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中英文摘要 

    黃連素( berberine; 又稱小蘗鹼) 是一種廣泛存在於許多藥用的草本植物中的生物

鹼，其療效包括減緩腹瀉、腸炎以及發炎反應以及抗氧化。多年來在台灣癌症一直為

十大死因之首，居高不下，此外，腦血管與心臟疾病在近幾年來則是分居台灣地區十

大死因之第二及第三名，僅次於惡性腫瘤之後，因此心血管疾病的預防與治療，是一

個急待解決與重視的課題。由實驗結果證實，berberine 能十分有效地抑制子宮頸癌及

乳癌細胞的侵襲能力，其中作用機制與抑制 MMP-2, MMP-9, u-PA 的活性有關。其分

子機制是透過抑制磷酸化 p-38 與磷酸化 JNK 以及下游的 transcription factor NF−κB。
利用活體由尾靜脈注射子宮頸癌細胞 SiHa，證實其在動物體內能有效抑制癌細胞轉移

到肺臟的能力。另外，無論是在 in vitro 或 in vivo 實驗中也發現 berberine 具有抑制血

管新生作用的活性，與抑制癌細胞侵襲的活性可達到相輔相成的效果。然而，在口腔

癌細胞及肺癌細胞則具有降低細胞存活的效果並同時會誘導細胞走向凋亡路徑。而另

一方面，針對抑制 LDL 氧化實驗中，利用 relative electrophoretic mobility (REM) shift 
assays、electrophoresis of ApoB fragmentation、lipid peroxidation assay (malondialdehyde 
production)，證實黃連素可有效抑制硫酸銅所誘導 LDL 的氧化。在氧化型低密度脂蛋

白對人類血管內皮細胞所造成的傷害實驗中，黃連素同時也可抑制氧化型低密度脂蛋

白誘發人類臍靜脈內皮細胞的損傷，主要是透過抑制氧化型低密度脂蛋白所破壞粒腺

體膜電位  (mitochondrial membrane potential) 及抑制細胞凋亡過程中所釋放出的 
cytochrome C 和下游基因 caspase 3 之活化，此外，黃連素同時也可降低氧化型低密

度脂蛋白誘發人類臍靜脈內皮細胞的細胞內導致 ROS 的產生。综合以上結果，

berberine 具有保護 LDL 氧化及防止 oxLDL 傷害內皮細胞的效果，黃連素或許可應用

於臨床上保護氧化型低密度脂蛋白所造成內皮細胞的功能失調及傷害。且對於乳癌及

子宮頸癌的侵襲轉移以及對於口腔癌及肺癌的增生也有顯著抑制效果。 

關鍵詞：小蘗鹼; 癌細胞轉移; 動脈硬化; 氧化型低密度脂蛋白; 內皮細胞; 細胞凋亡; 基

質金屬水解酶; 胞漿酶原活化劑 
 
    Berberine, a natural constituent of plants of the genera Coptis and Berberis, has several 
anti-inflammation and anti-cancer biological effects. Cancer is the most common cause of death 
in Taiwan, and followed by atherogenesis-related disease. In this study, we found that berberine 
could significantly inhibit cell invasion/migration in cervical and breast cancer. It may through 
the inhibition of matrix degrading enzymes, MMPs and u-PA. Further, a treatment of berberine 
also resulted in an inhibition of the activation of p-JNK1/2 and p-p-38. In order to confirm 
whether the activation of above proteins regulates SiHa invasion ability, we used specific 
inhibitors: SB253080 and SP600125 to clarify that JNK1/2 and p38 signaling regulate expression 
of MMP-2, cell motility and cell invasion of Si Ha, and JNK1/2 signaling regulate MMP-2, u-PA 
expression and cell invasion. Finally, an in vivo anti-tumor study using nude mice (BALB/c nu/nu) 
xenograft model by a subcutaneous inoculation of SiHa cells was performed. The average tumor 
volume of treatment groups was statistically lower than that of the control group. Berberine was 
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also evidenced by its inhibition on the lung metastasis of SiHa cells by tail vein injection in vivo. 
Moreover, berberine exerted anti-angiogenesis activity, such as inhibiting tube formation,  and 
cell migration of HUVEC cells, and it may combined with anti-invasion activity to prevent 
cancer metastasis. Additionally, berberine decreased cell viability of oral carcinoma cells and 
lung cancer cells via anti-proliferaion and inducing apoptosis. In the other subject, we evaluated 
the anti-oxidative activity of berberine and how berberine rescues human umbilical vein 
endothelial cells (HUVECs) from oxidized LDL (oxLDL)-mediated dysfunction. The 
anti-oxidative activity of berberine was defined by the relative electrophoretic mobility of oxLDL, 
fragmentation of Apo B, and malondialdehyde production of the Cu2+-mediated oxidation of 
LDL. Berberine also inhibited the generation of ROS, and the subsequent mitochondrial 
membrane potential collapse, chromosome condensation, cytochrome c release, and caspase-3 
activation induced by oxLDL in HUVECs. Our results suggest that berberine may protect LDL 
oxidation and prevent oxLDL-induced cellular dysfunction. In conclusion, we have demonstrated 
the prevention and its mechanism of berberine on LDL oxidation and oxLDL-induced endothelial 
cell dysfunction. Otherwise, berberine also exerted a fine anti-cancer activity, such as 
anti-invasion, anti-angiogenesis, and anti-proliferation. 
 

Keyword：berberine; metastasis; atherogenesis; oxLDL; endothelial cell; apoptosis; matrix 

metalloproteinase (MMP); urokinase type plasminogen activator (u-PA) 
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報告內容  

一、前言及研究目的 

根據衛生署公佈之台灣十大死亡原因顯示癌症仍為十大死因之首，居高不下，如何治

療癌症病人，尋找更有效的抗癌藥物，是一個迫切的問題。癌症的形成是透過許多複雜且

多重的過程，其中形成的原因雖然被了解，但治療的效果仍然有限，且化療對人體具有相

當大之副作用與傷害，因此目前許多研究趨向以天然物成份如多酚類或黃酮類等天然物合

併抗癌藥物的使用，期望能加強抗癌藥物的療效，降低抗癌藥物的濃度，以減少化療對人

體造成之傷害，達到輔助治療的效果，抑制癌細胞的惡化[1-5]。癌症的生長及轉移過程大

概可分為三個階段：1.原位生長、2.局部轉移、3.遠距離轉移。癌細胞與正常細胞差別在於

無法進行一般細胞凋亡(apoptosis)且具有異常的增生(proliferation)能力。另外，在轉移擴散

的癌細胞中，癌細胞藉由分泌蛋白質水解酵素來分解細胞外基質，導致細胞基質的降解與

細胞和細胞間基質的分離，促使癌細胞具有移動性。與胞外基質分解有關的酵素，包括有

serine proteinase、matrix metalloproteinases (MMPs)、cathepsins、plasminogen activator (PA)，
其中 MMP-9、MMP-2 及 u-PA 在基底膜的破壞扮演著重要角色，與癌症的侵襲及轉移最有

關係。惡性腫瘤細胞本身會製造 MMPs，在癌症越末期時某些 MMPs 亦會相對的增加，而

MMPs 具有蛋白分解活性可分解膠原蛋白，在腫瘤破裂的基底膜處可測得大量的 MMPs，
現已證實是用來作局部侵襲和遠處轉移，主要在於助長癌細胞穿透基底膜，由血管滲入組

織而達轉移之目的[6-19]。 
    腦血管與心臟疾病在近幾年來則是分居台灣地區十大死因之第二及第三名，僅次於惡

性腫瘤之後，因此心血管疾病的預防與治療，也是一個急待解決的課題。動脈硬化

(atherogenesis)是一種特殊型態的慢性發炎反應，特徵為脂質沉積、慢性發炎及慢性傷口癒

合的過程，最後造成血管引起血栓(thrombosis)，造成局部組織缺血、缺氧而壞死，可能會

引起中風(stroke)及心肌梗塞(myocardial infarction)而致死[20,21]。動脈硬化的致病機轉的相

關研究已證實：「內皮細胞功能喪失(endothelial dysfunction)」與「低密度脂蛋白氧化修飾

(LDL oxidative modification)」是其中的兩大關鍵。而氧化型低密度脂蛋白(oxidized low 
density lipoprotein, oxLDL)的堆積不僅會誘發免疫反應更會使得內皮細胞功能受損。而功能

受損的內皮細胞使得大分子容易通過，並在血管壁上堆積，進而導致許多趨化物質釋出

[22]，終使病灶更加惡化[23-25]。 
    黃連素( berberine; 又稱小蘗鹼) 是一種 isoquinoline (異喹啉) 衍生物 benzyl 
isoquinoline proberberine 型的生物鹼，有關小蘗鹼的發現與研究至今已有數十年之久，根

據研究發現在許多藥用的草本植物中都能粹取出此成分，例如黃連屬(Coptis) 的黃連

(Coptic Chinese)及日本黃連(Coptic Japonica)與小蘗屬(Berberis) 中的上川氏小蘗(Berberis 
kawakamii) [26-28]。Berberine 在歐美地區已經被廣泛的應用在健康食品添加物裡面，其療

效包括減緩腹瀉、腸炎以及發炎反應，調控免疫系統作用、對抗細菌、黴菌以及腸內的寄

生蟲，另外 berberine 還具有抗氧化[29]、降血糖及減低膽固醇中的低密度膽固醇[30,31]。
近來更有研究指出黃連素具有抑制癌瘤細胞增生及生長作用，使細胞週期停滯並造成細胞

的凋謝死亡，但是 berberine 對於抑制癌瘤細胞轉移能力的相關研究則尚未清楚。此外，

berberine 普遍被認為具抗氧化與抗發炎之功效，但其作用在血管內皮細胞與巨噬細胞之保

護作用及其分子機制卻尚未明瞭，本研究利用體外培養人類臍帶靜脈內皮細胞(human 
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umbilical vein endothelial cells; HUVECs)與 macrophage (RAW 264.7)，以氧化型低密度脂蛋

白(oxLDL)誘導血管內皮細胞與 macrophage 之細胞凋亡，用來模擬人體內粥狀動脈硬化的

形成，探討 berberine 是否具有保護血管內皮細胞與 macrophage 之作用，並釐清其訊息傳遞

路徑與作用機轉。 
 
二、研究方法 

1. 分離人類血管內皮細胞 (HUVECs) [32] 

    利用 PBS (內含 1% penicillin 及 streptomycin) 清洗臍帶後，將 1％ trypsin 灌滿臍帶

內壁，作用約 6 分鐘，來回沖洗臍帶內壁，再以 M199 培養液沖洗臍帶內壁約 20 次，離心

1200 rpm 5 分鐘，去掉上清，以含 10％ FBS 的 M199 培養液打散細胞，將細胞培養在 37
℃，5％CO2 overnight，換新鮮的 M199 培養液 (含 15％ FBS、150 μg/ml endothelial cell 
growth supplement、5 units/ml heparin sodium、100 units/ml penicillin-streptomycin，及 50 μg/ml 
gentamycin) 持續培養。 
2. 細胞培養及處理 
    乳癌細胞株 HS578T, MDA-MB231，子宮頸癌細胞株 HeLa, SiHa, Caski,以 DMEM 培養

基培養, 加入適量 antibiotics 及 10% heat-inactivated FCS；人類血管內皮細胞 human 
umbilical vein endothelial cells (HUVECs) 以含 15％ FBS、150 g/ml endothelial cell growth 　

supplement、5 units/ml heparin sodium、100 units/ml penicillin-streptomycin，及 50 g/ml 
gentamycin 的 M199 培養液初代培養，持續培養兩週，期間進行所需實驗。 
3. 低密度之蛋白的分離及氧化 [33] 
    將購自於台中捐血中之正常人類血漿 2ml，加入 0.7ml 的 o.15M NaCl 及 0.3 mM EDTA 
(pH7.4)離心 90000 rpm，10℃，10 分鐘，取下層液 2 ml 後，重複上述步驟後再離心 3.5 小

時，再取下層液 2 ml，加入 KBr 離心 3.5 小時，取上層液中淡黃色油層即為 LDL。LDL 先

過 PD-10 desalting column 後以去除 EDTA，加入 10 μM CuSO4 於 37℃反應 16 小時，再過

一次 PD-10 desalting column 以去除銅離子。 
4. LDL electrophoretic motility assay [34] 
    利用 lipoprotein 氧化後其帶電荷會由正電性轉為負電性的特性，將氧化後的 oxLDL 90 
μl 加入 0.1％ sudden black 染劑 10 μl，在 30℃混合作用 20 分鐘後，與 10 μl 50％之甘油混

和後，loading 到 1％ agarose 電泳膠片上，通電 100 伏特，30 min 後，依電泳結果以 band
移動的距離（electrophoretic mobility；EM）判定 LDL 氧化程度，以未氧化之 LDL 之 EM
為 1。 
5. ApoB 蛋白片段化 (fragmentation) 的測試.[34] 
    在反應結束之後，樣本須以  denaturing bugger (3% SDS, 10% glycerol 及  5% 
2-mercaptoethanol) 在 95 ℃ 加熱 5 分鐘。接著配製3-15% gradient SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE)，取樣本 40 μl 注入膠的孔洞 中，然後以 48 V 進行電泳 150 
分鐘。在電泳結束之後以 Coomassie Brilliant blue R250 染色2 小時後再進行乾膠 
6. TBARS assay [37] 
    LDL 氧化會生成過氧化物 malondialdehyde (MDA)，一分子的 MDA 與二分子的

thiobarbituric acid (TBA)會生成具螢光性質的聚合物 TBARS (thiobarbituric acid reactive 
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substance)，此物質於激發波長為 532 nm，發射波長為 600 nm 時可被螢光光讀盤儀

(Labsystem, CA)計偵測到。以 1,1,3,3-tetramethoxypropane（TMP）為標準液做標準曲線而

可定量 LDL 氧化程度，單位為 nM MDA/mg protein。 
7. DPPH 自由基清除試驗 
    新鮮配製 500μM DPPH 試液 (98.75mg/50ml methanol)，取 0.5ml 的 berberine (0, 25,50, 
75, 100 μM)及 Trolox (10, 50, 100 μM)，分別加入 1ml 的 DPPH 試液，混合均勻後，避光靜

置室溫反應 30 分鐘，測定 517nm 的吸光值，以下列公式計算其自由基清除率：(1- 
ASample/AControl)×100%。 
8. MTT(Microculture Tetrazolium) 分析 [37] 
    將內皮細胞以 3.5×104細胞數分至 24 well中，37 ℃培養 16小時後，處理不同濃度(0, 25, 
50, 75, 100 μM)的 berberine，同時處理 oxLDL (200 μg/ml)，培養 24 小時後，去除加藥的細

胞培養液，再加入 1 ml 的 MTT reagent (0.5 mg/ml)，作用 4 小時之後，以異丙醇將結晶溶

出，於 O.D. 565 nm 下測定溶液吸光，由吸光強度可得知存活的細胞數多寡。 
9. DAPI stain [35] 
    內皮細胞處理不同濃度(0, 25, 50, 75, 100 μM)的 berberine，同時處理 oxLDL (200 
μg/ml)，培養 24 小時後，以 PBS 清洗兩次，然後以 4％ para-formaldehyde 固定作用 30 min
後，以 PBS 清洗，加入染劑 (DAPI) 染 30min，以 PBS 清洗，於螢光顯微鏡下觀察 (UV 
461nm)。 
10. Cell cycle 分析 [37] 
    以 60 mm 培養皿培養內皮細胞處理不同濃度(0, 25, 50, 75, 100 μM)的 berberine，同時

處理 oxLDL (200 μg/ml)，培養 24 小時後，將細胞打下，加入 1 ml 的 70 ﹪cold ethanol 以
固定細胞，置於 4℃中隔夜。移除上清液並分別加入 1 ml 之 propidium iodide mixture(PI stain)
避光靜置室溫 30 分鐘。用 40μm nylon mesh 過濾，使用流式細胞儀(FACSCalibur，BECTON 
DICKINSON)作分析。 
11. ROS含量測定 [33] 
    60 mm 培養皿培養內皮細胞處理不同濃度(0, 25, 50, 75, 100 μM)的 berberine，同時處理

oxLDL (200 μg/ml) ，培養 24 小時後，以 PBS 清洗兩次，將細胞打下，加入

2′,7′-dichlorodihydrofluorescein diacetate (DCFH-DA)螢光劑處理細胞一小時，使用流式細胞

儀(FACSCalibur，BECTON DICKINSON)作分析。 
12. 粒線體膜電位測定 [37] 
    60 mm 培養皿培養內皮細胞處理不同濃度(0, 25, 50, 75, 100 μM)的 berberine，同時處理

oxLDL (200 μg/ml)，培養 24 小時後，以 PBS 清洗兩次，加入染劑 JC-1(1uM)染 30 min，
再以 PBS 清洗，於螢光顯微鏡下觀察 (red fluorescence light at 590 nm; green fluorescence 
light at 527 nm)。在低膜電位的狀態下，JC-1 染劑會以 monomer 的形式發出綠色螢光，而

高膜電位下，則會形成 J-aggregates 發出紅色螢光。 
13. 西方墨點法 (Western blot) [36] 

首先製備 10 % SDS-PAGE電泳膠片，置於電泳槽中, 並加入電泳緩衝液，取 16μl sample 
(蛋白總量 30μg)，加入 4μl loading buffer，將 sample denature (95℃;10 min)之後進行電泳分

離。在將蛋白轉漬到 NC paper 上，加入 blocking buffer，在室溫下搖動一個小時。然後加

入一級抗體於 TBS buffer，在 4℃下反應 overnight，之後以 washing buffer (TBS+0.05% Tween 
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20)清洗三次，每一次 10 分鐘。接著再加入二級抗體於 TBS buffer, 於室溫作用二個小時後

以 washing buffer 清洗三次，每一次 10 分鐘。最後加入 25ml substrate buffer 進行呈色反應(或
以 ECL 冷光系統紀錄)，並以 densitometer (Alphalmage 2000, AlphaImage comp)量化結果。 
14. 細胞移動性分析( Motility ) [36] 

利用 48 well Boyden chamber 的分析方法，lower chamber 為含有 10﹪FBS 的 DMEM，

將癌細胞處理 berberine 後，計算細胞數 (104-1.5×104) 注入於 upper chamber，待細胞移動

8 小時以後，取下薄膜，以甲醇固定細胞 10 分鐘，風乾 5 分鐘之後，以 Giemsa (1：20)染
色 1 小時，最後固定住薄膜，擦拭掉薄膜之上層細胞，在顯微鏡底下隨機選取視野，作移

動細胞數之統計。 
15. 細胞侵入性分析( Invasion ) [36] 
利用 48 well Boyden chamber 的分析方法，將 cellulose nitrate filters coating 上 100μg/cm2 
matrigel，在 Laminar flow 風乾，其他操作與細胞移動性分析相同。 
16. Gelatin Zymography [36] 
    以不含胎牛血的培養液培養細胞 24 小時後與 5×loading dye 均勻混和後，注入 0.1﹪
Gelatin-8﹪SDS-PAGE 的電泳膠片中，進行電泳分離。膠片以 washing buffer (2.5% Triton 
X-100)在室溫下沖洗 30 分鐘 2 次，然後加入 reaction  buffer (10 mM Tris-HCl, 10 mM CaCl2, 
0.1% NaN3,  pH 8.0)在 37℃恆溫箱中反應 12 小時，最後反應完的膠片以染色液染色 30 分

鐘，再以退色液退染，觀看結果。 
17. Casein Zymography [36] 

以不含胎牛血的培養液培養細胞 24 小時後與 5×loading dye 均勻混和後，注入 8﹪
SDS-PAGE (含有 48mg casein, 0.55mg plasminogen)的電泳膠片中，進行電泳分離。後續操

作與 gelatin zymography 相同。 
18. DNA 斷裂分析(DNA fragmentation) 
    將細胞以 1×106 細胞數分盤至 10 公分的培養皿中，加入含有 10%胎牛血的培養液並且

添加不同濃度的補骨脂，處理 48 小時，將細胞培養液移至 15 mL 離心管中，離心 1500 rpm 
10 分鐘，去上清液，離心下來的細胞以 50μL lysis buffer (1% NP40，20mM EDTA，50mM 
Tris-HCl；pH7.5)作用 30 分鐘，之後以 12000×rpm 的速度離心 5 分鐘，接著取上清液至新

的微量離心管，加入 20% SDS 及 10mg/mL 的 RNase A，於 56℃作用 4 小時，接著加入

25mg/mL 的 proteinase K，於 37℃作用 4 小時，加入 1/2 倍體積的 3M Sodium acetate (pH5.2)，
以及 2.5 倍體積的 95%以上的酒精，放置於-20℃中 overnight 使 DNA 沉澱，沉澱完的產物

以 12000 rpm 於 4℃下離心 15 分鐘，去除上清液後，將離心下來的 DNA 放置於室溫下使

其自然風乾，加入 20 μL 二次水將其回溶，以 50V 的電壓以及 2%的 agarose 電泳膠片進行

電泳分析，接著以 EtBr 染劑反應 10 分鐘之後，照相觀察結果。 

19. 分析berberine對人類癌細胞在活體內(in vivo)轉移情形  

    免疫缺陷的小鼠(BALB/c nu/nu mice)接種人類癌細胞，將 1x106/100 μl PBS 洗淨的人類

癌細胞，打入老鼠的尾靜脈，將接種癌瘤細胞的老鼠逢機分組，進一步注射或餵食不同濃

度葉下珠，犧牲老鼠，取出肺臟以觀察其腫瘤數目及轉移至肺部的能力，並作組織免疫染

色與 HE stain。 

20. 分析berberine對人類癌細胞在活體內(in vivo)生長情形 
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    免疫缺陷的小鼠(BALB/c nu/nu mice)接種人類癌細胞，將 1x107/100 μl PBS 洗淨的人類

癌細胞，打入老鼠的右後腿動脈肱附近皮下(right hind limb)，7 天後將接種癌瘤細胞的老鼠

逢機分組，進一步注射或餵食不同濃度補骨脂，每天以游標閥尺測量腫瘤長寬，以 1/2×長
×寬×寬 計算腫瘤體積，5 週後犧牲老鼠，取出腫瘤及肺臟以觀察其腫瘤大小、重量，以評

估應用的可行性，並作組織免疫染色與 HE stain。 
21. 統計分析 

    所有數據以電腦統計軟體SigmaStat (Jandel Scientific Software, USA)進行one-way 
analysis of variance(one-way ANOVA)分析。 
 
三、結果與討論 

第一部分 探討 berberine 抑制癌細胞轉移之能力 
    癌瘤細胞的侵入(invasion)及轉移(metastasis)亦是癌症導致死亡以及治療複雜度提昇的

主要原因。因此，我們進行了 berberine (化學結構如 Fig. 1 所示) 抑制癌瘤細胞侵襲轉移的

相關研究。以不同濃度(0, 5, 10, 15, 20 μM)的 berberine 處理子宮頸癌及乳癌細胞，培養 24
小時後，進行細胞侵襲(invasion)、移動(migration)、細胞存活(cell viability)以及 MMP-2, 
MMP-9, u-PA 的活性分析。結果顯示，在子宮頸癌細胞(SiHa, CaSki)中，berberine 在不影響

細胞存活的濃度下(0, 5, 10, 15, 20 μM)，對於 cell invasion/migration 有顯著的抑制效果，且

對於 MMP-2, MMP-9 以及 u-PA 的活性也有顯著抑制效果 (Fig. 2, Fig. 3)。然而，在乳癌細

胞(MDA-MB231)中，berberine 同樣對於 cell invasion/migration 有顯著的抑制效果，但對於

MMP-2, MMP-9 以及 u-PA 的活性並無抑制效果 (Fig. 4)。berberine 對 CaSki 細胞中 PAI-1
與 TIMP-2 卻是沒有影響(Fig. 5)。但是 berberine 卻會增加 SiHa 細胞中 PAI-1 與 TIMP-2 的

蛋白表達量(Fig. 6)。為了要探討 berberine 抑制 SiHa 細胞 MMPs 與 u-PA 表現、細胞移動

及侵入能力與訊息蛋白表現之間的相關性，利用西方墨點法，以 0, 5, 10, 15, 20 μM 的 
berberine 處理細胞 24 小時，收集 cell lysates，並且利用 anti-Pi-ERK1/2 與 anti-ERK1/2、
anti-Pi-P38 與 anti-P38、anti-Pi-JNK 與 anti-JNK、和 anti-Pi-Akt 與 anti-Akt、PI3K 抗體進行

western blot。實驗結果發現，ERK1/2、P38、JNK、Akt 與 PI3K 的蛋白表現，並不會受 berberine
的影響(Fig. 7 & Fig. 8)；但 P38 與 JNK1/2 的 phosphorylation，卻會隨著 berberine 濃度增加

而逐漸遞減(Fig. 7)。利用 EMSA 實驗方法，觀察 berberine 對 SiHa 細胞核內轉錄因子 AP-1
與 NF-κB 與 DNA 結合能力，發現當細胞處理 berberine 之後，NF-κB 和 AP-1 與 DNA 結合

能力有顯著的抑制效果(Fig. 9B & Fig. 9C)。利用西方墨點法，將 SiHa 細胞處理 berberine，
萃取核蛋白，進行 Western blot，結果發現，當處理 berberine，NF-κB 的蛋白表現量會隨著

berberine 濃度增加而顯著的下降(Fig. 9A)。利用專一性的磷酸化抑制劑：SB203580 與

SP600125 証實 berberine 的確是透過抑制 p38 與 p-JNK1/2 來抑制細胞的侵襲(Fig. 10)、轉移

(Fig. 11)與蛋白(Fig. 12& Fig. 13)的分泌。將 5-6 週 BALB/c nu/nu mice 老鼠於皮下打入 1×107 

個 SiHa 細胞，之後餵食 PBS 或 berberine (5 mg/kg/day 或 10 mg/kg/day)，於期間每天測量

腫瘤的大小(Fig. 14A)與老鼠的體重(Fig. 14B)，並於 33 天的時候犧牲老鼠，並將腫瘤割下

秤重，此外於老鼠體內癌細胞轉移實驗，將 5-6 週 BALB/c nu/nu mice 由尾靜脈打入 1×106 個

SiHa 細胞，之後餵食 PBS 或 berberine (20 mg/kg/day)，並於 21 天的時候犧牲老鼠，並將

肺臟割下且將轉移至肺臟的 colony 計數拍照(Fig. 15)，並做組織切片做 H&E stain(Fig. 16A)
與秤重(Fig. 16B)。目前發現 berberine 在子宮頸癌及乳癌細胞能十分有效地抑制癌細胞的侵
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襲能力，berberine 抑制癌細胞的侵襲轉移也許是與抑制 MMP-2, MMP-9, u-PA 的活性有關，

而相關的分子機制的探討正在進行中。其中，在 MDA-MB231 細胞中，berberine 並無抑制

MMP-2, MMP-9, u-PA 的活性，但仍十分有效地抑制癌細胞的侵襲能力，因此，認為 berberine
除了抑制 MMP-2, MMP-9, u-PA 的活性外，尚能透過其他機制進而抑制癌細胞的侵襲轉移。

並再活體中也看到很好的抑制效果。 
第二部分 探討 berberine 抑制血管新生之能力 
    血管新生(angiogenesis)作用對腫瘤而言，不僅是提供血液養分共癌細胞增生、腫瘤壯

大，更是提供了癌細胞轉移的管道。因此，進一步探討 berberine 對血管新生的抑制效果。

以不同濃度(0, 10, 20, 30, 40, 50 μM)的 berberine 處理人類臍帶靜脈血管內皮細胞

(HUVECs)。結果發現，berberine 對內皮細胞的成管作用(tube formation)具有明顯抑制效果

(Fig. 17)，且由活體 Matrigel blood plug assay 發現餵食 berberine 的組別,在活體中也可抑制

血管的形成(Fig. 18) 。並且進一步分析發現，berberine 並不會影響內皮細胞的生長(Fig. 
19A)，但可以抑制內皮細胞的移動能力(Fig. 19B)。証實 berberine 可以藉由抑制內皮細胞的

移動及成管作用，進而抑制血管的新生作用。而更進一步的分子機制的探討也正在進行中。 
第三部分 探討 berberine 抑制癌細胞增生並誘導癌細胞凋亡之能力 
   我們發現 berberine 除了抑制乳癌及子宮頸癌的侵襲轉移的效果之外，對於口腔癌細胞

及肺炎細胞都具有相當不錯的抗增生及誘導凋亡的效果。其中在口腔癌細胞(SAS)的實驗，

發現 berberine 在 0.5 μM 的濃度下即能有效降低細胞存活率(Fig. 20)。而在肺癌的實驗，發

現 berberine 對於實驗中所選四株非小細胞肺癌細胞株(NSCLCs)：A549、H1299、H460、
H1355，都具有降低細胞存活的效果(Fig. 21)。選用 A549 進行實驗，也發現 berberine 確實

可以造成細胞 sub-G1 phase 的增加(Fig. 22A)以及 DNA 片段化的現象產生(Fig. 22B)。証實

berberine 在非小細胞肺癌誘導細胞凋亡的效果，其中相關機制尚待進一步分析。由於

berberine 在口腔癌細胞的效果顯著，甚至有效濃度僅需 0.5 μM，十分具有應用價值。因此，

進一步的研究重點將著重在口腔癌的相關探討。 
第四部分 探討 berberine 降低動脈硬化與保護血管內皮細胞之能力 

    氧化型低密度脂蛋白(oxLDL)在血管內的堆積會使得內皮細胞功能受損甚至死亡。我們

取純化之LDL (100μg/ml)，加入10μM CuSO4使其氧化，同時處理不同濃度(0, 25, 50, 75, 100 
μM)的berberine或維他命E類似物Trolox (10, 20, 50 μM)，在37℃下共同反應4小時(ApoB 
fragmentation assay)、16小時(LDL electrophoretic motility, TBARS assay)，以Trolox作為

positive control，分析berberine保護LDL氧化的效果。結果顯示，25μM的berberine對於LDL
泳動率 (Fig. 23)、ApoB斷裂化 (Fig. 24)及MDA的生成 (Fig. 25A)皆有部分的保護效果，而

50μM的berberine其保護效果更是超過50%。証實berberine具有保護LDL不受氧化的效果。

而一般認為天然物抗氧化的效果與其化學結構上所具有的自由基清除能力有關。然而，在

DPPH自由基清除試驗中發現，Trolox的確具相當不錯的清除效果，但berberine則並無明顯

的清除效果 (Fig. 25B)。這樣的結果，說明berberine本身化學結構上並無自由基清除能力，

但卻具有保護LDL不受氧化的效果。以不同濃度(0, 25, 50, 75, 100 μM)的berberine處理

HUVEC細胞，同時再加入200 μg/ml的氧化型低密度脂蛋白(oxLDL)處理，共同培養24小時。

利用MTT assay偵測細胞的存活率，發現berberine可以保護由oxLDL所造成的內皮細胞死亡 
(Fig. 26A)。再以Trypan blue exclusion assay證實berberine的確可以保護oxLDL處理下內皮細

胞的存活細胞以及降低死亡細胞數 (Fig. 26B)。而內皮細胞的型態及其細胞的完整性會影
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響內皮細胞控制分子通透的功能，且這個功能的缺失與動脈粥狀硬化的形成有關。因此，

我們同時也以相位差顯微鏡觀察細胞型態，證實berberine不僅有效提高oxLDL處理下內皮

細胞的存活，且存活細胞的細胞型態與control組相比並無明顯不同 (Fig. 27)。進一步以

DAPI染色及Flow cytometry分析oxLDL的處理是否造成HUVEC細胞的細胞凋亡。證實

oxLDL的處理會造成chromosome condensation，而berberine可以明顯降低這個現象 (Fig. 
28)。也證實oxLDL的處理會造成subG1 phase (hypodiploid cell)的大量增加，而berberine可以

有效的減少sub G1 phase，甚至完全回復 (Fig. 29)。針對oxLDL造成HUVEC細胞的細胞凋

亡及berberine的保護效果，探討其中的分子機制。首先，以DCFH-DA染色再以Flow cytometry
進行分析細胞內ROS的產生，發現oxLDL會造成HUVEC細胞內的ROS增加，而berberine則
會抑制ROS的增加 (Fig. 30)。另外，以JC-1染色再以螢光顯微鏡觀察HUVEC細胞的粒線體

膜電位，發現oxLDL會造成HUVEC細胞的粒線體膜電位降低，而berberine則會保護粒線體

膜電位的降低 (Fig. 31)。進一步以Western Blot分析，証實oxLDL會造成粒線體內cytochrome 
C 釋放到細胞質中，進而促使caspase 3的活化以及PARP的切割，同時，也發現Bcl-2減少而

BAX增加的現象，而berberine對於osLDL所造成的apopotosis相關蛋白的變化都有保護的效

果 (Fig. 32)。综合以上結果，berberine不僅可以有效保護LDL不受氧化，且對於oxLDL所
造成的內皮細胞的apoptosis也有相當好的保護效果，而其中機制，可能是透過降低oxLDL
所造成細胞內ROS的增加，進而保護粒線體不受傷害且防止細胞的apoptosis。 
 
四、計畫成果及自評 

    關於探討 berberine 保護 LDL 的氧化及保護內皮細胞不受 oxLDL 傷害的效果及機制，

已整理發表在 J Agric Food Chem.。而且，已證實 berberine 抑制子宮頸癌及乳癌的侵襲轉

移的效果，且有效濃度低於 20μM，認為 berberine 除了抑制 MMP-2, MMP-9, u-PA 的活性

外，尚能透過其他機制進而抑制癌細胞的侵襲轉移。並再活體中也看到很好的抑制效果；

此外 berberine 除了降低口腔癌細胞及肺癌細胞的細胞存活有很好的效果，甚至在口腔癌細

胞的有效濃度僅需 0.5 μM。因此，認為 berberine 在這些癌症應是具有應用的價值。其中作

用機制的探討也已在進行中了。最後，也發現 berberine 對於血管新生作用無論是 in vivo 及

in vitro 也有抑制效果，這也大大增加 berberine 在抑制癌細胞侵襲轉移上的應用價值。 
 

已發表論文: 

Hsieh YS, Kuo WH, Lin TW, Chang HR, Lin TH, Chen PN, Chu SC. Protective effects of 
berberine against low-density lipoprotein (LDL) oxidation and oxidized LDL-induced 
cytotoxicity on endothelial cells. 2007 55(25):10437-45. 
其它成果也在陸續整理準備投稿中 
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附表及附圖 

 
 

                   Fig. 1. The chemical structure of berberine.  
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Fig. 2. Effects of berberine on cell invasion/migration, viability and matrix degrading 
enzymes activities in cervical cancer SiHa cells. SiHa cells were treated with berberine (0, 5, 10, 
15, 20 μM) for 24 h, and capacities of cell invasion (A) and migration (B) were detected by 
Boyden chamber chemotaxis assay. Meanwhile, the cell viability was analyzed by MTT assay (C), 
and the activities of MMP-2, MMP-9, and u-PA were detected by gelatin and casein zymography 
(D). (*, P<0.05; **, P<0.01; ***, P<0.001) 
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Fig. 3. Effects of berberine on cell invasion/migration, viability and matrix degrading 
enzymes activities in cervical cancer CaSki cells. CaSki cells were treated with berberine (0, 5, 
10, 15, 20 μM) for 24 h, and capacities of cell invasion (A) and migration (B) were detected by 
Boyden chamber chemotaxis assay. Meanwhile, the cell viability was analyzed by MTT assay (C), 
and the activities of MMP-2, MMP-9, and u-PA were detected by gelatin and casein zymography 
(D). (*, P<0.05; **, P<0.01; ***, P<0.001) 
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Fig. 4. Effects of berberine on cell invasion/migration, viability and matrix degrading 
enzymes activities in breast cancer MDA-MB231 cells. MDA-MB231 cells were treated with 
berberine (0, 5, 10, 15, 20 μM) for 24 h, and capacities of cell invasion (A) and migration (B) 
were detected by Boyden chamber chemotaxis assay. Meanwhile, the cell viability was analyzed 
by MTT assay (C), and the activities of MMP-2, MMP-9, and u-PA were detected by gelatin and 
casein zymography (D). (*, P<0.05; **, P<0.01; ***, P<0.001) 
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Fig. 5. Effects of berberine on proteases endogenous inhibitors. Ca Ski cells were treated with 0, 
5, 10, or 15 μM of berberine for 24 h. Cells were subjected to western blotting to analyze the 
expression of (A) PAI-1 and (B) TIMP-2 as described in Materials and Methods. Determined 
activities of these proteins were subsequently quantified by densitometric analysis with that of 
control being 100％ as shown just below the gel data. Data represented the mean ± SD of at least 
3 independent experiments. Statistical significance was determined by Student’s t test (*, P<0.05; 
**, P<0.01; ***, P<0.001). 
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Fig. 6. Effects of berberine on proteases endogenous inhibitors. Si Ha cells were treated with 0, 5, 

10, or 15 μM of berberine for 24 h. Cells were subjected to western blotting to analyze the 

expression of (A) PAI-1 and (B) TIMP-2 as described in Materials and Methods. Determined 

activities of these proteins were subsequently quantified by densitometric analysis with that of 

control being 100％ as shown just below the gel data. Data represented the mean ± SD of at least 

3 independent experiments. Statistical significance was determined by Student’s t test (*, P<0.05; 

**, P<0.01; ***, P<0.001). 
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Fig. 7. Inhibitory effect of berberine on the phosphorylation of p38. Si Ha cells were cultured in 
various concentrations of berberine for 24 h, and then cell lysates were subjected to SDS-PAGE 
followed by Western blotting with anti-phospho-JNK1/2 (A), anti-phospho-p38 (B), or 
anti-phospho-ERK1/2 (C) antibodies. Signals of proteins were visualized with an ECL detection 
system. Determined activities of these proteins were subsequently quantified by densitometric 
analysis with that of control being 100% as shown just below the gel data. Results from 3 
repeated and separated experiments were similar. Statistical significance was determined by 
Student’s t test (*, P<0.05; **, P<0.01; ***, P<0.001). 
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Fig. 8. Effects of berberine on the p-Akt and PI3K. Si Ha cells were cultured in various 
concentrations of berberine for 24 h, and then cell lysates were subjected to SDS-PAGE followed 
by Western blotting with anti-phospho-Akt (A) and PI3K antibodies (B). Signals of proteins were 
visualized with an ECL detection system. Determined activities of these proteins were 
subsequently quantified by densitometric analysis with that of control being 100% as shown just 
below the gel data. Results from 3 repeated and separated experiments were similar. 
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Fig. 9. Effects of berberine on the activation of NF-κB, c-Jun, and c-Fos. (A) Cells were treated 
with berberine and then nuclear extracts were subjected to SDS-PAGE followed by western 
blotting with anti-NF-κB, c-Fos, c-Jun, or C23 antibodies. Signals of proteins were visualized 
with an ECL detection system. Cells were treated with berberine and then nuclear extracts were 
analysed for DNA binding activity of AP-1 (B) and NF-κB (C) using biotin labeled NF-κB and 
AP-1 specific oligonucleotide in EMSA. The last lane represented nuclear extracts incubated with 
unlabeled oligonucleotide (Comp) to confirm the specificity of binding. Determined activities of 
these proteins were subsequently quantified by densitometric analysis with that of control being 
100% as shown just below the gel data. The experiments were repeated three times with similar 
results. Statistical significance was determined by Student’s t test (*, P<0.05; **, P<0.01; ***, 
P<0.001). 
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Fig. 10. Berberine-induced decreases in the invasiveness of Si Ha cells related to p38 and JNK 
pathways. Si Ha cells were seeded onto 6-well plates and pre-treated with SB203580 (10 or 20 
μM) or SP600125 (10 or 20 μM) for 30 min and then incubated in the presence or absence of 
berberine (5 μM) for 24 h. Afterwards, cells were then subjected to analyses for invasion ability. 
Data represented the mean ± SD of at least 3 independent experiments. Statistical significance 
was determined by using Student’s t test (*, P<0.05; **, P<0.01; ***, P<0.001). 
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Fig. 11. Berberine-induced decreases in the migration of Si Ha cells related to p38 and JNK 

pathways. Si Ha cells were seeded onto 6-well plates and pre-treated with SB203580 (10 or 20 

μM) or SP600125 (10 or 20 μM) for 30 min and then incubated in the presence or absence of 

berberine (5 μM) for 24 h. Afterwards, cells were then subjected to analyses for migration ability. 

Data represented the mean ± SD of at least 3 independent experiments. Statistical significance 

was determined by using Student’s t test (*, P<0.05; **, P<0.01; ***, P<0.001). 
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Fig. 12. Berberine-induced decreases in the migration of Si Ha cells related to p38 and JNK 
pathways. Si Ha cells were seeded onto 24-well plates and pre-treated with SB203580 (10 or 20 
μM) or SP600125 (10 or 20 μM) for 30 min and then incubated in the presence or absence of 
berberine (5 μM) for 24 h. Afterwards, cells were then subjected to gelatin zymography to 
analyze the activities of MMPs. Data represented the mean ± SD of at least 3 independent 
experiments. Statistical significance was determined by using Student’s t test (*, P<0.05; **, 
P<0.01;***,P<0.001).
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Fig. 13. Berberine-induced decreases in the migration of Si Ha cells related to p38 and JNK 
pathways. Si Ha cells were seeded onto 24-well plates and pre-treated with SB203580 (10 or 20 
μM) or SP600125 (10 or 20 μM) for 30 min and then incubated in the presence or absence of 
berberine (5 μM) for 24 h. Afterwards, cells were then subjected to casein zymography to analyze 
the activities of u-PA. Data represented the mean ± SD of at least 3 independent experiments. 
Statistical significance was determined by using Student’s t test (*, P<0.05; **, P<0.01; ***, 
P<0.001). 
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Fig. 14. The in vivo anticancer effects of berberine. After subcutaneous implantation of Si Ha 
cells, BALB/c nu/nu mice were treated with saline or berberine as described in Materials and 
Methods and then analyzed for the growth of tumor (A), and the weight of primary tumor (B). 
The values represented the means ± SD (*, P<0.05; **, P<0.01; ***, P<0.001; OAs compared 
with saline). 
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Fig. 15  Suppression of lung metastasis of Si Ha cells by berberine (Ber). (A) Photographs 

show lungs of Si Ha cell-bearing mice. (B) Si Ha cells were injected into the tail veins of 
6-week-old female BALB/c nude mice. After injection of Si Ha cells, berberine (Ber, 20 
mg/kg/day) and vehicle (saline) alone were administered oral gavage for 21 days to the 
berberine-treated groups and the control groups, respectively. Mice were sacrificed and the 
number of metastasis in the lung surface was counted on the 22 day after the cells were injected. 

***, p < 0.001. Each value represents the mean ±SE. 
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Fig. 16. Histopathology of lung of metastatic tumor bearing animals (×100). Lungs of the 
metastasis- induced animals were fixed in neutral buffered formalin, and stained with 
hematoxyline and eosine. (A) Normal lung, (B) Control (Si Ha + saline), (C) berberine (Ber, 20 
mg/kg/day). (D) After injection of Si Ha cells, berberine (Ber, 20 mg/kg/day) and vehicle (saline) 
alone were administered oral gavage for 21 days. Mice were sacrificed and the weight of lung 
was measured on the 22 day after the cells were injected. 
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Fig. 17. Effects of berberine on tube formation capacity of HUVEC cells. Phase contrast 
micrographs illustrating the arrangement of HUVECs into a rich meshwork of capillary-like 
tubular structures when cultured on Matrigel for 18 h. 

(A)                              (B) 

                                 

 
 
Fig. 18. Berberine inhibits angiogenesis in vivo. Matrigel blood plug assay in C57BL/6 mice 
(five per group). (A) Berberine (Ber, 20 mg/kg/day) and (B) vehicle (saline) alone were 
administered oral gavage for 10 days. The mice were killed 10 days after implantation. Gross 
appearance of the plugs was photographed.  
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Fig. 19. Effects of berberine on cell viability and migration of HUVEC cells. HUVEC cells 
were treated with berberine (0, 10, 20, 30, 40, 50 μM) for 24 h, and cell viability (A) and 
migration (B) were detected by MTT and Boyden chamber chemotaxis assay. (*, P<0.05; **, 
P<0.01; ***, P<0.001) 
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Fig. 20. Effects of berberine on cell viability of oral carcinoma cell. SAS cells were treated 
with berberine (0, 0.05, 0.1, 0.5, 1, 2.5 μM) for 24 h (A) and 48 h (B), and cell viability were 
detected by MTT. (*, P<0.05; **, P<0.01; ***, P<0.001) 
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Fig. 21. Effects of berberine on cell viability of non-small cell lung cancer cells. (A) A549 
cells, (B) H1299 cells, (C) H460 cells, and (D) H1355 cells were treated with berberine (0, 10, 25, 
50, 75, 100 μM) for 24, 48, and 72 h, and cell viability were detected by MTT. (*, P<0.05; **, 
P<0.01; ***, P<0.001) 
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Fig. 22. Apoptotic effects of berberine on lung cancer A549 cells. A549 cells were treated with 
berberine (0, 10, 25, 50, 75, 100 μM) for 48 h, afterward, sub-G1 phase population was detected 
by flow cytometry analysis (A), and DNA integrity was analyzed by DNA electrophoresis (B). (*, 
P<0.05; **, P<0.01; ***, P<0.001) 
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Fig. 23. Effect of berberine on Cu2+-mediated shift of electrophoretic mobility in LDL. (A) 
LDL was incubated with 10 μM CuSO4 for 16 h in the presence or absence of berberine or Trolox, 
as positive control, and applied to 0.6% agarose gels. (B) The results were quantified and 
expressed in the form of relative electrophoretic mobility (REM). (#, P<0.001 compared with 
control. *, P<0.05; **, P<0.01; ***, P<0.001 compared with oxLDL-treated group.) 
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Fig. 24. Effect of berberine on Cu2+-mediated Apo B fragmentation in LDL. (A) LDL (200 
μg/ml) was incubated with 10 μM CuSO4 in the absence or presence of berberine or Trolox for 4 
h, and applied to 7.5% SDS-PAGE. (B) Quantification of ApoB fragmentation were presented as 
means ± SD of three independent experiments. (#, P<0.001 compared with control. *, P<0.05; **, 
P<0.01; ***, P<0.001 compared with oxLDL-treated group.) 
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Fig. 25. Effect of berberine on Cu2+-induced MDA formation of LDL and DPPH scavenging 
capability. (A) LDL (200 μg/ml) was incubated with 10 μM CuSO4 for 16 h in the present or 
absence of berberine or Trolox and then measure MDA formation. (B) The radical-scavenging 
activity of berberine and Trolox was evaluated by using the DPPH radical scavenging assay. (*, 
P<0.05; **, P<0.01; ***, P<0.001 compared with oxidative LDL-treated group.) 
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Fig. 26. Effect of berberine on oxLDL-induced endothelial cell death. HUVECs were 
incubated with oxLDL (200 μg/ml) in the absence and presence of berberine (BER; 25, 50, 75 
and 100 μM) or Trolox (10, 50, and 100 μM) for 16 h. (A) The viability of treated HUVEC cells 
was detected using MTT assay. (B) Viable cells and dead cells were counted using Trypan blue 
exclusion assay. (#, P<0.001 compared with control. *, P<0.05; **, P<0.01; ***, P<0.001 
compared with oxLDL-treated group.) 

 
 

Fig. 27. Effect of berberine on oxLDL-induced endothelial cell morphology change. 
HUVECs were incubated with oxLDL (200 μg/ml) in the absence and presence of berberine 
(BER; 25, 50, 75 and 100 μM) or Trolox (10, 50, and 100 μM) for 16 h. Photomicrographs of the 
treated HUVEC cells were observed by using phase-contrast microscopy. 
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Figure 28. Protective effect of berberine on oxLDL-induced endothelial cell apoptosis. 
HUVECs were incubated with oxLDL in the present and absence of berberine (BER) or Trolox 
for 16h. Nuclear morphology of the treated cells was observed by fluorescence microscopy using 
DAPI stain (at a magnification of 200 ×). Arrows showed areas of intense fluorescence staining 
with condensed nuclei.  
 

 
 

Figure 29. Protective effect of berberine on oxLDL-induced endothelial cell apoptosis. 
HUVECs were incubated with oxLDL in the present and absence of berberine (BER) or Trolox 
for 16h. Hypodiploid cells population (sub G1 phase) of the treated HUVEC cells were analyzed 
by flow cytometry using PI stain and at last 10,000 event of total cells were analyzed for each 
experimental treatment. 
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Fig. 30. Effects of berberine on oxLDL-induced ROS production in HUVECs.  The ROS 
levels of (A) the HUVEC cells without treatment, control (gray trace); (B) the HUVEC cells with 
treatment of 200 μg/ml oxLDL, oxLDL (dark trace); (C) the HUVEC cells with treatment of 
oxLDL and 25 μM berberine, oxLDL+BER25 (dark trace); (D) the HUVEC cells with treatment 
of oxLDL and 50 μM berberine, oxLDL+BER50 (dark trace) (E) the HUVEC cells with 
treatment of oxLDL and 75 μM berberine, oxLDL+BER75 (dark trace); (F) the HUVEC cells 
with treatment of oxLDL and 100 μM berberine, oxLDL+BER100 (dark trace) were measured by 
flow cytometry using DCFH-DA staining. 
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Fig. 31. Effects of berberine on oxLDL-induced changes in mitochondrial membrane 
potential in endothelial cells. HUVECs were incubated with oxLDL (200 μg/ml) in the absence 
and presence of berberine (BER; 25, 50, 75 and 100 μM) for 16 h. The changes of mitochondrial 
membrane potential (ΔΨm) were assessed by using fluorescent lipophilic cationic JC-1 dye. JC-1 
is selectively accumulated within intact mitochondria to form multimer J-aggregates emitting 
fluorescence light at 590 nm (red) at a higher membrane potential, left, and monomeric JC-1 
emits light at 527 nm (green) at a low membrane potential, right. 
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Fig. 32. Effects of berberine on oxLDL-induced caspase-3 and PARP activation. In western 
blot assay, cell lysates were subjected to SDS-PAGE, and the membranes were probed with 
antibodies against cytochrome C (A) Bcl-2, Bax, caspase-3, and PARP (B), with β-actin being an 
internal control. Signals of proteins were visualized with an ECL detection system. The results 
were representative of three independent experiments. 


