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一、中文摘要 

本文主要以酵素免疫分析法分析 20 不同的農產品中赭麴毒素的含量，其中有 12 個

樣品遭受到 16 到 160 ng/mL 之污染。樣品中的赭麴毒素亦經由高效液相層析法(High 
performance liquid chromatography)來加以分析確認。為了確認赭麴毒素的致毒機制，西

方點墨法被用來檢測不同濃度赭麴毒素處理過的 HEK 293 and MDCK 細胞中 MAPK
的活性，MAPKs (主要包括 ERK, JNK, p38 等三種蛋白質)的訊號傳遞途徑會受到各種外在

刺激而活化，其中包括了氧化逆境(oxidative stress)、DNA damage、cytokines 和 apoptosis
等，結果顯示赭麴毒素對細胞的刺激和毒性並不是經由 ERK1/2 或 p38 活化來引起訊號

傳遞。此外為了進一步了解赭麴毒素處理對 HEK293 細胞基因造成何種影響,基因微

陣列分析被用來檢測赭麴毒素對 HEK293 細胞基因的表達情形，此項資料仍在整理

中。 

 

關鍵詞：赭麴毒素、高效液相層析法、MAPK  
 

Abstract 

Analysis of OTA with ELISA in various agricultural commodities showed that 12 of the 
20 examined samples were contaminated with OTA at levels from 16 to 160 ng/g. The efficacy 
of cdELISA was also confirmed by the high-performance liquid chromatography method. 
Treatment of various concentration of OTA from 5 to 25 µM. A significant decrease to 60% in 
cell viability was observed when HEK 293 and MDCK cultures were incubated with OTA for 
24 h at a concentration OTA 5 µM and up. Whether ochratoxin can activate the protein 
phosphorylation/dephosphorylation in HEK 293 cell with the application of western blotting 
techniques. The results showed that treatment of various concentration of OTA did not induce 
ERK1/2 and p38 phosphorylation. The cDNA microarray was also used to study the effects of 
ochratoxin A on gene expression profile. The gene expression profiles are studied right now. 

 
Keywords: Protein phosphorylation, ELISA, OTA, high performance liquid chromatography 
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二、緣由與目的 

Ochratoxin A (OTA)(Fig.1.) is a naturally occurring toxic metabolite produced primarily by 
Aspergillus ochraceus and Penicillium verrucosum. It has been found as a common contaminant 
of cereals or in other products like coffee beans, nuts, wine, and animal organs (1-3). Numerous 
studies have revealed the role of OTA as a major causative factor in mycotoxic porcine 
nephropathy in many European countries (4, 5). Toxicological studies indicate that OTA is a 
teratogenic, mutagenic and carcinogenic mycotoxin, which is generally absorbed from the 
gastrointestinal tract in animals and has strong toxic effects on their livers and kidneys. (1, 2, 4-7). 
Although acute renal failure due to inhalation of OTA in human has been rarely reported (8), 
OTA, with a long half-life of 840 h in human blood, is frequently found at high levels in serum 
samples obtained from people living in regions where Balkan Endemic Nephropathy occurs. 
OTA is also associated with an increased incidence of tumors of the upper urinary tract in human 
(9-11). The International Agency for Research on Cancer (IARC) has classified OTA as a 
possible human carcinogen (group 2B). The European Union has also enacted a regulatory limit 
for the levels of OTA in cereals (5 µg/kg), roasted coffee (5 µg/kg) and instant coffee (10 µg/kg) 
(12,13).  

Development of immunochemical approaches has led to more simple and rapid methods to 
monitor and quantify OTA in contaminated food and feed. Although several groups have 
developed immunoassays for OTA detection (19-24), most of the assays rely on the competitive 
indirect ELISA (ciELISA) in which OTA-protein conjugates were coated onto microplates as 
solid phase. Compared with the competitive direct ELISA (cdELISA), the ciELISA is more 
time-consuming. To effectively analyze OTA levels in various agricultural commodities in the 
present study, a sensitive cdELISA was used to analyze 20 different samples. On the other hand, 

Mitogen-activated protein kinases (MAPKs) are important signal-transducing enzymes 
connecting cell surface receptors to critical regulatory targets within cells. Due to the widespread 
nature of fungal species, OTA is considered unavoidable contaminants in foods and feeds. Some 
mycotoxin, including FB1, have been shown to induce MAPK activation in various models. 
Whether the OTA can activate the MAPK pathway or not were also carried out in the following  
experiment. 
 
三、Result 
Cytotoxicity effects of OTA on HEK 293.   

The cytotoxic effects of OTA on the HEK 293 as measured by the tetrazolium dye-based 
MTT assay are shown in Fig.1. A significant decrease to 60% in cell viability was observed when 
HEK 293 cultures were incubated with OTA for 24 h at a concentration OTA 5 µM and up. After 
48 h of treatment, OTA at 5 and 10 µM caused a  marked decrease in overall viability of the 
cells to 70 and 30% of control level.  Treatment of OTA at a concentration of 25 µM for 48 and 
72 hr caused a dramatic decrease to in overall viability of the cells to 20% of control. 
 
Cytotoxicity effects of OTA on MDCK   
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The cytotoxic effects of OTA on the MDCK as measured by the tetrazolium dye-based 
MTT assay are shown in Fig.2. The MDCK cells are more susceptible to OTA treatment. A 
significant decrease to 40% in cell viability was observed when HEK 293 cultures were 
incubated with OTA for 24 h at a concentration OTA 10 and 25 µM. After 48 h of treatment, 
OTA at 5, 10 and 25 µM caused a marked decrease in overall viability of the cells to 10% of 
control level. Treatment of OTA at a concentration of 5 µM for 48 and 72 hr caused a dramatic 
decrease to in overall viability of the cells to 4% of control. 
   
Analysis of OTA in Various Agricultural Commodities with cdELISA. 

Twenty samples were collected from local food stores and subjected to cdELISA for OTA 
determination; the results are presented in Table 1. Twelve of the 20 examined samples were 
found to be OTA or OTA analogs positive with levels ranged from 16 to 160 ng/g. Among eight 
examined corn samples, sample 1 had the highest level of OTA at 63 ng/g, but OTA in samples 3, 
4 and 8 were below the detection limit. Buckwheat sample 10 was found to have the highest level 
of OTA at 144 ng/g among four selected cereal samples. In addition, bean samples 13 and 16 had 
OTA levels at 74 and 43 ng/g, respectively. One of three examined coffee samples contained 160 
ng/g of OTA, but the other two were free of OTA.  
 
Effects on OTA on ERK1/2 activation in HEK 293 cells 
    The ability of OTA to activate ERK1/2 was investigated by exposing HEK 293 to various  
concentrations of OTA in medium containing only 1% serum. The ERK1/2 was determined with 
western blotting using antibodies specific for phospho-ERK1/2. From the western blotting result, 
There is no significant ERK1/2 activation observed compared to solvent-treated control. 
 
Effects on OTA on p38 phosphorylation in HEK 293 cells 
    The ability of OTA to activate p38 phosphorylation was also investigated by exposing HEK 
293 to various concentrations of OTA in medium containing only 1% serum. The p38 
phosphorylation was determined with western blotting using antibodies specific for phospho-p38. 
From the western blotting result, There is no significant ERK1/2 activation observed compared to 
solvent-treated control. 
 
四、計畫成果自評 

 本研究的主要目的以酵素免疫分析法來快速檢測分析食品及及其致毒機制之探 

討，首先定性及定量純赭麴毒素 A 化合物對於人類胚胎腎臟細胞株細胞的毒性動力學，接

著利用藉著西方點墨法探討功能性蛋白質分子磷酸化與毒性機轉之間的關係，再來利用 

基因微陣列方法分析赭麴毒素 A對於細胞中基因轉錄表現及蛋白質磷酸化的影響。由結果

顯示赭麴毒素 A 對人類胚胎腎臟細胞株所造成的影響應該不是經由 Mitogen-activated 
protein kinases (MAPKs)。藉由研究本計畫作者亦研究與腎臟毒害相關的中草藥植物源致癌

毒素馬都鈴酸，目前此一毒素抗體生產與酵素免疫分析法均已經成功建立並可分析中草藥

中此一毒素之含量，此一成果已經發表在已發表於 2006 年 Journal of Agricultural and Food 
Chemistry 54:2496-2501. 
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Fig 1. The cytotoxic effect of ochratoxin        12

on Human embryonic cell H293. H293 
were treated with various concentrations  
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Fig. 2. The cytotoxic effect of ochratoxin        
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Table 1. ELISA and HPLC analysis of OTA in different agricultural commodities a 
                                  ELISA           HPLC 
samples       source area   OTA and analogs (ng/g ± SD)  OTA (ng/g) 
 corn 

1.           Taiwan               63 ± 5           ND  
2.           Taiwan               24 ± 3            * 
3.           Taiwan                ND             * 
4.          Imported              16 ± 3            * 
5.          Imported              27 ± 4            * 
6.          Taiwan                ND             * 
7.          Taiwan                30 ± 3           * 
8.          Taiwan                 ND             * 

selected cereals 
9.          Imported wheat         84 ± 4           ND 
10.         Imported buckwheat     144 ± 8          60 
11         Imported barley         35 ± 3            * 
12         Imported barley         43 ± 4            * 

bean 
13         Taiwan (black bean)      74 ± 6          ND      
14         Taiwan soybean          ND            * 
15         Taiwan soybean          ND            * 
16         Taiwan (red bean)        43 ± 5          ND 
17         Taiwan (green bean)       ND           * 

 coffee 
18         Imported (green coffee )    ND           ND 
19         Imported (green coffee )    ND           ND 
20        Imported (roasted coffee)   160 ± 9         220 

a  Each sample was extracted twice and each extract was analyzed in triplicate  
b   ND, not detected or below the limit of detection 
*  Do not determine. 
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