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Table 1. Transmembrane currents used in the synaptic cradle model. 

Current Description Equation(s) Source 

𝑰𝒗𝒈𝒏𝒄,𝒑𝒓𝒆 
Voltage-gated Na+ 

channel 
𝑔𝑣𝑔𝑛𝑐,𝑝𝑟𝑒𝑚

3ℎ(𝑉𝑝𝑟𝑒 − 𝐸𝑁𝑎) 1 

𝑰𝒗𝒈𝒌𝒄,𝒑𝒓𝒆 
Voltage-gated K+ 

channel 
𝑔𝑣𝑔𝑘𝑐,𝑝𝑟𝑒𝑛

4(𝑉𝑝𝑟𝑒 − 𝐸𝐾) 1 

𝑰𝒍,𝒑𝒓𝒆 
Background leak 

channel 
𝑔𝑙,𝑝𝑟𝑒(𝑉𝑝𝑟𝑒 − 𝐸𝑙) 1 

𝑰𝒗𝒈𝒄𝒄,𝒑𝒓𝒆 
Voltage-gated Ca2+ 

channel 
𝑔𝑣𝑔𝑐𝑐,𝑝𝑟𝑒𝑠(𝑉𝑝𝑟𝑒 − 𝐸𝐶𝑎) 2 

𝒅𝒘

𝒅𝒕
 

Voltage-gated 

(in)activation 
𝛼𝑤(1 − 𝑤) − 𝛽𝑤𝑤 1 

𝜶𝒎 
Na+ activation 

forward rate 
0.1(

25 − 𝑉𝑝𝑟𝑒

𝑒𝑥𝑝 (
25 − 𝑉𝑝𝑟𝑒
10

) − 1

) Adapted from 1 

𝜷𝒎 
Na+ activation 

backward rate 
4 (
−𝑉𝑝𝑟𝑒

18
) Adapted from 1 

𝜶𝒉 
Na+ inactivation 

forward rate 
0.07 𝑒𝑥𝑝 (

−𝑉𝑝𝑟𝑒

20
) Adapted from 1 

𝜷𝒉 
Na+ inactivation 

backward rate 
(𝑒𝑥𝑝 (

30 − 𝑉𝑝𝑟𝑒

10
) + 1)

−1

  Adapted from 1 

𝜶𝒏 
K+ activation forward 

rate 
0.1(

10 − 𝑉𝑝𝑟𝑒

𝑒𝑥𝑝 (
10 − 𝑉𝑝𝑟𝑒
10

) − 1

) Adapted from 1 

𝜷𝒏 
K+ activation 

backward rate 
0.125 (

−𝑉𝑝𝑟𝑒

80
) Adapted from 1 

𝜶𝒔 
Ca2+ activation 

forward rate 

1.6

1 + 𝑒𝑥𝑝 (−0.072(𝑉𝑝𝑟𝑒 − 5))
 Adapted from 2 

𝜷𝒔 
Ca2+ activation 

backward rate 

0.02(𝑉𝑝𝑟𝑒 − 1.31)

𝑒𝑥𝑝 (
𝑉𝑝𝑟𝑒 − 1.31
5.36

) − 1

 Adapted from 2 

𝑰𝒑𝒎𝒄𝒂,𝒑𝒓𝒆 

Plasma-membrane 

Ca2+-ATPase 

(PMCA) 

𝐼�̅�𝑚𝑐𝑎 (
[𝐶𝑎2+]𝑝𝑟𝑒

𝐾𝐶𝑎,𝑝𝑟𝑒 + [𝐶𝑎
2+]𝑝𝑟𝑒

) 3 

𝑰𝒏𝒌𝒂,𝒚 
Na+-K+-ATPase 

(NKA) 
𝐼�̅�𝑘𝑎 (

[𝑁𝑎+]𝑦
1.5

𝐾𝑁𝑎,𝑦
1.5 + [𝑁𝑎+]𝑦

1.5
×

[𝐾+]𝑦

𝐾𝐾,𝑦 + [𝐾
+]𝑦
) 4 

𝑰𝒂𝒎𝒑𝒂,𝒑𝒐𝒔𝒕 AMPA receptor 𝑔𝑎𝑚𝑝𝑎𝑟(𝑉𝑝𝑜𝑠𝑡 − 𝐸𝑎𝑚𝑝𝑎) 5 

𝑰𝒏𝒎𝒅𝒂,𝒑𝒐𝒔𝒕 NMDA receptor 𝑔𝑎𝑚𝑝𝑎𝐵(𝑉𝑝𝑜𝑠𝑡)𝑟(𝑉𝑝𝑜𝑠𝑡 − 𝐸𝑎𝑚𝑝𝑎) 5 
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Current Description Equation(s) Source 

𝒅𝒓

𝒅𝒕
 

AMPA/NMDA 

(in)activation 
𝛼𝑟[𝐺𝑙𝑢]𝑒𝑐𝑠(1 − 𝑟) − 𝛽𝑟𝑟 5 

𝑩(𝑽𝒑𝒐𝒔𝒕) 
NMDA magnesium 

block 
(1 + 𝑒𝑥𝑝(−0.062𝑉𝑝𝑜𝑠𝑡)

[𝑀𝑔]𝑜
3.57

)

−1

 6 

𝑰𝒆𝒂𝒂𝒕,𝒑𝒔𝒄 

Excitatory amino-

acid transporter 

(EAAT) 

𝐼�̅�𝑎𝑎𝑡 (
[𝐺𝑙𝑢]𝑒𝑐𝑠

𝐾𝑒𝑎𝑎𝑡 + [𝐺𝑙𝑢]𝑒𝑐𝑠
) - 

𝑰𝒏𝒄𝒙,𝒑𝒔𝒄 
Na+/Ca2+ exchanger 

(NCX) 

𝐼�̅�𝑐𝑥 ((
[𝑁𝑎+]𝑝𝑠𝑐
[𝑁𝑎+]𝑒𝑐𝑠

)

3

𝑒𝑥𝑝 (
𝛾𝐹𝑉𝑝𝑠𝑐

𝑅𝑇
)

− (
[𝐶𝑎2+]𝑝𝑠𝑐
[𝐶𝑎2+]𝑒𝑐𝑠

) 𝑒𝑥𝑝 (
(𝛾 − 1)𝐹𝑉𝑝𝑠𝑐

𝑅𝑇
)) 

4,7  

𝑰𝒌𝒊𝒓,𝒑𝒔𝒄 
K+ inward rectifier 

channel (Kir4.1) 
𝑔𝑘𝑖𝑟√[𝐾

+]𝑒𝑐𝑠(𝑉𝑝𝑠𝑐 − 𝐸𝑘𝑖𝑟) 8 

𝑰𝒑𝒇,𝒙 Leaflet diffusion 𝐾𝑝𝑓,𝑥
−𝐸𝑥
𝑙𝑙𝑓
 𝑒𝑥𝑝

(

 
 
 
 

−

𝑄(𝜑 − √
𝑄(−𝐸𝑥)
𝑙𝑙𝑓𝜋𝜖

)

𝑘𝐵𝑇

)

 
 
 
 

 Adapted from 9 

𝑰𝒍,𝒙,𝒚 Passive channels 𝑔𝑙,𝑥,𝑦(𝑉𝑦 − 𝐸𝑥) 3 

𝑰𝒆𝒄𝒔,𝒙 ECS diffusion 𝑔𝑒𝑐𝑠𝜆(−𝐸𝑥,𝑒𝑐𝑠) 10 

𝑬𝒙 Equilibrium potential 
𝑅𝑇

𝑧𝑥𝐹
𝑙𝑛
[𝑥]𝑜
[𝑥]𝑖

 3 

Note: 𝒘 ∈ {𝒎, 𝒉, 𝒏, 𝒔}, 𝒙 ∈ {𝑵𝒂,𝑲, 𝑪𝒂} and 𝒚 ∈ {𝒑𝒓𝒆, 𝒑𝒐𝒔𝒕, 𝒑𝒔𝒄} 

 

Table 2. Parameters used in the synaptic cradle model. 

Parameter Description Value Unit(s) Source 

Constants 

𝒅𝒕 Time step 10 µs - 

𝑭 Faraday’s constant 96485 C/mol - 

𝑹 Idela gas constant 8.314 J/mol.K - 

𝒌𝑩 Boltzmann’s constant 1.38 x 10-23 J/K - 

𝑻 Absolute temperature 310 K - 

𝑸 Elementary charge 1.6002 x 10-19 C - 

𝒛𝑲 Valency of K+ 1 - - 

𝒛𝑵𝒂 Valency of Na+ 1 - - 

𝒛𝑪𝒂 Valency of Ca2+ 2 - - 

Neuronal parameters 
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Parameter Description Value Unit(s) Source 

𝑽𝒑𝒓𝒆 
Presynaptic membrane 

potential 
-70 mV - 

𝑽𝒑𝒐𝒔𝒕 
Postsynaptic membrane 

potential 
-70 mV - 

𝑪𝒎 Membrane capacitance 0.01 F/m2 1 

𝒈𝒗𝒈𝒏𝒄,𝒑𝒓𝒆 Maximal Na+ conductance 120 mS/cm2 1 

𝑬𝑵𝒂 Na+ equilibrium potential 45 mV Adapted from 1 

𝒈𝒗𝒈𝒌𝒄,𝒑𝒓𝒆 Maximal K+ conductance 36 mS/cm2 1 

𝑬𝑲 K+ equilibrium potential -82 mV Adapted from 1 

𝒈𝒗𝒈𝒄𝒄,𝒑𝒓𝒆 Maximal Ca2+ conductance 0.1 mS/cm2 Adapted from 2 

𝑬𝑪𝒂 Ca2+ equilibrium potential 
𝑅𝑇

𝑧𝐶𝑎𝐹
𝑙𝑛
[𝐶𝑎2+]𝑒𝑐𝑠
[𝐶𝑎2+]𝑝𝑟𝑒

 V - 

𝒈𝒍,𝒑𝒓𝒆 Maximal leak conductance 0.3 mS/cm2 1 

𝑬𝒍 Leak equilibrium potential -59 mV Adapted from 1 

𝑽𝒎𝒂𝒙 Maximal PMCA velocity 0.2 x 10-6 mol/m2s 3 

�̅�𝒑𝒎𝒄𝒂 Maximal PMCA current 𝑉𝑚𝑎𝑥𝐹 A/m2 3 

𝑲𝑪𝒂,𝒑𝒓𝒆 PMCA Ca2+ affinity 0.2 µM 3 

𝑷𝒎𝒂𝒙 Maximal NKA velocity 1.12 x 10-2 mol/m2s 4 

�̅�𝒏𝒌𝒂 Maximal NKA current 𝑃𝑚𝑎𝑥𝐹 A/m2 4 

𝑲𝑵𝒂,𝒑𝒓𝒆/𝒑𝒐𝒔𝒕 NKA Na+ affinity 10 mM 14 

𝑲𝑲,𝒑𝒓𝒆/𝒑𝒐𝒔𝒕 NKA K+ affinity 0.6 mM 14 

𝒈𝒂𝒎𝒑𝒂 Maximal AMPA conductance 0.18 S/m2 5 

𝑬𝒂𝒎𝒑𝒂 AMPA equilibrium potential 0 mV 5 

𝜶𝒂𝒎𝒑𝒂 AMPA activation rate 1.1 x 106 M-1s-1 5 

𝜷𝒂𝒎𝒑𝒂 AMPA inactivation rate 190 s-1 5 

𝒈𝒏𝒎𝒅𝒂 Maximal NMDA conductance 0.26 S/m2 6 

𝑬𝒏𝒎𝒅𝒂 NMDA equilibrium potential 0 mV 6 

𝜶𝒏𝒎𝒅𝒂 NMDA activation rate 7.4 x 104 M-1s-1 6 

𝜷𝒏𝒎𝒅𝒂 NMDA inactivation rate 6.6 s-1 6 

𝒈𝒍,𝑵𝒂,𝒑𝒓𝒆 Na+ leak conductance 1.4184 S/m2 Calculated 

𝒈𝒍,𝑲,𝒑𝒓𝒆 K+ leak conductance 7.6113 S/m2 Calculated 

𝒈𝒍,𝑪𝒂,𝒑𝒓𝒆 Ca2+ leak conductance 0.0186 S/m2 Calculated 

𝒈𝒍,𝑵𝒂,𝒑𝒐𝒔𝒕 Na+ leak conductance 1.4184 S/m2 Calculated 

𝒈𝒍,𝑲,𝒑𝒐𝒔𝒕 K+ leak conductance 7.6113 S/m2 Calculated 

𝒈𝒍,𝑪𝒂,𝒑𝒐𝒔𝒕 Ca2+ leak conductance 0.0186 S/m2 Calculated 

Astrocytic parameters 
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Parameter Description Value Unit(s) Source 

𝑽𝒑𝒔𝒄 Membrane potential -80.7 mV 10 

𝑽𝒆𝒂𝒂𝒕 Maximal EAAT velocity 3 x 10-6 mol/m2s 11 

𝒆𝒇𝒇𝒆𝒂𝒂𝒕 Average EAAT efficiency 0.5 - 12 

�̅�𝒆𝒂𝒂𝒕 Maximal EAAT current 𝑉𝑒𝑎𝑎𝑡𝑒𝑓𝑓𝑒𝑎𝑎𝑡𝐹 A/m2 - 

𝑲𝒆𝒂𝒂𝒕 EAAT Glu affinity 20 µM 13 

𝑲𝑵𝒂,𝒑𝒔𝒄 NKA Na+ affinity 10 mM 14 

𝑲𝑲,𝒑𝒔𝒄 NKA K+ affinity 3.6 mM 14 

�̅�𝒏𝒄𝒙 Maximal NCX current 1 A/m2 7 

𝜸 NCX energy partition 0.5 - 7 

𝒈𝒌𝒊𝒓 Maximal Kir4.1 conductance 144 S/m2 10 

𝑬𝒌𝒊𝒓 Kir4.1 equilibrium potential 
𝑅𝑇

𝑧𝐾𝐹
𝑙𝑛
[𝐾+]𝑒𝑐𝑠
[𝐾+]𝑝𝑠𝑐

 V - 

𝑲𝒑𝒇 
Poole-Frenkel channel 

constant 
0.018 S/m 9 

𝝋 Well activation energy 10 J 9 

𝝐 Dynamic permittivity 𝜖0𝜖𝑟 - 9 

𝝐𝟎 Vacuum permittivity 8.85 x 10-12 F/m 9 

𝝐𝒓 
Relative permittivity of brain 

tissue 
0.82 F/m 9 

𝒈𝒍,𝑵𝒂,𝒑𝒔𝒄 Na+ leak conductance 2.3771 S/m2 Calculated 

𝒈𝒍,𝑲,𝒑𝒔𝒄 K+ leak conductance 33.0159 S/m2 Calculated 

𝒈𝒍,𝑪𝒂,𝒑𝒔𝒄 Ca2+ leak conductance 1.6 x 10-11 S/m2 Calculated 

Extracellular parameters 

𝒈𝒆𝒄𝒔 
Maximal diffusion 

conductance 
1 S/m2 10 

𝝀 Conductance scaling factor 10 - - 

𝑬𝒙,𝒆𝒄𝒔 ECS equilibrium potential 
𝑅𝑇

𝑧𝑥𝐹
𝑙𝑛
[𝑥]𝑔𝑒𝑐𝑠
[𝑥]𝑒𝑐𝑠

 V 10 

Concentrations 

[𝑲+]𝒑𝒔𝒄 Initial K+ in PsC 100 mM 14 

[𝑲+]𝒆𝒄𝒔 Initial K+ in ECS 4 mM 14 

[𝑲+]𝒑𝒓𝒆 K+ in Pre 100 mM 14 

[𝑲+]𝒑𝒐𝒔𝒕 K+ in Post 100 mM 14 

[𝑲+]𝒈𝒆𝒄𝒔 K+ in GECS 4 mM 14 

[𝑵𝒂+]𝒑𝒔𝒄 Initial Na+ in PsC 15 mM 14 

[𝑵𝒂+]𝒆𝒄𝒔 Initial Na+ in ECS 135 mM 14 

[𝑵𝒂+]𝒑𝒓𝒆 Na+ in Pre 15 mM 14 
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Parameter Description Value Unit(s) Source 

[𝑵𝒂+]𝒑𝒐𝒔𝒕 Na+ in Post 15 mM 14 

[𝑵𝒂+]𝒈𝒆𝒄𝒔 Na+ in GECS 135 mM 14 

[𝑪𝒂𝟐+]𝒑𝒔𝒄 Initial Ca2+ in PsC 100 nM 14 

[𝑪𝒂𝟐+]𝒆𝒄𝒔 Initial Ca2+ in ECS 1.5 mM 14 

[𝑪𝒂𝟐+]𝒑𝒓𝒆 Initial Ca2+ in Pre 50 nM 14 

[𝑪𝒂𝟐+]𝒑𝒐𝒔𝒕 Ca2+ in Post 50 nM 14 

[𝑪𝒂𝟐+]𝒈𝒆𝒄𝒔 Ca2+ in GECS 1.5 mM 14 

Morphology parameters 

𝑽𝒐𝒍𝒑𝒔𝒄 PsC volume 0.031416 fL Calculated 

𝑽𝒐𝒍𝒑𝒓𝒆 Pre volume 0.014314 fL Calculated 

𝑽𝒐𝒍𝒑𝒐𝒔𝒕 Post volume 0.014314 fL Calculated 

𝑽𝒐𝒍𝒆𝒄𝒔,𝒂 ECS volume (A configuration) 0.001145 fL Calculated 

𝑽𝒐𝒍𝒆𝒄𝒔,𝒃 ECS volume (B configuration) 0.00786 fL Calculated 

𝑽𝒐𝒍𝒆𝒄𝒔,𝒄 ECS volume (C configuration) 0.055022 fL Calculated 

𝑺𝑨𝒑𝒔𝒄 PsC surface area 0.23562 µm2 Calculated 

𝑺𝑨𝒑𝒓𝒆 Pre surface area 0.21206 µm2 Calculated 

𝑺𝑨𝒑𝒐𝒔𝒕 Post surface area 0.21206 µm2 Calculated 

𝑺𝑨𝒆𝒄𝒔 ECS diffusion surface area 0.015 µm2 Calculated 

𝑪𝑺𝑨𝒍𝒇 Leaflet cross-sectional area 0.007854 µm2 Calculated 

𝒍𝒍𝒇 Leaflet length 2 µm - 
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