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We invite contributions of original unpublished 

research, review, and general article in the area of 

toxicology.  Three copies of manuscript(2without
authors/address/acknowledgments for peer 

review) should be submitted to the editor by mail. 

The cover letter should include name, address, 

telephone, fax number and e-mail address.  All 

authors listed on the cover page must sign a 

statement indicating that they have approved of the 

contents of the submitted manuscript. A diskette or 

CD should be submitted together with hard copy 

of manuscript. Submission can be made via e-mail 

with attached file.  

Correspondence and Mailing Information:  
Suleeporn Sangrajrang 

Editor, Thai Journal of Toxicology  

National Cancer Institute 

268/1 Rama VI Road, Bangkok 10400, Thailand 

Tel:  023547025 ext 1405  

Fax:  023547025 ext 1414 

Email:  suleesa@yahoo.com 

 Preparing a Manuscript:  
1. The manuscript could be written in English or 

Thai. The maximum length of the article is 15 

pages including tables, figures, references and 

abstracts/key words. Thai and English versions 

of abstracts must be submitted and limited to 

250 words. Type the abstract in 1-2 

paragraphs.   

2. The manuscript should be typed with 1-inch 

margins at all sides, on one side of A-4 paper. 

A current copy of the Thai Journal of 

Toxicology will show the correct format and 

style.   

3. Fonts:  Thai – Angsana 16 – single line 

spacing 

English – Times New Roman 12 – 1.5 line 

spacing 

4. Tables and Figures:  Table and figure should 

be typed on separate pages.  

5. References:  Number references in superscript 

in the order cited in the text.  References must 

be verified by the author(s) against the original 

documents. For articles printed in a language 

other than English, indicate the language in 

parentheses after the article title. For more 

than 3 authors, list the first 3 and add “et al”.  

The title of journal should be abbreviated 

according to the List of Journals Indexed in 

Index Medicus. Telescope page numbers, e.g. 

125-9, 181-95. 

Examples of Reference Style:  

 

Journal article 
Cromwell L, Lindemann MD, Randolph JH, et 

al. Soybean meal from roundup ready or 

conventional soybeans in diets for 

growing-finishing swine.  J Anim Sci 

2002;  80:  708–15. 

Brake DG, Evenson DP.  A generational study 

of glyphosate-tolerant soybeans on mouse 

fetal, postnatal, pubertal and adult 

testicular development. Food Chem 

Toxicol 2004; 42:  29–36. 

Book Olson KR. Poisoning & drug overdose.5th
 

ed. New York:  McGraw-Hill, 2006:  52-8. 

Joint FAO/IAEA/WHO.  High-dose irradia
tion: wholesomeness of food irradiated 

with doses above 10 kGy. WHO Technical 

Report Series 890.  Geneva:  WHO, 1999. 

Bradley C. Measuring quality of life in 

diabetes. In:  Marshall SM, Home PD, 

Rizza RA, eds. The Diabetes Annual 10. 

Amsterdam:  Elsevier Science, 1996:  207-

24. 

       Conference proceedings 

Harley NH. Comparing radon daughter 

dosimetric and risk models. In:  Gammage 

RB, Kaye SV, eds. Indoor air and human 

health. Proceedings of the 7th
 Life 

Sciences Symposium;  1984 Oct 29-31;  

Knoxville (TN). Chelsea (MI):  Lewis;  

1985, 69-78. 

Website 
Morse SS. Factors in the emergence of 

infectious diseases. Emerg Infect Dis 

1995; 1:  7-15.  Available at http: 

//www.cdc.gov/ncidod/ EID/eid.htm, 

accessed Jun 5,1996. 

FAO/WHO. Evaluation of allergenicity of 

genetically modified foods. Report of a Joint 

FAO/WHO Expert Consultation on Allergenicity 

of Foods Derived from Biotechnology, 2001. 

Available at http: 

//www.who.int/foodsafety/publications/biotech/en/

ec_jan2001.pdf,accessed Aug 10, 2005Articles 

accepted will also be published online at 

www.thaitox.org 
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






  
   








 














 























 

 

 

 









 

T H A I     J O U R N A L     O F     T O X I C O L O G Y 


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

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       
   


   
   
 



 

 



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
 

 





 

     
 
 

   
   
   
 


    
 

 















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



 

 
       
  
  


 
  


  
 
 
 
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  


   








3



THE 4th NATIONAL CONFERENCE IN TOXICOLOGY 19-20 JANUARY 2012


 

 







    Message from Thai Environmental Mutagen Society  

Dear Colleagues 

  

Once again, it is my great pleasure on behalf of Thai Environmental 

Mutagen Society (TEMS) to welcome you to this 4
th

 National Conference on 

Toxicology(NCT 4), which is held on November 3 - 4, 2011 in Bangkok, 

Thailand. Hope this time, you can find it convenient to get to the conference 

venue, Asia Hotel, which is located at the heart of Bangkok.   

  

This conference is expected to provide you with the advanced 

knowledge and important research in toxicology. Hopefully, it can bring you 

back with the idea what to do then on your research or work dealing with 

toxicology. Besides, it is highly expected that this conference can make you 

acquaint with more participants, meet old friends or colleagues, and discuss 

for cooperation in research or work.             

  

 For any success in this conference, would like to let it go for your 

kind support. If any inconvenience this conference has brought to you, would 

like to apologize and will improve for the better operation. 

 

 Lastly, thank you very much and have the pleasant participation in the 

conference.   

 

          

 

                                                                              Malyn Chulasiri 

                                             Thai Environmental Mutagen Society 

                                                                                   President 
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  

    
 
        
 
  

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Dear Colleagues 
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 National Conference on 
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Thailand. Hope this time, you can find it convenient to get to the conference 

venue, Asia Hotel, which is located at the heart of Bangkok.   

  

This conference is expected to provide you with the advanced 

knowledge and important research in toxicology. Hopefully, it can bring you 

back with the idea what to do then on your research or work dealing with 

toxicology. Besides, it is highly expected that this conference can make you 

acquaint with more participants, meet old friends or colleagues, and discuss 

for cooperation in research or work.             

  

 For any success in this conference, would like to let it go for your 

kind support. If any inconvenience this conference has brought to you, would 

like to apologize and will improve for the better operation. 

 

 Lastly, thank you very much and have the pleasant participation in the 

conference.   
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Role of Toxicologist in the Risk Analysis Process  

 

Songsak Srianujata 

Institute of Nutrition, Mahidol University, Salaya, Nakhonpathom, Thailand 

 

                  Risk analysis is the process to assess, manage and communicate the risk either of 

chemicals, microbiological agents and genetically modified organisms (GMOs) and materials, 

such foods (GMFs). The risk analysis process composes of three main components, so called, 

risk assessment, risk management and risk communication. The risk assessment contains four 

main steps, 1) Hazard identification, 2) hazard characterization (or dose response), 3) exposure 

assessment and 4) risk characterization. The risk assessment is the process to identify and 

estimate the risk by using scientific information, so it is called science based process. The first 

step is to identify whether there is any hazard and if there is what the hazard is. The studies 

mostly obtain from the acute and short term toxicological studies in animals. The second step is 

to measure the level of hazard or quantitative evaluation of the hazard or to evaluate the dose 

response of the agent by long term animal studies. These two steps are mainly the toxicological 

studies in animal(s). The role of toxicologist is very important in these two steps both on the 

conduct of animal experiment according to the guidelines laid out by various organizations, such 

as Codex and OECD. Qualified toxicologist is needed to do the studies or to interpret and 

evaluate the result of the studies done by the other toxicologist. The estimation of the safe level 

of exposure, such as ADI, TDI or PTWI, will be set from the result of the short term and long 

term animal studies. The opinion of toxicologist about the hazard forms the basis for further steps 

in the risk analysis process. On the exposure assessment step, toxicologist also can take part in 

the planning and work as the member of the team in various aspects, such as food consumption 

study for the evaluation of dietary exposure of the toxicant from foods. The exposure through the 

inhalation and the skin penetration are also important in some situation, thus toxicologist should 

involve with occupational and biological scientists to evaluate exposure through these two routes. 

Combination of the three becomes the total exposure. In case of microbiological agent, the 

leading role could be the responsibility of microbiologist. However, toxicologist also can take 

part in evaluation of the risk. In the case of safety assessment of GMOs, particularly of GMFs, 

certainly toxicologist must take the leading role in the toxicological evaluation of the new gene 

material. Finally, toxicologist can calculate the level of the risk. In the risk management and risk 

communication components, toxicologist should also contribute and be part of the team. 

Therefore, conclusion can be drawn that the role of toxicologist are very important in the risk 

analysis process of agents of interest. 
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Abstract 

 

 Nuclear energy has been used in a wide variety of applications. However, careless use of it 

may be dangerous. Cobalt-60 accident in Samut Prakarn occurred because the regulations were 

not followed. Chernobyl nuclear accident happened due to flaws in reactor design and 

inexperienced crew. Fukushima nuclear disaster took place because the natural disaster exceeded 

expectations. 
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 
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   
   
   
 
    
    
 

        

 
     
     


 

  
    
     
   
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
 

 

     




     


→
 

 


     
 
 
  
       
 
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   
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 

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
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          






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   
   
 
 


 

            

          





 
 

 

             





              


             
                
    






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
 

 

Myths in Alternative Medicine 

 
   
 


   
 
 
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   
   
  
  



   
  
 
  
 
   
 
 
 
   
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

 
 

 


   


•  
•   

   
     

  

•  
  

 

 
 
 

 
   
  
  


          
     
   

  
 
  
 


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
 

 

 


  
































 

















 



  


  
   





 


 
 
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

 

 















  



 

 

  

  



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Combined Impact of Lifestyle and Genetic Factors on Cancer Susceptibility 

Jintana Sirivarasai, Ph.D 

Division of Clinical Pharmacology and Toxicology, Department Of Medicine 

Faculty of Medicine  Ramathibodi  Hospital, Mahidol University. 

 

Cancer is considered as a complex disease in which genetic susceptibility, environmental 

exposures and lifestyle factors all play an important role. Based on epidemiological studies, 

incidence and mortality rates of cancers varied widely from population to population and these 

differences could have been due in part to gene and environment interactions. Taken together, 

one of the potential importance factors in cancer risks for individual is lifestyle factors, including 

diet, physical activity, adioposity, alcohol consumption and cigarette smoking.  

Long term of alcohol consumption showed a significant risk factor for upper alimentary 

tract cancer (oropharynx, larynx, and the esophagus), and for the liver. Ethanol itself is not a 

carcinogen, but the metabolism of ethanol leads to the generation of acetaldehyde and free 

radicals. These highly reactive compounds can bind rapidly to DNA. Acetaldehyde decreases 

DNA repair mechanisms and also impairs glutathione level (an important antioxidant in 

detoxification process). In addition, alcohol stimulates a change in the metabolism and 

distribution of various carcinogens, such as the induction of cytochrome P4502E1. This enzyme 

associates with an enhanced activation of various pro-carcinogens present in alcoholic beverages, 

in tobacco smoke and in diets.  

The topics of smoking and lung cancer are well documented. Over 4000 chemical 

compounds are created by burning a cigarette – 69 of those chemicals are known to cause cancer. 

Forty-three known carcinogens are in mainstream smoke, sidestream smoke or both. Active 

smoking raises the concentrations of carbon monoxide, benzene and volatile organic compounds 

in exhaled air. The concentrations of urinary metabolites of some important tobacco smoke 

carcinogens and related compounds are consistently higher in smokers than in nonsmokers. 

These include metabolites of benzene, a known carcinogen in humans, as well as metabolites of 

several carcinogens that cause lung tumours in rodents. Covalent binding to blood proteins by 

carcinogens present in tobacco smoke has been demonstrated to occur at significantly higher 

levels in smokers than in nonsmokers. The adducts are derived from various compounds 

including aromatic amines (e.g. 4-aminobiphenyl), polycyclic aromatic hydrocarbons (e.g. 

benzo[a]pyrene), tobacco-specific nitrosamines (e.g. 4-ethylnitrosamino)-1-(3-pyridyl)-1-

butanone), benzene, acrylamide and acrylonitrile. In addition, smoking- related DNA adducts 

have been detected by a variety of analytical methods in blood and various tissues (the respiratory 

tract, urinary bladder, cervix). Experimental study in animal model indicated that exposure to 

mainstream tobacco smoke resulting in a number of biological effects that include (i) increases or 

decreases in the activities of phase I and phase II enzymes involved in carcinogen metabolism, 

(ii) increases in the activation of antioxidant enzymes, (iii) increased expression of nitric oxide 

synthase and of various protein kinases and collagenase, (iv) the formation of tobacco smoke-

related DNA adducts in several tissues and (v) reduced clearance of particulate material from the 

lung. 

Cooking of meat at high temperatures may result in the formation of carcinogenic 

compounds, including heterocyclic amines (HCAs) and polycyclic aromatic hydrocarbons 

(PAHs). In several large epidemiological reports found that dietary intake of HCAs and 
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benzo(a)pyrene (BaP) have been associated with cancers of the colorectum, lung, pancreas, 

prostate, and breast. Acrylamide has been designated by IARC as a "probable human 

carcinogen." High levels are formed during cooking of many commonly consumed foods 

including French fries, potato chips, breakfast cereal and coffee. In the early 1990s, benzene, a 

carcinogen that has been report to cause leukemia, was found to form in some beverages and 

foods. In November 2005, the Food and Drug Administration (FDA) received private laboratory 

results reporting low levels of benzene in a small number of soft drinks that contained benzoate 

salts (an anti-microbial) and ascorbic acid (Vitamin C), as a result of decarbxylation of benzoate 

by a hydroxyl radical. Elevated temperatures and light stimulate these reactions, while sugar and 

EDTA can inhibit them. FDA has no standard for benzene in beverages, for which FDA has 

adopted the US Environmental Protection Agency (EPA) maximum contaminant level (MCL) of 

5 ppb for drinking water, as a quality standard. In 2005-2008, many surveys by the food safety 

authorities of USA, U.K, and Canada were conducted to determine the amounts of benzene in 

beverages labeled to contain benzoate and ascorbic acid. The results showed a small number of 

beverages with benzene above the guideline. However, more concerns in a susceptible group, as 

infant, were reported in Germany. Significantly higher benzene concentrations were only found 

in carrot juice, with the high levels in carrot juice specifically intended for infants (mean 1.86 

±1.05 µg/L). In Thailand, a survey report (in 2005 by Faculty of Science, Ramkhamhaeng 

University) revealed that benzene was found in 15 non-alcoholic beverages (range 36.64 to 

169.05 µg/L) from 48 sampling products which all above regulation limit. Further studies need to 

be investigated for more evidence data and monitoring adverse health effects. 

 In this toxicological aspect, genetic variations in phase I and II xenobiotic metabolism 

related to alcohol consumption, cigarette smoking and carcinogenic diets are focused.  Genetic 

polymorphisms affecting these enzymes can modify their activity with an effect on individual 

susceptibility for cancers which are induced by DNA damage. The absence of GSTM1 activity is 

due to a homozygous deletion in the GSTM1 gene (GSTM1*0 or GSTM1 null genotype).  

Individual with lacking GSTM1 or GSTT1 are at increased risk of cancer, particularly lung and 

bladder cancer that are lifestyle and environmental -related cancers. The N-acetyltransferase 

(NAT) enzymes catalyze the N acetylation of aromatic amine, which is considered a detoxifying 

process. Polymorphisms (SNPs) in the NAT2 coding region have been reported and the presence 

of one or 2 wild-type alleles results in a rapid or an intermediate acetylator phenotype, whereas 

carrying two mutant alleles results in a slow acetylator phenotype. The slow acetylator 

phenotypes (resulting from some SNPs such as NAT2*14 and NAT2*5) were found to have an 

increased risk of bladder cancer among cigarette smokers. Previous studies reported that smokers 

who are NAT2 slow acetylators have higher levels of 4-aminobiphenyl (ABP) hemoglobin 

adducts. Furthermore, ABP-DNA adducts in high grade bladder tumors are found at higher levels 

in smokers who are slow NAT2 acetylators.
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benzo(a)pyrene (BaP) have been associated with cancers of the colorectum, lung, pancreas, 

prostate, and breast. Acrylamide has been designated by IARC as a "probable human 

carcinogen." High levels are formed during cooking of many commonly consumed foods 

including French fries, potato chips, breakfast cereal and coffee. In the early 1990s, benzene, a 

carcinogen that has been report to cause leukemia, was found to form in some beverages and 

foods. In November 2005, the Food and Drug Administration (FDA) received private laboratory 

results reporting low levels of benzene in a small number of soft drinks that contained benzoate 

salts (an anti-microbial) and ascorbic acid (Vitamin C), as a result of decarbxylation of benzoate 

by a hydroxyl radical. Elevated temperatures and light stimulate these reactions, while sugar and 

EDTA can inhibit them. FDA has no standard for benzene in beverages, for which FDA has 

adopted the US Environmental Protection Agency (EPA) maximum contaminant level (MCL) of 

5 ppb for drinking water, as a quality standard. In 2005-2008, many surveys by the food safety 

authorities of USA, U.K, and Canada were conducted to determine the amounts of benzene in 

beverages labeled to contain benzoate and ascorbic acid. The results showed a small number of 

beverages with benzene above the guideline. However, more concerns in a susceptible group, as 

infant, were reported in Germany. Significantly higher benzene concentrations were only found 

in carrot juice, with the high levels in carrot juice specifically intended for infants (mean 1.86 

±1.05 µg/L). In Thailand, a survey report (in 2005 by Faculty of Science, Ramkhamhaeng 

University) revealed that benzene was found in 15 non-alcoholic beverages (range 36.64 to 

169.05 µg/L) from 48 sampling products which all above regulation limit. Further studies need to 

be investigated for more evidence data and monitoring adverse health effects. 

 In this toxicological aspect, genetic variations in phase I and II xenobiotic metabolism 

related to alcohol consumption, cigarette smoking and carcinogenic diets are focused.  Genetic 

polymorphisms affecting these enzymes can modify their activity with an effect on individual 

susceptibility for cancers which are induced by DNA damage. The absence of GSTM1 activity is 

due to a homozygous deletion in the GSTM1 gene (GSTM1*0 or GSTM1 null genotype).  

Individual with lacking GSTM1 or GSTT1 are at increased risk of cancer, particularly lung and 

bladder cancer that are lifestyle and environmental -related cancers. The N-acetyltransferase 

(NAT) enzymes catalyze the N acetylation of aromatic amine, which is considered a detoxifying 

process. Polymorphisms (SNPs) in the NAT2 coding region have been reported and the presence 

of one or 2 wild-type alleles results in a rapid or an intermediate acetylator phenotype, whereas 

carrying two mutant alleles results in a slow acetylator phenotype. The slow acetylator 

phenotypes (resulting from some SNPs such as NAT2*14 and NAT2*5) were found to have an 

increased risk of bladder cancer among cigarette smokers. Previous studies reported that smokers 

who are NAT2 slow acetylators have higher levels of 4-aminobiphenyl (ABP) hemoglobin 

adducts. Furthermore, ABP-DNA adducts in high grade bladder tumors are found at higher levels 

in smokers who are slow NAT2 acetylators.
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 Climate change is emerging as a major challenge of the 21
st
 century. It had been assumed 

that the world’s living and physical resources were inexhaustible in late the 20
th

 century. The 

feeding a growing world population is challenging while maintaining a planetary environment 

that can sustain life.  A multinational team of scientists has recently concluded that more than one 

boundary needed to maintain the planet’s biophysical processes have been transgressed.  Of the 

nine boundaries defined, they found that three of the earth-system processes – climate change, 

rate of bio-diversity loss and interference with the nitrogen cycle – have been exceeded 

(Rockström et al., 2009).  Yet, the world population is expected to increase by 2.3 million by 

2050 (FAO, 2009).  The priorities of food supply and the environment in balance will require 

new priorities for public health nutrition. 

 Modern agriculture and food system practices have profound impacts on the environment 

and implications for public health. Yet, agriculture and food productions have been largely 

overlooked in discussions on climate change policy (Bennett, 2000). A new paradigm is needed 

for sustainable food system development and climate change mitigation (Uauy, 2005). Central to 

this new paradigm is a comprehensive understanding of how food systems shape and are shaped 

by biological, social and environmental relationships and interactions. Expanding the parameters 

of nutrition science will allow public health nutrition to become an integrative discipline.  Of 

necessity this will incorporate a complete understanding of food systems. 

Food, consumption patterns and health outcomes can be indirectly impact to greenhouse 

gas (GHG) emissions (Uauy, 2005). The studies identified the majority of GHG emissions that 

were focused on the livestock products (Hawkes, 2006).  The pathways to reduce GHG emissions 

from fat and meat consumers are the most plausibility of nutrition-related health outcomes. 

Consistent experimental and epidemiological evidences have linked increasing of fat and meat 

intake with non-communicable diseases. Non-communicable diseases are a global public health 

problem affecting both developed and developing countries. Overweight and obesity increase the 

risk of diabetes, cancer, heart diseases and other non-communicable diseases.  

 Even though some countries have food supply that is self sufficient, there are still 

problems of deficiencies in its diet.  Low birth weight, underweight in school children and iron 

deficiency in preschool and school children persist as issues of under-nutrition. Climate change 

can be affected the distribution and productivity of life-sustaining agricultural crops and 

livestock. United Nations Development Program suggested that millions of people may be facing 

shortages of food insecurity (FAO-UN, 2009). Vulnerable and food insecure communities will 

experiences further inadequacies in physical change, social and economic access to food as a 

result of climate change compared to less vulnerable communities (FAO-UN, 2009).  

 When the environment has changed, justifications for new disciplines in sciences 

established new agencies and policies. The priority of focusing has been upon models and 

measures of production. Therefore, producers were to criticize for consuming too much, not 

being efficient enough, and not concerning to detriment of human health and well being. 
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Understanding the relationship among influences on food choice, population, environment, and 

health outcomes have struggled in developed and developing countries.  

 The impact of climate change needed to be considered carefully to reduce GHG emission 

that is having on agriculture and food production.  Food availability, affordability and 

accessibility for all diverse populations should be sustainable. To prevent climate change crisis, 

obesity and health, consumers play a role in changing behavior across the lifecycle. Farmers and 

food industries are also accelerator to move towards more sustainable practices to reduce waste 

and related factors to GHG emissions. The food system and climate change are considered an 

important issue for public health and pose a theoretical challenge for scientists and policy makers.  
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      The sun is vital for both plant and animal life. It is the ultimate energy source and can 

help generate vitamin D. However, its radiation is one of the most injurious environmental 

agents.  When exposed to the sun’s radiation for hours on end over several days, is attacked, 

invisibly, by ultraviolet radiation (UVA and UVB). Several lines of evidence have shown the 

relationship between UV exposure and DNA damage as well as the oxidative stress to skin cells. 

UVB and to a lesser extent UVA, can cause thymine dimers and other DNA photoproducts, 

leading to the occurrence of numerous skin disease conditions. UV-induced premature aging 

skin, termed photoaging, is among the most widely resulted harmful effects from excessive 

exposure to the sun. In sun-exposed skin, chronic photodamage produces negative changes in 

skin health, color and texture.  Clinically, the photoaged skin shows up of dryness, irregular 

pigmentation, sallowness, deep furrows or severe atrophy, telangiectasia, premalignant lesions, 

lacity and a lethery appearance. The occurrence of these aging signs is mainly due to the 

consequence of DNA damage and oxidative stress to skin cells, leading to decreasing of collagen 

synthesis and increasing of matrix metalloproteinases, to cause collagen deficiency that affects 

the normal architecture of skin connective tissue. There are also epidemiological and laboratory 

studies provide convincing evidence that UV exposure is a major causative factor of skin or aging 

spots. The appearance of photoaging may indicate the health status. Some of its changes are 

associated with skin cancers. It is, therefore,  important to have proper protection from solar 

irradiation to avoid UV-induced premature aging which is not only for cosmetic reasons but also 

for the better health. While staying out of the sun, wearing protective clothing and regular 

applying sunscreen during the day can prevent not only sunburn, but also many skin-aging 

effects, such as wrinkles and pigmentary changes.  

 

 

 

 

 

 


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 




   
    
 
   
      
    
 
    
   
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   
   
    
  
     
   
 
 
 
    
 
     
    
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   
      
    
 
    
   

  
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   
    
  
     
   
 
 
 
    
 
     
    
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   
  


       
 
   
 
 

  
 
   

  
   
   
  


















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
 

 

Escherichia coli  O104 : H4 




           
         
 
          
   
   
     
           
     
         

         
    
    
    
 
          
      

        
       
       
     
     
     
       


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
 

 

Escherichia coli  O104 : H4 




           
         
 
          
   
   
     
           
     
         

         
    
    
    
 
          
      

        
       
       
     
     
     
       
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 
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

  

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 
   
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 
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
      
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    
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
   
    
  
   
      
   

        
    
  
   
   
   
   
  
    
        
 
 
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 
 
   
   

 
  
    
   


   
     
      
 
   
    
 

 



•   


•   

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 
 
   
   

 
  
    
   


   
     
      
 
   
    
 

 



•   


•   


 

 
 

 

 



      
  

  
          
       
 
      
     
     
         
     
   
      

    
      
    
   
     
      
   
  
  
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  
 

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



  
    
   
  

 
  
 
    

   
    
  
  
  












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Abstract 

      Drainage and run off from agriculture and waste water in the watershed is one 

pollution source for the heavy metal accumulation in the aquatic fishes which might lead to 

human health risk of heavy metal exposure from fish consumptions. This study aimed to 

examine the concentration of heavy metal contamination in fishes from Loeng Puay marsh at 

Khon Kaen Province and to assess the potential for contaminant-induced health risk from fish 

consumptions. Fish samples were collected by random sampling of Common Silver Barb 

(n=7) and Tilapia Nilotica (n=11). Heavy metal concentrations were analyzed by using 

Atomic Absorption Spectrophotometry (AAS), and health risk potentials of contaminant 

exposures were assessed. Results showed that the concentrations of lead were exceeded the 

Thai food contaminated standard of Public Health Ministry (1 mg/kg) in both Common Silver 

Barb and Tilapia Nilotica, which were 2.71 + 0.78 mg/kg and 2.11 + 1.13 mg/kg, 

respectively. The concentrations of copper, manganese and cadmium were lower than the 

standard. The results from risk estimation of lead exposure from the consumption, at least 

0.284 kg/meal, 2 meals/day and 3 days/week of Common Silver Barb or Tilapia Nilotica  

were potential for adverse health effect, compared to the provisional tolerable weekly intake. 

It can be concluded that consumers have the potential health risk to lead exposure by 

consumptions of contaminated fishes from the overflow Loeng Puay marsh depending on 

eating quantity. Therefore, the polluted fish is one source that allows consumers to expose to 

lead and there should be further investigations of the health risk to lead exposure from 

variously relative sources of contaminated fishes.  
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
  
 
  

 
   

 
 

   
  

 
     
  
 
  
 
    


       
 
  
  
  
  
  
  
 

   
 
  
   
 
  
 
  

  

   
     
 

  
   
    
 

   
 
 


     

 
 
 



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
 

 


  

   
 

  
 

  
 

    
  
  

 
  
   
  
  
 


 






 



 



   
      



 



 
  
   
    
 
   
   





    



 
 
   
  
  

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
 

 


  

   
 

  
 

  
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 
    
  
     
     
  



 
  
 
  
   
    
    

    
   

  


 







      


 



  
 
 
  


  
   
 
  
  


 


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
 

 


 
 
 

  
 



  
 
 
  
  
   
     
   
  
 

  
     
    
  
   
 

 
 
 
 


  
   
  
 
  
    
  

     


     
  
 
  
   

 
  

     
  

 
  
 
 
  

 
 
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 



  
 
 
  
  
   
     
   
  
 

  
     
    
  
   
 

 
 
 
 


  
   
  
 
  
    
  

     


     
  
 
  
   

 
  

     
  

 
  
 
 
  

 
 
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
     
  
  
 
  
  
 


 
 
  
 
   
  

 
 


  
 
 
    
    


      
 
  
 

  
 
 
            

      
 

  
  

 
 
    
 

  

 
 
  
 
   
  
  
  
  
  
  
  
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 

   
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วารสารพิษวิทยาไทย 2554 : 26(2)							         		                             51



THE 4th NATIONAL CONFERENCE IN TOXICOLOGY 19-20 JANUARY 2012


 

 

  
  



 





 
 

 
 





 





   

       

      

      





      

      

      





      

      

      



 

      

      

      

              

52                                                                                                                                                       Thai J Toxicology 2011 : 26(2)



THE 4th NATIONAL CONFERENCE IN TOXICOLOGY 19-20 JANUARY 2012


 

 

  
  



 





 
 

 
 





 





   

       

      

      





      

      

      





      

      

      



 

      

      

      

              

 
 

 





  
   



  
   

วารสารพิษวิทยาไทย 2554 : 26(2)							         		                             53



THE 4th NATIONAL CONFERENCE IN TOXICOLOGY 19-20 JANUARY 2012


 

 



    
 
 
 
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   
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 
 
                      
  
  


      
     
     
 

     
     
     


     
      
     
   
    


   
    
 
     
 

      
    
  

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

    
 
 
 
  



 

  
         
  


     
        


 
      


   
  


 
 
  


  
 
 
                      
  
  


      
     
     
 

     
     
     


     
      
     
   
    


   
    
 
     
 

      
    
  


 
 

 

 



     
    
     
 


  
   
   
   
   
     


 
   
 


   
  


   
  


   
  
                       
 


 
 
 
  


                    
  
                        


   
          
  


    
 
 
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Effect of Soymilk Residue Substitution for Flour of Some Dishes on 

Antioxidant Activity and Urethane Induced Mutation in Drosophila 

melanogaster 

Hataichanok Sriprapai and Kaew Kangsadalampai* 

Institute of Nutrition, Mahidol University, Salaya, Nakhon Pathom 73170, Thailand 

 
Abstract 

 

 Four dishes, namely glutinous rice balls in coconut milk (Bua-loi), crisp crackers 

(Khao-kriep), fried radish cake (Khanom-puk-kad) and cookies that have soymilk residue (SR) 

substituted for flour as well as their traditional corresponding ones were determined for 

antioxidant activity and total phenolic content. The antioxidant activity of each SR- substituted 

samples seemed to be the same as of its corresponding traditional one. Only the phenolic content 

of SR- fried radish cake increased. The samples were evaluated for their modulating effect on 

urethane induced wing spots of Drosophila melanogaster in somatic mutation and recombinant 

test (SMART). Firstly, three day-old trans-heterozygous larvae (mwh flr
+
/ mwh TM3) were 

transferred to the Drosophila medium containing each sample substituted for corn flour; it was 

found that none was mutagenic. In the antimutagenicity study, each sample was subjected to the 

same procedure as that of the mutagenicity study except the medium used in bringing up the 

larvae had each sample substituted for corn flour and 20 mM urethane substituted for deionized 

water. The number of urethane induced wing spots on flies from both SR substituted samples and 

their corresponding traditional ones were reduced. Overall data suggested that the substitution of 

SR in each dish should be benefit to the consumers because it had increased antimutagenicity. 

The antimutagenicity might be due to some components of each sample modulated the 

expression of urethane mutagenicity.  
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   
     
  
  
   
    
    
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





    
  
  
   
  
        
   
     
  
  
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    
    
 


  








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Introduction 

Soybean is used to make soymilk, tofu, 

tempeh, miso, natto and yogurt. They provide 

additional health benefits for the consumer 

besides their nutritional properties. The 

principal isoflavones found in soy proteins and 

soy foods are daidzein, genistein, and 

glycitein
1
 which are antioxidants, therefore, 

they might play a role in the prevention of a 

number of chronic diseases such as cancer and 

cardiovascular disease
2
.  

 The production of soymilk and tofu 

produce soymilk residue (SR) or okara
3
. SR 

contains mostly crude fiber composed of 

cellulose, hemicellulose and lignin, about 25% 

protein, 10-15% oil, but little starch or simple 

carbohydrates
4
. It can be widely utilized as an 

ingredient of food or as animal feed. It has 

been used as culture media of some 

microorganism
5
, e.g. SR of tofu 

manufacturing was used to Ganoderma 

lucidum culture in solid-state fermentation
6
. 

SR is also used as an ingredient of bakery 

product. For example, it was added into 

biscuits and snacks to reduce calorie intake 

and to increase dietary fiber
7
. Trongpanich et 

al.
8
 increased dietary fiber and protein content 

of extruded cereal snacks with the addition of 

SR. Although several researchers tried to 

increase the amount of SR added to bakery 

products or other snacks without having a bad 

impact on sensory characteristics by the 

substitution of SR in food has never been 

investigated on other health benefit. Thus, the 

present study was proposed to determine the 

modulating effect of SR substitution on 

urethane mutagenicity in Drosophila 

melanogaster as well as the antioxidant and 

total phenolic content of the SR-substituted 

products. 

 

Materials and Methods 

Chemicals and reagents 

Urethane, 2, 4, 6-tripyridly-s-triazine 

(TPTZ), ferric chloride hexahydrate and 

ferrous sulfate heptahydrate were purchased 

from Sigma Chemical (St. Louis, MO, USA). 

Diethylether and sodium acetate trihydrate 

were purchased from Merck (Darmstadt, 

Germany). Propionic acid, 2, 2-diphenyl-1-

picrylhydrazl (DPPH), gallic acid and Folin-

Ciocalteu reagent were supplied from Fluka 

Chemika (Buchs, Switzerland). Trolox was 

brought from Aldrich Chemical (Milwaudee, 

WI, Germany). All other chemicals and 

reagents were of analytical grade. 

 

Sample preparation  

Soy milk was prepared by soaking 

soybean brought from a local supermarket 

(Salaya, Nakhon Pathom Province) in water at 

room temperature overnight, then it was added 
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with deionized water at the ratio of 1:1 (w/v) 

and homogenized in an electric blender for 1 

min. Soy (milk) residue (SR) was separated 

using cheesecloth for further study. 

Glutinous rice ball in coconut milk 

(Bua-loi), crisp cracker (Khao-kriep), fried 

radish cake (Khanom-puk-kad) and cookie 

were prepared with partial substitution of SR 

for flour as described elsewhere
9,10

. 

Corresponding traditional dish of each sample 

was used as a control. Each sample was 

chopped into small pieces and ground, and 

then it was lyophilized. Each dried sample was 

kept refrigerated before revealing its 

antioxidant activity, total phenolic content and 

antimutagenicity against urethane. 

 

Antioxidant activity and total 

phenolic content 

A portion of sample (5 g) was mixed 

with 80% methanol (50 ml) in a 250-ml 

Erlenmeyer flask. It was stirred for 2 h at 

room temperature, and then the extract was 

filtered through Whatman filter paper No.1 

and collected into a glass bottle. The 

antioxidant capacity was measured by the 

DPPH radical method according to Fukumoto 

& Mazza
11

 and modified the procedures of 

measurement by using a microplate reader
12

. 

The reducing power of methanolic extract was 

also determined according to the method of 

Benzie & Strain
13

; Li et al.
14

 with slight 

modification
12

. The phenolic content of 

methanolic extract was determined with Folin-

Ciocalteu reagent method
15

 and modified the 

procedures of measurement by using a 

microplate reader
12

. 

 

Somatic Mutation and 

Recombination Test (SMART) 

The test was performed as described 

by Graf et al
16

. Three-day-old, trans-

heterozygous larvae (mwh flr
+
/mwh TM3) 

were transferred to the Drosophila medium
17

 

that each dessert was substituted for corn flour 

(used for the mutagenicity evaluation of each 

sample) and the Drosophila medium that each 

dessert was substituted for corn flour and 20 

mM urethane was substituted for water (used 

for antimutagenicity evaluation of each 

sample). The standard medium
17

 was used as 

the negative control and that containing 20 

mM urethane was used as the positive control. 

The wings of the surviving flies were analyzed 

for the occurrence of mutant spots. The wing 

spots data were evaluated using the statistical 

procedure and a multiple decision procedure 

as described by Frei and Wurgler
18

. The 

estimation of spot frequencies and confidence 

limits of the estimated mutation frequency 

were performed with significance level of  = 

 = 0.05. Each experiment was done twice.  
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and homogenized in an electric blender for 1 

min. Soy (milk) residue (SR) was separated 

using cheesecloth for further study. 

Glutinous rice ball in coconut milk 

(Bua-loi), crisp cracker (Khao-kriep), fried 

radish cake (Khanom-puk-kad) and cookie 

were prepared with partial substitution of SR 

for flour as described elsewhere
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Corresponding traditional dish of each sample 

was used as a control. Each sample was 

chopped into small pieces and ground, and 

then it was lyophilized. Each dried sample was 

kept refrigerated before revealing its 

antioxidant activity, total phenolic content and 
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Antioxidant activity and total 
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A portion of sample (5 g) was mixed 

with 80% methanol (50 ml) in a 250-ml 

Erlenmeyer flask. It was stirred for 2 h at 

room temperature, and then the extract was 

filtered through Whatman filter paper No.1 
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DPPH radical method according to Fukumoto 
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 and modified the procedures of 

measurement by using a microplate reader
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also determined according to the method of 
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procedures of measurement by using a 
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The test was performed as described 
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16

. Three-day-old, trans-

heterozygous larvae (mwh flr
+
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17
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(used for the mutagenicity evaluation of each 

sample) and the Drosophila medium that each 

dessert was substituted for corn flour and 20 

mM urethane was substituted for water (used 

for antimutagenicity evaluation of each 

sample). The standard medium
17

 was used as 

the negative control and that containing 20 

mM urethane was used as the positive control. 

The wings of the surviving flies were analyzed 

for the occurrence of mutant spots. The wing 

spots data were evaluated using the statistical 

procedure and a multiple decision procedure 

as described by Frei and Wurgler
18

. The 

estimation of spot frequencies and confidence 

limits of the estimated mutation frequency 

were performed with significance level of  = 

 = 0.05. Each experiment was done twice.  
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The antimutagenicity of each sample 

was determined from the percentage of 

inhibition calculated as the following 

equation: 

Percentage of inhibition = ((a-b)/a) 100 

When a is the frequency of spots 

induced by urethane alone and b is the 

frequency of spots induced by urethane in the 

presence of sample. It is proposed that 

percentages of inhibition between 0-20 

represent a negligible effect while expression 

of percent inhibitions between 20-40, 40-60 

and more than 60 are the evidences of weak, 

moderate and strong antimutagenicity, 

respectively as suggested by Abraham
19

.
 

 

Results 

The antioxidant activity of each food 

substituted with SR and its corresponding 

traditional one is shown in Figure 1. The 

reducing of DPPH by antioxidant of each 

sample expressed as Trolox equivalent 

antioxidant capacity (mg TEAC/g dry weight) 

is shown in Figure 1a. Free radical scavenging 

activity of each food substituted with SR is 

between 0.134 to 0.727 TEAC/g dry weight. 

The FRAP value (mg Fe(II)/g dry weight) of 

each food substituted with SR is between 

232.32 -1006.81 mg Fe(II)/g dry weight 

(Figure 1b). The total phenolic content of each 

sample (mg GAE/g dry weight of each food 

substituted with SR) is in the range between 

48.50 and 436.75 of mg gallic acid/g dry 

weight (Figure 1c).  

The number of induced wing spots of 

adult flies derived from larvae of brought up 

on Drosophila medium containing each 

sample substituted for corn flour was not 

different from that of the flies brought up on 

the negative control medium (data not shown). 

This indicated that most samples contain no 

mutagen. The antimutagenicity of each food 

substituted with SR has been compared with 

that of its corresponding traditional one. SR 

substituted glutinous rice ball in coconut milk, 

crisp cracker, fried radish cake and cookie 

presented greater antimutagenicity than that of 

their corresponding traditional ones (Figure 2). 

Partial substitution of SR for rice flour in 

cookie, glutinous rice ball in coconut milk and 

fried radish cake increased their 

antimutagenicity to be higher than that of their 

corresponding traditional ones. However the 

substitution of SR did not change the levels of 

inhibition. It, therefore, indicated that SR 

influenced on the mutagenicity of urethane in 

this study. 

 

Discussion 

The study on traditional food samples 

revealed that they were good sources of 

antioxidants including phenolic compounds. 
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This may be due to the fact that almost 

traditional samples contained many herbs and 

spices that are the sources of antioxidants
20,21 

. 

Crisp cracker has garlic, pepper and coriander 

as its flavor. Bozin et al.
22

 reported that the 

extracts of garlic reduced the DPPH radical 

(IC50 ranging from 1.03 to 6.01 mg/ml) and 

neutralized H2O2 (IC50 ranging from 0.55 to 

2.01 mg/ml) in a dose-dependent manner. 

Strong inhibition of lipid peroxidation in both 

systems of induction was observed for all 

tested garlic extracts. Agbor et al.
23

 suggested 

that peppercorns especially black pepper, 

which constitutes an important component in 

the diet of many sub-Saharan and oriental 

countries, can be promoted for their nutritional 

importance as antioxidants and radical 

scavengers. Moreover, Wangensteen
24

 

suggested that the addition of coriander to 

food increased the antioxidant content and 

might have potential as a natural antioxidant 

and thus inhibit unwanted oxidation processes. 

The water extract from fragrant screw 

pine (Pandanus amaryllifolius) was the main 

flavor of glutinous rice ball in coconut milk. 

Nor et al.
25

 reported that fragrant screw pine 

leaf extract, which had a polyphenol content 

of 102 mg/g wet weight, exhibited an 

excellent heat-stable antioxidant property and 

may be a good natural alternative to existing 

synthetic antioxidants in the food industry. 

The results that fried radish cake and 

cookie had antioxidants activity and contained 

phenolic compounds may also be due to their 

recipe. The components of fried radish cake, 

namely Chinese radish and Chinese chive 

leaves were found to have radical scavenging 

capacity
26

. Chinese chive (Allium tuberosum) 

belongs to the same family as garlic, onion 

and leek and is an important ingredient in 

Asian cooking
27

. Allicin and thiosulfinates 

could be identified in Chinese chive
28,29

. They 

are both antioxidant
30,31

. This seemed to be the 

reason why fried radish cake had antioxidant 

activity. 

Brown color that formed through 

Maillard reaction might take its responsibility 

as antioxidant of cookie. Gu et al.
32

 reported 

that Maillard reaction products of amino acid-

sugar exhibited antioxidant activity. Benjakul 

et al.
33

 reported that Maillard reaction 

products derived from fructose or galactose at 

the level of 2% showed the increase in 

reducing power and DPPH radical-scavenging 

activity. 

The addition of SR into glutinous rice 

ball in coconut milk, crisp cracker and cookie 

did not make much difference on their 

antioxidant activity and levels of phenolic 

compounds. Only the phenolic content of fried 

radish cake significantly increased. Since the 

substitution slightly changed all parameters 
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might have potential as a natural antioxidant 

and thus inhibit unwanted oxidation processes. 

The water extract from fragrant screw 
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namely Chinese radish and Chinese chive 
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26
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belongs to the same family as garlic, onion 
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Asian cooking
27

. Allicin and thiosulfinates 

could be identified in Chinese chive
28,29

. They 

are both antioxidant
30,31

. This seemed to be the 

reason why fried radish cake had antioxidant 

activity. 

Brown color that formed through 

Maillard reaction might take its responsibility 

as antioxidant of cookie. Gu et al.
32

 reported 

that Maillard reaction products of amino acid-

sugar exhibited antioxidant activity. Benjakul 

et al.
33

 reported that Maillard reaction 

products derived from fructose or galactose at 

the level of 2% showed the increase in 

reducing power and DPPH radical-scavenging 

activity. 

The addition of SR into glutinous rice 

ball in coconut milk, crisp cracker and cookie 

did not make much difference on their 

antioxidant activity and levels of phenolic 

compounds. Only the phenolic content of fried 

radish cake significantly increased. Since the 

substitution slightly changed all parameters 
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determined in this study, it was suggested that 

SR still contained antioxidants including 

phenolic compounds at the amounts that did 

not change the overall content in the 

substituted samples compared with those of 

their corresponding traditional samples. It is 

well known that soybean and its products are 

important sources of antioxidant like 

polyphenols, including isoflavones
34

. Soy 

isoflavones showed significant antioxidant 

activities by inhibiting lipid oxidation, 

scavenging free radicals, and promoting the 

expression of antioxidative enzymes
35

. It was 

suggested that isoflavones were responsible 

for health benefits, including protection 

against oxidative stress
36

. Patel et al.
37

 

reported that soy isoflavones were capable of 

inhibition lipoprotein oxidation in vitro and 

suppressing formation of plasma lipid 

oxidation products in vivo. 

The investigation on the 

antimutagenicity of the samples against 

urethane in Drosophila melanogaster in this 

study was the first attempt to demonstrate that 

all samples had a health benefit in terms of 

reducing the mutagenicity of mutagen.  The 

reason might be due some active components 

in the herbs used in sample preparations that 

possessed antimutagenic properties. Garlic 

contains allyl sulfurs
38

 that could modulate the 

activity of several metabolizing enzymes 

which activate (cytochrome P450s) or 

detoxify (glutathione S-transferases) 

carcinogens and inhibit the formation of DNA 

adducts in several target tissues
39

. Black 

pepper (Piper nigrum L.) that contains 

flavonoids
40

 effectively counteracted the 

mutagenicity of ethyl carbamate in SMART
41

. 

Aqueous crude coriander juice that contains 

flavonoids and polyphenols
42

 significantly 

decreased the mutagenicity of metabolized 

aromatic amines (AA) in the Ames test using 

Samonella typhimurium TA98.
43

 The 

mutagenicity of urethane might also be 

reduced by chlorophyll in the fragrant screw 

pine that Negishi et al.
44

 demonstrated its 

inhibitory effect on wing spot formation in 

Drosophila induced by 3-amino-1-methyl-5H-

pyrido[4,3-b]indole (Trp-P-2). 

The antimutagenicity against urethane 

of each sample might be due to the fact that 

urethane is metabolically activated by 

cytochrome P-450 enzyme system
45

 to be 

vinyl epoxide, the carcinogenic active 

metabolite
46

, that is further detoxified with 

glutathione-S-transferase (GST) conjugation
47

. 

If number of spots per wing reduces, it is 

postulated that the sample might act as an 

inducer of glutathione-S-transferase (GST) or 

an inhibitor of cytochrome P-450 system. The 

reason why fried radish cake could inhibit the 

mutagenicity of urethane might be due to 


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Chinese radish and Chinese chive. Chinese 

radish has isothiocyanates
48

. Uda et al.
49

 

reported that isothiocyanates induced 

glutathione S-transferase and quinone 

reductase in animal tissues. Some 

isothiocyanates were shown to have an 

antimutagenic effect against heterocyclic 

amines, namely IQ and Trp-P-1
49

 via an 

inhibition of cytochrome P-450 mediated 

metabolic activation of the mutagens. Chinese 

chive has allyl methyl disulfide and allyl 

methyl trisulfide. They could inhibit 

benzo[a]pyrene induced neoplasia and 

increase glutathione S-tranferases (GST) 

activity in the stomach of female A/J mice.
50

  

It was demonstrated in this 

investigation that traditional cookie decreased 

number of urethane induced Drosophila 

malanogaster wing spot. Maillard reaction 

products (MRPs) occurred during baking of 

cookie might act as an antimutagen. However, 

there is scarce information that browning 

reaction compounds inhibited mutagenicity of 

any chemicals. Borrelli et al.
51

 reported that 

melanoidins extracted from biscuits was able 

to inhibit the activity of Phase I (NADPH-

cytochrome-C reductase) and phase II 

(Glutathione-S-transferase) enzymes. In 

addition, MRPs exhibited antioxidant activity 

against fenton reaction-induced hydroxyl free 

radicals
52

.
 

The addition of soymilk residue to 

food samples namely glutinous rice ball with 

coconut milk, crisp cracker, fried radish cake 

and cookie could increased their 

antimutagenicity to be higher than that of their 

corresponding traditional ones. It is well 

known that soybean is a source of isoflavone
53

 

and Kangsadalampai and Sommani
54

 revealed 

the antimutagenicity of soybean products 

currently consumed in Thailand in Drosophila 

melanogaster. Previous data indicated that 

isofavones activated phase II detoxification 

enzymes such as UDP-glucuronyl transferase, 

glutathione-S-transferase and quinone 

reductase
55

; such activations might take 

responsibility in reducing the mutagenicity of 

urethane. The isoflavones isolated from 

soybean seeds had a suppressive effect against 

3 - amino -1,4 - dimethyl - 5H-pyrido [4,3b]   

indole
56

 and benzo [a] pyrene induced 

genotoxicity in Swiss albino mice
57

. 
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  Figure 1 Antioxidant activity in DPPH assay (a), antioxidant activity                    

  in FRAP assay (b) and phenolic content (c) of methanolic extracts from            

  each food substituted and unsubstituted with SR (traditional one). 
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    Figure 2 The comparison between percentage of inhibitions on                  

    urethane mutagenicity of substituted foods and those of their              

    corresponding traditional ones. 
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Effect on Urethane Induced Mutagenicity in  Drosophila melanogaster of 

Different Germinated Unpolished Rice and the Thai Desserts Made from 

Them 

Ratiya Kaewchum and Kaew Kangsadalampai
*
  

Institute of Nutrition, Mahidol University, Salaya, Nakhon Pathom 73170, Thailand 
 

Abstract 

 

      Four kinds of rice (Oryza sativa L.), namely polished Jasmine rice, germinated 

unpolished Jasmine rice and germinated unpolished red Jasmine rice, germinated unpolished 

Homnil rice were proved to have antioxidant activity and phenolic compounds. Each type of rice 

was blended and used to make rice crispy, dried rice ball and steamed banana cake. The desserts 

were evaluated for their modulating effect on urethane induced wing spots in Drosophila 

melanogaster. In the evaluation, three-day-old trans-heterozygous larvae (mwh flr
+
/mwh TM3) 

were transferred to the Drosophila medium that each dessert was substituted for corn flour (used 

for the mutagenicity evaluation of each sample) and the Drosophila medium that each dessert and 

20 mM urethane were substituted for corn flour and water (used for antimutagenicity evaluation 

of each sample). The wings of the surviving flies were analyzed for the occurrence of mutant 

spots. Most of the samples were non-mutagenic. Although the Drosophila medium prepared from 

each germinated unpolished rice meal increased the mutagenicity of urethane (possibly be due to 

the high content of polyunsaturated fatty acids that might lead to the generation of free radicals in 

test organism) almost all of the desserts made from the three type of geminated unpolished rice 

reduced the mutagenicity of urethane at various degrees. It was suspected that some components, 

besides the rice meal in the deserts, might be the modulators of urethane biotransformation.  
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       








 
  
  

 
  
   
  
 
   

  
  

 
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


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Introduction 

 Flour made from pigmented rice 

should be considered as a major ingredient of 

some Thai snacks since it contains high 

amount of anthocyanins
1
 that are known to 

have some beneficial functions for consumer 

such as a anticarcinogenicity
2,3

 and antioxidant 

activity
4,5

. In addition, the flour made form 

germinated unpolished rice should also be of 

interest by health concerning consumer since it 

contains a much higher concentration of 

essential amino acids,
6
 such as lysine, 

isoleucine, and methionine, than conventional 

unpolished rice, and over 13 times the amount 

of -aminobutyric acid (GABA)
7
.
 
Apart from 

changing the level of nutrients, the 

biochemical activities, which occur during 

germination, can also generate bioactive 

components and some of these possess 

antioxidants, such as ascorbic acid, 

tocopherols, tocotrienols and phenolic 

compounds, thus resulting in an increase of 

antioxidant activity
8
. The preparation of some 

Thai snacks, namely rice crispy (Khao-pong), 

dried rice ball (Khao-tu) and streamed banana 

cake (Khanom-kluay) containing health 

promoting phytochemicals obtained from 

germinated pigmented rice was of interest 

since consuming of all three unattractive 

traditional Thai snacks has been decreased. 

Hopefully, they might also have other health 

benefit, namely antimutagenicity which was 

the aim of this investigation. 

 

Materials and Methods 

 Chemicals Urethane was purchased 

from Sigma Chemical (St. Louis, MO, USA). 

2, 4, 6-tripyridly-s-triazine (TPTZ), ferric 

chloride hexahydrate and ferrous sulfate 

heptahydrate were furnished from Sigma 

Chemical (St. Louis, MO, USA). Diethylether 

and sodium acetate trihydrate were purchased 

from Merck (Darmstadt, Germany). Propionic 

acid, 2, 2-diphenyl-1-picrylhydrazl (DPPH), 

gallic acid and Folin-Ciocalteu reagent were 

supplied from Fluka Chemika (Buchs, 

Switzerland). Trolox was brought from 

Aldrich Chemical (Milwaudee, WI, Germany). 

All other chemicals and reagents were of 

analytical grade. 

 Sample Preparations Four kinds of 

rice (Oryza sativa L.), namely polished 

Jasmine rice (used for making each traditional 

dessert), germinated unpolished Jasmine rice 

and germinated unpolished red Jasmine rice 

were purchased from BIG C supercenter 

(Nakhon Pathom) while germinated 

unpolished Homnil rice was purchased from 

Tesco Lotus (Lak-See, Bangkok 

Metropolitan). Rice was ground to be meal and 

passed through a 100-mesh sieve before using 

as the ingredient of streamed banana cake 
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(Khanom-kluay),
9 

dried rice ball (Khao-tu)
10

 

and rice crispy (Khao-pong)
11

. Each finished 

product was lyophilized, ground to be powder 

and stored at room temperature in a desiccator 

for further studies. 

 Antioxidant Activity of Rice Meal A 

portion of each rice meal (2.5 g) was mixed 

with 80% methanol (50 ml) in a 250-ml 

Erlenmeyer flask. It was stirred for 2 h at room 

temperature; then, the extract was filtered 

through Whatman filter paper No.1 and 

collected into a glass bottle. The antioxidant 

capacity measured by DPPH (2,2-diphenyl-1-

picrylhydrazyl) assay for free radical scavenging 

activity of each methanolic extract was 

performed as suggested by Fukumoto and 

Mazza
12 

with slight modification
13

.  Ferric 

reducing antioxidant power (FRAP) of 

methanolic extract was measured according to 

the procedure described by Griffin and 

Bhagooli
14

 with slight modification
13

.
 
The total 

phenolic content of methanolic extract from 

each sample was determined according to the 

method described by Amarowicz et al.
15

 with 

slight modification
13

. 

 Somatic Mutation and 

Recombination Test The antimutagenicity of 

each freshly prepared sample or germinated 

rice meal was determined twice. The test was 

performed as described by Graf et al.
16

. Three-

day-old, trans-heterozygous larvae (mwh 

flr
+
/mwh TM3) were transferred to the 

standard (Drosophila) medium
17

 that each 

dessert or germinated rice meal was 

substituted for corn flour (used for the 

mutagenicity evaluation of each sample) and 

the Drosophila medium that each dessertor 

germinated rice meal was substituted for corn 

flour and 20 mM urethane was substituted for 

water (used for antimutagenicity evaluation of 

each sample)as suggested by 

Laohavechvanich
18

. The standard medium was 

used as the negative control and that 

containing 20 mM was used as the positive 

control. The wings of the surviving flies were 

analyzed for the occurrence of mutant spots. 

The wing spots data were evaluated using the 

statistical procedure as described by Frei and 

Wurgler
19

.The estimation of spot frequencies 

and confidence limits of the estimated 

mutation frequency were performed with 

significance level of  =  = 0.05. The 

antimutagenicity of each sample was 

determined from the percentage of inhibition 

calculated as following: 

Percentage of inhibition = ((a-b)/a) 100 

 When a is the frequency of spots 

induced by urethane alone and b is the 

frequency of spots induced by urethane in the 

presence of sample. It is proposed that 

percentages of inhibition between 0-20 

represent a negligible effect while expression 


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(Khanom-kluay),
9 

dried rice ball (Khao-tu)
10

 

and rice crispy (Khao-pong)
11

. Each finished 

product was lyophilized, ground to be powder 

and stored at room temperature in a desiccator 

for further studies. 

 Antioxidant Activity of Rice Meal A 

portion of each rice meal (2.5 g) was mixed 

with 80% methanol (50 ml) in a 250-ml 

Erlenmeyer flask. It was stirred for 2 h at room 

temperature; then, the extract was filtered 

through Whatman filter paper No.1 and 

collected into a glass bottle. The antioxidant 

capacity measured by DPPH (2,2-diphenyl-1-

picrylhydrazyl) assay for free radical scavenging 

activity of each methanolic extract was 

performed as suggested by Fukumoto and 

Mazza
12 

with slight modification
13

.  Ferric 

reducing antioxidant power (FRAP) of 

methanolic extract was measured according to 

the procedure described by Griffin and 

Bhagooli
14

 with slight modification
13

.
 
The total 

phenolic content of methanolic extract from 

each sample was determined according to the 

method described by Amarowicz et al.
15

 with 

slight modification
13

. 

 Somatic Mutation and 

Recombination Test The antimutagenicity of 

each freshly prepared sample or germinated 

rice meal was determined twice. The test was 

performed as described by Graf et al.
16

. Three-

day-old, trans-heterozygous larvae (mwh 

flr
+
/mwh TM3) were transferred to the 

standard (Drosophila) medium
17

 that each 

dessert or germinated rice meal was 

substituted for corn flour (used for the 

mutagenicity evaluation of each sample) and 

the Drosophila medium that each dessertor 

germinated rice meal was substituted for corn 

flour and 20 mM urethane was substituted for 

water (used for antimutagenicity evaluation of 

each sample)as suggested by 

Laohavechvanich
18

. The standard medium was 

used as the negative control and that 

containing 20 mM was used as the positive 

control. The wings of the surviving flies were 

analyzed for the occurrence of mutant spots. 

The wing spots data were evaluated using the 

statistical procedure as described by Frei and 

Wurgler
19

.The estimation of spot frequencies 

and confidence limits of the estimated 

mutation frequency were performed with 

significance level of  =  = 0.05. The 

antimutagenicity of each sample was 

determined from the percentage of inhibition 

calculated as following: 

Percentage of inhibition = ((a-b)/a) 100 

 When a is the frequency of spots 

induced by urethane alone and b is the 

frequency of spots induced by urethane in the 

presence of sample. It is proposed that 

percentages of inhibition between 0-20 

represent a negligible effect while expression 

 
 

 

of percent inhibitions between 20-40, 40-60 

and more than 60 are the evidences of weak, 

moderate and strong antimutagenicity, 

respectively as suggested by Abraham
20

.  

 

Results 

           The antioxidant activity of all types of 

rice meal is shown in Figure 1. The reduction 

of DPPH by antioxidants in the samples 

expressed as the percentage of radical 

scavenging activity was between 18.08 to 

90.31%. In addition, the FRAP values (µM 

ferrous tripydyltriazine) was between 72.55 to 

1025.24 µM. The total phenolic contents of 

each sample were between 17.5 to 158.14 mg 

gallic acid equivalents per liter. It revealed that 

rice meal used in this study contained 

antioxidants and certain amount of phenolic 

compounds.  

 All samples were determined for its 

mutagenicity and antimutagenicity. None of 

the sample was mutagenic (data not shown). 

The traditional steam banana cake and dried 

rice ball made from polished Jasmine rice 

exhibited their moderate antimutagenicity 

(percentages of inhibition were between 40-

60) while that of traditional rice crispy made 

from polished Jasmine rice was weak 

inhibitor. It was noted that there was no clear 

difference between the results obtained 

between the traditional desserts and their 

corresponding substituted ones in terms of 

antimutagenicity (Figure 2). 

 

Discussion 

             It revealed that rice and germinated 

unpolished rice exhibited antioxidant activity 

and certain amount of phenolic compounds; 

therefore, the desserts made from them should 

have these properties. Germinated seed gives 

other benefit to consumer since López-

Amorós
21 

found that after germination, beans 

and peas had a significant increase in 

antioxidant activity. This ensured the healthy 

benefit of consumers in consuming the 

modified Thai desserts of this study. In 

addition, pigmented rice namely, germinated 

unpolished red rice, germinated unpolished 

Homnil rice consist of anthocyanins
22

 and
 
the 

major anthocyanins extracted from black rice 

express its potential to scavenge free radicals, 

including both oxygen- and nitrogen-derived 

radicals
23

. Compounds which possess 

antioxidant activity can inhibit mutation and 

cancer because they can scavenge  free 

radicals or induce antioxidant enzymes
24

. It 

was documented that N-hydroxyurethane, a 

urethane metabolite,
25,26

 was hydrolyzed by 

esterase to generate hydroxylamine and 

exerted its mutagenic effect in multiple organs 

via generating O2˙
-
 and NO˙ to cause oxidation 

and depurination of DNA
27

. Methanol extract 
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from each germinated unpolished rice was a 

good source of natural antioxidants; the 

amount was higher than that of polished 

Jasmine rice. Thus, in this study, antioxidant 

activity from germinated unpolished rice 

might reduce O2˙- and/or NO˙ in urethane 

metabolism.  

              Polished Jasmine rice meal or most 

germinated unpolished rice meal administered 

with urethane to Drosophila larvae 

surprisingly increased the mutagenicity 

expressed as induced wing spots. Kantong
28 

reported that total urethane induced spots per 

wing of larvae increased when they were fed 

on a medium containing cooked rice, namely 

polished rice, unpolished rice, sticky 

unpolished rice or Mun-pu rice. The 

polyunsaturated fatty acid composition of 

dietary fat should be associated with increased 

oxidative stress in tissues
29

. Hence, it is 

hypothesized that higher content of 

polyunsaturated fatty acids in unpolished rice 

might lead to the generation of free radicals in 

fruit fly. Further investigation on the effect of 

polyunsaturated fatty acids on free radical 

generation in fruit fly should be done.  

              The present investigation showed that 

Thai desserts could inhibit the mutagenicity of 

urethane. It was possibly due to the ingredients 

of each dessert or some compounds occurring 

during dessert processing; it should not be the 

effect of germinated rice flour substitution. For 

instance, streamed banana cake made of 

polished Jasmine rice meal and germinated 

unpolished rice meal were both effectively 

antimutagenic against urethane with slight 

difference. This indicated that the 

antimutagenicity of this dessert might be due 

to other ingredients e.g. banana. Kruawan et 

al.
30 

elucidated the inhibitory effect of the 

powders prepared from three varieties of ripe 

bananas on mutagenicity of urethane in 

Drosophila melanogaster. 

            It was indicated that dried rice ball, rice 

crispy either made of polished Jasmine rice or 

germinated unpolished rice was effectively 

antimutagenic against urethane. The 

antimutagenicity of dried rice ball and rice 

crispy made of polished Jasmine rice was 

possibly due to Maillard reaction products 

(MRPs) occurring during dessert processing. 

Further research on analysis of the MRPs in 

each sample should be done since Yen et al.
31 

reported that sugars-tryptophan and xylose-

amino acids, strongly inhibited the 

mutagenicity of 2-amino-3-methylimidazo 

(4,5-f) quinoline (IQ), 3-amino-1,4-dimethyl-

5H-pyridol-(4,3-b) indole (Trp-P-1) and 2-

amino-6-methyldipyrido(1,2-a:3',2'-d) 

imidazole (Glu-P-1) in Ames test. 

 In conclusion, the antimutagenicity of 

each Thai dessert made from different 
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from each germinated unpolished rice was a 

good source of natural antioxidants; the 

amount was higher than that of polished 

Jasmine rice. Thus, in this study, antioxidant 

activity from germinated unpolished rice 

might reduce O2˙- and/or NO˙ in urethane 

metabolism.  

              Polished Jasmine rice meal or most 

germinated unpolished rice meal administered 

with urethane to Drosophila larvae 

surprisingly increased the mutagenicity 

expressed as induced wing spots. Kantong
28 

reported that total urethane induced spots per 

wing of larvae increased when they were fed 

on a medium containing cooked rice, namely 

polished rice, unpolished rice, sticky 

unpolished rice or Mun-pu rice. The 

polyunsaturated fatty acid composition of 

dietary fat should be associated with increased 

oxidative stress in tissues
29

. Hence, it is 

hypothesized that higher content of 

polyunsaturated fatty acids in unpolished rice 

might lead to the generation of free radicals in 

fruit fly. Further investigation on the effect of 

polyunsaturated fatty acids on free radical 

generation in fruit fly should be done.  

              The present investigation showed that 

Thai desserts could inhibit the mutagenicity of 

urethane. It was possibly due to the ingredients 

of each dessert or some compounds occurring 

during dessert processing; it should not be the 

effect of germinated rice flour substitution. For 

instance, streamed banana cake made of 

polished Jasmine rice meal and germinated 

unpolished rice meal were both effectively 

antimutagenic against urethane with slight 

difference. This indicated that the 

antimutagenicity of this dessert might be due 

to other ingredients e.g. banana. Kruawan et 

al.
30 

elucidated the inhibitory effect of the 

powders prepared from three varieties of ripe 

bananas on mutagenicity of urethane in 

Drosophila melanogaster. 

            It was indicated that dried rice ball, rice 

crispy either made of polished Jasmine rice or 

germinated unpolished rice was effectively 

antimutagenic against urethane. The 

antimutagenicity of dried rice ball and rice 

crispy made of polished Jasmine rice was 

possibly due to Maillard reaction products 

(MRPs) occurring during dessert processing. 

Further research on analysis of the MRPs in 

each sample should be done since Yen et al.
31 

reported that sugars-tryptophan and xylose-

amino acids, strongly inhibited the 

mutagenicity of 2-amino-3-methylimidazo 

(4,5-f) quinoline (IQ), 3-amino-1,4-dimethyl-

5H-pyridol-(4,3-b) indole (Trp-P-1) and 2-

amino-6-methyldipyrido(1,2-a:3',2'-d) 

imidazole (Glu-P-1) in Ames test. 

 In conclusion, the antimutagenicity of 

each Thai dessert made from different 
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germinated unpolished rice was not clearly 

different from that of its corresponding 

traditional one that was made from polished 

Jasmine rice. However, the consumers who 

consume Thai desserts made as suggested by 

the results of this study should at least receive 

the benefit of other antioxidant occurring 

during germination. 
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Figure 1 Antioxidant activity in DPPH assay (a), antioxidant activity              

 in FRAP assay (b) and total phenolic content (c) of methanolic extracts          

 of polished Jasmine rice, germinated unpolished rice.
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Figure 2 Percent inhibition of each Thai dessert on urethane (20 mM) induced somatic mutation 

and recombination in Drosophila melanogaster derived from trans-heterozygous (mwh+/+flr
3
) 

larvae in trials 1and trial 2. 

 

(PJ-Polished Jasmine rice, GJ-germinated unpolished Jasmine rice, GRJ-germinated unpolished 

red Jasmine rice, GH-germinated unpolished Homnil rice, BPJ-steam banana cake made from 

polished Jasmine rice, BGJ-steam banana cake made from germinated unpolished Jasmine rice, 

BGRJ-steam banana cake made from germinated unpolished red Jasmine rice, BGH-steam 

banana cake made from germinated unpolished Homnil rice, DPJ-Dried rice ball made from 

polished Jasmine rice, DGJ-Dried rice ball made from germinated unpolished Jasmine rice, 

DGRJ-Dried rice ball made from germinated unpolished red Jasmine rice, DGH-Dried rice ball 

made from germinated unpolished Homnil rice, CPJ-Rice crispy made from polished Jasmine 

rice, CGJ-Rice crispy made from germinated unpolished Jasmine rice, CGRJ-Rice crispy made 

from germinated unpolished red Jasmine rice, CGH-Rice crispy made from germinated 

unpolished Homnil rice). 
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Mutagenicity and Antimutagenicity in the Somatic Mutation and 

Recombination Test Using Drosophila melanogaster of Battered and Fried 

Thai Dishes 

Parichat Pooncheuy and Kaew Kangsadalampai
*
 

Institute of Nutrition, Mahidol University, Salaya, Nakhon Pathom 73170, Thailand  

Abstract 

    Seven battered and fried Thai dishes (BFTDs) were evaluated for their mutagenicity 

and antimutagenicity in the somatic mutation and recombination test using Drosophila 

melanogaster. Three-day old trans-heterozygous larvae, obtained by mating the virgin ORR; flr
3
 

females and mwh/mwh males, were transferred to the medium containing each BFTD (for 

mutagenicity study) and the medium containing each BFTD and urethane (for antimutagenicity in 

the co-administration study) until they became adult flies. The antimutagenicity studies were also 

performed by mating the parental flies on the medium containing each sample to obtain the three-

day-old larvae that were consequently raised on the medium containing only urethane (the pre-

feeding study type 1) or medium containing urethane and each sample (the pre-feeding study type 

2 study) until they became adult flies. The wings of the surviving flies were analyzed for the 

occurrence of mutant spots. The result showed that none of the samples was mutagenic; however, 

each sample decreased the mutagenicity of urethane indicating the presence antimutagens of 

herbs and spices. It was noted that the inhibitory effect of most samples in the co-administration 

study was nearly the same as of the pre-feeding study type 1 and the inhibitory effect of most 

samples was the best in the pre-feeding study type 2. It was suggested, by the results according to 

the experimental design, that the components of most samples should not trap urethane but 

induced the detoxifying system that was stable throughout the whole period of study. 
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 





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Introduction 

Thai traditional diet is characterized 

with high amount of vegetables, fruits, herbs 

and spices
1
. Several studies reported that 

components of diet could be a major factor in 

modulating the risk of cancer, for instance, 

Thai dishes have been reported for their 

antimutagenic potency, in vitro and in vivo
2-5

. 

Battered and fried Thai dish (BFTD) is a new 

form of Thai fast food currently favorite for 

ones who have less duration of lunch hour or 

as a snack for young adult. Hageman et al.
6
 

performed a frying experiment carried out 

under laboratory conditions and they indicated 

that mutagenic polar substances were formed 

during repeated and prolonged use of deep-

frying fat. Since BFTD is prepared by deep-fat 

frying process, it was interested to determine 

whether BFTD was mutagenic and could 

modify the mutagenicity of urethane in 

somatic mutation and recombination test 

(SMART) using Drosophila melanogaster. 

 

Materials and Methods 

Chemicals and Samples: Urethane 

(URE) was purchased from Sigma Chemical 

(St. Louis, Mo, USA). Glycerol was bought 

from Farmitalia Carlo Erla (Milan, Italy). 

Other chemicals were of laboratory grade. The 

battered and fried Thai dishes (BFTDs) of rice 

fried with sausage and ham, rice fried with 

crab meat, rice with pork fried with garlic and 

pepper, rice with shrimp paste and fried Indo-

Pacific Mackerel, rice fried with holy basil 

and pork, rice with spicy shrimp soup, and 

rice fried with salted fish were purchased from 

two suppliers, namely “Friday Market” 

(Mahidol University at Salaya, Nakhorn 

Pathom Province) and “Wanglaung market” 

(Bangkoknoi, Bangkok Metropolitan). 

Sample Preparation: The samples 

from different sources were separately studied 

as the study 1 and the study 2. Each sample 

obtained as a frozen precooked product was 

fried in palm oil at 150 °C for 2 min. 

Excessive oil was drained on paper towels. 

The finished product was dried in a freeze 

dryer for approximate 3 days depending on 

moisture content of each sample. The freeze-

dried sample was blended in an electrical 

blender to be powder and kept frozen until 

used. 

Drosophila medium: The standard 

medium was the formula developed by 

Roberts
7
. Sugar (0.20 g), agar (0.028 g), yeast 

(0.10 g) and corn flour (0.25 g) were blended 

and boiled in a 15-ml test tube containing 2 ml 

of water until the mixture became glutinous. It 

was then left for 10 min and covered with a 

cotton plug. Appropriate amount of each 

BFTDs was added to standard medium at the 

ratio of 1:1, 1:3, or 1:7 w/w and the mixture 
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was homogenized; the final percentage of 

sample in each experimental medium was 

50%, 25% or 12.5%, respectively. 

Somatic Mutation and 

Recombination Test: Before running each 

antimutagenicity assay, survival rate of 

Drosophila fed on each experimental medium 

was noted. Only the amount of sample in the 

medium that gave higher than 50 percent of 

surviving flies was selected for further 

mutagenicity and antimutagenicity assays. The 

mutagenicity of each sample was determined 

as described by Graf et al.
8
. Antimutagenicity 

of each sample was evaluated in a co-

administration study and two types of pre-

feeding studies described earlier
9
. The wing 

spots data were evaluated as described by Frei 

and Würgler
10

. 

Percent inhibition of each sample is 

calculated as follows: 

Percent of modification = ((A-B)/A) x 100 

Where A is the number of total spots 

per wing of positive urethane control group, B 

is the number of total spots per wing of each 

experimental group. It was proposed that 

percent of inhibition between 0–20%, 20–

40%, 40–60% and higher than 60% were 

classified as negligible, weak, moderate and 

strong antimutagenicity, respectively. 

 

 

Results 

 The number of surviving adult flies 

brought up on all experimental media was 

higher than 50%; thus, it indicated that none 

was too toxic for further testing. The 

mutagenicity of each BFTD was evaluated 

from the data of total spots per wing obtained 

from surviving flies. None of the samples was 

mutagenic since they did not significantly 

induce the frequencies of mutant spots to be 

higher than that of the negative control 

(p<0.05) (data not shown). 

 The percent inhibition on urethane 

mutagenicity was calculated to show the 

relationship between the mutagenicity of 

urethane in the presence and absence of each 

BFTD in Drosophila medium. The data given 

in Figure 1 demonstrate that the percent 

inhibition of each sample is within the range 

of 25.79 % (BFTD of rice fried with sausage 

and ham in the study 2) to 54.42% (BFTD of 

rice with pork fried with garlic and pepper in 

the study 1). Most BFTDs decreased number 

of wing sports induced by urethane in this 

investigation.  

The data shown in Figure 2A and B 

reveal the antimutagenic effect of all BFTDs 

in the pre-feeding study. Percent inhibitory of 

each sample in the pre-feeding study type 1 

was lower than that of the pre-feeding study 

type 2. In addition, most samples in the study 
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rice with pork fried with garlic and pepper in 
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of wing sports induced by urethane in this 

investigation.  

The data shown in Figure 2A and B 

reveal the antimutagenic effect of all BFTDs 

in the pre-feeding study. Percent inhibitory of 

each sample in the pre-feeding study type 1 

was lower than that of the pre-feeding study 

type 2. In addition, most samples in the study 
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2 of pre-feeding were moderate and strong 

antimutagenic (range 40-60 and 60-100% 

inhibition). 

 

Discussion
The results confirmed that such 

samples are safe for most consumers. None of 

samples was mutagenic since they did not 

significantly induce the frequencies of mutant 

spots to be higher than that of the negative 

control medium. The average size and survival 

rates of adult flies obtained from larvae fed on 

medium containing each BFTD did not show 

any difference compared with those of the 

control group (fed on standard medium). 

The antimutagenicity of BFTDs might 

be due to their ingredients that can modulate 

detoxifying enzymatic system. URE is 

metabolically activated by cytochrome P-450 

enzyme system
11

 to be vinyl epoxide (the 

reactive intermediate of URE metabolism) 

which is the carcinogenic active metabolite 
12

. 

Kemper reported that the carcinogenic 

metabolites of URE were detoxified with 

glutathione-S-transferase (GST) conjugation. 

Substantial information indicated that the 

mutagenicity of URE decreased in the 

presence of antimutagens in many food and 

beverages
13

. In order to clarify such 

hypothesis, the pre-feeding study types 1 and 

2 were performed.  

Contacting with the sample only on the 

early stage (day 0 to day 3) of larval period 

supposed to induce or inhibit the activity of 

enzyme in biotransformation system in the 

pre-feeding study type 1. While continuous 

feeding of sample to the larvae in the pre-

feeding study type 2 allowed them to contact 

the possible modulators of enzymes in each 

sample for the whole period of larvae stage. In 

case that the reduction of urethane induced 

spots per wing in the co-administration is 

nearly the same as of the result of pre-feeding 

type 2 study and the inhibition of both studies 

is stronger than that of the pre-feeding type 1, 

it seems that samples can scavenge urethane 

and/or induced the enzymatic system to 

detoxify urethane. 

Comparing the results between co-

administration study and that of pre-feeding 

type 1, it suggested that the components of 

most samples should not trap urethane since 

the inhibitory effect on urethane mutagenicity 

of each sample in both studies mentioned 

above were nearly at the same magnitudes. 

Since the experimental design of the pre-

feeding study type 1 did not allow the larvae 

to contact with urethane in the presence of 

each sample; therefore, the inhibitory effect 

should rather belong to the induction of 

detoxifying enzymes. This also confirmed by 

the higher inhibitory effect of most samples 
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determined from the result of the pre-feeding 

study type 2 that allowed the larvae contacted 

with the samples from day 0 after hatching 

until they were collected for wing analysis; 

thus, the detoxifying enzymes might be 

stimulated and stable throughout the whole 

period of study. 

Over all result showed that most 

BFTDs could reduce the mutagenicity of 

urethane. The protection may be concerned 

with the effect of some herbs and spices. 

BFTDs had garlic as a common ingredient. 

Vegetables, herbs and spices consumption in 

India and others Asian nations are claimed to 

exhibit potential anticarcinogenicity and other 

health benefits
14

.
 
It was shown that some 

organosulfur compounds in garlic could 

increase the expression of glutathione-S-

transferase (GST) in red blood cells of rat
15

. 

Guyonnet et al.
 16

 showed that these CYP 

modifications can lead to an enhancement or a 

decrease in the mutagenicity of carcinogens in 

the Ames test. Abraham
17

 also suggested that 

interaction among the naturally occurring 

compounds present in each herb might be of 

significance concerning its antimutagenicity. 

Small amount of antimutagenic substances 

such as organic sulfur containing compound, 

β-carotene, flavonoids presented in each 

BFTD may not exert its significant protective 

effects by itself; however, the significant in 

vivo antigenotoxic effect may be the bio-

interaction of most compounds to produce the 

additive or synergistic effect. Many citrus 

flavonoids (phenolic compounds) have been 

reported for their antimutagenicity against 

many mutagens by modulating the detoxifying 

enzymes of the host
18-19

.
 
Chili pepper is a 

common spice in Thai cuisine and also in
some BFTDs of this study. Laohavechvanich 

et al.
 20 

revealed that hot chili peppers 

prepared as raw paste (chili ground in water), 

pickled in vinegar or stir-fried in palm oil 

were antimutagenic against urethane induced 

Drosophila melanogaster wing hairs.
 
Holy 

basil which is the main flavor in BFTD of rice 

fried with holy basil and pork may be the main 

protecting factor against mutagenicity of 

URE. The effect of alcoholic extract of holy 

basil leaves reported by Banerjee et al.
21 

in 

elevating the levels of cytochrome P450, 

cytochrome b5, aryl hydrocarbon hydroxylase 

in liver and enhanced glutathione-S-

transferase (GST) while reduced glutathione 

level in the liver, lung and stomach of mice 

might explain why the mutagenicity of 

urethane reduced in this study. 

In conclusion, the present study 

assessed the safety of battered and fried Thai 

dishes. All BFTDs were mutagen free. They 

were also sources of antimutagens in the 

somatic mutation and recombination test 
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Figure 1 Antimutagenicity of each BFTD on urethane (20mM) induced somatic mutation and 

recombination in Drosophila melanogaster derived from trans-heterozygous (mwh+/+flr
3
) larvae 

in the co-administration.  
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 Figure 2 Antimutagenicity of each BFTD on urethane (20mM) induced somatic mutation 

 and recombination in Drosophila melanogaster derived from trans-heterozygous 

 (mwh+/+flr
3
) larvae in the pre-feeding studies. 
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 Figure 2 Antimutagenicity of each BFTD on urethane (20mM) induced somatic mutation 

 and recombination in Drosophila melanogaster derived from trans-heterozygous 

 (mwh+/+flr
3
) larvae in the pre-feeding studies. 
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Abstract 

 

 Kojic acid is a naturally occurring compound used extensively as a food additive, as a 

food preservative, and as an ingredient in skin-lightening agents. A number of studies have 

reported possible toxicity and/or carcinogenicity of kojic acid, but the mechanisms involved 

remain unclear. We investigated effect of kojic acid on the expression of several cytochrome 

P450 isoforms in rats. Male F344 rats were orally administered various doses of kojic acid 

ranging from 0.6-1875 mg/kg bw for 14 days. High doses of kojic acid significantly decreased 

body weight and serum thyroxine levels, but increased liver and thyroid gland weights. The 

pattern of CYP2B1 protein expression in the livers of kojic acid treated rats showed kojic acid at 

the low dose significantly decreased the level of expression, but the medium and high doses 

significantly increased CYP2B1 expression. In addition, kojic acid treatment decreased CYP2E1 

expression in rat livers.  CYP2C11 was significantly decreased in livers of rats fed with the high 

dose of kojic acid.  This is the first report that kojic acid influences protein expression of 

cytochrome P450 isozymes in rat liver, which in turn may promote liver and thyroid gland 

toxicity in rats. 
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
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
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Introduction 

Most chemical toxicants require 

metabolic activation in order to induce a 

biological response. The production of 

reactive metabolites is largely dependent on 

primary metabolism by the cytochrome P450 

enzymes and/ or secondary metabolism by the 

phase-2 metabolizing enzymes. The result of 

exposure to an environmental toxicant in 

terms of acute or chronic toxicity largely 

depends on the balance between these two 

processes.
1
 

Cytochrome P450 (CYP)-dependent 

monooxygenase represents the first line of 

defense against toxic lipophilic chemicals as it 

catalyzes reactions involving the incorporation 

of an atom of molecular oxygen into the 

substrate.
2
 The resulting increase in 

hydrophilicity facilitates further metabolic 

processing and excretion. Unfortunately, in 

this process certain chemicals are activated to 

their ultimate carcinogenic form rather than 

being detoxified. Most carcinogen activation 

occurs through generation of epoxides or N-

hydroxy intermediates that are further 

metabolized by transferases. CYPs are most 

extensively expressed in the liver, although 

their levels of expression vary dependening on 

the particular P450 form.
 3

 

Kojic acid (5-hydroxy-2-

(hydroxymethyl)-4H-pyran-4-one) is a 

metabolic product of aerobic carbohydrate 

metabolism found in several microorganisms, 

including species of the genus Aspergillus. It 

is contained in traditional Japanese fermented 

foods, including miso (soybean paste), soy 

sauce and sake, and used as a food additive 

and preservative, and as a skin-whitening 

agent in cosmetics.
 4

  

Kojic acid has an indistinct 

toxicological profile. It has been reported to 

be genotoxic in several in vitro tests, including 

mutation in the Salmonella mutation assay and 

chromosomal aberrations test in Chinese 

hamster ovary cells but all of the in vivo 

genotoxicity tests were negative.
 5-7

 In 

addition, kojic acid induced thyroid adenomas 

and hyperplasia formation in rodents by 

disruption of thyroid hormones homeostasis, 

which is not related to the genotoxic pathway.
 

8-10
 Several studies have reported that high 

concentrations of kojic acid promote 

hepatocarcinogenesis in rodents.
 11-13

 

However, little is known concerning 

bioactivation enzymes by kojic acid. The 

present study aims to investigate the 

expression of cytochrome P450 proteins of 

kojic acid in rat liver. 
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Materials and Methods 

 Chemicals 

 Kojic acid (CAS no. 501-30-4) (purity 

 98%) was purchased from Tokyo Kasei 

Kogyo Co., Ltd. (Tokyo, Japan). Rabbit 

polyclonal antibodies against rat CYP2B1, 

CYP2C11 and CYP2E1 were kind gifts from 

Prof. Yoshihiko Funae, School of Medicine, 

Osaka City University, Osaka, Japan. 

 Animals 

 Eight-week-old male F344 rats were 

purchased from Charles River Japan (Atsugi, 

Kanagawa, Japan). They were housed in an 

animal room, maintained on a 12 h (08:00 – 

20:00) light/dark cycle at a constant 

temperature of 23 ± 1 °C and relative 

humidity of 44 ± 5 % and were given free 

access to tap water and food. Animals were 

acclimated 1 week before the start of the 

experiment. The experiment was performed 

under the guidelines of the animal facility of 

Osaka City University Medical School.  

 Experimental protocol 

 Rats were divided into 4 groups, 4 rats 

per group. Group 1 was orally fed 5 ml/kg bw 

of 0.5% carboxymethylcellulose as a vehicle 

control. Groups 2 to 4 were fed various 

concentrations of kojic acid, 0.6, 3.0 or 1,875 

mg/kg bw for 14 days. At day 15 of the 

experiment, all rats were anesthesized under 

diethyl ether. Then, livers were flushed with 

ice-cold perfusion buffer (1.15% KCl buffer 

pH 7.4 containing 1 mM EDTA and 0.25 mM 

phenylmethylsulfonyl fluoride) until the tissue 

became pale. The liver tissue was preserved in 

liquid nitrogen.  Thyroids were removed and 

weighed. Blood samples were taken for 

analysis of liver enzyme activity and thyroid 

hormone level. 

 Cytochrome P450 isozyme level 

Microsomal fractions were prepared 

from individual rat frozen livers following 

homogenization in ice-cold perfusion buffer 

using a Teflon-glass homogenizer and 

differential centrifugation. Protein amounts in 

the hepatic microsomes were measured by the 

method of Lowry using bovine serum albumin 

as the standard.
 14

 Western blotting analysis of 

CYP2B1, 2E1 and 2C11 were carried out as 

described previously.
15

 Samples were diluted 

and mixed with sample solution, including 

sodium dodecyl sulfate, glycerol and 

mercaptoethanol, and heated to 95°C for 3 

min. After polyacrylamide gel electrophoresis 

using prestained broad range protein as a 

marker, with rat CYP2B1, 2E1, and 2C11 as 

standards, gels were blotted to a nitrocellulose 

membrane and immunostained with 

polyclonal anti-rat CYP2B1, 2E1, and 2C11 

antibodies as first antibodies and goat anti-

rabbit IgG-HRP conjugate as a second 

antibody. Finally, the signal on the membrane 
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of 0.5% carboxymethylcellulose as a vehicle 
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phenylmethylsulfonyl fluoride) until the tissue 

became pale. The liver tissue was preserved in 

liquid nitrogen.  Thyroids were removed and 

weighed. Blood samples were taken for 

analysis of liver enzyme activity and thyroid 

hormone level. 

 Cytochrome P450 isozyme level 

Microsomal fractions were prepared 

from individual rat frozen livers following 

homogenization in ice-cold perfusion buffer 

using a Teflon-glass homogenizer and 

differential centrifugation. Protein amounts in 

the hepatic microsomes were measured by the 

method of Lowry using bovine serum albumin 

as the standard.
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 Western blotting analysis of 

CYP2B1, 2E1 and 2C11 were carried out as 

described previously.
15

 Samples were diluted 

and mixed with sample solution, including 

sodium dodecyl sulfate, glycerol and 

mercaptoethanol, and heated to 95°C for 3 

min. After polyacrylamide gel electrophoresis 

using prestained broad range protein as a 

marker, with rat CYP2B1, 2E1, and 2C11 as 

standards, gels were blotted to a nitrocellulose 

membrane and immunostained with 

polyclonal anti-rat CYP2B1, 2E1, and 2C11 

antibodies as first antibodies and goat anti-

rabbit IgG-HRP conjugate as a second 

antibody. Finally, the signal on the membrane 
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was developed via HRP coloring agent 

containing 4-chloro-1-napthol. The density of 

visible bands was measured by an NIH image 

J program. 

Statistical analysis 

All results are presented as mean ± 

SD. Statistical significance of differences 

between groups were determined by one-way 

analysis of variance (ANOVA) and post hoc 

Dunnett’s multiple comparison test.  P values 

< 0.05 were regarded as significant.   

Results 

 Table 1 shows the body and organ 

weight results as well as food and water 

intake. There were no significant differences 

between low and medium doses of kojic acid 

treated groups and the vehicle control. The 

high concentration of kojic acid treated group 

presented significant weight loss and 

decreased food intake. The relative weights of 

liver and thyroid were significantly increased 

as compared with the control groups (Table 

2). Interestingly, an increase triiodothyronine 

(T3) level was found in rats fed with low and 

medium doses of kojic acid, while a decrease 

in thyroxine (T4) level was found in rats 

treated with the high dose of kojic acid (Table 

3). Thyroid stimulating hormone (TSH) in the 

blood could not be detected in this study. In 

addition, rats treated with the high dose of 

kojic acid had significantly decreased serum 

ALP levels. The pattern of CYP2B1 protein 

expression in the livers of kojic acid treated 

rats showed that kojic acid at the low dose 

significantly decreased the level of expression, 

but the medium and high doses significantly 

increased CYP2B1 expression. In addition, 

kojic acid treatment decreased CYP2E1 

expression in rat livers.  CYP2C11 was 

significantly decreased in livers of rats fed 

with the high dose of kojic acid (Figure 1).   

Discussion 

 In the present study, we demonstrated 

that short-term exposure to kojic acid 

influences hepatic cytochrome P450 protein 

expression in male rats. The lowest 

concentration (0.6 mg/kg bw) used in this 

study is the approximate daily intake of kojic 

acid in food, while the highest concentration 

(1875 mg/kg bw) is close to the LD50 of oral 

kojic acid administration in rats. The 14 day 

treatment with the high dose of kojic acid 

presented both general toxicity to male F344 

rats, as observed by weight loss, and organ-

specific toxicity, as observed by increased 

liver and thyroid gland size. Tamura T. and 

his colleagues showed that 4 weeks’ 

administration of 2% kojic acid in the diet, 

approximately 1383.7 mg/kg bw, tended to 

reduce weight gain in rats.
10

  We obtained 

similar results in that the high concentration of 

kojic acid decreased serum T4. These results 
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suggest that kojic acid may act as a goitogenic 

substance in rodents. It inhibits iodide uptake 

and iodine organification in the thyroid gland 

leading to disruption of thyroid hormone 

levels.
 4,8,16

 Once a negative signal from the 

thyroid is reduced, the pituitary gland 

increases production of thyroid stimulating 

hormone, which in turn causes thyroid 

enlargement. In this study we also observed 

low serum ALP levels caused by 

hypothyroidism in rats treated with the high 

dose of kojic acid.
 17

 

In addition, rats fed the high dose of 

kojic acid increased synthesis of CYP2B1, but 

displayed reduced levels of CYP2E1 and 

CYPC11 expression. This phenomenon was 

similar to that observed with phenobarbital, 

which can induce hepatic CYP2B1 expression 

in rats, causing the production of reactive 

oxygen species and genomic DNA 

oxidation.
18

 It has been found that 

phenobarbital promoted liver tumors in 

rodents via induction of CYP2B1.
19

 In 

addition, the induction of xenobiotic 

metabolizing enzymes in the liver is altered 

not only induced by exogenous substances 

that induce them, but also by various 

endogenous hormones.
20

 The constitutive 

androstane receptor (CAR) mediates the 

induction of CYP2B genes by phenobarbital 

and other chemicals.
21

 CAR is required for 

phenobarbital-mediated disruption of thyroid 

hormone homeostasis and the induction of 

thyroid follicular cell proliferation. CAR 

activation also decreased serum T4 levels in 

mice and increased TSH concentration, 

resulting in the stimulation of thyroid-

follicular cell proliferation.
22

 In our 

experiment the high dose of kojic acid induced 

CYP2B1 and decreased serum T4 levels, 

suggesting that kojic acid, at high 

concentrations, might activate CYP2B1 and 

contribute to hepatocarcinogenesis via CAR 

activation. In this study, we also found that 

hepatic CYP2E1 and CYP2C11 were 

significantly reduced in rats treated with the 

high dose of kojic acid. Some studies have 

found that thyroid hormones up-regulated 

CYP2E1 and 2C11 expression.
23

 It has been 

reported that the suppression of CYP2C11 

expression is correlated with the reduction of 

T4 level by several chemicals, including 

retinol.
24

 

In conclusion, kojic acid at a high 

dosage might affect on cytochrome P450 

protein expression by disruption of thyroid 

hormone homeostasis, leading to 

hepatotoxicity in rats. 
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suggest that kojic acid may act as a goitogenic 

substance in rodents. It inhibits iodide uptake 

and iodine organification in the thyroid gland 

leading to disruption of thyroid hormone 

levels.
 4,8,16

 Once a negative signal from the 

thyroid is reduced, the pituitary gland 

increases production of thyroid stimulating 

hormone, which in turn causes thyroid 

enlargement. In this study we also observed 

low serum ALP levels caused by 

hypothyroidism in rats treated with the high 

dose of kojic acid.
 17

 

In addition, rats fed the high dose of 

kojic acid increased synthesis of CYP2B1, but 

displayed reduced levels of CYP2E1 and 

CYPC11 expression. This phenomenon was 

similar to that observed with phenobarbital, 

which can induce hepatic CYP2B1 expression 

in rats, causing the production of reactive 

oxygen species and genomic DNA 

oxidation.
18

 It has been found that 

phenobarbital promoted liver tumors in 

rodents via induction of CYP2B1.
19

 In 

addition, the induction of xenobiotic 

metabolizing enzymes in the liver is altered 

not only induced by exogenous substances 

that induce them, but also by various 

endogenous hormones.
20

 The constitutive 

androstane receptor (CAR) mediates the 

induction of CYP2B genes by phenobarbital 

and other chemicals.
21

 CAR is required for 

phenobarbital-mediated disruption of thyroid 

hormone homeostasis and the induction of 

thyroid follicular cell proliferation. CAR 

activation also decreased serum T4 levels in 

mice and increased TSH concentration, 

resulting in the stimulation of thyroid-

follicular cell proliferation.
22

 In our 

experiment the high dose of kojic acid induced 

CYP2B1 and decreased serum T4 levels, 

suggesting that kojic acid, at high 

concentrations, might activate CYP2B1 and 

contribute to hepatocarcinogenesis via CAR 

activation. In this study, we also found that 

hepatic CYP2E1 and CYP2C11 were 

significantly reduced in rats treated with the 

high dose of kojic acid. Some studies have 

found that thyroid hormones up-regulated 

CYP2E1 and 2C11 expression.
23

 It has been 

reported that the suppression of CYP2C11 

expression is correlated with the reduction of 

T4 level by several chemicals, including 

retinol.
24

 

In conclusion, kojic acid at a high 

dosage might affect on cytochrome P450 

protein expression by disruption of thyroid 

hormone homeostasis, leading to 

hepatotoxicity in rats. 
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Table 1. Body weight and intake of food and water of kojic acid treated rats  

Treatment 

No. 

of 

rats 

Initial  

body weight 

(g) 

 

Finial  

body weight 

(g) 

 

Body 

weight 

change  

(%) 

Food 

consumption 

(g/day) 

Water 

consumption 

(ml/day) 

Control 4 188.4± 13.4 238.1 ± 14.0 26.5 ± 1.8 14.8 + 0.49 22.53 ± 0.68 

KA 0.6 mg/kg bw 4 180.6 ± 12.6 227.1 ± 7.6 25.9 ± 4.5 13.1 ± 1.75 22.60 ± 2.21 

KA 3 mg/kg bw 4 185.1 ± 6.1 234.1 ± 10.0 26.4 ± 1.4 13.65 ± 0.87 21.60 ± 1.71 

KA 1,875 mg/kg bw 4 187.3 ± 4.9 185.1 ± 1.8* -1.1 ± 2.4* 10.50 ± 1.80* 19.50 ± 1.43 

*Significantly different from control with p < 0.05 

 

Table 2. Liver and thyroid weights of kojic acid treated rats  

Treatment 
No. of 

rats 

Liver weight Thyroid weight 

Absolute (g) Relative (g%) Absolute (mg) Relative (mg%) 

Control 4 11.96 ± 0.65 5.04 ± 0.43 22.68 ± 3.86 9.49 ± 1.22 

KA 0.6 mg/kg bw 4 12.10 ± 0.82 5.34 ± 0.46 27.88 ± 4.76 12.30 ± 2.27 

KA 3 mg/kg bw 4 12.30 ± 1.19 5.26 ± 0.45 26.50 ± 6.04 11.28 ± 2.19 

KA 1,875 mg/kg bw 4 11.50 ± 0.84 6.12 ± 0.40* 89.43 ± 18.14* 47.78 ± 10.56* 

*Significantly different from control with p < 0.05 
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Table 3. Blood biochemistry of liver function enzymes and thyroid hormone levels of kojic acid-

treated rats 

 

Treatment AST (IU/l) ALT (IU/l) ALP (IU/l) T3 (ng/dl) T4 (µµµµg/dl) 

Control 109.67 ± 19.22 46.67 ± 5.69 1004.33 ± 64.66 46.67 ± 3.06 3.53 ± 0.15 

KA 0.6 mg/kg bw 84.33 ± 4.16 46.00 ± 6.24 1036.33 ± 47.60 71.67 ± 2.52* 3.87 ± 0.15 

KA 3 mg/kg bw 77.33 ± 7.77 45.67 ± 1.53 1039 ± 66.96 60.67 ± 3.06* 3.73 ± 0.21 

KA 1,875 mg/kg bw 72.80 ± 20.68 49.40 ± 11.19 642.60 ±103.61* 43.80 ± 7.69 1.34 ± 0.59* 

*Significantly difference from control with p < 0.05
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Control 109.67 ± 19.22 46.67 ± 5.69 1004.33 ± 64.66 46.67 ± 3.06 3.53 ± 0.15 

KA 0.6 mg/kg bw 84.33 ± 4.16 46.00 ± 6.24 1036.33 ± 47.60 71.67 ± 2.52* 3.87 ± 0.15 

KA 3 mg/kg bw 77.33 ± 7.77 45.67 ± 1.53 1039 ± 66.96 60.67 ± 3.06* 3.73 ± 0.21 

KA 1,875 mg/kg bw 72.80 ± 20.68 49.40 ± 11.19 642.60 ±103.61* 43.80 ± 7.69 1.34 ± 0.59* 

*Significantly difference from control with p < 0.05
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Figure 1.  Cytochrome P450 levels in the liver of male rats treated with various concentrations of 

kojic acid, a: CYP2B1; b: CYP2E1 and c: CYP2C11.     Significantly difference from control 

with p < 0.05 
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 
      


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     


  

    
    
            
  
 
 





     
   



  
    
 

   
  

    
    

  

 
     

    
 

   
 
   


  
 
   
 

  


  
 


  
   
  
 
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
  


 

      
 

  
       
 

   
    
 
  
    
       
   
  






    
   
     
   
    


    
     
  



    
     



       

    



      
      
   
     



        

        


 
 

 

      
    
   
  


 



  
  
      


    
 
      
    
    


      
    
  
    


      
    
    
     
    


      

     

    


      

     
   
    
    


      

     
     


   
  
    
 


      
       
       


     
   


       

    



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
 

 

     



      

    
     





      
    

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Abstract 

      Cholangiocarcinoma (CCA) is the most common cause of cancer related death in 

the northeastern people of Thailand. Consumption of nitrosamine containing diet, liver fluke 

infection and individual genetic background are important factors involved in CCA 

carcinogenesis. Several investigators have been demonstrated that human 8-oxoG DNA 

glycosylase 1 gene (hOGG1) polymorphism is associated with the susceptibility for various 

cancers. The aim of this study is to examine the association of hOGG1polymorphism with the 

risk of CCA in Thai population. The frequencies of hOGG1 genotypes [homozygous 1/1 (wild 

type), heterozygous 1/2  and homozygous 2/2  (mutant)] from 59 cases of CCA patients and 

115 age-matched healthy controls were analyzed by using real time polymerase chain reaction 

(r-PCR)-TaqMan probe assay. The hOGG1 polymorphism in CCA group was significantly 

different from control group (P<0.029). The homozygous 2/2 genotype carriers had increased 

risk for CCA at 3.04-fold as compared to homozygous 1/1 genotype carriers (OR=3.04, 

95%CI=1.21-7.66).
 
The results of this study suggested that hOGG1 polymorphism was 

associated with the risk of CCA. The homozygous 2/2 genotype increased risk of CCA and 

may be the useful predictive markers for screening of the high risk group of CCA in Thai 

population.  
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Abstract 

      Cholangiocarcinoma (CCA) is the most common cause of cancer related death in 

the northeastern people of Thailand. Consumption of nitrosamine containing diet, liver fluke 

infection and individual genetic background are important factors involved in CCA 

carcinogenesis. Several investigators have been demonstrated that human 8-oxoG DNA 

glycosylase 1 gene (hOGG1) polymorphism is associated with the susceptibility for various 

cancers. The aim of this study is to examine the association of hOGG1polymorphism with the 

risk of CCA in Thai population. The frequencies of hOGG1 genotypes [homozygous 1/1 (wild 

type), heterozygous 1/2  and homozygous 2/2  (mutant)] from 59 cases of CCA patients and 

115 age-matched healthy controls were analyzed by using real time polymerase chain reaction 

(r-PCR)-TaqMan probe assay. The hOGG1 polymorphism in CCA group was significantly 

different from control group (P<0.029). The homozygous 2/2 genotype carriers had increased 

risk for CCA at 3.04-fold as compared to homozygous 1/1 genotype carriers (OR=3.04, 

95%CI=1.21-7.66).
 
The results of this study suggested that hOGG1 polymorphism was 

associated with the risk of CCA. The homozygous 2/2 genotype increased risk of CCA and 

may be the useful predictive markers for screening of the high risk group of CCA in Thai 

population.  
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Abstract 

 

      Four Saanen crossbred dairy goats in late lactation (>100 days) were fed ad libitum 

a basal diet of chopped fresh para grass (Brachiaira mutica) with an increasing proportions of 

chopped fresh Leucaena leucocephala (leucaena) (LL). The proportion was gradually 

increased from 25% of the dry matter intake (DMI) in the second week to 50% in the third, 

75% in the fourth and ad libitum in the fifth week. DMI increased in the linear, quadratic and 

cubic patterns, but live body weight changed as a cubic pattern. Ruminal microbial-N flowed 

to the small intestine and the efficiency microbial N per kg DM digested in the rumen 

decreased when the proportion of leucaena gradually increased.  Mimosine, 3,4-DHP 

(dihydroxy pyridine) and 2,3-DHP appeared in the urine, blood plasma and milk when 

leucaena was added to para grass and the quantity of those continued increasing up to the 

proportions of leucaena in the diets increased. The increasing proportions of LL in the diets 

resulted in a normal level of T3 (Triiodothyronine) throughout the whole experimental of LL 

feeding, however the increasing proportions of LL affected to a increased level of T4 

(Thyroxine) within only the first and second week, and then reduced in the third, forth and 

fifth week of the proportions of LL in the diets increasing, respectively. The plasma aspartate 

transferase (AST) activities had tended to be increased (P<0.09) as a quadratic pattern, the 

plasma alanine transferase (ALT) activities were within the normal range. 

      The secretion of mimosine, 3, 4-DHP and 2, 3-DHP in the urine and plasma 

increased according to the proportions of LL was added in the diets increased. In addition, the 

recovery of mimosine, 3, 4-DHP and 2, 3-DHP in the milk may be take precaution for health 

of human beings who drinks such milk. Nevertheless, the toxic substances of mimosine, 3, 4-

DHP and 2, 3-DHP from Leucaena leucocephala can be eliminated when animals are 

inoculated with DHP-degrading bacteria (Synergistes jonesii) into the rumen 

 

Keywords :  Dihydroxypyridine, Goat, Leucaena, Mimosine, Microbial-N, Milk,  

                      Synergistes jonesii, Rumen 
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      Four Saanen crossbred dairy goats in late lactation (>100 days) were fed ad libitum 

a basal diet of chopped fresh para grass (Brachiaira mutica) with an increasing proportions of 

chopped fresh Leucaena leucocephala (leucaena) (LL). The proportion was gradually 

increased from 25% of the dry matter intake (DMI) in the second week to 50% in the third, 

75% in the fourth and ad libitum in the fifth week. DMI increased in the linear, quadratic and 

cubic patterns, but live body weight changed as a cubic pattern. Ruminal microbial-N flowed 

to the small intestine and the efficiency microbial N per kg DM digested in the rumen 

decreased when the proportion of leucaena gradually increased.  Mimosine, 3,4-DHP 

(dihydroxy pyridine) and 2,3-DHP appeared in the urine, blood plasma and milk when 

leucaena was added to para grass and the quantity of those continued increasing up to the 

proportions of leucaena in the diets increased. The increasing proportions of LL in the diets 

resulted in a normal level of T3 (Triiodothyronine) throughout the whole experimental of LL 

feeding, however the increasing proportions of LL affected to a increased level of T4 

(Thyroxine) within only the first and second week, and then reduced in the third, forth and 

fifth week of the proportions of LL in the diets increasing, respectively. The plasma aspartate 

transferase (AST) activities had tended to be increased (P<0.09) as a quadratic pattern, the 

plasma alanine transferase (ALT) activities were within the normal range. 

      The secretion of mimosine, 3, 4-DHP and 2, 3-DHP in the urine and plasma 

increased according to the proportions of LL was added in the diets increased. In addition, the 

recovery of mimosine, 3, 4-DHP and 2, 3-DHP in the milk may be take precaution for health 

of human beings who drinks such milk. Nevertheless, the toxic substances of mimosine, 3, 4-

DHP and 2, 3-DHP from Leucaena leucocephala can be eliminated when animals are 

inoculated with DHP-degrading bacteria (Synergistes jonesii) into the rumen 
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Abstract 

 

    Many previous studies reported that agricultural worksite is one source of health 

hazards to farmers. This survey study aimed to determine the potential health risk of exposure 

to work environmental hazards among farmers in a jasmine’s agricultural area, Sila sub-

district, Khon Kaen, Thailand. Data were collected by in-depth interview, observations and air 

monitoring.   Personal air samplings by using Universal pump model 224-PCXR8 and SKC 

with filter/solid sorbent tube were conducted and samples were analyzed by HPLC with UV 

detector for pesticide concentration.  

    Farmers almost used methomyl and carbendazim to control the pests in the jasmine 

field. Qualitative health risk assessment to occupational hazards was performed to determine 

the major health hazards of jasmine farmers, jasmine collectors, and villagers who made 

garlands. Risk characterization identified that jasmine farmers (n=16) had the highest risk of 

pesticide exposure by skin contact (40.0%), followed by inhalation exposure (26.7%). Both 

jasmine collectors (n=16) and villagers who made garlands (n=22) had the highest risk of 

awkward postures and repetitive works, followed by pesticide exposure by skin contact. The 

maximum concentration of methomyl in the breathing zone of workers (n=24) was 1.12 

mg/m
3
 (range 0-1.12 mg/m

3
), however, carbendazim was not found. Comparison to the 

standard regulation on the ambient concentration of methomyl, i.e. TLV-TWA of 2.5 mg/m
3 

(ACGIH) or PEL-TWA of 2.5 mg/m
3
 (NIOSH), the results of this study did not exceed the 

regulation. The estimation of inhalation exposure to methomyl among farmers was 0.08 

mg/kg-d. The result of hazard quotient (HQ=3.24) indicated the potential health risk of 

jasmine farmers to the long term exposure to methomyl.  

    Therefore, the jasmine farmers and people should be aware of occupational hazards, 

particularly using the pesticide by better protection, continuous monitoring, and occupational health 

surveillance for safe working and living. 
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
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Abstract 

      The use of herbal supplements (HS) has increased dramatically.  As HS are not 

governed by the same regulations as prescription drugs, we hypothesize that the contents of 

active ingredients in these products may vary largely among different manufacturers.  This 

may produce variable therapeutic outcomes.  The present study is aimed at testing this 

hypothesis on HS commonly used among cancer patients.  CYP1A2 has been involved in the 

activation of many carcinogens and alteration in its activity may be associated with the 

protective effect of herbal products.  Activity of human CYP1A2 was used as a parameter to 

determine the effect of four HS of different brands, namely, black cohosh (BC), ginseng, 

grape seed extract (GSE) and green tea extract (GTE).  The herbal content was extracted with 

methanol, and extracted aliquots were used to determine the inhibitory effect on CYP1A2.  7-

Ethoxyresorufin was used as a specific marker for CYP1A2.  Human liver microsomes (0.1 

mg/ml), the substrate 7-ethoxyresorufin (500 nM) and 1 mM NADPH in phosphate buffer 

(pH 7.4) were incubated at 37 °C, with and without herbal extract (n = 4 each).  Formation of 

metabolite resorufin was monitored by a HPLC method.  Seven BC products caused a 

moderate inhibition of CYP1A2, ranging from 2.4% by GNC Plus to 21.9% by Nature’s 

Resource.  The effects of nine ginseng products also varied, ranging from 4.2% by Imperial to 

44.6% by Solaray.  Among nine brands of GSE tested, the effect varied from 1.7% (Country 

Life) to 26.5% (Veg Life).  The effect of twelve GTE products on CYP1A2 activity also 

varied from 2.9% by Henry’s to 46.6% by GNC Plus.  It appears that the inhibition of selected 

HS on human CYP1A2 activity varies considerably among the brands of the products 

investigated.  This may be attributed to variations in the content of active ingredients of these 

herbal products. 
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Abstract 

 

      A bone metabolic dysfunction in the inhabitants of a cadmium (Cd) polluted area 

of Mae Sot district, Tak province Thailand was evidenced. This clinical manifestation will be 

more severe resulting from continuous exposure, especially for elderly.Decreasing of vitamin 

D active metabolite together with increasing of Ca excretion was proposed as explanatory of 

this manifestation. Vitamin D-binding protein (VDBP) plays a key role to control vitamin D 

metabolism, calcium homeostasis and bone turnover. Its level was possibly disturbed by Cd 

exposure and related to bone metabolism. This study was performed to determine the 

relationship between VDBP excretion and bone metabolic dysfunction using published 

biomarkers. The study participants were 422 participants (159 men and 263 women) aged 

more than 50 years old who lived in the Cd polluted area. Their urinary Cd levels were higher 

than safe level (7.11 µg/g creatinine). Moreover, permanent proximal tubular dysfunction was 

shown in a subset of the participants.  VDBP levels showed strongly positive correlations 

with proximal tubular dysfunction marker, serum phosphate and bone turn over markers.  The 

negative correlation between VDBP and serum phosphate value was dominant (r=0.134, 

p<0.01). In women, VDBP could explain mean variation of serum osteocalcin, a bone 

turnover rate marker, even after adjusted by mean age (=0.090, p=0.023).  Increasing of 

VDBP excretion was found after long-term Cd exposure which may link to bone metabolic 

dysfunction. It can be concluded that VDBP is one of the useful marker used for Ca and 

vitamin D metabolic dysfunction study among Cd heavy polluted area.  
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Abstract 

 

      A bone metabolic dysfunction in the inhabitants of a cadmium (Cd) polluted area 

of Mae Sot district, Tak province Thailand was evidenced. This clinical manifestation will be 

more severe resulting from continuous exposure, especially for elderly.Decreasing of vitamin 

D active metabolite together with increasing of Ca excretion was proposed as explanatory of 

this manifestation. Vitamin D-binding protein (VDBP) plays a key role to control vitamin D 

metabolism, calcium homeostasis and bone turnover. Its level was possibly disturbed by Cd 

exposure and related to bone metabolism. This study was performed to determine the 

relationship between VDBP excretion and bone metabolic dysfunction using published 

biomarkers. The study participants were 422 participants (159 men and 263 women) aged 

more than 50 years old who lived in the Cd polluted area. Their urinary Cd levels were higher 

than safe level (7.11 µg/g creatinine). Moreover, permanent proximal tubular dysfunction was 

shown in a subset of the participants.  VDBP levels showed strongly positive correlations 

with proximal tubular dysfunction marker, serum phosphate and bone turn over markers.  The 

negative correlation between VDBP and serum phosphate value was dominant (r=0.134, 

p<0.01). In women, VDBP could explain mean variation of serum osteocalcin, a bone 

turnover rate marker, even after adjusted by mean age (=0.090, p=0.023).  Increasing of 

VDBP excretion was found after long-term Cd exposure which may link to bone metabolic 

dysfunction. It can be concluded that VDBP is one of the useful marker used for Ca and 

vitamin D metabolic dysfunction study among Cd heavy polluted area.  
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Abstract 

 

   Urinary metabolomic analysis of 4 Itai-Itai disease patients and 15 cases with 

cadmium (Cd) toxicosis aged between 73-98 years who live in Jinzu and Kakehashi river 

basins, the Cd contaminated area in Japan, were analyzed by gas chromatography-mass 

spectrometer (GC-MS) in order to investigate specific metabolomic markers of Cd toxicity. 

The results were compared to the metabolite profiles of 20 subjects aged between 75-90 years 

who live in Uchinada town as control cases with same gender ratio. The urine was digested 

with urease and derivertized by N,O-bis(trimethylsilyl)trifluoroacetamide in 10% 

trimethylchlorosilane before analyzed by GC-MS.  More than 400 compounds were identified 

using spectral database of the Kanazawa Medical University and NIST 2008 mass spectral 

library.  Mean of the concentrations between Cd toxicosis and control cases were compared 

using Student t-test.  Chromatograms were normalized to the same basis by MetAlign 

software.  Orthogonal partial least square-discriminant analysis (OPLS-DA) was performed 

using SIMCA-P+ (version 12).  The results show that means of 26 compounds (15 amino 

acids, 9 organic acids, 1 sugar and 1 sugar alcohol) in the urine of Cd toxicosis cases were 

significantly higher than those of the compounds in the urine of the control cases.  Interestingly 

that glucose, galactose, ribose, myo-inositol, lactate and 5-oxoproline were found to be positive 

markers for differentiating Cd toxicosis cases from controls.  However, only lactate, 5-

oxoproline and myo-inositol are assumed to indicate the metabolic alterations by Cd.  The 

effect of Cd toxicity causes renal dysfunction on these 3 compound’s metabolic pathways need 

to be clarified furthermore.   
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Abstract 

 

     According to the seed of Sa-boo-dam (Jatropha curcas L., Fam. Euphorbiaceae) 

has been used as a source of biodiesel production for renewal energy. It is also known as a 

toxic plant especially its seeds. The aim of this study was to investigate the chromosomal 

effect of biodiesel from Jatropha seed oil which was prepared by production process of 

Thailand Institute of Scientific and Technological Research (Biodiesel No.1) in rat bone 

marrow cells. The chromosomal analysis was conducted by following the OECD Guidelines 

No.475 for testing of chemical. The results demonstrated that the Biodiesel No.1 at a dose of 

2,000 mg/kg body weight did not cause chromosomal aberrations compared to the control. 
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Abstract 

 

               Cadmium (Cd) is a carcinogenic metal which toxic effects are associated with 

oxidative stress. Curcumin, a biologically active compound from turmeric, and vitamin C act 

as a natural antioxidant and is considered to be a potent chemopreventive agent. The present 

study was designed to investigate the protective effects of oral curcumin alone and combined 

treatment with curcumin and vitamin C against Cd toxicity on histological changes of 

stomach, small intestine and spleen in adult male Wistar rat. The rats were divided into eight 

groups: control, cadmium chloride (CdCl2) 5 mg/kg BW, curcumin 400 mg/kg BW, curcumin 

200 or 400 mg/kg BW + CdCl2, curcumin 200 or 400 mg/kg BW + vitamin C + CdCl2, 

vitamin C 100 mg/kg BW + CdCl2. All groups were treated by gavage for 27 days. After 24 h 

of the last treatment, we examined the histology of stomach, small intestine and spleen under 

the light microscope. The results showed that Cd treatment could induce the mucosal damages 

of stomach, villus damage of small intestine and infiltration of inflammatory cells into the 

lamina propria. The area of splenic white pulp was decreased significantly (p < 0.001) as 

compared to the control group. In the pretreatment with curcumin 400 mg/kg BW, the 

reduction of the mucosal damages of stomach and villus damage of small intestine, the 

increasing of the area of splenic white pulp were observed. The most reversed changes from 

the toxic effects of Cd were found in the pretreatment with curcumin 400 mg/kg BW and 

vitamin C. The results demonstrated that the pretreatment with curcumin 400 mg/kg BW and 

curcumin 400 mg/kg BW + vitamin C could recover the alterations induced by Cd. Then the 

combine treatment of curcumin and vitamin C could offer protection better than curcumin or 

vitamin C alone against Cd induced toxicity of stomach, small intestine and spleen in rats.  
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Abstract 

 

    A 40-year-old male foreigner swallowed capsules-like foreign bodies with thin 

covered material (balloons) containing crystal methamphetamine (MA) or “ice” with 

approximately weight 2.6 grams each while drug trafficking. He was in police custody and 

transferred to Police General Hospital with severe abdominal pain, bradycardia, central 

cyanosis, altered mental status, coma and finally death. In police autopsy at the Institute of 

Forensic Medicine, 101 balloons were found locating mainly in stomach, ascending, 

transverse and descending colon. A largest one located at sigmoid colon, possibly causing 

partial obstruction and 11 balloons were empty and ruptured. Post-mortem specimens were 

collected and sent to toxicology subdivision laboratory to identify the cause of death. Urine 

screening for amphetamines was tested positive by immunoassay (Dimension RXL, Siemens, 

USA). Quantitative analysis of MA in blood and urine were performed by gas 

chromatography/mass spectrometry triple quadrupole (GC/MS/MS, Agilent Technologies, 

Santa Clara, CA). The GC/MS/MS method was run in Multiple Reaction Monitoring (MRM) 

mode. Two transitions were monitored for MA (58>39 and 91>65) and diphenhydramine 

(165> 67 and 73 > 65) as an internal standard. Concentrations of MA were found in the blood 

(33 µg/mL ) and the urine (641 µg/mL). The fatal dosage of MA is 10-40 µg/mL in blood. 

These extremely high concentrations of MA in blood of the body packer were indicated that 

the cause of death from MA intoxication was due to leaking from the balloons.   

 

Keywords:  Methamphetamine, Body packer, GC/MS/MS triple quadrupole 
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    A 40-year-old male foreigner swallowed capsules-like foreign bodies with thin 

covered material (balloons) containing crystal methamphetamine (MA) or “ice” with 

approximately weight 2.6 grams each while drug trafficking. He was in police custody and 
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cyanosis, altered mental status, coma and finally death. In police autopsy at the Institute of 
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mode. Two transitions were monitored for MA (58>39 and 91>65) and diphenhydramine 

(165> 67 and 73 > 65) as an internal standard. Concentrations of MA were found in the blood 

(33 µg/mL ) and the urine (641 µg/mL). The fatal dosage of MA is 10-40 µg/mL in blood. 

These extremely high concentrations of MA in blood of the body packer were indicated that 
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




    
    
      
 
 
   
   
 
          
    
     
   
    
     
      
  
    
 

   


 

 
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     
 
 

    
 
    
    
      
   
      
   
        
  
  
   
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        
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  



 

 

 
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        
 
 
   
  



 

 

 
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Abstract 

     Breast cancer (BRC) is a serious public health problem that caused vastly losses in 

Thailand annually. Early detection of this cancer followed by treatment for cure is urgent. 

MALDI-TOF MS (matrix-assisted laser desorption/ ionization time-of-flight mass 

spectrometry) is a useful technique for proteome patterns detection in serum of various 

cancer patients. Recently, serum proteome patterns can use as a marker for diagnosis and 

early detection of several cancers. The aim of this study is to investigate the usefulness of 

serum proteome patterns for breast cancer diagnosis and early detection in Thai women by 

using MALDI-TOF-TOF MS technique. Serum samples from 150 BRC patients and 150 

healthy Thai women (age matched) were recruited in this study.  We found that the serum 

proteome patterns of BRC group has 4-peak model, 2 proteins with molecular weight 

1351.46 and 1482.79 Dalton were down-regulated while other 2 proteins with molecular 

weight 1945.26 and 2210.76 Dalton were up-regulated as compared to the control group. The 

present method for detection of serum proteome pattern has sensitivity and specificity at 93.3 

% and 90.7 %, respectively. Moreover, we noticed that people who has proteome patterns 

with 4-peak model had increased 14.50-fold for BRC development (risk ratio=14.50, 

95%CI=7.96-26.41) as compared to those who do not has proteome patterns with 4-peak 

model. Thus, the results of this study indicated that the detection of serum proteome patterns 

by using MALDI-TOF-TOF MS technique is able to discriminate BRC patients from healthy 

Thai women and this assay may be a useful tool for diagnosis and early detection of breast 

cancer in the high risk Thai women in the future. 
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Understanding Toxicology for Better Life
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