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Materials and Methods
Ferric Reducing Antioxidant Power Assay (FRAP)
With a few modifications, the reducing power of the extracts was assessed using the technique outlined by Wang et al (2019) [24]. The test extract samples and L-ascorbic acid were dissolved in distilled water at a suitable concentration. Briefly, six different concentrations of 70% methanol and EAFA extracts (0.25, 0.125, 0.0625, 0.03125, 0.015625 and 0.0078125 mg/mL) and L-ascorbic acid at same concentrations were mixed with 1 mL phosphate buffer (0.2 M, pH 6.6) and 1 mL of 1% potassium ferricyanide. For 20 minutes, the mixture was incubated at 50°C. The mixture was then centrifuged at 1000 rpm for 10 min after 1 mL of 10% trichloroacetic acid (TCA) was added. The supernatant was collected. Then, 25 μL of ferric chloride (0.1%) was added to the 75 μL of supernatant. Following a 10 minute reaction, the solution's absorbance at OD700 nm was measured by using multimode microplate reader (Synergy H1 hybrid reader, Biotek).  A better reduction activity is indicated by a higher the OD absorbance value at 700nm. 
Nitric Oxide (NO) Scavenging Assay
The nitric oxide scavenging ability on various extracts of amla were as determined in triplicate by Griess reaction using a reported method [25]. Briefly, sodium nitroprusside (100 μL of 10 mM) was added to 30 μL of EAFA and 70% methanol amala extract (1 mg/mL in DMSO) and incubated at room temperature for one hour. Then 50 μL of sulphanilamide (1% in 5% orthophosphoric acid) was added and incubated at room temperature for 10 min followed by the addition of 50 μL of 0.1% naphthyl ethylenediamine (NED). The contents were shaken well before measuring absorbance at 540 nm. IC50 values calculated denote the concentration of sample required to decrease the absorbance at 540 nm by 50%. IC50 value units were represented as in mg/mL. L-ascorbic acid was used as a standard control.
Phytochemical profiling of EAFA extract using UPLC-ESI-Q-TOF-MSE 
The identification of the different components in the EAFA was done by UPLC-ESI-Q-TOF-MSE analysis using an ACQUITY CSH-C18 column (100 mm × 2.1 mm, 1.8 μm particle size, Waters, Milford, MA, USA). The chromatographic separation was performed at 40°C of column temperature and the auto sampler temperature was 8°C using the following method. Injection volume was 3 μL, flow rate was 0.4 mL/min, and the ideal mobile phases were 0.1% formic acid in water (solvent A) and 0.1% formic acid in acetonitrile (solvent B). Here, a gradient solvent system was used; 0–1.0 min, 90% A; 1.0–3.0 min, 90%-75% A; 3.0–6.5 min, 75%-50% A; 10.0–14.0 min, 50%-35% A; 14.0–17.0min, 35-10% A; 17.0–19.0 min, 10-0% A; 0.0–23.0 min equilibration performed. The desolvation gas (high purity nitrogen) was set at 850 L/h at 400°C, at 50 L/h, the cone gas was set, and the temperature of the source was fixed at 150°C for simultaneous MS and MS/MS analysis [26].
UPLC-MS/MS Quantification of Phytochemical Constituents in EAFA Extract 
To quantify the different components, present in the EAFA, LC-MS/MS analysis was performed by the standard method, using the Xevo TQ-S micro-MS system coupled with Acquity H-class ultra-performance liquid chromatography (UPLC) (Waters, Milford, MA., USA). The Waters Acquity UPLC ® analysis of the EAFA was performed using a CSH C18 column (100 mm × 2.1 mm, 1.7 μm particle size). The mobile phase used for the separation was made up of A (0.1% formic in water) and B (0.1% formic acid in acetonitrile), and the column temperature was fixed at 40°C. The rate of gradient flow was maintained in the range of 0.3-0.400 mL/min, and the gradient solvent system was as follows: 0-2.5 min, 98% A at flow 0.3 mL/min; 2.5-3 min, 70% A at flow 0.300 mL/min; 3-6 min, 50% A at flow 0.300 mL/min; 6-7.5 min, 35% A at flow 0.30 mL/min; 7.5-8 min, 2% A at flow 0.40 mL/min; 8-13.5 min, 2% A at flow 0.40 mL/min; 13.5-17.5 min, 98% A at flow 0.40 mL/min with a total run time of 23 min for multi-class analysis. The injection volume was 3 µL. 
A pump, a detector, and a degasser are included with the UPLC. The Masslynx software was used to acquire the instruments and process the data (version 4.1). The mass was used in the automatic polarity switching mode with a positive and negative Electro Spray Ionization (ESI) source. A 150 °C source temperature was maintained 3.00 kV was chosen as the capillary voltage, at 850 L/h the de-solvation gas flow was set, and at 400°C the de-solvation temperature was held constant. Every analyte could be found, and the mass abundance ratio could be used to find the precursors and product ions. The Multiple Reaction Monitoring (MRM) mode was utilised for scanning and obtaining large amounts of data for quantification, and it was also used to optimise the settings for all the analytes.
Biochemical Assessments in Prefrontal Cortex and Cerebellum Homogenates
The prefrontal cortex and cerebellum parts of brain tissue homogenate was prepared as described by Sangaraju et al (2021) [34] and the supernatant obtained was used for the estimation of various antioxidant markers, like glutathione reductase (GR), Glutathione-S-transferase (GST) and nitrate levels. The pellet was then resuspended in 10% trichloroacetic acid and centrifuged at 1800 x g for 10 minutes. The concentration of thiobarbituric acid reactive substance (TBARS) was estimated using the supernatant. Using BSA as a standard, a bicinchonic acid (BCA) assay method was used to estimate the total protein content in the homogenates of brain tissue. A colorimetric-based multimode microplate reader (Synergy H1 hybrid reader, Biotek) was used for biochemical assays. 
Assay for glutathione-S-transferase (GST)
	The Sangaraju et al. (2021) method was used to estimate the GST activity [34]. In Brifely, equal volumes of GSH and potassium phosphate buffer were combined with 20 µL of the tissue supernatant (0.1 M, PH 6.5). 10 µL of CDNB were added to this mixture, and the kinetic programme in the microplate reader was used to measure the rate of change in CDNB absorbance with time at 340 nm for 5 min at a 1 min interval. The activity was expressed as nmol of CDNB conjugated/min/mL.  
Glutathione Reductase (GR)
	Sangaraju et al. (2021) method was used to measure GR activity. By measuring GR at 340 nm and recording the results as U/mg of protein, the enzyme activity was determined at a temperature of 25 oC [34]. 
Estimation of nitrites and lipid peroxidation of brain tissues  
Production of NO was determined by quantifying the level of nitrite (an indicator of NO) in the brain tissue supernatants using the Griess reagent as followed by Sangaraju et al. (2019)[35]. Briefly, 100 µL of brain tissue supernatants were combined with 100 µL of Griess reagent, which contains 0.1% sulphanilamide, 1% naphthalenediamine dihydrochloride, and 2.5% H3PO4. Followed by 10 min incubation period at room temperature and microplate reader was used to measure the absorbance at 540 nm. Using a sodium nitrite (NaNO2) standard curve represented as µM/g of tissue, the amount of nitrite in the sample was calculated.
Brain lipid peroxidation was assessed by using Sangaraju et al. (2021) method with slight modifications[34]. A total of 3 mL of the reaction mixture, which contained 1 mL of 10% tissue homogenate, 1 mL of TCA (10%), and 1 mL of TBA (0.87%), was incubated in boiling water for 45 min. After cooling, the tubes were centrifuged at 2500 x g for 10 min, and the absorbance of the supernatant was measured at 532 nm. The rate of lipid peroxidation was determined by measuring MDA content and expressed as nmol MDA eq/g of tissue at 37oC  using a molar extinction coefficient of 1.56X105 M-1 cm.

Estimation of pro-inflammatory cytokines
Each animal's prefrontal cortex and cerebellum of brain tissue weighed, chopped, and then homogenised at a 10% concentration in a solution of ice-cold phosphate buffer saline (PBS, pH 7.4) with a 1% halt protease inhibitor cocktail. The tissue homogenate was centrifuged 5000 xg for 20 min at 4°C and the supernatant was utilised to estimate TNF-α and IL-1β using the ELISA kits (Krishgen Biosystems, Mumbai, India). The BCA protein assay kit (cat no: GPQ-10, GCC Biotech) was used to calculate the total protein content of the supernatant using bovine serum albumin (BSA) as the reference. The amounts of each cytokine in the brain tissue were represented as pg/g of protein[34].
Results
In-vitro antioxidant assays
Ferric Reducing Antioxidant Power Assay (FRAP)
Depending on the reducing power of these antioxidants, the colour of the testing solutions in the power reduction assay shifted from yellow to various shades of green and blue. The Fe3+/ferricyanide complex is reduced to the ferrous form when an antioxidant agent is present. In the present study, Vitamin C at 0.25 mg/mL has a reducing power value of 1.27 ± 0.004, and EAFA at 0.25 mg/mL has a reducing power value of 1.47 ± 0.343 as well as 70% methanol extract at 0.25 mg/mL has a reducing power value of 1.06 ± 0.008 as compared with Vitamin C as a standard.  Based on this finding reveals that EAFA extract has more potent free radical scavenging activity than Vitamin C. Furthermore, EAFA has more potent than 70% methanol extract in Table S1. The results were expressed as the mean ± SEM of OD at 700 nm. 
Nitric Oxide (NO) Scavenging Assay
The EAFA extract showed potent radical scavenging activity on NO (IC50 = 0.082 ± 0.002) than 70% methanol extract (IC50 = 0.139 ± 0.002) compared to vitamin C as reference standards. The IC50 value of Vitamin C is 0.004 ± 0.0002. This indicates EAFA has more potent radical scavenging activity than 70% methanol extract because its IC50 is lower. The results of IC50 were expressed as mean± SEM in mg/mL.
Screening and identification of chemical constituents in EAFA using UPLC-ESI-Q-TOF-MSE analysis
Based on information such as molecular ions, fragment ions, chemical formulas, and mass accuracy of less than 5 ppm acquired from UPLC-ESI-Q-TOF-MSE, chemical ingredients in EAFA were targeted screened and identified. Fig.  S1 shows the base peak chromatogram of EAFA in both positive and negative modes. Using the ToF-MS and MS/MS spectra, we have found 47 different compounds. These include three (3) amino acids, seven (7) vitamins, two (2) carbohydrates, (12) twelve tannins, (2) two flavonoids, (3) three kaempferol derivatives, (2) two quercetin derivatives, (2) two flavones, one (1) flavanone, two (2) flavan-3-ols, six (6) polyphenols, two (2) other phenolics, one (1) gallic acid derivative, one (1) terpenoid, and one (1) organic compound ( Table S2).  
UPLC-MS/MS Quantification of Phytochemical Constituents in EAFA Extract
The UPLC-MS/MS analysis of EAFA component quantification results is tabulated in Table S3. The analysis shows that ascorbic acid (vitamin C) was present at the highest concentration (69.29±1.81) in the EAFA extract, followed by quercetin (7.88±0.078), pantothenic acid gallic acid (2.72±0.32), rutin (0.70±0.029) and (0.07±0.004).  Chromatograms of phytoconstituents in EAFA extracts are represented in Fig. S2.  The results of the quantification of phytoconstituents were expressed as mean± SEM in µg/g of EAFA extract.
Fig. S1 MS chromatogram of EAFA extract
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Fig. S2 The quantification of compound chromatograms in an EAFA extract sample using UPLC-MS/MS. (A) Ascorbic acid and Gallic acid; (B) Quercetin and Rutin; (C) pantothenic acid.
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[bookmark: _Hlk132746354]Fig. S3 Effect of EAFA at 100 mg/kg doses on the protein expression of (A) 5-HT2A, and (B) D2 by western blot in postnatally VPA exposed mice (VPA, 400 mg/kg, s.c) on PND 14 in the cerebellum. Data expressed as mean ± SEM (n = 3). A one-way ANOVA was used, followed by Tukey’s post hoc test. a  p < 0.001, b p < 0.01, c p < 0.05 as compared to control; α p < 0.001, β p < 0.01, γ p < 0.05 as compared to VPA.
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Table S1. The effect of reducing power assays at OD700nm values on different Phyllanthus emblica extracts at different concentrations
	Concentration mg/mL
	EAFA (OD700nm)
	70% methanol (OD700nm)
	Vitamin C (OD700nm)

	0.25
	1.47 ±0.343
	1.06 ± 0.008
	1.27 ± 0.004

	0.125
	1.04 ± 0.013
	0.60 ± 0.009
	0.65 ± 0.030

	0.0625
	0.57 ± 0.017
	0.31 ± 0.005
	0.37 ± 0.006

	0.03125
	0.32 ± 0.012
	0.16 ± 0.002
	0.20 ± 0.002

	0.015625
	0.17 ± 0.015
	0.10 ± 0.004
	0.11 ± 0.004

	0.007813
	0.10 ± 0.008
	0.07 ± 0.005
	0.07 ± 0.001



	
	
16

Table S2. The list of compounds detected from the EAFA extract using UPLC-Q-TOF-MSE analysis.
	

	Type of compound
	Component name
	Observed RT (min)
	Expected mass (Da)
	Observed mass (Da)
	Observed m/z
	Mass error (ppm)
	Adducts
	Molecular formula

	1
	Amino acids
	Cystine
	5.41
	240.02
	240.02
	241.03
	1.79
	+H, +K, +Na
	C6H12N2O4S2

	2
	
	arginine
	4.45
	174.11
	174.11
	213.07
	-3.64
	+K
	C6H14N4O2

	3
	
	Glutamic acid
	4.42
	147.05
	147.05
	206.07
	2.55
	+CH3COO, +e, -H
	C5H9NO4

	
4
	
Vitamins
	
Vitamin A
	
13.38
	
286.23
	
286.23
	
287.23
	
-7.02
	
+H
	
C20H30O

	5
	
	Vitamin C (Ascorbic acid)
	5.23
	176.03
	176.03
	235.05
	4.28
	+CH3COO
	C6H8O6

	6
	
	thiamin (Vitamin B1)
	18.28
	265.11
	265.11
	266.12
	5.43
	+H
	C12H17N4OS+

	7
	
	Folate (Vitamin B12)
	3.81
	441.14
	441.14
	486.13
	-8.16
	+HCOO
	C19H19N7O6

	8
	
	Pantothenic Acid (Vitamin B5)
	6.21
	219.11
	219.11
	242.10
	-2.83
	+Na
	C9H17NO5

	9
	
	Vitamin E
	22.97
	430.38
	430.38
	469.34
	-2.27
	+K
	C29H50O2

	10
	
	Biotin (vitamin B7)
	4.29
	244.09
	244.09
	283.05
	-4.88
	+K
	C10H16N2O3S

	
11
	
Carbohyrate
	
d-fructose
	
8.63
	
180.06
	
180.06
	
180.06
	
8.24
	
-e
	
C6H12O6

	12
	
	Pectin
	11.81
	194.04
	194.04
	194.04
	-2.24
	-e
	C6H10O7

	
13
	
 Tannins
	
Emblicanin A
	
6.08
	
782.06
	
782.06
	
783.06
	
-5.38
	
+H
	
C34H22O22

	14
	
	corilagin 
	5.93
	636.10
	636.09
	635.08
	-8.62
	-H, +HCOO, +Cl
	C27H24O18

	15
	
	Pedunculagin
	6.98
	784.08
	784.07
	785.08
	-2.45
	+H
	C34H24O22
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	Geraniin
	6.10
	952.08
	952.08
	970.11
	-2.87
	+NH4, +Na


	C41H28O27

	17
	
	Punigluconin
	5.41
	802.09
	802.08
	803.09
	-2.72
	+H
	C34H26O23

	18
	
	Chebulagic acid
	5.45
	954.10
	954.09
	953.08
	-7.83
	-H
	C41H30O27

	19
	
	Ellagotannin
	9.87
	992.11
	992.10
	991.10
	-8.80
	-H
	C44H32O27

	20
	
	Chebulinic acid 
	5.78
	956.11
	956.11
	974.14
	-7.63
	+NH4, +Na
	C41H32O27

	21
	
	chebulic acid
	9.66
	356.04
	356.04
	357.04
	-1.43
	+H, +Na
	C14H12O11

	22
	
	1,2,3,4,6-penta-O-galloylβ-D-glucose
	7.85
	940.12
	940.12
	939.11
	-1.88
	-H
	C41H32O26

	23
	
	1,2,3,6-tetra-O-galloyl-β-D-glucose
	7.85
	788.11
	788.11
	787.10
	1.11
	-H
	C34H28O22

	24
	
	Emblicanin B
	15.09
	780.04
	780.05
	781.05
	1.68
	+H
	C34H20O22


	25
	Flavonoids
	Quercetin
	9.98
	302.04
	302.04
	303.05
	-3.74
	+H
	C15H10O7

	26
	
	Kaempferol
	8.02
	286.05
	286.05
	287.05
	-2.32
	+H
	C15H10O6


	27
	Kaempferol derivatives
	kaempferol 3-beta-d glucopyranoside
	8.03
	448.10
	448.10
	449.11
	-0.20
	+H, +K, +Na
	C21H20O11

	28
	
	dihydrokaempferol
	11.03
	288.06
	288.06
	323.03
	-5.69
	+Cl
	C15H12O6

	29
	
	kaempferol 3-o-rhamnoside
	9.76
	432.11
	432.10
	433.11
	-2.28
	+H, +Na
	C21H20O10

	
30
	
Quercetin derivatives
	
quercetin 3-b-D-glucopyranoside
	
5.41
	
463.09
	
463.09
	
481.12
	
4.35
	
+NH4
	
C21H19O12


	31
	
	quercetin 3-O-glucoside
	3.83
	464.10
	464.10
	463.09
	2.91
	-H
	C21H20O12



	32
	Flavones
	apigenin
	1.92
	270.05
	270.05
	309.02
	3.73
	+K
	C15H10O5

	33
	
	myricetin
	8.68
	318.04
	318.04
	319.04
	-4.90
	+H
	C15H10O8

	34
	Flavanones
	naringenin 7-O-glucoside
	8.03
	434.12
	434.12
	435.13
	-2.24
	+H
	C21H22O10



	35
	Flavan-3-ols
	gallocatechin
	11.67
	306.07
	306.07
	365.09
	-5.38
	+CH3COO
	C15H14O7

	36
	
	epigallocatechin 3-O-gallate
	12.57
	458.08
	458.08
	493.05
	-3.79
	+Cl
	C22H18O11



	37
	Polyphenols
	Gallic acid
	7.76
	170.02
	170.02
	171.03
	-9.69
	+H
	C7H6O5

	38
	
	Trigalloyl glucose
	6.17
	636.10
	636.09
	635.08
	-9.24
	-H
	C27H24O18

	39
	
	ellagic acid
	8.67
	302.01
	302.01
	303.01
	1.89
	+H
	C14H6O8

	40
	
	Pyrogallol
	18.09
	126.03
	126.03
	149.02
	2.75
	+Na
	C6H6O3

	41
	
	Methyl gallate
	14.07
	184.04
	184.04
	207.03
	3.97
	+Na
	C8H8O5

	42
	
	Ethyl gallate
	14.07
	198.05
	198.05
	221.04
	2.26
	+Na
	C9H10O5


	43
	Other phenolic 
	Phenol, 3,5-bis (1,1-dimethylethyl))
	22.94
	452.33
	452.34
	470.37
	3.47
	+NH4
	C27H50OP2

	44
	
	mucic acid
	4.42
	210.04
	210.04
	209.03
	8.42
	-H
	C6H10O8


	45
	Gallic acid derivative
	beta-glucogallin
	1.34
	332.07
	332.07
	350.11
	-3.23
	+NH4, +H, +K, +Na
	C13H16O10



	46
	Turpinoids
	β-carotene
	24.73
	536.44
	536.44
	575.40
	6.21
	+K
	C40H56


	47
	organic compounds
	Stigmasterol
	20.58
	412.37
	412.37
	413.37
	-7.60
	+H
	C29H48O




[bookmark: _Hlk132746432]Table S3. The quantification of compounds in EAFA extract sample using LC-QqQ-MS.
	S. No
	Analyte
	RT
	Quantifier ion
	CV/CE
	R2
	Concentration (µg/g) (Mean±SEM)

	1
	Ascorbic Acid
	4.25
	177.06 > 14
	30-Aug
	0.9928
	69.29±1.81

	2
	Quercetin
	6.26
	303.1 > 153
	45/32
	0.999
	7.88±0.078

	3
	Gallic Acid
	3.16
	169> 125
	30-Dec
	0.9998
	2.72±0.32

	4
	Rutin
	5.11
	611.2>303.1
	38/15
	0.9998
	0.70±0.029

	5
	Pantothenic acid
	4.77
	220.1> 89.97
	30-Dec
	0.9996
	0.07±0.004

	
	
	
	
	
	
	


*CV = Cone voltage and CE = Collision energy RT= Retention time. *The values are based on triplicate analysis
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