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（様式４－１） 

二国間交流事業 共同研究報告書 

 

平成２６年４月１７日 
 

 独立行政法人日本学術振興会理事長 殿 

 

共同研究代表者所属・部局 東洋大学大学院学際・融合科学研究科  

（ふりがな） 

職・氏 名 教授 D.N. Sakthi Kumar            
 

1. 事 業 名 相手国（ インド ）との共同研究  振興会対応機関（  DST  ） 

2. 研 究 課 題 名 量子ドット内包単層カーボンナノチューブのバイオイメイジングと治療への応用 

3. 全 採 用 期 間 

平成 ２４ 年 ６ 月 １ 日 ～ 平成 ２６ 年 ３ 月 ３１ 日 （ １  年 １０ ヶ月） 

4. 経 費 総 額 

（1）本事業により執行した研究経費総額  2,000,000 円 

初年度経費 1,000,000 円、 ２年度経費 1,000,000 円、 ３年度経費    円 

（2）本事業経費以外の国内における研究経費総額      円 

5．研究組織 

（1）日本側参加者（代表者は除く） 

氏 名 所 属・職 名 

Toru Maekawa 

 

 

Jeyamohan Prashanti 

 

Neha Chauhan 

Toyo University,Graduate School of Interdisciplinary New 

Sciences,Professor and Director Bio Nano Electronics Research 

Center 

Toyo University, Graduate School of Interdisciplinary New 

Sciences, Doctor Course Student 

Toyo University, Graduate School of Interdisciplinary New 

Sciences, Doctor Course Student 

（2）相手国側研究代表者 

所属・職名・氏名 Sree Chitra Tirunal Institute for Medical Science and Technology 

                 Scientist B, R.S.Jayasree 

（3）相手国参加者（代表者は除く） 

氏  名 所 属・職 名 

Lakshmi V. Nair Biophotonics and imaging laboratory, Biomedical Technology 

Wing, Sree Chitra Tirunal Institute for Medical Science & 

Technology, Ph.D Student 
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6．研究実績概要（全期間を通じた研究の目的・研究計画の実施状況・成果等の概要を簡潔に記載してくださ

い。） 

The title of our project proposal was” Quantum Dot conjugated single walled carbon nanotubes for imaging and 

therapy”, which has been successfully implemented very well as per the schedule provided as below.  

 

First Phase:  

The Japanese group developed a methodology for synthesising Type II quantum dots (QDs) and single-walled 

carbon nanotubes (SWCNTs). Type II QDs were successfully synthesised by the aqueous phase method, whereas 

SWCNTs by the plasma enhanced chemical vapour deposition (PECVD) method. As per our schedule Ms. 

Lakshmi visited Bio Nano Electronics Research Centre to learn how to synthesise the above materials; i.e., Type 

II QDs and and SWCNTs, and to develop a methodology for modifying the surface of the nanomaterials in 

collaboration with the Japanese group. The surface of Type II QDs and SWCNTs was modified with some bio 

molecules so that they became biocompatible, noting that QDs are in general highly cytotoxic. Furthermore, the 

Japanese group and Ms Lakshmi conjugated the biocompatible QDs and SWCNTs. The structures of the hybrid 

nanomaterial were observed by transmission electron microscopes (TEMs), scanning electron microscopes 

(SEMs) and atomic force microscopes (AFMs) and the surface modification was confirmed by Fourier Transform 

Infrared (FTIR) spectroscopy. Dr. Jayasree visited the Bio-Nano Electronics Research Centre mainly to discuss 

future collaborative studies on cytotoxicity of the above hybrid nanomaterial. She also gave a lecture on 

toxicology in relation to nanomaterials at the Centre.  

 

After their visits to our Centre, the Japanese group developed a cellular imaging methodology carrying out 

experiments in vivo as well as in vitro, whereas the Indian group performed in vivo cytotoxicity experiments 

using the hybrid nanomaterial at their institute. 

 

Second Phase: 

In second phase, After successfully developing the bio compatible QD conjugated SWCNTs, we entered into our 

second phase of the research work i.e., to find out its imaging and therapy effectiveness. Here we have used QDs 

(CdSe/ZnSe) for imaging and SWCNTs for the photothermal killing of cancer cells. In this phase we have 

conjugated Folic Acid with the system so that this system could target the folate over expressed cancer cells. After 

conjugating folic acid to our system, we have checked imaging and photothermal killing efficiencies in the 

following cancer cell lines such as breast (MCF7) and Pancreatic (Panc1) and normal mice fibroblast (L929) cell 

line. We found that our system worked very well and we could image the cancer cells with the QDs and by using 

the NIR laser (800 nm) we could kill cancer cells. Important of this work is that the normal cells were not at all 

affected the treatment which clearly means that our system was highly successful in its operation.  

 

In summary, our collaborative research was successfully carried out in terms of time, cost and energy efficiencies. 

Based on our interesting research results we have published our research findings in the journal “Small” (Impact 

Factor – 7.82) titled “Quantum Dot tailored to Single Wall Carbon Nanotubes: A multifunctional hybrid 

nanoconstruct for cellular imaging and targeted photothermal therapy”. 

Lakshmi Nair, Y. Nagaoka, T. Maekawa, D. Sakthikumar, R. S. Jayasree; Small (2014) 
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DoI:10.1002/smll.201400418 (5 pages). 

 

Publication of our collaborative paper in one of the world leading journals itself clearly points out the success and 

novelty of our research output and project.  

 

We are very happy to mention that we have successfully completed our collaborative project and we would finally 

like to thank the Japanese Society for the Promotion of Science for supporting our collaborative work from both 

financial and moral points of view. 

 

 

 


