Supplementary Information
Table S1: Primer sequences used for qRT-PCR analysis
	Gene
	Forward primer (5' → 3')
	Reverse primer (5' → 3')
	Amplicon size (bp)

	Bax
	GGC TGG ACA CTG GAC TTC CT
	GGT GAG GAG GCC TGC CCA TA
	98

	Bcl-2
	GGT GGG GTC ATG TGT GTG G
	CGG TTC AGG TAC TCA GTC ATC C
	89

	Caspase-3
	GGA GCA AGT CAG TGG CTC CA
	GGA TGC AAT ATG GGA GCA GTC A
	105

	Caspase-9
	GAG TTC AGG AGG ACG GCC TG
	GCA TGG CAC TCA CGT CAG GA
	112

	p53
	GAG GTT GGC TCT GAC TGT ACC
	TCC GTC CCA AGA TCG CAC TC
	85

	GAPDH
	GGA GCG AGA TCC CTC CAA AAT
	GGC TGT TGT CAT ACT TCT CAT GG
	120



Table S2: Complete ranking of all 25 complexes based on interaction energy (from most stable to least stable) (mean ± SD, n=3)
	Rank
	Complex
	E_int (kJ/mol)
	Drug
	Nanocage
	Recommendation

	1
	NU-NC-Fe
	-63.2 ± 1.7
	Nitrouracil
	NC-Fe
	★★★★★ (Excellent)

	2
	FU-NC-Fe
	-59.8 ± 1.6
	Fluorouracil
	NC-Fe
	★★★★★ (Excellent)

	3
	NU-NC-Cu
	-59.4 ± 1.6
	Nitrouracil
	NC-Cu
	★★★★★ (Excellent)

	4
	NU-NC-Zn
	-56.7 ± 1.5
	Nitrouracil
	NC-Zn
	★★★★☆ (Good)

	5
	FU-NC-Cu
	-56.2 ± 1.5
	Fluorouracil
	NC-Cu
	★★★★☆ (Good)

	6
	TU-NC-Fe
	-55.6 ± 1.5
	Thiouracil
	NC-Fe
	★★★★☆ (Good)

	7
	NU-NC-O
	-52.1 ± 1.5
	Nitrouracil
	NC-O
	★★★★☆ (Good)

	8
	TU-NC-Cu
	-52.3 ± 1.4
	Thiouracil
	NC-Cu
	★★★★☆ (Good)

	9
	FU-NC-Zn
	-53.4 ± 1.3
	Fluorouracil
	NC-Zn
	★★★★☆ (Good)

	10
	U-NC-Fe
	-53.4 ± 1.4
	Uracil
	NC-Fe
	★★★☆☆ (Moderate)

	11
	U-NC-Cu
	-50.1 ± 1.4
	Uracil
	NC-Cu
	★★★☆☆ (Moderate)

	12
	TU-NC-Zn
	-49.2 ± 1.3
	Thiouracil
	NC-Zn
	★★★☆☆ (Moderate)

	13
	FU-NC-O
	-48.7 ± 1.4
	Fluorouracil
	NC-O
	★★★☆☆ (Moderate)

	14
	U-NC-Zn
	-47.8 ± 1.3
	Uracil
	NC-Zn
	★★★☆☆ (Moderate)

	15
	PU-NC-Fe
	-49.8 ± 1.3
	Propyluracil
	NC-Fe
	★★★☆☆ (Moderate)

	16
	TU-NC-O
	-45.2 ± 1.3
	Thiouracil
	NC-O
	★★★☆☆ (Moderate)

	17
	NU-NC
	-45.6 ± 1.4
	Nitrouracil
	NC
	★★★☆☆ (Moderate)

	18
	PU-NC-Cu
	-46.5 ± 1.3
	Propyluracil
	NC-Cu
	★★★☆☆ (Moderate)

	19
	PU-NC-Zn
	-44.3 ± 1.2
	Propyluracil
	NC-Zn
	★★☆☆☆ (Weak)

	20
	U-NC-O
	-43.5 ± 1.3
	Uracil
	NC-O
	★★☆☆☆ (Weak)

	21
	FU-NC
	-42.3 ± 1.2
	Fluorouracil
	NC
	★★☆☆☆ (Weak)

	22
	TU-NC
	-40.1 ± 1.2
	Thiouracil
	NC
	★★☆☆☆ (Weak)

	23
	U-NC
	-38.2 ± 1.2
	Uracil
	NC
	★★☆☆☆ (Weak)

	24
	PU-NC-O
	-39.8 ± 1.2
	Propyluracil
	NC-O
	★★☆☆☆ (Weak)

	25
	PU-NC
	-34.5 ± 1.1
	Propyluracil
	NC
	★☆☆☆☆ (Very weak)



Table S3: Complete pH data - Adsorption percentage (R%) at pH = 5 for all 25 complexes (mean ± SD, n=3)
	Drug
	NC
	NC-O
	NC-Cu
	NC-Fe
	NC-Zn

	Uracil (U)
	20.1 ± 1.2
	23.5 ± 1.1
	28.2 ± 1.4
	31.5 ± 1.3
	25.8 ± 1.2

	Fluorouracil (FU)
	29.2 ± 1.5
	33.8 ± 1.4
	39.5 ± 1.6
	41.9 ± 1.5
	36.2 ± 1.4

	Thiouracil (TU)
	24.5 ± 1.3
	28.1 ± 1.2
	33.2 ± 1.5
	35.6 ± 1.4
	30.4 ± 1.3

	Propyluracil (PU)
	15.2 ± 1.0
	18.5 ± 1.1
	22.8 ± 1.2
	25.1 ± 1.2
	20.3 ± 1.1

	Nitrouracil (NU)
	36.3 ± 1.6
	40.2 ± 1.5
	45.5 ± 1.7
	48.3 ± 1.6
	42.1 ± 1.5


*Conditions: contact time = 30 min, initial concentration = 20 ppm, adsorbent mass = 0.08 g, V = 10 mL, T = 25°C*

Table S4: Complete pH data - Adsorption percentage (R%) at pH = 9 for all 25 complexes (mean ± SD, n=3)
	Drug
	NC
	NC-O
	NC-Cu
	NC-Fe
	NC-Zn

	Uracil (U)
	35.4 ± 1.3
	39.8 ± 1.2
	44.2 ± 1.4
	47.8 ± 1.3
	42.5 ± 1.3

	Fluorouracil (FU)
	45.2 ± 1.5
	49.5 ± 1.4
	54.8 ± 1.6
	57.2 ± 1.5
	52.1 ± 1.4

	Thiouracil (TU)
	40.1 ± 1.4
	44.3 ± 1.3
	49.0 ± 1.5
	51.5 ± 1.4
	46.8 ± 1.4

	Propyluracil (PU)
	28.5 ± 1.2
	32.2 ± 1.2
	37.1 ± 1.3
	40.3 ± 1.3
	34.8 ± 1.2

	Nitrouracil (NU)
	52.2 ± 1.6
	56.5 ± 1.5
	61.0 ± 1.7
	64.5 ± 1.6
	58.9 ± 1.5


*Conditions: contact time = 30 min, initial concentration = 20 ppm, adsorbent mass = 0.08 g, V = 10 mL, T = 25°C*

Table S5: Complete time data - Adsorption percentage (R%) at 15 minutes for all 25 complexes (mean ± SD, n=3, pH = 7)
	Drug
	NC
	NC-O
	NC-Cu
	NC-Fe
	NC-Zn

	Uracil (U)
	38.2 ± 1.3
	42.5 ± 1.2
	48.1 ± 1.4
	51.4 ± 1.3
	45.8 ± 1.3

	Fluorouracil (FU)
	44.3 ± 1.5
	49.2 ± 1.4
	54.5 ± 1.6
	58.2 ± 1.5
	52.1 ± 1.4

	Thiouracil (TU)
	41.2 ± 1.4
	45.8 ± 1.3
	50.8 ± 1.5
	54.2 ± 1.4
	48.5 ± 1.4

	Propyluracil (PU)
	31.3 ± 1.2
	35.5 ± 1.2
	40.2 ± 1.3
	43.8 ± 1.3
	38.1 ± 1.2

	Nitrouracil (NU)
	50.5 ± 1.6
	55.2 ± 1.5
	60.8 ± 1.7
	64.1 ± 1.6
	57.8 ± 1.5


*Conditions: initial concentration = 20 ppm, adsorbent mass = 0.08 g, V = 10 mL, T = 25°C*

Table S6: Complete time data - Adsorption percentage (R%) at 45 minutes for all 25 complexes (mean ± SD, n=3, pH = 7)
	Drug
	NC
	NC-O
	NC-Cu
	NC-Fe
	NC-Zn

	Uracil (U)
	49.5 ± 1.3
	53.8 ± 1.2
	59.4 ± 1.4
	62.8 ± 1.3
	57.1 ± 1.3

	Fluorouracil (FU)
	57.8 ± 1.5
	63.5 ± 1.4
	69.8 ± 1.6
	73.2 ± 1.5
	65.5 ± 1.4

	Thiouracil (TU)
	53.8 ± 1.4
	58.5 ± 1.3
	64.5 ± 1.5
	67.8 ± 1.4
	60.6 ± 1.4

	Propyluracil (PU)
	42.6 ± 1.2
	47.5 ± 1.2
	53.1 ± 1.3
	56.4 ± 1.3
	49.9 ± 1.2

	Nitrouracil (NU)
	63.5 ± 1.6
	68.9 ± 1.5
	74.5 ± 1.7
	76.8 ± 1.6
	70.3 ± 1.5


*Conditions: initial concentration = 20 ppm, adsorbent mass = 0.08 g, V = 10 mL, T = 25°C*

Table S7: Complete concentration data - Adsorption percentage (R%) for all five drugs on NC-Fe at 5-100 ppm (mean ± SD, n=3)
	Conc. (ppm)
	Uracil (U)
	Fluorouracil (FU)
	Thiouracil (TU)
	Propyluracil (PU)
	Nitrouracil (NU)

	5
	65.2 ± 1.4
	72.5 ± 1.5
	68.8 ± 1.4
	58.2 ± 1.3
	78.5 ± 1.6

	10
	60.1 ± 1.4
	68.5 ± 1.5
	64.2 ± 1.4
	52.5 ± 1.3
	74.2 ± 1.6

	20
	61.4 ± 1.3
	71.8 ± 1.5
	66.5 ± 1.4
	55.1 ± 1.3
	75.5 ± 1.6

	50
	55.2 ± 1.4
	64.8 ± 1.5
	60.5 ± 1.4
	48.2 ± 1.3
	68.5 ± 1.6

	100
	48.2 ± 1.4
	57.5 ± 1.5
	53.2 ± 1.4
	42.5 ± 1.3
	62.5 ± 1.6


*Conditions: pH = 7, contact time = 30 min, adsorbent mass = 0.08 g, V = 10 mL, T = 25°C*

Table S8: Complete concentration data - Adsorption capacity (q_e, mg/g) for all five drugs on NC-Fe at 5-100 ppm (mean ± SD, n=3)
	Conc. (ppm)
	Uracil (U)
	Fluorouracil (FU)
	Thiouracil (TU)
	Propyluracil (PU)
	Nitrouracil (NU)

	5
	0.41 ± 0.02
	0.45 ± 0.02
	0.43 ± 0.02
	0.36 ± 0.02
	0.49 ± 0.02

	10
	0.75 ± 0.03
	0.86 ± 0.03
	0.80 ± 0.03
	0.66 ± 0.03
	0.93 ± 0.03

	20
	1.54 ± 0.05
	1.80 ± 0.05
	1.66 ± 0.05
	1.38 ± 0.05
	1.89 ± 0.05

	50
	3.45 ± 0.08
	4.05 ± 0.09
	3.78 ± 0.08
	3.01 ± 0.07
	4.28 ± 0.09

	100
	6.03 ± 0.12
	7.19 ± 0.14
	6.65 ± 0.13
	5.31 ± 0.11
	7.81 ± 0.15


*Conditions: pH = 7, contact time = 30 min, adsorbent mass = 0.08 g, V = 10 mL, T = 25°C*

Table S9: Complete dosage data - Adsorption percentage (R%) for all five drugs on NC-Fe at 0.02-0.10 g (mean ± SD, n=3)
	Dosage (g)
	Uracil (U)
	Fluorouracil (FU)
	Thiouracil (TU)
	Propyluracil (PU)
	Nitrouracil (NU)

	0.02
	42.5 ± 1.3
	55.2 ± 1.5
	48.8 ± 1.4
	35.5 ± 1.2
	62.2 ± 1.6

	0.04
	52.5 ± 1.3
	64.2 ± 1.5
	58.5 ± 1.4
	45.2 ± 1.2
	70.5 ± 1.6

	0.06
	58.2 ± 1.3
	68.8 ± 1.5
	63.5 ± 1.4
	50.5 ± 1.2
	73.5 ± 1.6

	0.08
	61.4 ± 1.3
	71.8 ± 1.5
	66.5 ± 1.4
	55.1 ± 1.3
	75.5 ± 1.6

	0.10
	67.5 ± 1.3
	76.5 ± 1.5
	72.2 ± 1.4
	60.5 ± 1.3
	79.8 ± 1.6


*Conditions: pH = 7, contact time = 30 min, initial concentration = 20 ppm, V = 10 mL, T = 25°C*

Table S10: Complete dosage data - Adsorption capacity (q_e, mg/g) for all five drugs on NC-Fe at 0.02-0.10 g (mean ± SD, n=3)
	Dosage (g)
	Uracil (U)
	Fluorouracil (FU)
	Thiouracil (TU)
	Propyluracil (PU)
	Nitrouracil (NU)

	0.02
	4.25 ± 0.08
	5.52 ± 0.10
	4.88 ± 0.09
	3.55 ± 0.07
	6.22 ± 0.11

	0.04
	2.63 ± 0.05
	3.21 ± 0.06
	2.93 ± 0.05
	2.26 ± 0.04
	3.53 ± 0.07

	0.06
	1.94 ± 0.04
	2.29 ± 0.05
	2.12 ± 0.04
	1.68 ± 0.03
	2.45 ± 0.05

	0.08
	1.54 ± 0.05
	1.80 ± 0.05
	1.66 ± 0.05
	1.38 ± 0.05
	1.89 ± 0.05

	0.10
	1.35 ± 0.04
	1.53 ± 0.04
	1.44 ± 0.04
	1.21 ± 0.03
	1.60 ± 0.04


*Conditions: pH = 7, contact time = 30 min, initial concentration = 20 ppm, V = 10 mL, T = 25°C*

Table S11: Empty NC-Fe cell viability (%) on MCF-7 and HFF cells at various concentrations and time points (mean ± SD, n=3)
	Concentration (µM)
	MCF-7 (24 h)
	MCF-7 (48 h)
	MCF-7 (72 h)
	HFF (24 h)
	HFF (48 h)
	HFF (72 h)

	0 (control)
	100.0 ± 2.1
	100.0 ± 2.3
	100.0 ± 2.5
	100.0 ± 2.0
	100.0 ± 2.2
	100.0 ± 2.4

	1
	98.5 ± 2.0
	97.8 ± 2.2
	96.9 ± 2.4
	99.1 ± 1.9
	98.5 ± 2.1
	97.9 ± 2.3

	5
	97.2 ± 1.9
	96.5 ± 2.1
	95.8 ± 2.3
	98.2 ± 1.8
	97.6 ± 2.0
	96.8 ± 2.2

	10
	96.1 ± 1.8
	95.2 ± 2.0
	94.3 ± 2.2
	97.5 ± 1.8
	96.8 ± 2.0
	95.9 ± 2.2

	25
	94.8 ± 1.7
	93.9 ± 1.9
	92.8 ± 2.1
	96.4 ± 1.7
	95.5 ± 1.9
	94.6 ± 2.1

	50
	93.2 ± 1.6
	92.1 ± 1.8
	91.0 ± 2.0
	95.1 ± 1.6
	94.2 ± 1.8
	93.1 ± 2.0

	100
	91.5 ± 1.5
	90.2 ± 1.7
	89.1 ± 1.9
	93.8 ± 1.5
	92.5 ± 1.7
	91.4 ± 1.9

	200
	89.8 ± 1.5
	88.5 ± 1.6
	87.2 ± 1.8
	92.1 ± 1.5
	90.8 ± 1.6
	89.5 ± 1.8


No significant difference compared to control (P > 0.05 for all concentrations and time points)

Table S12: Complete IC₅₀ values (µM) for all treatments on MCF-7 and HFF cells after 48 hours (mean ± SD, n=3)
	Treatment
	IC₅₀ on MCF-7 (µM)
	IC₅₀ on HFF (µM)
	Selectivity Index (SI)

	Free FU
	44.8 ± 2.1
	112.5 ± 4.5
	2.5

	Free NU
	35.2 ± 1.8
	98.6 ± 3.8
	2.8

	FU-NC-Fe
	18.5 ± 1.2
	88.2 ± 3.2
	4.8

	NU-NC-Fe
	12.5 ± 1.0
	70.5 ± 2.8
	5.6

	Empty NC-Fe
	> 200
	> 200
	N/A



Table S13: Complete flow cytometry apoptosis data for MCF-7 cells after 48 hours of treatment (mean ± SD, n=3)
	Treatment
	Viable (%)
	Early Apoptotic (%)
	Late Apoptotic (%)
	Necrotic (%)
	Total Apoptosis (%)

	Control (untreated)
	95.2 ± 2.5
	2.5 ± 0.5
	1.2 ± 0.3
	1.1 ± 0.3
	3.7 ± 0.6

	Free FU
	68.5 ± 3.0
	17.8 ± 1.8
	10.7 ± 1.2
	3.0 ± 0.5
	28.5 ± 2.1

	Free NU
	61.2 ± 3.2
	22.5 ± 2.0
	12.7 ± 1.4
	3.6 ± 0.6
	35.2 ± 2.3

	FU-NC-Fe
	44.2 ± 3.0
	34.5 ± 2.2
	17.8 ± 1.6
	3.5 ± 0.5
	52.3 ± 2.5

	NU-NC-Fe
	34.5 ± 3.5
	38.2 ± 2.4
	24.6 ± 1.8
	2.7 ± 0.4
	62.8 ± 2.8



Table S14: Complete qRT-PCR data - Fold change in gene expression for all treatments (mean ± SD, n=3)
	Treatment
	Bax
	Bcl-2
	Bax/Bcl-2 ratio
	Caspase-3
	Caspase-9
	p53

	Control
	1.0 ± 0.1
	1.0 ± 0.1
	1.0
	1.0 ± 0.1
	1.0 ± 0.1
	1.0 ± 0.1

	Free FU
	2.5 ± 0.2
	0.78 ± 0.07
	3.2
	3.2 ± 0.3
	2.8 ± 0.2
	3.5 ± 0.3

	Free NU
	3.2 ± 0.3
	0.85 ± 0.08
	3.8
	4.1 ± 0.4
	3.5 ± 0.3
	4.2 ± 0.4

	FU-NC-Fe
	5.5 ± 0.4
	0.71 ± 0.06
	7.8
	7.5 ± 0.6
	6.8 ± 0.5
	7.2 ± 0.6

	NU-NC-Fe
	7.2 ± 0.5
	0.76 ± 0.07
	9.5
	9.2 ± 0.7
	8.5 ± 0.6
	8.5 ± 0.7


*Bax/Bcl-2 ratio SD calculated via error propagation; all values P < 0.01 vs. control; P < 0.05 nanocarrier vs. free drug*


