Data File S1. Related to Star Methods.

Modeling RBCs velocity and flow in response to diameter changes due to odor application

We used the following compartmental model :

r, D(z,t)
Pia Pe
Loia = pial arterioles
Pa1
Al = Primary
functional unit:
(parenchymal
L1 arteriole + first order
capillary)
A2 = Secondary Pa2
L functional unit (2-
2 5th order dilating
capillaries)
Pc
Capillaries = small perisynaptic
Le capillaries (passive dilation)
Pv = 0

Order of magnitude of Reynolds Number :

The Reynolds Number is: Re = pvL / pu
where:

e pis the density of the fluid = 1.06 kg/m3for blood
e visthe velocity of the fluid with respect to the object ~103 m/s
e Lis acharacteristic linear dimension ~10* m
e uis the dynamic viscosity of the fluid
M= HolR
o™~ 6103 Pa.s
Ur depends on vessel diameter. We used the model from in vitro measurements (Pries et al., 1992)
(the best in our case as diameter measurements already exclude glycocalyx) :

(1-Ha)¢@P) -1

wr(D) = 1+ (roas(D) — 1) —rem—;


https://en.wikipedia.org/wiki/Density
https://en.wikipedia.org/wiki/Dynamic_viscosity
https://en.wikipedia.org/wiki/Fluid
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With 1 fiy045(D) = 220e~130 4 3.2 — 2447006

! This gives Re ~ 107. Therefore the flow is

— 1
And C(D) = (08 +e 0'075D) (m - 1) + —1+10_11D12

laminar.

Navier stokes Equations:

. . . ., P
We assume linear gradient of pressure for each compartment. Calling G the pressure gradient P

We use cylindrical coordinates (r, 0, z)
As laminar flow, component of v along r at the end of each segment neglected: v = v, (r, z, t)u, .

Navier Stokes equations become:

- div(®) = %: 0

=>1¥ = v,(r,t)u, foreach segment

- by projecting along the z axis, for each segment:

9o, _ _ (B0 (0%
PE— G+r6r(rar) Eg.1
The solution of Eq. 1 is given by :
AnTy  -AZut
'UZ(T', t) - 4u (R r ) L Zn:l l% 71 (M) P ]O(An) =0 Eq- 2

Transient solution:
A _22
. 26R? oy 1 Jo(FED) Ankt . N
The transient component —Zn=11—3 T e PR® decreases with the following time constants:
n J1\/n
Ty = pR”
T Au

R? -
An>2 and R < 20 um. Hence 7,, < Z—H~2 107%s

Therefore transients are negligible at our time scale.

Steady-state solution:

The steady-state solution is:



v =2 (=) Eq. 3

With D being the diameter of the vessel

WeuseV = vu, average velocity over section.

v= #gﬂivz(s)ds with  dS = 2mrdr
4 D/2
v= 7 | 2nrv,(r)dr
26 (P2, D,
v:_uDZJ; (r(E) —r)dr
Thus
GD?
v = S2nn Eq. 4
and v = vz(0)
2
2
AsQ = %v
GD*
Q = 26m Eq. 5
AP
Furthermore, G = — therefore :
For the pia section:
4 Ppig—P41(8)
Qpia(t) =T Dpia(t) 128;1—-111 Eqg. 6
pia~yig
) Ppia—P41(t)
Vpia () = Dpia(t):szame Eq.7
For the A1 section:
¢ =7TD4 ¢ Pa1(8)—Pa2(t) Eq. 8
QAI( ) Al( ) 128“A1LA1 q
Pa1(6)—Pa2(t)
t) = DAy (t) At tald Eq. 9
vAl( ) Al( ) 32MA1LA1 q
For the A2 section:
t) = nD4, (¢) 2azD=Pc® Eq.10
Qaz2(2,t) = mD 4 (1) 12801, q




2 o Paa(O—P(t
var(z, ) = D ()00 Eq. 11
A2

For the capillary section:

Pt
0.(z,t) = nD* 128/(11 Eq. 12
v.(z,t) = D 3’; Z“Z Eq. 13

Conservation of flow:

- Between pia and A1 :

Qpia (t) = QAl (t)

Thus D% (£ PP=Pa1® _ pa oy Par(O=Paz(®
us pla( ) #piaLpia Al( ) Ha1laa

Reformulating : f1a1La1Dy:0(6) (Ppiq — Pa1 () = HpiaLpiaDar (£) (Paz (t) — Paz(t))

Reformulating :
‘.uAlLAngia(t)Ppia — (.uAlLAngia(t) + MpiaLpiaDﬁl(t))PAl(t) + MpiaLpiaDil(t)PAZ(t) :|
0 Eq. 14

- Between Aland A2:
QAl(t) = Q42(0)

Thus Dﬁl(t) Pa1(t)—P 4, (t) — D:ll'z(t) P42 (£)—Pc(t)
na1l a1 Uazlaz

Reformulating : pisoLan D4y (t)(PAl (t) — Py, (t)) = pa1La1 Dy () (Paz () — P.(D))

Reformulating :

azLaz Dy () Pas (8) — (pazluz D (8) + pas Lar Do () Pag (t) + pa1 La D, () P.() = 0
Eq. 15

- BetweenA2andC:
Qaz2(t) = Q.(b)

Th S D4- t PAZ(t)_PC(t) — D4 PC(t)
u AZ( ) MazLlaz ¢ Uclc

Reformulating : pL:Dj,(Paz(t) — P.(£)) = wasLay DEP.(2)

Reformulating :



LD, (0)Pay (8) — (peLeDky (£) + papLa, DHP.(E) = O Eq. 16

Expression of P,(t), P,(t) and P.(t) from Eq.14, Eq.15 and Eq.16 :
ﬂAzLAzD:ﬁ(t) Eq. 14 + (.uAlLAngia + .UpiaLpiaD,fh(t)) Eqg. 15 gives

(ta1L 1Dy (O tiazLaz Dt (t) Ppig + (piaLpiattazLazDa1(t) — (arLai Dy ()
+ UpiaLpia D () (azLlaz D () + pasLai Dz (£)))Paz(t) + (tarLai Dyig ()
+ .upiaLpiaDjl(t)) ,uAlLAleZ(t)Pc(t) =0

Reformulating :

ta1La1Dyiq (O pazLaz D1 () Py
— (141151 D%, () Dpiq )+ (a1 Lar Dyiq () taz Lz
+ ta1La1 D, () tpiaLpia) D1 () Paz(t) + (a1 Lar Dy ()
+ UpiaLpia Dy (£)) a1 La1Dj, (H)P:(t) = 0

Eq. 17
Eq.17 + (.uAlLAngia(t) + UpiaLpiaDi1(t)) Ha1Lai Ds, Eq. 16 gives

(cLeDy () + pazlaz D) ptarLar Dyiq () ptazLaz Da1 () Po + ((a1La1Dyia(t) +
llpiaLpiaD;ﬁ(t))HA1LA1ﬂchD22(t) — (ucLeDgy (t) + pazLaz DF) (41151 D4, (t)D{fia(t) +
(.uAlLAngia(t):quLAz + .uAlLAngZ(t)ﬂpiaLpia)Djl(t))PAZ t)=0

Reformulating :

(cLeD3y(6) + pazlaz D) ttar Lar Dyiq (D) ptaz Laz D1 () Po — (tazLaz D2 pd1 Li1Dj, (1) Dy (1) +
(cLeD gz (O tiarLar Dpiq (DiazLaz + azLazDE (a1 L a1 Dyia (O ttazLaz +
ﬂAlLAlez (t).upiaLpia)Djl(t))PAZ t)=0

Reformulating :

Dyia(tcLeDas(8) + tazLaz DE)D A1 (t) Py — (tta1Lai D3, () Dy D + (tcLeD 4, Dy (8) +
Dg(Dgia(t).“AzLAz + Dy (D) UpiaLpia) a1 (£))Paz(t) = 0

setting

B(t) = Dpia () (tcLcDin () + tazlaz DE)

y(®) = pcLeDi, (1)Dyio (8) + D¢ (MazLazDyia () + tpiaLpiaDa2 (1))
8(t) = tarLa1D¢ Day (t)D;m(t)

Then D41 (t) Ppiq — (6+YDji1 (£))Paz(t) = 0




Thus

Pyz(t) = S(O)+y(H)D5,(t) A 18
. _ BcLeDg, (0P a2 ()
From Eq. 16: P.(t) = (UcLeD: +1azLaz DY)
. _ IlCLcD;}lz(t)
Setting £(t) = (HcLcDg, () +1a2La2DE)
Then P.(t) = e(t)Py,(t)
Thus
_ B®E®)DE1(OPpia
Pc(t) - S()+y()D5, () w19

tazLaz D1 (£)Pa1(8) — (HazLaz Dy (8) + a1 Las D2 () Paz(t) + a1 Las Dz (D)P(t) = 0

_ (MazLazDh, (©)+pa1La1DJ;(t))Paz () —pa1Lai DA, (£)Pc(L)
P (t) =

From Eq. 15: iazLaaDR: (O
Reformulating :
tta1La1D5, (1)
Py(t) = (1 +———7= (1 — &(£)))Ps2(¥)
At tazLlazDg; (1) 42

Setting
a(t) = ta1La1 Do (¢)

tazLa Dy (t)
Then Pyi(6) = (1+0(6)(1 — &(t))Paz(t)
Thus

B(t)D4,(£)(1+6(6)(A—£(t))) Po
P, (t) = Eq. 20
a1 (0) 5O+ (DD (D a




Equivalent cylinders for each compartment:

To model a vascular network as a single cylinder we need to estimate its parameters:

Let’s assume :

- N primary branches at entrance of the same length L:
Q=NQ
where Q;is the flow through a individual primary branch. Hence

— 4 Pentrance(t)_Pexit(t)
Q(t) =mn N D; (t) 28 Eq. 21

- Each of the primary branches divides M-1 times and each sub-branch of the same length Li

and diameter Di

Pl ------------------------------------------------------------------------------------------------
......... P2 imEEEEEEan
P3 i S e TR,
P4 .. MN.........o...... I A ... I L AW ... T O
Lj=L/M
At order j between 1 and M : Q.1 (t) = Q; (t) / 2
where Qjis the flow through an individual arteria at order j
Hence Q;(t) = Qu (t) / 2
P;(t) = Pj11(0)
(t) =t D} J J
_ 4, Pi(®)—Pj41(®)
128uLQ: (1) _ 5j-1 _p
> U0 = 2P (0) ~ Py (D)
_ 128uLQ, (t)
= Piu1(t) = Pi(t) _TM;{’@
_ 128uLQ,(t) «j 1
P Baa(®) = Pu(t) = = Riema T



Paa(®) = Py(o) - 00 (1 _ (1)

nMD}(t) 2

The flow through the vascular networkiis: Q(t) = Q,(t)

M-1
From Eq.22: Py (t) = Py () — w(l -(3) >

Therefore

TMDE(t) 2

Q) =

4
M 2M72D; (t)
128uL2M " 1-1)

(P1(t) = Pu(®)

Combination of both levels give:

To simplify we define: Dy, (t) = (

Then

At order j between 1 and M :

vi(t) = Di(t

Q) =

4
nNM 2M72D; (1)

e L1(0) — Pu®)

NM2M-2
2M-1_q

1/4
D;(t)

But By(t) — Py (t) =

Therefore

The average speed is then:

v(t) =

Thus

27lnm pE() ~ 27lmMDE(E) T 27Y(

4
Q1) = D (P (£) — Py(D))
P;(t) — Pi41(t P;(t) — P 1(t
VPO =Pra® o PO~ Praa(©
32,uLj 32ulL
128uLQ,(t) 128uLQ(t) N2M-2

s (Pu(®) — Py ()

_ NM2M72DZ(6) Py (£) Py (t)
vJ(t) - 2im12M71_ 1y 32ulL
| s NM2M72D2(t) P1(t) — Py (t)
211\4:1 2]—1vj(t) 3 ]—1 (ZM—l _ 1) 32,“14
Zjlvil 2j-1 2M —1
_ 2" 72MENDE (O (P (H-Pu(D)
v(t) = M) 2" 1_1)32uL

Eq. 22

Eq. 23

Eq. 24

Eq. 25

Eq.26

Eq.27



Model input parameters: estimates of compartment length and branching

pia Al A2 Capillaries
300 100 100 300

1 1 4 3

2 2 4 2
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