

 

Isopropanol 

(35 mL) 

 

 Add distilled water (20 mL) 

Evaporate at 45-50°C 

 Filtrate 

 

 Interruptins-rich C. terminans extract (IRCE) 

 

1 time each 

 Filtrated solution   Precipitated 



61 

 

3.17.4 Stability study of CE and IRCE 

 

The CE and IRCE were evaluated their stability by monitoring 

interruptin contents in extracts in corresponding to various conditions including light 

protection and light exposure condition, cold and room temperature, as well as 

accelerated condition based on previous methods (145,146) with some modification.  

The aliquots (500 mg) of CE and IRCE were contained in well-closed 

containers. The samples were preserved in each condition for three months. The actual 

initial amounts of interruptins in CE and IRCE determining at the beginning of the study 

(month-0) were defined as 100% remaining. The samples were taken at month-1, -2 

and -3 to quantitate interruptins A and B levels in the extracts by validated HPLC 

method. The experiments were performed in three replicates. The extracts with not less 

than 80% remaining of interruptin contents were considered as stable extracts.  

 

  Effect of light on CE and IRCE stability   

 

  The fluorescent lights (18-Watts 2) were used as light source. CE and 

IRCE (500 mg each) in well-closed containers were exposed to fluorescent light for 3 

months at room temperature. The light-protected samples were done in parallel. The 

distance between samples and the light source is 40 cm.  

   

Effect of temperature on CE and IRCE stability 

 

  Thermostability of extracts was performed in different condition, 

including cold and normal temperature. CE and IRCE (500 mg each) in well-closed 

containers were protected from light by covering with foil and maintained for 3 

months at 4 ± 2 C and room temperature (30 ± 2 C). 
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Effect of accelerated condition on CE and IRCE stability 

 

  CE and IRCE (500 mg each) in well-closed containers were protected 

from light by covering with foil and kept in a humidity chamber at 40 ± 2C with 75% 

relative humidity for 3 months.  

 

3.18 Statistical analysis 

 

  The results were represented as the mean ± standard deviation (SD). The 

comparisons between control and tested groups were conducted by using one-way 

ANOVA followed by Duncan test. Microsoft Excel was employed to calculate IC50 

values. The statistically significant was considered as p < 0.05 and p < 0.01. 
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CHAPTER 4 

 

 RESULT AND DISCUSSION 

 

 

4.1 Plant extraction 

 

The four organic solvents, including hexane, CH2Cl2, EtOAc, and 

MeOH were used to preliminary extract the interruptins from C. terminans by reflux 

extraction. The TLC result showed that hexane was the best solvent for interruptin 

extraction, since hexane extract demonstrated the highest interruptins A-C content 

compared to other prepared extracts (Figure 4.1).This probably due to the low polarity 

of interruptins A-C which could be easily extracted by low polarity solvent as hexane. 

Whereas the % yield of MeOH extract was maximum as 8.8 % w/w of dried powder 

(Table 4.1), unfortunately, sequential extraction by high polarity MeOH could not 

extract interruptins A-C as shown in Figure 4.1. Thus, hexane was chosen as a solvent 

to prepare the C. terminans extract for further isolation of the interruptins. 
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Figure 4.1 The TLC pattern of C. terminans crude extracts using hexane: EtOAc (8:2) 

as the mobile phase detected at UV 254 (A) and 366 (B) nm. Lanes 1-3 were interruptins 

A-C, respectively. Lanes 4-7 were hexane, CH2Cl2, EtOAc and MeOH crude extracts, 

respectively. The arrows indicated interruptins A, B and C. 

 

 

Table 4.1 The % yield of C. terminans crude extracts. 

Crude extract % yield of crude (% w/w of dried powder) 

Hexane  0.5 

CH2Cl2  2.2 

EtOAc  0.7 

MeOH  8.8 

 

  

A B 
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4.2 Isolation and identification 

 

 4.2.1 Isolation of interruptins 

 

Fifty grams of hexane extract was fractionated by quick column 

chromatography to obtain 8 fractions of A-H.  After TLC determination, interruptin A 

was found in fraction H (6.9 g), while interruptins B and C were in fraction G (9.7 g). 

Interruptin A was recrystallized from fraction H2 to yield 418 mg. Interruptins B and 

C were purified from fraction G to yield 96 mg and 149 mg, respectively. The % yields 

of interruptins A-C are shown in Table 4.2.   

 

Table 4.2 The % yield of isolated interruptins from C. terminans hexane extract. 

Samples Weight of extract /  

pure compounds (g)  

% yield  

(% w/w of crude extract) 

Hexane extract 50.02 - 

Interruptin A 0.42 0.84 

Interruptin B 0.10 0.20 

Interruptin C 0.15 0.30 

 

 

4.2.2 Structure identification and purity assessment 

 

To access the identity of compounds, the proton (1H) NMR spectroscopy 

was used for primary checking the identical of isolated interruptins. In this study, the 

1H NMR spectrums of isolated interruptins A-C (Figures 4.2-4.4) were compared with 

previously reported information (112) and it was found that all 1H NMR data were 

almost similar to reference data of interruptins A-C (Tables 4.3-4.5).   
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Figure 4.2 H1 NMR (500 MHz) spectrum of interruptin A. 
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Table 4.3 H1 NMR (500 MHz) data of interruptin A in CDCl3. 

Positions H (ppm), multiplicity (coupling constants (Hz)) 

Reference data (112) This study 

3 5.95 (s) 5.92 (s)  

2' 3.29 (t, 7.6) 3.26 (t, 7.0) 

3'a 2.96 (t, 7.6) 2.93 (t, 8.5) 

3'b 2.96 (t, 7.6) 2.93 (t, 8.5) 

5' 7.16-7.29 (m) 7.13-7.25 (m)  

6' 7.16-7.29 (m) 7.13-7.25 (m) 

7' 7.53-7.61 (m) 7.54-7.58(m)  

8' 7.16-7.29 (m) 7.13-7.25 (m) 

9' 7.16-7.29 (m) 7.13-7.25 (m) 

2'' 7.43-7.47 (m) 7.41-7.43(m) 

3'' 7.53-7.61 (m) 7.54-7.58 (m) 

4'' 7.16-7.29 (m) 7.13-7.25 (m)  

5'' 7.53-7.61 (m) 7.54-7.58 (m)  

6'' 7.43-7.47 (m) 7.41-7.43 (m)  

CH3 2.28 (s) 2.25 (s) 

5-OH - 7.33 (br, s) 

7-OH 12.89 (s) 12.96 (s)  
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Figure 4.3 H1 NMR (500 MHz) spectrum of interruptin B. 
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Table 4.4 H1 NMR (500 MHz) data of interruptin B in CDCl3. 

Positions H (ppm), multiplicity (coupling constants (Hz)) 

Reference data (112) This study 

3 6.04 (s)  6.01 (s)  

2' 8.28 (d, 15.5) 8.28 (d, 15.5) 

3' 7.95 (d, 15.5) 7.93 (d, 15.0) 

5' 7.43-7.50 (m) 7.39 -7.47 (m) 

6' 7.74-7.77 (m) 7.72-7.74 (m) 

7' 7.43-7.50 (m) 7.39 -7.47 (m) 

8' 7.74-7.77 (m) 7.72-7.74 (m) 

9' 7.43-7.50 (m) 7.39 -7.47 (m) 

2'' 7.43-7.50 (m) 7.39 -7.47 (m) 

3'' 7.59-7.62 (m) 7.57-7.60 (m) 

4'' 7.43-7.50 (m) 7.39 -7.47 (m) 

5'' 7.59-7.62 (m) 7.57-7.60 (m) 

6'' 7.43-7.50 (m) 7.39 -7.47 (m) 

CH3 2.05 (s) 2.02 (s) 

5-OH 5.84 (s) 5.81 (s) 

7-OH 14.72 (s) 14.69 (s) 
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Figure 4.4 H1 NMR (500 MHz) spectrum of interruptin C. 
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Table 4.5 H1 NMR (500 MHz) data of interruptin C in CDCl3. 

*H1 NMR data of interruptin C in CD3OD. 

  

Positions H (ppm), multiplicity (coupling constants (Hz)) 

Reference data* (112) This study 

3 5.91 (s)  6.01 (s)  

2' 5.31 (dd, 3.8; 8.7) 5.50 (dd, 1.5; 6.2) 

3'a 3.18 (dd, 3.8; 13.8) 3.11 (dd, 12.4; 17.3) 

3'a 2.77 dd, 8.7; 13.8) 2.94, (dd, 3.4; 17.3) 

5' 7.24-7.26 (m) 7.38-7.43 (m) 

6' 7.07-7.09 (m) 7.31-7.32 (m) 

7' 7.24-7.26 (m) 7.38-7.43 (m) 

8' 7.07-7.09 (m) 7.31-7.32 (m) 

9' 7.24-7.26 (m) 7.38-7.43 (m) 

1''   

2'' 7.39-7.48 (m) 7.44-7.45(m)  

3'' 7.28-7.36 (m) 7.44-7.45(m) 

4'' 7.18-7.23 (m) 7.38-7.43 (m) 

5'' 7.28-7.36 (m) 7.44-7.45(m) 

6'' 7.39-7.48 (m) 7.44-7.45(m) 

CH3 2.27 (s) 2.26 (s) 

5-OH - - 

7-OH - - 

2'-OH - 12.96 (s) 



72 

 

Although the H1 NMR data revealed that the isolated substances are 

interruptins A-C, the confirmation of the exact structure was still important. Thus, the 

identity of isolated substances should be confirmed with additional technique, 

moreover, their purity should also be assessed prior to further studies. HPLC method 

was widely used to analyze substances in terms of identity and purity. Normally, the 

same substance shows similar characteristic such as retention time (Rt) and UV 

absorption pattern in the same HPLC condition (17,147-149). Likewise, pure 

compounds usually display only one peak on the HPLC chromatogram. In this study, 

isolated interruptins were characterized their structures and analyzed their purity by 

using a validated HPLC method (see in section 4.9). HPLC chromatograms exhibited 

that each interruptin shared similar characters to standard interruptins A, B and C 

(Figure 4.5).  The retention time of interruptins A, B and C were 17, 20 and 13 min, 

respectively. Furthermore, UV absorption patterns of each purified coumarin 

compound were identical to their standards.  Therefore, the results of H1 NMR and 

HPLC analysis confirmed that the isolated compounds were interruptins A, B and C. 

Based on HPLC analysis, they also demonstrated high purity of 99.6 ± 0.1%, 97.7 ± 

0.7% and 96.2 ± 0.6% purity, respectively.  
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Figure 4.5 The HPLC chromatograms of standard interruptins A-C (A) and isolated 

interruptins A (B), B (C), C (D). The smaller pictures in each chromatogram represent 

UV absorption patterns of each interruptin measured at 3 points of the peak. 
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4.3 Effect of interruptins on cell viability of human skin cells 

 

Nowadays, the efficacy regarding the biological activity of natural 

isolated compounds is widely interested. However, their safety is still noteworthy 

concerned before each experiment. MTT assay is one of popular methods for assessing 

the viability of cells in response to chemical tested compounds. In general, viable cells 

catalyze yellow tetrazolium salts to purple formazan crystals by the action of 

mitochondrial reductase enzyme. The intense purple color is directly proportionate to a 

number of survival cells. The faded purple color is obtained if test substances are toxic 

to cells. Since this study aimed to evaluate the effect of interruptins A-C on skin cells, 

their safeties were examined on skin cells, HDF and HEK, by MTT assay. Non-treated 

cells were counted as 100% of cell viability. The percentages of skin cell viability of 

interruptins A-C are shown in Tables 4.6 and 4.7. According to ISO 10993-5, the non-

cytotoxic agent should demonstrate above 80% of cell viability. Compounds that 

provide within 80-60%, 60-40% and below 40% of cell viability are considered as 

weak, moderate and strong cytotoxic substances, respectively (150,151).  

In HDF cells, no cytotoxic was observed for all isolated interruptins at 

all tested concentrations with % cell viability ranges of 95.72-101.49%. Thus, 

interruptins A-C were innoxious to HDF cells. Additionally, interruptins A and C at all 

tested concentrations similarly exhibited no toxic to HEK cells with 82.54-106.63% 

cell viability, whereas interruptin B at high concentrations of 10 and 20 µM decreased 

cell viability to 42.79-67.80%. From this effect, interruptin B at concentrations of 10-

20 µM was considered to modulate cytotoxic to HEK cells. While ascorbic acid was 

non-toxic to both skin cells with 93.75-107.04% cell viability. These results were 

similar to the effect of interruptins A-C on macrophage RAW264.7 that almost tested 

dosages of interruptins were non-toxic, except interruptins A and B at 20 M 

demonstrated weak toxicity (section 4.6.2). As a result, cytotoxicity of interruptins A 

and B was slightly observed at high tested concentration, however, this seemed to 

depend on cell type. Due to the toxicity of interruptin B to HEK, using this compound 

at high dosage should therefore be concerned. Although interruptin B revealed minor 

cytotoxic to HEK cells, the potential effect on intracellular ROS scavenging of this 
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compound (section 4.4.3) indicted the benefit on antioxidation. Thus, both interruptins 

A and B were subjected to study on other aspects of antioxidation. 

 

Table 4.6 Effect of interruptins A-C on HDF cell viability. 

Concentration 

(µM) 

% Cell viability  

Interruptin A Interruptin B Interruptin C Ascorbic acid 

Control 100.00±0.58 100.00±0.58 100.00±0.48 100.00±0.48 

1 98.14±0.65 97.11±2.50 98.60±1.57 97.90±1.54 

5 99.53±0.70 99.44±1.40 99.56±0.30 101.14±0.61 

10 99.16±0.74 101.12±1.56 96.56±0.66 101.49±1.82 

20 99.35±1.41 95.72±2.99 96.94±0.99 102.80±0.79 

Values are expressed as mean ± SD (n=3). No toxicity was observed. 

 

Table 4.7 Effect of interruptins A-C on HEK cell viability. 

Concentration 

(µM) 

% Cell viability  

Interruptin A Interruptin B Interruptin C Ascorbic acid 

Control 100.00±3.09 100.00±3.09 100.00±1.54 100.00±1.54 

1 91.02±4.36 98.76±3.81 106.63±2.09 101.45±0.99 

5 92.70±3.93 87.78±1.54 103.17±2.02 107.04±1.48 

10 103.27±4.65 67.80±3.46* 101.13±3.12 106.63±1.49 

20 82.54±1.58 42.79±0.37* 98.90±1.76 93.75±0.70 

Values are expressed as mean ± SD (n=3). * defined toxicity of compounds.  
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4.4 Antioxidative property of interruptins 

  

4.4.1 DPPH free radical scavenging activity 

  

DPPH is an agent that carried proton free radical in the molecule. The 

proton radical scavenging activity was known to be one of the various actions for 

antioxidation. In the reaction mixture, the purple color of DPPH will be fade when it 

was counteracted with antioxidant (152,153). Substances that can eliminate DPPH 

radical are considered as proton radical scavengers (154,155). The antioxidation of 

interruptins A-C was performed by DPPH free radical scavenging assay and result is 

shown in Table 4.8. Interruptin A exerted an obvious highest activity with an IC50 value 

of 21.79 M, while the others exhibited mild efficacy. Although the antioxidant 

capacity of all tested substances was ascended with the increase of concentrations (5-

30 M), their activity was 3.3 times lower than the standard antioxidant ascorbic acid 

(IC50 = 8.52 M). It has been reported that compounds with IC50 < 10 g/mL 

determined by DPPH radical scavenging was considered to have high or significant 

antioxidant capacity, while compounds with 10 < IC50 < 20 g/mL and IC50 > 20 g/mL 

were classified as moderate and low antioxidant capacities, respectively (156). This 

finding revealed that interruptin A that exhibited IC50 of 21.79 M (equal to 8.75 

g/mL) carries high antioxidant capacity by means of DPPH scavenging assay. 

Additionally, its antioxidant ability might be due to the hydrogen-donating capability 

(154,155,157). 

 

 

Table 4.8 The DPPH radical scavenging activity of interruptins A-C.  

Compounds IC50 (µM) 

Interruptin A 21.79 

Interruptin B > 30 

Interruptin C > 30 

Ascorbic acid 8.52 
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4.4.2 Ferric reduction antioxidant power (FRAP)  

 

FRAP test is based on the redox reaction of electron transfer which 

indicates the reducing capacity of antioxidant substances (138,152). The antioxidant 

power of isolated interruptins was also expanded by FRAP assay. Ascorbic acid was 

used to construct the linear regression of OD 593 nm against the concentration 

(mmol/L) in order to evaluate reducing efficacies of interruptins A-C (Figure 4.6). A 

higher ascorbic equivalent value indicates greater reducing power ability.  Consistent 

with DPPH scavenging activity, interruptin A exhibited an emphatic reducing 

efficiency among tested samples on the reduction of ferric (Fe3+) to ferrous (Fe2+) with 

an antioxidant value of 682.45±16.31 mmol/L ascorbic acid/mol interruptin A, while 

the activities of interruptins B and C were 4.3-5.2 times lower than interruptin A (Table 

4.9). The antioxidative property of substances have been attributed to various actions, 

for examples, interception of chain initiation, disintegration of peroxides, protection of 

extended hydrogen abstraction, reductive reactivity, radical eradication, and binding of 

transition metal ion catalysts (158). According to the reducing efficacy of interruptins, 

this action may serve as an important indicator of their antioxidative potential. The 

results indicated that interruptin A was the best electron transferring compound among 

tested substances by reacted with Fe3+ to convert them into Fe2+.  

 

 

 

 

 

 

 

 

Figure 4.6 Calibration curve of ascorbic acid for determination of ferric reducing 

antioxidant power.  
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Table 4.9 The ferric reducing antioxidant power of interruptins A-C. 

Compounds Ascorbic acid equivalent 

 (mmol/L ascorbic acid/mol interruptin) 

Interruptin A 682.45±16.31 

Interruptin B 130.42±12.77 

Interruptin C 158.11±16.67 

Values are expressed as mean ± SD (n=3).  

 

 

4.4.3 Intracellular ROS scavenging activity 

 

Although ROS play important roles within the cells by acting as a 

secondary messenger in cellular signal transduction and microbial killing weapon of 

immune cells, overproduction of ROS can lead to cellular oxidative stress.  Thus, an 

encounter with excess ROS is essential to protect cells from oxidative damage. The 

intracellular ROS scavenging efficacy of interruptins in human skin cells is shown as 

% fluorescence intensity compared with the control vehicle treatment (Figures 4.7 and 

4.8). On the basis of ROS detection in the cell using DCF-DA, the fluorescence signal 

is directly proportionate to the ROS level. Interruptins A and B demonstrated potent 

ROS scavenging effects on HDF by dramatically reduced fluorescence signal that was 

counted for 37.76-56.24% and 42.77-76.98% ROS scavenging, respectively, compared 

with the control, whereas interruptin C had no activity (Table 4.10). Interestingly, 

interruptins A and B of all tested concentrations established more effective ROS 

scavenging than 20 M ascorbic acid standard. The result suggests that interruptins A 

and B could pass through the cell membrane and act as ROS scavengers in the polar 

intracellular environment. In contrast, although, interruptin C carries a hydroxy group 

in the propionyl chain on its structure that should exhibit scavenging activity, this 

substitution makes higher polarity of interruptin C and might disturb cell membrane 

penetration. However, intracellular ROS scavenging efficacy of interruptins A and B in 

another skin cell, HEK, demonstrated minor effect, only at high tested concentrations 

(Table 4.11). This may be due to keratin produced by HEK that is a barrier to protect 
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the entry of external compounds (159,160). Since keratinocytes stay in epidermis that 

is the outer skin layer, the absorption of interruptins through epidermis may be limited.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4.7 Percentage of fluorescence intensity of ROS in interruptins A-C-treated 

HDF determined by DCF-DA using flow cytometry. Values are expressed as mean ± 

SD (n=3). *, #P < 0.01 compared to the control (0 µM) and ascorbic acid, respectively. 

 

 

Table 4.10 Percentage of ROS scavenging of interruptins A-C in HDF cells. 

Concentration 

(µM) 

% ROS scavenging 

Interruptin A Interruptin B Interruptin C Ascorbic acid 

Control 0.00±2.80 0.00±2.80 0.00±2.80 0.00±2.80 

1 37.76±1.78*,# 42.77±1.92*,# 3.38±3.92#  

5 51.79±0.94*,# 63.71±1.09*,# -6.45±1.57*,#  

10 55.62±0.12*,# 65.79±0.41*,# -9.64±2.89*,#  

 20 56.24±0.56*,# 76.98±0.38*,# -17.29±3.25*,# 17.53±0.33* 

Values are expressed as mean ± SD (n=3). *, #P < 0.01 compared to the control (0 µM) 

and ascorbic acid, respectively. 
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Figure 4.8 Percentage of fluorescence intensity of ROS in interruptins A-C-treated 

HEK determined by DCF-DA using flow cytometry. Values are expressed as mean ± 

SD (n=3). *, #P < 0.01 compared to the control (0 µM) and ascorbic acid, respectively. 

 

 

Table 4.11 Percentage of ROS scavenging of interruptins in HEK cells. 

Concentration 

(µM) 

% ROS scavenging 

Interruptin A Interruptin B Interruptin C Ascorbic acid 

Control 0.00±2.67 0.00±2.67 0.00±2.67 0.00±2.67 

1 2.01±1.11# -25.86±1.95*,# -32.05±0.38*,#  

5 -22.34±0.58*,# -6.98±2.78*,# -36.3±3.41*,#  

10 -10.7±1.90*,# 2.99±1.44# -35.04±1.67*,#  

20 25.06±1.20*,# 57.48±0.98*,# -43.18±0.75*,# 15.71±6.42* 

Values are expressed as mean ± SD. (n=3). *, #P < 0.01 compared to the control (0 µM) 

and ascorbic acid, respectively. 
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It has been reported that ROS suppression capacity of coumarins 

involved in the number of hydroxy (OH) functional groups on benzene ring of -pyrone 

structure (113). Coumarinoids that carried two OH groups were more preferable to 

scavenge free radical than single OH group. The oxidative suppression capacity owing 

to their tapping abilities of unpaired electron via hydrogen atom donating action. 

Furthermore, the position of two OH substitutions on benzene ring of coumarin nucleus 

also affected the antioxidant ability. The ortho-OH substitution exhibited stronger 

antioxidation than meta-OH system. The great reactivity of ortho-dihydroxy phenolic 

structure maybe toward the smaller dissociation energy of O-H bond (113,115,161). 

Although interruptins A-C shared similar structure and carried meta-dihydroxy system 

on benzene ring of benzo -pyrone structure, the obtained results of DPPH radical 

scavenging and FRAP assays revealed that only interruptin A exerted distinct 

antioxidant activities. This could possibly relate to the presence of a single bond at C2 

carbon on proprionyl chain of interruptin A. However, these results were not exactly 

consistent with intracellular ROS scavenging activity that interruptin B was the most 

potent ROS scavenger followed by interruptin A. This might cause by the difference of 

experimental tested systems. The DPPH and FRAP assays were colorimetric reactions 

performed in organic MeOH and acidic solution, respectively, while intracellular ROS 

scavenging by DCF-DA evaluated inside the cells. It has been suggested that overall 

antioxidant potential of interesting substances should be determined in a variety of 

assays because the antioxidative efficacy relies on the physical and chemical 

characteristics of the evaluation system (162,163). In this study, interruptins A and B 

could act as powerful ROS scavengers within the cells which was more mimic to the 

human body than in the test tube. As a result, due to the strong intracellular antioxidant 

activity of interruptins A and B, these two compounds were selected to further evaluate 

their effect on gene and protein expression of antioxidant enzymes.   
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4.4.4 Gene expression of antioxidant enzymes 

 

          Antioxidant enzymes are the primary defense mechanism of the cells to 

counteract oxidative damage. The SOD, CAT, and GPx are major cellular antioxidant 

enzymes which prevent the formation of oxidant as well as eliminate formed radical 

(65, 164). Thus, increase of antioxidant enzyme levels in the cells is important for 

controlling cellular oxidant. Since interruptins A and B revealed ROS scavenging effect 

in HDF and HEK, herein, their induction of antioxidant enzyme expression was 

expanded. The effects of interruptins A and B on gene expression of antioxidant 

enzymes, including SOD1, SOD2, CAT, and GPx on human skin cells were monitored 

using real-time PCR. The transcriptional responses were presented in term of relative 

mRNA expression. The result in HDF cells showed that both interruptins A and B could 

up-regulate SOD1, SOD2, and GPx gene expression but did not affect to CAT gene 

(Table 4.12 and Figure 4.9). Similarly, interruptins A and B also acted as transcriptional 

stimulators in HEK cells by dose-dependent enhancing gene expression of all 

antioxidant enzymes (Table 4.13 and Figure 4.10). According to the levels of 

antioxidant in skin, epidermis layer contained much greater antioxidant enzyme levels 

than dermis. This possibly because epidermis is the outermost layer of skin and directly 

exposes to various environmental oxidative stress stimulators (165,166). Because HEK 

are the most abundant cell type in epidermis, it was speculated probably more 

susceptible to interruptins A and B induced transcriptional response. To the best of our 

knowledge, the present study suggested that interruptins A and B acted as antioxidant 

agents not only by scavenging intracellular ROS but also up-regulating antioxidant 

enzyme genes in skin cells.  
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The gene expression of antioxidant enzymes has been involved in signal 

transduction of a variety of transcription factors such as nuclear factor-erythroid 2-

related factor 2 (Nrf2), nuclear factor-kappa B (NF-κB), CCAAT/Enhancer binding 

proteins (C/EBPs), specificity protein (Sp1), tumor suppressor p53, as well as 

peroxisome proliferator-activated receptors (PPAR) (167-174). It has also been 

reported that interruptins A and B were PPAR ligands by acting as PPAR- and 

PPAR- agonists (18). The effects of these two coumarin derivatives on antioxidant 

enzyme gene expression probably involve PPAR signal transduction. However, the 

additional studies are still needed to clarify the transcriptional response mechanisms 

underlying antioxidant enzyme induction by interruptins. 
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Table 4.12 Relative gene expression of antioxidant enzymes in HDF after treated 

with interruptins A and B for 6 h determined by real-time PCR. 

Gene Concentration 

(µM) 

Relative mRNA expression (fold change) 

Interruptin A Interruptin B 

SOD1 Control 1.00±0.05 1.00±0.05 

  1  2.34±0.17* 2.71±0.13* 

  5  2.64±0.06* 3.09±0.09* 
 

10  2.53±0.15* 3.05±0.13* 

SOD2 Control 1.00±0.09 1.00±0.09 

  1  1.74±0.28* 1.25±0.17 

  5  1.45±0.02* 1.93±0.23* 

  10  1.88±0.12* 2.59±0.25* 

CAT Control 1.00±0.04 1.00±0.04 

  1  1.01±0.06 1.04±0.03 

  5  1.04±0.02 1.24±0.07* 

  10  0.98±0.04 1.05±0.07 

GPx Control  1.00±0.03 1.00±0.03 

  1  1.02±0.03 1.19±0.03* 

  5  1.13±0.07* 1.40±0.09* 

  10  1.22±0.03* 1.36±0.04* 

Values are expressed as mean ± SD (n=3). *P < 0.01 compared to the control (0 µM) of 

each gene. SOD1, superoxide dismutase 1; SOD2, superoxide dismutase 2; CAT, 

catalase; GPx, glutathione peroxidase. 
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Figure 4.9 Gene expression levels of antioxidant enzymes in HDF after treated with interruptins A and B for 6 h determined by real-time 

PCR. *P < 0.01 compared to the control of each gene. Int.A, interruptin A; Int.B, interruptin B; SOD1, superoxide dismutase 1; SOD2, 

superoxide dismutase 2; CAT, catalase; GPx, glutathione peroxidase. 
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Table 4.13 Relative gene expression of antioxidant enzyme in HEK after treated with 

interruptins A and B for 6h determined by real-time PCR. 

Gene Concentration 

(µM) 

Relative mRNA expression (fold change) 

Interruptin A Interruptin B 

SOD1 Control 1.00±0.04 1.00±0.04 

  1  1.25±0.06* 1.42±0.06* 

  5  1.19±0.17 1.77±0.12* 
 

10  1.21±0.02* 2.36±0.10* 

SOD2 Control 1.00±0.05 1.00±0.05 

  1  1.26±0.03* 1.39±0.06* 

  5  1.27±0.06* 1.82±0.04* 

  10  1.55±0.07* 1.83±0.06* 

CAT Control  1.00±0.06 1.00±0.06 

  1  1.24±0.14 1.43±0.08* 

  5  1.40±0.09* 1.68±0.09* 

  10  1.46±0.31* 1.80±0.03* 

GPx1 Control 1.00±0.10 1.00±0.10 

  1  1.43±0.13* 1.68±0.25* 

  5  1.64±0.09* 1.90±0.17* 

  10  1.64±0.14* 1.92±0.15* 

Values are expressed as mean ± SD (n=3). *P < 0.01 compared to the control (0 µM) of 

each gene. SOD1, superoxide dismutase 1; SOD2, superoxide dismutase 2; CAT, 

catalase; GPx, glutathione peroxidase. 
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Figure 4.10 Gene expression levels of antioxidant enzymes in HEK after treated with interruptins A and B for 6h determined by real-time 

PCR. *P < 0.01 compared to the control of each gene. Int.A, interruptin A; Int.B, interruptin B; SOD1, superoxide dismutase 1; SOD2, 

superoxide dismutase 2; CAT, catalase; GPx, glutathione peroxidase. 
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4.4.5 Protein expression of antioxidant enzymes 

 

According to the gene expression results of antioxidant enzymes, 

interruptins A and B performed as transcription stimulators of cellular antioxidant 

enzymes. Subsequently, the translational responses of SOD1, SOD2, CAT and GPx to 

interruptins A and B in HDF and HEK were evaluated by western blotting. Actin, 

constitutively expressed structural protein, was used as a protein calibrator. In HDF, the 

effects of interruptins on antioxidant enzyme proteins are illustrated in Figure 4.11. 

Interruptins A and B undoubtedly elevated SOD1 and GPx protein level up to 1.78-5.87 

folds and 1.50-2.04 folds, respectively, compared to the control and slightly induced 

SOD2 protein level but did not influence on CAT protein. Furthermore, in HEK, both 

interruptins A and B obviously upregulated the protein expression of SOD1 (1.24-4.37 

folds), SOD2 (1.61-2.4 folds), and GPx (1.10-1.30 folds), while slightly induction of 

CAT protein level was found (Figure 4.12). The results revealed that interruptins A and 

B could elevate antioxidant enzyme proteins in HEK better than in HDF. The difference 

in antioxidant enzyme expression in different cells might cause by the characteristic of 

each cell. Dermal keratinocytes locate in epidermis that directly faces to various 

environmental oxidative stress challenges, therefore higher antioxidant levels were 

speculated (162,166). The obtained results in this study showed that interruptins A and 

B concurrently induced transcriptional and translational responses of antioxidant 

enzyme in both of HDF and HEK. Although the mRNA expression of CAT in 

interruptins-treated HEK was obviously upregulated, the translational response of this 

enzyme was slightly induced. This might involve in complex phenomena after RNA 

transcription. In post-transcriptional and post-translational regulatory processes, 

unidentified factors may stabilize or unstabilize CAT mRNA (172). For instance, 

binding of unidentified redox-sensitive proteins on 5 untranslated region (UTR) or 3 

UTR of catalase mRNA expedited its translational rate and enhanced protein translation 

(175,176) and suppressing of protein 14-3-3, inhibitor of catalase transcription factor, 

by micro-RNA miR-451 led to enhance of CAT expression. In contrary, binding of 3 

UTR by miR-30b drastically decreased CAT protein. In addition, the CAT protein itself 

possibly affect its levels and activity. The phosphorylated CAT enzyme is subjected to 

ubiquitination and degraded by proteasome (177,178). Of the possible reasons, the 
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inconsistency of CAT mRNA and protein expression in HEK cells might rely on the 

effect of post-transcriptional and post-translational regulation.  

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.11 Protein expression levels of antioxidant enzymes in HDF after treated with 

interruptins A and B for 6 h determined by western blotting. Con, control (0 M); Int.A, 

interruptin A; Int.B, interruptin B; SOD1, superoxide dismutase 1; SOD2, superoxide 

dismutase 2; CAT, catalase; GPx, glutathione peroxidase. 
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Figure 4.12 Protein expression levels of antioxidant enzymes in HEK after treated with 

interruptins A and B for 6 h determined by (A) western blotting. Con, control (0 M); 

Int.A, interruptin A; Int.B, interruptin B; SOD1, superoxide dismutase 1; SOD2, 

superoxide dismutase 2; CAT, catalase; GPx, glutathione peroxidase.  
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4.5 Anti-photooxidative activity of interruptins 

 

ROS in cells could be generated by endogenous and exogenous 

stimulators. UV radiation is one of exogenous factors that can trigger ROS formation 

in skin cells. A single dose of UV radiation could induce ROS formation via excitation 

of photosensitizers such as nucleic acid and amino acid (35). The UV-induced ROS 

would further damage cellular components and lead to cell death. The anti-

photooxidation efficacies of interruptins A and B on human skin cells under UV 

exposure conditions were evaluated using DCF-DA probe. The antioxidants neutralize 

UV-induced ROS, leading to reduce fluorescence signal (Figures 4.14 and 4.15). In 

HDF cells, interruptin A and B could suppress UVA-induced ROS formation in the 

cells with % ROS scavenging ranging from 20.72-53.74% and 44.80-79.26%, 

respectively. In case of UVB exposure, these two compounds also acted as effective 

ROS quenchers with % ROS scavenging of 10.29-56.89% and 52.73-81.52%, 

respectively (Table 4.14). Moreover, interruptins A and B exhibited potent anti-

photooxidative effect in HEK cells by scavenging intracellular ROS under UVA 

radiation that counted for 37.65-62.47% and 40.37-78.40% ROS scavenging, 

respectively. Likewise, these coumarin derivatives eliminated UVB-generated ROS in 

HEK with 16.66-50.40% and 12.39-68.90 % ROS scavenging, respectively (Table 

4.15). The ROS suppression activity of interruptins A and B in both cells were dose-

dependent manner. As a result, intracellular ROS scavenging capacity of interruptins A 

and B in HEK under UV radiation was better than scavenging efficacy without ROS 

stimulator, this may cause by UV radiation effect that help pore forming on the cell 

membrane (179,180) which enhance penetration of interruptins A and B into the cells.  
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Figure 4.13 Percentage of fluorescence intensity of UV-stimulated ROS in interruptins 

A and B-treated HDF determined by DCF-DA using flow cytometry. *P < 0.01 

compared to the control (0 µM). Int.A, interruptin A; Int.B, interruptin B. 

 

 

Table 4.14 Percentage of UV-stimulated ROS scavenging of interruptins A-C in HDF 

cells. 

Concentration % ROS scavenging 

(µM) Interruptin A Interruptin B 

No-UVA 0.00±0.25* 0.00±0.25* 

UVA 3J   

Control -61.74±0.86 -61.74±0.86 

5 20.72±0.28* 44.80±1.77* 

10 47.83±1.32* 71.00±0.24* 

20 53.74±0.30* 79.26±0.16* 

No-UVB 0.00±1.99* 0.00±1.99* 

UVB 300 mJ   

Control -24.62±1.34 -24.62±1.34 

5 10.29±1.03* 52.73±0.42* 

10 30.39±1.70* 62.31±0.34* 

20 56.89±0.65* 81.52±0.34* 

Values are expressed as mean ± SD (n=3). * P < 0.01 compared to the control (0 µM).  
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Figure 4.14 Percentage of fluorescence intensity of UV-stimulated ROS in interruptins 

A and B-treated HEK determined by DCF-DA using flow cytometry. *P < 0.01 

compared to the control (0 µM). Int.A, interruptin A; Int.B, interruptin B. 

 

 

Table 4.15 Percentage of UV-stimulated ROS scavenging of interruptins A-C in HEK 

cells. 

Concentration % ROS scavenging 

(µM) Interruptin A Interruptin B 

No-UVA 0.00±0.67* 0.00±0.67* 

UVA 3 J   

Control -25.16±1.21 -25.16±1.21 

5 37.65±0.51* 40.37±0.62* 

10 44.99±0.37* 59.87±0.38* 

20 62.47±0.09* 78.40±0.28* 

No-UVB 0.00±0.73* 0.00±0.73* 

UVB 20 mJ   

Control -14.01±0.41 -14.02±0.41 

5 16.66±1.83* 12.39±1.68* 

10 24.84±1.56* 39.61±1.17* 

20 50.40±0.25* 68.90±0.57* 

Values are expressed as mean ± SD (n=3). * P < 0.01 compared to the control (0 µM)  
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4.6 Anti-inflammatory property of interruptins 

 

4.6.1 Nitric oxide scavenging activity of interruptins 

 

The excessive level of NO is implicated as inflammation, suppression 

of NO formation is therefore one of methods for inflammation treatment (95,99). The 

NO radical scavenging ability of interruptins A, B and C were tested by monitoring 

nitrite ion formation from the reaction of NO and oxygen. NO scavengers compete with 

oxygen to interact with NO and lead to a reduction of nitrite formation. The NO 

scavenging ability of interruptins A-C is shown in Table 4.16. Among tested 

compounds, interruptin B showed the best capacity to directly scavenge NO with an 

IC50 value of 67.68 M followed by interruptin A with an IC50 value of 90.07 M, while 

interruptin C was not active within the tested concentrations. The NO quenching ability 

of interruptins A and B was concentration-dependent manner. Interestingly, the NO 

scavenging ability of interruptins A and B was 1.2-1.6 folds more effective than gallic 

acid standard (IC50 = 107.92 M). Indeed, NO is one of oxidants, substances with 

antioxidative property may exhibit NO controlling. Previous studies had reported that 

antioxidative coumarins that possessed NO scavenging might attribute to the electron 

donating character of the substitution group like -Cl, -CH3, and -OH on benzopyrone 

scaffold (181).  Since interruptins A-C contain OH and CH3 functional groups on the 

coumarin nucleus, their NO scavenging activity might be due to these substitutions. 

Additionally, regarding the similarity of structure of interruptins, interruptins A and B 

that carry single bond and double bond on the C2-C3 of propionyl chain, respectively, 

presented effective NO scavenging capacity, while interruptin C that presents OH at the 

same carbon position of the structure possessed no activity on NO scavenging. 

Therefore, the presence of single bond or double bond on the C2-C3 of propionyl 

substitution was necessarily for NO scavenging capacity of interruptins. 
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Table 4.16 NO radical scavenging activity of interruptins A-C. 

Compounds IC50 (µM) 

Interruptin A 90.07 

Interruptin B 67.68 

Interruptin C > 100 

Gallic acid 107.76 

 

 

4.6.2 Nitric oxide production inhibitory activity of interruptins 

 

The stimulation of LPS on receptors of macrophage cells leads to the 

production of pro-inflammatory mediators such as NO and PGE2. Overproduction of 

NO can cause oxidative stress and potentiate the higher severity level of inflammation 

(98-100). As the previous experimental result indicated anti-inflammatory potential of 

interruptins A and B by suppression of NO radical. Herein, the anti-inflammatory 

property of interruptins was expanded by assessing their NO production inhibitory 

efficacy in LPS-induced macrophage cells. The NO production inhibition activity of all 

tested interruptins was concentration-dependent manner. Among tested compounds, 

interruptin B exhibited the most potent inhibitory activity with IC50 values of 0.81 M 

which was 16.3-folds more effective than standard indomethacin (IC50 = 13.23 M). 

While interruptin A (IC50 = 12.18 M) revealed comparable NO inhibition effect to 

indomethacin. On the other hand, interruptin C did not show the inhibitory activity 

against NO production in LPS-stimulated macrophages (Table 4.17). More 

interestingly, interruptin B demonstrated 15.03 folds higher ability on inhibition of NO 

production in murine macrophage than interruptin A. This implied that the presence of 

the olefinic character of C2-C3 of propionyl substitution seems to be more important 

for NO inhibitory activity of interruptins. 
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Of note, all tested concentrations of tested samples as well as 

indomethacin did not toxic to RAW 264.7 cells (Table 4.18), except only interruptin B 

at 20 M demonstrated weak cytotoxic to the cells by giving 75.68% cell viability 

(compounds providing cell viability not less than 80% are considered as innoxious 

substances (150,151). Therefore, it was clearly that interruptins A and B could be 

applied as potent innoxious anti-inflammatory agents. 

 

 Table 4.17 NO production inhibitory activity of interruptins A-C in RAW264.7 cells. 

Compounds IC50 (µM) 

Interruptin A 12.18 

Interruptin B 0.81 

Interruptin C > 50 

Indomethacin 13.23 

 

 

Table 4.18 Effect of interruptins A-C on RAW264.7 cell viability. 

Concentration 

(µM) 

% Cell viability 

Interruptin A Interruptin B Interruptin C Indomethacin 

0 100.00±2.36 100.00±2.69 100.00±2.36 100.00±2.36 

1 95.22±2.36 93.13±1.13 87.13±0.92 99.58±2.68 

5 84.04±4.26 85.14±1.10 92.41±0.61 96.61±2.86 

10 86.06±4.52 83.62±1.71 94.50±1.29 96.89±1.89 

20 81.77±4.84 75.68±1.65* 94.29±0.41 94.44±3.53 

Values are expressed as mean ± SD (n=3). * defined weak cytotoxicity (150,151). 
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4.6.3 iNOS, COX2 and PPAR- gene expression 

 

In the inflammatory response of the organisms, inflammatory enzymes 

such as COX-2 and iNOS are stimulated in order to produce inflammatory mediators, 

for example, PGE2 and NO, respectively (91, 99). In the other hand, the activation of 

PPAR- by its ligand agonists resulted in downregulating the expression of pro‐

inflammatory genes. Therefore, PPAR- agonists have been considered as anti-

inflammatory agents In order to determine the anti-inflammatory mechanism of 

interruptins, the transcriptional responses of iNOS, COX-2, and PPAR- were 

monitored using PCR. As shown in Figures 4.15A and 4.15E, interruptin A moderately 

suppressed iNOS gene expression and strongly induced PPAR- gene expression. 

Furthermore, interruptin B dramatically reduced iNOS mRNA level and increased 

PPAR- mRNA expression in a concentration-dependent character (Figures 4.15B and 

4.15F), while interruptin C did not affect any tested genes (Figures 4.15C and 4.15G). 

The iNOS gene suppression capacity of interruptin B was greater than the reference 

drug indomethacin (Figures 4.15D and 4.15H). However, all tested compounds did not 

affect COX-2 gene expression. The effect at the transcriptional level of interruptins was 

consistent with NO inhibition production activity that interruptin B was the most 

powerful NO production inhibitor followed by interruptin A. Since the activation of 

PPAR- has been reported to reduce inflammation. The simulation of PPAR-  

expression by its ligands such as rosiglitazone, prostaglandin D2 metabolite 15-deoxy-

12,14 prostaglandin J2 (15d-PDJ2), apigenin, kaempferol, as well as chrysin led to 

inhibit iNOS gene expression and activity (182-185). Additionally, interruptins A and 

B were indicated as PPAR- and - agonists (17). These results suggested that 

interruptins A and B could inhibit NO production through the mechanism of iNOS 

mRNA down-regulation which probably due to up-regulation of PPAR- mRNA 

expression. 
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Figure 4.15 The transcriptional response of interruptins A (A and E), B (B and F), C 

(C and G) and indomethacin (D and H) on iNOS, COX-2, and PPAR- gene in 

RAW264.7 cells determined by PCR.  
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4.7 Effect of interruptins on cell migration  

 

As oxidative stress and inflammation could retard wound healing 

process, substances demonstrating antioxidant and anti-inflammatory properties may 

improve wound healing. Herein, wound healing property of interruptins was evaluated 

by monitoring the migration capacity of human skin cells, HDF and HEK. In HDF, the 

migration ability of interruptins-treated cells was observed over 36 h. The overall cell 

migration effects of interruptins A-C on HDF were comparable to the control (Table 

4.19 and Figures 4.16 and 4.17).  Although at 36 h from initial time (0 h), cell migration 

efficacy of all tested compounds and control revealed equally 100% wound closure, 

interruptin A at 5 and 10 M (29.82-77.96% wound closure), and interruptin B at 1 M 

(27.51% wound closure) showed significantly higher percentages of wound closure  

than the control (22.29-74.47% wound closure) at the time of 12 and 24 h. These 

indicated that interruptins A and B could accelerate the migration of HDF in the first 

24 h of wound period. In the other hand, interruptin C slightly delayed HDF migration 

at the time of 24 h, nevertheless at the time of 36 h, its wound healing efficacy was 

equal to interruptins A and B by achieving wound closure. In HEK, the migration of 

interruptins-treated cells was monitored within 24 h (Table 4.20 and Figures 4.18 and 

4.19). Interruptin C of all tested concentrations at 12 h not only expressed the best 

wound healing ability among tested substances with 70.23-76.78% wound closure but 

also significantly better than the control (53.07% wound closure). Interruptin A at 

dosages of 1 and 5 M displayed 52.91-61.34% wound closure greater than control 

(46.48 %wound closure) at 12 h. This action revealed that interruptin A at 

concentrations of 1 and 5 M could stimulate HEK migration in the first 12 h of wound 

healing. On the contrary, interruptin A at 10 M and interruptin B at all tested 

concentrations delayed HEK migration. This effect was due to the cytotoxicity of 

interruptins A and B on HEK cell. The obtained results suggested that interruptins A-C 

possessed moderate wound healing activity by potentiating human skin cell migration. 

However, the wound healing efficacy of interruptins A-C relied on cell type, dosage of 

compounds as well as time of treatment. This study firstly discovered the bioactivity of 

interruptin C that facilitated epidermal cell, HEK, migration. 
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Table 4.19 The effect of interruptins A-C on HDF cell migration. 

Compounds Time 

(h) 

% Wound closure 

Control  1 µM 5 µM 10 µM 

Interruptin A 0 0.00±4.87 0.00±4.87 0.00±4.87 0.00±4.87 

 12 22.50±4.81 18.06±0.98 29.82±1.47# 26.52±2.55 

 24 71.45±2.19 73.07±2.49 75.63±2.47* 77.96±2.04# 

 36 100.00±0.00 100.00±0.00 100.00±0.00 100.00±0.00 

Interruptin B 0 0.00±1.62 0.00±1.62 0.00±1.62 0.00±1.62 

 12 22.29±1.58 27.51±3.87* 25.12±1.26 23.71±2.53 

 24 74.47±0.26 77.06±2.31 75.89±1.12 75.36±3.34 

 36 100.00±0.00 100.00±0.00 100.00±0.00 100.00±0.00 

Interruptin C 0 0.00±3.02 0.00±3.02 0.00±3.02 0.00±3.02 

 12 27.48±1.41 24.78±2.37 26.28±4.39 25.28±1.40 

 24 76.40±1.81 72.84±1.79* 71.68±2.38* 72.68±1.52* 

 36 100.00±0.00 100.00±0.00 100.00±0.00 100.00±0.00 

Values are expressed as mean ± SD (n=3). *P < 0.05 and #P < 0.01 compared to the control (0 M) within the same time.   

 

 

  



 

 

 

1
0
1
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.16 Effect of interruptins A-C on HDF cell migration. Percentage of wound close was mornitored within 36 h. *P <0.05 and  
#P < 0.01 compared to the control (0 M) within the same time 
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 Figure 4.17 The photograps of HDF cell migration. Wound area was photographed every 12 h by inverted microscope over 36 h.  
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Table 4.20 The effect of interruptins A-C on HEK cell migration. 

Compounds Time 

(h) 

% Wound closure 

Control 1 µM 5 µM 10 µM 

Interruptin A 0 0.00±2.58 0.00±2.58 0.00±2.58 0.00±2.58 

 12 46.68±3.64 61.34±3.11# 52.91±0.81# 41.52±1.39* 

 24 100.00±0.00 100.00±0.00 100.00±0.00 100.00±0.00 

Interruptin B 0 0.00±2.58 0.00±2.58 0.00±2.58 0.00±0.74 

 12 46.68±3.64 39.01±1.49# 38.43±4.55# 23.15±1.19# 

 24 100.00±0.00 100.00±0.00 93.71±10.89 53.97±4.00 

Interruptin C 0 0.00±2.61 0.00±2.61 0.00±2.61 0.00±2.61 

 12 53.07±0.97 76.78±3.44# 70.23±1.46# 71.38±3.15# 

 24 100.00±0.00 100.00±0.00 100.00±0.00 100.00±0.00 

Values are expressed as mean ± SD (n=3). *P < 0.05 and #P < 0.01 compared to the control (0 µM) within the same time. 
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Figure 4.18 Effect of interruptins A-C on HEK cell migration. Percentage of wound close was mornitored within 24 h. *P < 0.05   

and #P < 0.01 compared to the control (0 M) within the same time.  
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Figure 4.19 The photograps of HEK cell migration. Wound area was photographed every 12 h by inverted microscope over 24 h. 
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4.8 Anti-P. acnes activity of interruptins 

 

P. acnes is a skin flora that can cause acne vulgaris. Its infection also 

leads to skin oxidative stress and inflammation. However, the treatment of acne has 

been facing the problem of bacterial drug resistance (46). Therefore, finding new 

effective anti-acne agents is still challenging. The antibacterial efficacy against P. acnes 

of interruptins A-C is presented in Table 4.21. Interruptin A was an effective inhibitory 

and bactericidal substance (MIC/MBC of 1.95/7.81 µg/mL) compared to other 

interruptins tested. The obtained result was consistent with the previous report that 

interruptin A exhibited the most potent antibacterial against Gram-positive skin 

infectious bacteria, including methicillin-sensitive S. aureus (MSSA), methicillin-

resistant S. aureus (MRSA), S. epidermidis and B. subtilis with MIC/MBC values of 

4/32, 4/8, 2/16 and 16/64 µg/mL, respectively, compared with vancomycin (MIC/MBC 

of 1/4 µg/mL, except S. epidermidis with MIC/MBC of 2/4 µg/mL), while interruptin 

B and C were not active (17). Previously published studies suggested that the potential 

antibacterial activity of coumarin compounds is involved with the existence of the OH 

functional group at position 7 together with its lipophilic property, and planar molecular 

structure that enhance the ability to penetrate the bacterial cell membrane (186-188). 

Moreover, the presence of a single bond and absence of substitution in the propionyl 

chain at 2’-carbon of interruptin A may be essential for the antibacterial efficacy (17). 

 

Table 4.21 Anti P. acnes activity of interruptins A-C. 

Samples MIC (µg/mL) MBC (µg/mL) 

Interruptin A 1.95 7.81 

Interruptin B >250 >250 

Interruptin C >250 >250 

Clindamycin 0.24 0.49 

MBC, minimum inhibitory concentration; MIC, minimum bactericidal concentration. 
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4.9 High performance liquid chromatography method validation 

  

 The analytical procedure for measuring active ingredients in herb 

extracts is very important because the suitable method can reduce the errors that will 

occur during measurement. Since HPLC method for purity analysis of interruptins A-

C had been reported but the performances of the method were not validated yet (17). 

Herein, the effectiveness of the method was ensured by validation following the ICH 

guideline (119,133).  

 

4.9.1 HPLC condition 

 

The optimal chromatographic condition for simultaneous quantitation of 

interruptins A-C content in C. terminans extract was accomplished by HPLC method 

using a reverse phase C18 column.  Interruptins A, B, and C were successfully separated 

simultaneously using the mobile phase of methanol and 1% acetic acid in the ratio of 

85:15 (v/v) with a flow rate of 1 mL/min in the mode of isocratic. The signals of 

interruptins A-C on HPLC chromatograms were monitored at 290 nm. The interruptins 

A, B and C were eluted at 17, 20, and 13 minutes, respectively (Figure 4.18). 

 

4.9.2 Method validation 

 

The performance parameters of method validation including linearity, 

range, specificity, LOD, LOQ, accuracy, and precision are shown in Table 4.22. For 

linearity and range, the calibration curves were conducted by measuring six different 

concentrations of standard solution in the range of 6.25-200 µg/mL for interruptins A 

and C and in the range of 12.5-400 µg/mL for interruptin B. All calibration curves 

displayed the linearities over their evaluated ranges with coefficient of determination 

(R2) more than 0.999.  
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Table 4.22 Validation parameters of interruptins A-C using HPLC. 

Parameters Interruptin A Interruptin B Interruptin C 

Linear Equationa Y = 60390X - 

252341 

Y = 11353X- 

112091 

Y= 535009X - 

10292 

coefficients of determination  0.9996 0.9996 0.9997 

Range (µg/mL) 6.25-200 12.5-400 6.25-200 

%RSD of retention time  0.48 0.54 0.34 

UV Absorption pattern (max) (nm) 

    Standard 

    Sample 

283, 340 

283, 339 

331 

330 

286, 336 

284, 336 

LOD (µg/mL) 0.81 3.13 0.20 

LOQ (µg/mL) 1.63 6.25 0.46 

Accuracy (% Recovery) 

    10 µg/mL 

    50 µg/mL 

    100 µg/mL 

91.30 ± 0.56 

94.30 ± 2.88 

99.45 ± 1.32 

100.42 ± 1.46 

106.49 ± 0.53 

100.82 ± 0.61 

100.51 ± 0.18 

107.84 ± 0.75 

105.05 ± 1.09 

Precision(%RSD) 

   Intra-day (n=6) 

   Inter-day (n=3) 

 

0.16 

0.92 

 

0.83 

0.44 

 

0.30 

1.18 

a Y is peak area; X is interruptin concentration, LOD and LOQ are limit of detection 

and limit of quantification, respectively 
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For specificity, the variance of retention times and the homogeneity of 

UV absorption pattern were assessed. The % RSD of retention times of the three 

interruptins were less than 1%. Additionally, the UV absorption spectra of each 

interruptin in sample and standards were identical (Figure 4.18). Thus, the result 

indicated that this system was highly specific for analysis of interruptins A-C. 

 

 

 

 

 

 

 

 

 

 

Figure 4.20 HPLC chromatogram of ethyl acetate extract of C. terminans and the UV 

absorption pattern of interruptins A-C 

 

The LOD of the HPLC method for analysis of interruptins A-C was a 

range of 0.20-3.13 µg/mL, while LOQ were within 0.46-6.25 µg/mL. According to very 

low limitation values, it reflexed that tested system was sensitive to detect interruptins 

A-C.  

The accuracy of the procedure was obtained from % recovery of spiked 

standards. The % recoveries of three spiked concentrations (10, 50 and 100 µg/mL) of 

each interruptin were within the range of 91-107% which was fit to the requirement of 

ICH guidelines (100 ± 10%). The data suggested that the analysis method was accurate 

for measuring interruptins A-C in a wide range of concentration. 

The precision of HPLC method for monitoring of three compounds was 

normally displayed by % RSD of intra- and inter-day analysis. The precision value of 

intra-day was less than 1%, while inter-day precision was less than 2%. This parameter 

was consistent with ICH requirement. The data, therefore, recommended that this 

method was highly precise for analysis of interruptins A-C. 
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Conclusively, the results showed that the validation parameters of HPLC 

method were congruent with ICH guideline with efficient specificity, sensitivity, 

accuracy as well as precision. This suggested that this validated HPLC model was 

suitable to use as a standard method for simultaneous analysis interruptins A, B, and C 

content in plant crude extract. 

 

4.10 Preparation of isopropanol extract of C. terminans (CE) and interruptins- 

rich C. terminans extract (IRCE) 

 

  As the limitation of using insufficient isolated interruptins, herein, the 

C. terminans crude extract containing a high content of interruptins was prepared. 

Although hexane was the best solvent for extraction of interruptins, it was introduced 

as a toxic organic solvent (189). Recently, green extraction or extraction with non-toxic 

solvent are widely interested for plant extraction.  According to our preliminary study, 

interruptins A-C extraction using isopropanol with reflux or ultrasonication exhibited 

good efficacy. Therefore, isopropanol was chosen for preparation of C. terminans 

extract (CE), based on non-toxic property and its available to use in skin application 

(189-191). The prepared extract was then subjected to quantify interruptins contents 

using the validated HPLC (Table 4.23). 

Subsequently, the interruptins-rich C. terminans extract (IRCE) was prepared from CE 

by precipitation with isopropanol and water. The impurity in solution was removed, 

while the precipitate was subjected to quantitate interruptins A-C contents and 

considered as IRCE. As shown in Table 4.23, the interruptins A, B and C contents in 

IRCE were increased to 2.17, 2.64, and 2.07-times, respectively, when compared to CE. 

This data revealed that simple precipitation technique could be used as a method for 

enrichment of interruptins A-C contents in C. terminans extract. However, this 

procedure still provided some undesirable pigments that caused dark green extract.  
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Table 4.23 Yield of CE and IRCE and interruptin A-C contents in extracts. 

Values are expressed as mean ± SD (n=3). *P < 0.01 compared to its content in CE. CE, 

isopropanol extract of C. terminans; IRCE, interruptins-rich C. terminans extract. 

 

4.11 Bioactivity study of CE and IRCE 

 

  According to the results of intracellular ROS scavenging and anti-

inflammatory studies, it suggested that interruptins A and B were potent antioxidants 

and anti-inflammatory agents and prepared IRCE demonstrated more than 2-times rich 

interruptins A-B compared to CE. The intracellular ROS scavenging efficacy and anti-

inflammatory potential of CE and IRCE were consequently evaluated.  

 

4.11.1 Effect of CE and IRCE on cell viability of human skin cells 

 

  Since isolated interruptins revealed diverse effects on cell viability 

depend on cell types (section 4.3), so the effect on cell viability of CE and IRCE was 

determined before the latter bioactivity evaluation and shown in Table 24. As a result, 

no cytotoxicity (82.33-99.45% cell viability) to HDF was observed after treatment with 

CE and IRCE. However, prepared IRCE seemed to be less toxic than original CE, this 

may be due to diminished impurities in IRCE. On the other hand, the highest dose of 

CE at 80 g/mL exhibited weak cytotoxic to HEK (80-60% cell viability), and 20-80 

g/mL of IRCE showed weak to modulate cytotoxicity to HEK (60-40% cell viability). 

These probably owing to the effect of high interruptins A and B contents in extracts 

that consistent with the effect of isolated interruptins A and B on HEK which caused 

cell death when increasing concentration.  

   

Sample % yield of 

crude extract 

Content in extract  

(mg/g) 

Interruptin A Interruptin B Interruptin C 

CE 4.69 5.37±0.09 1.03±0.05 4.34±0.35 

IRCE 2.05 11.65±0.66* 2.72±0.24* 9.00±2.58* 
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Table 4.24 Effect of CE and IRCE on human skin cell viability. 

Values are expressed as mean ± SD (n=3). * defined toxicity of prepared extracts. CE, 

isopropanol extract of C. terminans; IRCE, interruptins-rich C. terminans extract. 

 

4.11.2 Intracellular ROS scavenging activity of CE and IRCE in 

human skin cells 

  

  According to the intracellular ROS scavenging potential of isolated 

interruptins, the ROS scavenging efficacy of CE and IRCE was also studied in human 

skin cells. As a result in HDF (Figure 4.19), all tested concentrations of both CE and 

IRCE scavenged ROS in the cells by suppressing fluorescence signal of DCF in a 

concentration-dependent fashion. The scavenging efficacy of CE and IRCE was 

counted as 6.48-66.25% and 36.98-82.73% ROS scavenging, respectively (Table 4.25). 

While only the highest concentration of 80 g/mL CE and 40-80 g/mL IRCE could 

slightly decrease fluorescence intensity of DCF in HEK cells that counted for 11.66-

29.45% ROS scavenging. Regarding the result of ROS scavenging activity of isolated 

interruptins on HEK, interruptins A and B presented better scavenging ability when 

their concentrations were increased. Therefore, the ROS scavenging efficacy of CE and 

IRCE may be due to the increasing of interruptins A and B contents in the extracts. In 

addition, the % ROS scavenging of IRCE was greater than CE at the same concentration 

in both cells. This action perhaps accompanied by the higher portion of interruptins in 

IRCE than CE. This result also indicated that interruptin compounds were active 

ingredients of CE and IRCE for antioxidant activity. Moreover, the ROS scavenging 

Concentration 

(g/mL) 

% Cell viability  

HDF  HEK 

CE IRCE  CE IRCE 

0 100.00±0.85 100.00±0.85  100.00±1.01 100.00±1.01 

10 90.27±3.54 94.93±1.23  90.92±1.43 81.35±1.01 

20 88.49±2.67 99.45±1.64  89.39±2.43 77.66±0.71* 

40 83.29±0.47 93.97±0.63  84.18±1.09 68.94±0.51* 

80 82.33±3.19 95.62±1.32  67.24±1.75* 55.24±1.75* 
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capacity of IRCE was comparable to isolated interruptins A and B although interruptin 

contents in IRCE (0.23-0.93 g/mL for interruptin A and 0.05-0.21 g/mL for 

interruptin B) were much lower when compared to active concentration of isolated 

interruptins A (0.40-8.00 g/mL, equal to 1-20 M) and B (0.40-7.96 g/mL, equal to 

1-20 M). This result implied that the ROS suppressive ability of IRCE probably 

caused by synergistic action of interruptins A and B. 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.21 Percentage of fluorescence intensity of ROS in human skin cells treated 

with CE and IRCE determined by DCF-DA using flow cytometry. *, #P < 0.01 

compared to the control (0 µg/mL) and ascorbic acid (AA, 80 µg/mL), respectively. 

CE, isopropanol extract of C. terminans; IRCE, interruptins-rich C. terminans extract. 
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Table 4.25 Percentage of ROS scavenging of CE and IRCE in human skin cells. 

Values are expressed as mean ± SD (n=3). *, #P < 0.01 compared to the control  

(0 µg/mL) and ascorbic acid (80 µg/mL), respectively. CE, isopropanol extract of C. 

terminans; IRCE, interruptins-rich C. terminans extract. 

 

4.11.3 Anti-inflammatory activity of CE and IRCE 

 

  The previously obtained data (section 4.6.2) revealed that interruptins A 

and B possessed anti-inflammation by against NO production from macrophage cell.  

Hence, anti-inflammatory property of CE and IRCE was extended by evaluating 

inhibition efficacy on NO release in LPS-stimulated RAW 264.7 cells.  The result 

showed that either CE or IRCE within tested concentrations dose-dependently 

suppressed NO production without cytotoxicity by providing cell viability more than 

90% (cell viability >80 % are non-toxicity (150,151)) (Table 4.27). Interestingly, IRCE 

not only exhibited 2.37 times stronger inhibitory effect on NO release with IC50 of 6.96 

µg/mL (contained 0.081 µg/mL and 0.019 µg/mL of interruptins A and B, respectively) 

than CE with IC50 of 16.41 µg/mL (contained 0.088 µg/mL and 0.017 µg/mL of 

interruptins A and B, respectively), but also demonstrated comparable result to standard 

drug indomethacin with IC50 of 4.24 µg/mL (Table 4.26). In regard to the interruptins 

Concentration 

(g/mL) 

% ROS scavenging 

CE IRCE Ascorbic acid 

in HDF 
  

 

Control 0.00±1.43 0.00±1.43 0.00±1.43 

20 6.48±0.27*,# 36.98±0.68*,#  

40 22.44±0.61*,# 57.18±0.13*,#  

80 66.25±0.84*,# 82.73±0.18*,# 14.28±0.57* 

in HEK    

Control 0.00±2.56 0.00±2.56 0.00±2.56 

20 -19.00±1.23*,# -1.89±1.13#  

40 -28.04±2.68*,# 16.32±1.53*,#  

80 11.66±0.27*,# 29.45±1.20*,# 19.00±1.23* 
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A and B contents in IRCE which 2-folds higher than in CE. This indicated that the 

better NO production inhibitory ability of IRCE was attributed to the higher of 

interruptins contents. According to the result of NO production inhibition of isolated 

interruptins on RAW 264.7 cells, interruptins A and B exhibited potent NO release 

suppression abilities with IC50 values as low as 12.18 M (equal to 5.12 µg/mL) and 

0.81 M (equal to 0.32 µg/mL), respectively. However, the effective concentration of 

CE and IRCE on NO production inhibition contained much lower interruptins A and B 

contents when compared to effective dosage of isolated interruptins A and B. To the 

best of our knowledge, the result suggested that the potent NO inhibitory efficacy of 

CE and IRCE against LPS-stimulated RAW cell may possibly from the synergistic 

action of interruptins A and B. 

 

Table 4.26 NO production inhibitory effect of CE and IRCE in RAW264.7 cells. 

Compounds IC50 (µg/mL) 

CE 16.41 

IRCE 6.96 

Indomethacin 4.24 

 

 

Table 4.27 Effect of CE and IRCE on RAW264.7 cell viability. 

Concentration 

(µg/mL) 

% Cell viability Concentration 

(µg/mL) 

% Cell viability 

CE IRCE Indomethacin 

Control 100.00±2.28 100.00±2.28 Control 100.00±2.28 

5 92.70±2.27 95.06±2.81 1.79 97.57±0.49 

10 94.84±2.87 94.35±3.39 3.38 97.99±4.43 

20 95.55±4.89 99.35±2.48 7.16 99.87±1.17 

40 97.36±1.60 98.19±2.85 10.73 98.32±0.95 

Values are expressed as mean ± SD (n=3). No cytotoxicity was observed. 
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4.12 The stability of CE and IRCE 

 

  At present, stability study of interruptins has not been reported yet. This 

is the first report on stability of interruptins A and B in crude extracts. Since interruptins 

A and B exhibited diverse bioactivities such as antioxidation and anti-inflammation, 

they were therefore selected as markers for stability assessment of CE and IRCE. The 

contents of interruptins A and B in CE and IRCE that kept under various conditions 

including light protection and light exposure condition, cold and room temperature, as 

well as accelerated condition were monitored one-month interval throughout 3 months 

using validated HPLC method. 

  The effect of light on the stability of CE and IRCE was examined under 

two circumstances, including light-protected and light-exposed conditions under room 

temperature (30 ± 2°C) during a period of 3 months. It was found that the color and 

physical appearances of CE and IRCE were not changed in the light-protected situation, 

but the slightly increased of viscosity was observed under light-exposed condition. The 

contents of interruptins A and B in CE and IRCE under light-protection after 

examination period were 106.28% and 81.47% remaining, and 81.47% and 80.79% 

remaining, respectively. Under the light-exposed situation, interruptin A contents of CE 

and IRCE were over 89% remaining, while interruptin B contents of both CE and IRCE 

were less than 80% since month-2 with 63.93% and 71.02%, respectively (Table 4.28). 

These results indicated that CE and IRCE were stable when stored by protecting from 

light but not stable by loss of interruptin B quantity when was kept without light 

protection.  

The thermostability of CE and IRCE were examined under two different 

temperatures, 4 ± 2°C and 30 ± 2°C, with light protection within 3 months. The results 

exerted that there were no changes in color and physical appearances of CE and IRCE 

during study period. The overall interruptins A and B contents in CE and IRCE were in 

the range of 80.79-106.28% remaining.   However, remained interruptin B levels in 

either CE or IRCE that kept at 4 ± 2°C were slightly higher than that in 30 ± 2°C. The 

obtained data revealed that CE and IRCE were stable when were stored in room 
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temperature. Additionally, better stability was obtained when the extracts were 

maintained in cool condition. 

Moreover, a stability test of CE and IRCE on the accelerated condition was carried out 

in a stability chamber at 40°C with a relative humidity of 75% over three months. The 

physical appearances and color of both extracts were also unchanged. Interruptin A 

contents in CE and IRCE at month-3 were similar with 83.98% and 81.08% remaining, 

respectively. On the contrary, the remaining levels of interruptin B in CE and IRCE 

were markedly decreased by approximately 36% since month-1 and continually 

diminished more than 50% at month-2 (Table 4.29). This finding implied that CE and 

IRCE could not store at room temperature for a long period although they were 

contained in well-closed container and protected from light. (145,146).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

1
1
8
 

Table 4.28 Effect of light and temperature on CE and IRCE stability. 

Values are expressed as mean ± SD (n=3). * indicated unstability (less than 80% remaining) when compared to month-0. 

 

 

 

 

 

Extracts Time 

(month) 

% Remaining (compared to month 0) 

 Light-protected, 

30 ± 2°C 

 Light-exposed, 

30 ± 2°C 

 Light-protected, 

 4 ± 2°C 

  Interruptin A Interruptin B  Interruptin A Interruptin B  Interruptin A Interruptin B 

CE 0 100.00±4.42 100.00±3.59  100.00±4.42 100.00±3.59  100.00±4.42 100.00±3.59 

 1 97.82±2.45 88.51±1.19  98.50±1.87 91.43±9.92  93.91±1.75 83.72±3.80 

 2 101.97±3.45 82.20±3.26  92.63±2.72 60.64±3.94*  99.40±0.72 82.41±1.91 

 3 106.28±1.86 81.47±4.45  89.53±0.50 63.93±1.23*  102.41±0.50 88.61±4.39 

IRCE 0 100.00±4.59 100.00±7.32  100.00±4.59 100.00±7.32  100.00±4.59 100.00±7.32 

 1 89.27±3.83 76.46±0.84*  92.19±0.92 82.05±2.88  91.43±1.30 85.61±1.21 

 2 96.84±1.45 84.68±3.87  92.11±0.38 71.03±0.94*  94.35±2.57 78.04±6.33* 

 3 98.85±1.38 80.79±2.07  91.85±042 71.02±0.57*  98.40±0.53 84.68±1.07 
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Table 4.29 Effect of accelerated condition on CE and IRCE stability. 

Extracts Time 

(month) 

% Remaining (compared with time 0) 

Interruptin A Interruptin B 

CE 

  

0 100.00±4.42 100.00±3.59  

1 92.40±3.49 63.88±12.56 * 

2 89.99±1.05 33.00±1.25 * 

3 83.98±0.42 28.88±2.10 * 

IRCE 0 100.00±4.59 100.00±7.32 

1 89.62±1.43 64.20±4.46 * 

2 87.02±1.45 40.53±2.09 * 

3 81.08±0.29 35.22±1.50 * 

Values are expressed as mean ± SD (n=3). * indicated unstability (less than 80% 

remaining) when compared to month-0. 
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CHAPTER 5 

 

CONCLUSION 

 

1.  The three natural occurring coumarin derivatives, interruptins A, B 

and C, were isolated from Cyclosorus terminans with 0.20-0.84% w/w of its crude 

extract. Interruptin A was found as a major compound as 0.84% w/w. 

2. All isolated interruptins at 1-20 M were innoxious to HDF by 

providing cell viability of 95.72-101.49%. Similarly, interruptins A and C exhibited no 

toxic to HEK with 82.54-106.63% cell viability, whereas interruptin B at high 

concentrations 10-20 µM was considered to modulate cytotoxic to HEK cells (42.79-

67.80% cell viability). 

3. Interruptins A and B were indicated as active substances of C. 

terminans in response to antioxidative and anti-photooxidative activity.  

Interruptin A acted as the most potent proton radical scavenger 

determined by DPPH assay and the best electron transferring compound evaluated by 

FRAP assay with IC50 of 21.79 M and antioxidant value of 682.45±16.31 mmol/L 

ascorbic acid/mol interruptin A, respectively. When tested on skin cells, 1-20 M 

interruptins A and B demonstrated as potent ROS scavengers in HDF by dramatical 

reduction of ROS signal as 37.76-56.24% and 42.77-76.98% ROS scavenging, 

respectively, compared with the control without treatment. Whereas only minor ROS 

scavenging effect was observed (25.06% and 57.48% ROS scavenging) when examined 

in HEK with high tested concentration (20 M). Moreover, these two substances were 

found to stimulate cellular transcriptional and translational responses of antioxidant 

enzymes, including SOD1, SOD2, CAT and GPx. 

Interruptin A and B (5-20 M) could suppress UVA-induced ROS 

formation in the HDF cells with 20.72-53.74% and 44.80-79.26% ROS scavenging, 

respectively, and diminish UVB-induced ROS formation by 10.29-56.89% and 52.73-

81.52% ROS scavenging, respectively.  Moreover, they also exhibited as potent anti-

photooxidative compounds in HEK by eliminating intracellular ROS under UVA 

radiation as 37.65-62.47% and 40.37-78.40% ROS scavenging, respectively, and 
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scavenging UVB-generated ROS with 16.66-50.40% and 12.39-68.90 % ROS 

scavenging, respectively. 

4. Interruptins A and B were also proved as anti-inflammatory agents by 

scavenging NO radical and reducing NO production in LPS-stimulated RAW264.7 

cells. Among them, interruptin B was the most effective for quenching of NO radical 

and decreasing NO release with IC50 values as low as 67.68 M and 0.81 M, 

respectively.  Their mechanism was suggested to involve iNOS mRNA down-regulation 

which probably due to up-regulation of PPAR- mRNA expression. 

5. Interruptins A-C at low concentrations of 1-5 M moderlately 

accelerated the migration HDF (27.51-29.82% wound closure) and HEK (52.91-

76.78% wound closure) at the time of 12 h.  

6. Among the three isolated interruptins, only interruptin A was an 

effective inhibitory and bactericidal substance against Propionibacterium acnes with 

MIC and MBC of 1.95 and 7.81 g/mL, respectively. 

7. The interruptins-rich C. terminans extract (IRCE) prepared by a 

simple precipitation technique using non-toxic solvents, isopropanol and water, 

provided 2.07-2.64 times interruptins A-C content higher than its initial extract (CE).  

All tested concentrations (10-80 g/mL) of IRCE did not toxic to HDF, 

whereas weak to moderate cytotoxicity to HEK was observed at 20-80 g/mL IRCE. 

Nevertheless, IRCE demonstrated 1.25-5.71 folds more powerful intracellular ROS 

scavenging activity in human skin cells and exhibited 2.37 folds stronger inhibitory 

effect on NO release from LPS-stimulated RAW 264.7 cells with IC50 of 6.96 µg/mL 

than CE (IC50 of 16.41 µg/mL). 

The IRCE extract that was stored at room temperature with light 

protection displayed good stability over 3-months, however, extract storage in cool 

condition provided better stability. 

8. The high performance liquid chromatography (HPLC) with 

photodiode array detector was successfully validated for synchronous quantitation of 

interruptins A, B and C in a single injection. The HPLC condition was achieved by 

using a reverse-phase C18 analytical column, methanol/1% aqueous acetic acid (85:15, 

v/v), 1 mL/min flow rate. The validated HPLC method showed congruent validation 
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parameters required by International Conference of Harmonization (ICH) with linearity 

(R2  0.999), range (typically 6.25–200 µg/mL), specificity, accuracy (100±10%), 

precision (intra-day <1%, inter-day <2%), LOD of 0.20-3.13 µg/mL and LOQ of 0.46-

6.25 µg/mL.  

Regarding the novel discovery from this study, it certainly indicates that 

interruptins A-C from C. terminans and its rich extract have a promising potential as 

natural antioxidants, anti-inflammatory as well as antibacterial substances and 

encourages the application of edible vegetable lower plant C. terminans for further 

pharmaceutical or cosmeceutical developments. 
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