Table 1. SEM-derived primary particle diameter of polystyrene nanoplastics (PSNPs) 
	SEM run
	n (particles)
	Mean ± SD (nm)
	95% CI of mean (nm)
	Min–Max (nm)

	Run 1
	100
	49.868 ± 2.906
	49.291 to 50.444
	41.817–56.127

	Run 2
	100
	49.974 ± 3.147
	49.349 to 50.598
	43.568–58.877

	Run 3
	100
	50.301 ± 3.361
	49.634 to 50.968
	40.052–62.043

	Overall
	300
	50.047 ± 3.139
	49.691 to 50.404
	40.052–62.043


Between-run comparison: one-way ANOVA F(2,297)=0.516784, p=0.596971, η²=0.003468.
Footnote: Run-to-run differences were tested using one-way ANOVA (two-sided). Statistical significance was defined as p<0.05.
Table 2. DLS hydrodynamic diameter and dispersity index (PDI) of PSNPs in water versus complete medium 
	Endpoint
	Water (n=9) Mean ± SD (Min–Max)
	DMEM+10% FBS (n=9) Mean ± SD (Min–Max)
	Mean diff (Water−DMEM)
	95% CI of diff
	Welch t(df)
	p value
	Hedges g

	Z-average hydrodynamic diameter (nm)
	58.199 ± 1.769 (54.928–60.264)
	183.938 ± 18.244 (154.850–208.953)
	-125.739
	-139.783 to -111.695
	-20.580 (8.150)
	2.5747628708e-08
	-9.240

	Polydispersity index (PDI)
	0.112 ± 0.009 (0.101–0.126)
	0.163 ± 0.031 (0.124–0.223)
	-0.051811
	-0.075847 to -0.027776
	-4.846 (9.391)
	8.0920794627e-04
	-2.175


[bookmark: _Hlk227797421]Water vs DMEM+10% FBS comparisons used Welch’s two-sample t-test (two-sided, unequal variances). Effect size was Hedges’ g. Statistical significance was defined as p<0.05. 
Table 3. Zeta potential of PSNPs in water versus complete medium 
	Endpoint
	Water (n=9) Mean ± SD (Min–Max)
	DMEM+10% FBS (n=9) Mean ± SD (Min–Max)
	Mean diff (Water−DMEM)
	95% CI of diff
	Welch t(df)
	p value
	Hedges g

	Zeta potential (mV)
	-40.732 ± 0.379 (-41.160 to -40.170)
	-15.738 ± 1.949            (-18.396 to     -12.549)
	-24.993841
	-26.501872 to 
-23.485810
	-37.758 (8.602)
	7.3413794983e-11
	-16.952


Water vs DMEM+10% FBS comparisons used Welch’s two-sample t-test (two-sided, unequal variances). Effect size was Hedges’ g. Statistical significance was defined as p<0.05.
Table 4. Dose-range finding (Pre-selection) viability outcomes supporting final PSNP and tangeretin dose selection (24-48 h)
	Group
	24 h Viability (%) mean±SD
	p_adj vs vehicle (24 h)
	48 h Viability (%) mean±SD
	p_adj vs vehicle (48 h)
	p_adj vs PSNP 50 (24 h)
	p_adj vs PSNP 50 (48 h)

	Vehicle control
	98.81 ± 2.31
	
	98.92 ± 3.81
	—
	—
	—

	PSNP 10 µg/mL
	93.42 ± 3.09
	0.4467
	93.14 ± 3.37
	0.2202
	—
	—

	PSNP 25 µg/mL
	86.95 ± 3.13
	0.0002
	83.73 ± 5.21
	5.211e-06
	—
	—

	PSNP 50 µg/mL
	78.99 ± 6.05
	1.3e-05
	69.05 ± 3.35
	2.277e-12
	—
	—

	PSNP 100 µg/mL
	57.55 ± 6.26
	3.495e-09
	47.38 ± 3.43
	2.938e-18
	—
	—

	Tangeretin 10 µM
	100.37 ± 2.69
	0.7849
	98.37 ± 2.93
	0.9997
	—
	—

	Tangeretin 20 µM
	100.08 ± 3.09
	0.9997
	100.35 ± 1.62
	0.9876
	—
	—

	Tangeretin 40 µM
	100.04 ± 2.22
	0.9997
	99.20 ± 3.53
	0.9997
	—
	—

	PSNP 50 + Tan 10 µM
	87.39 ± 4.55
	0.0001549
	78.06 ± 3.40
	2.184e-09
	0.03634
	1.431e-08

	PSNP 50 + Tan 20 µM
	89.61 ± 3.77
	8.513e-05
	82.92 ± 4.74
	4.523e-08
	0.01068
	1.287e-09

	PSNP 50 + Tan 40 µM
	93.57 ± 3.42
	0.4371
	86.94 ± 4.23
	0.0001092
	0.001362
	1.46e-07


72 h viability was assessed in the definitive exposure experiment and is reported separately. Values are mean ± SD. Adjusted p-values (p_adj) are Holm-corrected within each planned-contrast family. “—” indicates not applicable (contrast not defined for that group).
	Time_h
	F
	df1
	df2
	p_value
	Eta_squared

	24
	59.5622
	10
	55
	7.45947e-26
	0.9155

	48
	111.3904
	10
	55
	8.75814e-33
	0.9529


Values were biological replicates (n=6/group/timepoint). One-way ANOVA was applied within each timepoint, with Holm-adjusted Welch t-tests for the predefined contrasts shown as adjusted p-values; p<0.05 was considered significant.
[bookmark: _GoBack]

Table 5. Post-treatment viability of TM3 cells following PSNPs, tangeretin, and combined exposure across timepoints
	Group
	24 h mean±SD (%)
	48 h mean±SD (%)
	72 h mean±SD (%)

	Control (vehicle)
	99.31 ± 1.53
	97.35 ± 2.49
	96.80 ± 1.84

	PSNP 50 µg/mL
	78.28 ± 5.63
	68.66 ± 4.84
	53.96 ± 5.67

	Tangeretin 10 µM
	96.92 ± 3.88
	99.16 ± 1.71
	96.04 ± 1.64

	Tangeretin 20 µM
	102.40 ± 3.29
	99.05 ± 3.10
	98.04 ± 2.13

	Tangeretin 40 µM
	99.61 ± 1.37
	96.81 ± 3.83
	96.79 ± 2.17

	PSNP 50 + Tan 10 µM
	89.41 ± 4.10
	79.39 ± 3.64
	67.82 ± 5.19

	PSNP 50 + Tan 20 µM
	92.64 ± 3.21
	83.41 ± 4.03
	75.43 ± 2.72

	PSNP 50 + Tan 40 µM
	94.65 ± 3.30
	89.44 ± 3.17
	81.21 ± 4.55



	Effect
	F
	df
	p
	partial_eta_sq

	Group
	181.5572
	(7, 120)
	1.02751e-60
	0.9137

	Time
	111.2587
	(2, 120)
	4.67637e-28
	0.6497

	Group×Time
	7.6958
	(14, 120)
	2.29991e-11
	0.4731



	Time_h
	Comparison
	t
	df
	p_raw
	Hedges_g
	p_holm

	24
	PSNP 50 µg/mL vs Control (vehicle)
	-8.8152
	6.41
	8.067e-05
	-4.698
	0.000406

	24
	Tangeretin 40 µM vs Control
	-0.6567
	7.80
	0.530308
	-0.350
	0.530308

	24
	PSNP 50 + Tan 10 µM vs PSNP 50 µg/mL
	3.9266
	7.89
	0.0045
	2.093
	0.009

	24
	PSNP 50 + Tan 20 µM vs PSNP 50 µg/mL
	5.1545
	9.10
	0.00058
	2.747
	0.001739

	24
	PSNP 50 + Tan 40 µM vs PSNP 50 µg/mL
	5.8103
	9.62
	0.000198
	3.097
	0.000792

	48
	PSNP 50 µg/mL vs Control (vehicle)
	-9.7597
	9.24
	4.846e-06
	-5.190
	2.423e-05

	48
	Tangeretin 40 µM vs Control
	-0.2397
	8.44
	0.816458
	-0.128
	0.816458

	48
	PSNP 50 + Tan 10 µM vs PSNP 50 µg/mL
	4.0456
	9.42
	0.002501
	2.154
	0.005001

	48
	PSNP 50 + Tan 20 µM vs PSNP 50 µg/mL
	6.0766
	9.76
	0.0001618
	3.236
	0.0004855

	48
	PSNP 50 + Tan 40 µM vs PSNP 50 µg/mL
	9.1928
	9.30
	1.148e-05
	4.893
	5.741e-05

	72
	PSNP 50 µg/mL vs Control (vehicle)
	-13.8163
	9.44
	2.3e-07
	-7.356
	1.15e-06

	72
	Tangeretin 40 µM vs Control
	-0.0048
	9.36
	0.996268
	-0.003
	0.996268

	72
	PSNP 50 + Tan 10 µM vs PSNP 50 µg/mL
	5.1996
	9.73
	0.0004899
	2.768
	0.00147

	72
	PSNP 50 + Tan 20 µM vs PSNP 50 µg/mL
	8.9918
	6.53
	4.3e-05
	4.790
	0.0002149

	72
	PSNP 50 + Tan 40 µM vs PSNP 50 µg/mL
	10.7217
	8.28
	2.101e-06
	5.711
	1.05e-05


Footnote: Values were biological replicates (n=6/group/timepoint). Two-way ANOVA (Group × Time) was used. Key planned contrasts used Welch t-tests with Holm adjustment; p<0.05 was considered significant.

Table 6. Intracellular ROS levels across experimental groups and timepoints
	Group
	24 h (fold)
	48 h (fold)
	72 h (fold)

	Control (vehicle)
	0.97 ± 0.08
	1.00 ± 0.07
	1.02 ± 0.06

	PSNP 50 µg/mL
	2.03 ± 0.29
	2.59 ± 0.20
	3.03 ± 0.20

	Tangeretin 10 µM
	0.95 ± 0.13
	0.92 ± 0.07
	0.94 ± 0.15

	Tangeretin 20 µM
	1.01 ± 0.09
	0.99 ± 0.11
	0.88 ± 0.09

	Tangeretin 40 µM
	0.96 ± 0.10
	0.96 ± 0.12
	0.93 ± 0.08

	PSNP 50 + Tan 10 µM
	1.55 ± 0.20
	2.04 ± 0.20
	2.31 ± 0.16

	PSNP 50 + Tan 20 µM
	1.33 ± 0.17
	1.62 ± 0.16
	1.91 ± 0.17

	PSNP 50 + Tan 40 µM
	1.18 ± 0.17
	1.34 ± 0.22
	1.45 ± 0.15



	Effect
	F
	df
	p
	partial_eta_sq

	Group
	280.6708
	(7, 120)
	3.16222e-71
	0.9424

	Time
	67.3755
	(2, 120)
	2.42058e-20
	0.5290

	Group×Time
	14.1426
	(14, 120)
	2.26836e-19
	0.6226



	Time_h
	Comparison
	t
	df
	p_raw
	Hedges_g
	p_holm

	24
	PSNP 50 µg/mL vs Control (vehicle)
	8.7744
	5.69
	0.0001622
	4.676
	0.000808

	24
	Tangeretin 40 µM vs Control
	-0.1631
	9.19
	0.873991
	-0.087
	0.873991

	24
	PSNP 50 + Tan 10 µM vs PSNP 50 µg/mL
	-4.0454
	9.63
	0.002526
	-2.156
	0.005052

	24
	PSNP 50 + Tan 20 µM vs PSNP 50 µg/mL
	-5.5244
	7.54
	0.0006861
	-2.944
	0.002057

	24
	PSNP 50 + Tan 40 µM vs PSNP 50 µg/mL
	-7.0504
	7.24
	0.000173
	-3.757
	0.000808

	48
	PSNP 50 µg/mL vs Control (vehicle)
	18.7582
	7.37
	2.346e-07
	9.989
	1.173e-06

	48
	Tangeretin 40 µM vs Control
	-0.6135
	9.56
	0.553768
	-0.326
	0.553768

	48
	PSNP 50 + Tan 10 µM vs PSNP 50 µg/mL
	-4.7967
	9.93
	0.0008448
	-2.556
	0.002534

	48
	PSNP 50 + Tan 20 µM vs PSNP 50 µg/mL
	-8.3726
	9.80
	1.499e-05
	-4.460
	7.496e-05

	48
	PSNP 50 + Tan 40 µM vs PSNP 50 µg/mL
	-10.0758
	9.38
	3.819e-06
	-5.367
	1.909e-05

	72
	PSNP 50 µg/mL vs Control (vehicle)
	24.9492
	9.41
	2.603e-10
	13.290
	1.302e-09

	72
	Tangeretin 40 µM vs Control
	-2.2136
	8.97
	0.0548155
	-1.178
	0.109631

	72
	PSNP 50 + Tan 10 µM vs PSNP 50 µg/mL
	-7.7056
	9.57
	2.392e-05
	-4.106
	7.176e-05

	72
	PSNP 50 + Tan 20 µM vs PSNP 50 µg/mL
	-11.1284
	9.87
	1.109e-06
	-5.929
	5.546e-06

	72
	PSNP 50 + Tan 40 µM vs PSNP 50 µg/mL
	-14.2997
	9.68
	1.345e-07
	-7.620
	6.726e-07


[bookmark: _Hlk228589402]Footnote: Values were biological replicates (n=6/group/timepoint). Two-way ANOVA (Group × Time) was used. Key planned contrasts used Welch t-tests with Holm adjustment; p<0.05 was considered significant.




Table 7. Lipid peroxidation (MDA/TBARS) levels across experimental groups and timepoints normalized to total protein
	Group
	24 h (nmol/mg)
	48 h (nmol/mg)
	72 h (nmol/mg)

	Control (vehicle)
	1.96 ± 0.29
	1.82 ± 0.19
	2.01 ± 0.33

	PSNP 50 µg/mL
	4.07 ± 0.35
	5.49 ± 0.47
	5.74 ± 0.58

	Tangeretin 10 µM
	1.59 ± 0.34
	1.73 ± 0.25
	1.88 ± 0.20

	Tangeretin 20 µM
	1.74 ± 0.10
	1.93 ± 0.20
	1.88 ± 0.38

	Tangeretin 40 µM
	2.03 ± 0.47
	1.87 ± 0.21
	1.82 ± 0.37

	PSNP 50 + Tan 10 µM
	3.25 ± 0.52
	3.79 ± 0.53
	4.73 ± 0.49

	PSNP 50 + Tan 20 µM
	2.82 ± 0.38
	3.50 ± 0.41
	4.05 ± 0.55

	PSNP 50 + Tan 40 µM
	2.37 ± 0.40
	2.74 ± 0.43
	3.41 ± 0.49



	Effect
	F
	df
	p
	partial_eta_sq

	Group
	194.0905
	(7, 120)
	2.65385e-62
	0.9188

	Time
	61.3703
	(2, 120)
	4.38868e-19
	0.5056

	Group×Time
	9.0052
	(14, 120)
	3.50483e-13
	0.5123



	Time_h
	Comparison
	t
	df
	p_raw
	Hedges_g
	p_holm

	24
	PSNP 50 µg/mL vs Control (vehicle)
	12.0440
	9.88
	2.032e-07
	6.411
	1.016e-06

	24
	Tangeretin 40 µM vs Control
	0.2871
	8.30
	0.781064
	0.153
	0.781064

	24
	PSNP 50 + Tan 10 µM vs PSNP 50 µg/mL
	-2.7489
	9.71
	0.0219428
	-1.464
	0.0438856

	24
	PSNP 50 + Tan 20 µM vs PSNP 50 µg/mL
	-6.2287
	9.14
	0.0001425
	-3.315
	0.0004276

	24
	PSNP 50 + Tan 40 µM vs PSNP 50 µg/mL
	-7.9356
	9.19
	1.53e-05
	-4.226
	7.65e-05

	48
	PSNP 50 µg/mL vs Control (vehicle)
	17.8948
	9.09
	1.7e-08
	9.527
	8.5e-08

	48
	Tangeretin 40 µM vs Control
	0.4431
	9.18
	0.668331
	0.236
	0.668331

	48
	PSNP 50 + Tan 10 µM vs PSNP 50 µg/mL
	-5.8345
	9.93
	0.0002133
	-3.108
	0.0006399

	48
	PSNP 50 + Tan 20 µM vs PSNP 50 µg/mL
	-8.6655
	8.70
	1.202e-05
	-4.615
	6.009e-05

	48
	PSNP 50 + Tan 40 µM vs PSNP 50 µg/mL
	-11.8967
	9.06
	2.624e-07
	-6.338
	1.312e-06

	72
	PSNP 50 µg/mL vs Control (vehicle)
	15.0013
	9.22
	2.483e-08
	7.985
	1.241e-07

	72
	Tangeretin 40 µM vs Control
	-1.1003
	9.01
	0.299692
	-0.586
	0.299692

	72
	PSNP 50 + Tan 10 µM vs PSNP 50 µg/mL
	-4.1261
	9.90
	0.002212
	-2.199
	0.004424

	72
	PSNP 50 + Tan 20 µM vs PSNP 50 µg/mL
	-5.3190
	9.72
	0.000402
	-2.834
	0.001206

	72
	PSNP 50 + Tan 40 µM vs PSNP 50 µg/mL
	-7.7040
	9.64
	2.4e-05
	-4.104
	0.0001201


Footnote: Values were biological replicates (n=6/group/timepoint). Two-way ANOVA (Group × Time) was used. Major contrasts that were planned utilized Welch t-tests with Holm-adjusted p-values; p<0.05 was considered significant.


Table 8. Antioxidant defense profile including SOD, CAT, GPx activities and total GSH across groups and timepoints
	Group
	SOD 24h
	SOD 48h
	SOD 72h
	CAT 24h
	CAT 48h
	CAT 72h
	GPx 24h
	GPx 48h
	GPx 72h
	GSH 24h
	GSH 48h
	GSH 72h

	Control (vehicle)
	18.14 ± 1.56
	18.04 ± 1.39
	18.07 ± 0.52
	54.45 ± 3.84
	53.38 ± 2.68
	56.12 ± 7.58
	29.16 ± 2.04
	28.43 ± 1.16
	28.43 ± 1.94
	7.43 ± 0.62
	7.36 ± 0.41
	7.30 ± 0.79

	PSNP 50 µg/mL
	13.00 ± 1.08
	11.03 ± 0.69
	9.22 ± 1.06
	43.22 ± 5.14
	31.25 ± 5.08
	25.62 ± 4.13
	21.40 ± 2.78
	17.56 ± 2.47
	13.28 ± 3.36
	5.97 ± 0.55
	5.07 ± 0.32
	3.70 ± 0.51

	Tangeretin 10 µM
	20.08 ± 1.00
	17.59 ± 0.85
	17.47 ± 0.82
	54.74 ± 4.57
	57.75 ± 4.71
	54.61 ± 5.81
	28.53 ± 1.96
	26.59 ± 1.37
	28.28 ± 0.68
	7.57 ± 0.28
	7.95 ± 0.44
	7.88 ± 0.54

	Tangeretin 20 µM
	18.69 ± 1.24
	18.11 ± 1.17
	19.80 ± 1.86
	57.93 ± 3.64
	57.49 ± 4.06
	55.38 ± 3.07
	26.93 ± 1.52
	29.02 ± 2.49
	28.55 ± 2.41
	7.74 ± 0.32
	7.86 ± 0.44
	7.89 ± 0.83

	Tangeretin 40 µM
	18.91 ± 1.32
	19.32 ± 1.15
	18.43 ± 0.70
	59.33 ± 2.78
	60.91 ± 4.06
	61.16 ± 3.24
	29.55 ± 1.59
	31.57 ± 1.27
	30.61 ± 2.09
	7.80 ± 0.54
	8.00 ± 0.60
	8.06 ± 0.32

	PSNP 50 + Tan 10 µM
	15.06 ± 1.29
	13.58 ± 1.36
	11.58 ± 1.71
	47.03 ± 3.35
	41.34 ± 2.93
	36.54 ± 5.16
	24.53 ± 2.32
	20.47 ± 1.57
	19.20 ± 2.67
	6.60 ± 0.50
	6.26 ± 0.50
	5.37 ± 0.87

	PSNP 50 + Tan 20 µM
	16.32 ± 0.84
	15.23 ± 1.00
	13.26 ± 1.03
	50.65 ± 4.31
	46.39 ± 5.05
	41.02 ± 5.42
	26.78 ± 2.60
	23.38 ± 2.40
	20.77 ± 2.09
	6.93 ± 0.46
	6.88 ± 0.38
	6.01 ± 0.75

	PSNP 50 + Tan 40 µM
	17.96 ± 1.13
	16.78 ± 0.99
	15.15 ± 1.44
	53.99 ± 4.84
	50.30 ± 4.81
	45.53 ± 4.91
	27.82 ± 1.88
	24.98 ± 1.78
	23.88 ± 2.05
	7.17 ± 0.43
	7.23 ± 0.34
	6.55 ± 0.69



	Endpoint
	Effect
	F
	df
	p
	partial_eta_sq

	SOD_U_per_mg
	Group
	80.5992
	(7, 120)
	2.45169e-42
	0.8246

	SOD_U_per_mg
	Time
	21.5242
	(2, 120)
	1.02772e-08
	0.2640

	SOD_U_per_mg
	Group×Time
	3.0615
	(14, 120)
	0.000448862
	0.2632

	CAT_nmol_min_mg
	Group
	47.8617
	(7, 120)
	7.89409e-32
	0.7363

	CAT_nmol_min_mg
	Time
	16.6321
	(2, 120)
	4.21136e-07
	0.2170

	CAT_nmol_min_mg
	Group×Time
	2.4576
	(14, 120)
	0.00379064
	0.2228

	GPx_nmol_min_mg
	Group
	42.7000
	(7, 120)
	2.08736e-29
	0.7137

	GPx_nmol_min_mg
	Time
	24.5511
	(2, 120)
	1.57523e-09
	0.2902

	GPx_nmol_min_mg
	Group×Time
	2.6869
	(14, 120)
	0.00139712
	0.2384

	GSH_umol_per_mg
	Group
	88.0620
	(7, 120)
	2.12856e-44
	0.8374

	GSH_umol_per_mg
	Time
	36.7449
	(2, 120)
	2.58173e-13
	0.3798

	GSH_umol_per_mg
	Group×Time
	3.3920
	(14, 120)
	0.000126248
	0.2836



	Endpoint
	Time_h
	Comparison
	t
	df
	p_raw
	Hedges_g
	p_holm

	
	
	
	
	
	
	
	

	SOD_U_per_mg
	24
	PSNP vs Control
	-6.6386
	8.88
	0.000100923
	-3.538
	0.000201845

	SOD_U_per_mg
	24
	PSNP+Tan40 vs PSNP
	4.0657
	6.46
	0.005662
	2.167
	0.005662

	SOD_U_per_mg
	48
	PSNP vs Control
	-11.0439
	7.33
	7.8617e-06
	-5.886
	1.57234e-05

	SOD_U_per_mg
	48
	PSNP+Tan40 vs PSNP
	6.9918
	6.03
	0.000417796
	3.726
	0.000417796

	SOD_U_per_mg
	72
	PSNP vs Control
	-18.3776
	7.23
	2.45751e-07
	-9.794
	4.91503e-07

	SOD_U_per_mg
	72
	PSNP+Tan40 vs PSNP
	6.3118
	9.03
	0.000125037
	3.362
	0.000125037

	CAT_nmol_min_mg
	24
	PSNP vs Control
	-4.3227
	9.71
	0.00178002
	-2.302
	0.00356004

	CAT_nmol_min_mg
	24
	PSNP+Tan40 vs PSNP
	3.9987
	9.46
	0.00318716
	2.129
	0.00318716

	CAT_nmol_min_mg
	48
	PSNP vs Control
	-9.6948
	8.30
	6.723e-06
	-5.163
	1.3446e-05

	CAT_nmol_min_mg
	48
	PSNP+Tan40 vs PSNP
	7.3329
	8.87
	7.6642e-05
	3.904
	7.6642e-05

	CAT_nmol_min_mg
	72
	PSNP vs Control
	-8.8762
	6.85
	2.4877e-05
	-4.731
	4.9754e-05

	CAT_nmol_min_mg
	72
	PSNP+Tan40 vs PSNP
	6.6467
	9.83
	7.336e-05
	3.541
	7.336e-05

	GPx_nmol_min_mg
	24
	PSNP vs Control
	-5.9996
	8.63
	0.000245969
	-3.199
	0.000491939

	GPx_nmol_min_mg
	24
	PSNP+Tan40 vs PSNP
	3.9688
	9.56
	0.00322683
	2.113
	0.00322683

	GPx_nmol_min_mg
	48
	PSNP vs Control
	-8.8278
	8.92
	1.9187e-05
	-4.701
	3.8374e-05

	GPx_nmol_min_mg
	48
	PSNP+Tan40 vs PSNP
	5.2858
	9.67
	0.000444965
	2.815
	0.000444965

	GPx_nmol_min_mg
	72
	PSNP vs Control
	-9.4852
	7.45
	7.0727e-06
	-5.052
	1.4145e-05

	GPx_nmol_min_mg
	72
	PSNP+Tan40 vs PSNP
	5.8760
	8.67
	0.000280273
	3.131
	0.000280273

	GSH_umol_per_mg
	24
	PSNP vs Control
	-4.6827
	9.15
	0.00104586
	-2.494
	0.00209172

	GSH_umol_per_mg
	24
	PSNP+Tan40 vs PSNP
	5.0185
	8.69
	0.00094791
	2.672
	0.00094791

	GSH_umol_per_mg
	48
	PSNP vs Control
	-11.9714
	7.71
	3.738e-06
	-6.380
	7.476e-06

	GSH_umol_per_mg
	48
	PSNP+Tan40 vs PSNP
	10.1517
	9.70
	3.649e-06
	5.408
	3.649e-06

	GSH_umol_per_mg
	72
	PSNP vs Control
	-9.2707
	8.78
	1.1313e-05
	-4.942
	2.2626e-05

	GSH_umol_per_mg
	72
	PSNP+Tan40 vs PSNP
	7.7975
	9.35
	1.9831e-05
	4.156
	1.9831e-05


Footnote: Values were biological replicates (n=6/group/timepoint). Two-way ANOVA (Group × Time) was applied per marker. Key planned contrasts were tested using Welch t-tests with Holm correction within each marker × time family; p<0.05 was considered significant.





Table S1. Steroidogenesis-related gene expression changes (fold vs control) for StAR, CYP11A1, HSD3B1, and CYP17A1 across experimental groups and timepoints
	Group
	StAR 24 h
	StAR 48 h
	StAR 72 h
	CYP11A1 24 h
	CYP11A1 48 h
	CYP11A1 72 h
	HSD3B1 24 h
	HSD3B1 48 h
	HSD3B1 72 h
	CYP17A1 24 h
	CYP17A1 48 h
	CYP17A1 72 h

	Control (vehicle)
	1.01 ± 0.12
	0.98 ± 0.13
	1.01 ± 0.14
	1.00 ± 0.14
	0.98 ± 0.11
	1.01 ± 0.11
	1.00 ± 0.14
	1.04 ± 0.09
	1.02 ± 0.13
	1.02 ± 0.15
	1.00 ± 0.12
	0.98 ± 0.12

	PSNP 50 µg/mL
	0.53 ± 0.11
	0.39 ± 0.09
	0.30 ± 0.12
	0.71 ± 0.08
	0.56 ± 0.11
	0.42 ± 0.10
	0.68 ± 0.09
	0.60 ± 0.12
	0.42 ± 0.11
	0.73 ± 0.10
	0.57 ± 0.08
	0.43 ± 0.10

	Tangeretin 10 µM
	1.03 ± 0.13
	0.99 ± 0.11
	1.04 ± 0.14
	1.01 ± 0.12
	1.01 ± 0.11
	1.00 ± 0.10
	1.01 ± 0.13
	1.02 ± 0.11
	1.02 ± 0.10
	1.02 ± 0.13
	1.05 ± 0.12
	1.02 ± 0.14

	Tangeretin 20 µM
	1.02 ± 0.10
	1.07 ± 0.13
	1.04 ± 0.12
	1.04 ± 0.11
	1.02 ± 0.12
	1.03 ± 0.13
	1.02 ± 0.13
	1.03 ± 0.13
	1.01 ± 0.11
	1.02 ± 0.12
	1.01 ± 0.12
	1.03 ± 0.11

	Tangeretin 40 µM
	1.04 ± 0.10
	1.00 ± 0.11
	1.03 ± 0.09
	1.01 ± 0.12
	1.02 ± 0.11
	1.04 ± 0.10
	1.03 ± 0.10
	1.01 ± 0.11
	1.04 ± 0.11
	1.01 ± 0.11
	1.01 ± 0.12
	1.05 ± 0.09

	PSNP 50 + Tan 10 µM
	0.72 ± 0.09
	0.54 ± 0.10
	0.43 ± 0.09
	0.84 ± 0.09
	0.68 ± 0.10
	0.60 ± 0.11
	0.85 ± 0.09
	0.72 ± 0.12
	0.61 ± 0.08
	0.86 ± 0.09
	0.77 ± 0.11
	0.66 ± 0.12

	PSNP 50 + Tan 20 µM
	0.83 ± 0.13
	0.71 ± 0.14
	0.60 ± 0.11
	0.89 ± 0.12
	0.82 ± 0.12
	0.71 ± 0.10
	0.92 ± 0.12
	0.84 ± 0.13
	0.74 ± 0.09
	0.91 ± 0.13
	0.86 ± 0.11
	0.79 ± 0.10

	PSNP 50 + Tan 40 µM
	0.92 ± 0.11
	0.85 ± 0.10
	0.78 ± 0.12
	0.98 ± 0.12
	0.92 ± 0.11
	0.86 ± 0.11
	0.98 ± 0.12
	0.93 ± 0.12
	0.87 ± 0.12
	0.98 ± 0.12
	0.93 ± 0.12
	0.89 ± 0.11


Two-way ANOVA (Group × Time) 
All four genes showed significant Group effects (p<1e-29) and significant Group × Time interactions (p<0.01), with StAR demonstrating the strongest suppression under PSNP and the strongest dose-dependent rescue under co-treatment.
Footnote: Values were biological replicates (n=6/group/timepoint) expressed as relative fold change vs control. Two-way ANOVA was applied per gene. Key planned contrasts used Welch t-tests with Holm correction within each timepoint; p<0.05 was considered significant.




Table S2. Steroidogenesis-related protein expression densitometry (relative to control) for StAR, CYP11A1, 3β-HSD, and CYP17A1 across experimental groups and timepoints
	Group
	StAR 24 h
	StAR 48 h
	StAR 72 h
	CYP11A1 24 h
	CYP11A1 48 h
	CYP11A1 72 h
	3β-HSD 24 h
	3β-HSD 48 h
	3β-HSD 72 h
	CYP17A1 24 h
	CYP17A1 48 h
	CYP17A1 72 h

	Control (vehicle)
	1.01 ± 0.09
	1.00 ± 0.10
	1.00 ± 0.11
	1.00 ± 0.10
	0.99 ± 0.10
	1.01 ± 0.09
	1.00 ± 0.10
	1.00 ± 0.10
	1.00 ± 0.10
	1.00 ± 0.11
	1.01 ± 0.09
	1.00 ± 0.10

	PSNP 50 µg/mL
	0.61 ± 0.10
	0.46 ± 0.08
	0.33 ± 0.10
	0.73 ± 0.10
	0.59 ± 0.09
	0.45 ± 0.10
	0.78 ± 0.12
	0.61 ± 0.12
	0.46 ± 0.11
	0.78 ± 0.11
	0.64 ± 0.10
	0.49 ± 0.11

	Tangeretin 10 µM
	1.00 ± 0.09
	1.02 ± 0.10
	1.01 ± 0.10
	1.02 ± 0.10
	1.02 ± 0.10
	1.00 ± 0.11
	1.01 ± 0.10
	1.01 ± 0.11
	1.02 ± 0.10
	1.00 ± 0.11
	1.01 ± 0.11
	1.01 ± 0.10

	Tangeretin 20 µM
	1.01 ± 0.09
	1.01 ± 0.10
	1.00 ± 0.10
	1.01 ± 0.10
	1.01 ± 0.10
	1.02 ± 0.10
	1.01 ± 0.10
	1.02 ± 0.10
	1.01 ± 0.10
	1.01 ± 0.10
	1.00 ± 0.10
	1.01 ± 0.10

	Tangeretin 40 µM
	1.01 ± 0.10
	1.00 ± 0.10
	1.01 ± 0.10
	1.00 ± 0.11
	1.01 ± 0.10
	1.01 ± 0.10
	1.01 ± 0.10
	1.01 ± 0.10
	1.00 ± 0.11
	1.00 ± 0.10
	1.01 ± 0.10
	1.01 ± 0.10

	PSNP 50 + Tan 10 µM
	0.74 ± 0.10
	0.61 ± 0.09
	0.50 ± 0.10
	0.86 ± 0.10
	0.73 ± 0.10
	0.61 ± 0.09
	0.87 ± 0.10
	0.76 ± 0.10
	0.63 ± 0.10
	0.87 ± 0.10
	0.76 ± 0.10
	0.66 ± 0.10

	PSNP 50 + Tan 20 µM
	0.86 ± 0.10
	0.73 ± 0.10
	0.66 ± 0.10
	0.94 ± 0.10
	0.86 ± 0.10
	0.77 ± 0.10
	0.94 ± 0.10
	0.86 ± 0.10
	0.78 ± 0.10
	0.95 ± 0.10
	0.87 ± 0.10
	0.80 ± 0.10

	PSNP 50 + Tan 40 µM
	0.95 ± 0.10
	0.88 ± 0.10
	0.82 ± 0.10
	0.99 ± 0.10
	0.94 ± 0.10
	0.89 ± 0.10
	0.99 ± 0.10
	0.94 ± 0.10
	0.90 ± 0.10
	0.99 ± 0.10
	0.95 ± 0.10
	0.92 ± 0.10


Two-way ANOVA (Group × Time)
All four proteins showed significant Group effects (p<1e-24) and significant Group × Time interactions (p<0.01), with StAR showing the largest PSNP-associated decrease and the strongest dose-dependent recovery under co-treatment.
Footnote: Values were biological replicates (n=6/group/timepoint) expressed as densitometry relative to control. Two-way ANOVA was applied per protein. Key planned contrasts used Welch t-tests with Holm correction within each timepoint; p<0.05 was considered significant.
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