
Accepted Manuscript

Fluorescent rhodanine-3-acetic acids visualize neurofibrillary tangles in Alz‐

heimer’s disease brains

Upendra Rao Anumala, Jiamin Gu, Fabio Lo Monte, Thomas Kramer, Roland

Heyny-von Haußen, Jana Hölzer, Valerie Goetschy-Meyer, Christian Schön,

Gerhard Mall, Ingrid Hilger, Christian Czech, Jochen Herms, Boris Schmidt

PII: S0968-0896(13)00570-1

DOI: http://dx.doi.org/10.1016/j.bmc.2013.06.039

Reference: BMC 10932

To appear in: Bioorganic & Medicinal Chemistry

Received Date: 26 April 2013

Revised Date: 11 June 2013

Accepted Date: 16 June 2013

Please cite this article as: Anumala, U.R., Gu, J., Monte, F.L., Kramer, T., Haußen, R.H-v., Hölzer, J., Goetschy-

Meyer, V., Schön, C., Mall, G., Hilger, I., Czech, C., Herms, J., Schmidt, B., Fluorescent rhodanine-3-acetic acids

visualize neurofibrillary tangles in Alzheimer’s disease brains, Bioorganic & Medicinal Chemistry (2013), doi:

http://dx.doi.org/10.1016/j.bmc.2013.06.039

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.bmc.2013.06.039
http://dx.doi.org/http://dx.doi.org/10.1016/j.bmc.2013.06.039


  

 

 

Bioorganic & Medicinal Chemistry 
journal  homepage:  www.e lsevier .com  

 

Fluorescent rhodanine-3-acetic acids visualize neurofibrillary tangles in 

Alzheimer’s disease brains  

Upendra Rao Anumala
a
, Jiamin Gu

a
,
†
 Fabio Lo Monte

a
,
‡
 Thomas Kramer

a
, Roland Heyny-von Haußen

b
, 

Jana Hölzer
c
, Valerie Goetschy-Meyer

d
, Christian Schön

e
, Gerhard Mall

b
, Ingrid Hilger

c
, Christian Czech

d
, 

Jochen Herms
e
, Boris Schmidt

a,*
 

 aClemens Schöpf-Institute of Chemistry and Biochemistry, Technische Universität Darmstadt, Petersenstrasse 22, 64287, Darmstadt, Germany 
bInstitute of Pathology, Klinikum Darmstadt, Grafenstrasse 9, Darmstadt 64283, Germany 
cInstitute of Diagnostic and Interventional Radioloygy I, Jena University Hospital – Friedrich Schiller University Jena, Erlanger Allee 101, 07747 Jena, 

Germany 
dF. Hoffmann-La Roche AG, Grenzacherstrasse 124, Gebäude 93/3.44, Basel 4070, Switzerland 
eDepartment of Translational Brain Research, DZNE, German Center for Neurodegenerative Diseases, Munich, Germany 
*Corresponding author. Tel.: +49 6151 164531; fax: +49 6151 163278. 

E-mail address: schmidt_boris@t-online.de (B. Schmidt). 

†Present address: Alberta Glycomics Centre, Department of Chemistry, University of Calgary, 2500 University Drive NW, Calgary Alberta T2N 1N4, Canada 
‡ Present address: Institute of Organic Chemistry, University of Zurich, Winterthurerstrasse 190, CH-8057, Zurich, Switzerland 

 

1. Introduction 

Alzheimer’s disease (AD) is one of the most common forms 

of dementia. This disease is a progressive neurodegenerative 

disorder associated with cognitive decline, disorientation and 

language impairment. Incidence of new AD cases worldwide is 

growing with the age of the baby boomer generation.
1, 2

 The 

major cause is still unknown for the disease but it is usually 

accepted that the formation of two abnormal proteins; extra 

cellular senile plaques (SPs) and neurofibrillary tangles (NFTs) 

are the two key pathological findings in postmortem histology. 

They are observed in hippocampus and cerebral cortex but also in 

other areas of the brain. SPs are composed of aggregated β-

amyloid (Aβ) peptides and NFTs are formed by the aggregated 

microtubule associated tau protein.
3
  

Non-invasive imaging is vital for early diagnosis of AD. 

Currently there are few positron emission tomography (PET) 

imaging agents available for the early diagnosis. PET imaging is 

a very well-known technique which provides good sensitivity 

deep in tissue.
4
 Nevertheless it is limited by a time-consuming 
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There is a high demand for the development of an imaging agent for neurofibrillary tangles 

(NFTs) detection in Alzheimer’s diagnosis. In the present study, a series of rhodanine-3-acetic 

acids was synthesized and evaluated for fluorescence imaging of NFTs in brain tissues of AD 

patients. Five out of seven probes have shown excellent binding affinity to NFTs over amyloid 

plaques in the Thiazine red R displacement assay. However, the selectivity in this in vitro assay 

is not confirmed by the histopathological evaluation, which indicates significant differences in 

the binding sites in the assays. Probe 6 showed binding affinity (IC50 = 19 nM) to tau aggregates 

which is the highest among this series. Probes 2, 3, 4 and 5 display IC50 values of lower than 100 

nM to tau aggregates to displace Thiazine red R. Evaluation of the cytotoxicity of these five 

probes with human liver carcinoma cells revealed that these compounds excert negligible 

cytotoxicity.  The in vivo studies with zebrafish embryos confirmed negligible cytotoxicity at 24 

and 72 hours post fertilization. 
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Figure 1. Structure of PET imaging probes for the detection of 

NFTs and Aβ plaques in AD brain tissues  
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