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1. EXPERIMENTS DETAILS: MATERIAL AND METHODS FOR EXPERIMENTAL
ASSESSMENT OF REMOXIPRIDE

1.1. Remoxipride

Remoxipride hydrochloride was obtained from Bio-Techne (Abington, United Kingdom). The
molecular weight of remoxipride is 371.275 g/mol in the salt-free form, and 425.75 in the salt
form, a correction factor of 1.15 was applied.

1.2. [In vitro experiments

In vitro experiments were performed to determine the recovery of remoxipride using
MetaQuant microdialysis probes with a 3 mm exposed polyacrylonitrile membrane (MQ-PAN
3 mm, CRL Groningen, the Netherlands) and 3 mm exposed ethylene vinyl alcohol membrane
(MQ-EC20 3 mm, CRL Groningen, the Netherlands). To this end, probes were placed in
beakers containing 10 nM remoxipride in aCSF (147 mM NaCl, 3.0 mM KCl, 1.2 mM CaCl,
1.2 mM MgCl; in ultrapurified water). The beaker contents were continuously stirred and kept
at a constant temperature of 37 °C. The probes were perfused with a slow flow of aCSF at a
flow rate of 0.12 pL/min, and a carrier flow of ultrapurified H,O at a flow rate of 0.8 pL/min.
After 2 hours of prestabilization, five consecutive microdialysis samples were collected in 15-
minute intervals. Samples from the beaker content were collected at the start and end of the
microdialysis experiment. All samples were collected into 300 puL polystyrene microvials
(Microbiotech/se AB, Sweden; 4001029) and stored at -80 °C until analysis.

1.3. In vivo experiments
1.3.1. Animals

A total of 13 adult male Sprague-Dawley rats (284 - 358 g; CRL Sulzfeld, Germany) were used
for the experiments. The experiments were conducted in strict accordance with the Guide for
the Care and Use of Laboratory Animals (National Research Council 2011) and were in
accordance with European Union directive 2010/63 and the Dutch law. The experiments were
carried out under license number AVD23600202011187, issued by the national committee for
licensing of animal experiments (Centrale Commissie Dierproeven) and were approved by the
Animal Care and Use Committee (Instantie voor Dierenwelzijn) of Charles River Discovery
Groningen.

Following arrival, animals were housed in groups of up to 5 in polycarbonate cages (56 X 33
X 20 cm) with wire mesh top in a temperature (22 £+ 2 °C) and humidity (55 + 15%) controlled
environment on a 12 hour light cycle (07.00 — 19.00h). After surgery, animals were housed
individually (cages 30 X 30 X 30 cm). Standard diet (R/M-M A04 mod., Ssniff, Germany) and
domestic quality mains water were available ad libitum.



1.3.2. Dose formulations

Remoxipride was formulated in saline at concentrations of 0.8 and 1.6 mg/mLfor i.v.
administration of 4 and 8 mg/kg, in a volume of 5 mL/kg.

1.3.3. Experimental design

Rremoxipride was administered at t = 0 minutes. Experimental samples were collected 240 and
320 minutes after remoxipride administration. Samples were collected into polystyrene
microvials (Microbiotech/se AB, Sweden; 4001029) using an automated fraction collector (UV
8301501, TSE, Univentor, Malta). During the experiment blood samples (50 pL) were collected
via the jugular vein catheter according to the sampling schedule(0, 15, 30, 60, 90, 120, 180,
240, 300 min). All blood samples were collected into lithium heparin collection vials and
plasma was collected following centrifugation into polystyrene vials. All samples were stored
at -80°C. Terminal CSF was collected, weight was registered, and samples were stored at -80
°C. Histological verification of the probe position was not performed.

1.4. Quantification of remoxipride

Concentrations of remoxipride were determined by HPLC with tandem mass spectrometry
(MS/MS) detection. Plasma samples were mixed with acetonitrile, formic acid and internal
standard (glafenine). Plasma samples were further precipitated and supernatant was mixed with
formic acid in ultrapurified H>O.

An aliquot of each analytical sample was injected onto the HPLC column by an automated
sample injector (Shimadzu, Japan). Chromatographic separation was performed using a
Kinetex XB-C18 column (50 x 2.1 mm, 2.6 um; Phenomenex, USA) held at a temperature of
40 °C. The mobile phases consisted of A: 0.1% formic acid in ultrapurified H>O and B: 0.1%
formic acid in acetonitrile. Elution proceeded using a linear gradient of phases A and B at a
total flow rate of 0.5 mL/min.

The MS analyses were performed using an API 4000 MS/MS system consisting of an AP1 4000
MS/MS detector and a Turbo Ion Spray interface (both from Applied Biosystems, The
Netherlands). The acquisitions were performed in positive ionization mode, with optimized
settings for the analytes. The instrument was operated in multiple-reaction-monitoring (MRM)
mode. MRM transitions for the analytes are 371 (Q1) and 243 (Q3) for remoxipride, and 373
(Q1) and 281 (Q3) for glafenine.

Suitable in-run calibration curves were fitted using weighted (1/x) regression, and the sample
concentrations were determined using these calibration curves. Accuracy was verified by
quality control samples after each sample series. Data were calibrated and quantified using the
Analyst™ data system (Applied Biosystems).



Table S1 Physio-chemical parameters of remoxipride

drug Molecular Weight LogP pKa pKb Km
Remoxipride 371.28 g/mol ? 2.94¢ 13.06 % 841 1738.28
ng/ml °

a. Data comes from Drugbank !
b. Estimated using study 1 to 4 datasets. Model and parameters estimated were shown in the Figure S2 and
Table S3.

Table S2 LeiCNS-PK physiological parameters values of rats

Species Rat values
Parameter (‘r] :Il:;ee) Reference
Total brain (Viot) 1.8° 23
Brain extracellular fluid (Vecr) 0.36° 4
Brain intracellular fluid (Vicr) 1.44°¢ 4
Brain cell lysosomes (VLys) 0.018¢ >
Brain microvasculature (Vmv) 0.054° 6
f
Volumes | 74, cerebrospinal fluid (Vesr) 0.28 79
mL (0.155 - 0.4)
St : 0.0075%
Lateral ventricles (VLv) (0.003 — 0.015)
005 — 0. 8,10-12
0.0075

rd th :
3" & 4™ ventricles (Vrrv) (0.003 — 0.015)

Cisterna magna (Vcwm) 0.017" 13, 14
Subarachnoid space (Vsas) 0.135' 15
Total brain phospholipid volume 0.05 16
fraction (Vphb) )
Endoplasmic reticulum volume 0351 17
Volume fraction (fVgr) '
fractions Endoplasmic reticulum membrane 0.55% 18
volume fraction (fVerm) (0.51-0.61)
Mitochondria volume fraction 0.1 19
(fVwmr) ]

2 Based on rat brain weight (1.88 gm) and density (1.04-1.05 gm ml?)

b Calculated as 15-20 (20 was used)% of total brain volume

¢ Calculated as 80% of total brain volume

4 Calculated as 1.25% (1/80) of ICF volume; based on liver lysosomes

€ Calculated as 3% of total brain volume

fMean of the 4 values

& Assuming equal volumes of the ventricles; based on volumes of three-month-old rats

P Calculated as 5.7% of total CSF volume and according to cisterna magna geometry

i Calculated as 48% of total CSF volume, based on measurement performed in 9-day-old rats
I Fraction of ICF volume, based cortical neurons from eukaryotic animal.

K Fraction of total brain phospholipid, based on total brain volume and Vb, data is for the general eukaryotic
animal cells


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4365764/

Species Rat values

Parameter (‘r, :Il:;) Reference
Mitochondria membranes volume 0.3% 18
fraction (fVmt™m) (0.21-0.39)
Cerebral blood flow (Qcsr) 2.87' 6,20

) 0.0002 2123

Flows Brain ECF bulk flow (QgcrF) (0.18E7 - 0. 2E)
(mL min") 0.0022
CSF flow (QcsF) (0.18E% - 0.22F 8,24
%)
. . 1 55 25_27

Blood brain barrier (SAggB) (150 - 188)

Surface Blood CSF barrier (SApcsrs) 25m 25
areas Brain cell plasma membrane 42500 428
(cm?) (SABcm)

Lysosomes membrane (SALys) 2700° 29
Total brain cell phospholipid P 18
bilayer membrane (SAcphb) 212500
Endoplasmic reticulum surface 0.55¢
area (rough and smooth) fraction 0.5 i-O 61) 18
(fSAEr) ) )
Surface area Smooth endoplasmic reticulum 0.224 18
fractions surface area fraction (fSAsgr) (0.017-0.457)
Mitochondria outer membrane 0.061 18
surface area fraction (fSAmTout) (0.04-0.07)
Mitochondria inner membrane 0.24 18
surface area fraction (fSAwmTinner) (0.17-0.32)
Width Blood brain barrier (Wgsg) 0.5 30
(nm) Blood CSF barrier (WscsrB) (0.2-0.5)
Number | Total brain cells (Nbr cells) 3.32E8 28
Pore size | Blood brain barrier (pTJsgs) 0.001 3
(um) Blood CSF barrier (pTJscsrg) 0.009 31
BBB Transcellular transport 99 8
. (SABBB.T) ' 3235
suEiiiZtl;’:ea BCSFB Transcellular transport 99 g
(%) (SABcsrB,T) )
BBB paracellular transport 0.006° 31
(SAggBB,p) '

' Calculated as 2.6% of total cardiac output

™ Based on three-month-old rats, surface area at lateral ventricles (and 3™ and 4" ventricles) is assumed 50% of

total surface area

" Based on ICF total volume, total number of brain cells, and assuming spherical cells to calculate the radius

which is used with total number of brain cells to calculate total surface area of brain cell membranes
° Based on lysosomes total volume and the average radius of rat kidney lysosomes (0.2 um)

P Calculated as 50 times of brain cell plasma membrane, based on eukaryotic animal cells

9 Fraction of total brain cell phospholipid bilayer membrane, based on eukaryotic animal cells
" Based on relative length of intercellular space (0.03 um) and cell perimeter (17 um).
* Based on an endothelial cell perimeter of 17 um
P Based on the model estimation showed in Figure S1 and Table S3.




Species Rat values
Parameter (‘r, :llll;e) Reference
BCSFB paracellular transport 0.05° 31
(SABCsFB.p) ]
Smooth endoplasmic reticulum 0.013! 36,37
metabolism fraction (efSAsgr) ]
Mitochondria inner membrane 0.2325u 38,39
metabolism fraction (efSAmrinner) ]
Plasma (pHpr) 74 40
Brain microvasculature (pHwmv) ]
Brain extracellular fluid (pHecr) 7.3 H
- Cerebrospinal fluid (pHcsr) 7.3 42

P Brain cells (pHicr) 7 4
Brain cell lysosomes (pHLys) 5 4
Endoplasmic reticulum (pHggr) 7.2 43
Mitochondria (pHwmr) 8 43
maximum velocity achieved by

Metabolism | the brain enzyme when the dru v .
(ng/ml*min) concentratiog is high enough tog 39.26 estimated

saturate the enzyme (Vimax)

t Based on surface area of smooth ER, protein fraction of smooth ER (43.1%) from Hela cells, and rat ER
metabolism protein fraction (3%).

Y Based on surface area of inner membrane of mitochondria, protein percentage of mitochondria inner
membrane (75%), and metabolism protein abundance (31%).

vV 3-compartment PopPK model estimated parameters from rat datasets, more details see Figure S1, Table S3
and Figure S3.
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Figure S1 Detailed mathematical structure of LeiCNS-PK3.5. LeiCNS-PK3.0 is composed
of whole-body empirical plasma model and CNS PBPK model. Both models communicate via
cerebral blood flow **. LeiCNS-PK3.5 model incorporates brain metabolism into the flows
through the BBB and BCSFB, and organelle’s level in brain ICF compartment. Green fonts

represent the location of the metabolism incorporated.
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Figure S2 3-compartment model for estimating brain metabolism kinetic parameters. /',
volume of central compartment,; V>, volume of peripherial compartment, Vs, volume of brain
compartment, Q|, flow between central and peripheral compartment; Q>, flow between central
and brain compartment; CLpiasma, clearance from central compartment. CLyy represents the
metabolism elimination from brain, which is consists of Km and Vmax using Michealis-Menten
equation.

Table S3 Parameters of 3-compartment model for remoxipride brain metabolism.
Parameters are corresponding to the Figure S2. In the central compartment, proportional
residual variability was chosen to describe the differences between the observations and the
individual predictions (Proportional cen). In the brain compartment, proportional and
additive residual variabilities were combined to describe differences between the observations
and the individual predictions (Proportional brain, Additional brain). STOCH.APPROX,
stochastic approximation, S.E., standard error; R.S.E, relative standard error. The parameters
were estimated using the basic 3-compartmental model in Figure S2.

REMOXIPRID | PARAMETERS VALUES | STOCH.APPROX.
LD S.E. RS.E. (%)
Typical Value | CLplasma (mL/min) 755 0.83 11.0
Estimates Q1 (mL/min) 9.08 3.4 35.7
Q2 (mL/min) 35.44 2.67 7.53
V1 (mL) 326.42 17.85 5.47
V2 (mL) 36.72 2.17 5.92
V3 (mL) 3445.63 185.2 5.38
Km (ng/ml) 39.26 1.47 3.76
Vmax (ng/ml*min) 1738.28 108.11 6.22
Standard Omega_CLplasma (mL/min) | () ¢4 0.088 13.7
Deviation of the Omega_Q1 (mL/min) 5 57 0.26 10.0




Interindividual | Omega Q2 (mL/min) 0.5 0.068 13.7
Variability Omega V1 (mL) 0.33 0.048 14.3
Omega_V2 (mL) 0.52 0.048 9.21
Omega_V3 (mL) 0.46 0.041 8.93
Omega_Km (ng/ml) 0.21 0.031 14.6
Omega_Vmax (ng/ml*min) 0.54 0.049 9.03
Residual Proportional cen 0.18 0.0073 3.96
Variability Additional_brain 0.0001 0.0000078 | 7.85
Proportional_brain 0.26 0.0089 3.43
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Figure S3 Model evaluation plots of the 3-compartment brain metabolism model. A-C are
evaluation figures for central compartment, D-F are evaluation figures for brain compartment.
Visual predictive checks (VPCs) for the final model, based on 500 simulations in central (A)
and brain compartment (D), which is corresponding to the Figure S2. The solid line connects
the 10", the 50" and the 90™ percentiles of the observed values per bin from the up to the
bottom. The blue areas represent the 95% confidence interval of the 10™ and 90™ percentiles.
The pink area indicates the confidence interval of the 50™. The black points are the observation
data points. The Y-axis is shown in a normal scale (4, D). Open circles and red areas represent
the observed data are out of the 90% confidence interval of the simulated predictions.
Diagnostic goodness-of-fit plots for the final model are also presented in (B, C) for central and
(E, F) for brain compartment. (B, E) Observations versus population predictions, observations
versus individual predictions, (C, F) population weighted residuals (PWRES) versus time after
dose; PWRES versus population predictions; individual weighted residuals (IWRES) versus
time after dose; IWRES versus individual predictions The locally weighted regression line
(vellow spline), the line of unity (black solid lines) in B and E, and y = 0 (dashed lines) in C
and F are shown.



(A)

Concentration (ng/ml)

(B)

Observation (ng/ml)

® Observed data
Prediction interval

— Empirical percentiles
6000 ¢ Outliers
L]
5500 Bl Areas
: O Dots
5000{ °* °
L]
4500 %
4000 $
3500
3000
L
2500
2000 » B
. L)
]
1500{ ¢ :
! i
1000 {
rd
S
500 } [ ]
0 &
20 40 60 80 100 120 140 160 180 200 220 240 '
Time (min)
| — vy =xline
6000 . 60001 — gpline ’
= ® QObserved data 2
5500 5500
L ] ./
= /
5000 * ,/ 5000 25
/ 7
4500 '-/' 4500 %
4000 VA 4000 o) o*
o/ .
,,‘ - o,
3500 U = 3500 o/
A . J
/
3000 /’ 3000
* ® LY ./" .-./.
2500 N = 5 2500 -
o/
o | o / ot/
2000 - 2000 o/
*l <
° L)
1500 ~y %" 1500 oo
vl/, %e® '." .
) ® ° ' )
1000{ C 1000 .
-
- ® e $ e
5001 ‘FB% o 500 o o
- L] = L
L
0 0
S 0 9 09 0 0 0 0 0 0 0 O S 90 0 0 0 O 0 O 0 0 0 O O
S F S EFESEFTSTESES §FEFSESSTSTEEFSES
NN o e m W W o o o B s o S S VO N O S
Population predictions (ng/ml) Individual predictions (ng/ml)



® QObserved data

— Spline
e --— Theoretical mean

Qbh ©
O0p %
QQ% %
QQQ %

O0¢ o

I
S
e

Individual predictions (ng/ml)

QQ% >

o
S
k>

)
S
e

bco y

S L0
§ &
&S

v

Population predictions {(ng/ml}

(] ()
s &
~

S 9o (w)
§ &
S




(D)

Concentration (ng/ml)

— Individual fits

13 114 115 116 Population fits
1000 4 - . Observed data
. om : 1000 e DoG
800 * DO4
am 200
800
600
800
800 oo
400
o 400 400
200 240 200 200
0 0 0 [
[] 50 100 150 200 250 [] 100 150 ! [ 50 100 150 200 230 0 50 100 150 E
"7 118 19 120
1000 > 10003 10007 . Bm_
.
800 800 800
600
.
800 600 600
400
400 400 400
200
200 200 200
o 0 0 [}
[ 50 100 150 200 230 0 100 150 200 2% [ 50 100 150 200 2% o 50 100 150 200 230
129 131 132 145
b 40007 1 - wooll e
», L)
o 3000
3000 2000
2000 2000 2000 2000
1000 1000 1000 1000
o 1] ] o
[] 50 100 1% 200 2% 0 100 1% 200 2% [ 50 100 150 n 0 50 10 15 200 2%
146 147 150 152
4000 ] ) .
1000
3000 2000 =
2000 . 800
2000 800
2000 2000
400
1000 1000, 1000
200
0 0 0 [}
[ 50 100 150 200 2% 100 150 0 50 10 150 200 2% o 50 100 150 £

200 280
Time (min)




Distribution of standardized individual random effects — Theoretical distributior

(E) B Empirical distribution
All studies




08

density

0.4

02

0.8

density

0.4

02

Distribution of standardized individual random effects

4 mg/kg and 16 mg/kg subgroup

density

osg

04

02

02

— Theoretical distributior
Bl Empirical distribution



— Spline
— Regression line
* Individual parameters

§ 4 4 > + 4 4 i
il
% 3 3 it i@ * * i 3 % 3 % L]
+ + +
bS] *
- 07 35 4 52 7 8 14 16 Wistar Wistar WU i 2 3 f—
‘E - - - -
§ 1 1 1
= 0 0 0
o
= + + + + M s S .
0735 4 52 7 8 14 16 Wistar Wistar WU 1 2 3 4
=
— - =E - -
4 26 - 26 L + 261 F £
o
= 22{+4 + 22 4 22
0735 4 52 7 8 14 16 Wistar Wistar WU i 2 3 ]
) 7 7 7
2 T ¥ + 1 ) L
2 6 I 1 ; T * ¥ 6 6 i
@ ¥
=1 + S ¥
5 + 5. 5 :
0735 4 52 7 8 14 16 Wistar Wistar WU 1 2 3 4
~ : : c
S 5 + 4 5 5 -
=%
g 4 i + i 4 4 +
oo
9 3 3 3
0735 4 52 7 8 14 16 Wistar Wistar WU 1 3 3 4
% 77 g + 73 + 77 %
>‘1 6 ; { 6 6 *
% - i 5 :
— . i - T 1
022 024 Q26 028 030 0735 4 53,7 8 14 16 Wistar  p.o Wistar WU 1 2 grup 3 4



Figure S4 Model evaluation plots of the rat plasma PK model. Visual predictive checks
(VPCs) for the final model, based on 500 simulations in central compartment (A), which is
corresponding to the Figure 3 . The solid line connects the 10", the 50" and the 90™ percentiles
of the observed values per bin from the up to the bottom. The blue areas represent the 95%
confidence interval of the 10" and 90" percentiles. The pink area indicates the confidence
interval of the 50". The black points are the observation data points. The Y-axis is shown in a
normal scale (A). Open circles and red areas represent the observed data are out of the 90%
confidence interval of the simulated predictions. Diagnostic goodness-of-fit plots for the final
model are also presented in (B, C) for central compartment. (B) Observations versus population
predictions, observations versus individual predictions,; (C) population weighted residuals
(PWRES) versus time after dose; PWRES versus population predictions; individual weighted
residuals (IWRES) versus time after dose; IWRES versus individual predictions The locally
weighted regression line (yellow spline), the line of unity (black solid lines) in B, and y = 0
(dashed lines) in C are shown. The individual concentration-time profiles’ fits are presented in
(D) for each rat in study 1. Green solid lines present the population predictions, purple solid
lines present individual predictions, yellow points are the observed data at dose 4 mg/kg, green
points are the observed data at dose 8§ mg/kg, and blue points are the observed data at dose 16
mg/kg. (E) is the distribution box plots for standardized individual random effects () for all
studies and the subgroup (4 mg/kg and 16 mg/kg). The individual parameters vs covariates plot
(F) usually gives out the potential relevant covariates. However, in this plot, there is not a really
significant relationship observed.
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