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Summary  
In recent years, there has been growing interest in the potential therapeutic use of inhibitors of adenosine A2A 
receptors (A2AR) for the treatment of neurodegenerative diseases and cancer. Nevertheless, the widespread 
expression of A2AR throughout the body emphasizes the importance of temporally and spatially selective ligands. 
Photopharmacology is an emerging strategy that utilises photosensitive ligands to attain high spatiotemporal 
precision and regulate the function of biomolecules using light. In this study, we combined photochemistry, 
cellular and in vivo photopharmacology to investigate the light sensitivity of the FDA-approved antagonist 
istradefylline and its potential use as an A2AR photopharmacological tool. Our findings reveal that istradefylline 
exhibits rapid trans to cis isomerization under near UV light, and prolonged exposure results in the formation of 
photocycloaddition products. We demonstrate that exposure to UV light triggers a time-dependent decrease in 
the antagonistic activity of istradefylline in A2AR-expressing cells and enables real-time optical control of A2AR 
signaling in living cells and zebrafish. Together, these data demonstrate that istradefylline is a photoinactivatable 
A2AR antagonist and that this property can be utilized to perform photopharmacological experiments in living 
cells and animals. 
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Introduction 
G Protein-Coupled Receptors (GPCRs) are a superfamily of more than 800 membrane proteins, which are key 
players in cell communication1-2. With more than a third of the drugs on the market directed against them, 
GPCRs are attractive therapeutic targets3-4.  

Among GPCRs, the adenosine receptor family has attracted a lot of interest for their therapeutic potential in 
neurodegenerative, inflammatory and autoimmune diseases, cardiac ischemic diseases as well as chronic pain, 
sleep disorders and cancer5-6. The family is composed of four members (A1R, A2AR, A2BR, A3R), with different 
pharmacological, signaling and expression profiles5. More particularly, the A2A subtype is a recognized target for 
the treatment of Parkinson disease (PD)7-8 and cardiovascular diseases9 and is a promising target for cancer 
immunotherapy10-11, pain12 and Alzheimer’s disease13. So far, three drugs targeting this receptor received FDA 
approval. The endogenous ligand adenosine14 and the synthetic selective A2AR agonist regadenoson15 are used 
in clinics as vasodilator agents, while the A2AR antagonist istradefylline (also named KW-6002) has been 
approved as an adjunctive treatment for PD in combination with levodopa in Japan and USA16-17. Istradefylline is 
a styryl-xanthine analog related to caffeine. It is a selective and potent competitive A2AR antagonist18. In addition, 
several studies reported that istradefylline could be also be therapeutically used as a potential drug for 
Alzheimer disease13, since it reduces memory deficits in aging mice with amyloid pathology19 and enhances 
amyloid-β generation and γ-secretase activity20. 

A common difficulty in pharmacology comes from the broad expression of a given target, which emphasizes the 
need for temporally and spatially selective drugs to reduce the risk of side effects. This is well illustrated by A2AR 
that is not only present in the central nervous system, where it is highly expressed in the striatum and at lower 
expression levels in the cerebral cortex and in the hippocampus, but also in the immune system, heart and 
lungs5. One way to circumvent this difficulty is photopharmacology, an emerging light-based strategy to 
manipulate biological processes with high spatiotemporal precision21-22. This relies on the use of photosensitive 
ligands, which allows the photocontrol of drug/target interaction and its consequent biological activity. Two major 
categories of photosensitive ligands are available, photoactivable ligands (also named caged ligands)23, which 
are irreversibly activated by light, and photochromic or photoswitchable ligands24, which can be reversibly 
switched from an active to an inactive conformation. Combined with optical technologies, photopharmacology is 
a powerful fundamental research tool to explore the physiopathological function of endogenous regulatory 
systems, with micrometric spatial resolution and millisecond temporal resolution, opening new 
pharmacotherapeutic opportunities towards precision medicine25-26. Increasing interest is being shown in GPCR 
photopharmacology27-28, which offers the possibility to modulate and understand GPCR physiology and 
pathology with a higher spatiotemporal control than classical pharmacological approaches. Photopharmacology 
has been applied to many GPCRs including dopamine29, cannabinoid30-31, opioid32-33, glutamate34 and adrenergic 
receptors35-36. Concerning adenosine receptors, a photoactivatable A2AR antagonist, MRS714537, a non-
selective photoswitchable partial agonist, MRS554338, and an adenosine-based photoswitchable agonist, AA-339 
have been reported. Exploration of the pathophysiological function of A2AR and its therapeutic potential may 
benefit from additional selective A2AR photochromic ligands.  

In this study, seeking novel photopharmacological tools for A2AR, we combined photochemistry, cellular and in 
vivo photopharmacology to carry out an in-depth investigation of the light sensitivity of the well-known A2AR 
antagonist istradefylline and its potential use in photopharmacology. Previous studies have shown that a 
prolonged exposure of istradefylline to daylight induces a isomerization of its heterostilbene olefinic bond from 
trans to cis, resulting in a strong reduction of its affinity for the receptor40. Here, we confirm the sensitivity of 
istradefylline to illumination and, in particular, to near UV light, which rapidly turns it from its active trans isomer 
to the inactive cis isomer, and irreversibly leads towards four fully A2AR inactive photoproducts. We then 
demonstrate that illumination by UV light can rapidly suppress the istradefylline-induced blockade of A2AR 
cellular signaling and abolish the istradefylline-mediated hyperlocomotor activity induced by A2AR blockade in 
zebrafish larvae. Taken together, our experiments indicate that istradefylline is a photoinactivatable A2AR 
antagonist and that this property can be used for the optical control of A2AR in cells and living organisms. 
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Results 
Istradefylline exhibits rapid trans to cis isomerization under near UV light, while prolonged exposure 
leads to the generation of photocycloaddition products 

Istradefylline, along with other styryl-xanthines, are known to photoisomerize from trans to the corresponding cis 
isomer and vice versa following prolonged illumination with visible light, with a photostationary state obtained 
between 1.5 and 24 hr depending on the solvent and the concentration used41-42. 

 

Figure 1: Photochemical characterization of Istradefylline light sensitivity. (A) Absorption spectrum of istradefylline (100 µM in PBS, 1% DMSO) 
after 10 s illumination with different wavelength at 10 mW (B) Absorption spectrum of istradefylline, 25 µM in PBS (20% DMSO) in the dark and after 
different time and power of 365 nm UV-light illumination (C) HPLC of the corresponding samples of panel B; top: DARK, middle: 10 sec 10mW 365nm, 
bottom: 10 min 100 mW 365nm.  (D) Chemical structures of the photoreaction products of istradefylline after illumination with near-UV light: trans-
istradefylline in black (corresponding to the peak at t=3.73 min in the HPLC chromatograms), cis-istradefylline in blue (HPLC t=3.52 min) and the group 
of dimers (HPLC t=3.89 min). 

First, we determined whether the illumination time to reach a photostationary state could be reduced by the use 
of wavelength-specific light. To this end, we illuminated 100 µM istradefylline samples for 10 s with different 
wavelengths, ranging from 365 to 550 nm at 10 mW, and measured its UV-visible absorption spectrum in PBS  
(20% DMSO). This revealed that near-UV light drastically affects the absorption spectrum, in the direction of the 
disappearance of the trans isomer (Figure 1A). In order to better define the kinetics and nature of the 
photoreaction, we then monitored the absorption spectrum of istradefylline after exposure to UV light at different 
times and power levels. Interestingly, we observed a substantial change in the spectrum coherent with a mixture 
of trans and cis isomers, with an isosbestic point found at 304nm (Figure S1), after only five seconds of 
illumination with a 365 nm LED light at 10 mW. Illuminating for 5 more seconds slightly changed the absorption 
spectrum, mainly by reducing the absorbance between 350-370 nm due to the decrease of the trans isomer 
(Figure 1B). Based on HPLC-MS analysis (Figure S2), it was confirmed that these conditions of illumination 
mainly led to the cis-istradefylline (~93%), with only few remaining trans isomers (~5%) (Figure 1C). Of note, a 
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new peak of low intensity at higher retention time was obtained. When illuminating for a longer period and with a 
higher power (100 mW), the UV-Vis absorption spectrum changed again with a blue-shift of the absorption 
maximum of 283 nm (Figure 1B). The HPLC-MS showed the total disappearance of the peaks corresponding to 
the cis and the trans isomers but not the peak at higher retention time that corresponds to a mixture of products 
(Figure 1C), all of them having a molecular mass (m/z) of 769.5. This mass is consistent with the dimerization of 
istradefylline as a result of a [2+2] photocycloaddition of the trans-isomer to form several cyclobutane adducts 
(Figure 1D), as previously reported in solid state40. The formation of stilbene photocycloaddition products from 
the cis-isomers is generally discarded because the cis-stilbene has an S1 state that is much too short-lived to 
complete the cycloaddition reaction43. HPLC-MS analysis of the separated cyclobutane analogues obtained in 
our conditions indicated the existence of at least three different cyclobutane isomers. To identify the structure of 
the cyclobutane dimers obtained in solution, we illuminated a concentrated solution of istradefylline in DMSO. 
Preparative HPLC allowed us to separate the three main HPLC peaks corresponding to the dimers. The first 
fraction (dimer 1) appears to be a mixture of two dimers that account for 7% of the total mass of dimers obtained 
after the purification. The second (dimer 2) and third fractions (dimer 3) correspond to two pure 
photocycloaddition products, accounting respectively for 45% and 48% respectively of the total mass of dimers 
after the purification. The structure of the compounds obtained from the two major fractions were determined by 
1H-NMR and 13C-NMR (Figure S3). Dimer 2 corresponds to the syn head to tail cyclobutane isomers, previously 
identified in solid state by the group of Müller40 whereas the others have a distinct structure. According to 
literature, both head to head and head to tail isomers are favored, therefore we assumed that that dimer 3 is the 
syn head to head cyclobutane derivative. Besides, NMR spectra of similar [2+2] photocycloaddition products44-45, 
confirms our hypothesis (Figure S4). The small quantity obtained for dimer 1 only allowed us to record an 1H-
NMR spectrum. Based on the comparison between the 1H-NMR signals obtained for the cyclobutane protons 
and cyclobutanes obtained in the literature, we tentatively identify them as originating from the less-favored [2+2] 
photocyclization anti head to head and head to tail dimeric pairing of two istradefylline molecules.  

 

UV-light exposure time-dependently decreases the antagonistic activity of istradefylline on A2AR 

We next assessed the activity of istradefylline at A2AR at different stages of the photo-transformation. The 
geometric isomers (i.e. cis/trans) and the different irreversible cycloalkane photoproducts were obtained from 
istradefylline samples exposed to different UV-illumination times. The conditions of illumination were set up in 
order to be compatible with an analysis of the samples by HPLC-MS. Stock samples in DMSO (2 µL at 10 mM in 
DMSO) were illuminated with a 365 nm LED source set at 10 mW for 1, 10, 20 and 40 min. Then, these samples 
were tested in CHO cells stably expressing the human A2AR. Since A2AR couple Gαs family members, which 
activate adenylyl cyclase, the cytosolic cAMP concentration was recorded using an endpoint TR-FRET-based 
cAMP accumulation assay to account for A2AR activation. To assess the antagonistic activity of istradefylline at 
different times of illumination, A2AR-expressing cells were co-incubated with a fixed concentration of the agonist 
NECA (1 µM) and increasing concentrations of the different istradefylline samples. A large difference in the IC50 
values were observed between the istradefylline sample kept in the dark and the illuminated samples, as we 
observed a large rightward shift of the inhibition curve (Figure 2A). The 1 min -pre-illuminated sample displays a 
modest difference of potency (3-fold) whereas the 20 minute-illuminated sample shows  potency (41-fold), as 
compared to the istradefylline sample in the dark (Figure 2C; Table 1). 
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Figure 2: Influence of UV light on istradefylline photoisomerization and photoreaction and its capacity to inhibit A2AR function in cells. (A) The 
influence of UV light on the ability of istradefylline to inhibit agonist-induced activity of adenosine A2A receptor was determined by measuring the 
production of cAMP in CHO cells stably expressing the human A2AR. Experiments were performed in the presence of a fixed dose of the agonist NECA 
(1 µM) and different doses of istradefylline, in the dark or after 365 nm illumination at 10 mW for different exposure times (1 to 40 minutes, as indicated). 
Data are mean ± SEM of n=5 and n=3 independent experiments in dark and UV light conditions respectively.  (B) Estimation of the proportion of trans, 
cis and dimers after illumination in the same conditions than in A, determined by HPLC from chromatograms displayed at the wavelength of the two 
isosbestic points trans-cis and trans-dimers. 

To estimate the proportion of the mixture of dimers, trans and cis isomers in each sample, an analysis was 
performed from the HPLC-MS istradefylline samples illuminated in the same illumination conditions as for the 
cell assay (Figure S5, Table S1). As previously shown in a diluted aqueous solution, we first observed by 
HPLC-MS analysis a fast decrease of the trans isomer fraction and concomitant increase in the cis isomer. 
Extending the photoreaction time results in the accumulation of irreversible [2+2]-cycloaddition photoproducts 
(Figure 2B). After 10 min of illumination, only 5% of the initial trans istradefylline remains in the solution (Table 
1). We estimate the theorical IC50 of the 5% of remaining A2AR active istradefylline trans isomer, to an apparent 
IC50 of 1.4 µM, close to the potency determined experimentally (IC50 = 1.8 ± 0.5 µM). It is also the case for the 20 
min illumination sample, where the 3% of remaining trans-istradefylline leads to a theoretical IC50 of 2.3 µM, 
located in the range of the experimental data (3.1 ± 0.8 µM). These results suggest that almost all the remaining 
antagonistic activity of the pre-illuminated samples is due to the residual trans isomer, meaning that the cis 
isomer has a lower antagonistic potency for A2AR. It is consistent with the results obtained by the group of 
Suzuki41 in which they reported a 800-fold higher activity of the trans isomer compared to the cis isomer, in a 
styryl-xanthine molecule similar to istradefylline. Of note, we attempted to obtain purified cis isomer, which turns 
out to have a low bistability and relaxes thermally to the trans isomer. Therefore, the isolated sample contained a 
small amount (14%) of the trans isomer, precluding its use in a pharmacological assay to precisely determine the 
cis isomer activity (Figure S6).  

Table 1. Potencies and proportion of isomers and photoproducts in the dark and following different exposure times at 365 nm. IC50 and ratio of 
IC50 of istradefylline were determined using a cAMP accumulation assay in CHO cells stably expressing the human A2AR. Experiments were performed 
in the presence of a fixed dose of the agonist NECA (1 µM) and different doses of istradefylline that have been protected from light (dark) or illuminated 
with a 365 nm LED (10 mW) for different exposure times (1 to 40 minutes, as indicated). Data are mean ± SEM of at least 3 independent experiments. 
Percentage of trans, cis and dimers entity were calculated from the HPLC analysis of the illuminated samples (365 nm; 10 mW), from chromatograms 
displayed at the wavelength of the two isosbestic points trans-cis and trans-dimers. 

 IC50 (µM) IC50illum/IC50dark % trans % cis % dimers 

dark 0.07 ±0.02  100 0 0 

1min 0.24 ±0.01 3 16 69 15 
10min 1.9 ±0.6 27 5 25 70 

20min 2.7 ±1.1 39 3 9 88 

40 min 25.7 ±5.1 367 <0.5 1 99 
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All these experiments show that istradefylline is antagonizing A2AR only in its trans configuration and that light 
can be used to convert it to the inactive cis isomer or dimeric photoproducts. 

 

Istradefylline enables real-time optical control of A2AR cellular signaling 

Next, we wanted to take advantage of this rapid light-induced loss of istradefylline activity to dynamically regulate 
A2AR activity in cells. To assess real time A2AR cell signaling, a double stable cell line containing both the A2AR 
and the cAMP fluorescent indicator Flamindo2 was developed. Flamindo2 is a yellow fluorescent protein-based 
cAMP indicator46 that has an absorption peak at 480 nm and emission maximum at 510 nm, which are fully 
compatible with istradefylline photochemistry. Flamindo2 fluorescence is inversely correlated with cAMP 
concentration, decreasing as cAMP concentration increases (Figure 3A). As shown in Figure 3B, a dynamic 
and dose-dependent decrease of fluorescence can be measured following activation of A2AR by the agonist 
NECA. The potency of NECA extrapolated from experimental analysis (pEC50= 21 ± 6 nM) is consistent with the 
results obtained with other cell-based assays (Figure 3C).  

We then tested whether dimers 1, dimer 2 and dimer 3 have an antagonistic activity at A2AR. The three dimeric 
products isolated from a photoreaction (10 µM), trans-istradefylline (10 µM, kept in the dark), the antagonist XAC 
(10 µM) or buffer were applied 3 min prior to the addition of 1 µM of NECA to initiate the production of cAMP. 
The signals were analyzed by integrating the area under each curve and were normalized to the NECA induced 
response alone (0% inhibition) and the signal with the vehicle alone (100% inhibition) (Figure 3D). We did not 
observe an inhibition of the NECA induced response by any of the photoreaction dimers at 10 µM while trans-
istradefylline and XAC at the same concentration reached 86% and 98% of inhibition, respectively.  

Next, we assessed the light-dependent activity of istradefylline. Cells were pre-incubated with the 
photochemically stable antagonist XAC, with istradefylline or vehicle (baseline) for 4.5 min. During this period, 
the cells were kept in the dark or illuminated for 30 sec at 395 nm. Then the agonist NECA was added to induce 
cAMP production following A2AR activation. The fluorescence intensity (FI) was recorded during all the 
experiment, except during the 30 sec of illumination (Figure 3E). The signal was normalized and corrected to the 
baseline to compensate for the loss of fluorescence over time caused by photobleaching. In dark conditions, we 
can clearly observe a reversion of NECA induced-signal in similar proportions for istradefylline and XAC (Figure 
3F) while the antagonistic activity of istradefylline is abolished following UV illumination. On the other hand, the 
antagonistic effect of XAC remains unaltered in both dark or illuminated conditions. This demonstrates that it is 
possible to dynamically abolish the antagonistic effect of istradefylline on A2AR cell signalling by controlling the 
UV light-induced phototransformation of istradefylline. 
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Figure 3: Influence of UV light on istradefylline inhibition on real-time A2AR cellular signaling. (A) Principle of the fluorescence-based assay in 
CHO-A2AR-Flamindo2 cell line. Fluorescence intensity (FI) of Flamindo2 decreases as the intracellular cAMP concentration increases. (B) Time-course 
of FI following A2AR stimulation with different concentrations of the agonist NECA in CHO-A2AR-Flamindo2 cell line. (C) Dose-response curve of NECA, 
as determined from panel B. The peak of FI in the absence of NECA was normalized to 0%, and the peak in the presence of 10 µM NECA was 
normalized to 100%. All data points represent the mean ± SEM of four independent experiments. (D) Quantification of the percentage of receptor 
inhibition with 10 µM of XAC, istradefylline and the three purified dimers. Data are mean ± SEM of at least four independent experiments. (E) Time-
course of FI induced by 1 µM NECA in CHO-A2AR-Flamindo2 cells, alone (blue trace) or in presence of 1 µM of istradefylline (violet trace) or 1 µM of 
the non-photosensitive A2A antagonist XAC (green trace), with 30 seconds dark or violet light (395 nm, 14 mW) treatment (left and right panel 
respectively). This experiment is representative of three individual experiments. (F) Quantification of the percentage of receptor inhibition with 
antagonists following dark or UV treatment.  Data are presented as mean ± SEM of n=5 and n=3 experiments for istradefylline and XAC respectively. 
Data were analyzed by a One-way ANOVA followed by Dunnett’s post hoc test. *** p<0.005, **** p<0.001.  

 

UV light abolishes istradefylline-induced hyperlocomotion in zebrafish larvae  

We next assessed whether we can use istradefylline photosensitivity to control A2AR in vivo with light using 
zebrafish larvae. Their transparency makes them ideal models for manipulating photosensitive compounds in 
vivo47. Zebrafish possess two A2AR genes named adora2a.1 and adora2a.2, which share 62 and 74% amino 
acid identity to mammalian A2AR48. The key residues involved in the binding of istradefylline on human A2AR49 
are conserved in zebrafish orthologs Since blockade of A2AR receptors has been previously reported to increase 
zebrafish locomotion50, we evaluated the influence of light on the effect of istradefylline on the free-swimming 
behavior of naïve 5-day-old zebrafish larvae.  
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Figure 4: Influence of UV light on istradefylline-induced hyperlocomotion in zebrafish (A) Experimental timeline: One 5 day-old zebrafish larva 
was placed in a well of a 96-well plate. Following 30 minutes of habituation, larvae were exposed for 30 minutes to vehicle (DMSO 0.5%), 50 µM 
istradefylline (kept in the dark) or 50 µM UV-pretreated istradefylline (Istra pre-illum), directly added to the well. After 30 minutes, zebrafish received 
seven UV/dark illumination cycles (1 minute UV (365 nm, 8 mW) and 1 minute dark).  (B) Integration of the total free-swimming distance for every 
minute. Each data point corresponds to the mean ± SEM of the total distance swum during 1 minute by 15-16 zebrafish larvae.  (C, D) Cumulative 
distance travelled in 10 minutes by the zebrafish larva treated with vehicle, istradefylline or pre-illuminated istradefylline, before (C) and after (D) the 
illumination cycles. Each data point corresponds to the mean ± SEM of the total distance swum during 10 minutes by 15-16 zebrafish larvae. Data 
shown correspond to a representative experiment from 3 independent experiments. Statistics were performed with a one-way (panel C) or a two-way 
(panel B) ANOVA followed by Dunnett’s multiple comparison test. * p<0.05, ** p<0.01, *** p<0.005. 

We used a conventional locomotion assay on zebrafish larvae coupled to a LED illumination system to measure 
locomotion after direct addition of the compounds in the medium,  either in the dark or under illumination with 
violet light (385 nm) (Figure 4A). Istradefylline in its trans configuration increased larvae motility 2 fold, while the 
istradefylline sample that has been pre-illuminated (365 nm, 10 mW, 2 min) had no effect on motility (Figure 4C, 
left) in agreement with the A2AR activity that we recorded in cell-based assays. Under these illumination 
conditions, HPLC-MS analysis indicated that the solution contains a majority of dimers (~75%), some cis isomers 
(~24%) and 1% of trans isomer (Figure S7, Table S2, S3). UV light by itself enhanced the swimming behavior of 
the larvae (Figure 4B), as shown in experiments with zebrafish and light in previous reports47, 51. This effect is 
exacerbated in the presence of the active trans isomer, where UV-induced hyperlocomotion and istradefylline-
induced hyperlocomotion are additive, while maintaining a ratio of around 2.2 between the distance travelled 
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under illumination vs the distance without illumination (Figure 4B). However, the istradefylline-induced 
hypermobility is lost after four UV illumination cycles (385 nm, 1 min at 8mW each cycle) (Figure 4C, right). The 
conditions of illumination after each of the four first illumination cycles were reproduced and analyzed by HPLC-
MS to obtain the ratio of istradefylline isomers and other photo-products (Figure S8, Table S2). After the first 
cycle, only 10% of trans isomer remains which decreased to 2% after cycle 2 and 3 and further decreased to 1% 
after cycle 4, the rest being a mixture of cis and dimer photo-products (Table S3). The loss of istradefylline 
activity is consistent with a conversion from the trans A2AR-active form to the less active or inactive 
cis/photoreaction.  

In this series of experiments, we provide evidence that istradefylline activity can be rapidly switched-off in vivo in 
living zebrafish larvae by the application of UV-light. 

 

Discussion  
In this study, we explored the influence of UV light on istradefylline at the molecular and functional level. We 
showed that, in solution, near UV light rapidly triggers the reversible isomerization of the ligand from its active 
trans isomer to the less active cis isomer and that UV light also mediates its irreversible transformation into fully 
inactive dimeric photo-products. Finally, we demonstrated that UV-triggered photoinactivation of istradefylline is 
compatible with real-time photopharmacological experiments both in vitro and in vivo.  

We elaborated the present study based on previous work showing that istradefylline, along with others styryl-
xanthines, is photosensitive. Istradefylline was known to isomerize following prolonged illumination with light40, 42. 
Moreover, in solid state, Hockemeyer and colleagues reported the occurrence of a [2+2] photocycloaddition 
product after illumination of the sample for 100 minutes that they identified to be a cyclobutane derivative 
originating from the syn head to tail dimeric pair of the trans isomers40. One of the findings of our study is that, 
after sustained near-UV exposure in solution, we were able to identify four different dimeric cyclobutane 
photoproducts of istradefylline (Figure 1D, S4). Dimer 2 corresponds to the previously identified product40 
whereas dimers 1 and dimer 3 have distinct structures, that we propose to be a mixture of anti head to head 
and head to tail cyclobutane isomers and the pure syn head to head cyclobutane isomer respectively. In a study 
from Matsuura group on the [2+2] photocyclization of 4-cyanostilbene, the different cyclobutane isomers were 
obtained in a similar ratio52. All together, these results demonstrate that light promotes a dynamic equilibrium 
between trans and cis istradefylline isomers, which under sustained exposure to light mediates the production of 
four photo-products which correspond to the different dimeric cyclobutane analogues of istradefylline.   

One of the interesting outcomes from this study is that we can harness the photosensitivity of istradefylline to our 
advantage and use it as photoinactivatable antagonist tool in cells or living animals. We demonstrate that the 
dimeric photo-products are fully inactive towards A2AR and that exposure to near-UV light rapidly and 
dramatically decreases the antagonistic activity of istradefylline to A2AR making it compatible with in vivo 
photopharmacology experiments. This photochemical property can be exploited to obtain localized optically 
control of A2AR activity with a high temporal precision in biological media. In combination with the photoactivable 
A2AR antagonist MRS714537, the photoinactivatable A2AR antagonist istradefylline provides a complementary 
light-controlled molecular probe to dynamically study A2AR function. Of interest, istradefylline is a readily 
available well-characterized clinically proven drug. This powerful and accessible tool could find useful 
applications to decipher the physiopathological mechanisms related to A2AR activation and inactivation during 
defined times and at precise locations in cells, ex-vivo and in animal models. For example, it could be possible to 
block all the A2A receptors in an organism and, with very precise control in space and time, to remove the block 
at a specific site and observe the associated biological, physiological or behavioral responses. This study also 
demonstrates that istradefylline has to be strictly protected from light by users to avoid the photodegradation of 
the active drug into (trans/cis/photodimer)-istradefylline mixtures. Moreover, photosensitivity has to be 
considered for the handling, packaging and storage of this drug. Future studies should be aimed at developing a 
selective photoswitchable A2AR antagonist that could be reversibly activated and inactivated by light, which 
would provide an additional temporal dimension to the control of this receptor and expand the range of A2A 
photocontrollable molecules. Based on our data, we speculate that istradefylline appears to be a good scaffold 
candidate for its transformation into a selective photoswitchable A2AR antagonist. 

The concept of photo-repurposing was recently defined by Kobauri et al24 as the study of light-induced changes 
in activity of compounds that were not initially designed for photopharmacology. There are several examples of 
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photo-repurposing, such as Plinabulin53, an tubulin polymerization inhibitor, and GL47954, a dual PPARα/γ 
agonist, to cite two recent ones, now joined by istradefylline. Considering styril-based compounds, two studies 
examined the difference of activity between the trans and the cis isomers. The Thorn-Seshold group successfully 
developed a light-specific styryl-benzothiazole (SBT)55, a tubulin polymerization inhibitor, by photoconverting the 
trans inactive isomer into the 200-fold more active cis isomer with fast application of violet light in cells, whole 
organ and in vivo. More similarly to our study, axitinib, a -styryl heteroarene tyrosine kinase inhibitor marketed for 
second-line therapy of renal cell carcinoma, displays a phototransformation with UV-light56. In a vascular 
endothelial growth factor receptor 2 assay, isolated trans-axitinib was more active than the cis isomer, but the 
generation of an inactive [2+2] photocycloaddition product with UV light prevented reversible switching, leading 
to a reduction in the activity of the molecule after illumination. Taken together, these data suggest a proof of 
concept to use certain styryl-based molecules that can undergo a fast isomerization and/or [2+2] 
photocycloaddition with UV light as a way to irreversibly induce a reduction in activity of the molecule following 
illumination. It also opens a question on the photostability of stilbene or other functional group containing drugs 
and the possible deleterious effects of light exposure on drug therapeutic treatments57-59. Beyond these 
examples, there are very likely other photoswitch-containing ligands that have the potential to become 
photopharmacological tools. Notably, considering that the styryl arene or heteroarene group is widely 
represented in medicinal chemistry60, this category could be expanded to include other styryl-arene-based 
compounds. With its light-induced irreversible loss of activity due to photocycloaddition products, the styril-
containing istradefylline has exactly the opposite property to photoactivatable ligands. If more examples of this 
type were to be discovered, they could therefore constitute a new class of photopharmacological ligands, i.e. 
photoinactivatable ligands that are irreversibly inactivated by light, allowing rapid, local neutralization of their 
pharmacological activity, in complement of photoactivatable (caged) and photoswitchable ligands. 

In conclusion, following an in-depth understanding of the photosensitivity of istradefylline at the molecular level, 
we propose a new application for istradefylline as a photopharmacological tool. We have established the proof of 
concept that the blockade of A2AR function by istradefylline can be rapidly abolished by near UV light in living 
cells and organisms, in a spatiotemporal-controlled manner. Istradefylline behaves as a bone fide 
photoinactivatable A2AR antagonist, which could find useful applications to explore the role of localized A2AR in 
biological, physiological or behavioral responses in various pathophysiological contexts. 

 

Methods 
Photochemistry - UV-Visible absorption spectroscopy.  

For the determination of the optimal illumination wavelengths, UV-Visible absorption spectra were recorded 
using a Spark microplate reader. Istradefylline samples were prepared 100 µM in PBS with 0.1% DMSO at room 
temperature. Samples were measured between 500 nm and 250 nm with 2 nm fixed intervals in 96-well 
transparent plates (200 µL of compound solution/well). Illumination at the different wavelengths was achieved 
using a 96-LED plate (LEDA-x, BRC), set at 10 mW.  

For the determination of the kinetics and nature of the photoreaction, UV-Visible spectra were recorded using a 
Thermofisher UV-vis spectrophotometer. Samples were prepared with 25 µM of istradefylline in PBS with 20% 
DMSO. Samples were measured between 250 and 600 nm with 2 nm fixed intervals in a quartz cuvette (200 µL 
of compound solution/cuvette). Illumination at 365 nm was achieved using the CoolLED pE4000 light source, set 
at 10% intensity (10 mW) or 100% (100 mW). 

Estimation of the Cis/Trans/photoproduct content by HPLC 

For the quantitative analysis of the HPLC chromatogram obtained upon different illumination conditions of the 
istradefylline samples, the first step was to identified the three isosbestic points (trans-cis, trans-dimers and cis-
dimers). The trans-cis isosbestic point was obtained from the UV-Vis spectra of a 25 µM sample of a mixture of 
only trans and cis isomer, obtained after 5 seconds of illumination of the sample with 365 nm light (CoolLED 
pE4000) set at 10mW. The trans-dimers isosbestic point was obtained from the UV-Visible absorption spectrum 
of trans isomer and pure dimers, obtained respectively in the dark and after 10 minutes of illumination of the 
same sample with high power light (100 mW). To obtain the theoretical pure cis absorption spectrum, a 25 µM 
sample was illuminated for 10 seconds with 365 nm light set at 10 mW, conditions that mainly lead to the cis 
isomer. To estimate the proportion of each species in this sample, it was first analyzed by HPLC-MS (see 
conditions and gradient at Analytical HPLC-MS & NMR section) and two chromatograms were generated at the 
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wavelengths of the two isosbestic points trans-cis and trans-dimers. For each one, the two peaks corresponding 
to the two products of the corresponding isosbestic point were integrated to obtain the relative proportion of 
each. Respecting the trans/cis and the trans/dimers proportion, an estimation of the ratio of dimers and trans 
and cis isomer was calculated. The pure cis spectrum was then extrapolated, implementing the percentage 
found for the cis and subtracting the effect given by the remaining trans and the percentage of dimers produced 
in these conditions. From this theoretical cis isomer absorption spectrum, we obtained the cis-dimers isosbestic 
point used for the calculation of the estimation of cis/trans/dimers content from the different HPLC 
chromatograms obtained in different illumination conditions. 

Analytical HPLC-MS & NMR 

Analytical HPLC was performed on a Thermo Ultimate 3000SD (Thermo Scientific Dionex) coupled to a PDA 
detector and Mass Spectrometer LTQ XL ESI-ion trap (Thermo Scientific) (HPLC-PDA-MS) or on a Waters 2795 
Alliance coupled to a DAD detector (Agilent 1100) and an ESI Quattro Micro MS detector (Waters); HPLC 
columns used were ZORBAX Eclipse Plus C18 (4.6x150mm; 3.5μm) and ZORBAX Extend-C18 (2.1 x 50 mm, 
3.5 μm) respectively.  

HPLC purity was determined using the following binary solvent system: A water +0.05% formic acid, B 
acetonitrile (ACN) with 0.05% formic acid: 5%B for 0.5 min, from 5- 100%B in 5 min, 100%B for 1.5 min, 100-
5%B in 1 min and 5%B for 2 min (total runtime 10 min).  The flow rate was 0.5 mL/min, column temperature was 
fixed to 35ºC and wavelengths from 210-600 nm were registered.  

Nuclear Magnetic Resonance (NMR) spectroscopy was performed using a Brüker Avance NEO instrument 400 
MHz spectrometer. Chemical shifts are reported in δ (ppm) relative to an internal standard (non-deuterated 
solvent signal) [Chloroform (CDCl3) δ= 7.26, 1.56 ppm (1H), δ= 77.16 ppm (13C)].  
Purification of photoreaction istradefylline products  

A vial with 10 mg of istradefylline in DMSO (20 mM) was illuminated with 365 nm light (100 mW) for 9 hr. The 
sample was purified by preparative HPLC using a phenomenex column (00G-4435-N0 Gemini 5u C18 110A 250 
x 10.00 mm 5 micron 534461-1), using a flow of 10 mL/min and water/acetonitrile as solvents (+0.05% formic 
acid) and using a low gradient from 40 to 50% acetonitrile. Three main fractions were obtained named Dimers1, 
Dimer2 and Dimer3. 

Dimers1, mixture of the anti head to tail and head to head cyclobutane isomers: 8,8'-((1r,2r,3r,4r)-2,4-bis(3,4-
dimethoxyphenyl)cyclobutane-1,3-diyl)bis(1,3-diethyl-7-methyl-1H-purine-2,6(3H,7H)-dione) and 8-
((1S,2R,3R,4S)-2,3-bis(3,4-dimethoxyphenyl)-4-(3-ethyl-1,7-dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-8-
yl)cyclobutyl)-1,3-diethyl-7-methyl-1H-purine-2,6(3H,7H)-dione (0,2 mg, 0,130 µmol, 2 % yield); 1H NMR (400 
MHz, CDCl3) δ 7.09 (d, J = 2.0 Hz, 2H), 6.93 – 6.88 (m, 2H), 6.84 (d, J = 8.3 Hz, 2H), 6.72 (d, J = 2.0 Hz, 2H), 
6.68 (dd, J = 8.3, 2.1 Hz, 2H), 6.55 (d, J = 8.2 Hz, 2H), 5.76 (t, J = 10.6 Hz, 2H), 4.43 (t, J = 9.7 Hz, 2H), 4.24 
(app. t, J = 9.9 Hz, 4H), 4.21 – 4.13 (m, 8H), 4.00 (q, J = 6.9 Hz, 8H), 3.87 (s, 6H), 3.84 (s, 6H), 3.75 (s, 6H), 
3.64 (s, 12H), 3.58 (s, 6H), 1.33 (t, J = 7.0 Hz, 12H), 1.21 (t, J = 7.0 Hz, 12H).  

Dimer2, syn head to tail cyclobutane isomer : 8-((1S,2S,3S,4S)-2,4-bis(3,4-dimethoxyphenyl)-3-(1-ethyl-3,7-
dimethyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-8-yl)cyclobutyl)-3-ethyl-1,7-dimethyl-1H-purine-2,6(3H,7H)-dione 
(2,7 mg, 3,51 µmol, 27% yield); 1H NMR (400 MHz, CDCl3) δ 6.86 (dd, J = 8.3, 2.1 Hz, 2H), 6.71 (d, J = 8.3 Hz, 
2H), 6.66 (d, J = 2.1 Hz, 2H), 5.06 (dd, J = 9.6, 7.6 Hz, 2H), 4.30 (dd, J = 10.0, 7.3 Hz, 2H), 4.21 (q, J = 7.0 Hz, 
4H), 4.02 (q, J = 6.9 Hz, 4H), 3.82 (s, 6H), 3.72 (s, 6H), 3.60 (s, 6H), 1.36 (t, J = 7.0 Hz, 6H), 1.21 (t, J = 7.0 Hz, 
6H). 
Dimer3, syn head to head cyclobutane isomer: 8,8'-((1R,2S,3R,4S)-3,4-bis(3,4-dimethoxyphenyl)cyclobutane-
1,2-diyl)bis(1,3-diethyl-7-methyl-1H-purine-2,6(3H,7H)-dione (2,9 mg, 3,77 µmol, 29 % yield); 1H NMR (400 
MHz, CDCl3) δ 6.75 (d, J = 8.3 Hz, 2H), 6.71 (dd, J = 8.3, 1.9 Hz, 2H), 6.41 (d, J = 1.9 Hz, 2H), 4.76 (app. d, J = 
6.4 Hz, 2H), 4.35 (app. d, J = 6.4 Hz, 2H), 4.08 – 3.97 (m, 8H), 3.83 (s, 6H), 3.71 (s, 6H), 3.64 (s, 6H), 1.22 (t, J 
= 7.0 Hz, 6H), 1.17 (t, J = 7.0 Hz, 6H). 

Cell culture and stable transfection  

Chinese hamster ovary FlipIn (FlipIn-CHO) cells obtained from ThermoFisher Scientific were grown in Ham’s 
F12 medium supplemented with 10% fetal bovine serum (previously inactivated at 55 ◦C for 30 min). 
Manipulation and cell culture were done in a biological safety cabinet class 1 and in an incubator at 37◦C, 5% 
CO2. Absence of mycoplasma was checked regularly to guarantee the use of mycoplasma-free cells. CHO-A2AR 
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stable cells have been generated using the FlipIn system following manufacturer’s instructions, which allows the 
generation of isogenic stable cell line through the guided insertion of the gene at a unique FRT-site. Briefly, DNA 
coding for human A2A was inserted in the pcDNA5/FRT-plasmid using cloning sites HindIII and Xho. The ligated 
DNA has been transformed in Escherichia coli	DH5α competent cells and extracted from different colonies. The 
integrity of the full plasmid has been checked by sequencing. CHO Flip-In cells have been co-transfected with 
the pcDNA5/FRT-A2A plasmid and the Flp recombinase vector pOG44 using lipofectamine, according to 
manufacturer instructions. The cells having integrated the plasmid into their genome has been selected with 
hygromycin treatment at 400µg/mL for two weeks. CHO-FlipIn cells stably expressing the human A2AR were 
used in pharmacological experiments. 

Cell-based cAMP accumulation assay 

CHO cells stably expressing A2AR were seeded in black clear-bottom 96-well plates at a concentration of 10 000 
cells/well and incubated at 37°C and 5% CO2 for 24 h. cAMP accumulation was estimated using the cAMP Gs 
HTRF kit (Revvity) according to the manufacturer’s instructions. Briefly, 2 µL of istradefylline aliquots were 
illuminated for different time at 10 mW at 365 nm using a pE4000 CooLED illumination system. Cells were 
stimulated with the agonist NECA to induce cAMP accumulation while being treated with istradefylline pre-
illuminated under the different light conditions for 20 min, at 37°C. The stimulation buffer also contained 
adenosine deaminase (0.5 U/mL) to avoid the response induced by ambient adenosine and the PDE IV inhibitor 
Ro-20-1724, to avoid cAMP degradation. Cells were lysed and then transferred to a 384-well plate. The d2-
labeled cAMP analog and the europium cryptate-labeled anti-cAMP antibody were added and the plate was 
incubated 1 hr at room temperature. The plate was read using a PheraStar fluorimeter (BMG Labtech) 
microplate reader. Data were fitted by non-linear regression and normalized to istradefylline maximal inhibition 
response (100%) using GraphPad Prism 10 software. 

Visualization of intracellular cAMP dynamics 

To perform these experiments, CHO-A2AR cells were infected by lentivirus encoding the yellow fluorescent 
cAMP indicator Flamindo2 and a puromycin resistance gene to obtain a polyclonal stable cell line expressing 
both A2AR and Flamindo2, after selection with 6 µg/mL puromycin. Flamindo2 was a gift from Tetsuya Kitaguchi 
(Addgene plasmid #73938; http://n2t.net/addgene:73938; RRID:Addgene_73938)46. Twenty-four hours before 
the experiment, CHO-A2A-Flamindo2 were plated in black clear-bottom 96-well plates at a concentration of 100 
000 cells/well and incubated at 37°C and 5% CO2. The day after, medium was changed with the appropriate 
volume of FDSS (Functional Drug Screening System) buffer containing 1 mM MgSO4, 20 mM HEPES, 3.3 mM 
Na2CO3, 1.3 mM CaCl2 and 0.1% of BSA and cells were incubated for 10 min. The decrease of fluorescence due 
to cAMP production was assessed in a 96-wells plate containing 100 000 cells/well using a FDSS/µCELL kinetic 
plate imager (Hamamatsu) implemented with a custom LED illumination module that allows illuminating 6×3 
wells at 395 nm directly inside the reading chamber. For the characterization of the CHO-A2A-Flamindo2 stable 
cell line, 20 µL of 10X NECA solution at increasing concentrations were added after 1min of baseline and the 
subsequent decrease of fluorescence was followed for 6 min. Fluorescence intensity (FI) signal was monitored 
at 540 nm after an excitation at 480 nm. A similar protocol was made to obtain the activity of the three purified 
fractions of the [2+2]-photocycloaddition products obtained. After 1 min of baseline, a 100 µM solution (10X) of 
the three purified fractions, istradefylline, XAC or vehicle was injected. FI signal was recorded for 3 min then a 10 
µM (10X) of the agonist NECA was injected and FI was recorded for an additional 8 min. For 
photopharmacological experiments, the cells were accommodated 10 min at 37°C with 160 µL/well of FDSS 
buffer. The experiment started with one minute of baseline followed by the addition of 20 µL of a 10 µM solution 
containing either the A2AR antagonists istradefylline or XAC. FI was recorded for 3 min then, recording was 
stopped during 30 s, during which illumination with 395 nm LED was applied in half of the wells. FI was recorded 
for 20 sec then 20 µL of a 10 µM solution of the agonist NECA was added and the fluorescence was recorded 
for 8 min. For quantitative analysis, the area under the curve after the injection of NECA was determined using 
GraphPad Prism software. 

Behavioral tests in zebrafish larvae (Danio rerio)  

Fish locomotion was measured using a video tracking system (Daniovision, Noldus), equipped with a LED 
illumination module (385 nm) placed above the observation chamber. We used 5-days post-fertilization fish 
larvae. One zebrafish larva was placed in each well of a 96-well plate (corning Costar) with 75 µL of E3 medium. 
Thirty min prior to the measurement, the plate was placed inside the observation chamber, previously set at 
28°C, for acclimatization of the fish to the environment. After this period, 75 µL of 2X solution of the different 



Dumazer et al. ACS Chem Neurosci, 2024 
DOI : 10.1021/acschemneuro.3c00721  

13 

 

compounds with 1% DMSO (0.5% DMSO final) was then applied directly into the wells. The pre-illuminated 
istradefylline sample was prepared from the 2X solution with an illumination for 2 min at 365 nm at 10 mW 
(CoolLED, pE4000). The locomotion was recorded 2 min after the addition of the molecules for the duration of 
the experiment. Zebrafish larvae remained in the dark during the first 30 min then were submitted to seven 
cycles of 1 min UV illumination (385 nm, 8 mW) and 1 min in the dark, followed by 10 min in the dark.  

Ligands and chemicals 

All chemicals were reagent grade (Merck, or Sigma, Germany or Fluorochem, Ireland). Istradefylline was 
purchased from MedChemExpress while NECA and XAC were purchased from Bio-techne Tocris. Except when 
stated otherwise, istradefylline was carefully protected from light during the experiments. 

Statistics 

All data are reported as mean ± standard error of the mean (±SEM). Number of experiments/animals and 
statistical tests that were performed on datasets are indicated in Figure Legends. Data were analyzed with 
Microsoft excel 2016 and GraphPad Prism softwares v10, using one-way or two-way analysis of variance 
(ANOVA) and the appropriate post-hoc tests for multiple comparisons. Data were considered significant when 
p<0.05.  

 

Supporting Information 
UV–visible absorption spectra; HPLC chromatograms; 1H-NMR spectra; Figure showing the preorganization of 
istradefylline for the auto-photocycloaddition reaction in solution and the stereochemistry of the products 
obtained; Summary tables of relative percentage of cis and trans istradefylline isomers and photocycloaddition 
products in the illumination conditions corresponding to Fig. 2 and Fig. 4.  
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Figure S1: UV-visible absorption spectrum of istradefylline, 25µM in 80% PBS (20% DMSO) in the dark and 
after 5 seconds illumination with 365nm UV-light (10mW) 
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Figure S2: HPLC chromatograms of istradefylline, 25µM in PBS (20% DMSO) illuminated for 10 seconds with 
365nm LED light (10mW), displayed at the isosbestic point of trans-istradefylline and the dimers (300nm) (A) and 
at the isosbestic point of cis- and trans-istradefylline isomers (304nm) (B) with the integration of the two species 
involved. The peak at t=3.52 min corresponds to cis-istradefylline, the peak at t=3.73 corresponds to trans-
istradefylline and the peak at t=3.89 corresponds to the dimers. 
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Figure S3: 1H-NMR of dimers 1, dimer 2 and dimer 3 and 13C-NMR of dimer 2 and dimer 3  
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Figure S4: Preorganization of istradefylline for the auto-photocycloaddition reaction in solution and the 
stereochemistry of the products obtained. 
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Figure 
S5: HPLC chromatograms of the samples of istradefylline (2µL of 10mM in DMSO) illuminated with a 365nm 
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LED light (100mW) and displayed at the isosbestic point of the cis isomer and the dimers (294nm) (A-D) with an 
illumination time of 1min (A), 10min (B), 20min (C) and 40 min (D) and displayed at the isosbestic point of the 
trans and the cis istradefylline isomers (304nm) (E-H) with the same illumination times of 1min (E), 10min (F), 
20min (I) and 40 min (J). The integration of the two species involved is displayed for each chromatogram.  The 
peak at t=3.52 min corresponds to cis-istradefylline, the peak at t=3.73 corresponds to trans-istradefylline and 
the peak at t=3.89 corresponds to the dimers. 
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Illumination 
time           

Cis (304nm) Trans (304nm) Cis (294nm) Dimers (294nm) 

1 min 82.5 % 17.5 % 80.6 % 19.4 % 

10 min 25.9 % 74.1 % 81.6 % 18.4 % 

20 min 8.8 % 91.2 % 76.8 % 23.2 % 

40 min 1.4 % 98.6 % 75.8 % 24.1 % 

 

Table S1: Summary table with the relative percentage of cis and trans istradefylline isomers (in blue) and the 
relative percentage cis isomer and dimers (in violet) of 2µL samples of 10mM istradefylline illuminated for 1, 10, 
20 and 40min with 365nm light set at 100mW, obtained from the HPLC chromatograms displayed in Figure S5. 
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Figure S6: HPLC chromatograms of the fraction corresponding to the cis-istradefylline obtained by preparative 
HPLC before solvent removal by freeze-drying (A) and after solvent removal by freeze-drying (B). The 
chromatograms are displayed at the isosbestic point of the trans and the cis istradefylline isomers (304nm) and 
the peak at t=3.50 min corresponds to cis-istradefylline and the peak at t=3.72 corresponds to trans-
istradefylline. These results show an increase of the trans-isomer proportion from a 1.4% to 13.7% during the 
mild isolation process through evaporation of acetonitrile under reduced pressure in the dark and with no heating 
followed by freeze drying. This demonstrates that the cis-istradefylline displays a low bistability and relaxes 
thermally to the trans-isomer.  
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Figure S7: 
HPLC chromatograms of a sample of istradefylline (100µM in PBS) illuminated for 2 min with 365nm LED light 
(10mW), displayed at the isosbestic point of the cis isomer and the dimers (294nm) (A) or at the isosbestic point 
of the trans and the cis istradefylline isomer (304nm) (B) with the integration of the two species involved. This 
condition corresponds to the one used for the sample of istradefylline pre-illuminated in Figure 4. The peak at 
t=3.52 min corresponds to cis-istradefylline, the peak at t=3.73 corresponds to trans-istradefylline and the peak 
at t=3.89 corresponds to the dimers. 
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Figure S8: 
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HPLC chromatograms of a sample of istradefylline (50 µM in PBS) illuminated with a 385 nm LED light (8 mW), 
displayed at the isosbestic point of the cis isomer and the dimers (294nm) (A-D) in PBS with an illumination of 
1min (A), 2min (B), 3min (C) or 4min (D) and at the isosbestic point of the trans and the cis istradefylline isomer 
(304nm) (E-H)with an illumination of 1min (E), 2min (F), 3min (G) or 4min (H) with the integration of the two 
species involved. These conditions correspond to the same conditions used in the four first cycles of zebrafish 
experiment Figure 4B.  The peak at t=3.52 min corresponds to cis-istradefylline, the peak at t=3.73 corresponds 
to trans-istradefylline and the peak at t=3.89 corresponds to the dimers. 
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Sample  Cis (304nm) Trans (304nm) Cis (294nm) Dimers (294nm) 

2 min pre-illum 96.9 % 3.1 % 7.4 % 92.6 % 

1st cycle 86.4 % 13.6 % 54.5 % 45.5 % 

2nd cycle 96.5 % 3.5 % 39.9 % 60.1 % 

3rd cycle  97.0 % 3.0 % 36.7 % 63.3 % 

4th cycle 96.9 % 3.1 % 26.4 % 73.6 % 

 

Table S2: Summary table with the relative percentage of cis and trans istradefylline isomers (in blue) and the 
relative percentage of cis isomer and dimers (in violet) of samples illuminated in the same conditions than for 
during the zebrafish experiments from Figure 4, obtained from the chromatograms shown in Figure S7 and 
Figure S8.  
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Sample  Trans  Cis Dimers 

Pre-illum. 2min 365nm 10 mW 1 % 24 % 75 % 

1st cycle 10 % 60 % 30 % 

2nd cycle 2 % 56 % 42 % 

3rd cycle  2 % 49 % 49 % 

4th cycle 1 % 39 % 60 % 

 

Table S3: Percentage of cis and trans istradefylline and dimers obtained from the analysis of the HPLC 
chromatograms (Figure S6 and Figure S7) of samples illuminated in the same conditions than the ones used for 
the pre-illumination of the istradefylline sample from Figure 4B-D and the first 4 cycles of illumination inside the 
zebrafish chamber from Figure 4B. 

 

 

 

 

 

 


