Polyphenolic-Enriched Fraction from Pedalium murex Roots Mitigates Renal Fibrosis: Integrated Phytochemical, In Silico, and Cellular Evaluation for Chronic Kidney Disease. 

Table 1:  HPTLC fingerprint analysis of P. murex crude extract
	Compounds
	RF - Value

	
	Hexane
	DCM
	Ethanol

	Compound 1
	0. 006
	0.015
	0.015

	Compound 2
	0.077
	0.068
	0.034

	Compound 3
	0.235
	0.126
	0.090

	Compound 4
	0.271
	0.156
	0.150

	Compound 5
	0.461
	0.177
	0.171

	Compound 6
	0.498
	0.200
	0.240

	Compound 7
	0.773
	0.237
	0.316

	Compound 8
	0.937
	0.389
	0.366

	Compound 9
	-
	0.473
	0.400

	Compound 10
	-
	0.560
	0.497

	Compound 11
	-
	0.631
	0.544

	Compound 12
	-
	0.666
	0.589

	Compound 13
	-
	0.724
	0.644

	Compound 14
	-
	0.745
	0.687

	Compound 15
	-
	0.819
	0.756

	Compound 16
	-
	0.885
	0.805

	Compound 17
	-
	0.935
	0.848

	Compound 18
	-
	0.969
	0.902

	Compound 19
	-
	-
	0.939



Table 2: Combined GC–MS Profile of Bioactive Compounds Identified in Hexane, DCM, and Ethanolic Extracts of P. Murex
	S.No
	Extract
	Area %
	Retention Time (min)
	Area
	Compound Name
	Category

	1
	



Hexane

	19.29
	46.746
	182,844,675
	γ-Sitosterol
	Phytosterol

	2
	
	10.32
	45.949
	97,824,367
	Stigmasterol
	Phytosterol

	3
	
	8.83
	45.551
	83,669,200
	Campesterol
	Phytosterol

	4
	
	7.35
	48.893
	69,660,350
	γ-Sitostenone
	Phytosteroid

	5
	
	5.63
	28.354
	53,381,827
	n-Hexadecanoic acid
	Carboxylic acid

	6
	
	4.33
	41.038
	41,085,846
	Dotriacontane
	Hydrocarbon

	7
	
	4.03
	47.876
	38,177,791
	Stigmasterol
	Phytosteroid

	8
	
	3.90
	47.382
	36,997,210
	4-Campestene-3-one
	Phytosteroid

	9
	
	3.05
	52.222
	28,932,593
	Pregn-4-en-3-one, 17-hydroxy-
	Phytosterol

	10
	
	2.93
	49.724
	27,794,994
	24-Norursa-3,12-diene
	Steroid

	11
	





DCM

	8.06
	46.727
	43,877,460
	γ-Sitosterol
	Phytosterol

	12
	
	7.70
	15.332
	41,916,865
	1-Aza-2-boracyclopentane, 2-ethyl-1-methyl-
	Organoboron compound

	13
	
	6.91
	17.299
	37,652,495
	Cyclobutanecarboxylic acid, decyl ester
	Cycloalkane derivative

	14
	
	6.67
	16.967
	36,306,345
	5-Undecanol, 2-methyl-
	Aliphatic alcohol

	15
	
	4.31
	16.753
	23,474,738
	5-Undecanol, 2-methyl-
	Aliphatic alcohol

	16
	
	4.21
	45.942
	22,918,915
	Stigmasterol
	Phytosterol

	17
	
	4.18
	41.041
	22,740,632
	Dotriacontane
	Alkane

	18
	
	3.77
	28.216
	20,544,305
	n-Hexadecanoic acid
	Fatty acid

	19
	
	3.56
	40.925
	19,390,069
	7-Hexadecenal (Z)
	Aliphatic aldehyde

	20
	
	3.51
	39.965
	19,125,062
	Eicosane
	Alkane

	21
	





Ethanolic

	7.96
	17.109
	106,579,911
	5-Undecanol, 2-methyl-
	Aliphatic alcohol

	22
	
	6.41
	28.286
	85,882,333
	n-Hexadecanoic acid
	Fatty acid

	23
	
	5.40
	16.783
	72,319,509
	Benzene, 1-(1,3-dimethoxypropoxy)-methyl-
	Phenyl ether derivative

	24
	
	5.01
	41.046
	67,121,748
	E,E,Z-1,3,12-Nonadecatriene-5,14-diol
	Aliphatic alcohol

	25
	
	4.25
	30.322
	56,927,701
	Achillicin
	Terpenoid

	26
	
	3.62
	41.260
	48,473,389
	Henicosanal
	Aliphatic aldehyde

	27
	
	3.49
	46.729
	46,747,302
	γ-Sitosterol
	Phytosterol

	28
	
	2.66
	17.753
	35,583,524
	Cyclohexene derivative
	Terpenoid

	29
	
	2.48
	40.269
	33,163,139
	Bis(2-ethylhexyl) phthalate
	Phthalate ester

	30
	
	2.47
	41.603
	33,064,190
	Tetrapentacontane
	Alkane




Table 3: Isolation of polyphenolic fractions from P. murex root ethanolic extract
	Solvent Composition 
	Ratio
	TLC Observation
(254 & 366 nm)
	Yield (%)
	Vanillin–Sulphuric Acid Staining
	Ferric Chloride Staining

	Hexane
	10
	No spot
	–
	–
	–

	Hexane: Ethyl acetate (EE-F1)
	8 : 2
	Spot observed
	1.5
	Purple spot
	No spot

	Hexane: Ethyl acetate
	6 : 4
	No spot
	–
	–
	–

	Hexane: Ethyl acetate
	5 : 5
	No spot
	–
	–
	–

	Hexane: Ethyl acetate (EE-F2)
	4 : 6
	Spot observed
	30.5
	Purple spot
	No spot

	Ethyl acetate 
(EE-F3)
	10
	Spot observed
	2.25
	Purple spot
	No spot

	Ethyl acetate: Methanol (EE-F4)
	9 : 1
	Spot observed
	8.5
	Pink spot
	Blue spot

	Ethyl acetate: Methanol
	8 : 2
	No spot
	–
	–
	–

	Ethyl acetate: Methanol (EE-F5)
	7 : 3
	Spot observed
	35
	Pink spot
	Blue spot

	Ethyl acetate: Methanol
	5 : 5
	No spot
	–
	–
	–

	Ethyl acetate: Methanol (EE-F6)
	4 : 6
	Spot observed
	17
	Pink spot
	Blue spot

	Methanol (EE-F7)
	10
	Spot observed
	18.75
	Pink spot
	Blue spot

	Methanol: Water
	8 : 2
	No spot
	–
	–
	–




Table 4: LC–MS/MS of fractions corresponding to m/z values, relative intensities, and tentative phytochemical identifications.
	m/z (approx.)
	Compound / Interpretation
	Type
	EE-F4 Intensity (%)
	EE-F5 Intensity (%)
	EE-F6 Intensity (%)
	EE-F7 Intensity (%)

	143–143.5
	Hydroxybenzoic acid 
	Phenolic acid
	93
	100
	—
	39.8

	155.4
	Vanillic acid / dihydroxybenzoic acid
	Phenolic acid
	65
	—
	—
	—

	163.2–163.3
	Caffeic acid
	Hydroxycinnamic acid
	64
	—
	6.6
	11.7

	167.3
	Vanillic acid / methylated derivative
	Phenolic acid
	—
	34
	7.0
	—

	173.4
	p-Coumaric acid fragment
	Phenolic acid
	—
	9
	—
	—

	179.35–179.4
	Caffeic acid 
	Hydroxycinnamic acid
	—
	24
	5.8
	—

	183.3
	Ferulic acid or glycoside fragment
	Phenolic acid
	—
	32
	—
	—

	187.4
	Syringic acid (possibly methylated)
	Phenolic acid
	—
	37
	—
	—

	198.3
	Chlorogenic/feruloyl fragment
	Phenolic acid
	—
	30
	—
	—

	203.3
	Fragment of glycoside
	Phenolic-related
	—
	—
	8.8
	—

	205.2–205.3
	Ferulic acid / glycosylated phenolic
	Phenolic acid / glycoside
	—
	56
	—
	55.2

	219.35–219.4
	Sugar adduct / conjugated phenolic
	Glycoside
	50
	21
	—
	—

	233.4
	Gallic acid derivative
	Hydroxybenzoic acid
	—
	29
	—
	—

	279.4–279.45
	Kaempferol / myricetin fragment
	Flavonol
	73
	12
	—
	—

	291.3
	Catechin/epicatechin
	Flavanol
	—
	16
	—
	—

	297.25–297.3
	Quercetin fragment
	Flavonol
	—
	44
	8.7
	24–31

	326.45–326.5
	Flavonoid glycoside fragment
	Glycosylated flavonoid
	—
	—
	10.3
	90

	339.35
	Rutin/quercetin derivatives
	Flavonol glycoside
	70
	—
	—
	—

	345–365
	Chlorogenic acid derivatives
	Hydroxycinnamate
	—
	—
	100
	25

	387.3
	Caffeic/chlorogenic dimer
	Polyphenol
	—
	78
	21.5
	—

	453.4–453.6
	Quercetin-3-glucoside / rutin fragment
	Flavonol glycoside
	94
	30
	15.9
	49

	475.5–475.55
	Isoquercitrin/rutin fragment
	Flavonol glycoside
	93
	75
	52.0
	100

	517.3
	Glycosylated flavonoid
	Polyphenol
	—
	33
	—
	—

	527.3–527.35
	Major glycosylated flavonoid/ rutin fragments
	Glycosylated flavonoid
	—
	—
	100
	31

	543.3
	Sugar conjugates
	Glycoside marker
	—
	—
	—
	14

	588.6–589.4
	Sugar adducts / methylated flavonoids
	Glycosylated flavonoid
	—
	—
	—
	15

	642.45–642.5
	Large phenolic / tannin derivative
	Tannin/polyphenol
	100
	17
	—
	—

	647.4
	High-mass polyphenol/proanthocyanidin
	Polyphenol/tannin
	—
	81
	20.8
	18

	689.35–689.4
	Flavanol oligomer
	Proanthocyanidin-related
	—
	—
	30.9
	47

	701.7–702.6
	Procyanidin dimer/trimer
	Condensed tannins
	82
	59
	41.1
	81

	717.6–718.6
	Larger tannin oligomers
	Polyphenol
	—
	—
	—
	42

	754.55
	High-mass glycosylated flavonoid/tannin
	Polyphenol
	91
	—
	—
	—

	759.45–759.5
	Tannin/proanthocyanidin trimer
	Oligomeric flavanol
	—
	51
	6.9
	—

	927.85–927.9
	Large polyphenol/tannin
	Polymeric phenolic
	—
	—
	12.7
	21

	985.4–989.5
	Ellagitannin / polymeric polyphenol
	Polymeric phenolic
	—
	—
	12.6
	14






Table 5: HR‑LC–MS analysis of the EE-PF showing compound name, RT, molecular weight, formula, class, & ionization modes.
	Compound Name
	RT (min)
	Formula
	Mol.wt
	Class
	Ionization Mode

	Caffeic acid

	8.49, 9.50, 9.75, 10.33, 8.31
	C9 H8 O4
	180.04
	Hydroxycinnamic acid
	Positive and negative

	Ferulic acid

	10.59, 10.71
	C10 H10 O4
	194.08
	Hydroxycinnamic acid
	Positive

	Sinapinic acid

	2.99
	C11 H12 O5
	206.05
	Phenolic acid
	Positive

	Kaempferol

	11.13
	C15 H10 O6
	286.04
	Flavonoid (polyphenolic)
	Positive

	Luteolin

	11.13
	C15 H10 O6
	286.04
	Flavonoid (polyphenolic)
	Negative

	Genistein

	11.78
	C15 H10 O5
	270.05
	Isoflavone (phenolic)
	Negative

	Daidzein

	1.33; 1.61
	C15 H10 O4
	254.05
	Isoflavone (phenolic)
	Negative

	7-Hydroxycoumarin
	9.39, 10.48, 10.77, 11.06
	C9 H6 O3
	162.03
	Coumarin derivative
	Positive

	Apocynin
	8.10
	C9 H10 O3
	166.06
	alkyl-phenylketone
	Positive

	2-Anisic acid 
	9.75,9.50
	C8 H8 O3
	9.75
	(o-methoxybenzoic acid)
	Positive

	3-Methoxybenzaldehyde

	3.04
	C8 H8 O2
	136.05
	Aromatic aldehyde with phenolic origin
	Positive

	2,5-Dihydroxybenzaldehyde

	6.68
	C7 H6 O3
	138.03
	Simple phenolic aldehyde
	Negative

	2-Hydroxyphenylacetic acid
	11.34
	C8 H8 O3
	11.34
	Phenolic acid
	Negative

	4-[(1S,3aR,4S,6aR)-4-(4-hydroxy-3-methoxyphenyl)-hexahydrofuro[3,4-c]furan-1-yl]-2-methoxyphenol
	9.66
	C20 H22 O6
	340.13
	Phenolic glycoside (4-hydroxy-3-methoxyphenyl derivative)

	Positive

	[(2R,3S,4S,5R,6R)-6-[2-(3,4- dihydroxyphenyl)ethoxy]-3,4,5- trihydroxyoxan-2-yl]methyl (2E)-3-(3,4-dihydroxyphenyl)prop-2-enoate

	9.49
	C23 H26 O11
	478.18
	Phenolic glycoside (3,4-dihydroxyphenyl derivative)

	Positive

	1,3-dihydroxy-1-(7-methoxy-2-oxo-2Hchromen-6-yl)-3-methylbutan-2-yl (2Z)-2-methylbut-2-enoate
	9.67
	C20 H24 O7
	398.13
	Phenolic coumarin–glycoside derivative

	Positive

	2-Hydroxyphenylalanine

	1.23,1.54
	C9 H11 N O3
	181.07
	Phenolic amino acid 
	Positive





Table 6: Relative mRNA expression levels of α-SMA, COL1-A1, and FN1 genes in control and treated samples, as measured by RT-qPCR (N = 3).
	Overlaid fold change values in EE-PF-treated HK-2 cells (Average ± SD)

	Culture condition/Target gene
	α-SMA
	COL1-A1
	FN1

	Untreated
	1
	1
	1

	TGF-beta 1 (10ng/mL)
	27.92±10.36
	3.23±0.51
	32.72±6.90

	TGF-beta 1+Std
	13.42±3.32
	1.72±0.39
	18.39±5.09

	TGF-beta 1+EE-PF
	9.26±0.97
	1.38±0.21
	4.78±0.66





2

