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SUMMARY
The objective of this study was to investigate the pharmacokinetics and brain distribution of ZD-3-372 in male C57BL/6 mice following a single intravenous and oral administration (Dose: 3 mg/kg; IV and  3, 10, 30; PO). Study was conducted in two parts. Total thirty six male mice were included into the study and divided in to four groups as Group 1 to Group 4 with nine mice in each group.  
PK-21-06-564: Animals in Group 1 (n=9) were administered intravenously with solution formulation of ZD-3-372 at 3 mg/kg  dose. The formulation vehicle was 5% v/v NMP, 5% v/v Solutol HS-15 and 90% v/v citric acid (10 mM).
PK-21-06-567: Animals in Group 2 (n=9), Group 3 (n=9)  to Group 4 (n=9) were administered orally with solution formulation of ZD-3-372 at 3, 10 and 30 mg/kg  dose, respectively. The formulation vehicle was 5% v/v NMP, 5% v/v Solutol HS-15 and 90% v/v citric acid (10 mM).
Blood samples (approximately 60 L) were collected under light isoflurane anesthesia (Surgivet®) from retro orbital plexus from a set of three mice at 0.083, 0.25, 0.5, 1, 2, 4, 8, 12 and 24 h (IV) and 0.25, 0.5, 1, 2, 4, 8, 12 and 24 h (PO; Group 2 to Group 4). Immediately after blood collection, plasma was harvested by centrifugation at 4000 rpm, 10 min at 40C and samples were stored at -70±10ºC until bioanalysis.
[bookmark: _Toc225074104]Following blood collection from Group 2 to Group 4, animals were sacrificed immediately followed by abdominal vena-cava was cut open and whole body was perfused from heart using 10 mL of normal saline. Brain samples were collected from set of three mice at 1, 4, and 24 h (PO) from respective mice. After isolation, brain samples were rinsed three times in ice cold normal saline (for 5-10 seconds/rinse using ~5-10 mL normal saline in disposable petri dish for each rinse) and dried on blotting paper. Brain samples were homogenized using ice-cold phosphate buffer saline (pH-7.4). Total homogenate volume was three times the brain weight. All homogenates were stored below -70±10 ºC until bioanalysis. All samples were processed for analysis of ZD-3-372 by protein precipitation method and analyzed with fit-for-purpose LC-MS/MS method (LLOQ = 1.03 ng/mL for plasma and brain). The pharmacokinetic parameters were estimated using non-compartmental analysis tool of Phoenix® WinNonlin software (Ver 8.0) and parameters are summarized below:
	
Matrix
	Route
	Dose
(mg/kg)
	Tmax
(h)
	aC0/Cmax 
(ng/mL)
	AUClast 
(h*ng/mL)
	T1/2
(h)
	CL
(mL/min/kg)
	Vss
(L/kg)
	%F

	Plasma
	IV
	3
	-
	318.53
	119.08
	0.15
	NR (415.32)
	6.40
	-

	
	PO
	3
	2.00
	13.24
	37.58
	-
	-
	-
	32

	
	
	10
	1.00
	358.25
	629.28
	-
	-
	-
	>100

	
	
	30
	8.00
	223.82
	1679.76
	-
	-
	-
	>100


a – Back extrapolated concentration in IV group; 
NR – Clearance is not reported since very high value
Following a single intravenous administration of ZD-3-372 min in male C57BL/6 mice at 3 mg/kg dose, compound showed very high plasma clearance (higher than the normal liver blood flow in mice: 90 mL/min/kg) and high Vss (~9-fold of total body water content: 0.7 L/kg) with terminal elimination plasma half-life of 0.15 h. 
Following a single oral administration of ZD-3-372 in male C57BL/6 mice at 3, 10 and 30 mg/kg dose, peak plasma concentrations were observed in between 1 to 8 h, suggesting rapid to prolonged absorption. Levels in brain were not quantifiable at 3 mg/kg dose while, quantifiable up to 1 h and 4 h at 10 and 30 mg/kg dose, respectively. At 10 mg/kg dose, brain-Kp were 0.02 (1 h) and at 30 mg/kg dose, brain-Kp were 1.22 (1 h) and 0.09 (4 h). 
Increase in plasma exposure from 3 mg/kg to 10 mg/kg was more than dose proportional while increase from 10 mg/kg to 30 mg/kg dose, was less than dose proportional.
In summary, ZD-3-372 exhibited high clearance, high Vss, short half-life and  low to moderate plasma exposures across the doses.


1.0 [bookmark: _Toc225074105][bookmark: _Toc77075353]STUDY OBJECTIVE
To determine the pharmacokinetics and brain distribution of ZD-3-372 in male C57BL/6 mice following a single intravenous and oral administration (Dose: 3 mg/kg; IV and  3, 10 and 30 mg/kg; PO).
2.0 [bookmark: _Toc77075354]STUDY PERSONNEL
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3.0 [bookmark: _Toc77075355]COMPLIANCE AND ANIMAL WELFARE
The study was conducted at AAALAC accredited facility of Sai Life Sciences Limited, Pune, India, in accordance with the Study Protocol SAIDMPK/ PK-21-06-564 and 568. All procedures of the present study will be in accordance with the guidelines provided by the Committee for the Purpose of Control and Supervision of Experiments on Animals (CPCSEA) as published in The Gazette of India, December 15, 1998. Prior approval of the Institutional Animal Ethics Committee (IAEC) was obtained before initiation of the study. The study was conducted as non-GLP; however all appropriate documentation were maintained in study file.
4.0 [bookmark: _Toc77075356][bookmark: _Toc225074108]MATERIAL AND METHOD
[bookmark: _Toc77075357]Test Item
[bookmark: _Toc225074109]The test item ZD-3-372; Mol. Wt: 507.98, Purity: Considered as 95% was received from sponsor. 
[bookmark: _Toc77075358]Test System
Healthy male C57BL/6 mice (8-12 weeks old) weighing between 25 ± 5 g were procured from Global, India. Three mice were housed in each cage. Temperature and humidity were maintained at 22 ± 3 ºC and 30-70%, respectively and illumination was controlled to give a sequence of 12 h light and 12 h dark cycle. Temperature and humidity were recorded by auto‑controlled data logger system. All the animals were provided laboratory rodent diet (Envigo Research private Ltd, Hyderabad). Reverse osmosis water treated with ultraviolet light was provided ad libitum.
[bookmark: _Toc225074110][bookmark: _Toc77075359]Study Design
Study was conducted in two parts. Total thirty six male mice were included into the study and divided in to four groups as Group 1 to Group 4 with nine mice in each group.  
PK-21-06-565: Animals in Group 1 (n=9) were administered intravenously with solution formulation of ZD-3-372 at 3 mg/kg  dose. 
PK-21-06-568: Animals in Group 2 (n=9), Group 3 (n=9)  to Group 4 (n=9) were administered orally with solution formulation of ZD-3-372 at 3, 10 and 30 mg/kg  dose, respectively. 
The dosing volume for intravenous administration was 5 mL/kg and for oral administration was 10 mL/kg. The assignment of animals was shown in the table below:
	Group
	Route
	Dose 
(mg/kg)
	Matrix
	Animal ID

	Group 1
	IV
	0.5
	Plasma 
	1-9

	Group 2
	PO
	3
	Plasma and brain 
	10-18

	Group 3
	PO
	10
	Plasma and brain
	19-27

	Group 4
	PO
	30
	Plasma and brain
	28-36


[bookmark: _Toc225074111][bookmark: _Toc77075360]Formulation Preparation
[bookmark: _Toc42854812]IV (0.6 mg/mL): Accurately weighed quantity (1.34 mg) of ZD-3-372 for IV dosing was added in a labeled bottle. Compound weight was corrected for purity and individual excipient volumes were calculated to prepare solution formulation of ZD-3-372 at strength of 0.6 mg/mL. The volume 0.131 mL of NMP, 0.131 mL of Solutol HS-15 and 1.909 mL of citric acid (10 mM) were added followed by vortexing aftereach addition. Final formulation was vortexed for 2 minutes to get clear solution. The amount weighed and calculation details are as below.



	Ingredients
	% content
	IV 
(0.6 mg/mL)
	PO 
(0.3 mg/mL)
	PO 
(1 mg/mL)
	PO 
(3 mg/mL)

	ZD-3-372   
	-
	1.34 mg
	1.45 mg
	3.44 mg
	10.04 mg

	NMP
	5
	0.106 mL
	0.229 mL
	0.163 mL
	0.159 mL

	Solutol HS-15
	5
	0.106 mL
	0.229 mL
	0.163 mL
	0.159 mL

	10 mM Citric acid 
	90
	1.909 mL
	4.132 mL
	2.941 mL
	2.860 mL



Other solution formulations were prepared by same procedure with respective weights and vehicles.

[bookmark: _Toc42423931][bookmark: _Toc225074112][bookmark: _Toc77075361]Formulation Analysis Results
After preparation of formulations, a volume of 200 µL was aliquoted for analysis. The formulations were analyzed and found to be within the acceptance criteria (in-house acceptance criteria is ± 20% from the nominal value). Formulations were prepared freshly prior to dosing.
	Compound
	Route
	Theoretical Conc.
(mg/mL)
	Conc. Found
(mg/mL)
	% Change

	ZD-3-372 

	IV
	0.60
	0.66
	10.00

	
	PO
	0.30
	0.29
	-3.33

	
	
	1.00
	1.01
	1.00

	
	
	3.00
	3.28
	9.33


[bookmark: _Toc77075362]Clinical Observations
Following a single intravenous and oral dose administration of ZD-3-392, all the animals were normal without any clinical signs.  
[bookmark: _Toc225074114][bookmark: _Toc77075363]Sample Collection
Blood samples (approximately 60 L) were collected under light isoflurane anesthesia (Surgivet®) from retro orbital plexus from a set of three mice at 0.083, 0.25, 0.5, 1, 2, 4, 8, 12 and 24 h (IV) and 0.25, 0.5, 1, 2, 4, 8, 12 and 24 h (PO; Group 2 to Group 4). Immediately after blood collection, plasma was harvested by centrifugation at 4000 rpm, 10 min at 40C and samples were stored at -70±10ºC until bioanalysis.
Following blood collection from Group 2 to Group 4, animals were sacrificed immediately followed by abdominal vena-cava was cut open and whole body was perfused from heart using 10 mL of normal saline. Brain samples were collected from set of three mice at 1, 4, and 24 h (PO) from respective mice. After isolation, brain samples were rinsed three times in ice cold normal saline (for 5-10 seconds/rinse using ~5-10 mL normal saline in disposable petri dish for each rinse) and dried on blotting paper. Brain samples were homogenized using ice-cold phosphate buffer saline (pH-7.4). Total homogenate volume was three times the brain weight. All homogenates were stored below -70±10 ºC until bioanalysis. 
[bookmark: _Toc77075364]Bioanalysis
Concentrations of ZD-3-372 in mouse plasma and brain samples were determined by fit for purpose LC-MS/MS method. The sample processing and extraction procedure, chromatographic and mass spectrometric conditions were presented in Annexure I.   
5.0 [bookmark: _Toc225074116][bookmark: _Toc77075365]DATA ANALYSIS
[bookmark: _Toc225074117]Non-Compartmental-Analysis tool of Phoenix WinNonlin® (Version 8.0) was used to assess the pharmacokinetic parameters. Peak plasma concentration (Cmax) and time for the peak plasma concentration (Tmax) were the observed values. The areas under the concentration time curve (AUClast and AUCinf) were calculated by linear trapezoidal rule. The terminal elimination rate constant, ke was determined by regression analysis of the linear terminal portion of the log plasma concentration-time curve. The terminal half-life (T1/2) was estimated as 0.693/ke. CLIV= Dose/AUCinf; Vss= MRT X CLIV; %F = [(AUCPO × DoseIV) / (AUCIV × DosePO)] × 100. Mean, SD and %CV calculated for each analyte. Brain-Kp ratios were calculated using microsoft excel.
6.0 [bookmark: _Toc77075366]RESULTS
[bookmark: _Toc225074118]Following a single intravenous administration of ZD-3-372 min in male C57BL/6 mice at 3 mg/kg dose, compound showed very high plasma clearance (higher than the normal liver blood flow in mice: 90 mL/min/kg) and high Vss (~9-fold of total body water content: 0.7 L/kg) with terminal elimination plasma half-life of 0.15 h. 
Following a single oral administration of ZD-3-372 in male C57BL/6 mice at 3, 10 and 30 mg/kg dose, peak plasma concentrations were observed in between 1 to 8 h, suggesting rapid to prolonged absorption. Levels in brain were not quantifiable at 3 mg/kg dose while, quantifiable up to 1 h and 4 h at 10 and 30 mg/kg dose, respectively. At 10 mg/kg dose, brain-Kp were 0.02 (1 h) and at 30 mg/kg dose, brain-Kp were 1.22 (1 h) and 0.09 (4 h). 
Increase in plasma exposure from 3 mg/kg to 10 mg/kg was more than dose proportional while increase from 10 mg/kg to 30 mg/kg dose, was less than dose proportional.
In summary, ZD-3-372 exhibited high clearance, high Vss, short half-life and  low to moderate plasma exposures across the doses.
7.0 [bookmark: _Toc77075367]DATA ARCHIVING
All raw data, study protocol, and final report were documented and will be archived. The materials (hard and soft copies) will be retained for 1 year from the date of approval of final report. Thereafter, the archived material will be destroyed or stored for extended period as per written consent from the sponsor.
8.0 [bookmark: _Toc77075368]REFERENCES
Study Protocol number: SAIDMPK/ PK-21-06-565 and 568 
[bookmark: _Toc24452255][bookmark: _Toc29477575][bookmark: _Toc40450185]

[bookmark: _Toc77075370]Table 1: Pharmacokinetics data of ZD-3-372 in male C57BL/6 mice following a single intravenous and oral administration (Dose: 3 mg/kg; IV and  3, 10, 30 mg/kg; PO).   
	
Matrix
	Route
	Dose
(mg/kg)
	Tmax
(h)
	aC0/Cmax 
(ng/mL)
	AUClast 
(h*ng/mL)
	T1/2
(h)
	CL
(mL/min/kg)
	Vss
(L/kg)
	%F

	Plasma
	IV
	3
	-
	318.53
	119.08
	0.15
	NR (415.32)
	6.40
	-

	
	PO
	3
	2.00
	13.24
	37.58
	-
	-
	-
	32

	
	
	10
	1.00
	358.25
	629.28
	-
	-
	-
	>100

	
	
	30
	8.00
	223.82
	1679.76
	-
	-
	-
	>100


a – Back extrapolated concentration in IV group; 
NR – Clearance is not reported since very high value


[bookmark: _Hlk48053005][bookmark: _Toc77075371]Table 2: Individual plasma concentration-time data of ZD-3-372 in male C57BL/6 mice following a single intravenous administration (Dose: 3 mg/kg)
	Animal
ID
	Plasma concentration (ng/mL)

	
	Time (h)

	
	0.08
	0.25
	0.50
	1
	2
	4
	8
	12
	24

	1
	267.43
	
	
	BLQ
	
	
	BLQ
	
	

	2
	237.51
	
	
	2.42
	
	
	BLQ
	
	

	3
	312.42
	
	
	9.36
	
	
	BLQ
	
	

	4
	
	149.66
	
	
	BLQ
	
	
	BLQ
	

	5
	
	251.01
	
	
	BLQ
	
	
	BLQ
	

	6
	
	185.75
	
	
	3.83
	
	
	BLQ
	

	7
	
	
	63.18
	
	
	BLQ
	
	
	BLQ

	8
	
	
	49.86
	
	
	BLQ
	
	
	BLQ

	9
	
	
	125.01
	
	
	1.43
	
	
	BLQ

	Mean
	272.45
	195.47
	79.35
	5.89d
	3.83c
	1.43c
	NA
	NA
	NA

	SD
	37.71
	51.37
	40.10
	NA
	NA
	NA
	NA
	NA
	NA

	CV%
	14
	26
	51
	NA
	NA
	NA
	NA
	NA
	NA


LLOQ = 1.03 ng/mL; BLQ- Below limit of quantitation; NA- Not applicable.
c– Single value reported and excluded from data analysis and graphical presentation
d – Average of two values reported and considered for data analysis and graphical presentation


[bookmark: _Toc77075372]Table 3: Individual plasma concentration-time data of ZD-3-372 in male C57BL/6 mice following a single oral administration (Dose: 3 mg/kg)
	Animal
ID
	Plasma concentration (ng/mL)

	
	Time (h)

	
	Predose
	0.25
	0.50
	1
	2
	4
	8
	12
	24

	1
	BLQ
	2.96
	
	11.12
	
	
	
	
	

	2
	BLQ
	4.23
	
	1.30
	
	
	
	
	

	3
	BLQ
	16.04
	
	19.67
	
	
	
	
	

	4
	
	
	4.38
	
	8.84
	3.64
	
	
	

	5
	
	
	20.20
	
	7.80
	3.30
	
	
	

	6
	
	
	1.14
	
	23.07
	6.70
	
	
	

	7
	
	
	
	
	
	
	BLQ
	BLQ
	BLQ

	8
	
	
	
	
	
	
	1.47
	BLQ
	BLQ

	9
	
	
	
	
	
	
	BLQ
	BLQ
	BLQ

	Mean
	NA
	7.74
	8.57
	10.70
	13.24
	4.55
	1.47c
	NA
	NA

	SD
	NA
	7.21
	10.20
	9.19
	8.53
	1.87
	NA
	NA
	NA

	CV%
	NA
	93
	119
	86
	64
	41
	NA
	NA
	NA


LLOQ = 1.03 ng/mL; BLQ- Below limit of quantitation; NA- Not applicable.
c– Single value reported and excluded from data analysis and graphical presentation

[bookmark: _Toc77075373]Table 4: Individual plasma concentration-time data of ZD-3-372 in male C57BL/6 mice following a single oral administration (Dose: 10 mg/kg)
	Animal
ID
	Plasma concentration (ng/mL)

	
	Time (h)

	
	Predose
	0.25
	0.50
	1
	2
	4
	8
	12
	24

	10
	BLQ
	26.16
	
	427.00
	
	
	
	
	

	11
	BLQ
	72.46
	
	169.71
	
	
	
	
	

	12
	BLQ
	57.32
	
	478.03
	
	
	
	
	

	13
	
	
	424.43
	
	70.58
	56.85
	
	
	

	14
	
	
	224.31
	
	74.33
	23.68
	
	
	

	15
	
	
	405.62
	
	72.41
	21.20
	
	
	

	16
	
	
	
	
	
	
	3.45
	BLQ
	BLQ

	17
	
	
	
	
	
	
	2.02
	BLQ
	BLQ

	18
	
	
	
	
	
	
	2.65
	BLQ
	BLQ

	Mean
	NA
	51.98
	351.45
	358.25
	72.44
	33.91
	2.71
	NA
	NA

	SD
	NA
	23.61
	110.51
	165.26
	1.88
	19.91
	0.72
	NA
	NA

	CV%
	NA
	45
	31
	46
	3
	59
	26
	NA
	NA


LLOQ = 1.03 ng/mL; BLQ- Below limit of quantitation; NA- Not applicable.


[bookmark: _Toc77075374]Table 5: Individual plasma concentration-time data of ZD-3-372 in male C57BL/6 mice following a single oral administration (Dose: 30 mg/kg)
	Animal
ID
	Plasma concentration (ng/mL)

	
	Time (h)

	
	Predose
	0.25
	0.50
	1
	2
	4
	8
	12
	24

	19
	BLQ
	25.89
	
	36.01
	
	
	
	
	

	20
	BLQ
	23.21
	
	20.84
	
	
	
	
	

	21
	BLQ
	53.16
	
	39.00
	
	
	
	
	

	22
	
	
	48.53
	
	39.59
	181.03
	
	
	

	23
	
	
	12.60
	
	55.41
	332.68
	
	
	

	24
	
	
	32.16
	
	102.76
	113.98
	
	
	

	25
	
	
	
	
	
	
	167.37
	9.89
	BLQ

	26
	
	
	
	
	
	
	381.61
	4.28
	BLQ

	27
	
	
	
	
	
	
	122.48
	6.48
	BLQ

	Mean
	NA
	34.09
	31.10
	31.95
	65.92
	209.23
	223.82
	6.88
	NA

	SD
	NA
	16.57
	17.99
	9.74
	32.87
	112.04
	138.48
	2.83
	NA

	CV%
	NA
	49
	58
	30
	50
	54
	62
	41
	NA


LLOQ = 1.03 ng/mL; BLQ- Below limit of quantitation; NA- Not applicable.



[bookmark: _Toc40450191][bookmark: _Toc77075375]Table 6: Individual plasma and brain concentrations and brain-Kp of                                  ZD-3-372 in male C57BL/6 mice following a single oral administration (Dose: 3, 10 and 30 mg/kg)
	Dose (mg/kg)
	Time
(h)
	Animal ID
	Plasma Concentration
(ng/mL)
	Brain
Concentration
(ng/g)
	Brain-Kp
	Mean

	3 mg/kg
	1
	1
	11.12
	BLQ
	NC
	NC

	
	
	2
	1.30
	BLQ
	NC
	

	
	
	3
	19.67
	BLQ
	NC
	

	
	4
	4
	3.64
	BLQ
	NC
	NC

	
	
	5
	3.30
	BLQ
	NC
	

	
	
	6
	6.70
	BLQ
	NC
	

	
	24
	7
	BLQ
	BLQ
	NC
	NC

	
	
	8
	BLQ
	BLQ
	NC
	

	
	
	9
	BLQ
	BLQ
	NC
	

	10 mg/kg
	1
	10
	427.00
	4.95
	0.01
	0.02

	
	
	11
	169.71
	4.20
	0.02
	

	
	
	12
	478.03
	8.85
	0.02
	

	
	4
	13
	56.85
	BLQ
	NC
	NC

	
	
	14
	23.68
	BLQ
	NC
	

	
	
	15
	21.20
	BLQ
	NC
	

	
	24
	16
	BLQ
	BLQ
	NC
	NC

	
	
	17
	BLQ
	BLQ
	NC
	

	
	
	18
	BLQ
	BLQ
	NC
	

	30 mg/kg
	1
	19
	36.01
	19.95
	0.55
	1.22

	
	
	20
	20.84
	28.35
	1.36
	

	
	
	21
	39.00
	67.80
	1.74
	

	
	4
	22
	181.03
	10.08
	0.06
	0.09

	
	
	23
	332.68
	13.56
	0.04
	

	
	
	24
	113.98
	18.75
	0.16
	

	
	24
	25
	BLQ
	BLQ
	NC
	NC

	
	
	26
	BLQ
	BLQ
	NC
	

	
	
	27
	BLQ
	BLQ
	NC
	


LLOQ: 1.03 ng/mL for plasma and brain; BLQ- Below limit of quantitation; NC- Not calculated; 
NA- Not applicable.
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