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Target audience 
 Imbalanced of Cu2+ invites various diseases that include neurodegenerative disease, Alzheimer’s diseases, Menkes and Wilson’s diseases etc. The new bimodal 
(optical/MR) probe well responded depending on free Cu2+ ions in cellular milieus. This work will draw the attention of readers in clinical science, chemistry, 
biochemistry especially pharmaceutical chemistry area, and nanoscience. 
 
Purpose 
Multiple imaging techniques have been widely applied in clinical diagnostics although none of them could provide comprehensive information of the human body each 
because of their own limitations. In particular, dual-modality optical/MRI imaging may find important preclinical and clinical applications. In intra-operative procedure, 
diseased tissues can be localized by MR imaging which are then biopsied for histologic validation by an optical method. Nevertheless, bimodal MRI and optical 
imaging agents that respond to specific metal ions or chemical species in living biological systems have been less explored except for one Cu2+-selective GdDO3A-
based MRI contrast agent. It represents a significant challenge for synthetic chemists to achieve responsive bimodal MRI/optical imaging probes that response in both 
optical and relaxivity to a specific metal ion or a biologically relevant substance in the cellular medium. Among the various biologically relevant metal ions, Cu2+ ion 
plays pivotal role on various functioning of organs and metabolic processes. However, imbalanced of Cu2+ invites various diseases that include neurodegenerative 
disease, Alzheimer’s diseases, Menkes and Wilson’s diseases etc.1 Therefore, it is crucial to develop new probe for early diagnosis of copper induced disease by 
estimating free copper ions in biological environment. 
 
Methods 
The new contrast was synthesized (1)2 and characterized by NMR, Mass spectroscopy. The longitudinal relaxation times (T1) of aqueous buffer solutions of 1 were 
measured by a standard inversion−recovery pulse sequence on the minispec bench-top system with automation (mq60; Bruker, Germany) at 60 MHz and inpresence of 
various metal ions. Fluorescence images were accorded under a multi-proton confocal laser scanning  microscope system (LSM510-Meta NLO, Karl zeiss) with a 60× 
objective lens excited  with blue light (400-460 nm). For all images, the microscope settings, such as brightness, contrast, and exposure time were held constant to 
compare the relative fluorescence intensities in the presence and absence of cellular Cu2+ ions. Raw 264.7 cells were cultured at 37 °C in a DMEM medium 
supplemented with 10% fatal bovine serum (FBS) (Invitrogen). Cells were seeded in 24-well flat-bottomed plates. Positive contrast in T1-weighted MR image of RAW 
264.7 cells (1 × 107 each) labeled with probe 1 (12.5 μM) and Cu2+ ions. The cells labeled with probe 1 were incubated with variable Cu2+ ion concentrations in a 
culture medium for 1 h and washed. A 3 T human MRI scanner was used with TE/TR = 13/200 ms. 
 
Result 
The result of longitudinal relaxation times (T1) of aqueous buffer solutions of 1 in presence and absence of metal ions is summarized in Figure 1. we acquired T1-
weighted images of probe 1 both in the absence and presence of Cu2+ ions using a 3 T human scanner with Echo Time (TE)/Repetition Time (TR) = 13/200 ms in RAW 
264.7 cells as shown in Figure 2. Then, we obtained the fluorescence images based on the multi-proton confocal laser scanning microscope system (LSM510-Meta 
NLO, Karl Zeiss, Germany) with a 60× objective lens excited with blue light (400–460 nm). As shown by our fluorescence imaging results (figure 3) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion 
We report on synthesis and properties of bimodal contrast agent (probe 1). This newly developed bimodal contrast agent is responded to Cu2+ ion in living cell by 
enhancing MRI modality signal; in contrast to that the optical signal gradually drops due to paramagnetic nature of Cu2+ ion. The R1 value of the probe 1 was increased 
over two-fold; i.e. from 0.68 to 1.74 s-1 at pH 7.45, 25 °C, and at 60 MHz in the presence of 2.0 eq. Cu2+ in HEPES buffer (figure 1). This dual modality probe is 
responded depending on cellular free copper ions (figure 2 and 3) in RAW 264.7 cells even at micro molar level. This indicated that probe 1, a unique system which 
could be detected Cu2+ ion inside the living cell. 
 
Conclusion 
The new bimodal contrast agent was nontoxic and able to provide bimodal, i.e., fluorescence and T1-weighted MRI imagings in the cellular medium in the presence of 
Cu2+ ions. This new contrast agent can be used to detect free Cu2+ ions in living cells and inspire researchers to develop new probes to detect free metal ions in vivo 
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