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Workflow for preparation of calibration curves, QCs and samples etc.
Standard curves and QCs were constructed from two separate stock solutions prepared in methanol which were then serially diluted. Initial individual standard solutions were prepared by diluting 1mg standard into 1mL 50:50 MeOH:H2O, with the exception of PAP-G which was prepared in 100% H2O. As some of the standards were supplied as salts, the weight of the counter-ion needs to be considered in the calculation of the calibration curves and QCs. This was achieved through calculating and using a conversion factor, as listed in table S1.
 Standard stocks A were prepared as shown in table S2. This stock was then diluted 1 in 10 in MeOH, by diluting 100µL stock solution into 900 µL MeOH, to produce standard stocks B. Standards stocks B are equivalent to the ULOQ of the standard curve and QCs, these were serially diluted to produce the remaining standard curve stock and QC stocks, dilutions were as reported in Tables S3 and S4 respectively.



Table S1: Conversion Factor to exclude the counter ion (salt factor) from concentration ranges*
	Compound
	Counter ion
	Average Mass No salt
	Average Mass with salt
	Conversion factor (avg mass no salt / avg mass w salt)

	APAP-G
	Na
	327.2867
	349.2685
	0.94

	APAP-G-d3
	Na
	330.3052
	350.2711
	0.94

	APAP-S
	K
	231.2258
	269.3161
	0.86

	APAP-S-d3
	K
	234.2442
	272.3346
	0.86

	APAP-C
	TFA
	254.3055
	366.3129
	0.69

	APAP-C-d5
	TFA
	259.3363
	371.3437
	0.70

	APAP-NAC
	2xNa
	312.3415
	356.3052
	0.88

	APAP-NAC-d5
	Na
	317.3723
	339.3542
	0.94

	APAP-SG
	2 x Na
	456.4702
	500.4338
	0.91

	APAP-SG-d3
	2 x Na
	459.4886
	503.4523
	0.91


*APAP-OMe and PAP-G did not require correction for salt factors

Table S2. Volume of stock solutions and MeOH for preparation of ‘stock A’.
Initial dilution to concentrations of 50 mg/ml for APAP, 10 mg/ml for APAP-S and APAP-G, and 2.0 mg/ml for APAP-NAC, APAP-SG and APAP-C (including the counter ion). The values reported below have had the relevant conversion factors from Table S1 applied to them.
	Standard added to Stock Soln A from 1mg/mL standard stock solutions 

	Volume stock soln added to make up to 1mL total in MeOH(µL)
	Concentration of each individual standard in stock soln A (µg/ml)
	Final concentration of  standards in ‘Stock soln B’ (ULOQ stock soln) following 1 in 10 dilution in MeOH (µg/ml)

	APAP (1mg/mL)
	500
	500
	50.00

	APAP-S (1mg/mL)
	100
	85.9
	8.59

	APAP-G (1mg/mL)
	100
	93.7
	9.37

	APAP-C (1mg/mL)
	20
	13.9
	1.39

	APAP-NAC (1mg/mL)
	20
	17.5
	1.75

	APAP-SG (1mg/mL)
	20
	18.2
	1.82

	MeOH added
	240
	-
	

	Total Volume Stock A
	1000
	-

	



For APAP-OMe and PAP-G see mouse and porcine cross validation details below.




Table S3. Serial dilutions to produce Standard Curve stock solutions.
	Std Curve Stock Soln  No
	Stock Soln Used
	Volume of stock used (µL)
	Volume of MeOH added (µL)
	Final Concentration of  individual curve stock solutions (µL /mL) 

	
	
	
	
	APAP
	APAP-G
	APAP-S
	APAP-C
	APAP-SG
	APAP-NAC

	1 (Stock B)
	1 (Stock B)
	50 
	9.40
	8.59
	1.39
	1.82
	1.75

	2
	1 (Stock B)
	300 
	300 
	25.0
	4.69
	4.29
	6.94
	9.12
	8.77

	3
	2
	300  
	200 
	15.0
	2.81
	2.58
	0.42
	0.55
	0.53

	4
	3
	300  
	200 
	9.00
	1.69
	1.55
	0.25
	0.33
	0.32

	5
	4
	300  
	150
	6.00
	1.12
	1.03
	0.17
	0.22
	0.21

	6
	5
	300 
	150 
	4.00
	0.75
	0.69
	0.11
	0.15
	0.14

	7
	6
	300 
	200 
	2.40
	0.45
	0.41
	0.07
	0.09
	0.08

	8
	7
	200 
	100 
	1.60
	0.30
	0.03
	0.04
	0.06
	0.06




Table S4. Serial dilutions to produce QC stock Solutions.
	QC
	Standard used 
	Volume of Standard used (µL)
	Volume of MeOH added (µL)
	Final QC concentrations (µL/ml)

	
	
	
	
	APAP
	APAP-G
	APAP-S
	APAP-C
	APAP-SG
	APAP-NAC

	ULOQ (Stock B)
	ULOQ (Stock B)
	50.0
	9.37
	8.59
	1.39
	1.82
	1.75

	High
	ULOQ (Stock B)
	800 
	200 
	40.0
	7.50
	6.87
	1.1
	1.46
	1.40

	Mid
	High
	250 
	750 
	10.0 
	1.74
	1.72
	0.28
	0.37
	0.35

	Low
	Mid
	480 
	520 
	4.80 
	0.90
	0.82
	0.13
	0.18
	0.178

	LLOQ 2
	Low
	500 
	500 
	2.40
	0.45
	0.41
	0.66
	0.88
	0.84

	LLOQ 1
	LLOQ 2
	500 
	250 
	1.60
	0.03
	0.03
	0.04
	0.06
	0.056



Internal Standard Stock Solution Preparation
Individual internal standard solutions were prepared by diluting 1mg standard into 1mL 50:50 MeOH:H2O. Standards were added together to make 1mL of mixed internal standard stock solution A, which was then diluted further by adding 500µL stock solution to 2000µL MeOH to produce the final internal standard stock. Standard stock A was produced as displayed in Table S5.

Table S5. Internal standard stock solution preparation
	Individual Stock Soln, Solution
Added to stock A
	Volume stock Soln added to make up to 1mL total in MeOH(µL)
	IS Stock Soln A Concentration
(µg/mL)
	Final IS Stock Soln concentration (1 in 5 dilution) (µg/mL)
	Final conc. measured by instrument (1 in 500 dilution) (ng/mL)

	APAP-d3 (1mg/mL)
	500
	500
	100
	200

	APAP-S-d3 (1mg/mL)
	100
	86.0
	17.2
	34.4

	APAP-G-d3 (1mg/mL)
	100
	94.3
	18.9
	37.7

	APAP-C-d5 (1mg/mL)
	30
	21.0
	4.19
	8.38

	APAP-NAC-d5 (1mg/mL)
	30
	28.1
	5.61
	11.2

	MeOH
	240
	-
	-
	-

	Total
	1000
	-
	-
	-



Rat Plasma Validation Data
Full validation data for the validation of the assay for rat plasma are provided below in Tables S6-S13.
Table S6 Rat Plasma: linearity for each compound over the 3 days of method validation

	Compound
	Day 1
	Day 2
	Day 3

	
	R2
	Line Equation
	R2
	Line Equation
	R2
	Line Equation

	APAP
	0.992
	2.26x+4.26
	0.997
	2.26x+8.48
	0.998
	2.52x-0.323

	APAP-S
	0.996
	0.261x+0.0289
	0.998
	0.199x+0.0447
	0.997
	0.217x-0.0959

	APAP-G
	0.995
	0.381x+0.204
	0.995
	0.441x-0.0726
	0.995
	0.501x-0.204

	APAP-C
	0.994
	1.752x+0.0735
	0.997
	1.629x+0.0725
	0.997
	1.874x-0.144

	APAP-NAC
	0.994
	0.790x+0.114
	0.997
	0.803x+0.0659
	0.992
	0.871x+0.118

	APAP-SG
	0.993
	2960x-61.2
	0.995
	2560x+52.8
	0.995
	2880x-190 



Table S7. Rat Plasma: Summary of the Intra-Day Coefficient of Variance of the QC Samples on Each Day of the 3 day Validation
	Analyte
	Coefficient of Variance (%)

	
	Day 1
	Day 2
	Day 3

	
	LLOQ

	LQC

	MQC

	HQC
	ULOQ
	LLOQ
	LQC
	MQC
	HQC
	ULOQ
	LLOQ
	LQC
	MQC
	HQC
	ULOQ

	APAP
	4.8

	12.2

	8.7

	4.9

	5.6

	7.9

	1.6

	7.6

	4.3
	1.2
	4.4

	3.4
	3.0
	2.7
	2.6

	APAP-S
	13.4
	7.5
	10.0
	3.4
	7.1
	16.4
	10.9
	6.8
	4.8
	2.7
	15.4
	3.9
	3.6
	3.6
	3.8

	APAP-G
	7.4
	11.8
	8.7
	5.0
	5.6
	11.3
	5.9
	4.3
	3.5
	3.8
	4.6
	2.6
	4.3
	3.4
	2.4

	APAP-C
	7.1
	6.2
	8.8
	3.7
	6.8
	8.2
	2.3
	3.5
	3.1
	3.9
	6.4
	2.6
	3.0
	3.0
	3.1

	APAP-NAC
	8.8
	10.4
	7.4
	6.8
	6.6
	7.3
	5.8
	3.8
	5.5
	3.3
	10.9
	7.5
	4.1
	6.8
	2.5

	APAP-SG
	6.2
	6.1
	8.2
	9.0
	3.7
	5.2
	3.7
	6.0
	6.3
	4.1
	7.7
	5.7
	3.8
	6.5
	5.2



Table S8 Rat plasma: Summary of the Intra-Day Mean Bias of the QC Samples on Each Day of the 3 day Validation
	Analyte
	Mean Bias  (%)

	
	   Day 1
	Day 2
	Day 3

	
	LLOQ

	LQC
	MQC
	HQC
	ULOQ
	LLOQ 
	LQC
	MQC
	HQC
	ULOQ
	LLOQ 
	LQC
	MQC
	HQC
	ULOQ

	APAP
	0.1
	-5.9
	4.3
	0.7
	3.3
	2.1
	9.5
	9.3
	0.2
	-3.7
	-6.9
	-4.9
	-2.9
	-5.3
	-5.1

	APAP-S
	2.6
	0.6
	3.6
	3.4
	6.8
	18.2
	13.4
	5.4
	4.0
	3.6
	3.6
	-7.5
	-8.4
	-4.5
	-3.6

	APAP-G
	-13.5
	-12.2
	0.3
	-1.0
	1.9
	-4.7
	-8.5
	-11.9
	-8.2
	-10.0
	16.7
	-4.9
	-6.7
	-11.8
	-12.1

	APAP-C
	4.2
	-2.1
	-2.5
	1.5
	6.3
	9.4
	12.0
	6.7
	9.2
	6.3
	-8.9
	-4.5
	-2.5
	-1.6
	1.8

	APAP-NAC
	5.9
	-2.1
	2.1
	-0.9
	5.7
	9.4
	8.5
	7.5
	3.6
	-2.5
	-9.7
	-13.2
	-8.7
	-6.5
	-6.4

	APAP-SG
	9.4
	-3.6
	-5.8
	0.3
	1.9
	12.0
	6.8
	9.6
	11.4
	11.6
	1.6
	-1.9
	-0.8
	3.9
	5.8



[bookmark: _Toc439947889]Table S9. Summary of the Inter-Day Coefficients of Variance for the 3 days of the Rat Plasma Validation
	Analyte

	Coefficient of Variance (%)

	
	LLOQ 
	LQC
	MQC
	HQC
	ULOQ

	APAP
	6.8
	10.0
	8.5
	4.9
	5.3

	APAP-S
	17.5
	12.8
	10.2
	5.8
	6.9

	APAP-G
	15.9
	8.7
	8.8
	6.7
	8.3

	APAP-C
	11.1
	8.2
	7.5
	5.8
	5.6

	APAP- NAC
	12.5
	11.3
	9.6
	7.8
	7.6

	APAP-SG
	8.7
	7.5
	9.5
	8.3
	5.9
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Table S10. Summary of the Inter-Day Mean Bias for the 3 days of the Rat Plasma Validation

	Analyte

	Mean Bias (%)

	
	LLOQ 
	LQC
	MQC
	HQC
	ULOQ

	APAP
	1.8
	0.9
	-3.4
	1.4
	1.7

	APAP-S
	-8.6
	-1.8
	-0.3
	-0.8
	-2.3

	APAP-G
	0.6
	8.6
	6.0
	6.8
	6.6

	APAP-C
	-1.1
	-1.2
	-0.4
	-2.9
	-4.9

	APAP- NAC
	-1.1
	3.3
	0.6
	1.4
	0.9

	APAP-SG
	-7.5
	-0.5
	-0.6
	-5.0
	-6.1



Table S 11. Mean Peak Areas of Analytes Before and After up to 6 Freeze Thaw Cycles.
	Metabolite
	Mean Peak Area (n=6). FT = freeze thaw cycle

	
	0 FT
	1FT
	2 FT
	3 FT
	4 FT
	5 FT
	6 FT

	APAP
	253388
	217498
	197631
	223733
	233769
	220896
	181740

	APAP-OMe 
	11214
	8465
	8831
	10296
	10721
	10290
	8110

	APAP-S
	16688
	13653
	14465
	16326
	16903
	15979
	12799

	APAP-C
	16283
	14532
	15332
	16974
	18518
	17252
	14499

	APAP-G
	3851
	3404
	3377
	3862
	4105
	3885
	3166

	APAP-NAC
	387
	331
	362
	406
	433
	413
	344

	APAP-SG
	10289
	8692
	9237
	10060
	10901
	10416
	8845


FT=freeze thaw cycle

Table S12. Mean % Bias After 6 Freeze Thaw Cycles (n=6)
	Freeze Thaw cycles 
	APAP
	APAP-OMe
	APAP-S
	APAP-C
	APAP-G
	APAP-NAC
	APAP-SG

	1 FT
	% Bias 
	-14.2
	-24.5
	-18.2
	-10.8
	-11.6
	-14.6
	-15.5

	
	CV
	26.5
	17.8
	20.3
	15.0
	23.9
	16.0
	16.5

	2 FT
	% Bias 
	-22.0
	-21.2
	-13.3
	-5.84
	-12.3
	-6.56
	-10.2

	
	CV
	18.7
	17.9
	16.1
	16.1
	18.7
	15.6
	15.2

	3 FT
	% Bias 
	-11.7
	-8.19
	-2.17
	4.24
	0.27
	4.94
	-2.23

	
	CV
	20.0
	22.6
	20.1
	18.4
	21.5
	19.1
	18.5

	4 FT
	% Bias 
	-7.74
	-4.39
	1.29
	13.7
	6.57
	11.7
	5.95

	
	CV
	15.4
	15.5
	15.1
	14.2
	14.4
	17.3
	14.3

	5 FT
	% Bias 
	-12.8
	-8.23
	-4.25
	5.95
	0.88
	6.74
	1.23

	
	CV
	21.9
	21.7
	20.7
	20.4
	20.4
	16.0
	19.5

	6 FT
	% Bias 
	-28.3
	-27.7
	-23.3
	-11.0
	-17.8
	-11.1
	-14.0

	
	CV
	25.2
	26.9
	21.0
	24.2
	26.2
	23.4
	26.3






Table 13. Mean areas CV and mean % bias from original concentration. (n=6) of the MQC before and after 4 hours on the benchtop at ambient temperature 
	Metabolite
	Mean Area MQC 
(0 h)
	Mean Area Benchtop MQC (4 h)
	Mean % Bias
	CV

	APAP
	253388
	221484
	-9.21
	18.6

	APAP-OMe 
	11214
	10421
	-5.87
	10.4

	APAP-S
	16688
	16546
	0.86
	11.2

	APAP-Cys
	16283
	18271
	14.4
	11.6

	APAP-G
	3851
	3872
	2.06
	10.0

	APAP-NAC
	387
	389
	2.40
	11.3

	APAP-SG
	10289
	9024
	-10.6
	11.5



Table S14. Rat plasma: Autosampler Stability - Mean Initial and 36 Hour QC Concentrations*
	
	LLOQQC
	Low QC
	Mid QC
	High QC
	ULOQQC

	Analyte
	Initial
	36 hrs
	Initial
	36 hrs
	Initial
	36 hrs
	Initial
	36 hrs
	Initial
	36 hrs

	APAP
	14.9
	13.6
	45.7
	38.9
	97.1
	81.5
	379
	322
	474
	403

	APAP-S
	2.85
	2.64
	7.62
	6.59
	15.7
	13.5
	65.6
	54.3
	82.8
	67.2

	APAP-G
	2.86
	3.00
	8.23
	6.61
	16.5
	15.0
	68.8
	57.9
	84.4
	73.7

	APAP-C
	0.40
	0.43
	1.27
	1.13
	2.71
	2.40
	11.0
	9.58
	14.2
	12.4

	APAP-NAC
	0.76
	0.64
	1.46
	1.36
	3.20
	2.88
	13.1
	11.3
	16.4
	14.6

	APAP-SG
	0.59
	0.57
	1.71
	1.62
	3.62
	3.36
	15.1
	13.9
	19.3
	17.0


All values in ng/ml.



Table S15. Rat plasma: Dilution Integrity
	Metabolite
	Nominal Conc.  (ng/mL)
	Mean Measured Conc. (ng/mL)
	CV
N=6 
	RE %
N=6

	APAP
	150
	135
	1.52
	-10.3

	APAP-S
	25.8
	22.3
	5.94
	-13.3

	APAP-G
	28.1
	25.7
	3.10
	-8.67

	APAP-C
	4.17
	3.73
	6.84
	-10.6

	APAP-SG
	5.47
	6.14
	4.37
	12.2

	APAP-NAC
	5.26
	4.53
	21.0
	-13.9



Table S16. Rat plasma: Analyte Carryover 
	Compound
	Average LLOQ Response
	Carryover Response 1
	Carryover (%)
	Carryover Response 2
	Carryover (%)

	APAP
	142220
	3163
	2.22
	3469
	2.44

	APAP-S
	1123
	0
	0
	40.5
	3.61

	APAP-G
	578
	0.71
	0.12
	0.49
	0.09

	APAP-C
	2126
	20.5
	0.97
	14.7
	0.69

	APAP-NAC
	138
	14
	10.1
	1.87
	1.35

	APAP-SG
	1866
	11.4
	0.11
	0.25
	0.014




Table S17. Rat plasma: Internal Standard Carryover
	Compound
	Average IS Response
	Carryover Response 1
	Carryover (%)
	Carryover Response 2
	Carryover (%)

	APAP-d3
	513818
	129

	0.091

	87.0

	0.061


	APAP-S-d3
	61293
	0
	0
	0
	0

	APAP-G-d3
	15428
	7.6

	1.32

	0.74

	0.13


	APAP-C-d5
	14812
	15.6

	0.74

	0
	0

	APAP-NAC-d5
	1233
	12.3

	8.89

	0
	0




Human Plasma Cross Validation
Methods
Stock solutions for QCs, standard curves and internal standards were prepared as for rat plasma, as shown in Tables S2-5. Nominal QC concentrations were as listed in table S14.
Table S18 QC concentrations for human cross validation.
	QC Concentration in ng/ml

	QC
	APAP
	 APAP-G
	APAP-S
	  APAP-C
	APAP-SG
	APAP-NAC

	ULOQ
	500
	93.7
	85.9
	13.9
	18.2
	17.5

	High
	400
	75.0
	68.7
	11.1
	14.6
	14.0

	Mid
	100
	18.7
	17.2
	2.78
	3.65
	3.51

	Low
	48
	9.00
	8.24
	1.33
	1.75
	1.68

	LLOQ
	16
	3.00
	2.75
	0.44
	0.58
	0.84


Table S19 Human Plasma: Summary of Cross Validation Data

	Parameter
	QC Level
	APAP
	APAP-S
	APAP-G
	APAP-C
	APAP-NAC
	APAP-SG

	
	
	
	
	
	
	
	

	Linearity 
	-
	0.999
	0.998
	0.997
	0.998
	0.994
	0.989

	Intra-Day Accuracy 
(Mean % Bias) 
N=6
	LLOQ
	13.2
	6.8
	12.3
	12.0
	-16.7
	-8.9

	
	LQC
	9.3
	10.9
	6.3
	8.5
	5.0
	-6.2

	
	MQC
	10.2
	10.9
	7.4
	8.3
	6.7
	-13.3

	
	HQC
	7.2
	7.8
	9.0
	4.7
	11.7
	-2.6

	
	ULOQ
	6.1
	7.8
	8.6
	2.4
	9.2
	-2.1

	Intra-Day Precision (CV)
N=6
	LLOQ
	3.2
	1.2
	10.4
	5.7
	7.9
	12.9

	
	LQC
	4.9
	4.3
	7.5
	5.6
	3.7
	9.3

	
	MQC
	5.1
	4.5
	10.8
	5.6
	7.5
	11.8

	
	HQC
	5.8
	5.1
	4.7
	5.5
	9.1
	5.4

	
	ULOQ
	2.5
	3.1
	1.8
	3.2
	2.9
	10.7

	Matrix Factor (Mean %)
N=6
	LQC
	104
	105
	99
	105
	114
	108

	
	HQC
	95.2
	91.1
	96.3
	86.1
	88.0
	89.6

	Recovery (Mean %)
N=6
	LQC
	90.5
	93.7
	93.6
	89.6
	87.2
	88.2

	
	HQC
	87.6
	89.9
	93.8
	94.6
	96.3
	92.3

	Dilution Integrity
N=6
	Mean % Bias
	-0.4
	2.2
	-1.2
	-5.6
	14.2
	4.2

	
	CV
	1.8
	3.8
	8.3
	7.7
	25.6
	1.8



As for other matrices dilution integrity did not meet the criterion of CV below 15% for APAP-NAC.

Porcine Plasma Cross Validation

Methods
Stock solutions for the preparation of calibration curves and quality control (QC) samples for APAP and APAP metabolite standards were prepared as stated in Tables S2-4, with the following exceptions: APAP-G concentration was increased in this species due to very high concentrations in samples and added to the stock at 0.75mg/mL Table S20).  4-Aminophenol-glucuronide (PAP-G) was added to stock solutions at a concentration of 0.5mg/mL for analysis of porcine plasma as this analyte was detected using nuclear magnetic resonance (NMR) spectroscopy of porcine biofluids. A full validation was not performed for this compound as no isotopically labelled internal standard was available.. Final concentrations of the IS’s were; APAP and APAP-G: 200 ng/ml, APAP-S: 40 ng/ml and APAP-NAC and APAP-C: 12 ng/ml
For PAP-G an external standard curve over the range 16 to 500ng/mL was prepared to enable semi-quantification. This was linear with an r2 of 0.994 to 3 significant figures. Table S21 shows the CV of the two measured curves and the bias from nominal concentration during an analytical run. CV and Bias were within ±15% for all points on the curve. Table S22 shows the mean measured concentration, CVs and bias from nominal concentration of 8 QC samples at each QC level (LQC-HQC only) analysed during the same analytical run. All CVs and bias were within ±15%. Thus PAP-G can be measured against a linear standard curve between 16 and 500ng/mL with precision and accuracy within the range of LQC and HQC (48-400ng/mL).A summary for validation data for all other compounds in porcine plasma is shown in Table S23.
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Figure S2. Representative total ion chromatogram from porcine plasma sample after APAP adminsistration.


Table S20 Quantification Ranges and QCs for Analytes in Porcine Cross Validation.
	QC Concentration in ng/ml

	QC
	APAP-G
	APAP, PAP-G
	APAP-S
	APAP-SG
	APAP-C
	APAP-NAC

	ULOQ
	703
	500
	85.9
	18.2
	13.9
	17.5

	High
	562
	400
	68.7
	14.6
	11.1
	14.0

	Mid
	141
	100
	17.2
	3.65
	2.78
	3.51

	Low
	67.5
	48
	8.24
	1.75
	1.33
	1.68

	LLOQ
	22.5
	16
	2.75
	0.58
	0.44
	0.84



Results
Table S21. Porcine Plasma Cross Validation: Range of calibration curve for PAP-G showing CV and Bias of measured curve from nominal concentration.
	Nominal conc. ng/mL
	Mean measured conc. ng/mL (n=2)
	CV 
	Bias %

	0
	0.9
	0.0
	0.9

	16
	16.2
	1.3
	0.9

	24
	23.5
	6.9
	-2.3

	40
	36.3
	3.5
	-9.3

	60
	56.7
	6.5
	-5.5

	90
	97.9
	2.7
	8.7

	150
	152.4
	2.6
	1.6

	250
	240.3
	14.8
	-3.9

	500
	506.9
	3.8
	1.4



Table S22. Porcine Plasma Cross Validation: QCs for PAP-G showing CV and Bias of Measured QC From the Nominal Concentration
	QC Level
	Nominal concetration ng/mL
	Mean measured concentration ng/mL (n=8)
	SD
	CV
	Bias

	LQC
	48
	45.9
	2.42
	5.28
	-4.32

	MQC
	100
	102
	2.76
	2.71
	1.98

	HQC
	400
	405
	12.6
	3.11
	1.21



Table S23 Summary of Results for Porcine Plasma Cross Validation 
	
Parameter
	QC Level
	APAP
	APAP-S
	APAP-G
	APAP-C
	APAP-NAC
	APAP-SG

	Linearity (Mean R2) n=3
	-
	0.988
	0.991
	0.989
	0.99
	0.986
	0.996

	Intra-Day Accuracy 
(Mean % Bias) 
N=6
	LLOQ
	6.98

	5.21
	0.35
	17.2
	9.38
	2.42

	
	LQC
	-4.51
	-2.60
	-5.32
	3.30
	2.43
	2.43

	
	MQC
	4.77
	2.67
	4.22
	9.58
	12.5
	-5.00

	
	HQC
	1.03
	0.73
	8.35
	9.48
	6.77
	1.77

	
	ULOQ
	74.8*
	81.7*
	102*
	110*
	104*
	86.6*

	Intra-Day Precision (CV)
N=6

	LLOQ
	11.4
	16.6
	9.71
	11.2
	7.97
	8.94

	
	LQC
	11.1
	9.56
	12.2
	10.3
	11.0
	7.66

	
	MQC
	5.94
	6.97
	8.49
	6.19
	2.43
	12.0

	
	HQC
	5.30
	6.04
	5.88
	4.11
	7.53
	9.27

	
	ULOQ
	6.26*
	5.81*
	8.88*
	10.6*
	12.0*
	12.9*

	Matrix Factor N=6

	LQC 

	% 
	94
	93
	96
	95
	92
	111**


	
	
	CV
	2.3
	6.94
	3.87
	3.01
	9.27
	9.0

	
	HQC
	%
	101
	101
	103
	100
	100
	103**


	
	
	CV
	3.98
	5.55
	4.17
	3.63
	2.34
	9.63

	Recovery N=6
	LQC

	%
	96.1
	86.6
	86.8
	84.6
	86.1
	80.9

	
	
	CV
	20.1
	13.8
	11.7
	13.4
	18
	9

	
	HQC
	%
	102
	97.3
	101
	100
	105
	101

	
	
	CV
	9.71
	9.34
	8.7
	12.2
	12.7
	9.63



*ULOQ concentrations were precise but not accurate. Review of peak area in standard curve and in QCs shows peak areas as expected for standard curve, however peak area for compounds in the QC samples were double the expected area, hence the lack of accuracy is very likely due to an error in sample preparation. 
**Matrix factor calculated without internal standard normalisation.

Application to Mouse Serum
For application to mouse serum cross validation of the method to mouse serum and plasma, a new internal standard for APAP-SG had become available, APAP-SG D3. An analytical standard for APAP-OMe was also purchased and added to the standard curve for monitoring, at a range of 0.64-20.0 ng/mL. Standard curve and QC stock solutions were prepared as per the rat validation, with the exception of the addition to the new standard to the top stock solution ‘A’ as shown in Table S24 below. Following this the stocks underwent the same serial dilution as above to produce final standard curve and QC ranges listed in Tables S21. and S25. The internal standard was prepared as per Table S23 with the addition of APAP-SG D3 to the top stock. This was then treated the same as IS stock ‘A’ in the rat validation giving a final concentration of 10.9 ng/mL for APAP-SG D3 in samples following conversion for salt factor. QC and calibration curve samples were prepared using these stocks as for the rat validation. The cross validation included measuring the intra-day accuracy and precision of curves and QCs, investigating the matrix effects and recovery and the dilution integrity. 
Table S24. Preparation of top stock A and dilution to form ULOQ stock for mouse serum validation 
	Standard added to Stock A from 1mg/mL standard stock solutions
	Volume stock added to make up to 1mL total in MeOH (µL)
	Concentration of each individual standard in stock A (µg/ml)
	Final concentration of  standards in ‘Stock B’ (ULOQ stock) following 1 in 10 dilution in MeOH (µg/ml)

	APAP (1mg/mL)
	500
	500
	50.0

	APAP-S (1mg/mL)
	100
	85.9
	8.59

	APAP-G (1mg/mL)
	100
	93.7
	9.37

	APAP-C (1mg/mL)
	20
	13.9
	1.39

	APAP-NAC (1mg/mL)
	20
	17.5
	1.75

	APAP-SG (1mg/mL)
	20
	18.2
	1.82

	APAP-OMe
	20
	20.0
	2.0

	MeOH added
	220
	-
	

	Total Volume Stock A
	1000
	-

	


Table S25. Calibration ranges used for mouse serum validation 
	Calibration Curve Ranges / ng/ml

	APAP
	APAP-G    
	APAP-S
	APAP-C
	APAP-SG
	APAP-NAC
	APAP-OMe
	APAP

	16 
	3.00
	2.75
	0.44
	0.58
	-
	0.64
	16 

	24 
	4.50
	4.12
	0.67
	0.88
	0.84
	0.96
	24 

	40 
	7.50
	6.87
	1.11
	1.46
	1.40
	1.6
	40 

	60 
	11.2
	10.3
	1.67
	2.19
	2.10
	2.4
	60 

	90 
	16.9
	15.5
	2.50
	3.28
	3.16
	3.6
	90 

	150 
	28.1
	25.8
	4.173
	5.47
	5.26
	6.0
	150 

	250 
	46.9
	42.9
	6.94
	9.12
	8.77
	10
	250 

	500 
	93.7
	85.9
	13.9
	18.2
	17.5
	20
	500 


Table S26. QC concentration levels for mouse serum validation 
	QC Concentration in ng/ml

	QC
	APAP
	APAP-S
	APAP-G
	APAP-SG
	APAP-C
	APAP-OMe
	APAP-NAC

	ULOQ
	500
	85.9
	93.7
	18.2
	13.9
	20.0
	17.5

	High
	400
	68.7
	75.0
	14.6
	11.1
	16.0
	14.0

	Mid
	100
	17.2
	18.7
	3.65
	2.78
	4.00
	3.51

	Low
	48.0
	8.24
	9.00
	1.75
	1.33
	1.92
	1.68

	LLOQ 
	16.0
	2.75
	3.00
	0.58
	0.44
	0.64
	0.84


Table S27. Internal standard stock solution preparation for mouse serum validation 
	Individual Stock Soln Added to stock A
	Volume stock added to make up to 1mL total in MeOH(µL)
	I.S. Stock Soln A Concentration (µg/mL)
	Final I.S. Stock Soln concentration (1 in 5 dilution) (µg/mL)
	Final concentration (1 in 500 dilution) (ng/mL)

	APAP-d3 (1mg/mL)
	500
	500
	100
	200

	APAP-S-d3 (1mg/mL)
	100
	86.0
	17.2
	34.4

	APAP-G-d3 (1mg/mL)
	100
	94.3
	18.9
	37.7

	APAP-C-d5 (1mg/mL)
	30
	21.0
	4.19
	8.38

	APAP-NAC-d5 (1mg/mL)
	30
	28.1
	5.61
	11.2

	APAP-SG-d3
	30
	27.3
	5.46
	10.9

	MeOH
	210
	-
	-
	-

	Total
	1000
	-
	-
	-



Table S28. Summary of Validation Data for Mouse Serum
	
	QC level
	APAP
	APAP-S
	APAP-G
	APAP-C
	APAP-NAC
	APAP-SG
	APAP-OMe

	
	
	
	
	
	
	
	
	

	Linearity 
	-
	0.995
	0.995
	0.995
	0.997
	0.996
	0.995
	0.993

	Line Equation
	-
	0.00683x-0.0114
	0.00738x-0.00525
	0.0120x-0.00710
	0.124x-0.00928
	0.0966x+
0.00200
	0.0547x-0.00275
	285x-1280

	Intra-Day Accuracy (CV)
N=6

	LLOQ
	18.7
	15.9
	15.0
	13.0
	19.0
	14.0
	12.0

	
	LQC
	10.9
	5.40
	10.0
	10.0
	7.00
	7.00
	4.00

	
	MQC
	7.50
	2.80
	6.70
	3.30
	0.30
	2.30
	-4.70

	
	HQC
	3.00
	-0.90
	1.20
	2.60
	-4.40
	-2.80
	0.70

	
	ULOQ
	4.30
	4.90
	1.10
	6.20
	2.60
	1.70
	-7.80

	Intra-Day Precision (CV)
N=6
 
 
 
	LLOQ
	3.00
	10.1
	5.90
	7.30
	19.1
	7.00
	4.80

	
	LQC
	4.90
	9.90
	11.0
	3.60
	12.5
	5.90
	7.40

	
	MQC
	8.70
	7.90
	10.0
	6.20
	8.10
	7.50
	6.10

	
	HQC
	2.20
	2.90
	5.60
	5.10
	5.10
	2.90
	31.0

	
	ULOQ
	8.40
	6.90
	10.0
	5.00
	9.30
	10.3
	11.0

	Matrix Factor 
N=5
	LQC
	%
	87.1
	88.3
	90.4
	87.6
	86.5
	88.4
	112*

	
	
	CV
	8.30
	5.90
	5.90
	4.30
	10.5
	2.80
	6.40

	
	HQC
	%
	86.0
	77.5
	90.0
	88.0
	87.0
	88.0
	111*

	
	
	CV
	4.20
	5.07
	4.77
	2.89
	4.21
	2.98
	16.4

	Recovery 
N=5
	LQC
	%
	92.5
	88.0
	88.0
	88.0
	96.0
	91.0
	88.0

	
	
	CV
	11.2
	16.6
	13.9
	12.1
	16.2
	10.6
	15.7

	
	HQC
	%
	73.2
	84.0
	80.4
	82.0
	75.0
	77.0
	75.0

	
	
	CV
	4.74
	10.7
	5.74
	8.09
	3.86
	5.67
	4.21

	Dilution Integrity
N=6
	 % Bias

	-7.90
	-9.20
	-1.90
	-7.50
	-13.6
	-10.6
	-7.50

	
	CV

	3.70
	4.10
	7.10
	3.70
	7.90
	1.00
	3.20


*Matrix factor not internal standard normalised.
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