Supplementary Information (Sl) for Biomaterials Science.
This journal is © The Royal Society of Chemistry 2026

SUPPLEMENTARY INFORMATION

Nanocellulose with Dual Carboxy and Aldehyde Functionality: a Modular Platform for Hydrogel
Formation and Sustained Drug Release

Emanuela Bua,™ Chiara Spanu,™ Giovanni Inzalaco,’ Martina Zangari,® Luca Sartorelli,? Letizia Sambri,? Elisabetta
Venuti,® Tommaso Salzillo,> Mauro Comes Franchini,® Mario Chiariello®® and Erica Locatelli*?.

a) Department of Industrial Chemistry “Toso Montanari”, Via Gobetti 85, 40129, Bologna, Italy.

b) Institute of Clinical Physiology, National Research Council, Via Fiorentina 1, 53100, Siena, Italy.

c) Core Research Laboratory (CRL), Istituto per lo Studio la Prevenzione e la Rete Oncologica (ISPRO), Via Fiorentina 1,
53100, Siena, Italy.

d) Institute of Endotypes in Oncology, Metabolism and Immunology "Gaetano Salvatore", National Research Council, Via

Pansini 5, 80131, Napoli, Italy.

"These authors contributed equally to the work

* Corresponding author email: erica.locatelli2@unibo.it



1.50
_ X
§ N .
» 1254
£ . o
~ o
2 *
S 1.00 .‘.
§ e, o
IO T PV PY X LAt
S 0.75- (Ttrsesssseent®
o
(8]
0.50 T T T I
0.00 0.50 1.00 1.50 2.00 2.50
V add (mL)

Fig. S1 Conductometric titration to quantify carboxylated groups on CNCs-COOH.
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Fig. S2 Hantzsch reaction for aldehyde quantification.

Aldehydes Quantification Test: The amount of aldehyde content in CNCs-COOH-CHO was determined by a
fluorometric method. Five-standard solution for the calibration curve and a series of oxidised CNCs samples in a 10
mL volumetric flask were prepared as follows: 5 mL of 4M Ammonium Acetate (AA), 2 mL of 0.2M Acetoacetanilide
(AAA) in EtOH, 2 mL of ethanol and a series of 4-chlorobenzaldehyde 5SmM in EtOH or oxidised CNCs samples (A). To
reach 10 mL of final volume, the required quantities of H,0O were added and the mixture left under stirring overnight
at room temperature. Fluorescence intensities of the reagent blank, 4-chlorobenzaldehyde standards, and sample
solutions were recorded at 470 nm with excitation at 370 nm. Aldehyde concentrations were then calculated using

the corresponding calibration curve. (Aexc = 370 nm; Aem = 452 nm; filter of 420 nm; AA = 2).

Table S1. Calibration line data

Standard [A] um Calibration Line
Std 1 5 Slope 1.139E+02
Std 2 10 Intercept 1.779E+03
Std 3 20 R? 0.989
Std 4 50 Sample mmolCHO/gCNCs
CNCs - CHO 0.277996

Table S1. Left: Concentrations of 4-chlorobenzaldehyde standards prepared to build the calibration curve for the aldehydes’
quantification. Right: Information of the calibration line used to determine the concentration of aldehydes in unknown samples

of oxidised nanocellulose (CNCs-CHO)
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Fig. S3 Calibration curve obtained by standard solutions presented in Table S1.
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Fig. S4 The ATR-FTIR spectra of the starting materials: (A) Spermine, (B) e-poly-L-lysine.

P1 P2 P3 P4 c1 Cc2 c ca
Spermine (mg/ml) 25 25 - - 2 2 - -
€-Poly-L-lysine (mg/ml) - - 1.3 1.3 - - 4 4
EDC/NHS (mg) - - - - 39/23 39/23 39/23 39/23
CaCl, (mg/ml) 0.3 0.3 - - 0.09 0.09 - -

Table S2 Hydrogels’ composition. Amount of reagents used for hydrogels’ formulation.




Doxo Peak Area
Standard !Em e

Std 1 0.10 0.400
Std 2 0.20 0.791

Std 3 0.40 1.696
Std 4 0.80 3.727

Std 5 1.50 6.632
Std 6 3.00 13.195
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Fig. S5 (A) Doxorubicin standard solutions’ concentration and the corresponding HPLC peak area. (B) Calibration line used for

doxorubicin release quantification through HPLC-MS with the corresponding curve equation and R2.

Fig. S6 Tilt test evaluation. (A) Spermine hydrogels: from left to right P1, C1, P2, and C2. (B) Tilt-test of spermine hydrogels. (C) e-

poly-L-lysine hydrogels: from left to right P3, C3, P4, and C4. (D) Tilt-test of e-poly-L-lysine hydrogels.



