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Application of Graphene Neural Probe for
Deep Brain Stimulation and Multidimensional
Neural Activity Electrical Signal Sensing
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In light of the burgeoning developments in neuroscience research, and with the aim of reducing
the lag time between diagnosis and treatment, our team has leveraged nanomaterials, specifically
“graphene,” to engineer neural probes. These probes empower us to delve into the intricacies of
brain functioning with innovative precision and depth, all while identifying novel therapeutic
approaches. This article will elucidate the unique advantages of graphene neural probes, present the
outcomes achieved in animal experiments, and outline future prospects.
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Dimension Value Dimension Value

, Number of probe shaft 1 Distance (G) 48.4 um
_ — g Number of electrodes | 16+1ref. | Diameter of electrode (H)| 12 um

~ \D Connector pads
Probe length (A) 18.8 mm Wire width (1) 10 um
Probe width (B) 2 mm Wire width (J) 5um
Probe length (C) 14.90 mm| Electrode distance (K) |74/150 um
Max shaft width (D) 996 um Recording length (L) 2.25 mm
Shaft width (E) 220 um Reference length (M) 7.02um
Tip width (F) 3 mm
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1. BERECIERe g
FEHSFE R (deep brain stimulation, DBS) & — & /GBS AIAE B I FR T - s
R SN (e iy n] 281 - BRI TREE RN ThRE ST 1A + RO T (central thalamus, CT) £
R H - EEER DBS & - 5B DBS %f CT (CT-DBS) & 4 A3 E B 1 (5 15 -
#4E CT-DBS FIREM: GRS (functional magnetic resonance imaging, fMRI) » AT EE
S TAEREH ST CT-DBS KA TE(LAVISE - MBI EL MRI AR AR E S PEET
aafr ([ 4) - BESERRZ G Bl A Z2 2 MIRE - #5530 » BIHIFT 28 (anterior cingulate
cortex) ~ JEENFZE (motor cortex) + FEA K EHZIEZ'E (primary and secondary somatosensory
cortices) » FBREL (caudate putamen) » iR [t (hypothalamus) ~ i (. (thalamus) F1¥& 3
(hippocampus) ZFE sk A TEL (B 5) > EFR T HE —IEHF% (corticostriatal) » F7E — &%
A EE (corticolimbic) AR . — FZE (thalamocortical) SIS Z R 2 - fE1T RalE A 1H > CT-
DBS #HAITEFREREE TR R - AGAE T BUR = E S 2 S AT MR - B
HITHREMEEAAE 2T - P57 BENER SRR - 0 DI M a4- B T ZBEiEm 2 Rry3:
HEEHN - 2B D2 ZRAIFRID « EEDL RS - CT-DBS 1] DA AT 22 n] 98 14 2k 0
SRFRAITHRERIBSER RS - NIt CT 22— (8 B SV 1 AU EEE F AT R 2 2 R s R g -

(a) Neural probes (b)

Surface coll w-w\v

Neural probes

1 mm Scanner bore
4. (a) B BHAP 2K R A CTHSE © (b) XK EH AR E
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(a)

Bregma —-1.48 mm

Bregma —-2.52 mm -3.48 mm —4.44 mm

D P,

Baracc Psc [P cru [ Hip H [} HypoTH

5.(a) #47 CT-DBS WATELAIEE - (b) IEAAH BB EFEE -

2. BFATEFRRF IR

H PAYEREEFFERE (autism spectrum disorder, ASD) & — TS BIEgE - K EVERL A&
B~ EEITREEHEIEER - CHAEF R L (central thalamus, CT) HEfTHIZEISE RS
o '8 — BB (corticostriatal) ~ F7E — & #% i (corticolimbic) » FE& MG INER R M EE) 1T
B~ BRAIRTAMFRERE - TR o BmiiS s st i A A ZE YT REFEAIDIRER CT
T RISEREUAR - WA IR MRS B E &S LB E - JM3#E CT-DBS &L T
ASD KE SR E RS R DIREMSEAS - IR T 2 00% D2 288 - 58HE CT-DBS % ASD &Y
PRI ARS S il m] 2R 1 - HE(T 2% ASD R AR FER 6 ([ 6) -

3. FIZBRTE

B 2% VG R E B — TR RAL M - IR g PR BRI - FERERLET
TR FITIRERE o @& AT TER BRI 2 S BE g AR ks Ay = RIS [E A
RSB R RE I AR A D RE B G s En 1R A « B ~ A « B REE - HitE
L8 [LELEH (nucleus basalis of meynert, NBM) 52 i L HAS AH (cholinergic system) FYRE#E A
& FESER BB ZBEIERS (acetylcholine) £ B » AR A B MATHRER ST 43 BIE
AT 2 R/ N E AT A EE ] NBM - Al H R R R RE D RE MR GRS R ~ 1T Rl BB LRI
fifi (acetylcholinesterase, AChE) FiHllZ 5] NBM-DBS JAFESE - Ff2631 NBM-DBS i
TEHFEAITIEE (NOR) ~ 22 TEECIE (T-maze) FHBARYIT B 3RIR « BEANTHAE M # 2 (functional
connectivity, FC) 1 Z Bt i BElg /S M B K 7] {E ks AD AR AEEEY D (B 7) -
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4. BEIE

SRR AEmERR - HEENERNEEERSR A REE  @ECKHEE
TEMIGHR G B2 REDNAZVE BB ENGHRICR - R Z 2 2B ER
SRR - 0 HAARE BRI RUE IR nTRE B U 2R AL - R IRBS % (nucleus accumbens,
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NAc) #J DBS FIREFEFAEIZ o EE EBETET) » BT ARG PRt & fEA T1E
ik A2 P B B/ N A A (] NAc AEETT DBS @ 33 NAc-DBS A DUA ZE2E /N
HITRERER Z R AR E AT Ry - @I REME IS ARG & - #8E NAc-DBS HYEEE/NE
1 2 DR i s i R B HE S B A D R M sE A+ AR B 2 IR M b 3  #Z Rl - (brain-derived
neurotrophic factor, BDNF) FIiH#&HHE (neuronal nuclei, NeuN) BYHEHN - M2 Ef% D1 <28
%% D2 ZHEAIES 2l A LBRHI R EWAERTE X E (medial prefrontal cortex) » NAc ~ I
{HI¥6 B3 (ventral hippocampus) » HHSHE{HIZTE (ventral tegmental area) F175{~f% (amygdala)
FRE BRI N - FRAFIRIURFSERS 7208 NAc-DBS 1] LUEE BDNF HyBg4E » MM s 2 E
EEEg R TR MRS AR ] - R BB R E IR TH AR RIS (& 8) -

Chronic Social Defeat Stress (CSDS) Mouse model

Aggression ) ) NAC-DBS
30 sec/trail Overnight housing -
3 trails/day - .

e =

M consecutive days UJ )
< Q
{ e ©
1 BDNF
1 expression
Water .| Water+ ' 1 4 f,;‘:j“‘NeuropIasticity
w Sucrose Functional
S connectivity Dopaminergic
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Depressive-like ‘ : sl /' Y
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[ 8. NAc-DBS e 1% Mk 3 3k B B % ) R P 0908 5306 -

5. THEFHREKE

MH<e#% ICE (Parkinson’s disease, PD) H¥ il i 4= B AL W K 2R Ok e iy 2 A2
RETHFSTTHERAL © By TR PD HYEEERE - DBS & — & s S B pg - A iEEE) « 58
HIAIE R RERH RANEHER 7% o A5 MitoPark PD /NEFRAIETT T NAc-DBS 5
B AT RN ~ MR SR BSR4 DUR KA BE (R EBs - 7E NAc-DBS & » PD /AR AL
BB m BB RS - (RIFIEE T AR E R - RESNFIAIIRE I FME -
W H R HETEE S (medial prefrontal cortex) » NAc ~ fE{H[1 5 (ventral hippocampus) »
MEHEHIZ TR (ventral tegmental area)) HHHCGERITIRENEELS (18 9) o IR =WiMEHR T (adenosine
triphosphate, ATP) FYZE 4 » fHELA Mito-Sham #H » Mito-DBS #HEH £ 58 = HUAH IR A M 24
FERFIE DI N R B ERHAER ({5 NAc-DBS it T HE G IIIIRE - H iSRS
HH » NAc-DBS £ PD JA/% T B A JRES (3 28 AR R R 2 1 ® -
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(b) 4% NAc-DBS #4 PD /s R /&2 BALI4 69 oh b b ik 4 (A A B8 04 329t -

= TSRS S N ER TR RS /a8

OB R R e H T E W 2 E R R RS R B R se R - #E e BRI RO - By
E R A A A R R 3R BB E & H » 5820 ChR2 (channelrhodopsin-2) #1 GCaMP (green
fluorescent protein calcium indicator)'” » FIJ 77 SR THACHE S+ Frfis & 25 Kb A ) (ke fa
FIBLDCEE RIS EER T » ARAER RO B R BT RIS AR MR T AR R o H
THROT R HE M - WA BB E AR IIERERNCE - B RET 7 HRAMEAR
{8 R e B AL ORFE - IR AT AEAN R i B MR E AR %ﬁ?tkéﬂd\ﬁﬂiliﬂ’ﬁ‘éﬁlﬂ’ﬁﬁ
gy fElifeE Ba T sl 8 5L - S PAEEIYIEG N E B 28 R B A R R Rk R
10 (DAL - RRECE B OURCE 2 PR il 1T IS IR B sk e L O R Al e %fﬁ
FER ATV » AR AN GRS 3 A 1 7 e s S sl a0 &l 10 AR

SR » B T RESRIEDEEER B B A AIEREE - FEHHEUR A SRR S H L Fr SRR -
R EE O ELG SEIATHC PR R & - DABH S HAE % [R] i & 0w e B 4 B B i v B2 AR Y
ASETOCERET (B 11) - m2E 12 Fros - AEERIEERE AT [ iE gy - a2l
FEFH PR A SRRSO ERR PR 1 i Fr [R50 S 2 e 25 4 PR B RO EERHR - R DU A5
IS TR it P A AR 2 R 2 JE P A 2 RS R S R 7B () -
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