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Table S1.  Key mechanistic differences
	Parameter
	Metal complexes
	Metal oxide nanoparticles

	Extract Role
	Isolated flavonoids as ligands
	Crude extract as a reductant and capping agent

	Reaction Conditions
	Higher temperature (60°C), alkaline pH (9–10)
	Lower temperature (50°C), faster kinetics

	Product Structure
	Defined coordination geometry (e.g., octahedral)
	Spherical/crystalline nanoparticles (10–60 nm)

	Stabilisation
	Coordinated hydroxide ions
	Surface-adsorbed biomolecules




Table S2.  Analysis of n-butanol fraction extract by LC-MS/MS
	[bookmark: _Hlk370209400]Phytochemical Compounds
	MW
	Molecular
Formula
	Name of the Compound
	RT
	No

	Flavonoid
	286.04695
	C15H10O6
	Kaempferol
	15.07050
	1

	Flavonoid
	270.05195
	C15H10O5
	Genistein
	12.41832
	2

	Flavonoid
	300.062395
	C16H12O6
	Diosmetin
	12.82748
	3

	Flavonoid
	304.0576952
	C15H12O7
	Taxifolin
	10.65255
	4

	Flavonoid
	446.083452
	C21H18O11
	Baicalin
	12.438464
	5

	Flavonoid
	316.05696
	C16H12O7
	Isorhamnetin
	13.81439309
	6

	Flavonoid
	284.0676135
	C16H12O5
	Olmelin
	21.953132565
	7

	Flavonoid
	272.067949
	C15H12O5
	(±)-Naringenin
	16.5737136
	8

	Isoflavone
	446.1202258
	C22H22O10
	Glycitin
	16.3185627
	9

	Flavonoid glycoside
	432.104875
	C21H20O10
	Apigetrin
	12.390855
	10

	Coumarin
	146.0363329
	C9H6O2
	Coumarin
	17.1903359
	11

	Flavonoid
	402.1307543758
	C21H22O8
	Nobiletin
	23.4630098
	12

	Isoflavone glycoside
	430.125230694
	C22H22O9
	Ononin
	15.36179699
	13




Table S3.  EDX analysis data for metal complexes
	[bookmark: _Hlk186376958]Copper Complex
	Zinc Complexes
	Manganese Complex

	Element
	Weight%
	Atomic%
	Element
	Weight%
	Atomic%
	Element
	Weight%
	Atomic%

	C K
	46.21
	61.44
	C K
	44.40
	62.63
	C K
	50.08
	63.81

	O K
	[bookmark: _Hlk187502107]33.58
	33.49
	O K
	[bookmark: _Hlk186642527]28.69
	30.33
	O K
	32.96
	31.49

	Mn K
	0
	0
	Mn K
	0.99
	0.32
	Mn K
	16.39
	4.56

	Fe K
	0
	0
	Fe K
	0.08
	0.02
	Fe K
	0.16
	0.04

	Cu K
	20.21
	5.07
	Cu K
	0.31
	0.09
	Cu K
	0.31
	0.07

	[bookmark: _Hlk186642726]Zn K
	0
	0
	Zn K
	25.53
	6.61
	Zn K
	0.10
	0.02

	Totals
	100.00
	
	Totals
	100.00
	
	Totals
	100.00
	


.

[bookmark: _Hlk202742345]Table S4.  EDX analysis data for metal oxides nanoparticles
	Copper oxide nanoparticles
	Zinc oxide nanoparticles
	Manganese oxide nanoparticles

	Element
	Weight%
	Atomic%
	Element
	Weight%
	Atomic%
	Element
	Weight%
	Atomic%

	C K
	22.95
	40.93
	C K
	22.70
	36.54
	C K
	16.71
	29.21

	O K
	33.04
	44.23
	O K
	44.49
	53.75
	O K
	41.87
	54.96

	Mn K
	0.01
	0.00
	Mn K
	0.09
	0.03
	Mn K
	41.22
	15.75

	Fe K
	0.18
	0.07
	Fe K
	0.07
	0.02
	Fe K
	0.16
	0.06

	Cu K
	43.34
	14.61
	Cu K
	-0.02
	-0.01
	Cu K
	0.11
	0.04

	Zn K
	0.47
	0.15
	Zn K
	32.67
	9.66
	Zn K
	-0.07
	-0.02

	[bookmark: _Hlk186377209]Totals
	100.00
	
	Totals
	100.00
	
	Totals
	100.00
	




[bookmark: _Hlk202742841][bookmark: _Hlk134164443]Table S5.  Antimicrobial activity of metal complexes and metal oxide nanoparticles against microbes


1

	[bookmark: _Hlk199365394]Candida albicans

	Escherichia coli
	Klebsiella pneumoniae
	Pseudomonas aeruginosa
	Staphylococcus aureus
	Organism
test
	NO.

	160
	120
	80

	40
	160
	120
	80

	40
	160
	120
	80

	40
	160
	120
	80

	40
	160
	120
	80
	40
	Con
mg/ml.
	

	13.9
±0.25
	13.17
±0.28
	11.61
±0.35

	10.2
±0.51
	14.3 ±
0.76
	13.2   ±         0.81
	12.2±             0.64
	11.2±             0.36
	15.13±       0.31
	13.3±     0.58
	11.2±    0.26
	10.5±     0.56
	14
±0.66

	13.67
±0.21
	12.51
±0.25
	10.6
±0.46
	15.2±     0.70
	14.1±       0.68
	13 ±       0.50
	[bookmark: _GoBack]12.6     ± 0.25*
	Flavonoid extract

	1

	19.5
±038
	18.9
±0.36
	16.4
±0.25
	14.75
±0.55
	24.1
±0.29
	22.17
±0.86
	20.9
±0.44
	19.7
±0.46
	24.9
±0.26
	22.57
±0.4
	21.7
±0.28
	20.17
±0.35
	26.17
±0.83
	24.8
±0.29
	22.45
±0.45
	20.45
±0.62
	25.47
±0.64
	23.47
±0.75
	22.32
±0.32
	20.9
±0.28
	Cu- complex
	2

	15.14
±0.18
	14.29
±0.76
	13.43
±0.50
	12.46
±0.36
	20.3
±0.47
	19.13
±0.29
	18.17
±0.63
	17.37±     0.30
	20.31±     0.28
	19.13±       0.78
	18.36±          0.55
	17.16±     0.56
	23.15
±0.26
	21.8
±0.75
	20.21
±0.64
	19.3
±0.43
	22.5
±0.19
	20.53
±0.81
	19.13
±027
	18..16
±0.86
	Zn- complex
	3

	14.39
±0.46
	13.23
±0.50
	12.63
±0.23
	11.25
±0.80
	17.2
±0.26
	16.03
±083
	15.53
±0.29
	14.19
±0.57
	14.17
±0.40
	13.8
±0.33
	13.02
±0.62
	12.17
1±0.25
	17.1
±0.22
	16.3
±0.58
	15.01
±0.42
	14.73
±0.70
	15.3±0.31
	14.17±0.74
	12.78±0.66
	11.41± 0.49
	Mn-complex
	4

	13.6
±0.40
	12.14
±0.28
	11.03
±0.46
	10.15
±0.18
	14.7
±0.37
	14.08
±028
	13.03
±0.88
	12.16
±0.46
	13.4
±0.60
	12.3
±0.23
	11.15
±0.76
	10.32
±0.65
	14.1
±0.19
	13.4
±0.34
	12.34
±0.46
	11.23
±031
	13.3±0.21
	12.52±0.80
	11.38±0.46
	10.51± 0.55
	Methanol extract
	5

	16.2
±0.26
	15.07
±0.29
	14.47
±0.38
	13.6±       0.4
	22.17±       0.21
	20.67±              0.8
	19.02 ±    0.56
	18.43±              0.65
	19.43±     0.61
	18.1±     0.36
	17.31±       0.55
	16.3±     0.88
	23.03±0.29

	22.36
±0.64
	21.27
±19
	20.21
±0.46
	22.07
±0.38
	21.19
±0.55
	20.5
±0.65
	19.9
±
0.61
	Cu oxide nanoparticles

	5

	16.2
±0.26
	15.07
±0.29
	14.47
±0.38
	13.6±       0.4
	22.17±       0.21
	20.67±              0.8
	19.02 ±    0.56
	18.43±              0.65
	19.43±     0.61
	18.1±     0.36
	17.31±       0.55
	16.3±     0.88
	23.03±0.29

	22.36
±0.64
	21.27
±19
	20.21
±0.46
	22.07
±0.38
	21.19
±0.55
	20.5
±0.65
	19.9
±
0.61
	Zn oxide nanoparticles
	6

	14.3
±0.36
	13.07
±0.28
	12.43
±0.4
	11.1±       0.5
	17.27±       0.28
	16.54±              0.29
	15.32 ±    0.26
	14.03±              0.15
	15.02±     0.3
	14.7 ±     0.32
	14.28±       0.46
	13.4±     0.18
	18.01±0.51

	17.16
±0.71
	15.7
±25
	14.61
±0.8
	16.77
±0.48
	16.17
±0.25
	15.5
±0.5
	14.1
±
0.21
	Mn oxide nanoparticles
	7

	-
	18.18±0.74
	16.125±0.69
	18.2±0.73
	22. 23.2 ±0.78
	Clindamycin (2 μg)
	6

	-
	19.26±0.56
	21.3±0.83
	23.05±0.25
	24.18 ±0.31
	Ofloxacin
(5 μg)
	7

	-
	20.025 ±0.45
	17.56.025 ±0.43
	18.95 ±0.61
	21.7 ±0.46
	Ampicillin (10 μg)
	8

	19.1±0.58
	-
	-
	-
	**-
	Nystatin (100 Units)
	8

	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	DMOS
	10



- : NO activity.
*Mean ± SD (Standard Deviation) of 3 replicate samples


[bookmark: _Hlk202743441]Table S6.   Antioxidant activity of metal complexes and metal oxide nanoparticles

	NO
	Assay
	Flavonoid extract

	Cu- complex
	Zn- complex
	Mn-complex
	Methanol extract
	Cu oxide nanoparticles

	Zn oxide nanoparticles
	Mn oxide nanoparticles
	Ascorbic acid

	
	IC50  (μg/ml)*

	1
	DPPH
	76.02 ± 0.28
	28.23± 0.33
	37.46± 0.29
	55.04± 0.75
	88.28± 0.81
	17.12± 0.33
	32.97± 0.33
	46.83± 0.53
	8.32± 0.55

	2
	ABTS
	69.3± 0.65
	22 ± 5
	41.8± 0.50
	49.53± 0.46
	80.61± 0.25
	11.03± 0.33
	34.27± 0.35
	43.64± 0.28
	10.56± 0.46


*Mean ± SD (Standard Deviation) of 3 replicate samples

[bookmark: _Hlk202072760]Table S7.  Anticancer activity (IC50, μg/ml) of metal complexes and metal oxide nanoparticles determined by a WST-1 assay in the THP-1 cell line and an SRB assay in the Calu-3 lung cancer cell line.
	
NO.
	
[bookmark: _Hlk133764818]Compound
	[bookmark: _Hlk133764849]THP1: acute monocytic leukemia
	[bookmark: _Hlk133772462]Calu-3 lung cancer cell line

	
	
	
	

	
	
	(IC50μg/ml)*

	
	Cisplatin
	1.66± 0.13
	2.93± 0.18

	1
	[bookmark: _Hlk148836286]Flavonoid extract
	90± 0.28
	85.43± 0.31

	2
	Copper complex
	43.5± 0.19
	50.31± 0.11

	3
	Zinc complex
	55.± 0.22
	77,52± 0.14

	4
	Manganese complex
	83.29± 0.33
	>100± 0.04

	5
	Methanolic extract
	97.15± 0.15
	>100± 0.02

	6
	Copper oxide nanoparticles
	13.63± 0.06
	26.67± 0.03

	7
	Zinc oxide nanoparticles
	37.23± 0.14
	58.42± 0.26
















*Mean ± SD (Standard Deviation) of 3 replicates samples


1
