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Abstract 

Centipeda minima (L.) A. Br. (Composilae), a Chinese medicinal herb, is used to 
treat nasopharyngeal carcinoma (NPC) in the Chinese folk. However, there is a 
paucity of information on its anticancer activities. In particular, both of its anli-NPC 
potential and the potent constituents remain elusive. 

In this study, the "-hexane fraction of C minima showed broad spectrum of 
inhibitory effects on five human cancer cell lines, including the breast carcinoma 
MCF7 cells, the prostate carcinoma PC-3 cells, the hepatocellular carcinoma Hep G2 
cells, the nasopharyngeal cancer CNE cells and the acute promyelocytic leukemia 
HL-60 cells, with ICso values ranging from 6.1 to 47.3 jig/mL. Bioaclivity-guided 
separation of the /7-hexane fraction using the CNE cells as the cellular system led to 
the isolation of a sesquiterpene lactone, 2p-(isobutyryloxy)norilenalin (IF), which 
contained the bioactive a-methylene个lactone ring. IF significantly induced CNE 
cell death with an IC50 value of 3.1 )ig/mL. Despite this potency, its effect on the 
normal Hs68 cells was much weaker, with an IC50 value larger than 50 )ig/inL. Its 
inhibitory effect on the CNE cells ascribed to apoptotic induction as "evidenced by the 
cumulation of sub-G 1 cell population, DNA fragmentation and nuclear condensation, 
caspase-3 activation and poly (ADP-ribose) polymerase (PARP) cleavage. 
Mechanistic study showed that both extrinsic and intrinsic apoptotic pathways were 
activated. In the extrinsic pathway，IF activated caspase-8, which further induced the 
activation of caspase-3 and caspase-7. In the intrinsic pathway, IF regulated the 
expressions of Bcl-2 family proteins，followed by depletion of mitochondrial 
membrane potential (AH^m), the release of cytochrome c to cytosol, the activation of 
caspase-9 and other downstream caspases, and finally the induction of apoptosis. 

Both volatile oils prepared by supercritical fluid extraction (SFE) and steam 
distillation (SD) were evaluated for their anti-NPC potential. Results showed that 
SFE oil was much stronger than that of SD oil. SFE oil significantly inhibited the 



growth of CNE cells by dysfunctioning the mitochondria and activating caspases. 
Gas chromatography-mass spectrometry analysis revealed that the responsible 
principals in the SFE oil were likely homologues of sesquiterpene lactones. 

Bioactivity-guided isolation of SFE oil led to the identification of another 
sesquiterpene lactone, 6-O-angeloylprenolin, containing the bioaclive a, 
p-unsaturaled cyclopentenone. MTT results showed that CNE cells were more 
susceptible to 6-O-angeloylenolin than the normal Hs68 cells. Besides, the inhibitory 
effect of 6-O-angeloylenolin on the CNE cells was slightly stronger than thai of 
cisplatin, the positive control, albeit statistical insignificance. 

Mechanistic investigation showed that 6-O-angeloylenolin caused cell cycle arrest 
at S and G2/!V1 phases and induced apoptosis in CNK cells. Kor the cell cycle arrest, a 
sharp decrease was found in the expressions of cyclin D1, cyclin 03, cdc25c, and 
p-cdc25c, with concomitant decrease in CDK4, cyclin A, cyclin B, p-Rb{Ser780), 
p2|Waii/cipi^ cdc2 and p-cdc2. For the induction of apoptosis, externalizalion of 
phosphatidylserine and depletion of A4^m prior to the detection of sub-G 1 peak were 
found. Other apoptotic features including the presence of apoptotic bodies, the 
activation of caspase-3 activity and the cleavage of PARP were observed. Activation 
of caspase-8 and caspase-10 was ̂ detected. Besides, 6-6)-angeloylenolin induced the 
release of cytochrome c and A IF lo cytosol. The former formed apoptosome with 
caspase-9, further activated the downstream caspase-3 and caspase-7 and cleaved 
PARP, while the latter was translocated into the nucleus and caused large-scale DNA 
fragmentation. Failure of the pan-caspase inhibitor, z-VAD-fmk, to interrupt the 
apoptotic induction by 6-O-angeloylenolin suggested thai caspase-independent 
pathway was involved. 6-O-Angeloylenolin was able to activate Akt, ERK and JNK 
pathways. But only with the addition of JNK inhibitor (SP600125), significant 
suppression of the 6-(9-angeIoylenolin-induced apoptosis was observed, suggesting 
the involvement of the JNK pathway in the apoptotic pathway. Taken together, this 
study provided a better mechanistic insight into the potential application of 
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6-O-angeloylenolin as a candidate for NPC treatment. 

Overall, this study revealed that two sesquiterpene lactones, including IK and 
6-O-angeIoylenolin were found to be responsible for the potent anti-NPC elTecl of C 
minima. This study reiterates the notion that Chinese medicinal herbs traditionally 
applied to cancer treatment may be good sources of anticancer drug discovery, and 
sesquiterpene lactone may be a group of noteworthy lead compounds displaying 
anti-NPC potential. 



摘 要 . 

屮草藥鵝不ft草彳|丨民問用於治僚辨咽癌，但鮮有關於該草的抗癌活性報 

導。特別地，該草的抗W咽癌活性及其活性成分仍有待進•步鬧述。 

本課S的研究結果表明，從_不1!̂ 草的乙/?̂ ；^提取物萃取行倒的正1_!«院紺分 

能顯著地抑制多種人類脯瘤細胞（包括：乳癌MCF7細胞，别列腺癌PC-3細胞， 

肝癌H e p G 2細腕，_癌 C N E細胞，血病H L - 6 0細胞）的增殖，其平數抑 

制濃度(丨C5(,)為6.1至47.3 ^g/mL�採用CNE細胞作為研究模型’活性追蹤分離 

正己院組分得到- • f l A l含有活性基團 a -亞甲基个内醋環的倍 f•紹内醋 

2I3-(isobutyryloxy)florilenalin ( I F ) � I F能夠高效’選擇性地抑制C N E細胞的增 

殖，其半數抑制濃度為3.1 ^ i g / m L �相反， I F對正常H s 6 8細胞的作用則蛟弱， 

其半數抑制濃度大於50 ^ig/mL�關於機制的研究表明，IF通過觸發外源性和内 
-V 

源性的細胞；周亡通路從而抑制CNE細胞的生長。朴：外源性通路，IF活化 

caspase-8 ’進而活化下游的caspase-3和caspase-7�朴：内源性通路，IF通過調整 

Bcl-2家族虽n的表達，誘導線粒體跨膜電位(AH^m)的消散及線粒體内細胞色素 

C (cytochrome c )的釋放’進而活化caspase -9以及下游的caspases ’最終誘導；周 

亡。 

本課题還研究了分別用超臨界萃取法(SFE)和水蒸叙蒸®法(SD)提取的鵝 

不草揮發油的抗^^咽癌活性.。研究結果表明，SFE揮發油比SD揮發油•^能 

有效地抑制CNE細胞的生長。機制研究發現，SFE揮發油通過阻礙線粒體的功 

能和活化caspases進而誘導CNE細胞的；周亡。氣相-質譜聯用(GC-MS)分析揭示 

SFE揮發油的活性成分很可能是倍半蔽内fi^化合物。 • 

活性追蹤分離SFE揮發油得到W—倘含有活性基圃a，P-不飽和環戊的 
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倍平祐内醋 ’ 6-O-ange丨oylprenolin “ 6-O-angcloylprenolin 能夠選擇性地抑制 CNB 

細胞的生ft。此外，6-0-angeloylprenolin昀活性與陽性對照物IWJfKcisplatin)的 
r 

活性相常“ 

機理研究表明’ 6-O-angeloylprenolin通過下調多植細胞週期家(cyclins)及其 

件應的細胞週期湿�1依賴件激醜(C[)Ks)，並敗動p21 w"i"(’'ni和Rb等肺.瘤抑制因 

數從而誘導CNE細胞阻滯於S和G2/M期，繼而…發細胞;周亡。此外， 

6-aangcloylprenolin觸發隣脂醒絲氛酸外翻’ A�Pm消散，伴隨调亡體出fW ’ 

caspase活化以及PARP ？!i解�caspase-8和caspase-lO的活丨L捉/丨‘<外源性；周亡通 

路的啟動。，6-O-ange loy leno l in通過溯幣Bcl -2家族湿 f l的表達，從 

而誘導cytochrome c及AIF的釋放，並最終導致caspase依賴性和非依賴性細胞 

调亡的發生。Caspase的廣泛抑制ffl z-VAD-fmk，不能夠阻丨丨•. 6-O-angeloylprenolin 

誘導的細胞调亡，進•步提;��caspase非依賴性細胞;周亡通路的啟動。卜.游機制 

的研究發現：6-O-angeloylenolin啟勋了促分裂索原活化斑n_(MAPKs)屮的 

JNK和ERK，並啟動了 Akt佶號通路。JNK的特異性抑制劑SP600丨25，能夠 

顯著地抑制6-O-angeloylenolin誘導的CNE細胞;周亡’提/丨：：JNK ：{丨•: 

6-O-angeloylenolin觸發的細胞调亡屮扮演重要角色“ 
壤. > -S , —. • 

本研究丨A1倍半砲、内fimL合物’即：IF和6-O-angeloylenolin ’ jli•鵝不 

ft草屮的主要活性成分’丨此4，本研究结果提…傳统用於治療癌症的屮草藥具 

有很好的開發成為抗癌藥物的潛力；並且，倍f•祐内酷化合物可能含有抗靜咽 

癌的先導化合物。 
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Chapter 1: Introduction 

1.1 Cancer 

Cancer ,�an unusual growth of cells resulted from multiple changes in gene 
expression leading to dysregulated balance of cell proliferation and cell death, is 
regarded as a complex family of diseases (Ruddon, 2007). Generally, there are three 
steps involved in cancer development. The first step is initiation involving a mutation 
of DNA which does not undergo DNA repair. The second one is promotion, in which 
mutated cells are promoted to uncontrolled growth and proliferation. The last one is 
metastasis, in which cancerous cells invade the nearby tissues and migrate to other 
tissues via circulatory or transport systems. Cancer is proposed to be characterized by 
six essential alterations in cell physiology (Hanahan and Weinberg, 2000), namely, 
self-sufficiency in growth signals, insensitivity to growth-inhibitory signals, evasion 
of apoptosis, limitless replicative potential, sustained angiogenesis, and tissue 
invasion and metastasis. 

'According to the World Health Organization (WHO)，a number of common risk 
factors including unhealthy lifestyle, exposure to occupational or environmental 
carcinogens, radiation, and some virus infections have been involved in cancer 
development. Although cancer may occur at any age, it is usually considered as a 
disease of aging (Ruddon, 2007). With increasing life expectancy of the world 
population nowadays, the worldwide cancer incidence is inevitably augmented. It is 
estimated that the total number of deaths caused by cancer will rise from 6 million in 
the year 2000 to over 16 million in the year 2050 (Schwartsmann et al., 2002). Cancer 
thus still remains a major challenge worldwide. 

Currently, there are three conventional cancer therapeutic strategies including 
surgery, radiotherapy and chemotherapy. The adoption of strategy varies by 
geographic area，tumor type, as well as tumor stage. Actually, chemotherapy is the 
most rapidly developing field in cancer treatment due to it is essential both as a 
treatment in its own and as an adjuvant to localized treatment (Atkinson et al., 2008). 



However, side effects such as nausea, anemia, weakei^ng of the immune system, 
diarrhea, vomiting and hair loss, and the development of resistance are often 
encountered in the classical chemotherapeutic drugs (Verweij and de Jonge, 2000). 

1.2 Apoptosis 

Apoptosis, a highly conserved evolutionary program, is the intrinsic death motion 
of cells involved in regulating many physiological and pathological processes (Fulda, 
2009). Defects in the physiological pathways for apoptosis have a role in many 
diseases including cancer (Reed，2002). In fact, evasion of apoptosis is one of the 
characteristics of cancer. 

Morphologically, apoptosis is characterized by chromatin condensation, nuclear 
fragmentation, cell shrinkage and plasma membrane ‘blebbing’ (Reed, 2002). A 
family of proteases known as "caspases" is responsible for, such morphological 
changes. Basically，there are two apoptotic pathways involved in the activation of 
caspases, namely the extrinsic pathway and intrinsic pathway (Fulda, 2009). The 
extrinsic pathway operates through the ligation of cell-surface death receptors to 
activate the activator caspases, such as caspase-8 and caspase-10, which then cleave 
and activate the downstream effector caspases, such as-caspase-3 and caspase-7. The 
intrinsic pathway is tightly controlled by the Bcl-2 family proteins which regulate the 
mitochondrial membrane integrity. Disruption of mitochondrial membrane Releases 
the mitochondrial proteins such as cytochrome c, which then forms the apoptosome 
by recruiting Apaf-1, and caspase-9，thereby initiating the apoptotic caspase cascade 
(Wang，2001). Besides, there would be a crosstalk between the extrinsic and intrinsic 
pathways through the truncation of Bid by caspase-8. In this case, caspase-8 triggers 
the proteolytic processing of Bid, a unique BH3-only proapoptotic protein，into 
truncated forms of tBid，which further translocates to mitochondria and induces the 
intrinsic pathway. Bid thus bridges the extrinsic and intrinsic pathways to amplify the 
execution signal and exacerbate the pace of cell demise (Yi et al.，2003). 

More recently，caspase-independent apoptotic pathway has been proposed. In 



addition to cytochrome c, mitochondria also release several other proteins, including 
AlF，Endo G，as well as lAP antagonists SMAC/Diablo and OMI/HtrA2 (Reed, 2003). 
Notably, AlF has been identified as the principal factor in the caspase-independenl 
signaling pathway. After released to cytosol, AIF translocates to the nucleus, where it 
affects a long-range disruption of nuclear chromatin but not oligonucleosomal level 
DNA fragmentation (Cregan et al., 2004). Figure I.I showed a scheme of the 
apoptotic signaling pathways. 
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Figure 1.1. Apoptotic signaling pathways 

1.3 Chinese medicinal herbs as sources of anticancer agents 

Throughout human history, plants have been an indispensable source of natural 
products for medicine including cancer drugs. Due to the physiological functions by 
serving either as protective agents against various pathogens or growth regulatory 
molecules, secondary metabolites are potential anticancer drugs (Kintzios, 2004). 
Most of the new clinical applications of plant secondary metabolites and their 
derivatives over the last century have focused on combating cancer (Balunas and 
Kinghom, 2005). Among them, taxol (paclitaxel), taxolere (docetaxel), vincristine, 
navelbine, etoposide, teniposide, topotecan and irinotecan are the most well-known 
plant-derived anticancer drugs approved by US FDA (Mukherjee et al., 2001). Figure 
1.2 showed the chemical structures of these eight well-known anticancer drugs. 



Chinese medicinal herbs have cunuilaicd long-lcrni Iblk experience due lo their 
practices by the Chinese and olhcr Asian people. More rcconlly. Chinese nicclicinal 
herbs have received more alleiuion as an iillcmaii\c ihcrapy worklvviclc. S d i i i o 

monographs of anticancer licrhs suiniiiarizccl thai more than tour huiKlrccl Chinese 
mcdicinal herbs have anticanccr pmpcrlN (Anonymous. 1 Cheng and Li. 19()X: 
/hang. 2000) which may serve as leads I'or I he tliscovcn of novel aiuicanccr agciils. 
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Figure 1.2. Chemical slructurcs of lhc most well-known plaiil-clcrivcd anlicancer drugs 
approved by US 1:1)A 

Campbell and coauthors (2002) scrccncd a panel of 71 aqueous cxtracts used in 
traditional Chinese medicine against live hrcasi canccr ccll lines. Results showed lhal 
21% of ihc cxlracls (15 of 71) showed significant growth inhibition on at least Ibur of 
the five cell lines studied.�iesides, six of seven sludicd herbs induccd high molcciilar 
vvcighl I)NA iVagmcnlalion. an early marker of apoplosis. This team furl her chose 12 
of the active herbs to evaluate their antiproliferative cHeels on a panel of huniun and 
murine cancer cell lines (Shoemaker el al.. 2005). l licir results showed lhal all 



aqueous extracts exhibited growth inhibitory activity on some or all of the canccr cell 
lines, but only two showed activity against the normal mammary epithelial cells. 
These results indicated that many of the herbs used in traditional Chinese mcclicinc 
for the treatment of cancer have significant growth inhibitory cfTects on cancer cells in 
vitro. 

In another study, 24 Chinese medicinal herbs traditionally used as anticancer or 
anti-inflammatory drugs in clinics in China were screened for the anli-angiogcnesis 
activity (Wang et al.，2004). Results indicated that the aqueous extracts of Berheris 

paraspecta, Catharanthiis rose us, Copt is chinensis, Taxus chinensis, Scutellaria 

harhata. Polygonum cuspidatuni and Scrophularia ningpoensis had strong 
anti-angiogenesis activity. Among the active herbs, Catharanthiis roseus and Taxus 

chinensis were reported to contain anti-tumor compounds, vincristine and taxol, 
respectively, while Polygonum cuspidatum had resveratrol which was revealed as an 
inhibitor of angiogenesis. 

Paoletta and coauthors (2008) conducied a random Forest screening of the 
phytochemical constituents of 240 herbs used in traditional Chinese medicine to 
identify potential inhibitors of the human aromatase enzyme (CYP19), which is 
produced to high levels particularly in those areas in and around tumor sites in breast 
tissue. Molecular modeling/docking studies indicated that three of the compounds, 
namely, myricetin, liquiritigenin and gossypetin, would likely form stable complexes 
with the enzyme. Subsequent experimental assay confirmed the virtual screening 
results and revealed that liquiritigenin showed about a 10-fold increase in potency 
over the first generation aromatase inhibitor, aminoglutelhimide. 

A number of investigations have been conducted to understand the underlying 
mode of actions by which Chinese medicinal herbs take the anticancer effects. Up till 
now, several mechanisms have been postulated such as induction of cell cycle arrest, 
induction of apoptosis，regulation of the immune system, reversion of multidrug 
resistance (MDR), induction of cell differentiation to normal cell and inhibition of 
angiogenesis (Liang and Zhong, 2006). Among the possible mechanisms, induction of 
apoptosis and cell cycle arrest has attracted the most interest. 



The Chinese medicinal herbs could induce apoptosis through clifTerent pathways 
depending upon herbs and cell types involved. In most studies, caspasc-dcpcndent 
pathways including either intrinsic or extrinsic or both were found lo be responsible 
for their actions. However, caspase-indepcndent pathway was also found to play 
important role in some cases. 

The cell cycle, which is sequentially divided into GO/G1, S, G2, and M phases, is a 
set of events responsible for cell duplication (Pucci et al.，2000). Either phase could 
be halted by regulating the expression of cyclins, cyclin-dependent protein kinases 
(CDKs) and/or CDK inhibitors and further led to the death of the cells. Chinese 
mcdicinal herbs could induce the arrest of either phase depending on herbs and cell 
types. 

1.4 Centipeda minima 

Centipede] minima (L.) A. Br. (Compositae) ( 小 ft ••’•（）is an annual plant 
distributed in the high humidity geographic locations throughout China, Korea, Japan, 
India, Malaysia and Oceania (Shi and Fu, 1983). There are six Centipeda species 
found, but only C minima grows in China (Shi and Fu, 1983). The whole plant which 
is harvested during its anthesis in both summer and autumn has pharmaceutical 
application in China (Lin and Shi, 2005). Based on the record in the Pharmacopoeia 
of China (Lin and Shi, 2005), the dried plant is used to treat nasal allergies, rhinitis 
and sinusitis, cough and headache. Some Chinese medicinal preparations clinically 
used in the treatment of nasal allergies, rhinitis and sinusitis contain C minima as the 
major ingredient in China. In addition, it is used in the Chinese folk medicine to treat 
nasopharyngeal carcinoma (NPC) (Cheng and Li, 1998; Zhang, 2000). 

1.4.1 Chemical constituents of C minima 

Terpenoids including monoterpenoides, sesquiterpenoids and triterpenoids are the 
major chemical constituents of C. minima. It is reported that 12 sesquiterpenoids have 
been isolated from C. minima (Table 1.1 and Figure 1.3), all of which were 



sesquiterpene lactones (SLs) of guaianolide- or pseudoguaianolide-type (Bohlmann 
and Chen, 1984; Wu et al., 1985; Iwakami ct al., 1992; Taylor and Towers, 1998; 
Liang ct al” 2007a). All ihc^ lactones contain a biological active functional group of 
SLs, such as a-melhylcne-y-lactone ring (Compounds I, 2, 7, 8，9, and 10) or a, 
P-unsaturaled cyclopcntenone ring (Compounds 3，4, 5, 6，11，and 12). Besides, 
flavonoids, thymol derivatives, and other chemical classes have been isolated IVom 
this plant. To date, more than 40 compounds have been isolated from C. minima. 

Additionally, Tan el al. (2006) analyzed the volatile components in C. minima from 
two sources by gas chromalography-mass spectrometry (GC-MS). The most abundant 
components were found to be myrlenol, //Y"7‘s'-chrysaiithemyl acetate, myrtenyl 
acetate，hexadecanoic acid and thymol. 

Figure 1.3. Centipeda minima 

(Figure from http://vvww.naturc.sdii.edu.cn/artcmisia/pics/Q()0870.ipu) 

http://vvww.naturc.sdii.edu.cn/artcmisia/pics/Q()0870.ipu


TabI le 1.1. Sesquiterpene lactones isolated from Cenpeclu minima 

No. Name Reference 
1. Arnicolide C Bohlmann and Chen, 1984 
2. 6-O-angeloylprenolin Boh 1 mann and Chen, 1984 
3. Helenalin Bohlmann and Chen, 1984 
4. Florilenalin isoburalc Bohlmann and Chen, 1984 
5. Florilenalin isovaleratc Bohlmann and Chen, 1984 
6. Florilenalin angelale Bohlmann and Chen, 1984 
7 11，丨 3-dihydrohelenalin Wuet al., 1985 
8. Arnicolide B Iwakami et al” 1992 
9. Microhelenin B Iwakami et al.，1992 
10. Arnicolide D Taylor and Towers, 1998 
11 4,5p-dihydroxy-2p-(isobulyryloxy)-丨 OpH-guai-11 Liang et al., 2007a 

(13)-en-12,8p-olide 
12 Pulchellin-2a-0-tiglate Liang et al.，20()7a 
13 4-hydroxy-1 pH-guaia-9’ 11 (13)-dien-12,8a-olide Liang el al., 2007a 



Figure 1.4. Chemical structures of sesquiterpene lactones isolated from Centipeda 
minima 

1: R=C0-CH(CH3)2 
2: R=C0-C(CH3)=CH-CH3 
7: R=C0-CH=C(CH3)2 
8: R=C0-C(CH3)3 
9: R=C0-CH(CH3)-CH2-CH3 
10: R=C0-C(CH3)=CH2 

4: R=C0-CH(CH3)2 
5; R=C0-CH(CH)(CH3)2 
6: R=C0-C(CH3)=CH-CH3 

11 
CH2 

c 



1.4.2 Biological activity of C. minima 

Recent pharmacological interest has foe used on the anti-bacteria and anti-allergy 
effects of C. minima. However, other biological activities of the plant, such as 
anticancer and anti-inflammation, have drawn the attention of many researchers. 
1.4.2.1 Anti-bacterial and anti-protozoal activity 

Li and coauthors (2003) reported that the decoction of the herb was able to 
eliminate R plasmids from Pseudomonas aeruginosa. The elimination rale of R 

z � 
plasmids in 24 h，48 h and 72 h were 0.7%, 4.7% and 46.3%, respectively. 

Three SLs, namely arnicolide C, D and 6-O-angeloylprenolin, isolated from this 
plant were found to have anti-bacteria effect on Bacillus suhtilis (Taylor and Towers, 
1998). The former two SLs showed similar activities with MIC (Minimum inhibitory 
concentration) values of 150 |j.g/mL. However, the latter showed a less effect with an 
MIC value of 300 jig/mL. Additionally, it was reported that 6-O-angeloylprenolin 
showed antigiardial activity with IC50 value of 16.1 iiM, and was similarly active 
against Entamoeba histolytica and Plasmodmtn falciparum with IC50 value between 
4.5 and 9 and 9.42 respectively (Yu et al.，1994). 

Liang and coauthors reported that two triterpenoids including taraxaslerol acetate 
and taraxasterol, and some thymol derivatives isolated from the plant displayed 
potential anti-bacterial activities (Liang et al.，2007b and 2007c). It was found that 
taraxasterol. acetate showed effect against Salmonella typhhnurium and Salmonella 
paratyphi-A comparable to that of the positive control, e.g. cefradine and gentamycin. 
Taraxasterol could inhibit the growth of Staphylococcus aureus, Escherichia coli and 
Salmonella typhhnurium with MIC values of 50 |Ag/mL (Liang et al., 2007b). Some 
thymol derivatives exerted anti-bacterial properties with MIC values as low as 6.25 
|Ag/mL. l0-hydroxy-8,9-dioxyisopropylidene-thymol was found to be effective 
against Bacillus suhtilis. 8,9,10-trihydroxythymol showed effect against Salmonella 
typhimurium^ and 8-hydroxy-9,10-diisobutyryloxythymol had effect against 
Staphylococcus aureus. Shigella flexneri, and Salmonella paratyphi-B (Liang et al.， 
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2007c). 
1.4.2.2 Anti-allergy activity 

The ether, methanol and aqueous extracts of C. minima were found to have 
anti-allergy activity in passive cutaneous anaphylaxis (PCA) lest (Wu et al.，1985). 
Three flavonoids including quercetin-3，3，-dimethyl ether, quercetin-3-methyl ether 
and apigenin, and two SLs including amicolide C and 6-O-senecioylplenolin were 
isolated as inhibitors to induce histamine release from mast cells. 

One of the most common traditional uses of this plant is to treat nasal allergies. An 
allergic rhinitis guinea pig model induced by ragweed pollen was established to 
investigate the mechanism of this traditional use (Yu et al., 2001; Liu et al., 2005). 
Results showed that there were a large number of lysosomes in the nasal epithelium 
with organelles vacuolated and nucleus deformed, and there was also infiltration of 
eosinophils and mast cells in the connective tissue in the positive control group. 
However, in the treatment group exposed to the volatile oil of C. minima, the 
pathological changes aforementioned were significantly reduced. 
1.4.2.3 Anticancer activity 

Lee and Lin (1988) adopted the Sahnonella/microson\a\ system in the presence of 
picrolonic acid or benzo[a]pyrene to test the anti-mutagenic activities of extracts of 
36 commonly used anticancer crude drugs from Chinese herbs. They reported that 
the hot water extract of C. minima had a moderate anti-mutagenic activity against 
benzo[a]pyrene. 

Recently specific inhibitors of the FPTase (farnesyl protein tranferase) were 
suggested to develop effective anticancer agents. The methanolic extract of the aerial 
parts of the plant was found to show inhibitory effect on FPTase (Oh et al., 2006). 
Bioactivity-guided isolation led to the identification of 6-O-angeloylenolin which 

>> 

demonstrated a dose-dependent inhibition on FPTase. 
Also, 6-O-angeloylenolin was found to inhibit the growth of the human leukemia 

HL-60 cells and the solid cancer growth in Lewis lung cancer xenograft models (Li 
et al., 2008). It is showed to induce apoptosis in HL-60 cells by inhibiting N F - K B 

activation, modulating Bcl-2 gene family expression and destructing mitochondrial 
11 



function. 
1.4.2.4 Anti-inflammatory activity 

Qin and coauthors (2001 and 2005a) adopted carrageenan intrapleural injection 
induced rats model to study the anti-inflammatory effect of the volatile oil of the 
herb and its mode of action. Results showed thai the volatile oil could significantly 
inhibit the acute inflammatory on mice by inhibiting the release of the PGE2 of the 
inflammatory tissue, the increase of NO, C-neactveprotein (CRP) and 
proinflammatory cytokines such as TNF-a. 

The team (2005b) also reported that the volatile oil had a protective effect on 
acute lung injury in rats in the acute lung” animal models. The oil was able to 
suppress lung edema and high numbers of neutrophils, decrease the expression of 
CD54 in the bronchial epithelium tissue. 
1.4.2.5 Inhibitory effect on platelet activating factor (PAF) 

In the test of the inhibitory effect on platelet activating factor (PAF) binding to 
platelets, the aqueous extract of the plant showed significant effect (Iwakami et al.， 

1992). Active compounds were further found to be four SLs including 
6-O-angeloylplenolin, 6-O-senecioylpenolin, microhelein B and amicolide B, with 
IC50 values ranging from 0.25 to 6.7 
1.4.2.6 Liver protective effect 

Qian and coauthors (2004) reported that the decoction of the herb had significant 
hepatoprotective action. It significantly decreased the elevated serum ALT level in 
liver damage mice induced by CCI4, APAP and D-GalN+LPS. 

1.5 Objectives 

Despite increasing efforts have been made to combat cancer, it is still the second 
killer only after cardiovascular disease in most countries (Ruddon, 2007). Chinese 
medicinal herbs have been serving as valuable sources to discover novel anticancer 
agents. Therefore，six Chinese medicinal herbs which were traditionally used in the 
treatment of cancer in China were selected for screening for their antiproliferative 

12 



effects against five different human cancer cell lines in vitro. Among the selected 
herbs, Centipeda minima was found to exert the most potent activity. Despite its 
potency to the cancer cells, there is a paucity of information of its anticancer 
properties of C. minima. Besides, the active constituent(s) responsible for its action 
remain elusive. Accordingly, the main objectives of this study are (1) to search for 
the active principal(s) in C. minima, (2) to purify and characterize the active 
principal(s) from the herb, and (3) to investigate their molecular mechanisms 
involved in their anticancer actions. 

13 



Chapter 2: In vitro antiproliferative effects of selected Chinese 
medicinal herbs 

2.1. Introduction 

Cancer, an unusual growth of cclls resulted from multiple changcs in gene expression 
leading to dysrcgulatcd balancc of ccll proliferation and ccll death, is regarded as a 
complcx family of diseases (Ruddon, 2007). Although significant developments in 
detection, diagnosis and treatment of cancer have been achieved in the past dccadcs, it 
still remains one of the major causcs of morbidity and mortality worldwide (Varmus, 
2006). Therefore, more efforts to prevent and curc cancer arc needed. 

Plants have been an important source in cancer drug discovery. In fact, most of the 
new clinical applications of plant secondary metabolites and their derivatives over the 
last ccntury have focused, on combating cancer (Balunas and Kinghom, 2005). In 
particular, Chinese medicinal herbs arc good sources of such secondary metabolites (Lee， 

2004). Some monographs on anticancer herbs summarized more than four hundred 
Chinese medicinal herbs having anticanccr property (Cheng and Li，1998; Zhang, 2000; 
Bo ct al.，2002), which may serve as leads for the discovery of novel anticanccr agents. 

In the course of our search for such novel agents, six medicinal herbs Nen'ilia fordii 
(Hancc) Schltr.，Centipeda minima, Kaempferia galanga L., Lobelia ch mens is Lour., 
Blumea laciniata (Roxb.) DC. and Elephantopus scaher L.’ were choscn, based on their 
folk use to treat cancer in China (Table 2.1) (Anonymous, 1986; Cheng and Li, 1998; 
Zhang, 2000). In the present study, a rational screening scheme for antiproliferative 
effccts of extracts and fractions prepared from the six aforementioned herbs on five 
human cancer cell lines in vitro was carried out. 

2.2. Materials and methods 

2.2.1. Plant materials 

All the medicinal herbs were collected from Baiyun Mountain, Guangzhou, China, 
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and were authenticated by Mr Zhcnqiu Mai, a senior herbalist al the Chinese Mcdicinal 
Material Company, Guangzhou, China. Vouchcr spccimcns were deposited al the 
Department of Biology, the Chinese University of Hong Kong with acccssion numbers 
from 06111201 to 06111206. 

2.2.2. Cell lines and cell culture 

MCF7 (human breast carcinoma ccll), PC-3 (human prostate carcinoma ccll), Hep G2 
(human hepatocellular carcinoma ccll), HL-60 (human acute promyelocytic leukemia 
ccll), and Hs68 (human normal skin fibroblast cell) were obtained from the American 
Type Culture Collection (Rockville, MD). CNE (human nasopharyngeal carcinoma 
epithelial cell) was purchased from the Ccll Bank Type Culture Collection of the 
Chinese Acadcmy of Scicnccs (Shanghai, China). Cells were maintained in either 
EMEM, F12K, RPMI-1640 or DMEM media (Gibco, Rockville，MD), supplemented 
with 10% FBS and 1% pcnicillin-strcptomycin. The medium for MCF7 cclls contained 
0.01 mg/mL bovine insulin. All ccll cultures were incubated at 37°C in a 95% 
humidified atmosphere supplied with 5% CO：. 

2.2.3. Extraction and fractionation of the medicinal herbs 

All mcdicinal herbs were pulverized with a Multi mill (Kenwood, UK). For aqueous 
extracts, dried herb (10 g) was decocted twicc with 100 mL distilled water for 2 h, and 
filtered through a No. 2 filter paper (Whatman, England). The filtrate was then 
lyophilized. Similarly, for cthanolic extracts, dried herb (100 g) was immersed twicc in 
1000 mL 95% ethanol for 3 days. The supcmatants were filtered, conccntratcd in vacuo, 

and lyophilized. Since the cthanolic extracts were found to be more activc than their 
corresponding aqueous ones, they were subjected to further investigation. Briefly, the 
cthanolic extract (1 g) was suspended in distilled water (40 mL) and partitioned 
sequentially with w-hcxane (40 mL x 5), ethyl acctatc (40 mL x 5) and w-butanol (40 mL 
X 5). The residue was also collected. The solvent fractions were further concentrated in 
vacuo. 
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2.2.4. Thin layer chromatography (TLC) analysis of the active fractions 

TLC analysis, using various chromogcnic reagents (Satyajit ct al.，2006), was carried 
out on the activc fractions of the herbs, namely the /7-hcxanc and/or ethyl acctatc 
fractions. In brief, the w-hcxanc and ethyl acctatc fractions were developed on silica gel 
GF254 plates (0.2 mm, Mcrck, Germany) with a solvent system of /7-hcxanc-ct^yI acctatc 
(8:2, v:v). Vanillin-H2S04, phosphomolybdic acid, FcCl.i-clhanol, Dragcndom's reagent 
and ninhydrin reagent were used as the chromogcnic reagents. I 

2.2.5. MTT assay 

The 3-(4,5-dimcthyllhiazol-2-yl)-2,5-diphcnyl tctrazolium bromide (MTT) assay was 
employed to evaluate the antiprolivcrative cffccts of the samples (Mosinann, 1983), 
Briefly, different concentrations of samples were added to the cclls after 24 h incubation 
in a 96-well microliter plate (NUNC, Denmark). Exccpt for HL-60 cclls, samples were 
added immediately after the cclls were seeded. After incubation for 72 h, 20 |iL of the 
MTT (Sigma, St. Louis, MO) solution [5 mg/mL in phosphate buffered saline (PBS)] 
was added to cach well. The cclls were further incubatcd for another 4 h. Exccss 
medium was removed and rcplaccd by 150 |iL of DMSO in cach well to dissolve the 
formazan crystals. Optical densities were determined by a microplatc spectrophotometer 
(SPECTRAmax 250’ Molccular Dcviccs, Minnesota) at 570 nm. 

2.2.6. Statistical analysis 

All results were expressed as mean 土 SD from three in(4cpcndcnt experiments. 
Statistical analysis was performed using a two-tailed Student's Mcst. DifTcrcncc with p < 
0.05 (*) was considered statistically significant. 

2.3. Results 

2.3.1. Antiproliferative effect of extracts and fractions of the Chinese medicinal 
herbs 

Since most of the medicinal herbs arc traditionally administered as an aqueous 
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dccoction, aqueous extracts of the herbs were prepared. In addition, cthanolic extracts 
were also prepared. As shown in Tabic 2.2, none of the aqueous extracts showed an 
antiproliferative cfTcct on the canccr cclls at the concentration of 250 |ig/mL，cxccpt that 
of C minima on the PC-3, Hep G2 and HL-60 cclls. At the same time, the cthanolic 
extracts showed activities to dilTcrcnt extents. Among them, the cthanolic cxtract of C. 
minima showed the strongest activity with IC50 values IVom 25.4 to 71.4 |ig/mL. These 
results suggested that the activc constituents in the herbs were more soluble in cthanol. 
On the other hand, the cthanolic extracts had weak cfleets on the proliferation of the 
human normal skin fibroblast Hs68 cclls. All of them had ICsn values of larger than 500 
|ig/mL, cxccpt that of C. minima with ICso value of 194.2 |ig/mL. 

Subsequently, solvents of different polarities ('7-h«;xanc，ethyl acctatc, //-bulanol) were 
« 

employed to fractionate the activc cthanolic extracts that had ICso values of less than 125 
|ig/mL, and the obtained fractions were further tested for their antiproliferative activities 
on the susccptiblc canccr ccll lines (Figure 2.1). As shown in Tabic 2.2, the bioaclivc 
fractions of the cthanolic extracts of the herbs were mostly found in the /7-hcxanc and/or 
the ethyl acctatc fractions with IC50 values of less than 100 f^g/inL. Among the activc 
fractions, the ^-hcxanc fraction of C. minima was the most potent with IC50 values 
ranging from 6.1 to 47.3 )ig/mL. Also, the activc fractions showed weak antiproliferative 
cfTccts on normal Hs68 cclls. 

Herb ^ 
95% E t o n 

Aqueous extract Ethanolic extract 
Partition 1 

/j-Hexane Fraction H，0 

EtOAc Fraction 丨切 

/7-Bulanol Fraction Residue 
Figure 2.1. Flowchart of extraction and fractionation of the Chinese mcdicinal herbs 
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2.3.2 Thin layer chromatography (TLC) analysis of the active fractions in herbs 

In order to characterize the activc constituents in the herbs, TLC analysis of both the 
/7-hcxanc and ethyl acctalc fractions was carricd out. All activc fractions showed red 
and/or blue spots when treated with the vanillin-sulfuric acid reagent, suggesting the 
prcscncc of tcrpcncs (Tabic 2.3). Further confirmation was cvidcnccd by the prcscncc of 
blue spots in most of the fractions when phosphomolybdic acid reagent was employed. 
On the other hand, most fractions were positive to the FcCl.i-cthanol reagent, indicating 
the prcscncc of phcnolic compounds, cxccpt For both the /7-hcxanc and the ethyl acclatc 
fractions of L. ch'mensis and the ,7-hexane fraction of B. laciniala. Negative results were 
obtained for all the fractions when both Dragcndorfl's reagent and ninhydrin were 
applied, which suggested the abscncc of nitrogcn-containing compounds. In short, 
results from the TLC analysis suggested that tcrpcncs and/or phcnolic compounds were 
likely to be the principal chcmical classcs in the herbs. 
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Table 2.1. Sclcctcd Chinese medicinal herbs used in the present study 

Herb spccics Part used Folk application related Voucher Extraction 
(Chinese to canccr treatment spccimcn yield {%) 

name/Family) no. A E 
Nervil ia fordii Whole To treat nasopharyngeal 061丨1201 13.8 1.4 

(Hancc) Schltr. (n天 plant carcinoma (Anonymou, 
ll/Orchidaccac) 1986; Cheng and Li, 

1998) 
Centipeda minima (鹅 Whole To treat nasopharyngeal 06111202 15.6 2.4 
不 ft 'V'X'ompositac) plant carcinoma (Cheng and 

Li, 1998; Zhang, 2000) 
Kaempferia galanga Rhizome To treat stomach 06111203 34.9 1.8 

L. (Ill亲 carcinoma (Cheng and 
/Zingibcraccac) Li, 1998) 

Lobelia chinansis Whole To treat stomach 06111204 8.2 2.0 
Lour, vmm 

• 
plant carcinoma (Anonymou, 

/Campanulaccac) 1986) 
Blumea laciniata Whole Have cfTccts on 06111206 10.0 2.6 

(Roxb.) DC.(六群多今 plant dctumcsccncc and 
/Compositac) detoxification 

(Anonymou, 1986) 
Elephantopus scaber Root To treat different kinds 06111207 17.3 6.0 

L.(地膽 of canccrs (Anonymou, 
/Compositac) 1986; Zhang, 2000) 

A = Aqueous cxtract; E = Ethanolic cxtract 
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Table 2.2. Antiproliferative activity of the cxtracls and f ractions from the sclcctcd 
Chinese mcdicinal herbs 

Herb Sample Canccr ccll Normal ccll 
MCF7 PC-3 Hep 

G2 
CNE HL-6() Hs68 

N. fordii Aqueous >250 >250 >250 >250 >250 >500 
Ellianol 110.3 125.4 205.7 171.8 120.8 >500 

A7-Hcxanc >100 nd nd nd 38.5 145.3 
EtOAc 80.1 nd nd nd 86.5 nd 

/7-Butanol 61.4 nd nd nd >100 nd 
Residue >100 nd nd nd >100 nd 

C. minima Aqueous >250 180.4 233.1 >250 186.6 >500 
Ethanol 30.5 45.9 71.4 25.4 48.5 194.2 

/7-1 Icxanc 15.7 r2.5 47.3 21.2 6.1 95.5 
EtOAc 16.1 14.6 56.2 35.9 X.3 119.4 

A7-Butanol 95.6 >100 >100 82.8 76.8 nd 
Residue >100 >100 >100 >100 >100 nd 

K. ^alanga Aqueous >250 >250 >250 >250 >250 >500 
Ethanol >250 113.1 165.0 103.4 93.8 >500 

/7-Hcxanc nd 82.3 nd 93.1 51.8 313.3 
EtOAc nd >100 nd >100 12.2 298.6 

w-Butanol nd >100 nd >100 76.1 nd 
Residue nd >100 nd >100 >100 nd 

L. chinensis Aqueous >250 >250 >250 >250 >250 >500 
Ethanol 68.1 223.9 >250 >250 >250 >500 

w-Hcxanc 100.0 nd nd nd nd nd 
EtOAc >100 nd nd nd nd nd 

w-Butanol >100 nd nd nd nd nd 
Residue >100 nd nd nd nd nd 

n 
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(to be continued) 
B. laciniata Aqueous >250 >250 >250 >250 >250 >500 

Ethanol 175.0 128.5 121.4 124.8 52.3 >500 
^7-Hcxanc nd nd >100 53.4 24.3 216.2 

EtOAc nd nd >100 >100 77.9 nd 
/7-Butanol nd nd >100 >100 76.1 nd 
Residue nd nd >100 >100 >100 nd 

E. scaher Aqueous >250 >250 >250 >250 >250 >500 
Ethanol 15S.3 52.0 >250 60.8 25.9 >500 

/7-Hcxanc nd 52.8 nd 54.4 27.2 229.9 
EtOAc nd 21.8 nd 19.5 10.9 145.6 

«-Butanol nd >100 nd >100 >100 nd 
Residue nd >100 nd >100 >100 nd 

Data arc expressed as IC50 values (|ig/inL); nd: not determined. 
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Table 2.3. Results of TLC analysis from diflcrcnt activc fractions 

Herb Fraction Chromogcnic reagent “ 
A B C D H 

N. fordii "-Hcxanc 
EtOAc 1 

1 f - -
- + - -

C. minima /7-Hcxanc 
EtOAc 

f » + + - -1 + — 一 

K. ^a/anga /7-Hcxanc 
EtOAc 

-f 

1 
} + - -

L. chinensis /7-Hcxanc 
HtOAc 

+ 
f 

+ - - -

B. lac in lata "-Hcxanc 
EtOAc 

+ 
\ + + - -

E. scaber /7-Hcxanc 
EtOAc 

+ 
+ 

f + - -
1 + - — 

a A: Vanillin-H2S04, a universal spray, many tcrpcncs give red and blue colors; B: 
Phosphomolybdic acid, for tcrpcncs detection; C: FcCl.rCtlianol, for phenolic 
compounds detection; D: DragcndorfT's reagent, for alkaloid dctcction; E: Ninhydrin, for 
amino acids, amines and alkaloid detection. 
+: positive result; -： negative result. 
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2.4. Discussion 

In this study, six Chinese medicinal herbs traditionally used to treat cancer in 
China were screened for their antiproliferative activities on five human cancer cell 
lines. Most of their aqueous extracts showed weak or no activity on the cancer cells 
(IC5() > 250 |ag/ml), whereas most of the ethanolic extracts showed antiproliferative 
activities on the same cancer cells (IC^o < 250 ng/inl) (Table 2.2). Apparently, the 
potent constituents in the herbs are more soluble in ethanol. Also, all ethanolic 
extracts had little effect on the proliferation of the normal Hs68 cells, but strong 
antiproliferative efTecl on the cancer cells, suggesting that the ethanolic extracts 
induced different responses in cancer and normal cells. At present, the successful 
screening of effective anticancer agents depends on the properties of the natural 
bioactive agents that can induce selectivity on cancer cells over the normal cells 
(Mukherjee et al., 2001). Our study provided evidence that the ethanolic extracts 
prepared from the six Chinese medicinal herbs exhibited selective antiproliferative 
activity on the cancer'cells. 

In order to further investigate the constituents responsible for the antiproliferative 
activity in the herbs, their active ethanolic extracts were partitioned into four 
fractions of different polarities. MTT assay carried out on each one of them found 
/7-hexane and/or ethyl acetate fractions were very active (ICso < 100 |ig/ml) 
suggesting low polarity components were to be focused. TLC analysis of the 
fractions further suggested the principal active components in the herbs might be 
terpenes and/or phenolic compounds. Terpenes which possessed anticancer activity 
have been widely reported (Ikezoe et al.，2003; Liu et al.，2006; Tao et al., 2006; Wen 
et al.，2002). The anticancer drug taxol is one of the most renowned terpene-based 
drugs (Zhang and Demain, 2005). Phenolic compounds are another characteristic 
group of components that are abundant in the plant kingdom. The anticancer property 
of many phenolic compounds has been well documented (Brisdelli et al.，2007; 
Losso et al.，2004; Ma et al.，2005; Son et al., 2006). 
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2.5. Conclusions 

In conclusion, the present study positively demonstrated the antiproliferative 
activities of the six selected Chinese medicinal herbs. Terpenes and phenolic 
compounds, were found to exist in most of the active fractions (/7-hexane and ethyl 
acetate fractions). These results suggest that the active constituents of the herbs are 
generally water-insoluble compounds. This study reiterates the notion that Chinese 
medicinal herbs traditionally applied to cancer treatment may be a good source of 
anticancer drug discovery. Besides, C. minima, the most effective herb in this study, 
is worth to further investigation to find out the responsible principals. 

C’ 
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Chapter 3: Bioactivity-guided isolation of the ft-hexane fraction of 
Centipeda minima and the mechanism study of the isolated compound, 

2p-(isobutyryloxy)florilenalin on the human nasopharyngeal cancer 
CNE cells 

3.1. Introduction 

Nasopharyngeal carcinoma (NPC), originated from the epithelial lining of the 
nasopharynx, is the most common cancer in the head and ncck regions (Yu and Yuan, 
2002). Although its occurrence is very low in other parts of the world (<1/100,000 
person per year), its incidence is unusually high in southern China (>20/100,000 persons 

* 

per year) (Parkin, 2006). Three factors including of Epstcin-Barr virus (EBV) infection, 
carcinogen exposure and genetic susceptibility, have been suggested to play significant 
roles in the NPC development (Tiwawcch, 2006). The combination of radiotherapy and 
adjuvant chemotherapy has become the prevalent treatment of NPC (Wang et al., 2002). 
Recent progress in chemotherapy of NPC has shed light on the cytotoxic agent cisplatin. 
However, toxicity and resistance make cisplatin far from satisfactory, which result in its 

9 " 

limit applications in NPC chemotherapy (Wang et al.，2008; Xie et al., 2008). In this 
regard, there is a great demand for novel agents that selectively induce NPC cell death 

i without producing cytotoxic effects on normal cells. 
Centipeda minima (L.) A, Br. (Compositac) is an annual plant distributed throughout 

high humidity geographic locations throughout China, Korea, Japan’ India, Malaysia and 
Oceania (Shi and Fu, 1983). Six 'Centipeda species arc known, but only C. minima 
grows in China (Shi and Fu，1983). The whole plant, which is harvested during its 

i m * anthesis in both summer and autumn, has.pharmaceutical applications (Lin and Shi, 
2005). Based on the record in the Pharmacopoeia of China (Lin and Shi，2005)’ the dried 
• . ‘ . ' . . . - ‘ � . . . 
herb is used to treat nasal allergies, rhinitis and sinusitis, coughs and headaches. In 
addition^ it is used in the Chinese folk medicine to treat nasopharyngeal carcinoma 
(Cheng and Li’ 1998; Zhang, 2000). Recent pharmacological interest has focused on its 

- . . " 、 anti-allergy and anti-bacterial effects (Wu et al.，1985, 1991; Taylor and Towers, 1998; 
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Liang et al., 2007b and 2007d). However, there is a paucity of information (Li et al., 
2008) on the anticancer activities of C. minima. Besides, both the anti-NPC potential and 
the potent constituents of C minima remain elusive. 

In the previous study, we have showed the potency of the w-hcxanc fraction of C. 
minima displaying antiproliferative effects in a broad spectrum of cancer cell lines. 
Therefore, the objectives of this study were to isolate and identify the active principal(s) 
in the w-hexanc fraction of C. minima based on the bioactivity-guided isolation approach 
using the human nasopharyngeal canccr epithelial cclls (CNE) as the target and elucidate 
the underlying mcchanism leading to the cell death. 

3.2. Materials and methods 

3.2.1. Generals 

MTT dye [3-(4,5-dimcthylthiazol-2-yl)-2,5-cliphcnyl tctrazolium bromide)], 
RPMI-1640 medium, propidium iodide (PI), 4',6-diamidino-2-phcnylindolc (DAPI) and 
5，5’，6，6’-tctrachloro-l，r’3’3’-tetracthylbenzimidazolcarbocyaninc iodide (JC-1) were 
purchased from Sigma (St. Louis, MO, USA); DMEM medium and fetal bovine scrum 
(FBS) were obtained from Gibco (Rockvillc, MD, USA); ELISA-BrdU 
chcmiluminescence assay kit, cytotoxicity detection kit and complcteTM protease 
inhibitor cocktail were purchased from Roche (Germany); Bradford reagent were 
purchased from Bio-Rad (Hcrcules, CA, USA); Caspasc-3 substrate 
(Ac-Asp-Glu-Val-Asp-pNA) was purchased from Calbiochem (Germany); 
Anticaspasc-3, anticaspase-7, anticaspsc-8，anticaspase-9, anti-PARP [poly(ADP-ribosc) 
polymerase], anti-Bax，anti-Bad, anti-Bim, anti-Bik, anti-Bmf, anti-Bcl-xL, anti-Mcl-1, 
anti-rabbit secondary horseradish peroxidase antibody, and chemilumincscent substrate 
were purchased from Cell Signal Technology (Beverly, MA); Anti-Bcl-2, anti-P-actin 
and anti-mouse secondary horseradish peroxidase antibody were obtained from Santa 

4 « 

Cruz Biotech (Santa Cruz, CA, USA); Anti-cytochrome c was obtained from BD 
Biosciences (San Jose，CA, USA). All other chemicals were reagent grade. 

Mass spectroscopy was measured by a gas chromatography-mass spectrometry 
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(GC-MS) equipment (Agilent Technologies 6890/5973N, Palo Alto, CA, USA). An 
HP-5 ms capillary column (30 m x 0.25 mm, i.d 25 |im film thickness) was used. 
Helium was used as the carrier gas at a constant flow rate of 1.5 mL/min. The injcctcd 
sample volume was 1 }iL. The oven temperature was kept at 6 0 � C and programmed to 
150 °C at the rate of 3 °C/min and kept constant for 5 min. Then the temperature was 
programmed to 240 °C at the rate of 1.5 °C/min and kept constant for 10 min. The final 
temperature was increased to 300 °C at the rate of 2 °C /min, and kept constant for 10 
min. MS were recorded at 70 cV. The 'H- (400 MHz) and ' t N M R (100 MHz) spcctra 
were recorded in CDCI3 on a Broker AVANCE 400 spcctromcter (Brukcr, Germany). 

3.2.2. Extraction, fractionation and isolation guided by MTT assay 

The aerial part of C. minima was collected in Baiyun mountain (Guangzhou, People's 
Republic of China). A voucher specimen (06115202) has been deposited in the 
Department of Biology, the Chinese University of Hong Kong. The herb (2.2 kg) was 
maceratcd 4 times successively in 95% cthanol (5 L) at 2 0 � C for 4 days. The 
supematants were filtered, conccntratcd />/ vacuo, and lyophilizcd into the dried 
cthanolic extract (397 g). Then, 300 g of the cthanolic extract was suspended in distilled 
water (2 L) and partitioned sequentially with /7-hexanc (2 L x 5). After conccntratcd in 
vacuo, the w-hcxanc fraction was subjected to further isolation. Briefly, the /7-hcxanc 
fraction (50 g) was chromatographed on a silica gel column (70-230 mesh, 1.2 kg, 
Merck; diameter: 7 cm, length: 100 cm) by eluting it with a «-hexane-EtOAc gradient 
system (100:0’ 99:1，98:2’ 96:4, 94:6, 92:8, 88:12，80:20 and 0:100，[v/v]; each step used 
1 L of solvent). Eleven fractions were produced on the basis of the TLC profiles. 
Fraction 11 (w-hexanc-EtOAc, 0:100, 15 g) was rcchromatographcd on a silica gel 
column (70-230 mesh, 750 g，Merck; diameter: 5 cm, length: 60 cm) with a gradient of 
w-hcxane-EtOAc (92:8, 90:10, 0:100，[v/v]; cach step used 2.5 L of solvent) to yield nine 
sub-fractions. Sub-fraction 9 (w-hcxane-EtOAc, 0:100，8 g) was further purified by 
repeated column chromatographics on a sephadex LH-20 column (25-100 |im, Fluka, 
Switzerland; diameter: 1.5 cm, length: 30 cm) using a mixture of chloroform-mcthanol 
(5:5，v/v) to yield 2p-(isobutyryloxy)-florilcnalin (IF), which chemical structure was 
identified by spectroscopic methods and comparison with the published data in literature 
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(Bohlmann and Chen, 1984). The flowchart of isolation of 
2p-(isobutyryloxy)-florilcnalin (IF) was shown in Figure 3.1. 

3.2.3. Cell lines and cell culture 

Human nasopharyngeal cancer epithelial cclls (CNE) and human normal skin cclls 
(Hs68) were purchased from the Cell Bank of Type Culture Collection of Chinese 
Academy of Sciences (Shanghai, People's Republic of China) and the American Type 
Culture Collection (Rockvillc, MD, USA), respectively. CNE cclls were maintained in 
RPMl-1640 medium, while Hs68 cclls were maintained in DMEM medium. Both media 
were supplemented with 10% fetal bovine scrum and 1% pcnicillin-strcptomycin at 
37 °C in a humidified incubator with 5% CO2 atmosphere. 

3.2.4. MTT assay 

Cell viability was determined by a MTT assay. Briefly, different concentrations of 
samples were added to the cclls after 24-h incubation in a 96-wcll microtiter plate. 
Following incubation for specific times, MTT solution [20 |iL, 5 mg/mL in phosphate 
buffered saline (PBS)] was added to each well, and the cclls were further incubatcd for 4 
h. Excess medium was removed and replaced by DM SO (150 |iL) to dissolve the 
formazan crystals. The optical densities were determined by a microplatc 
spectrophotometer (SPECTRAmax 250, Molccular Dcviccs, MN, USA) at the 
wavelength of 570 nm. 

3.2.5. Cell proliferation analysis by BrdU assay 

Cell proliferation was determined by the BrdU (5-bromo-2'-dcoxyuridinc) 
chemiluminescence assay which was based on the measurement of BrdU incorporation 
during DNA synthesis in proliferating cells. The ELISA-BrdU chemiluminescence assay 
kit (Roche，Germany) was employed. Briefly, after incubating the cells with various 
concentrations of IF for 24 h in a 96-well microtiter plate, BrdU labeling solution (100 
|iM, final concentration) was added, and the plate was incubated for 2 h. The labeling 
solution was removed and the cells were fixed with FixDenat solution for 30 min. After 
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removal of the FixDenat solution, anti-BrdU-POD solution was added and further 
incubated for 1.5 h. The chcmiluminesccncc intensity was determined according to the 
manufacturer's instruction. Cell proliferation was expressed as the percentage relative to 
the control which contained no IF. 

3.2.6. Lactate dehydrogenase (LDH) assay 

Cytotoxicity as reflected by the LDH activity was determined by the Cytotoxicity 
Detection Kit (Roche, Germany). Briefly, both treated and untreated cclls were 
ccntrifugcd at 500 g for 10 min at 20 °C. Supcmatants (100 }iL) were collcctcd and 
transferred to a new 96-well microtitcr plate. LDH activity was determined according to 
the manufacturer's instruction. Cytotoxicity was evaluated by measuring the percentage 
of LDH released into the medium. Cells treated with 1% triton X-100 were used as 
positive control (i.e. 100% lysis of the cells). 

3.2.7. DNA contents analysis by flow cytometry 

The effect of IF on the cell cycle distribution of CNE cclls were determined by flow 
cytomctric analysis. Briefly, treated or untreated CNE cclls were harvested and washed 
with PBS twice. Cells were stained with freshly prepared DNA staining solution 
containing propidium iodide (PI, 20 |ig/mL), RNasc A (200 |ig/mL) and 0.1 % triton 
X-100 after fixed in 70% ethanol at -20 °C overnight. Stained cclls were then subjected 
to analyze by a flow cytomcter (EPICS XL Flow cytometry, Bcckman Coulter, Miami, 
FL, USA). Cells displaying hypodiploid DNA content were quantified and regarded as 
the apoptotic population. In each experiment, 10,000 events per sample were recorded. 

3.2.8. Nuclear staining with DAPI 

Morphological changes in the nuclcar chromatin of cclls undergoing apoptosis were 
revealed by a nuclear fluorescent dye, DAPI. Briefly, cells after treatment for 72 h were 

^arvested, washed with PBS twice. After fixed with 4% paraformaldehyde and 
permeated with 0.1 % triton X-100, the cells were stained with 2 |ig/mL of DAPI for 15 
min. The cells were then observed under a fluorcsccncc microscope (Nikon Eclipsc 80i, 



Japan). 

3.2.9. Mitochondrial membrane potential (ATm) assay 

A cationic dye JC-1 was used to measure the depletion of mitochondrial membrane 
potential. JC-1 exhibits potential-dependent accumulation in mitochondria, indicated by 
a fluorescence emission shift from green to red. Briefly, after treatment with IF for 72 h, 
cells were washed with PBS twice and stained with 10 |iM of JC-1. After incubation in 
dark at 3 7 � C for 15 min, cclls were analyzed by the flow cytoinctcr. Data arc expressed 
in percentage of cclls with changed ATm. 

3.2.10. Caspase activity assay 

Caspasc activity was determined by using the colorimctric pcptitc caspasc-3 substrate 
Ac-Asp-Glu-VaI-Asp-/?NA. Briefly, cell lysatcs were placcd in 96-wcll plate, and 100 
|iM of the substrate was added. The plate was incubatcd at 37 °C for 1 h and caspasc 
activity was determined by the microplatc spectrophotometer at the wavelength of 405 
nm. 

3.2.11. Western blotting 

To obtain cytosolic proteins, cclls were harvested and lyscd in hypotonic lysis buffer 
(250 mM sucrosc, 20 mM Hcpcs, 1.5 mM MgCh, 10 mM KCl, 1 mM EGTA, I mM 
DTT, completeTM protease inhibitor cocktail) for 30 min on ice. Then the cclls were 
homogenized in a Douncc homogcnizcr with optimal gentle strokes. After ccntrifugation 
at 1,000 g for 10 min at 4 °C to remove the unlyscd cclls and nuclci, the supcmatants 
were further ccntrifUgcd at 14,000 g for 15 min at 4 °C. The supernatant was collcctcd as 
the cytosolic proteins. The total cellular proteins were extracted by lysing cclls in a lysis 
buffer [1% IGEPAL CA 630 (Fluka，Switzerland), 150 mM NaCl, 50 mM Tris-HCl (pH 
7.5), completcTM protease inhibitor cocktail] for 30 min on ice. Lysatcs were clarificd by 
ccntrifugation for 15 min at 14,000 g. The supernatant was collcctcd as the total cellular 
proteins. Protein concentrations were determined with Bradford reagent. Equal amounts 
of proteins (20-40 ^g protein) were resolved on 7.5-12% SDS-polyacrylamidc gels. 
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followed by clcctrophorctic transfer to PVDF (Polyvinylidcnc fluoride, Milliporc, 
Bedford, MA, USA) membranes. The membranes were blockcd with 5% non-fat dry 
milk in TBST (Tris-Buffercd Saline Twccn-20) for 1 h, followed by incubation 
sequentially with primary antibodies at 4。C and the horseradish pcroxidasc-conjugatcd 
secondary antibodies at 20 °C. Protein bands were dctcctcd on X-ray film (Fuji, Japan) 
using the chcmilumincsccnt substrate. 

3.2.12. Statistical analysis 

All results were expressed as mean 土 SD from three independent experiments. 
Statistical analysis was performed using a two-tailed Student's /-test. Diflcrcncc with p < 
0.05 (*) was considered statistically significant. 

3.3. Results and discussion 

3.3.1. Chemical structure elucidation 

Based on the previous study, the «-hcxanc fraction was the most cffcctivc, so it was 
subjcctcd to further fractionation to search for the active principal(s). This led to the 
purification of 2p-(isobutyryloxy)-florilcnalin (IF) (Figure 3.2). The spcctral data of IF 
(colorless gum) was shown as follows (The spcctra arc showed in Appendix 1). 

Centipeda minima 
95% EtOH ‘ 

Ethanolic extract 
Partition 

1 
/j-Hexane fraction HiO 

Column chromatography 
2p-(Isobutyryloxy)-florilcnalin 

(IF) 
Figure 3.1. Flowchart of isolation of 2p-(isobutyryloxy)-f!orilcnalin (IF) from Centipeda 

minima 
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Figure 3.2. Chemical structure of 2p-(isobulyryloxy)-norilenalin (IF) isolated from 
Centipeda minima 

EI-MS m/z: 334 [M]'; 

'H-NMR (in CDCI3)： r>' 1.13 (3H, d, 7 = 0.8 Hz, H-18), 1.14 (311, d，J = 0.7 Hz, 
H-19)，1.23 (3H，s, H-15), 1.60 (IH, m, H-6p), 1.86 (IH, br d，./二 15.7 Hz, H-3P), 
2.10 (IH, dd, J = 4.7’ 14.2 Hz，H-6a), 2.17 (IH, s, H-5), 2.17 ( l H , s , H-1), 2.20 (IH, 
dd, J = 5.8，15.7 Hz, H-3a), 2.30 (IH, dd, J = 11.7, 12.4 Hz, H-9p)，2.52 (IH, m, 
H-17), 2.70 (IH, dd ’ . /= 3.6，12.4 Hz，H-9a), 3.23 (IH, m, H-7), 4.59 (IH, m, H-8), 
4.85 ( IH , s , H-14,)，5.04 (1H, s’ H-14), 5.27 (1H, dd, J = 2.4，5.2 Hz, 11-2), 5.65(1 H, 
d , 7 = 2.4 Hz, H-13，)’ 6.27 ( l H , d , J = 2.8 Hz, H-13); 

'^C-NMR (in CDCI3): 6 18.7 (-CH3)，18.8 (-CH3), 25.3 (C-15), 29.7 (C-6), 34.2 
(C-17)’ 39.6 (C-9), 42.2 (C-7)，49.1 (C-3), 51 .6 (C-5)，53.4 (C-1), 73.5 (C-2), 78.4 
(C-4), 80.4 (C-8), 115.6 (C-14), 122.6 (C-13)，139.2 (C-11), 139.8 (C-10), 169.7 
(C-12) and 176.4 (C-16). 

3.3.2. IF inhibited the growth o f C N E cells 

In the present study, MTT results showed that iF exhibited significant dose- and 
time- dependent effects on the growth of CNE cells, with ICso values of 25.6 (24 h), 
8.1 (48 h) and 3.1 |ig/mL (72 h), respectively (Figure 3.3A). Despite its potency in 
CNE cells, IF exerted lower inhibitory effect on the normal Hs68 cells with an ICso 
value larger than 50 fig/mL at 72-h treatment (Figure 3.3B). Similar dose-dependent 
inhibitory effect was observed in the ELlSA-BrdU assay for 24-h incubation，which 
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is based on the incorporation of the pyrimidinc analogue BrdU instead of thymidine 
into the DNA of proliferating cells (Figure 3.3C. Lactate dehydrogenase (LDH) is a 
stable cytoplasmic enzyme present in cells and rapidly released into the cell culture 
supernatant upon damage of the plasma membrane. Hence, the activity of LDM 
correlates to the number of lysed cells. In this study, no significant cytotoxic effects 
on both CNE and Hs68 cells were found when the leakage of LDH into the cell 
medium was evaluated (Figure 3.3D). 

Sesquiterpene lactones, most widely distributed within the ComposHae, have 
received considerable attention for their anticancer properties (Zhang et al., 2005). 
The highly eleclrophilic a,p-unsaturated carbonyl structures, such as the 
a-methylene-y-lactone ring and the a,P-unsaturated cyclopentenone, are considered 
as the general bioactive functional groups in sesquiterpene lactones (Zhang cl al., 
2005), as they allow the structures to interact rapidly with the nucleophilic sites of 
biological molecules in a Michael-type addition. Covalent binding of sesquiterpene 
lactones to free sulfhydryl groups in proteins is possible and may interfere with the 
normal protein function. Besides, alkylation with the DNA molecules presents a 
potential molecular cytotoxicity for cells (Beekman el al., 1997). Previous 
phytochemical studies of C. minima have identified more than ten sesquiterpene 
lactones which are all pseudo-guanianolide or guaianolide types (Wu et al., 1985, 
1991; Taylor and Towers, 1998; Bohlmann and Chen, 1985; Yu et al., 1994). Among 
them，6-O-angeloyIenolin, a sesquiterpene lactone containing an a, P-unsaturated 
cyclopentenone, isolated from C. minima was reported to induce apoptosis in HL-60 
cells in vitro and inhibit the solid cancer growth in Lewis lung cancer xenograft 
model (Li et al., 2008). IF, isolated in this study, contains a bioactive functional 
group of sesquiterpene lactone, the a-methylene-y-lactone ring. This led to our 
deduction that IF might possess similar apdptotic activity. However，other than a 
report on the sensitivity Gram-positive bacteria (Liang et al., 2007a), no other 
information has reported such activity in IF. 
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MTT-HS68-72 h 

_L 

0 3.12 6.25 12.5 
IF (pg/mL) 

LDH-24 h 

25 50 

• CNE 
• Hs68 

JJn C t b 
3.12 6.25 12.5 25 

IF (pg/mL) 
50 

MTT-CNE 

h h 
.56 3.12 6.25 12.5 25 

IF (pg/mL) 

• 24 h 
• 48 h 
• 72 h 

In 
50 

BrtlU-CNE-24 h 

6.25 12.5 25 
IF (Mg/mL) 

50 

Figure 3.3. Effects of IF on the growth of CNE and Hs68 cells. (A) Effect of IF on 
the viability of CNE cells at 24-’ 48-，72-h treatments evaluated by MTT assay. (B) 
EfTect of IF on the viability of Hs68 normal cells at 72-h treatment evaluated by 
MTT assay. (C) EfTect of IF on the proliferation of CNE cells at 24-h treatment 
evaluated by BrdU assay. (D) Cytotoxic effects of IF on CNE and Hs68 cells at 24-h 
treatment evaluated by LDH assay. Each value represents the mean of three 
independent experiments. Difference between treatments and control with p < 0.05 (*) 
was considered statistically significant. 
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PARP 

p-actin 

IF(Mg/mL) 

0 3.12 6.25 12.5 

3 1? 625 1?5 

Figure 
control 

3.5. Effect of IF on cleavage 
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of PARP. P-Actin was used as the loading 
Results were representatives of three independent experiments. The values 

on the right figure represent relative density of the bands normalized to P-actin. 
Difference between treatments and control with p < 0.05 (*) was considered 
statistically significant. 
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3.3.3. IF induced apoptosis in CNE cells 

As IF demonstrated strong inhibition on the growth of CNE cells, its underlying 
mode of action was investigated. Apoptotic cells, which have a decreased content of 
DNA when compared to living cells, will have a hypodiploid DNA content (sub-Gl 
phase) when analyzed in a flow cytometer after staining with PI. Therefore, DNA 
cell cycle analysis of CNE cells treated with IF was carried out. Results showed that 
the accumulation of cells in the sub-Gl phase significantly increased in a 
dose-dependent way (Figure 3.4A), suggesting apoptosis was induced by IF. The 
sub-Gl cell populations were 7.3 土 2.4’ 9.1 土 3.3，15.9 士 3.8, 66.1 士 10.9 and 80.5 士 

2.8% with IF concentrations of 0，1.56, 3.12，6.25 and 12.5 fig/mL, respectively. 
Additional confirmations of apoptosis in the presence of IF were from the 
measurements of three other apoptotic markers including DNA fragmentation, 
caspase-3 activation, and PARP cleavage (Figures 3.4B, 3.4C, 3.5). Irregularity in 
shape and cellular detachment in the treated CNE cells (12.5 |ig/mL of IF) were 
observed under a phase-contrast microscopy (Figure 3.4B). Similarly, DNA 
fragmentation and nuclear condensation were observed in the treated CNE cells (12.5 
|ig/mL of IF) after DAPI staining. Our data also revealed that IF induced significant 
dose-dependent increase in caspase-3 activity in CNE cells after 72-h treatment 
(Figure 3.4C). Additionally, cleavage of PARP with treated cells undergoing 
apoptosis resulted in the presence of an 89 kDa fragment (Figure 3.5). These results 
proved strongly that IF induced apoptosis in CNE cells. 

3.3.4. IF activated caspases in CNE cells 

Caspases are a family of cystein-dependent asparate-directed proteases that act as 
important regulators in apoptosis cascade. They are important components in the two 
apoptotic pathways, namely,- the extrinsic and the intrinsic pathways (Riedl and Shi， 

2004). Similar to the proteolytic cleavage of PARP, the two downstream effectors, 
namely caspase-3 and caspase-7, were cleaved to become the active forms (Figure 
3.6). Caspase-8 is regarded as the key initiator in the extrinsic pathway. Figure 4 
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shows that the level of procaspase-8 was significantly reduced at the concentration of 
12.5 fig/mL, whereas the cleaved product, caspase-8, was also found. Caspase-9 is 
the central initiator in the intrinsic pathway. Dose-dependent cleavage of 
procaspase-9 was observed. These results indicated that both the extrinsic and 
intrinsic apoptotic pathways were activated in the presence of IF. 

IF (pg/mL) 

0 3.12 6.25 12.5 
Procaspase-3 

Cleaved Caspase-3 
Procaspase-7 

Cleaved Caspase-7 

Procaspase-8 

Cleaved Caspase-8 

Procaspase-9 

Cleaved Caspase-9 

|i-actin m 
Figure 3.6. Effect of IF on the expressions of caspases in CNE cells, 
used as the loading control. Results were representatives of three 
experiments. 

P-Actin was 
independent 
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3.3.5. IF induced mitochondrial dysfunction in CINE cells by regulating the BcI-2 
family proteins 

t 

Mitochondria play a crucial role in the apoptotic cascade by serving as a 
convergent center of apoptotic signals originated from both the extrinsic and intrinsic 
pathways (Kim et al., 2006). Depletion of ATm causes the opening of the 
mitochondria permeability transition pore, which leads to the release of apoptogenic 
factors，such as cytochrome c in the apoptotic cascade, and activation of caspases 
(Mattson and Kroemer, 2003). Figure 3.7A showed that IF induced dose-dependent 
depletion of ATm in CNE cells while Figure 3.7B showed a dose-dependent increase 
of cytochrome c in the cytosol in the presence of IF. 

Tightly mediating the mitochondrial apoptotic pathway are three groups of Bcl-2 
family proteins, namely, (i) Bcl-2-Hke survival factors which act as anti-apoptotic 
proteins including Bcl-2 and Bcl-xL; (ii) Bax-like death factors which serve as 
pro-apoptotic proteins including Bax and finally (iii) BH3-only death factors which 
are pro-apoptotic protein, such as Bad and Bim (Burlacu, 2003). In response to an 
apoptotic stress, the BH3-only proteins were activated and interacted with Bcl-2-like 
survival factors on the outer mitochondrial membrane. Such interaction triggered the 
release of Bax-like pro-apoptotic factors which underwent a conformational change 
and inserted themselves into the outer mitochondrial membrane. Such insertion 
induced membrane permeabilization and the release of caspase-activating and other 
pro-apoptotic factors (Bomer 2003). From the net ratio between the pro- and anti-
apoptotic proteins, cells undergone apoptosis can be deduced. Our results showed 
that IF increased the expression of pro-apoptotic proteins, including Bax, Bad, Bim, 
Bik and Bmf (Figure 3.8A)，but decreased the expression of anti-apoptotic proteins 
such as Bcl-2 and Bcl-xL when its concentration levels increased (Figure 3.8B). 
These observations implied that the net ratio of the two types of proteins shifted in 
favor of apoptosis. It was reported that Bcl-2 was detected in most samples (80%) of 
undifferentiated nasopharyngeal carcinoma NPC (Lu et al., 1993). Also，the 
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expression of Bcl-2 protein was significantly higher in NPC tissues than in both the 
normal noncancerous nasopharyngeal epithelial (NPF-) and hyperplasic NPH (Fan et 
al., 2003). However, significant down-regulalion of Bcl-2 in CNl： cells in ihe 
presence of IF was observed in our investigation which suggested 'thai IK was 
efieclive in controlling the NPC. 

3.4. Conclusions 

In conclusion, the phytochemical in C, minima that possessed strong 
antiproliferative effect on the CNE cells is 2p-(isobutyryloxy)florilenalin (IF), a 
sesquiterpene lactone. Both extrinsic and intrinsic apoptotic pathways were involved 
in its action. In the extrinsic pathway, IF activated caspase-8，which further induced 
the activation of caspase-3 and caspase-7. In the intrinsic pathway, IF regulated the 
levels of Bcl-2 family proteins, followed by depletion of mitochondrial membrane 

i 

potential (AH'm), the release of cytochrome c to cytosol, the activation of caspase-9 
and other downstream caspases, and finally the induction of apoptosis. Such activities 
as a result of the presence of IF may imply that C. minima deserves more extensive 
investigation for its potential medicinal application in the treatment of NPC and other 
cancers. 
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Figure 3.7. Effect of IF on mitochondria dysfunction. (A) Effect of IF on 
mitochondrial membrane potential (ATm). (B) The level of cytochrome c in the 
cytosol. P-Actin was used as the loading control. Results were representatives of 
three independent experiments. The values on the right figure represent relative 
density of the bands normalized to P-aclin. Difference between treatments and 
control with p < 0.05 (*) was considered statistically significant. 
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Figure 3.8. Effect of IF on the expressions of Bcl-2 family proteins. (A) IF 
up-regulated the expressions of pro-apoptotic Bcl-2 family proteins. (B) IF 
suppressed the expressions of anti-apoptotic Bcl-2 family proteins. (3-Actin was used 
as the loading control. Results were representatives of three independent experiments. 
The values on the lower-panel figures represent relative density of the bands 
normalized to P-actin. 
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Chapter 4: Antiproliferative effects of volatile oils from Centipda 
minima on human nasopharyngeal cancer CNE cells 

4.1. Introduction 

Nasopharyngeal carcinoma (NPC), -a cancer in which malignant cells form in the 
tissues of the nasopharynx, is one of the most common cancers among the southern 
Chinese or those with Asian ancestry (Cho, 2007). It remains one of the most serious 
health problems in southern China with an annual incidence of more than 20 cases 
per 100,000 (Cho, 2007). The interaction among the Epstein-Barr virus chronic 
infection, the environment and the host genes contributes to the development of NPC 
(Chien et al.，2001). Recent progress in the treatment of NPC has focused on 
high-dose radiotherapy with adjunctive chemotherapy (Baujat et al., 2006), However, 
side effects such as resistance were observed in some patients after chemotherapy, 
making the current chemotherapeutic agents far from satisfactory (Wang et al., 2008; 
Xie et al.，2008). Thus, there is a demand to develop alternatives for the NPC 
treatment. 

Centipecia minima (L.) A. Br. (Compositae) which distributes widely in China and 
some southeast Asian countries (Shi and Fu, 1983), has been recorded in the Chinese 
Pharmacopoeia to treat nasal allergies, rhinitis and sinusitis, cough and headache 
(Lin and Shi, 2005). Several complex Chinese herbal preparations containing C. 
minima as a principal ingredient are clinically used to treat rhinitis and sinusitis in 
China. In addition, C. minima is used in the Chinese folk medicine to treat 
nasopharyngeal carcinoma (Cheng and Li, 1998; Zhang, 2000). Previous 
pharmacological studies of C. minima reported that the herb possessed anti-tumor (Li 
et al” 2008; Su et al., 2009a), anti-mutagenic (Lee and Lin, 1988), anti-allergic (Wu 
et al., 1985, 1991; Yu et al., 2001; Liu et al.’ 2005), anti-protozol (Yu el al, 1994), 
anti-bacterial (Taylor and Towers, 1998; Liang et al., 2007b, c, d), anti-inflammatory 
(Qin et al., 2005a, b) and liver protective (Qian et al., 2004) properties. Our 
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preliminary study of the /7-hexane soluble fraction from the ethanolic extract of C. 
minima showed strong anti-NPC effect (Su et al.，2009a). Gas chromatography-Mass 
spectrometry (GC-MS) analysis showed that the /7-hexane fraction contained quite a 
few volatile constituents. As the volatile oil from C. minima was reported lo be 
effective to treat allergic rhinitis (Yu et al., 2001; Liu el al., 2005), we hypothesized 
that it might also possess active volatile principals capable of controlling NPC. In 
this study, the volatile oils of C. minima extracted by steam distillation (SD) and 
supercritical fluid extraction (SFE) were investigated for their antiproliferative 
effects on the human nasopharyngeal cancer CNE cells lo find out the active 
principals of the herb. The underlying mechanism of the active one (SFE oil), which 
showed a stronger effect on the induction of CNE cell death was further investigated. 

4.2. Materials and methods 

4.2.1. Generals 

3-(4,5-dimcthylthiazol-2-yl)-2,5-diphenyl Iclrazolium bromide (MTT), 
RPMI-1640 medium, propidium iodide (PI), 4',6-diamidino-2-phenylindole (DAPl) 
and 5,5\6,6'-tetrachloro-l,r,3,3'-tetraethylbenzimidazolcarbocyanine iodide (JC-I) 
were purchased from Sigma (St. Louis, MO). ELISA-BrdU chemiluminescence 
assay kit, Cytotoxicity detection kit and complete"^ protease inhibitor cocktail were 
purchased from Roche (Germany); Bradford reagent was obtained from Bio-Rad 
(Hercules, CA); Caspase-3 substrate (Ac-Asp-Glu-Val-Asp-/?NA) was purchased 
from Calbiochein (Germany). Antibodies for caspase-3，caspase-7, caspse-8, 
caspase-9, poly(ADP-ribose) polymerase (PARP), Bax, Bad, Bok, Bmf，PUMA, 
Bcl-xL, anti-rabbit secondary horseradish peroxidase antibody, and 
chemiluminescent substrate were purchased from Cell Signaling Technology 
(Beverly, MA). Antibodies for Bcl-2, p-actin and anti-mouse secondary horseradish 
peroxidase antibody were obtained from Santa Cruz Biotech (Santa Cruz, CA). 
Antibody for cytochrome c was obtained from BD Biosciences (San Jose，CA). 
/7-Alkanes (C10-C30), palmitic acid and stearic acid were brought from Aldrich 

• ‘ » 
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Chemical Inc. (Milwaukee，Wisconsin). Lupeol and lupeol acetate were isolated IVom 
another herb {Elephantopus scaber), and their structures were identified by 
spectroscopic methods and comparison with the published data (Su ct al., 2009b). All 
other chemicals were analytical grade. 

t 

4.2.2. Plant materia里 

The aerial parts of C minima was collected in Baiyun mountain, Guangzhou, 
China, and were authenticated by Mr. Zhenqiu Mai, a senior herbalist at the Chinese 
Medicinal Material Company, Guangzhou, China. A voucher specimen (06115202) 
has been deposited in the Department of Biology, the Chinese University of Hong 
Kong. 

4.2.3. Volatile oil extraction 

Volatile oils of C. minima were extracted by two different methods, namely, steam 
distillation and supercritical fluid extraction. Briefly, in steam distillation, the dried 
and cut herbs (308 g) were distilled for 5 h using a Cicvenger-lypc apparatus 
(800-7-B, Kimble Bomex, Beijing, China). The steam distilled oil (SD oil) was dried 
over anhydrous sodium sulphate and stored at - 2 0 � C until used (yield 0.13%). In 
supercritical fluid extraction, a supercritical extraction equipment (HA 121-50-02, 
Jiangsu Nantong SFE Inc., Jiangsu, China) containing a 2 L stainless steel vessel was 
employed to extract the herbs (309 g). Supercritical fluid extraction was conducted at 
a pressure of 20 MPa and at a temperature of 40 °C for a duration of 2 h. The flow 
rate of CO： was 20 L/h. The yield of the supercritical extracted oil (SKE oil) was 
5.05%. 

4.2.4. Cell line and cell culture 

CNE (human nasopharyngeal cancer epithelial cell) cells were purchased from the 
Cell Bank of Type Culture Collection of the Chinese Academy of Sciences 
(Shanghai, China). CNE cells were maintained in the RPMI-1640 medium 
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supplemented with 10% fetal bovine serum (Gibco, Rockville, MD) and 1% 
penicillin-streptomycin. They were incubated at 37 °C, 95% relative humidity and 
with 5% CO2 atmosphere. 

4.2.5. MTT assay 

Cell viability was determined by MTT assay. Briefly, differenl concentrations of 
samples were added to the cells after 24-h incubation in a 96-well microliter plate. 
Following incubation for specific limes (24, 48, and 72 h), 20 }iL of the MTT 
solution [5 ing/mL in phosphate buflered saline (PBS)] was added to each well, and 
the cells were further incubated for 4 h. Medium was removed and replaced by 150 
|iL of DMSO in each well to dissolve the formazan crystals. The optical densities 
were determined by a microplate spectrophotometer (SPECTRAmax 250, Molccular 
Devices, Minnesota) at the wavelength of 570 nm. 

4.2.6. 5-Bromo-2'-deoxyuridine (BrdU) chemiluminescencc assay 

Cell proliferation was determined by the BrdU chcmiluminesccnce assay kit which 
was based on the measurement of BrdU incorporation during DNA synthesis in 
proliferating cells. Briefly, after incubating the cells with various concentrations of 
the more active oil (SFE oil) based on MTT assay for 24 h in a 96-well microliter 
plate, BrdU labeling solution (100 |iIVI, final concentration) was added, and the plate 
was incubated for 2 h. The labeling solution was removed and the cells were fixed 
with FixDenat solution for 30 min. After removal of the FixDenat solution, 
anti-BrdU-POD solution was added and further incubated for 1.5 h. The 
chemiluminescence intensity was determined according to the manufacturer's 
instruction. 

4.2.7. Lactate dehydrogenase (LDH) assay 

Cytotoxicity as reflected by the LDH activity was determined by the Cytotoxicity 
Detection Kit. Briefly, both treated and untreated cells were cenlrifuged at 500 g for 
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10 min at 20 °C. Supernatants (100 |iL) were collected and transferred to a new 
96-well microtiler plate. LDH activity was determined according to the 
manufacturer's instructions. Cytotoxicity was evaluated by measuring the percentage 
of LDH released into the medium. Cells treated with 1% trilon X-lOO were used as 
positive control (i.e. 100% lysis of the cells). 

4.2.8. DNA contents analysis by flow cytometry 

The effect of SFIi oil on the cell cycle of CNE cells were determined by How 
cytometry as previously described (Su et al., 20()9a). Briefly, treated or untreated 
CNE cells were harvested and washed twice with PBS. Cells were stained with 
freshly prepared DNA staining solution containing PI (20 f.ig/mL), RNasc A (200 
lag/inL) and 0.1% Iriton X-100 after fixed in 70% ethanol al -20 °C overnight. 
Stained cells were then subjected to analyze by a flow cylomelcr (EPICS XL Flow 
cytometry, Beckman Coulter, Miami, FL). Cells displaying hypodiploid DNA 
content were quantified and regarded as the apoptotic population. In each experiment, 
10000 events per sample were recorded. 

4.2.9. Nuclear staining with 4',6-diamidino-2-phenylindole (DAPl) 

Morphological changes in the nuclear chromatin of cells undergoing apoptosis 
were revealed by a nuclear fluorescent dye，DAPl, as previously described (Su et al., 
2009a). Briefly, cells after treatment for 48 h were harvested, washed with PBS twice. 
Alter fixed with 4% paraformaldehyde and permeated with 0.1% Irilon X-100, the 
cells were stained with 2 |ig/mL of DAPl for 15 min. The cells were then observed 
under a fluorescence microscope (Nikon Eclipse 8()i, Japan). 

4.2.10. Mitochondrial membrane potential (AM'm) assay 

A cationic dye, JC-1, was used to measure the depletion of mitochondrial 
membrane potential as previously described (Su el al., 2009a). JC-I exhibits 
potential-dependent accumulation in mitochondria, indicated by a fluorescence 
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emission shift from green to red. Briefly, after washed with PBS twice, cells were 
stained with 10 |iM of JC-1, incubated in dark at 3 7 � C for 15 min and analyzed by 
the flow cyloineler. Data arc expressed in percentage of cells with changed ATm. 

4.2.11. Caspase activity assay 

Caspase activity was determined by using the colorimetric peptite caspasc-3 
substrate Ac-Asp-Glu-Val-Asp-/?NA. Briefly, cell lysales were placed in a 96-wcll 
plate, and 100 |.iM of the substrate was added. The plate was incubalcd at 37 °C for 1 
h and caspase activity was determined by the microplale spectrophotometer at the 
wavelength of 405 nm. 

4.2.12. Western blotting 

To obtain cytosolic proteins, cells were harvested and lysed in a lysis buffer 
containing 250 mM sucrose, 20 mM HEPES, 1.5 mM MgCU, 10 mM KCl, 1 mM 
EGTA, 1 mM DTT, complete"^ protease inhibitor cocktail for 30 min on ice. Then 
the cells were homogenized on ice. The homogenalcs were ccnlrifugcd for 10 min at 
1000 g and 4 � C to remove both unlysed cells and nuclei. Then the supcrnatants were 
further centrifuged for 15 min at 14000 g and 4 °C to separate the cytosolic and 
mitochondria fractions. 

The total cellular proteins were extracted by lysing cells in a lysis buiTer [ 1 % 
IGEPAL CA 630 (Fluka, Switzerland), 150 inM NaCl, 50 mM Tris-HCl (pH 7.5), 
complete"^ protease inhibitor cocktail] for 30 min on icc. Lysates were clarified by 
centrifugation for 15 min at 14000 g. The supernatant was collected as the total 
cellular proteins. 

Protein concentrations were determined with Bradford reagent. Hqual amounts of 
proteins were separated on SDS-polyacrylainide gels, followed by electrophoretic 
transfer to PVDF membranes (linmobilon-P, Millipore, Bedford, MA), The 
membranes were blocked with 5% non-fat dry milk in TBST (Tris-BulTercd Saline 
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Tween-20) for 1 h, followed by incubation sequentially with primary antibodies at 
4 °C and the horseradish peroxidasc-conjugateci secondary antibodies at 20 °C. 
Protein bands were detected on X-ray film (Fuji, Japan) using the chemilumincsccnl 
substrate. 

4.2.13. Analysis of chemical components and identification of compounds 

The chemical compositions of the two oils were analyzed by a gas 
chromatography system (6890N series, Agilent，Santa Clara, CA) equipped with a 
5973 series mass spectrometer (Agilent). An l IP-5 ms capillary column (30 m x 0.25 
mm, i.d 25 |am film thickness) was used. Helium \yas used as ihc carrier gas at a 
constant flow rale of 1.5 mL/min. The detector temperature was 3 0 0 � C . The 
analytical conditions were as follows: the oven temperature was kept at 60 °C and 
programmed to 150 °C at the rate of 3 °C7min and kept constant for 5 min. Then the 
temperature was programmed lo 240 °C at the rale of 1.5 °C7iriiii and kept constant 
for 10 min. The final temperature was increased to 300 °C al the rate of 2 °C7min, 
and kept constant for 10 min. Mass spectrum data were recorded at 70 eV. Mass 
interface temperature was kept at 310 °C, while mass quadruple temperature and 
mass source temperature were 150 and 230 °C, respectively. For analysis, oils were 
dissolved in acetone to prepare concentrations at 2.4 and 2.3 mg/niL for the SI) and 
SFE oils, respectively. A volume of 5 fiL was injected into the GC. Tentative 
identification of compounds was performed by matching each mass spectrum of an 
unknown with that suggested by the Wiley Chemical database (7th cd., Wiley, New 
York, NY). Positive identification of each compound was done by comparing the 
linear retention index (RI) (van den Dool and Kratz, 1963) and mass spectrum of an 
unknown with those of the reference compounds under the same analytical 
conditions as previously described (Chung el al., 1999). //Y;/7.v-Chrysanthenyl acetate 
was tentatively identified by comparing Rl, while palmitic acid, stearic acid, lupeol 
and lupeol acetate were positively identified by comparing Rl and mass spectrum 
with the reference compounds. 
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4.2.14. Statistical analysis 

Data are expressed as mean 土 SI). Statistical analysis was performed using 
Student's ,-test. Difference with p < 0.05 (*) was considered statistically significant. 

4.3. Results 

4.3.1. Effects of volatile oils on the growth of CINE cells 

In this study, both steam distillation and supercritical fluid extraction were 
employed to extract the volatile oils of C. minima. Both oils induced dose- and lime-
dependent inhibitory effects on the growth of CNE cells to dilTercnl extents as 
determined by MTT assay (Figure 4.1). The inhibitory effect of the volatile oil 
extracted by supercritical fluid extraction (i.e. SFE oil) was much stronger than that 
extracted by steam distillation (i.e. SD oil). The IC50 values of the SFH oil were 56.6, 
8.7 and 5.2 |ig/inL at 24-, 48- and 72-h treatments, respectively, whereas those ot the 
SD oil were found to be 123.5 |ag/mL (24 h), 97.1 |.ig/mL (48 h) and 83.3 |ig/mL (72 
h), respectively. 

4.3.2. Antiproliferative and cytotoxic effects of SFE oil on CNE cells 

As the SFE oil exerted stronger effect than the SD one, it was chosen to further 
confirm its antiproliferative effect on CNK cells. Various concentrations of the SFH 
oil were applied to the CNE cells, and DNA synthesis was analyzed by the BrdU 
incorporation assay. As shown in Figure 2A, CNE cell proliferation was inhibited in 
a dose-dependent manner after 24-h incubation. On the other hand, the integrity of 
the cell membrane deteriorated in a dose-dependent manner as measured by the 
release of LDH into the cell medium (Figure 2B). 
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Figure 4.2. Antiproliferative and cytotoxic effects of SFH oil on CNE cells. (A) 
Effect of SFE oil on the proliferation of CNE cells. CNE cells were treated with 
various concentrations of the SFE oil for 24 h, and cell proliferation was determined 
by BrdU chemiluminescence assay. (B) Cytotoxic effect of SFE oil on CNB cells. 
Cells were treated with various concentrations of the SFE oil for 24 h, and 
cytotoxicity was determined by LDH assay. Each value represents the mean from 

\ 

three independent experiments. Difference between treatments and control with p < 
0.05 (*) oxp< 0.01 (**) was considered statistically significant. 

50 

Figure 4.1. Efiecls of volatile oils prepared from Cenlipeda minima on the growth of 
CNE cells. CNE cells were treated with various concentrations of (A) SFE oil and (B) 
SD oil for difierent times (24, 48，and 72 h), and cell viability was determined by 
MTT assay. Each value represents the mean from three independent experiments. 
DifTercnce between treatments and control with p < 0.05 (*) or p < 0.01 (**) was 
considered statistically significant. 
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4.3.3. SFE oil induced apoptosis in CNE cells 

To determine whether apoptosis induction contribute to the inhibitory effect of the 
SFE oil on the growth of CNE cells, three apoptotic biomarkers were evaluated. 
Flow cytometric analysis revealed that the SFE oil (25 |ig/mL) significantly 
increased the percentage of CNE cells at the sub-G 1 phase in a time-dependent 
manner, ranging from 2.0 土 0.3o/o at 0 h to 68.5 土 6.6o/o at 72 h (Figure 4.3A). 
Dose-dependent increase in the population of sub-G 1 cells was also observed in 48-h 
treatment (0-25 |ig/mL) (Figure 4.3B). DAPI staining and caspase activity assay also 
confirmed induction of apoptosis in CNE cells. Indeed, irregularity in shape and 
cellular detachment in CNE cells treated with 25 |ig/mL of SFE oil were observed 
under a phase-contrast microscopy. At the same time, apoptotic bodies with 
condensed chromatin and degraded nuclei were observed (Figure 4.4A). Caspase-3 
activity was significantly augmented in the CNE cells after 48-h treatment with 12.5 
and 25 |ig/mL of SFE oil (Figure 4.4B), which was another hallmark of the apoptotic 
process. 

4.3.4. SFE oil triggered mitochondria dysfunction in CNE cells 

Mitochondria play a critical role in the apoptotic cascade (Jeong and Seo, 2008). 
To determine whether induction of apoptosis by SFE oil was associated with the 
dysfunction in mitochondria, changes in the mitochondria membrane potential (AH'm) 
in CNE cells were evaluated by using the JC-1 dye. Figure 4.5A showed that the 
treatment of the SFE oil caused a significant dose-dependent change in ATm in the 
CNE cells. Translocation of cytochrome c to cytosol was also detected after SFE oil 
treatment by the western analysis (Figure 4.5B). 

As Bcl-2 family proteins were reported to be key regulators in the 
mitochondria-mediated apoptotic pathway (Wong and Puthalakath, 2008), our next 
study was to determine whether SFE oil could affect the expressions of these proteins. 
Figure 4.6 showed a remarkable increase in the level of the pro-apoptotic protein Bad, 
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while the expression of the pro-survival protein Bcl-xL was suppressed. However, 
the expressions of Bax, Bik, Bmf, PUMA and Bcl-2 were not affected by the SFE oil. 

4.3.5. SFE oil caused caspases activation in CNK cells 

The main efTeclors of apoptosis encompass proteases from the caspase family 
(Salvesen and Riedl, 2008). As shown in Figure 4.7, treatment with the SFE oil 
caused the cleavage of caspase-3, caspase-7, and caspase-9 in CNE cells. Such 
activation also led to the proteolysis of PARP, which was another biochemical 
hallmark of apoptosis (Figure 4.7). 
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Figure 4.3. Efleet of SFE oil on cell cycle distribution of CNH cells. (A) CNH cells 
were treated with 0 or 25 |ag/mL of the SFE oil for 24，36, 48，60, and 72 h, 
respectively. (B) CNE cells were treated with various concentrations of SFE oil for 
48 h. After treatment, the cells were stained with PI and analyzed by flow cytometry. 
Each value represents the mean of three independent experiments. DifTerence 
between treatments and control with p < 0.05 (*) was considered statistically 
significant. 
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Figure 4.4. SFE oil induced apoptosis in CNE cells. (A) FJTect of the SKE oil on the 
morphology of cells. Morphology: Cells were incubated with 0 or 25 |_ig/mL of the 
SFE oil for 48 h and observed under phase-contrast microscopy. DAPI: After 
exposure to the SFE oil for 48 h, cells were stained with DAPI and analyzed by 
fluorescence microscopy. (B) Activation of caspase by SFE oil. After treatment of the 
SFE oil for 48 h, cells were lysed, and caspase-3 activity was measured using a 
colorimetric caspase-3 specific substrate. DifTerence between treatments and control 
with p < 0.05 (*) was considered statistically significant. 
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Figure 4.5. SFE oil induced mitochondria dysfunction in CNI: cells. (A) FJTccl of 
the SFE oil on mitochondrial membrane potential (AH^m). After treatment .with 
different concentrations of the SFE oil for 48 h, cells were stained with JC-I dye and 
analyzed by flow cytometry. Each value represents the mean of three independent 
experiments. DitTerence between treatments and control with p < 0.05 (*) was 
considered statistically significant. (B) The level of cytochrome c in the cytosol and 
mitochondria. p-Actin was used as the loading control. All experiments were 
repealed three times, and a representative blot is shown. 
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Figure 4.6. Effect of the SrE oil on the expressions of Bcl-2 family proteins. P-Actin 
was used as the loading control. Results were representatives of three indepcndenl 
experiments. The values on the right figure represent relative density of the bands of 
Bad and Bcl-xL normalized to P-actin. 
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Figure 4.7. SFE oil triggered caspases activation in CNE cells. Cell lysates were 
separated by SDS-PAGE and immunoblotted with specific primary antibodies. 
p-Actin was used as the loading control. All experiments were repeated three times, 
and a representative blot is shown. 
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4.3.6. GC-MS analysis of the volatile oils 

Since CNE cells showed different susceptibility to SFh oil and SD oil, GC-MS 
was utilized to compare the compositions of the two oils. Results showed thai their 
compositions were markedly different (Figure 4.8, Table 4.1). In SKI: oil, 
components were, mostly found in retention limes between 70 to 120 min with an 
area percentage of 42.25"% (Table 4.2). Components located in this region have 
common mass/charge (w/z) fragments of 173, 231, 246 (or 247), 264 ^Tabic 4.2), • . 
indicative of the presence of homologues of 11，13-dihydrohclenalin (Figure 4.7B), ‘ . 
the pseudoguaianolide-type sesquiterpene lactone (Willuhn el al., 1983). 
Additionally, another 37.67% of the components in the SFE oil eluled after 120 min. 
They were lupeol and its derivatives on the basis of their mass spectra (Table 4.2). 
Fatty acids and monoterpenes dominated the first 70 min and accounted for 19.75% 
of the total components in the SFE oil. On the contrary, components of the SD oil 
were mainly eluted in retention times before 70 min. Their identities were ihc same 
as those found in the first 70 min of the SFE oil. 
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Figure 4.8. GC-MS analysis of volatile oils from Cenfipcda minima and chemical 
structure of 11, 13-dihydrohelenalin. (A) GC profiles of the two volatile oils, namely, 
supercritical fluid extracted oil (SFB oil) and steam distilled oil (SD oil); 1. 
//W7.v-Chrysanlhenyl acetate (retention lime: 17.683 min; RI=1242); 2. palmitic acid 
(retention lime: 54.598 min; Rl=1970); 3. stearic acid (retention time: 68.579 min; 
Rl=2162); 4. unknown (retention time: 85.306 min, RI二2414); 5. unknown (retention 
time: 88.768 min, Rl=2468); 6. unknown (retention time: 95.275 min, RI=2575); 7. 
lupeol (retention time: 134.904 min; Rl>3()0()) ； 8. lupeol acetate (retention lime: 
138.732 min; Rl>3000). 9. unknown (retention lime: 141.444 min, Rl>3()()()); 10. 
u n k n o w n (retention time: 141.861 min, RI>3000). //Y//7.v-ChrysanthenyI acetate (I) 
was tentatively identified by comparing RI, while palmitic acid (2), stearic acid (3)， 

lupeol (7) and lupeol acetate (8) were positively identified by comparing Rl and mass 
spectrum with the reference compounds. (B) Chemical structure of 11， 
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Table 4.1. Area percentage of components of the two volatile oils 

Sample Area percentage (%) 
0-70 (min) 71-120 (min) 121-160 (min) 

SFH oil 19.75 42.25 37.67 
SDoil 100 0 0 

Table 4.2. Major mass/charge (m/z) fragments of the unknown components in the 
SFE»oil eluted between 70 to 120 min, and 120 to 160 min from the GC-MS 

Compound (Retention lime) Major mass/charge (/"/:) fragmenl 
Unknown compound 4 (85.306 min) 69, 145, 173, 231, 246, 264 
Unknown compound 5 (88.768 min) 69, 145, 173, 231, 246, 264 
Unknown compound 6 (95.275 min) 83, 173, 231, 246, 247, 264 

Unknown compound 9 (141.444 min) 121 ’ 189, ,229 ,365 ,408 ,468 
Unknown compound 10 (141.861 min) 121 ，189. .229 ’ 365 ，408 ,468 
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4.4. Discussion 

In this study, results of the MTT assay showed that CNI: cells were sensitive lo 
volatile oils prepared from C. minima. Particularly, the cfTccl of the SH: oil on CNIi 
cells was much stronger than thai of the SD oil (Figure 4.1). Further investigation on 
the SFE oil using BrdU assay showed a significant dose-dependent anliprolilerativc 
effect on the CNE cclls (Figure 4.2A). Interestingly, the SFIi oil also induced cell 
membrane damaged as reflected by the LDH release lo the medium (Figure 4.2B). 
LDH, a stable cytoplasmic enzyme present in cells, was released ink) the medium 
upon damage of the plasma membrane. Sincc under the in vitro cell culture 
conditions, the apoptotic cells cannot undergo rapid phagocytosis as in vivo 
conditions (Hu el al., 2007), LDll release in this investigation could be a feature of 
the late apoptotic cell death (Grub cl al., 2000). Inhibition ofapoptosis is reported to 
be critical to NPC lumorigencsis (Chou et al., 2008). To clucidalc the mode of ccll 
death induced by SFE oil, further experiments were carried oul. Results revealed that 
apoplosis was induced by SKI: oil as evidenced by the augmentations of siib-G I 
population (Figure 4.3), fragmentation of I)NA and condensation of nuclei (Kigiirc 
4.4A), elevation of caspase-3 activity (Figure 4.4B), and cleavage of PARP (Figure 
4.6). 

Recent studies have unraveled the critical function ol' mitochondria at the core of 
the apoptotic pathway (Adams, 2004; Jeong and Sco, 2008). Both the loss in the 
mitochondria membrane potential (ATm) and the release ofapoplogenic factors such 
as cytochrome c from the mitochondria were related lo the dysfunction in 
mitochondria, and led to apoptosis (Jeong and seol, 2008). in the present study, the 
SFE oil showed the same two observations, i.e. significant depletion of ATm and the 
release of cylochromc c lo cylosol in a dose-depcndenl manner (Figure 4.5A and 
4�.5B). 

Members of the Be I-2 family proteins, which are categorized into pro-survival 
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(anti-apoptolic) and pro-apoplolic family members, precisely regulate ihc 
mitochondria-mediated pathway by controlling ihc mitochondrial outer membrane 
permeability (Chipuk and Green, 2008). The pro-survival family proteins arc 
localized on ihc cytoplasmic part of the nuclear envelope, the endoplasmic rcliculiim, 
and the outer mitochondrial membrane. But the pro-apoplotic family proteins arc 
translocated to ihc outer mitochondrial membrane, then oligomerizcd and 
pcrmeabilized the outer mitochondrial membrane to release pro-apoptogcnic factors 
such as cytochrome c\ and promote activation of caspases (Wong and Puthalakalh, 
2008). Figure 4.6 showed that the SKI: oil up-regulaled the expression of the 
pro-apoptolic protein Bad, whereas down-regulaled the expression of ihc 
pro-survival protein Bcl-xL. These observations confirmed thai Ihc SKI： oil Iriggercd 
mitochondria dysfunction by regulating the expression of the Bcl-2 family proteins. 

The release of cytochrome c into the cylosol causes ihc fonnation of ihc 
apoptosome by recruiting both Apaf-I and caspasc-9. The aclivalion of caspase-^) 
sequentially activates caspase-3 and caspase-7 (MacKcn/ic and Clark, 2008). Our 
results showed thai caspase-3, caspase-7, and caspase-9 were all activated (Kigiirc 
4.7), confirming that caspases activation were involved in apoptosis induced by Shi： 

oil. 

Different compositions between the two volatile oils accoiinlcd Ibr their difTercnl 
activities (Figure 4.8), indicating thai the active principals in C. minima could be 
recovered more elTeclively by the supercritical fluid extraction. Components in Ihc 
SD oil were ail found in ihc retention times between 0-70 min, suggesting 
components of fatly acids and monotcrpenes in this region may be probably not the 
active principals. On the other hand, lupeol (7) and lupeol acetate (8) showed less 
cffccl on the CNH cclls having IC50 values larger than 20 |ig/mL at 72-h treatment 
(Su el al.，2009b), suggesting components clutcd between 120-160 min were also less 
likely to contain the active principals. 

As described previously, most components in the SFl: oil were eluted between 
70-120 mill, and contributed 42.25% of the total amount. From the mass spcclra 
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(Figure 4.8B), most of the components in this period were the homologucs of II, 
13-dihydrohelenalin (Figure 4.8A), the pseudoguaianolidc-type sesquiterpene lactone 
(Willuhn et al., 1983). Several studies have documenled thai supercritical fluid 
extraction was both selective and highly efficient in the isolation of sesquiterpenes 
(Slashenko et al., 19%; Faciei et al.，1999; Stashenko el a l � 2 0 0 4 ) . In fad, 
phytochemical studies of C. minima have identified more than ten sesquiterpene 
lactones which were either pseudoguanianolide or guaianolide types (Bohlmann and 
Chen, 1984; Wu et al.,丨985，丨991; Yu et al.，1994; Taylor et al., 1998; Liang et al., 
2007d). Their anti-allergic and anti-bacterial activities were reported and were due to 
the possessing of the bioaclivc functional group in the sesquiterpene lactone, such as 
the a-melhylene-y-lactone ring and the a,(3-unsaliiraled cyclopcntenone moiety. 
Recently, 6-O-aiigeloylenolin, an 11, 13-dihydrohelenalin-type sesquiterpene lactone 
isolated from the herb was shown to inhibit the growth of HL-60 cells with ICso 
value of 4 |ig/mL by modulation of Bcl-2 gene family expression and destruction of 
mitochondrial function (Li el al., 2008). Our SKI: oil also induced 
mitochondria-medialed signaling pathway by regulating ihc expression o f�ihe Bcl-2 
family proteins. Therefore, we deduced that sesquiterpene lactones elutcd between 
70 to 120 min were likely responsible for the polenl anli-NPC properly of SFK oil. 

4.5. Conclusions 

In conclusion, supercritical fluid extraction is more clTcclive than I he steam 
distillation to recover the active principals in C. minima, particularly, the 
sesquiterpene lactones. The SFE oil, as ihc active fraction of C. minima, significantly 
inhibited the growth of CNE cells by induction of apoplosis. This study provided 
important evidence on the anti-NPC potential of the volatile oil from C. minima, and 
sesquiterpene lactones could be a leading group of compounds displaying anti-NPC 
effects. However, the active compositions involved in Its anti-NPC action have yet to 
be elucidated. Bioaclivity-guided isolation of the active compositions in the SFE oil 
is needed. 
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Chapter 5: 6-O-Angeloylenolin isolated from the volatile oil of 
Centipeda minima induced cell cycle arrest and apoptosis in human 

nasopharyngeal cancer CINE cells 

5.1. Introduction 

Nasopharyngeal carcinoma (NPC), originated from the epithelial lining ol' the 
nasopharynx, is the most common cancer in the head and neck regions (Yii and Yuan, 
2002). Its occurrencc is very low in most parts of the world, with annual incidence 
below 1 per 100,000 persons. However, unusually high incidence (>20/100,000 
persons per year) is recorded among the Cantonese who inhabit in the Guangdong 
Province and Hong Kong SAR in southern China (Parkin, 2006). The combination of 
radiotherapy and adjuvant chemotherapy has bccome the prevalent treatment of NPC 
(Wang et al., 2002) due to its high sensitivity to radiotherapy and chemolherapy. 
Most chemotherapies of NPC currently are cisplatin-based agents. However, the best 
chemotherapy regimen has not been sel up so far as a significant increase in acute 
and late toxicities, and resistance were observed in the concurrent chemotherapies 
(Wang et al” 2008; Xie et al., 2008). Therefore, there is a necessity of developing 
less toxic and more etTeclive agents for NPC. 

The cell cycle is a sel of events responsible for cell duplication. Progression of the 
cukaryotic cell through the cell cycle is mediated by sequential activation and 
inactivation of cyclin-dcpcndcnt kinases (CDKs). These activation are modulated by 
several activators (e.g. cyclins) and inhibitors (e.g. Ink4, and Cip and Kip inhibitors) 
(Malumbres and Barbacid, 2009). Cyclin D complexes with CDK4 and CDK6 during 
early G1 phase, which is crucial to the cell cycle by coupling extracellular signals lo 
the cell cycle. Upon milogenic stimulation, cyclin D/CDK complexes are activated 
and the cells progress from GO into G1 phase. On the other hand, cyclin H activates 
CDK2 during the Gl-to-S phase transition. Cyclin A binds lo CDK2 during S-phase 
or lo cdc2 in the G2-to-M phase transition (Pucci ct al., 2000). The cdc2/cyclin B1 
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complex functions during the G2-10-M transition (de Soiiza el al., 2000). The CDK 
activity is also mediated by the CDK-inhibilory subunils (CKls), which includes the 
Cip/Kip and the INK4 families. The Cip/Kip family, such as 
predominantly inhibits the CDKs of the Gl-to-S phase transition. In NPC, normal 
regulation of cell cycle progression is dysregulaled (Chou et al., 2008). Inhibition of 
dysregulated cell cycle progression thus serves as an important strategy to hall the 
proliferation of NPC. 

Apoplosis, an essential process for maintaining homeostasis in multi-cellular 
organisms, plays a crucial role in the control of various types of cancers (Shi, 2002). 
Two maj6r apoptotic pathways, e.g. the extrinsic and the intrinsic pathways* have 
been identified in mammalian cells (Fiilda, 2009). The extrinsic pathway is 
associated with the ligation of death receptors, such as Fas and TRAIL receptors 
(MacKenzie and Clark, 2008). The intrinsic pathway is regulated by Bcl-2 family 
proteins, which mediate the release of apoptogcnic factors into the cytosol, such as 
cytochrome c\ apoplosis-inducing factor (AIF), endonuclease G (lindo G), and 
SMAC/Diablo (Cande ct al., 2002). Inhibition of apoplosis is also considered to be 

t 

critical to NPC lumorigencsis. Researches have showed that up-regulalion of 
antiapoplolic factors, such as Bcl-2, accounted for the dysregulation of apoplosis in 
NPC (Chou cl al., 2008). A better understanding of the mechanisms by which NPC 
cells escape from apoplosis should contribute to the developmenl of novel, targeted 
treatments for NPC. 

Centipeda minima (L.) A. Br. (Conipositae), a Chinese medicinal herb, is used to 
treat nasal allergies, rhinitis and sinusitis, cough and headache in China (Lin and Shi, 
2005). In addition, it is used in the Chinese folk medicine to treat nasopharyngeal 
carcinoma (Wu et al., 1985; Zhang, 2000). Recently, we elucidated the potential of 
2p-(isbbulyryloxy)norilenalin (IF), a sesqutierpcne lactone isolated from C. minima 
(Su el al., 2009a) and the volatile oil (SFE oil) extracted by supercritical fluid 
extraction IVom C. minima for the treatment of NPC. Both IF and SFE oil induced 
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apoplosis in CNE cells. The present study foe used on another sesquiterpene lactone, 
6-O-angeloylenolin, which was isolated as the major component in a 
bioactivity-guided approach from the SFE oil of C. minima. 6-O-Angeloylprenolin 
was reported to have anti-bacterial and anti-allergic effects (Taylor and Towers, 1998; 
Yu ct al., 1994; Wu el al., 1985). It also showed inhibitory effects on platelet 
activating factor (PAF) (Iwakami et al., 1992) and FPTase (Oh et al., 2006). Besides, 
6-O-angeloylenolin was reported to exert inhibitory eiTect on the human leukemia 
HL-60 cells and the solid cancer growth in Lewis lung cancer xenograft model (Li et 
al., 2008). Although the potential functions of 6-O-angeloylenolin were reported, its 
anti-NPC potential has yet to be elucidated. 

In this study, the human nasopharyngeal cancer CNE cells were employed as a cell 
y 

model to evaluate ihe in vitro anti-NPC potential of 6-O-angeloylcnolin. We provided 
evidence that the efleet of 6-O-angeloylenolin on CNH cell growth was associated 
with cell-cycle progression and induction of apoptosis. Their underlying mode of 
action leading to its profound effects was also investigated. 
5.2. Materials and methods 

5.2.1. Materials 

6-O-Angeloylenolin, isolated from the volatile oil of C. minima, was provided by 
Prof. Yaolan Li, Jinan University, Guangzhou, China. 
3-(4,5-diinelhylthiazol-2-yl)-2,5-diphenyl telrazolium bromide) (MTT), RPMI-1640 
medium, propidium iodide (PI), 4',6-diamidino-2-phenylindolc (DAPl), 
5,5\6,6'-tetrachloro-l,r,3,3'-telraethylbenzimidazolcarbocyanine iodide (JC-I) and 
cisplatin were purchased from Sigma (St. Louis, MO). DMEM medium and fetal 
bovine scrum were obtained from Gibco (Rockville, MD). HLISA-BrdU 
chemiluminescence assay kit, Annexin-V-FLUOS staining kit, cytotoxicity detection 
kit and complele^'^ protease inhibitor cocktail were purchased from Roche 
(Germany). Bradford reagent was purchased from Bio-Rad (Hercules, CA). 
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Caspase-3 substrate (Ac-八 sp-Glu-Val-Asp-/)NA), the pan-caspase inhibitor 
(z-VAD-fmk), SP600125 and DO 126 were purchased from Calbiochem (Germany). 
Anti-Bcl-2, anti“p-actin and anti-mouse secondary horseradish peroxidase antibody 
were obtained from Santa Cruz Biotech (Santa Cruz, CA). Anti-cytochrome c, 
anti-cyclin A and anti-cyclin E were obtained from BD Biosciences (San Jose, CA). 
All other primary antibodies used in this study, anti-rabbit secondary horseradish 
peroxidase antibody, chemiluminescent substrate, and LY294002 were purchased 
from Cell Signal Technology (Beverly, MA). All other chcinicals were reagent 
grade. 

( 

5.2.2. Cell line and cell culture 

Human nasopharyngeal cancer cells (CNH) and human normal skin cells (Hs68) 
were purchased from the Cell Bank of Type Culture Collection of Chinese Academy 
of Sciences'(Shanghai, China) and the American Type Culture Collection (Rockville, 
MD), respectively. CNE cells were maintained in RPMl-1640 medium, while Hs68 
cells were maintained in DMEM medium. Both media were supplemented with 10% 
fetal bovine serum and 1% penicillin-streptomycin at 37 °C in a humidified incubator 
with 5% CO： atmosphere. 

5.2.3. MTT assay 

Cell viability was determined by MTT assay (Mosmaan, 1983). Briefly, 
6-O-angeloylenolin and cisplatin (0, 1, 2, 4, 8, 16 |ig/mL) were added to the cells 
after 24-h incubation in a 96-well microtiler plate. Following incubation for specific 
times，20 \xL of the MTT solution [5 mg/mL in phosphate bulTered saline (PBS)] was 
added to each well, and the cells were further incubated tor 4 h. Excess medium 
was removed and replaced by 150 |.iL of DMSO in each well to dissolve the 

/ 

formazan crystals. The optical densities were determined by a microplate 
spectrophotometer (SPKCTRAmax 250, Molecular Devices, Minnesota) at the 
wavelength of 570 nm. 
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5.2.4. ELISA-Birdtl chcmiluminescence assay 

Cell proliferation was determined by the ELlSA-BrdU (5-bromo-2'-deoxyuridine) 
chemiluminescence assay kit which was based on the measurement of BrdU 
incorporation during DNA synthesis in proliferating cells. Briefly, after incubating 
the cells with various concentrations of 6-O-angeloylenolin for 24 h in a 96-well 
microliter plate, BrdU labeling solution (100 f.iM, final concentration) was added, 
and the plate was incubated for 2 h. The labeling solution was removed and the cells 
were fixed with FixDenal solution for 30 min. After removal of the FixDenat 
solution, anti-BrdU-POD solution was added and further incubated for 1.5 h. The 
chemiluminescence intensity was determined according to the manufaclurer's 
instruction. Cell proliferation was expressed as the percentage relative to the control 
which contained no 6-O-angeloylenolin. 

5.2.5. Lactate dehydrogenase (LDH) assay 
> 

Cytotoxicity as reflected by the LDH activity was determined by the Cytotoxicity 
Detection Kit. Briefly, both treated and untreated cells were centrifuged at 500 ^ for 
10 min at 20 °C. Supematants (100 jiL) were collected and transferred to a new 
96-well microliter plate. LDH activity was determined according to the 
manufacturer's instruction. Cytotoxicity was evaluated by measuring the percentage 
of LDH released into the medium. Cells treated with 1% triion X-100 were used as 
positive control (i.e. 100% lysis of the cells). 

5.2.6. Cell cycle analysis 

The cell cycle distribution was determined by flow cytometry. Briefly, treated or 
untreated CNE cells were harvested and washed with PBS twice. Cells were stained 
with freshly prepared DNA staining solution containing PI (20 |ag/mL), RNase A 
(200 |ig/mL) and 0.1% triton X-100 after fixed in 70% ethanol at -20 °C overnight. 
Stained cells were then subjected to analyze by a flow cytometer (EPICS XL Flow 
cytometry, Beckman Coulter, Miami, FL). MultiCycle software (Phoenix Flow 
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Systems, San Diego, CA) was used to analyze cell cycle distribution. The proportion 
of cells in G1, S, G2/M phases was represented as DNA histograms. Cells displaying 
hypodiploid DNA content as reflected by the sub-G 1 peak in Ihc cell cycle 
distribution were quantified and regarded as the apoplolic population. In each 
experiment, 10000 events per sample were recorded. 

5.2.7. Annexin-V-FLUOS staining assay 

Translocation of phosphatidylscrine (PS) in the inner part of the plasma membrane 
to the outer layer is an early marker of apoplosis. Annexin-V is a Ca"' -dependent 
phospholipid-binding protein with high afTinity for PS. Hence, it is suitable to detect 
apoptotic cells. In this study, the Annexin-V-FLUOS staining kit was employed. 
Briefly, after treatment with 6-O-angeloylenolin for specific limes, CNI： cells were 
collected and washed with PBS. Then the cell pellet was resuspcndcd in ihc 
Annexin-V-FLUOS labeling solution which contained Annex in-V-Fluorescein and PI. 
After incubated for 15 min，the samples were analyzed by a How cytometer. In each 
experiment, 10000 events per sample were recorded. 

5.2.8. Nuclear staining with DAPl 

Morphological changes in the nuclear chromatin of cells undergoing apoptosis 
were revealed by a nuclear fluorescent dye, DAPI, as described previously (Su et al., 
2009a). Briefly, cells after treatment for 24 h were harvested, washed with PBS twice. 
After fixed with 4% paraformaldehyde and permeated with 0.1% triton X-lOO, the 
cells were stained with 2 |ig/mL of DAPl for 15 min. The cells were then observed 
under a fluorescence microscope (Nikon Eclipse 80i, Japan). 

5.2.9. Caspase-3 activity assay 

Caspase-3 activity was determined by using the colorimetric peptite caspase-3 
substrate Ac-Asp-Glu-Val-Asp-/;NA. Briefly, cell lysates were placed in 96-well 
plate，and 100 |aM of the substrate was added. The plate was incubated at 37 °C for 1 
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li and caspase activity was determined by the microplale spectrophotometer at the 
« wavelength of 405 nm. 

5.2.10. Mitochondrial membrane potential (ATm) assay 

JC-1, a calionic dye, which exhibits polential-dependcnl accumulation in 
mitochondria, indicated by a fluorescence emission shift from green to red, was 
employed to measure the depletion of mitochondrial membrane potential. Briefly, 
after washed with PBS twice, cells were stained with 10 |.iM of JC-1. After 
incubation in dark at 37 °C for 15 min, cells were analyzed by a flow cylometer. The 
percentage of the green fluorescence from JC-1 monomers was used to represent the 
cells that changed ATni. 

5.2.11. Western blotting 

To obtain cytosolic proteins, cells were harvested and lysed in hypotonic lysis 
buffer (250 mM sucrose, 20 niM Hepes, 1.5 mM MgCh, 10 mM KCl, 1 mM I{GTA, 
I mM DTT, completeTM protease inhibitor cocktail) ibr 30 min on ice. Then I he cells 
were homogenized in a Dounce homogenizer with optimal gentle strokes. After 
centrifugation at 1000 g for 10 min at 4 °C to remove the unlyscd cells and nuclei, 
the supematants were further centrifuged at 14 000 ^ Ibr 15 min at 4 °C. The 
supemalanl was collected as the cytosolic proteins. 

The total cellular proteins were ex traded by lysing cells in a lysis biilTer [ I % 
IGEPAL CA 630 (Fluka, Switzerland), 150 mM NaCl, 50 mM Tris-HCl (pH 7.5), 
complete"^ protease inhibitor cocktail] for 30 min on ice. Lysales were clarified by 
centrifugation for 15 min at 14000 g. The supernatant was collected as the total 
cellular proteins. 

Protein concentrations were determined with Bradford reagent. Hqual amounts of 
proteins were resolved on 7.5-12% SDS-polyacrylamide gels, followed by 
electrophoretic transfer to PVDF (Polyvinylidene fluoride, Millipore, Bedford, MA) 
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membranes. The membranes were blocked with 5% non-fat dry milk in TBST 
(Tris-Buffered Saline Tween-2()) for 1 h, followed by incubation sequentially with 
primary antibodies at 4 °C and the horseradish peroxidase-conjugated secondary 
antibodies at 20 °C. Protein bands were detected on X-ray film (Fuji, Japan) using 
the chemiluminescent substrate. Afterwards, membranes were re-blotled with 
anti-p-actin antibody for normalization and equal protein loading. 

5.2.12. Statistical analysis 

All results were expressed as mean 土 SD. Statistical analysis was pertonned using 
SPSS statistical package (SPSS 16.0 for windows, SPSS, Inc., Chicago, IL). 
Difference between two groups was analyzed by two-tailed Sludenrs /-Icsl. With 
more than two groups, they were compared by one-way ANOVA. Multiple 
comparison using post hoc were carried out if ANOVA was shown to be significant. 
Statistical significance was set at p < 0.05 (*)，p < 0.01 (**) or p < ().()() 1 (***). 

5.3. Results 

5.3.1. 6-O-AngeIoylenolin inhibited the growth of CNE cells 
« 

The inhibitory effect of 6-O-angeloylcnolin on the growth of CNE cells was 
determined by MTT assay. As shown in Figure 5.2A, 6-O-angeloylcnolin caused a 
dose-dependent inhibition on the growth of CNF: cells under 24-h treatment, 
accounting for 12-56% inhibition at various concentrations (1-16 (ig/mL). On the 
contrary, its inhibitory effect on the normal I ls68 cells was much less than thai on the 
CNE cells (Figure 5.2A). When the incubation time was increased to 48 h, the 
inhibitory effect of 6-O-angeloylenolin on CNIi cells increased dramatically, 
accounting for 10-84% inhibition, which was comparable to thai of the positive 
control (2-83%), namely, cisplatin, which was clinically used to treat NPC (Figure 
5.2B). To further study the efTect of 6-O-angeloylenolin on the proliferation of CNE 
cells, ELISA-BrdU assay was employed to analyze DNA synthesis of CNE cells 
exposed to 6-O-angeloylenoIin. Results showed that treatment with increasing 
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concentrations of 6-O-angeloylenolin conlribuled to an increase in ihe inhibition of 
cell proliferation after 24 h (Figure 5.2C). Additionally, results on the ccll membrane 
integrity as determined by LDH assay showed thai 6-O-angeloylcnolin induced LDI1 
leakage in CNE cells in a dose-dependent manner (Kigurc 5.2D). 

5.3.2. 6-O-Angeloylenolin induced cell cycle arrest in CNK cells 

To delineate the mechanism responsible for the action of 6-O-angcloylenolin on 
the death of the CNH cells, cell cycle distribiilion was determined by the flow 
cytometry. Results showed that treatment with 6-O-angeloylcnolin caused a 
significant inhibition of cell cycle progression in the CNl" cells, resulting in a clear 
increase in the percentage of cells in both S and G2/M phases when compared with 
the control at 24-h treatment. The percentage of cells in the S phase increased by 
12.5% from 23.9 to 36.4% while that ofG2/M phase increased by 13.5% from 7.4 to 
20.9%. Concomitant with these increases, 6-O-angcloylenolin induced a significant 
decrease in the percentage of cells in the GO/G1 phase by 25.9%, from 68.6 to 42.7% 
(Figure 5.3A). 

To investigate the time course for the ccll cycle arrest, CN卜:cells were treated with 
16 |ag/mL of 6-O-angeloylenolin and incubated for various limes (0, 6, 12, 18 and 24 
h). Cells were harvested and the cell cycle profiles were evaluated by the How 
cytometry. Results (Figure 5.3B) showed that S and G2/M populations significantly 
increased as early as 12 h. Population in S phasQ continued to increase in the next 12 

V 

h, whereas G2/M population peaked at approximately 18 h, and decreased aflcrwai'ds. 
However, the sub-G 1 population which reflects the apoplolic cells was maintained at 
less than 10% at the aforementioned times (Figure 5.3B). 

Due to the arrest in both S and G2/M phases in the CNl： cells, the effects of 
6-O-angeloylenoHn on cell cycle-regulatory proteins were examined. The protein 
expressions of cyclin A, cyclin E, cyclin Dl , eye 1 in D3, CDK4, CDK6, p-Rb and 
p2| waii/Cipî  which are known to regulate the GO/Gl-S phases were firstly evaluated. 
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Results (Figure 5.4A) showed that 6-O-angcloylcnolin decreased the expression of 
cyclin A at a concentration of 16 fig/mL after 24-h treatment. Besides, 
6-O-angeloylenolin caused a pronounced decreased in the expressions of cyclin 1)1 
and cyclin D3 which started early after 1-h Ireatmcnl. Il also led lo ihc decrease in 
the expression of CDK4 after 12-h treatment, but showed no effect on the expression 
of CDK6. 6-O-Angeloylcnolin down-regulaled the expressions of both cyclin 卜:and 
p-Rb (Ser780). Additionally, the expression of p21��'"�‘（‘卩‘in CNli cells was very 
weak, and after exposed to 6-O-angeloylenolin, its expression was further reduced in 
the 18-h treatment. We further confirmed the absence of p53 (no band was observed 
in the western blotting), the tumor suppressor protein, in CNli cells as reported in the 
literature data (Li el al., 2007). 

We next evaluated the expression levels of key regulators in I he G2/M phase. 
C(Jc2/cyclin Bl acts as an M-phase kinase. No change in the cyclin B1 expression 
was observed in the CNH cells after exposed lo 6-0-angcl()ylcnolin al cither the 
studied time points or the treated doses (Figure 5.4B). In contrast, the expressions of 
cdc2 and its phorsphorylated form p-cdc2 (TyrI 5) were markedly cJown-rcgulalcd 
which started after 12-h treatment. Moreover, cdc25c and its phorsphorylated Ibrm 
p-cdc25c (Ser216) were pronouncedly reduced early after 1-h Ircalmcnt. Besides, it 
decreased the expressions of cdc25c and p-cdc25c (Scr216) at a concentration as low 
as 4 fig/mL at 24-h treatment. 
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Figure 5.2. 1:11 eel of 6-O-angcloylcnolin on cell growth. (A) and CNI: cells 
were treated with 6-O-angeloylenolin for 24 h and the viability was determined by 
MTT assay. (B) CNH cells were treated with 6-()-aiigdoylenoliii and cisplatin 
(positive control) for 48 h, respectively, and the cell viability was dclerniincd by 
MTT assay. (C) CNE cells were exposed lo 6-O-angcloylcnolin for 24 h and ccll 
proliferation was evaluated by ELISA-BrdU assay. (D) CNI: cells were exposed lo 
6-O-angeloylcnolin for 24 h and LDl 1 leakage was measured by LDl I assay. Fiach 
value is expressed as mean 土 SD {n = 3). Significant difTcrencc between CNli cells 
and Hs68 cells at the same concentration of 6-O-angeloylenolin is indicated at p < 
0.05 (#) level; Significant difference between treatment and control groups is 
indicated a t / ; < 0.05 (*) , / ;< 0.01 (**) or厂 < 0.001 (***) level. 
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Figure 5.3. 6-O-Angeloylcnolin causcd S and G2/M phases arrest in CNE cclls, (A) 
V 

Effect of 6-O-angeloylenolin on cell cycle distribution in CNE cells after 24 h 
treatment. (B) Time coursc analysis of 6-O-angcloylcnolin-induccd S and G2/M 
phases arrests. Each value is expressed as mean 士 SD {n = 3). Significant difference 
between treatment and control groups is indicated at/? < 0.05 (*) level. 
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Figure 5.4. lilTccts (“�6-t'^-angcloylenolin on protein expressions of S and Ci2/M 
phases related proteins in CNli cells. (A) lift eels of" 6-O-angcloylcnolin on prolcin 
expressions of eye I in D1, cyclin D3, CDK4, CI)K6, cyclin A, cyclin I：, p-Rb (Scr7S()) 
and p21��:“i( 'Pi. (B) lilTccls of 6-)-i\ngeloyIenoIin on prolcin expressions of G2 M 
phase related proteins [cyclin B1, cdc2, p-cdc2 (TyH5), cdc25c, and p-cdc25c 
(Ser216)]. Iiqual loading of protein was con firmed by stripping ihc immunoblol and 
reprobing it ibr P-aclin. The immunoblols shown here arc represent alive of three 
independent experiments with similar results. 
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5.3.3. 6-()-Angek)ylem)lin induced apoplosis in CNI" cells 

To determine the outcomes ol" ihe arrest in S and G2/M phases, increasing 
incubation lime Ironi 24 lo 72 h with I he same concLMilralion ol' 6-O-angcloylcnolin 
were performed, and cell cycle distribution was analyzed. Results showed thai 
exposed to 16 fig/niL of 6-O-angcloylcnolin led lo a significant linie-dcpcndenl 
increment in sub-G 1 population after 36-h trcalmcnl (Figure 5.5A). rurlhcrniore, 
6-O-angcloylcnolin caused a significant dosc-dcpcndcnt increase in siib-(i I 
populations at 48-h ireatmenl (Figure 5.5B). 

l:'xposur(j of" phosphatidylserinc lo ihc outer layer of" the plasma intMnbranc is an 
early marker of apoplosis due to the Joss of plasma membrane polarity. Annex in-V, 
the phospholipid-binding prole in binds lo cells with externally exposed 
phosphalidylscrinc, whereas PI binds lo cells with loss of membrane integrity 

t 

(Vermes ct al., 1995). Therefore, the doublc-slaining method can distinguish between 
live cells (lower left), early apoptotic cells (lower right), laic apoptolic cells (upper 
right) and necrotic cells (upper left). Results showed that exposed lo 16 |ig/mL of 
6-O-angeloylenolin increased the pcrccnlagc of apoptolic cells in a limc-dcpendcnl 
manner, and the early apoptolic cells was 3.8 versus 17.8% al 0 and 12 li (Figure 5.6). 
These results suggcsleci thai 6-O-angcloylcnolin induced cxtcrnali/alion of 
phosphatidylserinc early in the process of apoplosis. Sub-G I cells were dclcclcd only 
after 36-h Ircalmenl of 6-O-angeloylcnolin, even though Annexin-V positive cells 
were significantly observed as early as 12 h. 

Depletion of mitochondria membrane potential (AM^m) is another early marker in 
the apoptolic process. Therefore, AM în was measured lo find out whether this 
apoptolic feature was also apparent after 12-h treatment of 6-O-angcloylcnolin. JC-1, 
a calionic dye exhibiting potenlial-dependenl accumulation in mitochondria was 
employed to determine the loss of ATm. Results showed that significant depletion of 
AM'm was detected alter 12-h treatment with 16 |ig/mL of 6-O-angeloylenolin, from 
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0.2% at 0 h to 20.1% at 12 h (Figure 5.7A). Such depletion of AM îi was in lime- and 
dose- dependent manners (Figure 5.7A, 5.7B). 

To confirm the possibility that prolonged incubation with 6-O-aiigeIoy 1 cnoIin 
induced apoplosis in CNH cells, two more apoptolic markers, including I)八 1)1 
nuclear staining and caspase activity were evaluated (Figure 5.SA-5.8B). As shown 
in Figure 5.8A, irregularity in shape and cellular detachment in CNK cells trcalcd 
with 16 fig/mL of 6-O-angcloylcnolin were observed under a phase-contrast 
microscopy. Apoptotic bodies with condensed chromatin and degraded nuclei were 
also observed after DAPl staining. Besides, caspase activity assay showed thai 
caspase-3 activity was augmented in a dose-dcpendenl way when ihe CNL cells were 
exposed to 16 }.ig/mL of 6-O-angeloylcnolin (Figure 5.8B). Taken together, S and 
Ci2/M phases arrest by 6-O-angeloylcnolin finally led lo apoplosis in CNI： cells. 

5.3.4. 6-O-Angeloylenolin induced caspasc-independcnl apoplosis in CNl： cells 

As notably significant augmentation in the sub-G I population was starling at 48 h 
trealmenl with 6-O-angeloylenolin, the lime was chosen Ibr further investigation lo 
delineate the detail mechanism of apoplosis. PARP cleavage, which acts as a marker 
in the apoptolic process, was observed in ihc 6-O-angeloylenolin-lrcated CNH cells 
(Figure 5.5A). Additionally, dose-dependent cleavage of caspase-3, -7, -8 and -9 
were observed, though caspasc-10 was slightly cleaved (Figure 5.9A-5.9B). These 
results suggested the activation of both the intrinsic and extrinsic apoptotic pathways. 
Moreover, truncation of Bid, a unique BI I3-only pro-apoplolic protein serving as a 
bridge of the extrinsic and intrinsic pathways (Yi et aL 2003), was observed (Figure 
5.5B). 

To evaluate the role of caspases in the apoplosis, ihc pan-caspase inhibitor, 
z-VAD-fmk, was employed. As shown in Figure 5.10, prelrcalmenl of CN\i cells 
with z-VAD-fmk failed lo attenuate 6-O-angeloylenolin-induccd CNE cell death and 
apoplosis as measured by both MTT assay and flow cytometric analysis. z-VAD-fmk 
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did not prevent 6-O-angcloylenolin-inciuccd CNI" cell death even al ihe 
concentration of 100 (Kigurc 5.10A). Besides, prelrealmcnl of z-VAD-frnk 
showed no protection on ccll morphology and ccll attachment in ihe treated CNli 
cells when observed under the microscopy (Figure 5.lOB). These results suggested 
that 6-O-angeloylenolin induced apoplosis via a caspase-independcnl way. 

5.3.5. 6-O-Angeloylenolin induced mitochondria dysfunction in CNE cells 

Mitochondria play an important role in regulating apoptosis as they could release 
apoplogenic factors such as Alh' and cytochrome c. As loss o f A T m was observed in 
6-O-angeloylenolin-treated CNE cclls (Figure 5.7), the release of apoplogenic factors 
was examined. Results showed thai 八 11̂ ’，which is a key factor in ihe 
caspase-indcpcndenl pathway, was released lo ihe cytosol at 8 fjg/mL of 
6-O-angcloylenolin. This further confirmed thai ihe caspasc-indcpcndenl pathway 
was activated. Moreover, cytochrome c was markedly released lo the cytosol in a 
dose-dependent manner (Figure 5.11 八). 

Be 1-2 family proteins are key regulalors mitochondria permeability. 
6-O-Angcloylenolin down-regulaled the expression of ihc pro-survival protein Be 1-2, 

i 

whereas up-regulated the expression of the pro-apoptotic proteins Bad (Kigure 
5.11 B). At the same time，6-O-angeloylcnolin tailed to all eel the expressions of 
Bcl-xL, Mcl-l, Bax, Bik, PUMA, Bim, Bok and Biiif. 

‘5 .3 .6 . 6-O-Angeloylenolin induced the activation oi JNK pathway in CNh cclls 

Akt (protein kinase B), a serine/threonine kinase, has emerged as a ccnlral 
regulator of various cellular processes including cell cycle progression and apoplosis 
(Eriko et al., 2008). MAPKs, another family of serine/thcronine kinases, have been 
known lo be important in regulating cell growth and cell death (Pearson el al., 2001). 
Therefore, both the total and the phosphorylated Ibmis oi" these kinases were 
examined by western blotting to determine whether the Akt and MAPKs pathways 
were involved in the death of 6-O-angeloylenolin-induced CNE cells. Results » • 
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showed thai the expressions of the two phosphorylalcd Ibrms of Akl, namely, p-Akl 
(Thr308) and p-Akl (Ser473) decreased both in lime- and dose- dcpcndenl manners 
(Figure 5.12A). On the contrary, the phosphorylaled Ibrni of ERK increased in both 
time- and dose- dependent manners. Phosphorylation of JNK showed a rapid onset 
after 1-h Ircalmcnl, which peaked at about 3 h and declined to the control level at 6 h. 
However, the activation of p38 was not observed in cither studied lime points or 
treated doses. 

To contlnn ihe roles of Akt, ERK and .INK in the death of 
6-O-angcloylcnolin-induced CNR cells, their specific inhibitors on the cell death 
were studied. MTT assay showed thai prclrcalmenl with UO126 (an liRK inhibitor) 
and LY 294002 (an Akt inhibitor) offered no protection again si ihc 
6-O-angcloylenolin-induced CNE ccll death (Figure 5.12B). However, prctrealnicni 
with SP6()()125 (a JNK inhibitor) significantly decreased the extent of cell death 
induced by the 6-O-angeloylenoiin at both concentrations of 8 and 16 |.ig/mL (Figure 
5.7B). Consistent with these results, flow cytpmctric analysis revealed that 
pretreatmeni with SP6()()I25 led to significant decrease in the sub-G 1 populations 
(Figure 5.12C). These results suggested that JNK, rather than Akl and HRK, played 
an important role in 6-O-angcloylcnolin-induccd apoplosis. 
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Figure 5.5. 6-O-Angeloylcnolin induced both lime- and dose- dcpcndenl CNE 
apoplosis by measuring the sub-G 1 ccll population. Harvested cells treated with 
6-O-angeloylcnolin were stained with propidium iodide (PI) and analyzed using How 
cytometry. Each value is expressed as mean 土 SI) (// = 3). Significant difference 
between treatment and control groups is indicated al p < 0.05 
<0.001 (***) level. 
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Figure 5.6. 6-O-Angeloylenolin induced apoplosis in CNK cclls was determined by 
using double-staining system. Harvested cclls were labeled with 
Annexin-V-Fluorescein and PI and then analyzed on a flow cytomeler. Dual 
parameter dot plot of Annexin-V fluorescence (x-axis) versus PI fluorescence (y-axis) 
has been shown in logarithmic fluorescence intensity. Quadrants: lower lell, live 
cells ( — Annexin-V, —PI); lower right, early phase of apoptotic cells (+Annexin-V, 
—PI); upper right, late phase of apoptotic cells (+P1, +Annexin-V); upper left, 
necrotic cells (一 Annexin-V, +P1). Significant difference between trcatmenl and 
control groups is indicated a l p < 0.05 (*),> < 0.01 (**) or/) < 0.001 (***) level. 
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Figure 5.7. 6-O-Angeloylenolin caused the disruption of mitochondrial membrane 
potential (A4^m) in CNE cells. CNE cells treated with different concentrations of 
6-O-angeloylenolin for indicated time were stained with JC-1 and analyzed by flow 
cytometry. Each value is expressed as mean 土 SD (a? = 3). Significant difference 
between treatment and control groups is indicated at 尸 < 0.05 (*), p < 0.01 (•*) or p 
<0.001 (***) level. 
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Figure 5.8. 6-O-Angeloylenolin induced CNE apoptosis by using DAPl staining and 
measuring caspase 3 activity. (A) Representative images of DNA fragmentation and 

-nuclear condensation in CNE cells exposed to. 6-O-angeloylenolin for 48, h. 
Morphology (upper): Cells were incubated with 0 or 16 |ig/mL of 
6-O-angeloylenolin for 48 h and observed under phase-contrast microscopy. DAPI 
(lower): After exposure to 6-O-angeloylenolin for 48 h, cells were stained with DAPI 
and analyzed by fluorescence microscopy. (B) Activation of caspase-3 activity by 
6-O-angeloylenolin. After treatment of 6-O-angeloylenolin for 48 h, cells were lysed, 
and caspase-3 activity was measured using a colorimetric caspase-3 specific 

% 

substrate. Significant difference between treatment and control groups is indicated at 
p < 0 . 0 1 (**) level. 
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Kigivre 5.9. 6-O-Angeloylenolin induced both intrisinc and extrinsic apoptotic * • 
pathways in CNE cells. (A) Protein expressions of PARP, caspase-3, -7 and -9 in 
CNE cells after treated with indicated concentrations of 6-O-angeloylenolin for 48 h. 
(B) Protein expressions of caspase-8 and -10, and Bid in CNE cells after treated with 
indicated concentrations of 6-O-angeloylenolin for 48 h.�Equal loading of protein 

t 

was confirmed by stripping the immunoblot and reprobing it for P-actin. The 
immunoblots shown here are representative of three independent experiments with 
simillir results. 
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Figure 5.10. 6-O-Angeloylenolin induced caspase-independent apoptosis in CNE 
cells. (A) Effect of pan-caspase inhibitor (z-VAD-fmk) on CNE cell growth induced 
by 6-O-angeloylenolin. Cells were pretreated with 20 or 100 |iM of z-VAD-fmk for 2 
h followed by co-incubation with 16 fig/inL of 6-O-angeloylenolin for 48 h. Cell 
viability was determined by MTT assay. (B) Effect of z-VAD-fmk on CNE cell 
apoptosis induced by 6-O-angeloylenolin.Cells were pretreated with 20 filVl of 
z-VAD-fmk for 2 h followed by co-incubation with 16 |ig/mL of 6-O-angeloylenolin 
for 48 h. Apoptosis was quantified by flow cytometry. Equal loading of protein was 
confirmed by stripping the. immunoblot and reprobing it for (3-actin. The 
immunoblots shown here are representative of three independent experiments with 
similar results. (C) Morphology of CNE cells under different treatments. z-VAD-fmk: 
pretreatment with 20 |iM z-VAD-fmk for 2 h; 6-O-angeloylenolin: treatment with 16 
l^g/mL of 6-O-angeloylenolin for 48 h. Each value is expressed as mean 士 SD (/? = 3). 
Bars with different characters are statistically different at p < 0.05 level. 
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Figure 5.11. 6-O-Angeloylenol in regulated the release o f apoptogenic factors and the 

expressions o f the Bcl-2 fami ly proteins in CNE cells. (A ) Protein expressions o f 

apoptosis-inducing factor (A IF) and cytochrome c in the cytosol and mitochondria o f 

CNE cells after exposed o f indicated concentrations 6-O-angeloylenolin for 48 b- (B) 

Protein expressions o f Bcl-2 family proteins (Bcl-2, Bc l -xL, M c l - l , Bax, Bad, Bik, 

P U M A , Bim, Bok, B m f and Bid) in CNE cells treated wi th indicated concentrations 

o f 6-O-angeloylenolin for 48 h. Equal loading o f protein was confirmed by stripping 

the immunoblot and reprobing it for P-actin. The i inmunoblots shown here are 

representative o f three independent experiments wi th similar results. 
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Figure 5.12. Roles of Akt and MAPKs in 6-(9-angeloylenolin-induced growth 
inhibition in CNE cells. (A) Effect of 6-O-angeloylenolin on the protein expressions 
of Akt and MAPKs. Cells were treated with indicated concentration of 
6-O-angeloylenolin for specific times. Equal loading of protein was confirmed by 
stripping the immunoblot and reprobing it for P-actin. The immunoblots shown here 
are representative of three independent experiments with similar results. (B) EH eels 
of SP600125 (JNK inhibitor), U0126 (ERK inhibitor) and LY294002 (Akt inhibitor) 
on 6-O-angeloylenolin-induced growth inhibition. Cells were pretreated with 20 }iM 
concentrations of different inhibitors 1 h prior to the treatment with 8 or 16 fig/mL of 
6-O-angeloylenolin for 48 h (total inhibitor exposure time was 49 h). Cell viability 
was determined by MTT assay. (C) Effect of SP600125 (JNK inhibitor) on 
6-O-angeloylenol in-induced apoptosis. Cells were pretreated with 20 fiM 
concentrations of SP600125 1 h prior to the treatment with 8 or 16 |ag/mL of 
6-O-angeloylenolin for 48 h (total inhibitor exposure time was 49 h). Sub-G 1 cell 
population was determined by flow cytometry. Bars with different characters are 
statistically different at/? < 0.05 level. 
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5.4. Discussion 
* m 

The high incidence of lymph node spread and distant metastasis make prognosis in 
NPC poor (Sham et al., 1990). Although NPC is a chemosensitive tumor compared 

J with other head and neck cancers, significant toxicities were the critical challenging • -
problem faced by the concurrent chemotherapy (Ma and Chan, 2005). Therefore, 
better treatment for NPC is needed. ! 

» • 

Recently, great deals of attentions have been drawn towards the anticancer actions 
of sesquiterpene lactones (Zhang et al., 2005). However, there is only a paucity of 
information about their effects on NPC. We have previously elucidated the effect of 
2p-(isobutyryloxy)florilenalin (IF), a sesquiterpene lactonc isolated from the 
/7-hexane soluble fraction of C. minima on the growth of CNE cells (Su el al., 2009a). 
In this study, 6-O-angeloylenolin (Figure 5.1)，another sesquiterpene lactonc isolated 
from the volatile oil of C. minima, showed strong inhibitory cfTecl on the growth of 
CNE cells. Its effect was slightly stronger than thai of cisplatin (Figure 5.2B), the 
positive control, albeit statistical insignificance. Besides, data also showed that ils 
e fleet on the normal Hs68 cells was much weaker, suggesting that 
6-O-angeloylcnolin induced selectivity between cancer and normal cells (Figure 
5.2A). 

Cell cycle analysis revealed that inhibition of cell growth by 6-O-angeloylenolin 
ascribed to cell cycle arrest in both S and G2/M phases, followed by an increase in 
sub-G 1 population (5.3A and 5.3B, 5.5A and 5.5B). Although S phase arrest has been 
observed in several cell-type systems exposed to various compounds, the mechanism 

» 

of S phase arrest is poorly understood when compared to thai of GO/G1 and G2/1VI 
arrest (Kuo et al., 2009). Recently, some studies have showed that the alterations in 
the expressions of cyclins and CDK inhibitors contribute to the S phase arrest 
(Kubista et al., 2006; Ding et al.’ 2008; Kuo et al.，2009; Tian el al.’ 2009). Similarly, 
this study showed that the expressions of both cyclin D1 and cyclin D3 were sharply 
decreased in CNE cells after 1-h treatment. Besides, CDK4, cyclin A, cyclin E, 
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p-Rb(Ser780) "and 卩21�"�(中丨 were all down-regulutcd'as well (Figure. 5.4A). Rb, 
‘ - . • • ' • 

which is a phasphopTotcin, is an importanl player in the Gl-S chcckpoinl. It is 
phorsphorylated progreiisively as quiescent celts ptogrcss though Gl , reaching a 

* • • • • . 
hyperphosphorylated form at the Gl /S border (Hughes and Mchmct, 2003). ‘ « 
6-O-AngeIoylenolin stimulated S phase arrest and caused Rb phosphorylation in 

... •• 

！ . CNE cells, suggesting Rb played an important role in Gl /S checkpoint in response to 
I 

6-O-angeloylenolin.卩21糊"(丨卩| binds to and inhibits the S-phase-promoling 
CDK2/cyclin E complex，resulting to ihe enhancement of Gl /S progression (Ory 'cl . ‘ 
al., 2007). Attenuation of�p21 � c ' p i was also found in two NK： cells, e.g. HK-l and 
CNE-2，after treated with the alkylating agent, SarCNU- (Nguyen el al., 2005). The � • 
repression of (‘卩丨 thus implied its important role in destroying the normal 
repair process induced by 6-O-angeloylenolin. 

The cdc2/cyclin B1 is a critical complex regulating the G2/M phase. The 
activation of cdc2 is responsible for the cell entry into mitosis. The crucial regulatory 
step in the activation of cdc2 appears to be dephosphorylation al Thrl4 and Tyrl5, 
which is controlled by phosphorylation of cdc25c at Ser216 (Hunter, 1995; Peng el 
al., 1997). After phosphorylation, cdc25c binds to members of the 14-3-3 family of 
proteins, sequestering cdc25c in the cytoplasm and preventing premature mitosis. 
The western blotting results showed that cdc25c was down-regulated as early as 1 li 
after treatment, and cdc2 was sequentially down-regulated as a later event after 12-h 
treatment (Figure 5.4B). Repressions in the phosphorylalcd from of cdc25c and cdc2 

•A ‘ 

(p:cdc25c and p-cdc2) were also observed at the same time points corresponding to 
I 

the down-regulation of cdc25c and cdc2, respectively. However, the expression of 
cyclin B1 was not affected. Taken together, 6-O-angeloylenolin induced cell cycle 
arrest through the regulation of multiple regulators important in S and G2/M phases 
progression. 

Prolonged the incubation time with 6-O-angeloylenolin in CNE cells resulted in an 
• / increase in the sub-G 1 population, indicating apoptotic cell death. The sub-G 1 

population was significantly detected after 36-h treatment (Figure 5.5A). Besides, 
• 
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6-O-angeloylenolin caused the exicrnalizalion of phosphatidylserine and the 
depletion of AH)m as early as 12 h after treatment (5.6，5.1 A and 5.7B), which both 
served as the early markers of apoptosis. Apoplosis induction was further confirmed 
by other apoptotic features including the observation of apoptolic bodies (Figure 
5.8A), the activation of caspase-3 activity (Figure 5.8B) and the cleavage of PARP 
(Figure 5.9A), at 48-h treatment. These results reiterate the notion that the 
emphasized that treatment of 6-O-angcloylcnolin could lead to unavoidable apoplosis 
in CNE cells. 

Caspascs, a family of cysteine-avparlic acid proteases, arc key regulators of 
apoptosis. Cleavage ofcaspase-HZ-lO and caspase-9 in this study suggested that both 
extrinsic and intrinsic apoptotic pathways were activated (Figure 5.9). The two 
pathways were further found to crosstalk through the truncation of Bid (Figure 5.9B) 
which transduced the apoptotic signals from the ccll surface to mitochondria. 
Although caspases were activated in CNH cells exposed to 6-(9-angeloylenolin, the 
pan-caspase inhibitor, z-VAD-fmk, failed to attenuate the apoptosis induction efTect 
of 6-O-angeloylenolin (Figure 5.10). Furthermore, z-VAD-fmk did not inhibit the 
effect of 6-O-angeloylenolin-induccd morphological changes in CNE cells (Figure 
5.10). These results suggested thai caspase-independent apoptotic pathway was 
activated. In contrast to cytochrome c, the translocation of AIK from the 
mitochondria to the cylosol and nucleus is regarded as a key factor in the 
caspase-independent pathway (Cande et al., 2002). Overcxpression of AlF induces 
peripheral chromatin condensation and DNA fragmentation (Lorenzo and Susin, 
2007). 6-O-Angeloylenolin treatment resulted in an increase of AIK expression in 
cylosol (Figure 5.11 A). Overall, these results suggested thai caspases activation 
played an important, but not critical, role in the triggering of apoptotic machinery by 
6-O-angeloylenolin in CNE cells. Consistent with our results, pretreatmenl of the 
pan-caspase inhibitor or caspse-3 inhibitor failed to inhibit the apoptotic induction 
efleet of parthenolide, an analogue to 6-O-angeloylenolin, in the human 
nasopharyngeal carcinoma CNEl cells (Lin el al., 2003). 
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Mitochondria have been unraveled the critical function at the corc of the apoptolic 
pathway (Jcong and Sco, 2008). The loss of ATm is crucial for both 
caspasc-dependenl and caspasc-indcpendcnl apoptolic pathways (Kim cl al., 2006). 
In the present study, 6-O-angeloylcnolin caused the depletion of AM̂ m in CNK cells 
in time- and dose- dependent manners (Figure 5.7). Upon the ATm collapse, a large 
conductance channel known as the mitochondrial permeability transition pore opens 
and leads to the release of the apoptogcnic factors, such as cylochromc c\ A IF, lindo 
G, and SMAC/Diablo (Green and Reed, 1998). In fact, both cytochrome c and A IF 
were detected in the cytosol in this investigation (Figure 5.11 A). Cylosolic 
cytochrome c then formed an apoptosome with caspases-9, which further activated 
caspase-3 and -7 and resulted in PARP cleavage, while A IF in the cytosol would 
translocate to the nucleus and lead to large-scale DNA fragmentation (Cregan el al., 
2004). These results indicated that mitochondria played a pivotal role in the 
triggering of apoplotic machinery by 6-O-angeloylenolin in CNli cells. 

Members of the Bcl-2 family proteins, which arc categorized ink) pro-survival 
(anli-apoptolic) and pro-apoptolic family members, act as gatekeepers of 
mitochondria function by controlling the permeabilization of the mitochondrial outer 
membrane (Chipuk and Green, 2008). The pro-survival family proteins (Bcl-2 
subfamily), which are localized on the cytoplasmic part of the nuclear envelope, the 
endoplasmic reticulum, and the outer mitochondrial membrane, function to keep the 
mitochondria membranes intact and thereby prevent the release of the apoplogenic 
factors. But when activated, the pro-apoplotic family proteins (Bax subfamily and 
BH3-only subfamily) oligomerize and permeabilize the outer mitochondrial 
membrane to release the apoptogenic factors, and promote activation of caspase 
-dependent or -independent pathways (Wong and Pulhalakath, 2008). In HL-6() cclls, 
6-O-angeloylenolin induced apoptosis by modulation of Bcl-2 gene family 
expression (Li el al., 2008). In CNE cells, we documented previously that 
2p-(isobiUyryloxy)florilenalin (IF) induced apoptosis by regulating the expression of 
Bcl-2 family proteins (Su el al.，2009a). In this study, the level of Bcl-2 was 
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down-regulated in CNl: cells (Figure 5.11 B). Bcl-2 is reported to be ovcrexpressed in 
a higher percentage of NPC tumors (Yang et al.，2001). Moreover, Bcl-2 and 
wild-type p53 could act syncrgistically to increase the growth of NPC tumor cell 
through the up-regulalion of the proliferating cell nuclear antigen, a protein required 
for DNA synthesis and cell proliferation, suggesting that Bcl-2 played imporlanl role 
in NPC lumorigencsis (Nicmhom et al” 2()()(); Chou cl al., 2008). p53 was reported to 
be absent in CNI: cells (Li el al.，2007). The ability of 6-O-angeloylcnolin lo 
down-rcgulatc the expression of Bcl-2 in CNl: cells infers its important role in 
interfering ihe lumorigcnesis of NPC. Besides, the increase in the expression of Bad 
(Figure 6B), the pro-apoplotic protein, might enhance its interacting with Bcl-2-like 
survival factors (Borncr, 2003). Truncation of Bid was also detected in CNE cclls 
treated with 6-O-angeloylcnolin (Figure 5.9B), which not only served as the 
caspase-8 substrate, but also could increase mitochondrial permeability 
(Bossy-Wclzcl and Green, 1999). 

The PI3K/Akl constitutes an important pathway regulating the signaling of a 
variety of biological processes including apoptosis, cell proliferalion and cell growth. 
Akl, an important downstream target of PI3K, helps regulate cell proliferation and 
prevent apoptosis by directly phosphorylaling proteins involving in cell cycle 
regulation, such as glycogen synthase kinase 3/? (GSK3^), the fork head transcription 
factors, CDK inhibitors 卩2严""('�•’ and key proteins of the apoptotic machinery, 
such as Bad and procaspase-9 (Datla et al., 1999; Liang et al., 2003). The 
abnormalities in Akt occur early in NPC lumorigcnesis and contribute to disease 
advancement and metastasis (Chou el al., 2008). In addition to Akl, the MAPK 
family is able to regulate diverse cellular programs including proliferation, 
difTerentiation and apoptosis by phosphorylaling various transcription factors thai are 
already bound to DNA (Raman el al.，2007). In mammals, the best known kinases in 
this MAPK family are the extracellular signal-regulated kinases 1 and 2 (ERKl/2), 
c-Jun N-terminal kinase/stress-aclivated protein kinases (JNK/SAPKs) and p38 
MAPKs. Generally, activation of ERKl/2 is considered to be a survival signal 
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responding to many cellular responses such as prolifcralion, differentiation and 
survival (Yoon and Scger, 2006). On the other hand, JNK/SAPKs and p38 MAPKs 
are generally activated in response lo a wide range of extracellular stimuli including 
inflammatory cytokines，environmental stresses such as UV radiation, osmotic shock, 
hypoxia and growth factors (Johnson and Lapadal, 2002). However, these three 
MARK pathways can be differentially activated, and their involvement in apoplosis 
depends on kinds of stimuli and types of cells. The most studied MAPKs in NPC are 
the JNK and liRK. Constitutive activation of JNK has been well demonstrated in 
NPC (Li et al.，2007). ERK was reported to contribute lo NPC development as 
tumors exhibiting high ERK levels have poorer prognoses, with shorter overall 
survival rales and faster disease progression for patients (Wang el al., 2006). 
Therefore, the P13K/Akl and MARK pathways could play significant potential 
targets for NPC treatment. In this study, 6-O-angeloylenolin was showed to trigger 
the activation of Akl, KRK and JNK pathways to di tic rent extents (Figure 5.12A). 
Further investigation employing specific inhibitors suggested that Akl and HRK did 
not play important roles in regulating cell death induced by 6-O-angcloyIenolin in 
the CNE cells (Figure 5.12B). In contrast, pretrcalmcnt with the JNK inhibitor 
significantly decreased the extents of cell death and apoplosis in CNE cells induced 
by 6-O-angeloylenolin (Figure 5.12B-5.7C). Therefore, JNK appears to be the major 
pathway activated by 6-O-angcIoylenolin in CNE cells. 

5.5. Conclusions 

In conclusion, this study showed for the first time that 6-O-angeloylenolin, a plant 
derived sesquiterpene lactone, caused proliferation inhibition in nasopharyngeal 
cancer CNE cells through both cell cycle arrest and apoplosis. The results in this 
study thus imply the potential of 6-O-angeloylenolin as a candidate for NPC 
treatment. 
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c Chapter 6: Conclusions 

Nasopharyngeal carcinoma (NPC), originated from the epithelial lining of the 
0 

nasopharynx, is the most common cancer in the head and neck regions (Yu and Yuan, 
2002). Its occurrence is very low in most parts of the world, with annual incidence 
below 1 per 100,000 persons. However, unusually high incidence (>20/1 ()(),()()0 
persons per year) is recorded among the Cantonese who inhabit in the Guangdong 
Province and Hong Kong SAR in southern China (Parkin, 2006). In NPC, normal 
function of cell cycle progression and apoplosis are dysregulaled (Chou et al” 2008). 
Currently, Ihc combination of radiotherapy and adjuvant chemotherapy has bccomc 
the prevalent treatment of NPC (Wang el al., 2002) due lo its high sensitivity lo 
radiotherapy and chemotherapy. Most .chemotherapies of NPC arc currently 
cisplalin-based agents. However, a significant increase in both acute and late 
toxicities, and resistance were observed in the concurrent chemotherapies (Wang el 
al.，2008; Xie et al., 2008). The best chemotherapy regimen has yet to be explored. 
Therefore, there is a necessity of developing less toxic and more efTcctive agents for 
NPC. 

Centipcda minima (L.) A. Br. (Composilae), a Chinese medicinal herb, is used to 
treat nasal allergies, rhinitis and sinusitis, cough and headache in China (Lin and Shi, 
2005). In addition, it is used in the Chinese folk medicine lo^treal nasopharyngeal 
carcinoma (Wu et al., 1985; Zhang, 2000). The preliminary screening results of MTT 
assay showed that the ethanolic extract of C. minima exhibited a broad spectrum of 
inhibitory efTect on five human cancer cell lines, including the breast carcinoma 
MCF7 cells, the prostate carcinoma PC-3 cells, the hepatocellular carcinoma Hep G2 
cells, the nasopharyngeal carcinoma epithelial CNE cells and the acute 
promyelocytic leukemia HL-60 cells. The ethanolic extract was subjected to further 
fractionation and the effects of the obtained fractions were again evaluated by the 
assay. Results showed thai the /7-hexane fraction exerted the most potent efTect. All 
the tested cancer cell lines were sensitive to the w-hexane fraction with I C 5 0 values 
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ranging from 6.1 to 47.3 fig/mL. Bioactivity-guided separation of the //-hexane 
fraction using CNK cells as the cellular system led to the isolation of a sesquiterpene 
lactone，2P-(isobulyryloxy)florilenalin (IF). 

Sesquiterpene lactones, most widely distributed in the Compositae, have received 
considerable attention for their anticancer properties (Zhang et al., 2005). The highly 
electrophilic a，P-unsaturated carbonyl structures, such as the a-melhylene-y-lactone 
ring and the a,p-unsalurated cyclopentenone, are considered as the general bioactive 
functional groups in sesquiterpene lactones (Zhang el al.，2005)，as they allow the 
structures to interact rapidly with the nucleophilic sites of biological molecules in a 
Michael-type addition. Covalent binding of sesquiterpene lactones to free sulfhydryl 
groups in proteins is possible and may interfere with the normal protein function. 
Besides, alkylalion with the DNA molecules presents a potential molecular 
cytotoxicity for cells (Beekman et al., 1997). However, there is a paucity of 
information about the effects of sesquiterpene lactones on NPC. 

In this study, IF exhibited significant dose- and time- dependent effects on the 
growth o f C N E cells, with IC.so values of 25.6 (24 h), 8.1 (48 h) and 3.1 (ig/mL (72 h), 
respectively. Despite its potency in CNE cells, it showed a weaker effect on Ihe 
normal Hs68 cells with an IC50 value of larger than 50 fig/mL at 72-h treatment. 
These results suggested that IF induced selectivity between normal and cancer cells. 

Apoptosis, an essential process for maintaining homeostasis in multi-cellular 
organisms, plays a crucial role in the development of various types of cancers (Shi, 
2002). Two major apoptotic pathways, including the extrinsic and the intrinsic 
pathways, have been identified in mammalian cells (Fulda, 2009). The extrinsic 
pathway is associated with the ligation of death receptors，such as Fas and TRAIL 
receptors (MacKenzie and Clark, 2008). The intrinsic pathway is regulated by the 
Bcl-2 family members, which mediate the release of apoplogenic factors to the 
cytosol, such as cytochrome c, A IF, Endo G, and SMAC/Diablo, which are 
responsible for caspase-dependent and caspase-independenl apoptosis (Cande et al.， 
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2002). Induction of apoptosis has been regarded as a principal method of the current 
chemotherapeutic practices. 

Apoptosis induction was found to contribute to the inhibitory effect of cell growth 
by IF as evidenced by the accumulation of sub-Gl cell population, DMA 
fragmentation and nuclear condensation, caspase-3 activation and PARP cleavage. 
Mechanistic study showed that both extrinsic and intrinsic apoptotic pathways were 
involved in the apoptosis induction action of IF. In the extrinsic pathway, IF activated 
caspase-8, which further induced the activation of both caspase-3 and caspase-7. In 
the intrinsic pathway，IF regulated the expressions of Bcl-2 family proteins, followed 
by depletion of mitochondrial membrane potential (A4^m), the release of cytochrome 
c to the cytosol, the activation of caspase-9 and other downstream caspases, and 
finally the induction of apoptosis. 

The /7-hexane fraction, which exerted strong anti-NPC effect, was found to contain 
quite a few volatile constituents based on the GC-MS analysis. As the volatile oil 

a 

from C. minima was reported to be effective to treat allergic rhinitis (Yu et al., 2001; 
Liu et al•，2005), we hypothesized that the volatile oil should also possess active 
volatile principals capable of controlling NPC. Therefore, both volatile oils extracted 
by supercritical fluid extraction (SFE) and steam distillation (SD) were investigated 
for their anti-NPC potential. Our results showed that the SFE oil was much stronger 
than that of the SD oil, suggesting that the SFE is more effective than SD to recover 
the active principals in C. minima. Further investigation of the underlying 
mechanism revealed that the SFE oil significantly inhibited the growth of CNE cells 
through dysfunction of mitochondria and activation of caspases. GC-MS analysis 
revealed that the responsible principals of the SFE oil were likely homologues of the 
sesquiterpene lactones with the mother structure of 11，13-dihydrohelenalin. 

Bioactivity-guided separation of the SFE oil led to the isolation of another 
sesquiterpene lactone, 6-O-angeloylprenolin, which also contained a bioactive 
functional group of sesquiterpene lactone，the a，P-unsaturated cyclopentenone. MTT 
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results showed that the CNE cells were more susceptible to 6-O-angeloylenolin than 
the normal Hs68 cells. Besides, inhibitory effect of 6-O-angeloylenoliri on the CNE 
cells was slightly stronger than thai of cisplatin, the positive control, albeit staslical 
insignificance. These results suggested the potency of 6-O-angeloylenolin on the 
treatment of NPC. 

Further mechanistic investigation showed that 6-O-angeloylenolin caused CNE 
cell cycle arrest at both S and G2/M phases followed by the induction of apoptosis. 
In S phase，6-O-angeloylenolin sharply down-regulated the expressions of cyclin D1 
and cyclin D3 shortly in 1 h. CDK4, cyclin A, cyclin E, p-Rb(Ser780) and 
p2|Wan/Cipi were also down-regulated. In G2/M phases, cdc25c and cdc2 were 
down-regulated in 1 h and 12 h, respectively. Simultaneously, repressions in both 
p-cdc25c and p-cdc2 were also observed. The expression of cyclin B1 was not 
affected. Phosphorylated cdc2 was unable to interact with cyclin Bl , resulting in the 
blockage of the cell cycle at the G2/M phase and the entry into mitosis. Taken 
together, 6-O-angeloylenolin inhibited cell proliferation and caused arrest in S and 
G2/M phases via the control of the S and G2/M related proteins. 

6-O-Angeloylenolin induced apoptosis in CNE cells after cell cycle arrest. The 
sub-G 1 peak was significantly detected after 36-h treatment. Extemalization of 
phosphatidylserine and the depletion of A4^m were detected as early as 12 h after 
treatment. Besides, other apoptotic features were observed including the presence of 
apoptotic bodies’ the activation of caspase-3 activity and the cleavage of PARR 
Activation of caspase-8 and caspase-10 were detected. Cleaved caspase-8 further 
truncated Bid and relayed the apoptotic signals from the cell surface to mitochondria. 
Besides，6-O-angeloylenolin depleted A4^m by down-regulating the expression of 
Bcl-2 and up-regulating that of Bad. These led to the release of cytochrome c and 
AIF to cytosol. Cytochrome c formed apoptosome with caspase-9, which further 
activated both caspase-3 and caspase-7 and cleaved PARR AIF in the cytosol may 
translocat to the nucleus and cause large-scale DNA fragmentation. These results 
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suggested that both the extrinsic and intrinsic apoptotic pathways were activated. 
However, the pan-caspase inhibitor z-VAD-fmk failed to attenuate the apoptosis 
induction effect of 6-O-angeloylenolin and to inhibit 6-O-angeloylenolin-induced 
morphological changes in CNE cells. Taken together, these results suggested that the 
activation of caspases played a role in triggering the apoptotic machinery, but other 
mechanism(s) may also involve enabling the completion of apoptosis even at the 
presence of pan-caspase inhibitor. 

Families of serine/theronine kinase, including Akl and MAPKs (e.g. ERK, JNK 
and p38) were evaluated for their regulatory role in cell apoptosis. Results showed 
that Akt，ERK and JNK were activated differentially. 6-0-Angeloylenolin treatment 
down-regulated the phosphorylation of Akt while up-regulated the phosphorylation 
of ERK. As for JNK, its phosphorylation form showed a rapid onset after 1-h 
treatment, which peaked at about 3 h and declined to the control level at 6 h. 
Inhibitor of JNK (SP600125), but not those of Akt (LY294002) and ERK (U0126), 
significantly suppressed the 6-O-angeloylenolin-induced cell growth and protected 
apoptosis in CNE cells. This study provided a mechanistic relation between the JNK 
pathway and 6-O-arigeloylenolin-induced apoptosis in CNE cells. 

All in all，two sesquiterpene lactones, including IF and 6-O-angeloylenolin were 
found to be responsible for the potent anti-NPC activity of C. minima. Both lactones 
exerted strong inhibitory effects on the proliferation of CNE cells. The I C 5 0 value of 
IF was 3.1 |ig/mL, while that of 6-O-angeloylenolin was 1.7 |ig/mL. IF induced CNE 
cell death via the induction of apoptosis through activating both the extrinsic and 
intrinsic pathways. Such pathways were also found to be activated in 
6-O-angeloylenolin-induced CNE cell death. Besides, caspase-independent pathway 
was also found to be involved in 6-O-angeloylenolin-induced CNE cell death as the 
pan-caspase inhibitor can not inhibit the apoptosis induction effect of 
6-O-angeloylenolin. Additionally, cell cycle arrest in both S and G2/M phases were 
observed to occur prior to apoptosis induction when exposed to 6-O-angeloylenolin, 
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implying that cell cycle arrest also played an important role in 
6-O-angeloylenolin-induced CNE cell death. Both lactones belong to the 
pseudoguanianolide-type and contain a bioaclive functional group of sesquiterpene 
lactone, the a, p-unsaturated carbonyl structure. IF contains a a-methylene-y-lactone 
ring, while 6-O-angeloylenolin possesses a a, p-unsalurated cyclopentenone. The 
observation that both lactones initiated both extrinsic and inlrisinc pathways is 
probably ascribed to their similar mother skeleton in their chemical structures. 
However, the differences in the bioactive functional group of the two lactones may 
contribute to their mechanistic differences. 

This study reiterates the notion that Chinese medicinal herbs traditionally applied 
to cancer treatment may be good sources of anticancer drug discovery, and 
sesquiterpene lactones may be a group of noteworthy lead compounds displaying 
anti-NPC potential. However, there are still two main issues needed to be resolved by 
other researchers: 

Issue 1. Nuclear factor-icB (NF-KB) is well known as an inducible transcription 
factor that plays pivotal roles in regulating cell growth and modulating inflammation 
(Chou et al., 2008). N F - K B dysregulation is one of the most important components of 
NPC tumorigenesis, as supported by the fact that almost all NPC tumors exhibit 

9 

N F - K B overexpression (Shi et al.，2006). In N P C , up-regulation of N F - K B leads to 
the activation of a number of proliferative signals, including Bcl-2, cyclooxygenase 2 
(COX-2), and vascular endothelial growth factor (Chou et al., 2008). Besides, 
activation of N F - K B results in telomerase activation and cell immortalization (Ding 
et al.’ 2005). With these evidences, the N F - K B signaling pathway could be a possible 
molecular target to induce apoptosis to the NPC cells. Besides, increasing number of 
evidences showed that N F - K B is a major molecular target for many sesquiterpene 
lactones (Koo et al., 2001; Song et al., 2005; Oka et al., 2007; Li et al., 2008; 
Rozenblat et al., 2008). Sesquiterpene lactones influence N F - K B by directly 
alkylating specific cysteine residues (especially Cys^^) in the p65/RelA subunit of 
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N F - K B , thus preventing DNA binding of the active N F - K B (Garcia-Pineres et al., 
2001). Sesquitepene lactones are found to be responsible for the potent anli-NPC 
effect of C minima. In view of these, the N F - K B pathway should be studied to 
completely delineate the underlying mode of action by the two sesquiterpene 
lactones. 

Issue 2. Although the two sesquiterpene lactones exerted potent efleets on the 
CNE cells in vitro, their in vivo effects have yet to be elucidated for predicting their 
clinical activity. 
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