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A B S T R A C T

The design and synthesis of a novel class of selenoureido-iminosugar compounds that uniquely combine anti
oxidant properties with pharmacological chaperone activity are reported. These derivatives feature a 3,4,5-trihy
droxypiperidine iminosugar core linked via nine- or twelve‑carbon alkyl chains to N-aryl selenoureido groups. By 
simultaneously targeting oxidative stress and lysosomal β-glucocerebrosidase (GCase) dysfunction, this dual- 
action strategy addresses two key pathological hallmarks of Gaucher disease. These compounds were evalu
ated for the first time on human GCase and on fibroblasts derived from Gaucher patients carrying clinically 
relevant GBA1 variants. Notably, one of the newly synthesized compounds significantly restored GCase activity 
in patient-derived cells and induced a ~60% reduction in intracellular ROS levels, further supporting its 
bifunctional therapeutic potential. This study introduces an innovative dual-action molecular scaffold for 
addressing key pathological mechanisms in Gaucher disease and related neurodegenerative conditions.

1. Introduction

Selenium is an essential trace element with well-documented anti
oxidant properties, primarily due to its incorporation into selenopro
teins, such as glutathione peroxidases and thioredoxin reductases, which 
protect cells from oxidative stress.1–4 Organoselenium compounds, 
including selenoureas, have gained attention for their ability to mimic 
these antioxidant effects while offering enhanced chemical stability and 
bioavailability.5–7 Selenoureas, characterized by the replacement of the 
carbonyl oxygen in ureas with selenium, exhibit unique redox properties 
that contribute to their potential as antioxidant agents. Numerous 
studies highlight their capacity to scavenge reactive oxygen species 
(ROS) and modulate oxidative pathways, making them promising can
didates for therapeutic applications in oxidative stress-related dis
eases.8–12 Iminosugars, carbohydrate analogues in which the endocyclic 
ring oxygen is replaced by nitrogen, act as pharmacological chaperones, 
stabilizing misfolded enzymes. Their binding to glycosidases prevents 

the degradation of mutant variants and facilitates lysosomal traf
ficking.13 In the context of Gaucher disease (GD) and Parkinson’s disease 
(PD), iminosugars have been investigated for their potential to restore 
the activity of glucocerebrosidase (GCase), a lysosomal enzyme encoded 
by the GBA1 gene.14–17 In GD, mutations in GBA1 gene lead to deficient 
or dysfunctional GCase, resulting in the accumulation of glucosylcer
amide (GlcCer) and glucosylsphingosine (GlcSph), which disrupt lyso
somal function and contribute to multi-organ pathology.18 Beyond its 
role in GD, GBA1 variants are also recognized as the most common ge
netic risk factor for PD. Among all GBA1 gene variants, N370S and 
L444P are the most frequent worldwide in GD patients. These variants 
are also associated with an increased risk of developing PD, both in 
individuals with Gaucher disease and in heterozygous carriers.19–22

Reduced GCase activity in neurons, even in heterozygous mutation 
carriers, leads to impaired degradation of α-synuclein, a protein that 
forms toxic aggregates in Parkinson’s pathology.23–27 The bidirectional 
relationship between GCase dysfunction and α-synuclein accumulation 
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suggests that targeting this enzyme could have therapeutic benefits for 
both disorders. By enhancing GCase function, iminosugars help to 
reduce GlcCer accumulation, restore lysosomal homeostasis and miti
gate α-synuclein aggregation, highlighting their potential as therapeutic 
agents in the treatment of Gaucher and Parkinson’s diseases. The 
development of multifunctional molecules capable of interacting with 
several diversified biological targets represents an increasingly prom
ising strategy for treating neurodegenerative disorders.28,29 We have 
recently started to investigate this aspect with a promising description of 
the ability by some iminosugar derivatives to bind both GCase and 
α-synuclein.30 Despite the potential of this approach, there are currently 
few examples of dual-target iminosugar compounds reported in the 
literature for other therapeutic applications.31,32 It should be noticed 
that, in addition to GCase dysfunction, oxidative stress is another 
pathological hallmark common to both GD and PD.18,26,27,33–39 In this 
context, selenoureido-iminosugars could provide a new class of multi
faceted therapeutics able in principle to address both enzymatic 
dysfunction and oxidative stress. Some of us previously reported strong 
inhibition of commercially available β-glucosidase by an N-alkylated 
deoxynojirimycin (DNJ) derivative bearing a selenoureido motif spaced 
by a five‑carbon atom linker (structures 1, Fig. 1), showing promise in 
this direction.40 Indeed, selenoureido-iminosugars combine the poten
tial pharmacological chaperone activity of an iminosugar unit with the 
redox-regulating properties of selenium, enabling a dual-target 
approach that might both restore lysosomal balance and counteract 
oxidative damage. Based on this hypothesis, we present in this work the 
synthesis of a new class of selenoureido-iminosugar compounds 2a–c 
and 3a–c (Fig. 1). These molecules are based on a 3,4,5-trihydroxypiper
idine iminosugar linked to an N-aryl selenoureido pendant via an alkyl 
chain of a nine- (2a–c, Fig. 1) or a twelve‑carbon atoms (3a–c, Fig. 1). 
The aim is to further explore the therapeutic potential of selenoureido- 

iminosugars in the context of Gaucher disease. The length of the 
spacer was chosen on the basis of previously reported studies on C- and 
N-alkyl iminosugars whose affinity towards GCase resulted stronger for 
alkyl chains longer than eight‑carbon atoms.41–45

Therefore, these new selenoureido-iminosugar compounds 2 and 3 
differ from the previously reported N-alkylated deoxynojirimycin- 
containing selenoureas 140 both in the iminosugar scaffold employed 
and in the length of the alkyl chain connecting the selenourea func
tionality. Compared to deoxynojirimycin and other C-6 hydroxymethyl 
iminosugars, 3,4,5-trihydroxypiperidines have been much less investi
gated for their biological properties, nonetheless they recently showed a 
very interesting biological profile.46 This study presents, for the first 
time, a novel family of selenoureido-iminosugar compounds evaluated 
on the human lysosomal enzyme GCase. These molecules were assessed 
for their ability to enhance enzymatic activity in fibroblasts derived 
from Gaucher patients carrying a specific pathogenic mutation. Impor
tantly, the most promising chaperone was also investigated for its ca
pacity to reduce intracellular reactive oxygen species (ROS), thereby 
further supporting the therapeutic potential of these bifunctional 
compounds.

2. Synthesis of the selenoureido-iminosugars

In order to obtain the target N-alkyl-3,4,5-trihydroxypiperidine 
containing selenoureido functionalities 2 and 3, we synthesized the 
trihydroxypiperidines 9 and 10 alkylated at nitrogen with an alkyl chain 
of different length and a terminal amine moiety for further functional
ization (Scheme 1). The synthesis and characterization of all new com
pounds are reported in the ESI.

The procedure started with the synthesis of compound 4 from low- 
cost sugar D-mannose in 80% yield over six steps as previously 

Fig. 1. N-Alkylated deoxynojirimycin-containing selenoureas 1 previously reported in literature and new selenoureido-iminosugar compounds 2 and 3 synthesized 
in this work.
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reported.47,48 The trihydroxypiperidine 7 with a nine‑carbon atom 
chain bearing the amino group, in turn obtained from azide 5, was 
already reported and synthesized as described.49,50 Following a similar 
synthetic strategy, its analogue 8 with a twelve‑carbon atom chain was 
obtained in two steps as shown in Scheme 1. First, alkylation of the 
protected trihydroxypiperidine 4 with 1-azido-12-bromododecane51

carried out in Et3N and CH3CN at 80 ◦C for 18 h afforded compound 6 in 
85% yield. Then, a Staudinger reduction carried out by addition of PPh3 
in dry THF for 1 h at 60 ◦C followed by addition of water afforded 

compound 8 in 93% yield. Acetonide deprotection of compounds 7 and 
8 was achieved by reaction with aqueous hydrochloric acid in MeOH at 
room temperature overnight, followed by treatment with the strongly 
basic resin Ambersep 900-OH to afford compounds 9 and 10 in quan
titative yields as free amines. With the amino derivatives 9 and 10 in 
hands, the aromatic isoselenocyanates 12 were selected as the most 
suitable electrophiles to provide the target selenoureido- 
trihydroxypiperidines 2 and 3. The presence of substituents with 
diverse electronic effects (R = Br, OMe, Me, Scheme 1) in the para- 

Scheme 1. Synthetic procedure for compounds 2 and 3. Reagents and conditions: (a) Br(CH2)nN3, Et3N, CH3CN, 80 ◦C, 18 h; (b) PPh3, dry THF, 60 ◦C, 1 h; (c) H2O, 
50 ◦C, 17 h; (d) HCl 12 M, MeOH, r.t., 18 h; (e) Ambersep 900-OH resin, r.t., 6–18 h; (f) Acetoformic anhydride; (g) triphosgene, Et3N, black Se; (h) dry Et3N, dry 
MeOH, darkness, 23–26 h, r.t.
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position of the phenyl ring was also explored because it can modulate 
the biological properties of final selenoureas. Out of the numerous re
ported methods for the synthesis of isoselenocyanates,52–54 the forma
tion of N-alkyl and N-aryl formamides from the corresponding anilines 
followed by the one-pot dehydration with triphosgene and coupling of 
the transient isocyanide with black selenium powder,55 optimized by 
some of us,56 was selected. Following this strategy, isoselenocyanates 
12a–c were obtained starting from aryl amines 11a–c in moderate to 
good yields (Scheme 1). Isoselenocyanates 12a–c were subsequently 
employed in the coupling reaction with the trihydroxypiperidines 9 and 
10. We initially run the reaction of trihydroxypiperidine 9 and iso
selenocyanate 12b in the conditions reported (dry MeOH at room tem
perature in the dark for 24 h)40 but no complete conversion of the 
starting material was observed. Since heating was preferably avoided, 
due to the possible reaction of highly reactive isoselenocyanate with 
MeOH to give the corresponding selenocarbamate, we tried to accelerate 
the reaction with the addition of Et3N (0.4 equivalents) as the base, and 
to our delight the reaction went to completion in 26 h. Applying these 
optimized conditions also to the other substrates, afforded six new 
selenoureido-iminosugars with satisfactory to good yields (59–78%). 
The two series of new selenoureido iminosugars obtained, namely 
compounds 2a–c and 3a–c, differ in the length of the carbon chain 
separating the iminosugar and the selenoureido moiety and bear an 
electron-withdrawing group (Br, 2a and 3a), a strong electron donating 
group (OMe, 2b and 3b) and a moderate electron donating group at the 
para position of the phenyl substituent (Me, 2c and 3c), respectively. 
Conformers might exist in compounds 2 and 3 due to the partial C––N 
character in the selenoureido motif, a situation that is frequently found 
in sulfur analogues (thioureas). As a result, in their 13C NMR spectra, a 
broadening of the carbon signals located next to the selenourea scaffold 
is usually observed, leading to small peaks, close to the baseline. A 
similar situation was found in the iminosugars-selenoureas hybrids 
prepared by some of us.40

3. Biological in vitro assays

3.1. Inhibitory activity against GCase

The six selenoureido-iminosugars 2 and 3 were evaluated as in
hibitors of human lysosomal GCase at 1 mM concentration using human 
leukocyte homogenates from healthy donors. The assay was conducted 
following a well-established protocol in our group,42–44 in which the 
compounds were incubated with the enzyme at pH 5.8 for 1 h. All the 
newly synthesized selenoureido-iminosugar derivatives 2 and 3 
exhibited strong inhibitory activity against GCase at this concentration, 
with inhibition rates ranging from 91% to96 % (see ESI, Fig. S01). To 
further characterize their inhibitory potency, IC₅₀ values were deter
mined (Table 1; see ESI). Both series of new compounds 2 and 3 
exhibited IC₅₀ values in the low micromolar range, as shown in Table 1, 
suggesting that the presence of the selenourea moiety does not hamper 
the iminosugar activity as GCase inhibitor.43–45 A general trend is 
observed, with compounds 3 bearing the longer twelve‑carbon atom 

alkyl chain behaving as stronger inhibitors than compounds 2 featured 
by the shorter nine‑carbon atom alkyl chain, which is in agreement with 
previous findings.41–45 For both series of selenoureido-iminosugars, the 
slightly less active are those bearing the methyl group. However, the 
presence of electronically different substituents at the para position of 
the phenyl ring did not significantly affect the inhibitory potency, with 
all compounds maintaining IC₅₀ values in the low-to medium micro
molar range, thus showing promise for undergoing pharmacological 
chaperoning test.

3.2. Antioxidant activity

Once the ability to interact with the target enzyme GCase was 
confirmed, we assessed the potential benefits of incorporating an anti
oxidant moiety into the iminosugars by evaluating the antioxidant ac
tivity of selenoureido-iminosugars 2 and 3 using the 2,2-diphenyl-1- 
picrylhydrazyl (DPPH) radical scavenging assay.57 DPPH is a stable 
free radical with a strong absorption at 515 nm. When reacting with 
antioxidant species, via a single electron or hydrogen atom transfer, a 
strong decay in the absorbance at λmax is observed (change from deep 
purple to yellowish solutions).57 DPPH concentration was fixed at 58.5 
μM, and EC50 values were determined after 30 min of incubation (con
centration of the antioxidant required for diminishing the DPPH con
centration to 50% of its initial value). Higher DPPH concentrations than 
the recommended range (25–70 μM) should be avoided due to the loss of 
spectrometric accuracy.58 All tested compounds exhibited an EC50 
around 30 μM (Table 2), in the same range as the reference compound, L- 
ascorbic acid (EC50 26.0 ± 1.5 μM), a potent natural free radical scav
enger. Notably, the antioxidant activity appeared to be independent of 
both the alkyl chain length and the nature of the phenyl substituent. To 
further confirm the role of the selenium moiety in the antioxidant ac
tivity, compounds 9 and 10, lacking the selenium functionality, were 
also tested and no antioxidant activity was observed. Additionally, the 
ureido-iminosugar (compound 13) depicted in Table 2, synthesized 
previously in our group,59 was also included in the study. The complete 
absence of activity in the latter compound when tested at a 250 μM 
concentration proved the essential role of the selenoureido scaffold in 
the antiradical activity. These findings highlight the crucial contribution 
of selenium in imparting the antioxidant properties of iminosugars.

Table 1 
IC50 values were determined by measuring GCase ac
tivity at different
concentrations of each inhibitor.

Compound GCase inhibition

IC50 (μM)

2a 12 ± 3
2b 10.0 ± 0.2
2c 30 ± 3
3a 6 ± 2
3b 6 ± 1
3c 9 ± 3

Table 2 
EC50 values were determined using the DPPH assay.

Compound DPPH Antioxidant tests

EC50 

(μM)

2a 29.9 ± 1.1
2b 27.9 ± 1.7
2c 33.6 ± 3.4
3a 31.3 ± 1.2
3b 34.0 ± 1.8
3c 27.6 ± 2.4
9 >1000
10 >1000

13

>250
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3.3. GPx-like activity

We have also tested the capacity of selenoureas 2 and 3 to scavenge 
H2O2 by mimicking the activity of glutathione peroxidase (GPx). GPx 
are a group of selenoenzymes that keep redox homeostasis and thus 
behave as a natural defence for mitigating the effects of oxidative 
stress.60 Through a catalytic cycle involving a selenocysteine residue at 
the active site, and the tripeptide glutathione as the cofactor, GPx reduce 
deleterious H2O2 and alkyl peroxides into water and alcohols, respec
tively. Herein, we have followed the methodology developed by Mugesh 
et al.61 for analysing the GPx-like activity of selenoureido-iminosugar 
hybrids 2 and 3. In this model, selenoureas 2 and 3 were used in sub
stoichiometric amounts (0.1 and 0.41 mM) in the presence of an excess 
of H2O2 (41.6 mM) as a model ROS, and PhSH (10 mM), as the cofactor. 
The reduction of H2O2 was quantified in an indirect way, by monitoring 
the subsequent formation of (PhS)2 (increase of absorbance at 305 nm). 
Compounds 2 and 3 proved to behave as excellent GPx mimics by 
reducing H2O2 efficiently in a catalytic load as low as 0.24% and 1% 
with respect to the H2O2 content (Table 3). Uncatalyzed reaction 
(background reaction) and (PhSe)2 as a reference antioxidant control 
were also included. In this model, the selenoureas 2/3 and PhSH behave 
as mimetics of GPx and glutathione, respectively, and are capable of 
eliminating the excess of the ROS using just substoichoimetric amounts. 
For explaining this activity, some of us previously reported a catalytic 
cycle for steroid-derived selenoureas.10,11 It was postulated that H2O2- 
promoted oxidation of the selenoureas furnishes a transient selenoxide, 
stabilized by resonance, which in turn reacts with the thiol (herein 
PhSH) to furnish a selenyl-sulfide adduct. Further reaction with a second 
molecule of PhSH affords diphenyl disulfide and regenerates the starting 
selenourea, which can further participate in subsequent catalytic cycles. 
Using Hammet plots, it was postulated that the first step, leading to the 
formation of the selenoxide, is the rate-determining step.10 Compounds 
2a and 3a, containing a p-bromophenyl appendage turned out to be the 
most potent compounds. Remarkably, at a ratio of just 0.24%, derivative 
2a accelerated the reduction of H2O2 by a factor of 4.3 compared to the 
non-catalyzed conditions (background) and exhibited a 2.9-fold 
improvement compared to the reference compound, (PhSe)2. Shifting 
the enzyme mimetic ratio to 1% furnished a considerable increase in the 
reaction rate, up to 23-fold, leading to half-time reaction values (t1/2) 
ranging from just 27.3–40.3 min.

In order to demonstrate an enzyme-type kinetics of the scavenging 
reaction exerted by selenoureas 2 and 3, a Hanes plot ([S]/V vs. [S]) was 
performed, by modifying the thiol concentration (1.14–9.1 mM), while 
keeping constant the H2O2 concentration (41.6 mM). Selenourea 3c (0.2 
mM) was chosen as a model compound. Linearity found in Hanes plot of 
3c (see ESI, Fig. S02) demonstrates the saturation-type kinetics of this 
family of compounds, thus behaving as a GPx-mimetic. Plot of V vs. 
[PhSH] (see ESI, Fig. S03, background correction) further demonstrates 
this observation. Using the latter plot, and the software GraphPad Prism 
8.01 (non-linear regression), the kinetic parameters were obtained: 
Vmax = 0.097 Abs/min; KM = 5.15 mM.

4. Biological ex vitro assays

4.1. Cell viability

Cytotoxicity screening in wild-type fibroblasts was used to select 
non-toxic working concentrations via two representative compounds. To 
evaluate the impact of selenoureido-iminosugar compounds 2 and 3 on 
cell viability, a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay was performed using human wild-type (WT) fi
broblasts. Two representative compounds, 2a and 3c, were selected as 
model compounds, differing in their alkyl chain lengths (nine and twelve 
carbon atoms, respectively) and the substitution pattern at the Ph res
idue (Br and Me, respectively). The results demonstrated a significant 
reduction in cell viability at the highest tested concentrations, indicating 
a dose-dependent cytotoxic effect for both compounds (see ESI, 
Fig. S04). Notably, the compound 3c with the longer twelve‑carbon 
alkyl chain exhibited greater toxicity, consistent with previous findings 
observed for other alkylated iminosugars.44

4.2. Chaperoning assay

The chaperone assay provides valuable insights into the ability of 
these compounds to stabilize GCase enzyme and protect it from degra
dation. To assess their potential, we evaluated the ability of 
selenoureido-iminosugar compounds to enhance GCase activity directly 
in intact GD fibroblasts carrying the L444P and N370S variants. The 
experiment involved the direct administration of 4-methylumbelliferyl- 
β-D-glucoside to intact cells, followed by measurement of the GCase 
activity (see ESI, Fig. S05–S07).62 This assay was performed on com
pounds 3, which demonstrated higher affinity towards GCase and 
increased stability over time. These compounds were tested on both cell 
lines at six different nominal concentrations (from 50 nM to 20 μM) 
selected on the basis of a cell viability assay. Within the exposure range 
used for the experiments, no reduction in viability was observed relative 
to vehicle controls. For comparison, isofagomine (IFG), an iminosugar 
PC, and ambroxol (ABX), a non-iminosugar PC were tested as controls. 
These compounds reached clinical trials for GD treatment and ABX also 
for GD related PD. In our hands, IFG and ABX gave results which were 
consistent with previous data in literature,62–64 demonstrating that these 
compounds effectively enhanced GCase activity in N370S fibroblasts but 
lost efficacy in L444P fibroblasts when tested in intact cells. Addition
ally, the parent compound N-dodecyl-3,4,5-trihydroxypiperidine, pre
viously synthesized by our group,45 was re-evaluated using the test in 
intact Gaucher fibroblasts employed in this work, which is more reliable 
for evaluating chaperoning activity.62 This allowed a direct comparison 
of this compound with the newly synthesized selenoureido-iminosugar 
derivatives (see ESI, Fig. S08). Under these experimental conditions, 
the compound did not enhance GCase activity. Likewise, derivatives 3b 
and 3c showed no detectable increase in enzyme activity in either of the 
tested cell lines. In contrast, compound 3a significantly increased 
mutant GCase activity by approximately 30% at 10 μM nominal con
centration, but only in N370S fibroblasts (Fig. 2 and ESI, Fig. S05A). 
Interestingly, the only compound that exhibited chaperoning activity 
was 3a, which contains a bromine functional group, a structural feature 
that it shares with ABX. Even more intriguingly, bromine also charac
terizes another iminosugar derivative recently synthesized by some of us 
and described both as a GCase enhancer and α-synuclein binder.30 This 
suggests a potential structure-activity relationship (SAR) that may 
contribute to the observed chaperone effect in the N370S cell line and 
requires future investigation through targeted SAR studies. Building on 
its promising chaperone profile, compound 3a was further investigated 
for its ability to reduce intracellular ROS levels. Remarkably, at the same 
concentration at which it demonstrated chaperone activity, 3a induced 
an approximate 60% reduction in ROS levels (Fig. 3) in N370S fibro
blasts, underscoring a pronounced antioxidant effect. This dual activity, 
rescuing enzymatic function and mitigating oxidative stress, strongly 

Table 3 
a0.5% DMSO in MeOH; b2% DMSO in MeOH.

Compound [Mimetic] = 0.1 mMa [Mimetic] = 0.41 mMb

V (μM/min) t1/2 (min) V (μM/min) t1/2 (min)

Background 6.7 ± 1.9 749.6 14.0 ± 2.7 357.1
2a 29.0 ± 3.5 172.4 183.0 ± 0.8 27.3
2b 9.6 ± 1.3 520.8 160 ± 4 31.3
2c 5.4 ± 0.2 925.9 124.0 ± 2.4 40.3
3a 18.0 ± 3.7 277.8 158.0 ± 6.3 31.6
3b 13.0 ± 2.5 384.6 166 30.1
3c 13.0 ± 0.1 384.6 145 ± 41 34.5
(PhSe)2 10.0 ± 0.1 500.0 28.0 ± 0.6 178.6
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underscores the therapeutic potential of compound 3a as a bifunctional 
agent for the treatment of GD.

5. Conclusions

In this work, we describe a straightforward approach for the syn
thesis of selenoureido-iminosugars 2 and 3, bifunctional compounds 
designed for both GCase enhancing and ROS-scavenging. Specifically, 
two amino-ending N-alkyl-3,4,5-trihydroxypiperidine iminosugars 
(compounds 9 and 10), differing in alkyl chain length (nine vs. twelve 
carbon atoms), were synthesized and subsequently coupled with three 

different aromatic isoselenocyanates (12a–c). The antioxidant activity 
of the six new selenoureido-iminosugars was confirmed using the DPPH 
radical scavenging assay, with all compounds showing an EC50 around 
30 μM, similar to L-ascorbic acid. Moreover, such compounds, when 
tested in substoichiometric amounts were found to exhibit prominent 
GPx-like activity in the removal of peroxides using PhSH as a cofactor; 
they showed a significant improvement compared to (PhSe)2, an anti
oxidant agent included herein as a reference compound. Enzyme-like 
kinetics were found in their mode of action. In vitro evaluation to
wards human GCase from leukocyte extract demonstrated high inhibi
tory activity for the whole set of compounds. We than investigated for 
the first time the ability of these compounds to act as pharmacological 
chaperones towards human fibroblasts bearing the selected Gaucher 
mutation. Chaperone assays on the most stable over time selenoureido- 
iminosugars 3a–c revealed that compound 3a effectively stabilized 
GCase and enhanced its activity in N370S fibroblasts, leading to a 30% 
increase in enzymatic activity at 10 μM nominal concentration. This 
result highlights its potential as lead compound for further clinical 
development. Importantly, compound 3a also demonstrated a strong 
antioxidant effect, reducing intracellular ROS levels by approximately 
60% at the same concentration. This dual mode of action, enhancing 
lysosomal GCase activity and mitigating oxidative stress, addresses two 
major pathological hallmarks of Gaucher disease. In conclusion, this 
study identifies compound 3a as the first selenoureido-iminosugar with 
confirmed bifunctional activity, offering a promising basis for the 
development of novel therapeutic strategies targeting both lysosomal 
dysfunction and oxidative stress in Gaucher disease and related neuro
degenerative disorders.
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