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Section S1. Structure of compounds reported previously.

(a) (b)
Figure S1. Structure of BBB4 (a); structure of CB1H (b).
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Figure S2. Structure of cationic dendrimer G4K (a); structure of cationic copolymer P7 (b).
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Figure S3. Intuitive representations of the structure of BBB4 G4K NPs (a) and of the structure of CB1H P7 NPs (b). Numbers in square
brackets show the number of moles of pyrazoles which have been loaded per mole of dendrimer G4K (a) or of copolymer P7 (b).

Section S2. Cytotoxicity Studies.

Table S1. Concentrations of each sample administered to NB cells.

Samples Concentrations (uM)
BBB4 0 0.5 1 2.5 5 7.5 10 12.5 15 20
BBB4-G4K 0 0.02810 0.0563 0.1407 0.2814 0.4221 0.5628 0.7034 0.8441 1.1255
G4K 0 0.03280 0.0656 0.1640 0.3281 0.4921 0.6562 0.8202 0.8484 1.3123
CB1H 0 1 5 10 15 20 25 50 75 100
CB1H-P7 0 0.02874 0.1437 0.2874 0.4311 0.5748 0.7185 1.4370 2.1555 2.8740

p7 0 0.02867 0.1433 0.2867 0.4300 0.5734 0.7167 1.4334 2.1501 2.8668
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Figure S4. Dose- and time-dependent cytotoxicity activity of G4K, BBB4, and BBB4-G4K NPs at 24 h (a), 48 h (b), and 72 h (c) towards
IMR 32 cells. Significance refers to control (CTR) (p > 0.05 ns; p <0.05 *; p <0.01 **; p < 0.001 ***).
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Figure S5. Dose- and time-dependent cytotoxicity activity of G4K, BBB4, and BBB4-G4K NPs at 24 h (a), 48 h (b), and 72 h (c) towards
SHSY 5Y cells. Significance refers to control (p > 0.05 ns; p <0.05 *; p <0.01 **; p < 0.001 ***).
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Figure S6. Linear regression model fitting the dispersion graph obtained reporting in graph the viability % of SHSY 5Y cells vs. the
concentrations of BBB4 at 24 h of exposure.
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Figure S7. Dose- and time-dependent cytotoxicity activity of CB1H, P7 and CB1H-P7 NPs, at 24 h (a), 48 h (b), and 72 h (c) towards
IMR-32 cells. Significance refers to control (p > 0.05 ns; p <0.05 *; p <0.01 **; p <0.001 ***).
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Figure S8. Dose-dependent cytotoxicity activity of CB1H at 24 h (pink), 48 h (dark pink), and 72 h (red) towards IMR-32
cells in the range 1-20 uM.
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Figure S9. Dose-dependent cytotoxicity activity of P7 at 24 h (light blue), 48 h (blue), and 72 h (dark blue) towards IMR-
32 cells in the range 1-2.8 uM.
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Figure S10. Dose-dependent cytotoxicity activity of CB1H-P7 NPs at 24 h (light green), 48 h (green), and 72 h (dark green)
towards IMR-32 cells in the range 1-1.44 pM.

Table S2. ICs0 of CB1H, P7 and CB1H-P7 NPs towards IMR-32 NB cells and normal human
keratinocytes (HaCaT) at 24-, 48- and 72-hours exposition and their SI values.

Times (h) CB1H (uM) P7 NPs (uM) CB1H-P7 NPs (uM)
24 15.70 1.64 0.53
48 14.73 1.94 0.59
72 8.79 2.01 0.54

1Cs0 HaCaT (uM)
24 57.30 2.10 1.50
48 42.69 2.38 1.42
72 47.63 1.71 1.33
Selectivity Index
24 3.6 1.3 2.8
48 2.9 1.2 2.4

72 5.4 0.9 2.5
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Figure S11. Dose- and time-dependent cytotoxicity activity of CB1H, P7, and CB1H-P7 at 24 h (a), 48 h (b), and 72 h (c) towards SHSY

5Y cells. Significance refers to control (p > 0.05 ns; p <0.05*; p <0.01 **; p <0.001 ***).

200 +
i y = 1.9628x + 114.06

150 + R? = 0.8769
< T. . y =-2.1138x + 101.05
100 F 3. S R? = 0.8334
g1 § """""""""""""""""""""""""""""""""""""" y =-2.3722x + 101.82
& I r R? = 0.8211
S 1
2 50 +
(] J
(&) i

0 ——+
5
.50

Concentrations (uM)

©¢CB1H 24h e CB1H 48h e CB1H 72h

Figure S12. Dose-dependent cytotoxicity activity of CB1H at 24 h (purple), 48 h (blue), and 72 h (light blue) towards SHSY

5Y cells in the range 1-50 pM.
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Figure S13. Dose-dependent cytotoxicity activity of P7 at 24 h (light green), 48 h (green), and 72 h (dark green) towards
SHSY 5Y cells in the range 1-2.8 uM.
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Figure S14. Dose-dependent cytotoxicity activity of CB1H-P7 NPs at 24 h (dark purple), 48 h (fuchsia), and 72 h (purple)
towards SHSY 5Y cells in the range 1-1.44 uM.

Table S3. ICs0 of CB1H, P7 and CB1H-P7 NPs towards SHSY 5Y NB cells and normal human
keratinocytes (HaCaT) at 24-, 48- and 72-hours exposition and their SI values.

Times (h) CB1H (uM) P7 NPs (uM) CB1H-P7 NPs (uM)
24 32.64 3.56 0.75
48 24.15 292 0.62
72 21.84 1.82 0.61

ICs0 HaCaT (uM)
24 57.30 2.10 1.50
48 42.69 2.38 1.42
72 47.63 1.71 1.33
Selectivity Index
24 1.8 0.6 2.0
48 1.8 0.8 2.3
72 2.2 0.9 2.2
IMR 32
140
120
i y =-39.411x + 114.2
- @ R?=0.718
;\? 100 i }"'n-2‘.:;;::'.1..:'.'.'.'.:-.:-.:,....!_' f
e ?
)
S [t
Sleat | @b e
@ 60
@
© a0
y =-36.171x + 111.41
20 R*=0.7803

-0.1 0.1 0.3 0.5 0.7 0.9 11 1.3 1.5
Concentrations (uM)

P7 24h eP748h eP772h

Figure S15. Dose-dependent cytotoxicity activity of P7 NPs at 24 h (light blue), 48 h (blue), and 72 h (dark blue) towards
IMR-32 cells in the range 0.14-1.44 uM.
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Figure S16. Dose-dependent cytotoxicity activity of CB1H-P7 NPs at 24 h (light green), 48 h (green), and 72 h (dark green)
towards IMR-32 cells in the range 0.14-1.44 pM.
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Figure S17. Dose-dependent cytotoxicity activity of CB1H at 24 h (purple), 48 h (blue), and 72 h (light blue) towards IMR-
32 cells in the range 5-50 uM.
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Figure S18. Dose-dependent cytotoxicity activity of P7 NPs at 24 h (light blue), 48 h (blue), and 72 h (dark blue) towards
SHSY 5Y cells in the range 0.14-1.44 uM.
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Figure S19. Dose-dependent cytotoxicity activity of CB1H-P7 NPs at 24 h (light green), 48 h (green), and 72 h (dark green)
towards SHSY 5Y cells in the range 0.14-1.44 uM.
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Figure S20. Dose-dependent cytotoxicity activity of CB1H at 24 h (purple), 48 h (blue), and 72 h (light blue) towards SHSY
5Y cells in the range 5-50 pM.
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Figure S21. Dose- and time-dependent cytotoxicity activity of 4-HPR at 24 h, 48 h, and 72 h towards IMR-32 cells. Significance refers
to control (p > 0.05 ns; p <0.05*; p <0.01 **; p <0.001 ***).
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Figure S22. Dose- and time-dependent cytotoxicity activity of 4-HPR at 24 h, 48 h, and 72 h towards SHSY-5Y cells. Significance
refers to control (p > 0.05 ns; p <0.05*; p <0.01 **; p <0.001 **¥).
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Figure S23. Dose-dependent cytotoxicity activity of 4-HPR at 24 h (blue), 48 h (orange), and 72 h (red) towards IMR-32
cells in the range 0.11-5 uM. Concentrations over 5 uM were not considered because cells viability did not significantly
change further.
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Figure S24. Dose-dependent cytotoxicity activity of 4-HPR at 24 h (blue), 48 h (orange), and 72 h (red) towards SHSY 5Y cells in the
range 0.1-15 uM.
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Section S3. Physicochemical Characteristics of Pyrazole-loaded Nanoparticles.

Table S4. Main characteristic of BBB4-G4K NPs [16].

Analysis BBB4-G4K NPs

Bands Attribution
3500-3000 (NHs* dendrimer, OH stretching BBB4)
FTIR 2985, 2880 (alkyl groups of dendrimer and BBB4) ‘ g

[em™] 1736 (C=0 stretching esters of dendrimer)

1220 —

1220, 1051 (C-O stretching esters of dendrimer)

697 (C-Br stretching of BBB4)

Signals attribution

NH,*CI*
1=423 H (CHs of G4K + CH2CH2CH: of lys) OTOH\MN“S’C'
1H NMR 2 =96 H (CH:2NH" of lys) 18 \\
(400 MHz, CDsOD) 3 =120H (CH: of BBB4 + CHNHs* of lys + CHz of BBB4) \
[ppm] 4 =186 H (CH:20 of G4K) i 1
5 =144 H (CH= of phenyl rings) : ih;k Ub \ﬂui_J _M\/\“JL__

T T T T T T T
z g 00

6 =36 H (CH= of phenyl rings)

HPLC DL (%) 288+12
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EE (%) 39.0+ 1.6
TH NMR 21,175.8
MW
DL% by HPLC 21,072.6 +240.2
% M
Morphology

Scanning Electron Microscopy
(SEM)

Average Size

DCCl +— =300 nm EHT (M) = 20.00 KV; Detector = SE1; 5 September 2021

DLS ' Analysis

Z-Ave 2% (nm)

PDI 35

Intensty (Percent)
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First Order Kinetic Model

16 B ly =-0.0556x + 1.8057
= U Re=08603 |

Mathematical Model

Logy, CR% Residuals

Time (h)

Mechanism Drug release rate is concentration-dependent
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25.00

20.00

15.00

pH

10.00 '

Potentiometric Titration * Protonation Profile

5.00

0.00
0 05 1 15 2 25 3
HCI 0.1N (mL)

—&-BBB4-G4K —e—-BBB4-G4K (first derivative) G4K -0-G4K (first derivative)

! dynamic light scattering; 2 hydrodynamic diameters of particles; ® polydispersity indices; * measure of the electrical charge of particles suspended in the liquid of
acquisition (water); 5 correspondent values for G4K = 333.4 + 24.6, 0.286 + 0.040, +66.1 + 4.7; § the image also shows the water solubility of untreated BBB4, nanoengineered
BBB4 released in water, and BBB4 contained in NPs; Paclitaxel = positive control; * the image also shows the titration curve and the first derivative of G4K.
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Table S5. Main physicochemical properties of CB1H-P7 NPs.

Analysis

CB1H-P7 NPs

FTIR [cm -]

Transmittance

0.9754

0.954

0.925

0.9+

0.875

0.854

0.825

0.8+

0.775

Wavenumbers [1/cm]

Principal Components
Analysis (PCA)

6.0 p7

4.5
~ 3.0
o
s
o
H 1.5-
o
£
]
o T T T T T T T T T

45 3.0 -15 30 45 60 7.5 9.0
1.5
CB1H
.3.04 CB1H-P7 NPs

Component 1

UV-Vis

Ultraviolet Spectrum

A abs = 250 nm

UV-Vis

DL (%)

48.6+1.4
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EE (%) 81.5+2.50

DL% (UV-Vis) MW 26,623.9+260.3

Scanning Electron Micros-

copy (SEM)
CB1H-P7 NPs (332.8+67.9 nm)
H
Z-Ave? (nm) < 142.9+20.1
> +
) . z 9+20.
DLS ! Analysis PDI * g 0.626+0.071

Size (d.nm)

Record 528: loaded P7 1
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60000
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Zeta Potential Distribution

Apparent Zeta Potential (mV)

Record 530: loaded P7 1]

+36.7+10.7

Dialysis Method (UV-Vis)

Cumulative Release (%, 24h)

CB1H Cumulative Release (%)
g 5 g 3

0 -
10 -
0 . . ' ]
0 10 15 20 25
Time (h)
——CB1H
1 Ln time
0 t t + + Y/ —& |
® 0.5 1 15 2, 25 3 35
g4 T
=
g 2 e
Mathematical Model < S
£3 y =1.4323x - 3.8856
s | L R?=0.9397
4
5
¢ Weibull Kinetic Model
Mechanism (B>1) Complex Mechanisms
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12.00

10.00 "\“\'
8.00 QBE:
>—g
Z 6.00 : —\

‘ l e

4.00 —— = - =

dpH/dV

Potentiometric Titration’
2.00

0.00

0 02 04 06 08 1 12 14 16 18 2 22
HCI 0.1N (mL) 0.8 0.5 1 1.5 2
HCI 0.1N (mL)

—4—P7 -@-CB1H-P7 NPs
-+-P7 -e-CB1H-P7 NPs

Potentiometric Tritration First Derivative

! dynamic light scattering; > hydrodynamic diameters of particles; 3 polydispersity indices; * measures of the electrical charge of particles suspended in the liquid of
acquisition (water).
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Section S4. Conclusions.
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Figure S25. Comparison between the ICso values of CB1H, P7, CB1H-P7 and 4-HPR at 24 h, 48 h, and 72 h towards IMR-32 and SHSY
5Y cells.
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Figure 526. Comparison between the SI values of CB1H, P7, and CB1H-P7 at 24, 48 and 72 h towards IMR-32 and SHSY 5Y cells.
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