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Fig. S1 A sample population of 100 papers (out of 235 papers; confidence interval 99%) published in
Q1 journals since 2016 was randomly selected via searching Scopus library (keywords: nanoceria,
cerium oxide, antioxidant): a) Colloidal stability analysis was found almost a missing factor in studies
done on antioxidant activity of nanoceria (NC), as there was a significant difference between two groups
(chi-squared test, P < 0.0001, expected value for each group 50%). b) The most frequently used media
and methods to study colloidal stability. ¢) The most frequently used stabilising agents. In case of
“hydrogel”, NC are embedded into the hydrogel structure.



Table S1. A summary of the results reported in 23 publications (out of 100 selected) addressing colloidal stability of NC since 2015.

Stability test method Stability i il
Stabilising agent/system y1es test time Stability test outcome ~ Effect of colloidal stability on  Ref,
(media) period antioxidant activity
Several
L Apparent precipitation months s
Acetic acid (ater) (details No apparent precipitation N/A (D)
N/A)
1,2-distearoyl-sn-glycero-3-
phosphoethanolamine- .
. DLS (PBS 1X, DMEM with .
N-[amino(polyethylene FBS 10%, and human blood ~ One month  No significant change in size Reduced CAT- and SOD-like (2)
glycol)-2000- lasma) activities
triphenylphosphonium P
(DSPE-PEG-TPP)
Ethylene glycol or (3- Around 90%, 40%, and 25%
aminopropyl)triethoxysilane precipitation for Pluronic
(APTES) or Pluronic F127 or F127, ethylene glycol, and No direct correlation between
6-{2-[2-(2-Methoxy-ethoxy)- UV-Vis (water pH 7.4) Two weeks MEEETES coated NC, colloidal stability and OHe 3)
ethoxy]-ethoxy- respectively. Very low scavenging activity
hexyl)triethoxysilane stability for APTES coated
(MEEETES) NC.
Loaded in liposomes DLS (water) One month <15% variation in size N/A 4)
Glycol chitosan polymer Apparent change in colour One year No change in colour, no Significant increase in (5)

matrix

and structure (water)

degradation

antioxidant capacity




Triethylene glycol DLS (water) One month N/A N/A (6)
Oligochitosan coated
nanoceria loaded in injectable DLS (water) N/A N/A N/A @)
alginate-gelatin hydrogels
Loaded in nanostructured i i
DLS (PB_S 1X, DMEM with 20 min _ No aggregatlon_and_/or_ No significant change in OHe ()
lipid carriers and without FBS 10%) significant fluctuation in size scavenging activity
UV-Vis (acetate buffer pH No significant change in
Polyethyle:re gllyé:icr)]le(PEG 600) 4.4, phosphate buffer pH 7.0, N/A nature and position of the N/A 9
gy or bicarbonate buffer pH 9.2) peaks in each medium
. No significant change in NC
Ethylene glycol UV-Vis (water) One week concentration in supernatant N/A (10)
. Antioxidant activity against - .
Branched polyethylenimine 1,1-diphenyl-2-picryhydrazyl  Two weeks No S|g_1n|f_|cant ch:_;m_ge in VA (11)
(PEI 1800) antioxidant activity
(DPPH) (Methanol)
Rat serum albumin UV-Vis (DMEM with FBS)  One week N/A N/A (12)




Dextran or poly(acrylic acid)
or methoxyacetic acid

DLS (water, water with
BSA, and DMEM with and
without FBS)

N/A

No significant agglomeration
in water and DMEM with
and without FBS for
poly(acrylic acid) coated NC
media, while noticeable
agglomeration in water with
BSA medium.

No significant
agglomeration in water
DMEM without FBS media
for dextran coated NC, while
noticeable agglomeration in
water with BSA and DMEM
with FBS media.
Significant increase in size
for methoxyacetic acid
coated NC in either medium.

Significant increase in CAT-
like activity in water medium
for all samples, while no direct

correlation for SOD- and CAT-

like activity in DMEM with
and without FBS media

(13)

Alkoxy-silyl-fulleropyrrolidine

Apparent precipitation
(water)

Three
months

No apparent precipitation

N/A

(14)

Montmorillonite

TEM, XRD, ICP, and
antioxidant activity
(simulated gastric fluid pH
1.2-1.5)

Four hours

Retained structural integrity

Slight increase in SOD-like
activity, while slight decrease
in CAT-like and OHe
scavenging activities

(15)




DLS at normal gravity and

microgravity 20°/s (water,

water with 10% FBS, and
complete cell culture

. medium: CO»-independent N L
Fetal bovine serum (FBS) medium. Gibco 18045088, Two weeks  No significant change in size N/A (16)
added with 10% FBS, 100
U/mL penicillin-100 pg/mL
streptomycin, Gibco
15140122)
Six days for
Trisodium citrate coated DLS (0.1 M trisodium citrate  trisodium N .
. . . - . . No significant change in size
nanoceria embedded in solution for trisodium citrate citrate N/A @17
. . . and surface charge
chitosan matrix coated nanoceria) coated
nanoceria
Albumin DLS (PBS) 25 days No significant change in size N/A (18)
Polyethylene glycol (PEG 600)  UV-Vis (water and PBS) 90 min No significant precipitation Slight increase in radical (19)
scavenging activity
No significant increase in
SiO; shell or DLS (acidic solution pH 2, size for SiO; shell stabilised
tetradecyltrimethylammonium  radical solution 2 wt% H,O,  Threedays  NC in both solutions, while N/A (20)

bromide (TTAB)

+ 3 ppm Fe(Il))

>10-fold and >100-fold
increase in size for TTAB




stabilised NC in radical and

acidic solutions, respectively.

Albumin DLS (N/A) Four days  No significant change in size N/A (21)
DLS (histidine-tryptophan-
Polyethyleznoeogl)ycol (PEG ketoglutarate (HTK) One week  No significant change in size N/A (22)
solution)
. DLS (water, PBS, normal N N
Albumin saline, DMEM) Two days  No significant change in size N/A (23)
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Fig. S2 'H NMR (400 MHz, CDCls) spectrum of iBocHCAF. *Residual NMR solvent peak.
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Fig. S3 'H NMR (400 MHz, CDCls) spectrum of iBocDHCA-HEA. *Residual NMR solvent peak.
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Figg S4 'H NMR (400 MHz, CDCly)

spectrum  of
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oxy)phenyl)propanoyl)oxy)ethyl methacrylate (prCAT). *Residual NMR solvent peak.
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Fig. S5 'H NMR (400 MHz, CDCls) spectrum of P(OEGMA)ss.
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Fig. S6 *H NMR (400 MHz, CDCls) spectrum of P(OEGMA )ss.
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Fig. S7 *H NMR (400 MHz, CDCls) spectrum of P(OEGMA )2s-b-P(prCAT)7-S-(C=S)-Ph.
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Fig. S8 'H NMR (400 MHz, CDCls) spectrum of P(OEGMA )ss-b-P(prCAT)4-S-(C=S)-Ph.
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Fig. S9 'H NMR (400 MHz, CDCls) spectrum of P(OEGMA )ss-b-P(prCAT)7-S-(C=S)-Ph.
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Fig. S10 'H NMR (400 MHz, CDCls) spectrum of P(OEGMA)2s-b-P(prCAT)-.
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Fig. S11 *H NMR (400 MHz, CDCls) spectrum of P(OEGMA )ss-b-P(prCAT)..
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Fig. S14 'H NMR (400 MHz, DMSO-ds) spectrum of P(OEGMA)ss-b-P(CAT)a.
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Fig. S16 SEC (DMACc) molecular weight distribution graphs of the final products at each step towards
synthesis of P(OEGMA)2s-b-P(CAT)y.
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Fig. S17 SEC (DMAc) molecular weight distribution graphs of the final products at each step towards
synthesis of P(OEGMA)ss-b-P(CAT)..
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Fig. S18 SEC (DMACc) molecular weight distribution graphs of the final products at each step towards
synthesis of P(OEGMA)ss-b-P(CAT)y.

Table S2. RAFT end-group removal from P(OEGMA)x-b-P(prCAT),-S-(C=S)-Ph (2a,2b,2c).

Before RAFT end group removal

After RAFT end group removal

SEC UV M SEC UV
- Detector MAX " Detector MAX
1 1
c;' Nr';/(l:ljr(s:grm%?s;tr:gr intensity (310 Co: No';/ilt?on ((S;( Elgs) b intensity (310
P poly nm)/RI detector P /mol) nm)/RI detector
MAX intensity g MAX intensity
P(OEGMA)z-b- P(OEGMA)s-
P(prCAT):-S-(C=S)- 0.60 b-P(prCAT); 16.01 | 1.17 0.04
Ph (2a) (3a)
P(OEGMA)ss-b- P(OEGMA)ss-
P(prCAT)s-S-(C=S)- 0.88 b-P(prCAT). 26.10 | 1.27 0.11
Ph (2b) (3b)
P(OEGMA)ss-b- P(OEGMA)ss-
P(prCAT):-S-(C=9)- 0.85 b-P(prCAT), 26.78 | 1.31 0.11
Ph (2c) (3¢)
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Table S3. The summary of synthesis and characterisation data for polymerisation of P(OEGMA)y-b-

P(CAT)y in four steps.

P(CAT) (4c)

1:28:140

My | M
1H NMR Composition Molar ratios Con\(/)ersmn (SEC) [(NMR) | p
(%) (x10% | (x10°
g/mol) | g/mol)
P(OEGMA);s (1a) [CPBDT]o:[OEGMAo:[AIBN]o= 50 1287 | 12.63 |1.16
1:50:0.15
[CPBDT]o:[OEGMA]o:[AIBN]o =
P(OEGMA)ss (1b) L 100:0.15 55 2346 | 27.53 |1.23
P(OEGMA)s-b- . . -
P(prCAT);-S-(C=5)-ph | IP(OECMA)slu[PrCATIIAIBN]o =1 g 15.86 | 16.09 |1.18
o) 1:15:0.15
P(OEGMA)ss-b- _ _ _
P(prCAT)s-S-(C=5)-ph | [P(OECMA)sslo:[PrCATI[AIBN]o =1 4, 2518 | 2950 |1.27
o) 1:15:0.20
P(OEGMA)ss-b- _ _ _
P(PrCAT);-S-(C=5)-ph | [P(OECMA)slo:[PrCATI[AIBN]o =) g 2751 | 30.98 |1.28
o~ 1:15:0.20
N [P(OEGMA)25-b-P(prCAT);-S-
':((OFSA'\%*)EZS) (C=S)-Ph]o:[EPHP]o:[ ACHN], = 93 1601 | 1593 |1.17
P 7 1:10:0.40
N [P(OEGMA)ss-b-P(prCAT)4-S-
';((OECGA“#')A)EZS) (C=S)-Phlo:[EPHP]o:[ACHN]o = 88 26.10 | 29.35 |1.27
P 4 1:10:0.45
. [P(OEGMA)ss-b-P(DI’CAT)rS-
IDF’((()IESM?)E;C% (C=S)-Ph]o:[EPHP]o:[ACHN]o = 87 26.78 | 3083 |1.31
P 7 1:10:0.45
™ [P(OEGMA),5-b-
P(P?EEMA()Z;)b P(PrCAT):]o:[TEALo:[IPAM]o = 100 19.00 | 1453 |1.26
! 1:28:140
N [P(OEGMA )ss-b-
P(PC()EE#’)'A({:E)b P(PrCAT)]o:[TEAo:[IPAM]o = 100 30.12 | 2855 |1.49
4 1:16:80
N [P(OEGMA )s5-b-
POEGMA)ss-b P(prCAT)]o:[TEA]::[IPAM], = 100 28.89 | 29.43 |1.68
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Fig. S19 The procedure of coating NC with P(OEGMA)x-b-P(CAT)y: a) P(OEGMA)x-b-P(CAT)y
solution in MeOH (15 mg/mL); b) NC dispersion in Milli-Q water (0.5 mg/mL); c) instant colour change
in NC dispersion from pale yellow to pale violet upon addition of P(OEGMA)x-b-P(CAT)y; d) the pale
violet colour became darker overnight; e) purified P(OEGMA)x-b-P(CAT),-NC redispersed in Milli-Q
water (1.1 mg/mL).
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Fig. S20 TEM images of a) bare NC, b) P(OEGMA)25-b-P(CAT)7-NC, ¢) P(OEGMA)ss-b-P(CAT)4-
NC, and d) P(OEGMA)ss-b-P(CAT)7-NC. Scale bare 50 nm.
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Fig. S21 XPS survey spectra of a) bare NC, b) P(OEGMA).s-b-P(CAT);-NC, c) P(OEGMA)ss-b-
P(CAT)s-NC, and d) P(OEGMA)ss-b-P(CAT);-NC.
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Fig. S22 Colloidal stability analysis for bare and P(OEGMA)x-b-P(CAT)y coated NC samples: the
obtained UV-Vis spectra in PBS (1X, pH 7.4) medium at NC concentration of 100 pg/mL over 48 h of
analysis for a) bare NC (peaks at 316-300 nm), b) P(OEGMA)2s-b-P(CAT)-NC (peaks at 300-293 nm),
c) P(OEGMA)ss-b-P(CAT)s-NC (peaks at 299-302), and d) P(OEGMA)ss-b-P(CAT)7-NC (298-302
nm). e) The calculated band-gap energy (Eg) via extrapolation of Tauc equation showing an incremental
trend over time as a result of the observed blue-shift in the corresponding UV-Vis spectra.
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Fig. S23 Colloidal stability analysis for bare and P(OEGMA)ss-b-P(CAT)4 coated NC samples. The
results are reported as mean £ SD values (n=2). Statistical significance was calculated via ordinary two-

way ANOVA with Dunnett’s multiple comparisons post hoc test (GraphPad Prism 9.0.1) with a 95%
confidence interval. * P < 0.05.
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Fig. S24 Colloidal stability analysis for bare and P(OEGMA)ss-b-P(CAT)s coated NC samples to
further investigate the obtained results for SOD-like activity assay: the obtained UV-Vis spectra in PBS
(10X, pH 7.4) medium at NC concentration of 100 ug/mL over 10 min of analysis for a) bare NC (peak
at around 340 nm) and b) P(OEGMA)2s-b-P(CAT),-NC (peak at around 323 nm) with no noticeable
blue-shift over time. c) The calculated precipitation (%) vs. time showing a noticeable difference
between bare NC and P(OEGMA)ss-b-P(CAT)4-NC. d) Plasmon peak broadening index (PPBI) values,
indicating polydispersity trends, over 10 min determined based on the full width at half maximum
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(FWHM) values of the corresponding UV-Vis spectra calculated via a non-linear curve fitting by the
Gaussian function on OriginPro 9.1.
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Fig. S25 Cytotoxicity assay for bare and P(OEGMA)x-b-P(CAT)y coated NC samples against Human
Embryonic Kidney (HEK) 293 cells at the NC concentration of 100 ug/mL over 24 h. -Ctrl (100%
viability): PBS, +Ctrl (<10% viability): 10% (v/v) ethanol 80%. The results are reported as mean +
SEM values (n=3). Statistical significance was calculated via ordinary one-way ANOVA with
Dunnett’s multiple comparisons post hoc test (GraphPad Prism 9.0.1) with a 95% confidence interval.
ns: no significant, **** P <(0.0001.
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