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Full definition of the model

Pharmacokinetics of escitalopram (Supplementary Note 1)

ODE system
dQo _ . .
W = nj — k01CO (1)
dQ .
d_tl = ko1Qo — (kyo + k12 + k43)Q1(1 — Pg) + k21Q2(1 - Pgmm) + k3103 (2)
dQ .
d_tz = kq120:(1 — Pg) — k21Q2(1 - Pgmm) 3)
dQ
d_t3 = k13Q:(1 — Pp) — k3105 4)
Constant parameters
Parameter Value Description
k 0.60 Rate of transport from peritoneum to plasma (h*
01 p
kio 3 Rate of removal from plasma (h?)
ki, 9.90 Rate of transport blood to brain (h%)




kyq 2910 Rate of transport brain to blood (h™)

ki3 6 Rate of transport blood to periphery (h™?)

k31 0.60 Rate of transport periphery to blood (h?)

Py 0.56 Ratio of escitalopram bound to proteins in plasma
pprain 0.15 Ratio of escitalopram bound to proteins in brain

*Set to 40% when modelling oral administration of escitalopram.

System variables and initial conditions

Variable Initial condition Description
Qo 0 Escitalopram in peritoneum (ug)
Q 0 Escitalopram in plasma (ug)
Q- 0 Escitalopram in brain (ug)
Qs 0 Escitalopram in periphery (ug)

Function-defined variables

Escitalopram intraperitoneal injection rate (ug h?)

Function

0,
inj(t) = {9/tinj>
0,

t < Cstare
tstart <t< tstart + tinj
t > tstare + tinj

q = dose - weight - bioavailability

Parameters

q: effective quantity of injected escitalopram into the peritoneum (ug). Dependent on dose given (mg kg?), weight (mg) and

bioavailability.
tseare: time at start of injection (h).
tinj: duration of injection (h).

When a train of injections is applied, tyqre = toare + Ninj * tinterva, Where t9.qre IS the start time of the first injection (h), Ninj IS
the injection number starting from 0 and t;,,;ervq; 1S the time between injections (h)




Pharmacokinetics of a-fluoromethylhistidine (Supplementary Note 2)

Pharmacokinetics of a-fluoromethylhistidine were modelled as the four-compartment model modelled in Equations 1-4, and analogous system
variables given above, and the following constants:

Constant parameters

Parameter Value Description

ko1 3.75 FMH rate of transport of peritoneum to plasma (h?)
k1o 1.75 FMH rate of removal from plasma (h)
ki, 0.1875 FMH rate of transport blood to brain (h?)
koq 35 FMH rate of transport brain to blood (h?)
ki3 5 FMH rate of transport blood to periphery (h?)
k34 15 FMH rate of transport periphery to blood (h?)
Py 0.6 Ratio of FMH bound to proteins in plasma

pprain 0.15 Ratio of FMH bound to proteins in brain

Serotonin terminal model (Supplementary Note 3)

ODE system



dbtrp

= TRP;, — VTRP;,(btrp) — a, - (btrp — btrp,)

dt
dbh2 . .
= inhibgyreosur(Ginr, Ginro) - Vrpu (trp, bh4) — Vppr(bh2, NADPH, bh4, NADP)
dbh4
—~ = Vorr(bh2,NADPH, bh4, NADP) — inhibsyreosur(Genrs Ginr,o) - Vrpy (trp, bh4)
dtrp o . .
T VTRPy, (btrp) — inhibyigosur(Ginr: Ginro) - Ve (61D, bh4) — Vioot (67D, tTPpoor) — @sz - trp
d5HTP . .
T inhibZyir o5 (Ganrs Ganro) - Vrpu (trp, bh4) = Vaapc (SHTP)
dc5HT
dt = VAADC(SHTP) — VMAT(CSHT, USHT) — VMAT(CSHT, USHTT) + VSERT(eSHT, SERTS, K;rllpp) — TCcatab (CSHT)
—ay5 - (c5HT — e5HT)
deHT . . * * . - I I )
T = VMAT(CSHT, USHT) - a16 * lnhlbgHTtOSHT(GSHT' GSHT,O) * lnhlbflAtoSHT(GHA' GHA,O) ° flT'eSHT(t) * USHT
+Vyafr(WSHT, v5HT,)
dv5HT,
o " = Vayar(¢SHT, v5HT,) — Vil -(wSHT, v5SHT,)
deSHT . . * * . . 1% 1% .
—ar A6 mhlbgﬂTtoSHT(GSHT' GSHT,O) ‘ lnhlbgAtoSHT(GHA' GHA,O) - fireSHT(t) - v5HT — VSERT(eSHTr SERT, K#f)p)
_a11 * H15HT(65HT, eSHTo) * Vupz(esHT) - a14 * eSHT + a8 ‘ (CSHT - eSHT) + ag * (gSHT - eSHT)
d5HIAA
T TCcatap(c5HT) + TCrutap(g5HT) — a4 - SHIAA
dtrppool

dt = pool(trp' trppool) — Q43 " tTPpoot

(5)

(6)

()

(8)

9)

(10)

(11)

(12)

(13)
(14)

(15)



—, = Gz~ (BSHT)2 ' (GStIthEI('ll - GSHT) —az- TSHT ’ GSHT

dt
df:T = a, - (Gigr)*- (Tst,‘;’;“l — T_:HT) —ag - Teyr
dlzistHT = a, - eSHT - (Bé%gz _ Bsm) —ay  Byr
dg5HT
pranialcth H1cyr(e5HT,e5HT,) - Vypy (eSHT) — TCogran (9SHT) — ag - (9SHT — e5HT)
d(;,fm = ay7- (B'ua)? - (GHR"™ — G'}a) — a1 - T'hia - Giia
d?? = a1 (G507 - (T8 — Tiy) — azo - Tifa
dlji,:A = ag1 - eHA- (B — B'ya) = az2 - B'ua
ﬁ%zfm = kPS(G;HTJ Ginrp) * SERT), — ksp(G;HT;G;HTjo) -SERTSphO

dSERT, _ dSERTY™
dt — dt
dSERT,
dt

+ k;s - SERT; — kg;([ESCIT]) - SERT,

= kSp(G;HT’ G;HT,O) ' SERTp - kps(G;HT, G;HT,O) . SERTp

dSERT;
dt

= ks ([ESCIT]) - SERT, — k;s - SERT;

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)



Constant parameters

Parameter Value Description
a, 5 Strength of btrp stabilization (h™)
a, 20 Strength of B to produce Gy (h?)
as 200 Strength of T¢y, to deactivate Gz (h™)
ay 30 Strength of G to produce Teyr (h™)
as 200 Strength of T¢y; decay (h?)
ag 36 Strength of e5HT bounding to autoreceptors (h)
a; 20 Strength of e5HT unbounding from autoreceptors (h™)
ag 1 Strength of bidirectional leakage between ¢5HT and e5HT (h?)
aq 1 Strength of bidirectional leakage between g5HT and e5HT (h?)
aso 1 Strength of catabolism of 5HIAA (h't)
aiq 0.001 Uptake 2 multiplier ratio
as, 2 Strength of trp removal (h?)
a3 1 Strength of trp,,,, removal (h)
a4 40 Strength of e5HT removal (h!)
aqs 1 Strength of replenishment of v5HT from v5HTyegprve (W)
a6 1.89 Factor of release per serotonin firing event
a,; 100 Strength of By, to produce G4 (h™)
aqg 961.094 Strength of T}/, to deactivate G;;, (h)
aq9 20 Strength of G'};4 to produce T';,, (h?)
azo 66.2992 Strength of T}, decay (h™)
ayq 5 Strength of eHA bounding to heteroreceptors (h?)
asz, 65.5179 Strength of eHA unbounding from heteroreceptors (h*)
NADPH 330 NADPH concentration (uUM)

NADP 26 NADP concentration (UM)

TRP; 157.60 Rate of blood tryptophan replenishment (uM h1)

GEF 10 Total G protein in serotonin autoreceptors (UM)

Tiotal 10 Total regulator of G protein from serotonin autoreceptors (UM)

BLotal 10 Total serotonin autoreceptors (UM)




Gt 10 Total G protein in histamine heteroreceptors (UM)
T'total 10 Total regulator of G protein in histamine heteroreceptors (uUM)
B;fgtal 10 Total histamine heteroreceptors (UM)
btrp, 96 btrp in equilibrium (uM)
v5HT, 63.05 v5HT in equilibrium (UM)
e5HT, 0.06 e5HT in equilibrium (uM)
Gsyro 0.8561 Gsyr in equilibrium (UM)
Giiao 0.7484 Gy4 In equilibrium (UM)
kis 0.75 Strength of serotonin transporter reactivation (h?)

System variables and initial conditions

Variable Initial condition Description
btrp 95.97 Blood tryptophan (UM)
bh2 0.0994 Cytosolic dihydrobiopterin (uM)
bh4 0.9006 Cytosolic tetrahydrobiopterin (uM)
trp 20.1618 Cytosolic tryptophan (uM)
SHTP 1.6094 Cytosolic 5-hydroxy-L-tryptophan (uM)
c¢5HT 0.0373 Cytosolic serotonin (UM)
v5HT 63.0383 Vesicular serotonin in readily releasable pool (RRP) (uM)
c5HT, 280.0048 Reserve of vesicular serotonin (UM)
e5HT 0.0603 Extracellular serotonin (UM)
SHIAA 1.6824 5-Hydroxyindoleacetic acid (uM)
tTPpool 113.4099 Pool of tryptophan (UM)
Gsur 0.8660 Serotonin activated G-protein from autoreceptors (UM)
Toyr 1.0112 Regulator of serotonin activated G-protein from autoreceptors (LM)
Bsur 0.9791 Autoreceptor bound serotonin (LM)
g5HT 0.0027 Glial cytosolic serotonin (UM)
" 0.7114 Histamine activated G-protein from heteroreceptors(puM)
" 1.3245 Regulator of histamine activated G-protein from heteroreceptors(uM)
Bsur 1.3245 Heteroreceptor bound histamine (uM)




SERTSph" 0.2666 Ratio of phosphorylated serotonin transporter in the membrane surface
SERT; 1.0203 Ratio of total serotonin transporter in the membrane surface
SERT, 0.2297 Ratio of serotonin in vesicular pool
SERT; 0 Ratio of escitalopram-induced inactive serotonin transporter

Function-defined variables

Function

Parameters

Function

Parameters

Function

Rate of tryptophan transport from blood to cytosol (UM h)

VTRP, (btrp) = -0 DLTD
i OTP) = prp + 330
Viax = 700 utM'h™1, Ky = 330 uM
Rate of synthesis of 5-HTP by tryptophan hydroxylase (UM h)
bh4
278 - trp - 5T
Vrpy(trp, bh4) = 20 ; £2h4
40 +trp + 1000

Vinax = 278 uM h™1, KI/P = 40 uM, K5 = 20 uM, K; = 1000 uM

Rate of production of bh4 from bh2 by dihydropteridine reductase (UM h)




Parameters

Function

Parameters

Function

Parameters

Function

5000 - bh2 - NADPH 3-bh4 - NADP
(100 + bh2) - (75 + NADPH) (10 + bh4) - (75 + NADP)

Vprr(bh2, NADPH, bh4, NADP) =

Va4 = 5000 uM h~1, ygackward = 3 uM h~1, K = 10 uM, K§*? = 100 uM, KijAPPH = 75 uM, KJ§APP = 75 uM

Rate of trafficking between pool of tryptophan and active tryptophan in the cytosol (UM h?)

Voot (67D, t7Dpoor) = 9+ 1D — 0.6 - t7Ppoo;

N/A

Rate of production of ¢c5HT from 5-HTP by aromatic amino acid decarboxylase (UM h?t)

400 - 5HTP

Vaane(SHT) = 165+ 507P

Vinax = 400 uM h™2, Ky = 160 pM

Rate of transport of c5HT to v5HT (RRP or reserve) by vesicular monoamine transporter (UM h?)

1230 - ¢5HT
VMAT(CSHT, USHT) = m —1-v5HT

1230 - ¢5HT

Viar (¢SHT, V5HT eserve) = o emr

— 1 v5SHT eserve




Parameters

Function

Parameters

Vnax = 1230 uMh™1, K, = 0.2 uM

Rate of reuptake of e5HT to c5HT by serotonin transporters (UM h?)

Vesgr (eSHT, SERT,, K2P?) = —o0 HTcppr
e ) ) = —anp . ..
SERT s»Bm K;rzlpp_l_eSHT N
ESCIT
KPP ([ESCIT],K)) = K <1 1 [ ]>
i

K;([ESCIT]) = Ky - e *IESCIT) 4 K, i

Voax = 250 M h~L, K,, = 0.06 uM
K,/’: apparent K,, in the presence of escitalopram (uM)

[ESCIT]: concentration of escitalopram in brain (uM), calculated as 1000 - Q,/(Vprqin - M;), Where Q, is quantity of escitalopram
in the brain (in pg), Vy,qin is volume of the mouse brain (in mL, set to 0.41 mL) and M,. is molecular weight of escitalopram (M,

= 324.39 g mol?)

K;: inhibition constant of escitalopram (uM), dependent on concentration due to allosteric biding

K; min: Minimum K;, set to 0.001 uM.
Ko limits value of K; and set to 0.05 uM, so that [ESCIT] - 0then K; = Kjo + K; min




Rate of c5HT catabolism into 5-HIAA in cytosol and glia by monoamine oxidase and aldehyde dehydrogenase (UM h?)

Function
TC (CSHT) = 4000 - ¢c5HT
catab\CE) = “ge S AT
TC.... . (gSHT) = 4000 - g5HT
catab\g>15) = "9 oS HT
Parameters
Vinax = 4000 uyM h™1, K, = 95 uM
Rate of trafficking from vesicular reserve and readily releasable pool of vesicles (UM h)
Function

Vivarf (WSHT, v5HT,) = 15 - (WSHT, — v5HT)

Parameters N/A

Factor of uptake 2 velocity (VU2) dependent on extracellular serotonin

Function
0, e5HT < e5HT,
H1gyr(e5HT,e5HT,) = {50 - (e5HT — e5HT,), e5HT, < e5HT < e5HT, + 0.02
1, e5HT > e5HT, + 0.02

Parameters N/A

Velocity of uptake 2 reuptake of e5HT into glial terminals (UM ht)

Function \




Parameters

Function

Parameters

Function

Parameters

Function

1700 - eSHT

V 5HT) = ————
ur2(¢SHT) = G oe T
Ve = 1700 uMh™1 K,y = 0.17 uM
Rate of serotonin firing (events h)
b, t < Cstare
fire5HT(t) = b+r-e ¢t tstare), tstart <t < tfinisn

b +71-e ¢t tstart) — g=c(t=trinish) t > trinish

b: basal firing when no electrical stimulation is applied, set to 1 ht

r: strength of stimulation, set to 8 h*?

c: dissociation constant, set to 2 h!

tseart. Start of the stimulation (h)

trnisn: €nd of stimulation (h)

When a train of stimulations is applied, tsare = toart + Dstim * tinterval, Where td., is the start time of the first stimulation (h),
Ngtim 1S the stim number starting from 0 and t;,terva1 1S the time between electrical stimulations (h)

Factor of inhibition of serotonin synthesis via serotonin activated G-coupled proteins

inhib;ﬁ’%tosm(Gém. G;HT,O) =1-0.1-(Gsyr — G;HT,O)

N/A

Factor of inhibition of serotonin release via serotonin activated G-coupled proteins

inhibgHTtoSHT(GgHT' G;HT,O) = 1-15-(Gsyr — G;HT,O)




Parameters N/A

Factor of inhibition of serotonin release via histamine activated G-coupled proteins

Function

inhibflAtoSHT(G;A; GI,-I*A,O) =1-3-(G'ha— G,;IA,O

Parameters N/A

Rate of trafficking of SERTs from the vesicular pool to membrane surface (h?)

Function
kps(G;HT' G;HT,O) =10+ 75- (GEHT - G;HT,O)

Parameters N/A

Rate of trafficking of SERTs from the membrane surface to the vesicular pool (h?)

Function
ksp(G;HT'G;HT,O) =10—- 75" (G;HT - G;HT,O)

Parameters N/A

Rate of inactivation of SERTs by escitalopram (h™)

Function
ks ([ESCIT]) = 18.75 - [ESCIT]

Parameters | [ESCIT]: escitalopram in the brain (uM)




Histamine terminal and glia model (Supplementary Note 4)

ODE system
dcHA syn
It = mhleAtoHA(GHA, Gha 0) HTDCy - Vyrpc(cHT) — V4. (cHA, vHA) — Vynyur (cHA) — by - (cHA — eHA) + Vyr (eHA) — V4. (cHA, vHA,)(27)
deA HA . .1 R * * . R I I
dt = VMAT(CHAI UHA) - lnhleAtOHA(GHA' GHA,O) ° aCtleHTtOHA(GSHT - GSHT 0) b2 flTeha(t) UHA + Taff(vHA UHAo) (28)
dvHA,
= = Vitar(cHA,vHA,) — V4 s (VHA, vHAy) (29)
deHA i IR « % . R I% 1% :
dt = lTlhleAtoHA(GHA, GHA,O) * aCthSHTtOHA(GSHT - GSHT,O) ° bz ° flTeHA(t) * vHA - VHAT(eHA) + b3 ° (gHA - eHA) + bl * (CHA - eHA)
—H1y,(eHA) - Vi, (eHA) — by - eHA — kg - Vil (eHA) + degranulation(ky, s ) - vHAMC (30)
dgHA g g
T H1y,(eHA) - Vii,r(eHA) — by - (gHA — eHA) — Vi ir (gHA) + (1 + byy - king) - HTDC, - Vi (gHT) (31)
dbHT g
7 = HT;, — VHTL(bHT) VHTL (bHT) — b5(bHT bHT,) — kmf V TL(bHT) (32)
dcHT . syn . .
dt = VHTL(bHT) - lnhleAtOHA(GHA’ GHA,O) ° HTDCa * VHTDC(CHT) - b6 ° CHT + b7 ° CHTpOOl (33)
dcHT 01
It =bg - cHT — by - cHT 01 — bg - cHTpo01 (34)
dG;IA = b B 2 Gtotal G b T G 35

dt 13 - (Bua) ( HA)_ 14 " 'HA " YUHA (35)

ATy, . .
— = b15 (GHA)Z ( TE — THA) - b16 ’ THA (36)

dt



Constant parameters

= by;-eHA - (th{?qtal - BHA) — byg - Bya

dt
d ,EHT r 2 rtotal % 1] %
dt = byg - (B'syr)” - (GSHT -G 5HT) —bao  T'spr + Gsur
dTSI}k-IT 1% ’ I% 15
I by1 - (G'sur)? - (TS5 — Taur) — baa - Tspr
dB'syr / , '
dt = by3 - e5HT - (Bstf%al - B SHT) —bys - B'spyr
dgHT g g
— = Vim (bHT) — (1 + byy - king) - HTDCy - Vigrpc (GHT) — by - gHT + byg - gHTpoo;
dgHT 1
% = bg - gHT — by - gHTpool — by - gHTpool
dHTDC,
TEE = — kpyy([FMH)) - HTDC, + HTDC;,,(HTDC,)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

Parameter Value Description
b, 15 Strength of bidirectional leakage between cHA and eHA (h?)
b, 3.5 Factor of release per histamine firing event
b 15 Strength of bidirectional leakage between gHA and eHA (h?)
b, 0.05 Rate of eHA removal (h')
bs 0.25 Strength of stabilization of bHT to bHT, (h?)
bg 2.5 Strength of trafficking from cHT to cHTy,,, (h™)
b, 1 Strength of trafficking from cHT),,,; to cHT (h™)




bg 1 Rate of cHT,,,, removal for other uses (h™)

bq 1 Rate of trafficking from gHT to gH T, (h™)

bio 1 Rate of trafficking from gHT,,,, to gHT (h™)

by 1 Rate of gHT removal for other uses (h?)

by, 10 Factor of activation of gHA synthesis due to neuroinflammation

by 100 Strength of By, to produce G4 (h?)

bys 961.094 Strength of T};, to deactivate G4 (h?)

bys 20 Strength of Gj;, to produce T}, (h?)

by 66.2992 Strength of T};, decay (h?)

by7 5 Strength of eHA bounding to autoreceptors (h?)

big 65.6179 Strength of eHA unbounding from autoreceptors (h?)

byo 20 Strength of B’z to produce G'zyr (h?)

by, 200 Strength of T<j; to deactivate G<pr (h)

by, 30 Strength of G'sr to produce T'cy (h?)

b, 200 Strength of T<j;r decay (h?)

bys 36 Strength of e5HT bounding to heteroreceptors (ht)

Doy 20 Strength of e5HT unbounding to heteroreceptors (ht)
Grorat 10 Total G protein in histamine autoreceptors (UM)
Tt 10 Total regulator of G protein from histamine autoreceptors (UM)
Bprat 10 Total histamine autoreceptors (UM)
Geirr™ 10 Total G protein in serotonin heteroreceptors (UM)
T'total 10 Total regulator of G protein in serotonin heteroreceptors (UM)
Bitotal 10 Total serotonin heteroreceptors (UM)

HT;, 636.5570 Rate of blood histidine replenishment (uM h?)
bHT, 100 bHT in equilibrium (uM)
vHA, 63.05 vHA in equilibrium (uUM)
Grao 0.7484 G4 in equilibrium (uM)
Gshr,0 0.8561 GL:,7 in equilibrium (UM)




System variables and initial conditions

Variable Initial condition Description
cHA 3.1074 Cytosolic histamine concentration (uUM)
vHA 136.3639 Vesicular histamine in readily releasable pool (uM)
vHA, 241.9217 Reserve of vesicular histamine (UM)
eHA 1.4378 Extracellular histamine (uM)
gHA 2.0126 Glial cytosolic histamine (UM)
bHT 99.7316 Blood histidine (uUM)
cHT 249.3265 Cytosolic histidine (uM)
cHTpo01 311.6581 Cytosolic histidine pool (uUM)
Gra 0.7114 Histamine activated G-protein from autoreceptors (UM)
Tha 1.3245 Regulator of histamine activated G-protein from autoreceptors (UM)
Bpya 0.9874 Autoreceptor bound histamine (UM)
'SHT 0.8660 Serotonin activated G-protein from heteroreceptors (UM)
'SHT 1.0112 Regulator of serotonin activated G-protein from heteroreceptors (UM)
B'eyr 0.9791 Heteroreceptor bound serotonin (UM)
gHT 354.6656 Glial cytosolic histidine (uM)
gHTy001 177.3328 Glial cytosolic pool of histidine (uM)
HTDC, 1 Ratio of active histidine decarboxylase




Function-defined variables

Function

Parameters

Function

Parameters

Function

Rate of transport of bHT to cHT in HA neurons (UM h™)

Vyr (BHT) = 4680 - bHT
HTL 1000 + bHT
Vinax = 4680 pM h™1, K, = 1000 uM
Rate of transport of bHT to gHT in glia (UM h?)
Ve (bHT) = 2320 DHT
HTL 1000 + bHT

Vinax = 4680 pM h™1, K,, = 1000 pM

Rate of cHA synthesis by histidine decarboxylase in HA neurons (UM h)

234 - cHT

Virpe (cHT) = 50—




Parameters
Vinax = 230 uM h™1, K, = 270 uM

Rate of gHA synthesis by histidine decarboxylase in glia (UM h')

Function
V9 (cHT) = 61.4250 - cHT
HTDC\ ) = o0 ¥ cHT
Parameters
Vinax = 61.4250 uM h™1, K,, = 270 uM
Rate of transport of cHA to VHA (RRP or reserve) by monoamine transporter in HA neuron (UM h?)
Function
V4 (cHA,vHA) = 10552 - cHA _ 5-vHA
MATA= 24+ CcHA
HA 10552 - cHA
VMAT(CHA' vHAreserve) = m -5 vHAreserve
Parameters
Vinax = 10552 uM h™1 K, = 24 uM

Rate of cHA metabolism by histamine methyltransferase in HA neuron (UM h1)

Function \




185.5-cHA

Vinwr (€HA) = =5 a
Parameters
Vinax = 185.5 uyM h™%, Ky = 4.2 uM
Rate of gHA metabolism by histamine methyltransferase in glia (uM h)
Function
VI (et = 212 cHA
HNMT ) = o CHA
Parameters
Vinax = 185.5 uM h™1, K, = 4.2 uM
Rate of eHA reuptake by the putative HA transporter into HA neuron (UM h'1)
Function
Vi (eHA) = 4128.3 - eHA
HAT\CHA) =0 ¥ eHA
Parameters
Vinax = 41283 pM h™1, K, = 10 uM
Rate of eHA reuptake by the putative HA transporter into glia (uM ht)
Function
VO (eHA) = 13500 - eHA
HaT ) = TI0 + eHA

Parameters




Vinax = 13500 uyM h™1, K, = 10 uM

Rate of trafficking from histamine vesicular reserve and readily releasable pool of vesicles (uM h?)

Function
Vitasr(vHA, vHAy) = 15 - (vHA — vHA.)

Parameters N/A

Factor of glia histamine reuptake dependent on eHA

Function
0.025, eHA < 0.025
H1ly,(eHA) = 0.1 (e5HT — 19), 0.025 <eHA <29

1, e5HT > 29

Parameters N/A
Rate of histamine firing (events h?)

Function

b, t < tstart

fireHA(t) = b+r-e¢(ttstars), tstare <t < trinish

b+r-e € (t—tstare) — e—C(t—tfiniSh)’ t> tfinish

Parameters | b: basal firing when no electrical stimulation is applied, set to 1 event h*
r: strength of stimulation, set to 150 event h!

c: dissociation constant, setto 2 h*

tsrare- Start of the stimulation (h)




Function

Parameters

Function

Parameters

Function

Parameters

Function

trinisn- €nd of stimulation (h)
When a train of stimulations is applied, tygrt = t4are + Nstim * tintervar: Where to4, is the start time of the first stimulation (h),
Ngeim 1S the stim number starting from 0 and t;,,;.,-,4; IS the time between electrical stimulations (h)

Factor of inhibition of histamine synthesis via histamine activated G-coupled proteins

inhib:g{;oHA(G;}A, GITIA,O) =1-0.1- (G;IA - GITIA,O)

N/A

Factor of inhibition of histamine release via histamine activated G-coupled proteins

inhibfsrona(Giia Grao) =1~ 2 (Giia — Giiao)

N/A

Factor of activation of histamine release via serotonin activated G-coupled proteins in heteroreceptors

- R I I£] _ I I
aCtWSHTtoHA(GSHT - GSHT,O) = 1+3-(G'syr — G'suro0)

N/A

Inactivation speed of histidine decarboxylase by FMH inhibition (h?)

ke [FMH]
FME =1 ey + ks K+ [FMH]




Parameters

Function

Parameters

1'% k+2k : inactivation rate (set to 10.40 ht). k, is the rate of FMH biding to the enzyme (h?), k, is the rate of FMH covalently
2 3

biding to histidine decarboxylase (h?) and k; is the rate of FMH becoming non-reactive and not binding covalently to the enzyme
(h*)

[FMH]: concentration of FMH in uM

K;: dissociation constant of the FMH-HTDC complex (set to 8.3 uM)

Replenishment of histidine decarboxylase by protein synthesis (h?)

HTDC;,(HTDC,) = 0.55 - (1 — HTDC,)

HTDC,: ratio of active histidine decarboxylase.

Mast cell model (Supplementary Note 5)

ODE system

dcHTMC
—r " King - Vit (bHT) — HTDCy - Viipe (cHTME) — ¢q - cHTMC + ¢, - cHTpo%, (44)

dcHTMC,
% = ¢y - cHTMC — ¢, - cHTYS, — c5 - cHTME, (45)




dcHAMC

ar HTDC, - Virpc (cHTMC) — MAT 1a(cHAMC, vHAMC) — Vi (cHAMC) + King - Viiur (eHA) (46)
dvHAMC
— = Vitar,na(cHAME, vHAMC) — degranulation(kg,y) - vHAMC (47)
Constant parameters
Parameter Value Description

¢ 1 Strength of trafficking from cHT™C to cHT,0%; (h™)

oo 1 Strength of trafficking from cHT,¢5, cHTM to (h)

3 1 Rate of cHTM¢ removal for other uses (h™?)

System variables and initial conditions

Variable Initial condition Description
cHTMC 350 Cytosolic histidine in mast cells (uUM)
cHTM ool 150 Cytosolic histidine pool in mast cells (UM)
cHAMC 3 Cytosolic histamine in mast cells (uM)
vHAMC 140 Vesicular histamine in mast cells (UM
Il

Function-defined variables

Rate of transport of bHT to cHT in mast cells (UM h?t)

Function |




Parameters

Function

Parameters

Function

Parameters

Function

109.5 - bHT

VME (PHT) = ———————
i (PHT) 1000 + bHT

Vnax = 219 pM h™1, K, = 1000 uM

Rate of gHA synthesis by histidine decarboxylase in glia (uM h')

877.50 - cHTM¢
270 + cHTMC

VIIJWT%C(CHTMC) =

Voax = 877.50 upM h™1, Ky, = 270 uM

Rate of transport of cHA to VHA by monoamine transporter in mast cell (uM h?)

21104 - cHAMC
VI%CT,HA(CHAMC,UHAMC) = 4T CHAMC 5. vHAMC

Vinax = 21104 uyM h™1 K, = 24 uM

Rate of cHA metabolism by histamine methyltransferase in mast cells (UM h?t)

21.20 - cHAMC

Vitkiur (CHA™) = o crame




Parameters

Function

Parameters

Function

Parameters

Vinax = 21.20 pM h™%, K,y = 4.2 uM

Rate of eHA reuptake by the putative HA transporter into glia (uM h?)

3375-eHA

Vilar (eHA) = —5——m

Vinax = 3375 uM h™1, Ky, = 10 uM

Factor of activation of neuroinflammation: synthesis and release of histamine by glia and mast cells (uM h?)

0.001 - switchipy t < tgrare
kinf(t’ SWitChiTLfl tstart) = SWitChMC
To 20tz > tstare

In(999)
th = tstart + “o0

tseare. Start time of neuroinflammation processes (h)

tp: time at which the sigmoid function is at 50% its capacity, so that k;,s = 0 (h)

switch;, . boolean (takes the value of 0 or 1) which activates or deactivates the process of histamine turnover from mast cells
and glia




Factor of degranulation strength dependent on activation of degranulation (UM h')

Function
degranulation (kinf) =3 Kiny

Parameters | k;,s: factor of activation of synthesis and reléase of histamine (see function above)




Supplementary figures
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Figure S1. Maximum Amplitude and Clearance of Experimental and Simulated FSCV Traces. (A) Ratio of maximum amplitude respect to control (pre-drug administration) over
time for the (i) experimental traces, (ii) traces simulated including escitalopram competitive inhibition, (iii) Simulated traces adding escitalopram non-competitive inhibition
and (iv) simulated traces adding SERT internalization. (B) Ratio of half-life of evoked serotonin respect to control (pre-drug administration) over time for the same conditions
given in panel A. Doses given and simulated are provided in the legend.



>

60 1 m 90
0 g 1.0 112 =5.86 h
E tyz=3.87h E ty2=5.07h .
£ £ = ty2 =17.51 h
£ 30 w75 ©o.s ) )
9 142 =9.69 h T ty2 =13.66 h wn = i.p. admin.
w o .
=== QOral admin.
0 60 0.6
0.0 12.5 25.0 0.0 12,5 25.0 0.0 12,5 25.0
Time (h) Time (h) Time (h)
B i ii iii
max = 50.87 nM
50 miyr % maxcgszaom 10
- mean =41.20 nM maln-82.41 oM
3 -
: | 1111 . .
27.78 =~ 75 3= =0.69
E 25 min = nM |,.=.. min = 75.36 nM g 0.71- ""i';’l‘.l__
I n mean =0.54
['T]) 1]
""" min = 0.59
0 60 0.4
0.0 7.5 15.0 0.0 7.5 15.0 0.0 7.5 15.0
Time (day) Time (day) Time (day)

Figure S2: Chronic Oral Administration of 10 mg Escitalopram. (A) Modelling simulations illustrating brain concentrations of escitalopram (i), serotonin (ii), and SERT surface
ratio (iii) following intraperitoneal (i.p.) injection or oral administration of 2.06 mg kg™ (equivalent to a 10 mg human dose). The provided data includes clearance half-lives.
(B) Simulation depicting the impact of chronic oral dosing on escitalopram (i), serotonin (ii), and SERT surface ratio (iii). Administration is repeated every 8 hours, mirroring
the human daily dose regimen. Panels present the oscillation's maximum and minimum values, as well as the mean cumulative concentration.
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Figure S3: Chronic Oral Administration of 20 mg Escitalopram. (A) Modelling simulations illustrating brain concentrations of escitalopram (i), serotonin (ii), and SERT surface
ratio (iii) following intraperitoneal (i.p.) injection or oral administration of 4.11 mg kg™ (equivalent to a 20 mg human dose). The provided data includes clearance half-lives.
(B) Simulation depicting the impact of chronic oral dosing on escitalopram (i), serotonin (ii), and SERT surface ratio (iii). Administration is repeated every 8 hours, mirroring
the human daily dose regimen. Panels present the oscillation's maximum and minimum values, as well as the mean cumulative concentration.
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Figure S4: Impact of Oral Chronic Administration of 10 mg Escitalopram During Inflammation. (A) Modelling results depicting the brain concentrations of
escitalopram (i), serotonin (ii), and the SERT surface ratio (iii) during oral chronic dosing of escitalopram (equivalent to a 10 mg pill or ~2.06 mg kg) in both
the control state and in the presence of inflammation. The inflammation simulation involves the release of histamine triggered by mast cells and glia 35
days prior to the first dose, followed by administration every 8 hours. (B) Modelling outcomes of oral chronic co-administration of FMH (equivalent to a 2.5
mg human dose for mice or ~0.51 mg kg*) and escitalopram (at the same dose as in A) during inflammation (shown in purple), compared to control
escitalopram administration as outlined in panel A (shown in blue).
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Figure S5: Impact of Oral Chronic Administration of 20 mg Escitalopram During Inflammation. (A) Modelling results depicting the brain concentrations of escitalopram (i),
serotonin (ii), and the SERT surface ratio (iii) during oral chronic dosing of escitalopram (equivalent to a 20 mg pill or ~4.11 mg kg?) in both the control state and in the
presence of inflammation. The inflammation simulation involves the release of histamine triggered by mast cells and glia 35 days prior to the first dose, followed by
administration every 8 hours. (B) Modelling outcomes of oral chronic co-administration of FMH (equivalent to a 2.5 mg human dose for mice or ~0.51 mg kg!) and
escitalopram (at the same dose as in A) during inflammation (shown in purple), compared to control escitalopram administration as outlined in panel A (shown in blue).






