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ABSTRACT: IsoDMT analogs with heterocyclic substitutions at the indole C(3) were prepared in a hydrogen-autotransfer (HA) alkylation
and tested in combination with natural and unnatural clavine alkaloids in a model of light-induced retinal degeneration for protection against

retinal degeneration. As assessed with OCT and ERG, three compounds showed better efficacy than positive-control bromocriptine at

equivalent systemically administered doses. These studies provide further insight into the role that 5S-HT receptors play in ocular diseases.

The discovery of serotonin (5-hydroxytryptamine, S-HT) receptors
(5-HTRs) in retinal cells in the 1960’s was followed by seminal stud-
ies that demonstrated that S-HTR binding is involved in retinal pa-
thology and photoreceptor survival.' The de novo synthesis of 5-HT
from tryptophan, activation of cAMP signaling pathways by binding
to S-HTRs, reuptake by S-HT transporters, as well as 5-HT degra-
dation by monoamine oxidases (MAQ) are active processes in retina
cells (Fig. 1). A subset of retinal interneurons (amacrine cells) both
synthesize and release 5-HT and therefore act as serotonergic neu-
rons. S-HTRs in retinal bipolar and ganglion cells are responsible for
neuromodulation."”® Importantly, while many pharmacological
studies have focused on the expression of S-HTRs in animals, they
are also expressed and play a neuroprotective role in human retina
cells.”® However, the specific signaling pathways differ between cells
and are influenced by off-target effects of the chemical probes uti-
lized in earlier studies (Table 1).

Among the constitutively expressed S-HT receptors, S-HT1a, S-
HTaasc, 5-HT3a, S-HT'sas, and 5-HT7 have been detected in the ret-
ina of various species, including humans." Activation of ocular 5-HT
receptors was shown to rapidly initiate a CNS survival pathway and
protect against injuries such as severe photooxidative damage in-
duced by exposure to blue light* 5-HTaR agonists, such as buspi-
rone, xaliproden, and 8-hydroxy-2-(di-n-propylamino)-tetralin (8-
OH-DPAT), protect ARPE-19 human retinal pigment epithelium
(RPE) cells against oxidative damage, as well as mouse RPE cells in
vivo in geographic atrophy models,’ but currently there is only anec-
dotal evidence that links 5-HT 4R agonists to protection against light-
induced retinal degeneration (LIRD)S In contrast, this effect has
been more thoroughly investigated in glaucoma. Activation of S-
HT:4R in the retina facilitates presynaptic GABA release by sup-
pressing cAMP-PKA signaling and decreasing PKA phosphorylation
(Fig. 2),” which can explain the reduction of excitotoxicity in retinal
ganglion cells (RGCs) during experimental glaucoma.® Excessive
cAMP signaling is also linked to inherited retinal degenerative dis-
eases,’ and drugs that suppress cAMP show a remarkable therapeutic
potential.'’
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Figure. 1. Serotonin (S-HT) synthesis and uptake in retina cells
(created with BioRender).!

Due to the insufficient subtype selectivity of the current generation
of small molecule 5-HT modulators," it is not yet clear which S-
HTR among 5-HT\a, 2a28 and 5-HTc receptors is mainly responsi-
ble for the protective effects of agonists, or if pan-activation is useful
for therapeutic purposes. Furthermore, only limited information is
currently available about the interplay of 5-HT3a, S-HTsas, and S-
HT; receptors in the retina. Literature data suggest that serotonergic
S-HT 4R activation in the retina is neuroprotective, whereas pan-5-
HT:R activation might have a detrimental effect on retinal sur-
vival."* In conrast, 5-HT:R agonists were found to be effective in re-
ducing intraocular pressure (IOP) in a primate model of glaucoma,"”
and 5-HT\c regulates neurite growth and retinal processing of visual
information.”® Sarpogrelate, a 5-HT:a/5-HT:s antagonist, also
proved protective in light-induced retinopathy."* Significantly, S-
HTR agonists or antagonists have not yet been used in vision
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therapies, despite the large need for new treatment options in ocular
diseases. Accordingly, we envisioned that specific S-HTR probes will
be useful to clarify receptor properties and identify new therapeutic
opportunities in ocular diseases.

Table 1. 5-HTR expression in retina, signaling pathways, and rele-
vant chemical probes.'

Tissue or cell S-HTR | Activated Agonist/ antago-
signaling nist used
pathway

Rabbit & gold- | 5S-HTia Increased Buspirone/ spi-

fish retina cAMP roxatrine

Culture human | 5-HTia Decreased | Buspirone/ spi-

retinal pigment cAMP roxatrine

epithelium

(RPE)

Cultured rat | S-HTac | Increased S-HT/ me-

RPE & retinal inositol and | thysergide/ spip-

ganglion  cells Ca** erone/  WAY-

(RGC) 161503

Retinal degeneration is a common symptom of several blinding
diseases such as retinitis pigmentosa (RP)" and age-related macular
degeneration (AMD).'* Interestingly, RP is a leading cause of vision
loss for people under the age of 55, while AMD is the leading cause
of vision loss in the elderly.”” Both diseases are prevalent worldwide,
and AMD is projected to be diagnosed in 288 million patients by
2040."® Advanced AMD can be categorized as either “wet” or “dry”
AMD with their differentiating characteristic being the abnormal
formation and leakage of blood vessels.”” While dry AMD is much
more common, available treatments remain limited. In fact, the FDA
approved the first two drugs for treatment of dry AMD as recently as
2023.”%° Treatments for RP have historically focused on attenuating
symptoms, but new research efforts have leveraged gene therapy,
resulting in the first gene therapy to gain FDA approval for the eye.”

Constant and intense exposure to light is associated with photore-
ceptor cell death and ultimately retinal degeneration.”**® This can
lead to the acceleration of RP*****® and is a risk factor for the
development of AMD.'*”* Mechanistically, prolonged light
exposure can disrupt the retinoid cycle by hindering the clearance of
intermediates such as all-trans-retinal, which results in its
accumulation and eventual retinopathy”****"** Build-up of all-trans-
retinal may also lead to the formation of toxic byproducts that can
cause additional damage to the retina.*********" Furthermore,
extended light exposure can result in the excessive production of
reactive oxygen species (ROS) in the retina. Elevated ROS levels
increase oxidative stress and activate apoptotic and pro-
inflammatory pathways, both of which are contributing to retinal
degeneration.'****** There is also growing evidence that ROS play
a significant role in the development and progression of glaucoma.”
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Figure. 2. Mechanistic hypothesis for the neuroprotective effects of
S-HT1aR agonists. Cyclic adenosine monophosphate (cAMP) levels
are elevated during retinal disease and are driving further degenera-
tion.” For instance, cAMP-activated PKA-mediated protein phos-
phorylation reduces GABA release causing hyperexcitability associ-
ated with glaucomatous damage. Agonists at S-HT1a inhibit this cas-
cade by exchanging GDP for GTP on the o-subunit of Gi/o
(Gial/Goav), inhibiting adenylyl cyclase (AC), and resulting in de-
creased cAMP (created with BioRender).

Iso-Dimethyltryptamines (isoDMTs) are potent S-HTR agonists
and have garnered considerable interest in recent years due to their
potential as treatments for anxiety and depression with reduced hal-
lucinogenic side-effects (Fig. 3).*** For example, AAZ-A-154 is a
non-hallucinogen that has anti-depressant properties similar to the
drug ketamine.* Structure-activity relationship (SAR) studies of the
tryptamine scaffold typically include three major zones: the benzene
ring of indole, the indole side chain, and the degree of alkylation at
the terminal, basic nitrogen.*' We have recently developed a high
yielding, robust indole C(3)-alkylation reaction that allows the in-
stallation of a pyridyl substituent at this position and offers opportu-
nities to expand the SAR of isoDMTs.*
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Figure 3. Examples of tryptamines, isoDMTs and novel 3-
methylpyridyl isoDMT analogs.

Specifically, pyridyl-substituted isoDMT analogs were synthesized
following a two-step sequence (Scheme 1).°** Treatment of halo-,
methoxy-, or aza-indoles 1-7 with 2- or 4-pyridinemethanol in the
presence of oxone and Cs2COs in xylenes at reflux afforded the cor-
responding 3-substituted indoles 8-11, 13, and 16, and 2-aza-indole
12 in good to excellent yields. Hydrogen autotransfer (HA)-type al-
kylation of fluorinated indoles was also performed with 2-pyrim-
idinemethanol and 6-methyl-2-pyridinemethanol and provided the
substituted indoles 14 and 1§ in good yields. Furthermore, S-
fluoroindole successfully reacted with 1-(2-pyridyl)ethanol to give
17 in 60% yield, which suggests that carbon chain branching at the
benzylic position is possible with readily available starting materials.
Subsequent treatment of 8-17 with 2-dimethylaminoethyl chloride
hydrochloride, potassium hydroxide, and potassium iodide in
DMSO at room temperature gave the N-alkylated isoDMT analogs
18 to 27 in 24% to 71% yield. With some substrates, oxidized side
products were also isolated, decreasing the yields of the desired
products. Although these side products were formed in relatively
low amounts, they were difficult to remove chromatographically
from the desired products. We explored changing solvent and base
conditions to minimize side product formation, but these modifica-
tions resulted in sluggish reaction rates.

In order to obtain an assessment of the potential for the isoDMT de-
rivatives to serve aslead structures for retinal degeneration therapeu-
tics, we selected the halogenated analogs 18-20 for evaluation in a
well-established model of light-induced retinal degeneration
(LIRD).** In addition to the isoDMTs, we also tested the protective ef-
fects in this model of recently synthesized natural and unnatural clavine
alkaloids that were demonstrated to have considerable S-HTR
subtype selectivity (Fig. 4).>**"” For example, (+)-cycloclavine was
shown to possess >10-fold greater potency at 5-HTac versus S-
HT1a/24/28.° In contrast, the bridged diethylamide 28 did not show
any notable activity at S-HT 1424282¢.>

Scheme 1. Synthesis of isoDMT analogs by a hydrogen autotransfer
(HA) process followed by N-alkylation.*
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Figure 4. IsoDMT and clavine alkaloids selected for LIRD analysis.

BALB/c albino mice aged 5-8 weeks were used in the LIRD experi-
ments. Mice were housed in a temperature-controlled animal facility
with a 12-hour light/dark cycle and fed a standard rodent diet ad libitum.
All procedures were conducted in accordance with the Directive
86/609/EEC for animal experiments, FELASA Guidelines and
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Recommendations, and ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research. Experiments were approved by the
Finnish Project Authorization Board, with protocol number
ESAVI/26320/2021.

TheisoDMTs and clavine alkaloids (Fig. 4), orbromocriptine, were first
individually dissolved in DMSO to make 10 mg/mL stock solutions. On
the day of LIRD induction, stock solutions were mixed with saline at a
1:4 ratio. The mice were dark-adapted overnight and all handling prior
to LIRD induction was performed under dim red light. Drugs (10
mg/kg, b.w.) or vehicle (25 % DMSO, 75 % saline; volume adjusted to
100 uL) were intraperitoneally (i.p.) injected 30 min prior to the bright
light exposure, and the mouse pupils were dilated using duplicate cor-
neal administrations of metaoxedrin (20 mg/mL) and tropicamide (4
mg/mL) solution; first at 30 min prior and second at 15 min prior to
light exposure. LIRD was induced with a 30 min exposure to 15 kLux
white light in freely moving mice (see schematic presentation of method
in Supplementary Figure 1) and then transferred back to the vivarium.
One week later, the optical coherence tomography (OCT) imaging®
and electroretinography (ERG) recording®! were performed to assess
retinal structure and function, respectively.

The method's validity was confirmed since the retinas of all vehicle-
treated mice showed severe LIRD (Fig. S; Supplementary Figure 2). As
measured from the OCT images, the outer nuclear layer (ONL) thick-
ness, a readout of mouse rod photoreceptor population, was reduced
from baseline mean at 55.6 pm to 0 pm as a result of LIRD. ERG a- and
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b-wave amplitudes, representing primarily rod photoreceptor and ONL
bipolar cell population activation,* respectively, were significantly at-
tenuated across a large range of light intensities used for stimulation
(Supplementary Figures 3 and 4). We used bromocriptine, an FDA-
/EMA-approved semisynthetic ergot alkaloid drug, as a reference com-
pound and positive control®> Bromocriptine has been shown to possess
therapeutic properties in multiple neuropathological contexts, including
amytrophic lateral sclerosis (ALS) and Alzheimer s disease.*** In our
experiments, systemically administered bromocriptine (10 mg/kg) pro-
tected from ONL thinning by 70% (Fig. S) and ERG a- and b-wave am-
plitude (at 10 cd-s/m?stimulus) deterioration also by 70% each (Fig. 6).
At equal dose, (+)-lysergol, (+)-isolysergol, and isoDMT 18 protected
against LIRD on average better than bromocriptine did (Figs. S and 6).
In contrast, (-)-isolysergol was devoid of therapeutic efficacy, and (-)-
lysergol showed only a minute ERG amplitude improvement (Fig. 6).
Both (-)- and (+)-cycloclavines were approximately equally effective
against LIRD as bromocriptine was, whereas 19 and 20 showed lower
efficacy on average (Figs. S and 6). Notably, the OCT data obtained
from treatments with cycloclavines and compounds 19 and 20 showed
high variance of responses to treatments: some mice displayed LIRD
damage equal to vehicle-treated mice whereas some mice were practi-
cally fully protected. The higher variance of responses with partially ef-
fective compounds, however, may be a characteristic of the LIRD model
rather than arising from the compounds” properties per se.

(+)-isolysergol

+)-lysergol (-)-isolysergol

(2]
o
(o2}
<

N
o

ONL thickness (um) M
D ®
o
N
o
1

ONL thickness (um)
N
<

Figure 5. Systemically administered (+)-lysergol, (+)-isolysergol and 18 display strong protection against LIRD-associated photoreceptor
death. A: Representative OCT images from each study group. Imaging was centered at the optic nerve head (ONH). ONL thickness was
measured at 500 pm distance from the ONH border. Panels B-F display ONL thickness measurements (data averaged from superior, inferior,
nasal, and temporal retinal quadrants) from experiments with lysergols (B), isolysergols (C), cycloclavines (D), 19 and 20 (E), and 18 and 28
(F), all contrasted with the data obtained from vehicle- and positive control(bromocriptine)-treatments, or baseline condition (i.e. BALB/c
mouse retinas without LIRD). The statistical analysis was performed using the nonparametric K-W test followed by Dunn s tests for multiple
comparisons. The asterisks signify results from the Dunn s tests: P < 0.0S, P < 0.001, P < 0.0001. Data is presented as mean * SEM.
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Figure 6. Retinal protection by (+)-lysergol, (+)-isolysergol and 18 leads to near normal ERG responses seven days after LIRD induction. For

clarity, this figure presents ERG data from only 1 of 12 stimulation intensities used (10 cd-s/m?); full stimulus intensity-amplitude graphs are
presented in supplementary figure 4. Panel A shows group-averaged ERG waveforms from all study groups. Panels B-F and G-K display ERG
a- (B-F) and b-wave (G-K) amplitudes, respectively, from experiments with lysergols (B, G), isolysergols (C, H), cycloclavines (D, I), 19 and
20 (E, J), and 18 and 28 (F, K). The data of study compounds is contrasted with the data obtained from the treatments with vehicle- and
positive control (bromocriptine), or at baseline condition (no LIRD). The statistical analysis was performed by using the Welch’s ANOVA

test followed by Dunnett s T3 post hoc tests. The asterisks signify results from the post hoc tests: "P < 0.0, "P < 0.01, P < 0.001,

0.0001. Data is presented as mean = SEM.

In summary, we have synthesized several new isoDMT analogs with
heterocyclic substitutions at the indole C(3) and tested
representative analogs in a LIRD model for protection against retinal
degeneration. The clavine alkaloids (+)-lysergol and (+)-isolysergol
share strong agonistic activities at S-HTaR and 5-HT>cR® and
demonstrate a similar high level of protection in the LIRD model,
whereas (—)-lysergol and (-)-isolysergol are both inactive in the
LIRD model and at S-HTacR. However, (-)-isolysergol is quite po-
tent as an agonist at S-HT1aR* (+)-Lysergol is very potent at S-
HT.4R, but (+)-isolysergol, (-)- and (+)-cycloclavines lack potency
at this receptor as well as at S-HT2R and have moderate to high po-
tency at S-HT>cR.* The bridged scaffold 28 did not bind to S-
HTia2a282c receptors and was also inactive in the LIRD assay.
Accordingly, the data suggest that activity at S-HTxcR likely drives
the observed efficacy in the LIRD model. Interestingly, the
structurally much simpler isoDMT 18 also demonstrates significant
LIRD protective properties and therefore validates this scaffold for
future investigations of its potential for therapeutic applications in
retinal degeneration. Combined, these studies provide valuable
insights into the role that serotonin receptors and their agonists play
in ocular diseases and provide suitable lead compounds for further
preclinical development.
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S-HT, serotonin (S-hydroxytryptamine)

5-HTR, 5-hydroxytryptamine receptor

8-OH-DPAT, 8-hydroxy-2-(di-n-propylamino)-tetralin

ALS, amytrophic lateral sclerosis

AMD, age-related macular degeneration

ARPE-19, spontaneously arising retinal pigment epithelia cell line
cAMP, cyclic adenosine monophosphate

ARVO, Association for Research in Vision and Ophthalmology
BALB/c, Baggalbino ¢

DMT, dimethyltryptamine

ERG, electroretinography

FELASA, Federation of European Laboratory Animal Science Associa-
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GABA, y-aminobutyric acid

GDP, guanosine diphosphate

GTP, guanosine triphosphate

HA, hydrogen autotransfer

IOP, intraocular pressure

isoDMT,, iso-dimethyltryptamine
LIRD, light-induced retinal degeneration
MAO, monoamine oxidase

OCT, optical coherence tomography
ONL, outer nuclear layer

PKA, protein kinase A

RGC, retinal ganglion cell

ROS, reactive oxygen species

RP, retinitis pigmentosa

RPE, retinal pigment epithelium
SAR, structure-activity relationship


https://doi.org/10.26434/chemrxiv-2024-nkzks
https://orcid.org/0000-0001-7693-5863
https://creativecommons.org/licenses/by-nc-nd/4.0/

REFERENCES

' Masson, J. “Serotonin in Retina.” Biochimie 2019, 161, 51-58.

> Nash, M. S.; Osborne, N. N. “Pharmacologic Evidence for 5-HT 1, Receptors Associated with Human Retinal Pigment Epithelial Cells in
Culture.” Investig. Ophthalmol. Vis. Sci. 1997, 38, 510-519.

’ Chen, Y.; Palczewska, G.; Mustafi, D.; Golczak, M.; Dong, Z.; Sawada, O.; Maeda, T.; Maeda, A.; Palczewski, K. “Systems Pharmacology
Identifies Drug Targets for Stargardt Disease—Associated Retinal Degeneration.” J. Clin. Invest. 2013, 123, 5119-5134.

* Collier, R. J.; Patel, Y.; Martin, E. A;; Dembinska, O.; Hellberg, M.; Krueger, D. S.; Kapin, M. A.; Romano, C. “Agonists at the Serotonin Receptor
(5-HT1a) Protect the Retina from Severe Photo-Oxidative Stress.” Investig. Ophthalmol. Vis. Sci. 2011, 52,2118-2126.

S Biswal, M. R;; Paulson, R. ] ; Vichare, R.; Lewin, A. S. “Buspirone Enhances Cell Survival and Preserves Structural Integrity During Oxidative Injury
to the Retinal Pigment Epithelium.” Antioxidants 2023, 12,2129.

¢ Grillo-Antonelli, S.; Cimbolini, N.; Dubos, H.; Feraille, L.; Margaron, P.; Elena, P. “Protection of Blue Light Induced Retinal Degeneration by the
Free Radical Scavenger Phenyl-N-Tert-Butylnitrone and a Serotonin Receptor 5-HT'1. Agonist in Rats.” Acta Ophthalmol. 2012, 90, S063.

7Zhou, X; Zhang, R ; Zhang, S.; W, J.; Sun, X. “Activation of S-HT ', Receptors Promotes Retinal Ganglion Cell Function by Inhibiting the Camp-
Pka Pathway to Modulate Presynaptic Gaba Release in Chronic Glaucoma.” J. Neurosci. 2019, 39, 1484.

$ Zhou, X; Li, G; Zhang, S.; Wy, J.; Zhou, X;; Li, G.; Zhang, S.; Wy, J.; Zhou, X,; Li, G.; Zhang, S,; Wy, J.; Wy, J. “S-HT 1. Receptor Agonist
Promotes Retinal Ganglion Cell Function by Inhibiting off-Type Presynaptic Glutamatergic Activity in a Chronic Glaucoma Model.” Front.
Cell. Neurosci. 2019, 13, 167.

? Charish, J. “cAMP and Photoreceptor Cell Death in Retinal Degeneration. In: Retinal Degenerative Diseases (Bowes, R. C.; Grimm, C.; Anderson,
R.E; Ash, J. D; LaVail, M. M.; Hollyfield, J. G., Eds.); Cham: Springer International Publishing; 2019. p. 301-304.

' Timothy, S. K; Yunpeng, D.; Jie, T.; Chieh Allen, L.; Haitao, L.; Alyssa, D.; Henri, L.; David, A. A.; Krzysztof, P. “Regulation of Adrenergic, Sero-
tonin, and Dopamine Receptors to Inhibit Diabetic Retinopathy: Monotherapies Versus Combination Therapies.” Mol. Pharmacol. 2021, 100, 470.
" Passie, T.; Halpern, J. H.; Stichtenoth, D. O.; Emrich, H. M.; Hintzen, A. “The Pharmacology of Lysergic Acid Diethylamide: A Review.”
CNS Neurosci. Therap. 2008, 14,295-314.

"> May, J. A; Sharif, N. A,; McLaughlin, M. A; Chen, H.-H,; Severns, B. S.; Kelly, C. R;; Holt, W. F.; Young, R.; Glennon, R. A.; Hellberg, M.
R,; Dean, T. R. “Ocular Hypotensive Response in Nonhuman Primates of (8R)-1-[(2S)-2-Aminopropyl]-8,9-Dihydro-7H-Pyrano|2,3-¢]Inda-
zol-8-0l, a Selective 5-HT» Receptor Agonist.” J. Med. Chem. 20185, 58, 8818-8833.

" Trakhtenberg, E. F.; Pita-Thomas, W.; Fernandez, S. G.; Patel, K. H.; Venugopalan, P.; Shechter, J. M.; Morkin, M. L; Galvao, J.; Liu, X;
Dombrowski, S. M.; Goldberg, J. L. “Serotonin Receptor 2c Regulates Neurite Growth and Is Necessary for Normal Retinal Processing of Visual
Information.” Dev. Neurobiol. 2017, 77, 419-437.

' Tullis, B. E.; Ryals, R. C.; Coyner, A. S.; Gale, M. J.; Nicholson, A;; Ku, C; Regis, D.; Sinha, W.; Datta, S.;; Wen, Y.; Yang, P.; Pennesi, M. E.
“Sarpogrelate, a 5-HT2a Receptor Antagonist, Protects the Retina from Light-Induced Retinopathy.” Investig. Ophthalmol. Vis. Sci. 2018, 56,
4560-4569.

' Hartong, D. T'; Berson, E. L.; Dryja, T. P. “Retinitis Pigmentosa.” The Lancet 2006, 368, 1795-1809.

' Curcio, C. A.; Medeiros, N. E.; Millican C. L. Photoreceptor Loss in Age-Related Macular Degeneration. Invest. Ophthalmol. Vis. Sci. 1996,
37,1236-1249.

Deng, Y.; Qiao, L.; Du, M.; Qu, C; Wan, L; Li,].; Huang, L. “Age-Related Macular Degeneration: Epidemiology, Genetics, Pathophysiology,
Diagnosis, and Targeted Therapy.” Genes Dis. 2022, 9, 62-79.

' Wong, W.L,; Su, X,; Li, X.; Cheung, C. M. G;; Klein, R;; Cheng, C.-Y.; Wong, T.Y. Global Prevalence of Age-Related Macular Degeneration
and Disease Burden Projection for 2020 and 2040: A Systematic Review and Meta-Analysis. Lancet Glob. Health. 2014, 2, 106e116.

" Heier, J. S.; Lad, E. M.; Holz, F. G. Rosenfeld P. J.; Guymer, R. H.; Boyer, D.; Grossi, F.; Baumal, C. R;; Korobelnik, J. -F.; Slakter, J. S.;
Waheed, N. K.; Metlapally, R.; Pearce, L; Steinle, N.; Francone, A. A.; Hu, A.; Lally, D. R.; Deschatelets, P.; Francois, C.; Bliss, C.; Staurenghi,
G.; Monés, J; Singh, R. P. Ribeiro, R.; Wykoff, C. C. “Pegcetacoplan for the Treatment of Geographic Atrophy Secondary to Age-Related
Macular Degeneration (OAKS and DERBY): Two Multicentre, Randomised, Double-Masked, Sham-Controlled, Phase 3 Trials.” Lancet 2023,
402, 1434-1448.

?0 Khanani, A. M,; Patel, S. S.; Staurenghi, G.; Tadayoni, R.; Danzig, C.J.; Eichenbaum, D. A; Hsu, J.; Wykoff, C. C,; Heier, J. S;; Lally, D. R;
Monés, ].; Nielsen, J. S.; Sheth, V. S.; Kaiser, P. K. Clark, J.; Zhu, L; Patel, H.; Tang, J.; Desai, D.; Jaffe, G.]. “Efficacy and Safety of Avacincaptad
Pegolin Patients with Geographic Atrophy (GATHER2): 12-Month Results from a Randomised, Double-Masked, Phase 3 Trial.” Lancet 2023,
402, 1449-144S8.

' Russell, S.; Bennett, J.; Wellman, J. A.; Chung, D. C.; Yu, Z. -F,; Tillman, A.; Wittes, J.; Pappas, J.; Elci, O.; McCague, S.; Cross, D.; Marshall,
K. A.; Walshire, J.; Kehoe, T. L.; Reichert, H.; Davis, M.; Raffini, L.; George, L. A.; Hudson, F. P.; Dingfield, L.; Zhu, X.; Haller, J. A.; Sohn, E.
H.; Mahajan, V. B.; Pfeifer, W.; Weckmann, M.; Johnson, C.; Gewaily, D.; Drack, A.; Stone, E.; Wachtel, K.; Simonelli, F.; Leroy, B. P.; Wright,
J. F.; High, K. A.; Magiure, A. M. Efficacy and safety of Voretigene Neparvovec (AAV2-hRPE65v2) in Patients with RPE6S-Mediated Inherited
Retinal Dystrophy: a Randomised, Controlled, Open-Label, Phase 3 Trial. Lancet 2017, 390, 849-860.

*? Taylor, H. R;; Mufioz, B.; West, S.; Bressler, N. M,; Bressler, S. B.; Rosenthal, F. S. Visible light and risk of age-related macular degeneration.
Trans. Am. Ophthalmol. Soc. 1990, 88, 163-178.

https://doi.org/10.26434/chemrxiv-2024-nkzks ORCID: https://orcid.org/0000-0001-7693-5863 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2024-nkzks
https://orcid.org/0000-0001-7693-5863
https://creativecommons.org/licenses/by-nc-nd/4.0/

* Organisciak, D. T.; Darrow, R. M; Barsalou, L.; Darrow, R. A.; Kutty, R. K; Kutty, G.; Wiggert, B. Light history and age-related changes in
retinal light damage. Invest. Ophthalmol. Vis. Sci. 1998, 39, 1107-1116.
** Naash, M.L,; Peachey, N.S.; Li, Z.Y.; Gryczan, C.C.; Goto, Y.; Blanks, J.; Milam A. H.; Rips, H. Light-Induced Acceleration of Photoreceptor
Degeneration in Transgenic Mice Expressing Mutant Rhodopsin. Invest. Ophthalmol. Vis. Sci. 1996, 17, 775-782
* LaVail, M. M.; Gorrin, G. M.; Yasumura D.; Matthes M. T. Increased Susceptibility to Constant Light in nr and pcd Mice with Inherited
Retinal Degenerations. Invest. Ophthalmol. Vis. Sci. 1999, 40, 1020-1024.
*6 Kutsyr, O.; Sénchez-Siez, X.; Martinez-Gil N, de Juan, E.; Lax, P.; Maneu, V.; Cuenca, N. Gradual Increase in Environmental Light Intensity
Induces Oxidative Stress and Inflammation and Accelerates Retinal Neurodegeneration. Invest. Ophthalmol. Vis. Sci. 2020, 61, 1.
* Hunter, . J.; Morgan, J. 1. W.; Merigan, W. H,; Sliney, D. H.;Sparrow, J. R.; Williams, D. R. The susceptibility of the retina to photochemical
damage from visible light. Prog. Retin. Eye Res. 2012, 31,28-42.
*Wenzel, A.; Grimm, C.; Samardzija, M.; Reme, C. E. Molecular Mechanisms of Light-Induced Photoreceptor Apoptosis and Neuro-Protec-
tion for Retinal Degeneration. Prog. Retin. Eye Res. 20085, 24, 275-306.
*» Maeda, A.; Maeda, T.; Golczak, M; Palczewski, K. Retinopathy in Mice Induced by Disrupted All-trans-retinal Clearance. J. Biol. Chem. 2008,
283,26684-26693.
3% Maeda, A.; Maeda, T.; Golczak, M.; Chou, S.; Desai, A.; Hoppel, C. L.; Matsuyama, S.; Palczewski, K. Involvement of All-trans-retinal in
Acute Light-induced Retinopathy of Mice. J. Biol. Chem. 2009, 284, 15173-15183.
3! Chen, Y.; Okano, K.; Maeda, T.; Chauhan, V.; Golczak, M.; Maeda, A.; Palczewski, K. Mechanism of All-trans-retinal Toxicity with Implica-
tions for Stargardt Disease and Age-related Macular Degeneration. J. Biol. Chem. 2012, 287, 5059-5069.
% Maeda, A.; Palczewska, G.; Golczak, M.; Kohno, H.; Dong, Z.; Maeda, T.; Palczewski, K. Two-photon microscopy reveals early rod photore-
ceptor cell damage in light-exposed mutant mice. Proc. Natl. Acad. Sci. U.S.A. 2014, 111, E1428-E1437.
3 Sparrow, J. R; Wu, Y.; Kim, C. Y.; Zhou, J. Phospholipid Meets all-trans-Retinal: The Making of RPE Bisretinoids. J. Lipid Res. 2010, 51,
247-261.
3* Sparrow, J. R.; Fishkin, N.; Zhou, J; Cai, B.; Jang, Y. P.; Krane, S.; Itagaki, Y.; Nakanishi, K. A2E, a byproduct of the visual cycle. Vision Res.
2003, 43, 2983-2990.
% Weng, J.; Mata, N. L; Azarian, S. M.; Tzekov, R. T.; Birch, D. G.; Travis, G. H. Insights into the Function of Rim Protein in Photoreceptors
and Etiology of Stargardt’s Disease from the Phenotype in abcr Knockout Mice. Cell. 1999, 98, 13-23.
% Suter, M.; Remé, C.; Grimm, C.; Wenzel, A ; Jaittela, M.; Esser, P.; Kociok, N.; Leist, M.; Richter, C. Age-related Macular Degeneration: The
Lipofuscin Component N-Retinyl-N-Retinylidene Ethanolamine Detaches Proapoptotic Proteins from Mitochondria and Induces Apoptosis
in Mammalian Retinal Pigment Epithelial Cells. J. Biol. Chem. 2000, 275, 39625-39630.
7 Lamb, L. E.; Simon, J. D. A2E: A Component of Ocular Lipofuscin. Photochem. Photobiol. 2004, 79, 127-136.
3 Chistyakov, D. V.; Baksheeva, V. E.; Tiulina, V. V.; Goriainov, S. V.; Azbukina, N. V.; Gancharova, O. S.; Arifulin, E. A.; Komarov, S. V.;
Chistyakov, V. V.; Tikhomirova, N. K.; Zamyatnin, A. A.; Philippov, P. P.; Senin, I. L; Sergeeva, M. G.; Zernii, E. Y. Mechanisms and Treatment
of Light-Induced Retinal Degeneration-Associated Inflammation: Insights from Biochemical Profiling of the Aqueous Humor. Int. J. Mol. Sci.
2020, 21, 704.
% Kaarniranta, K.; Pawlowska, E.; Szczepanska, J.; Jablkowska, A.; Blasiak, J. Role of Mitochondrial DNA Damage in ROS-Mediated Pathogen-
esis of Age-Related Macular Degeneration (AMD). Int. J. Mol. Sci. 2019, 20, 2374.
* Baksheeva, V. E.; Tiulina, V. V.; Tikhomirova, N. K.; Gancharova, O. S.; Komarov, S.V.; Philippov, P. P.; Zamyatnin, A. A.; Senin, L. I; Zernii,
E.Y. Suppression of Light-Induced Oxidative Stress in the Retina by Mitochondria-Targeted Antioxidant. Antioxidants 2019, 8, 3.
* Sawada, O.; Perusek, L.; Kohono, H.; Howell, S. J.; Maeda, A.; Matsuyama, S.; Maeda, T. All-trans-retinal induces Bax activation via DNA
damage to mediate retinal cell apoptosis. Exp. Eye Res. 2014, 123, 27-36.
#Rong, R; Zhou, X; Liang, G.; Li, H.; You, M,; Liang, Z.; Zeng, Z.; Xiao, H,; Ji, D.; Xia, X. “Targeting Cell Membranes, Depleting ROS by Dithiane
and Thioketal-Containing Polymers with Pendant Cholesterols Delivering Necrostatin-1 for Glaucoma Treatment.” ACS Nano 2022, 16, 21225-
21239.
*# Glennon, R. A; Jacyno, . M.; Young, R.; McKenney, J. D.; Nelson, D. “Synthesis and Evaluation of a Novel Series of N,N-Dimethylisotryptamines.”
J. Med. Chem. 1984, 27,41-45.
* Dunlap, L. E; Azinfar, A; Ly, C,; Cameron, L. P.; Viswanathan, J.; Tombari, R. J.; Myers-Turnbull, D.; Taylor, J. C.; Grodzki, A. C.; Lein, P. J;
Kokel, D.; Olson, D. E. “Identification of Psychoplastogenic N,N-Dimethylaminoisotryptamine (IsoDMT) Analogues through Structure-Activity
Relationship Studies.” . Med. Chem. 2020, 63,1142-1155.
* Dong, C; Ly, C.; Dunlap, L. E.; Vargas, M. V,; Sun, J.; Hwang, 1-W.; Azinfar, A.; Oh, W. C.; Wetsel, W. C;; Olson, D. E; Tian, L. “Psychedelic-
Inspired Drug Discovery Using an Engineered Biosensor.” Cell 2021, 184,2779-2792.
* Beaton, J. M,; Barker, S. A.; Liu, W. F. “A Comparison of the Behavioral Effects of Proteo- and Deutero-N,N-Dimethyltryptamine.” Pharmacol,
Biochem. Behav. 1982, 16,811.
¥ McKenna, D.].; Repke, D. B; Lo, L.; Peroutka, S.]. “Differential Interactions of Indolealkylamines with S-Hydroxytryptamine Receptor Subtypes.”
Neuropharmacol. 1990,29,193-198.
* Nichols, D. E. “Structure—Activity Relationships of Serotonin 5-HT21 Agonists.” WIREs Membr. Transp. Signal. 2012, 1, 559-579.
# Blair, J. B.; Kurrasch-Orbaugh, D.; Marona-Lewicka, D.; Cumbay, M. G.; Watts, V. J.; Barker, E. L.; Nichols, D. E. “Effect of Ring Fluorination on
the Pharmacology of Hallucinogenic Tryptamines.” J. Med. Chem. 2000, 43,4701-4710.

8

https://doi.org/10.26434/chemrxiv-2024-nkzks ORCID: https://orcid.org/0000-0001-7693-5863 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2024-nkzks
https://orcid.org/0000-0001-7693-5863
https://creativecommons.org/licenses/by-nc-nd/4.0/

%0 Sard, H.,; Kumaran, G.; Morency, C.; Roth, B. L; Toth, B. A; He, P.; Shuster, L. “SAR of Psilocybin Analogs: Discovery of a Selective S-HT».
Agonist.” Bioorg. Med. Chem. Lett. 2008, 15, 4555-4559.

5! Glatfelter, G. C,; Pottie, E.; Partilla, J. S.; Sherwood, A. M.; Kaylo, K.; Pham, D.N. K,; Naeem, M.; Sammeta, V.R.; DeBoer, S.; Golen, J. A; Hulley,
E.B,; Stove, C. P.; Chadeayne, A. R,; Manke, D. R,; Baumann, M. H. “Structure—Activity Relationships for Psilocybin, Baeocystin, Aeruginascin, and
Related Analogues to Produce Pharmacological Effects in Mice.” ACS Pharmacol. Transl. Sci. 2022, 5,1181-1196.

52 Pazur, E. J.; Tasker, N. R.; Wipf, P. “C3-Functionalization of Indoles with a-Heteroaryl-Substituted Methyl Alcohols.” Org. Biomol. Chem. 2023,
21,8651-8657.

53 Dunlap, L. E.; Azinfr, A.; Ly, C.; Cameron, L.; Viswanathan, J.; Tombarj, R. J.; Myers-Turbull, D.; Taylor, J. C.; Grodzki, A. C.; Lein, P. J.; Kokel,
D.; Olson, D. E. “Identification of Psychoplastogenic N,N-Dimethylaminoisotryptamine (isoDMT) Analogues through Structure-Activity Rela-
tionship Studies.” J. Med. Chem. 2020, 63,1142-11S55.

**Wenzel, A.; Grimm, C.; Samardzija, M.; Rem¢, C. E. “Molecular Mechanisms of Light-Induced Photoreceptor Apoptosis and Neuroprotection for
Retinal Degeneration.” Prog. Retin. Eye Res. 2008, 24,275-306.

55 Tasker, N.R.; Wipf, P. “A Short Synthesis of Ergot Alkaloids and Evaluation of the S-HT'> Receptor Selectivity of Lysergols and Isolysergols.” Org.
Lett. 2022, 24, 7255-7259.

% McCabe, S. R.; Wipf, P. Eight-Step Enantioselective Total Synthesis of (-)-Cycloclavine. Angew. Chem. Int. Ed. 2017, 56, 324-327.

57 Tasker, N. R.;; Wipf, P. “Concise Total Syntheses of Lysergene, Lysergine, Isolysergine and Festuclavine.” Arkivoc 2024,202312120.

% McCabe, S. R.; Wipf, P. “Asymmetric Total Synthesis and Biological Evaluation of (+)-Cycloclavine.” Synthesis 2019, 51,213-224.

% Tasker, N.R. “Photoflow Preparation of PTP4A3 Inhibitors, and Concise Total Syntheses of Ergot and Clavine Alkaloids.” PhD Thesis, University
of Pittsburgh, 2023.

% Leinonen, H.; Choi, E. H.; Gardella, A ; Kefalov, V.].; Palczewski, K. “A Mixture of U.S. Food and Drug Administration~Approved Monoaminergic
Drugs Protects the Retina from Light Damage in Diverse Models of Night Blindness.” Invest. Ophthalmol. Vis. Sci. 2019, 60, 1442-1453.

%! Gao, J.; Leinonen, H.; Wang, E. J.; Ding, M; Perry, G.; Palczewski, K.; Wang, X. “Sex-Specific Early Retinal Dysfunction in Mutant Tdp-43 Trans-
genic Mice.” J. Alzheim. Dis. 2024, 97,927-937.

% Leinonen, H.; Pham, N. C,; Boyd, T'; Santoso, J.; Palczewski, K.; Vinberg, F. “Homeostatic Plasticity in the Retina Is Associated with Maintenance
of Night Vision During Retinal Degenerative Disease.” eLife 2020, 9, e59422.

% Chen, Y.; Palczewska, G.; Masuho, L; Gao, S; Jin, H;; Dong, Z.; Gieser, L.; Brooks, M. J; Kiser, P. D.; Kern, T. S.; Martemyanov, K. A.; Swaroop,
A.; Palczewski, K. “Synergistically Acting Agonists and Antagonists of G Protein—Coupled Receptors Prevent Photoreceptor Cell Degeneration.” Sci.
Signal. 2016, 9, ra74.

% Nagata, E.; Ogino, M.; Iwamoto, K; Kitagawa, Y.; Iwasaki, Y.; Yoshii, F.; Ikeda, J.-E. “Bromocriptine Mesylate Attenuates Amyotrophic Lateral
Sclerosis: A Phase 2a, Randomized, Double-Blind, Placebo-Controlled Research in Japanese Patients.” PLoS One 2016, 11, e0149509.

% Takayuki, K.; Haruhiko, B.; Taro, O.; Yoko, A.; Kayoko, E.; Akiyoshi, N.; Ryuji, U.; Akemi, K.; Harue, T'; Satoshi, M.; Hidehiro, ; Akihiro, S.; Ken,
Y,; Yosuke, T.; Takakuni, M.; Takashi, S.; Kohji, M.; Manabu, L; Koji, F.; Yuishin, I.; Kazutomi, K; Kenji, I; Kazue, S.; Yumiko, K;; Yoshihide, S.;
Shinobu, K.; Shunji, S.; Toshifumi, W.; Osamu, U.; Ryosuke, T.; Hidekazu, T.; Haruhisa, I. “Repurposing Bromocriptine for Ap Metabolism in Alz-
heimer’s Disease (Rebrand) Study: Randomised Placebo-Controlled Double-Blind Comparative Trial and Open-Label Extension Trial to Investi-
gate the Safety and Efficacy of Bromocriptine in Alzheimer’s Disease with Presenilin 1 (Psen1) Mutations.” BMJ Open 2021, 11,e051343.

% Tasker, N. R;; Pazur, E. J.; Wipf, P. “Biological Studies of Clavine Alkaloids Targeting CNS Receptors.” Front. Psychiatry 2023, 14, 1286941.

https://doi.org/10.26434/chemrxiv-2024-nkzks ORCID: https://orcid.org/0000-0001-7693-5863 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2024-nkzks
https://orcid.org/0000-0001-7693-5863
https://creativecommons.org/licenses/by-nc-nd/4.0/

