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[ Abstract]  To summarize the animal and cell models of attention deficit hyperactivity disorder ( ADHD) and
describe its pathological mechanism to provide a theoretical foundation for experimental pharmacological research. Research
on ADHD was gathered from CNKI, Wanfang, PubMed, and other databases. The principles, characteristics, and research
progress of ADHD animal models were comprehensively outlined, and their merits and shortcomings were highlighted. The
research status of ADHD cell models was evaluated and the pathological mechanism of ADHD was explained. There are two
types of animal models for ADHD; genetic models (hybrid mouse and transgenic animal models) and non-genetic models
(chemically and environmentally induced models). The focus on face validity, construct validity, and prediction validity
differs among models in addition to their application span. Neuronal and non-neuronal cell lines are the most often used cell
lines for ADHD research, but they are understudied. The etiology of ADHD mostly involves neurotransmitter dysregulation,

neuroinflammation, and decreased neuronal energy. SHR is the optimum animal model to simulate ADHD symptoms and
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has a strong predictive validity for neurostimulator medications. SH-SYSY cells display the dopaminergic phenotype of

ADHD and are a useful tool to determine cell viability and drug safety. Neurotransmitter dysregulation, particularly

dopamine insufficiency, appears to be the primary pathophysiology of ADHD in accordance with in vitro and in vivo

investigations.
[ Keywords )

neurotransmitters

attention deficit hyperactivity disorder; animal model; cell model; pathological mechanism;

Conflicts of Interest: The authors declare no conflict of interest.

B G £ 3 B8 ( attention  deficit
hyperactivity disorder, ADHD ) J&— i & Ji 5t 1% (1) #f
LR FREREE, LB IAES b 25
SJFRIE Ay F2BEREIR , R 4Bk 8% ~ 12% 1 JLFE
50% ~60% F) ADHD 5 AR ] 45 2 25 p AR,
B IR S B BB A | AR I8 AT | AT AT R Sl B
B, FTHEIN 2R AL R XUB: , 20 38 AL 2377 ok ™
A, H AT, ADHD 9355 B K 9 BEAL il
AN TE 4 B, 815 5 SR A EAR T 2 %
(dopamine, DA ) Bfg” BiE R H S A R
T AF SRR Z I s TR BIL AR A6 9 1 S R BT 5247
Jrsghn, A AR G I PTEAR BE = o 4 Bk Fl A
ADHD 9 %5 5 5 L TH R 3 il — 2 P 25—k I
FTig ( methylphenidate , MPH ) B9 97 %4 & % 4= PR A7
FEB R AL HORAT % ADHD (9355 B A BLAR
B BAHSCRIBLERI R 2, X R A RRT TR R X
L

SRR A0 AR R T S 45 AT A [ P
SR AL J7 1 A 44 AR 2 A2 PR ]
IS 1 B B B B s SR T ADHD Jg PR AS B i B
P2 2% QA7 T A I R i A 2 BT PR e . AR
SCHHE B 7E R G ML S5 ADHD 11 3h 4 A5 78 Fn 2
A AL 5, IF e 3R g BRAIL A, LA 4 ADHD 1)
SH 2 PRSI B KA, S IF R ADHD A4
FIBLAITFE Bl PR FE SR 2k R

1 ADHD Zhit&E2y

SRR B T BRA% ADHD B9 284k 2% g
SNBSS B W R B L & T AR
RIFP2E . ADHD 3l 9 62 50 R 26 B DL RS
(1) RBAE K 0 H 3 2 S8 L vzl 2 30 5 > R
AR OAT O (CGRIEUE) 5 (2) 456 50 Y B i1
B 5 B AR 2 R (25 A R ) 5 (3) R H
ADHD #1285 42 LR A0 0 7 T s (s £ 148
TBIT I (TSR ) o AR R 15 5 st AR FE AR OC,

ADHD Bl B AT Jp S gt A% 150 50 A 3 j3t 4% 155 250
P
L1 EfERE
L1 ZRsC AR

(1) F A e I R R R A

H & P4 & 1ML HE K B ( spontaneously hypertensive
rat, SHR ) 3K Jil F Wistar-Kyoto ( WKY ) K A 1 38
- Campden A7 05 2 7~ , SHR 19 B sh 1% 3l
SRR R R EE N AT R S T WKY TR
8 FEF A B Sy v U e B B A A 1] 4
SHR £ 3, ol 3, % 2 A T 4B g 12 B g .
Dimatelis 25" BGE T SHR 7776 A £ 4% 336 B 1, H:
ZHae U 1 (ATP B LRR G B) | 40 i &
G (2,3 - % R 3 -T2 TR Lo ik
H) Fif 223 RO BE s B (R AR Al 2R
R/ I AR E IR ) /KK, #5875 T ADHD #f
ZRE RS A0 O B AL S S b 283 T S 1Y
PHZ LT s SHR SE R I Hig g SERE 2 2T Al
INHIEEAH DG 25 I F R 3 (norepinephrine, NE ) fiE
REIRERERT Y FE WM AUE I, MPH sk FL3L P
TT RT3 SHR X K IR 2B e £ P e 17 5
WA G HE ], A% 324K 4a2 ( Nuclear receptor
4a2 NR4A2) B Zifiti Fvi F A 2 ( B-cell translocation
gene 2, Btg2) 1 Homer2 28 mRNA E’\J%\%ﬂ“ﬂ ,1‘;5@
(P2 A RUR ) WIFEAIR T SHR TR0 59256
PR 24 BE | e DXIEUAE 2 ] R G D5 1] R
B3I T HAE Morris /K E LR Y 5 15 UCKUR
H ARG B A5 R B ], I 98] 1 g Y P A 22 8 SR R
( brain-derived neurotrophic factor, BDNF) | 4fi Jifg J&]
HEWHPERE 5 S5 kT TR A RS, A
MGEE T SHR Z 8 F bl A7 Ry Je =3 6] 2] id 12 RE
J3H . SHR #F4 ADHD 2l Y B 3R 1 RU% | 45 14
KB FTINALE 3 KAHAE, H SHR EZAE 4~10 J
W4 2 (] S B LR ADHD FRREIR | X 7E AR B2 |
B JLE TS A e SHR & — Fh 4 ok BE AR B
ADHD Zh¥siAl,



o LR PR A 2 2023 455 5B 33 %55 S Chin J Comp Med, May 2023, Vol. 33,No. 5 147

(2) Naples =5 2% 14K SR

Naples 155247574 ( naples-high-excitability, NHE)
REEM SD K BB AL 55 5 1 Ff B v BT e #5614, B
A2 BB YU M PAT I RE 22 RS, B
1976 4F5EHAE S ADHD Bz JZ 728 S 5 1Y i 47
721, 1 Naples XFBRZUA L, NHE KU Lat 265
W BAT R AR R AR 3l , BRI TARIC A2 i 48
F, NHE KR K DA RER G, FERHN
i DA #ZJCECR , Z LR D1 A2 44 ( dopamine
D1 receptor, DIR) ¥% 55 W) & 35 AR LR AUT K2 2 1
P STIC K TT X 8 i TR e T I
PR R BB A C AL 32 5 0 BORLVRRAE™ . Ruocco
A IRTER WY NHE K RUPE7E B8 SR 1K DA
#3521 ( dopamine transporter, DAT) } N-F ft-D-K
2% IR ( N-methyl-D-aspartate, NMDA ) 52 /& T 58 7T ¥t
4 A, 38 3 P9 8 DA AT 22 1 D2 A% {4
( dopamine D2 receptor, D2R) [ Fl B 1E H , B4 etk
TRRETI DA Wl 2 oy M B IR 114 e J3E TR BR T il
¥ NHE KRBT 8RB, lad % NHE REUH RS
29~42 d(HFWIRTYBY) B R TS MPH, 7] 2.
WA K T 206 Bl 1= e 2 1) T A
o > R LI E], I AR RT AT MSCIRIR DA NE (5-
F2 % (5-hydroxytryptamine , 5-HT ) S AH AR 7= 4
fO B SN fih DA NE ¥ B2, BE T SRy T8I 2R
2336 JFAH HL A P ZE ADHD HILHFN3E 7 B9 % 0
M, NHE KEE—EFREE BRI T ADHD &
ZRE P W 4%, I H A ADHD A9 3 1 8005, B itk ]
LIVESN ADHD it A% sh i il (52 H FiA 5¢ NHE
IR BRURSE L 1) T R AR AN J2 , AKX NHE KB
R TR T e — 2SR
L 12 FeRPN YR

(1) Z B it sm (AR /) A

Z W ¥ 32 K @ Bk ( dopamine transporter-
knockout, DAT-KO) /N 1 Tk /b 4 DAT 2 FH 11
L[N (SLCOA3) , 717 #1455 R B 2 g a2 ) il
FLIE e 3R SR PE A 7R DAT-KO /b
FEAERREEVERL BE T2 3y 0 R ) SR R e 12 Bl 145
AR, DAT (4R FIJE 5506 DA A2 fil ) B o
BT bR 21 9 fol i 4 28 KRS, DAT it = fff DA
PR35 T B TESCIR AR B A2 b ) 3 30 R 45
ZETE R AL DA JKF-, T 3 B0 DAT-KO /)
BATH SR P b, WL H] DAT-KO /N B i
5-HT F1 5-HT FE AR AGHAMEIEZ A LA 5 fid )=

5-HTI1A 32 1K 4 5 4 %0 A S I8 38 fnt 26 79 i
(amphetamine , AMPH ) i@ i + it 5-HT {5 5% 5,
ALYk DAT-KO /N BRAG 3 B 3% BRA 7o, FF 55 DA
ABAR 5 5 O B IR o DDA 25 s MPHL T 348 i iy 45
gz 2 A0 A DA ZKSF 9380 5 SCIR iR = DA BEIR
A, B % DAT-KO /N 22 8 Je 2 2 B g™
AMPH 1 MPH ®$iad iz shVE L, 32 4F T DAT-KO
ANEUPE A ADHD 7R (3 TSR0 3 A TN 264, DAT-
KO /INEUAT fiE & B ELARAE /Y ADHD %5 52 (X 5h ) #45
A {H DAT 78 ADHD 5 K 2% (9 8 D1 178 T i AN 75
HE 5 DAT-KO /MRS IRLBEAT SR BB =

(2) Bedii 2248 /N EL SNAP-25 28745 /N

B R AR /N BT 2 5 e iR R AR e 2 AR
N iR B CB-1. 28 fil 41 5¢ £ H 25 kDa ( synapse-
associated protein 25, SNAP-25) 45 20 Z4™3& [H (1) 1
PRPT RBL A F R 2 3h o 4 K
1M SNAP-25 L Z &M 4E ADHD 95 Rl 2% v & 4
FILA Y SNAP-25 fil 1% 8 1 1 2038 i 14 i ek A
HH R eI RE kAR T fiE S 30 ADHD B 25 £ Fh
KA i & B, SNAP-25 875 /)N fRL [H
SNAP-25 DIfgkets, 76 A & AT 55 h R ™ &
B TAEICIZ B B AN Ak B 36 BRAT o0, 31X AT fig -5 L35 il
SUIRIAR DA Bk Ak 55 X R BT D2R ik
BTG 5, AMPH W §E 38 5% BRSO NE fiER
SRR IR Z 5 T SNAP-25 278 /N fL ) 3 BE 7%
BRAEAR , 2RI BUIR AR FNAR B AZ T 9 NE ¥ B
EHN Y NE REM 2275 % DSP-4 Wi #E NE,
A /N R s Bh TG B B RE RSk
A5 TZSIVE J ADHD A5 (1 2 AN Wi AR v
EL AR A 7 S R B 2, TE iR 4 HE X ADHD 3X
A Je s i e S B )

e L PRVRC R o R A e 2 O 1 2 A PR R
INERASEARL N EHUIR BRI R 2 Ak B LR g A/ LRSS
Y p35 B bR/ BB | 3 2/ B SR8 k32 B
e TAEICIZ B b, HAFAE DA BER S+,
MPH {75 H X 3 2 /N BRL 22 Bl bR (4 300 i 1 T, 260
XL B4 2 3 1R R IR B 2 i DR Bl A R
1.2 FESfREER
1.2.1 fb2=if Al

(1) 6-FFE 2 UL A= K RS 7Y

B KRR M E BT 6 - B £ B (6-
hydroxydopamine ,6-OHDA ) , A 14X DA #7551
EAg LI 51 £ 31 6-OHDA K RAEW"



148 HE A R AR

2023 45 A 33 B 5 Chin ) Comp Med, May 2023,Vol. 33,No. 5

ST AN TR L e SO W= N W R R IO WS E TR /LN
FOMM R B R 2 3 B B gl WD I ) £
FERBAT 237 SO RIS BERY R %, X 5 ADHD /&
BRI BB Bl AT S AR B B R AL AR —
O A XS YR R DA FEIB | B TR
AR O T 0T e 2 B 28 0T S SF R AR AR
fER  KEREOIR AR T 55 6-OHDA 34 1T 1 3 i 30 b
FALZ T YR 23K WO L 5 ] T~ xB (nuclear
transcription factor-«kB, NF-kB) , filt & #1 28 R RV,
NPT HNEHRZER . AMPH A fig il 13 2k 3% DA
I S5-HT it 28 7T (14 451 13 2 U 55 3 Fh AT O B B
6-OHDA Fr 51 iR BRAT 0 DB 2528 4k, Sfp Hon]
YER—AHE5E ADHD g BEAIL ] R IR 97 38 A n A H
BEHY SR IZASE B0 v 8l B9 AIF 58 AT AN 58 4 B,
FEMRAZ X DAT A A ki b, 5 ADHD HIli R
TEAHRFF 2

(2) 77T S T 2/ RS

P CBEEE T R8RS 28U AT N 5
# o Louth % R M4 ] 2, I 22 5% /1N FRUFE ok 4%
A1 B i B} 8] AT 45 ( five-choice serial reaction time
task , 5-CSRTT ) 3P 7 80 T F, B sy A 55 1
B PERAR, O B B e i 35 T 55 L 2R B R X
Lo/ NERATA VI 2 HEA 2T Re R, HoE AT
THTRAT 5 F1 1 3 ) R B Z (8] 19 5C R IR . 7 Hip
Je ity T 2&5% (prenatal nicotine exposure, PNE) HEPE/N
BRI i J2 A R 32 A& mRNA JK-F 284k 5 Hiz
AR R AT O S TR L A2 BB S v A
S AN PNE /)N B i /R HR B2 A DA BEIR
AT B 2 AR W, T AE 00 R MPH YR 7 X
ADHD Y R AT K, PNE /) BUBEAL S —
T ELA i 25 3 T80 E T 2% B2 1) ADHD 52 3 48
B AR TIX A ADHD FEAT by 55 22 3 3% B eV /)N
B, SR /N B A5 e
1.2.2 EEif i

(1) 3 A= Wit Sh ) ol 4

AR T S0 i S 28 B T AR, T AR
ADHD FEFT A2, A ARG 7 RIEVE Wistar KR
BT EVE IR B H (90 min; 8% 0, F192% N,),2 4
HJG K BUHAE 5-CSRTT R B sh s PR A
LRSS St = WAR i DU % PN E 552 -2
JZ AT I T RSO R 1 0 25 s T A
WAL AT 1S D2 2K DAT FRIKFEAR, JF 1
e v A B R 1L I 2 R 2 AL K F- MPH 4524

DU 3 e R AR T O T T i (RO A ek
XEEEHYILE Morris HPAY2F 2] R AZ BB 540 It
AR 1 T A5 AT 5 3 — 2D Rk

(2)#t2bEs

TEAt 23 B8 B PR 5 i K K 4 IR R B Z Fh Ay
AR LG 2 8 R b o DL ) Al
PR W22 AR SRR I A A R A R Y
ADHD 17 A H#0E 5 L0 A K R 0 4 s R -1 ]
TR T AT B XE S RE DR FEA
XU BAEWISEIE H MPH 45 259 5 At &b
BRI Z 3R, PRI R 5 1) % AT A Be AR 2 0
EYIRIT S ADHD #5612 Sl E 1) A 3L T
AR

2 ADHD ffmiEs

5T ADHD #1041t 2 60 45 i 28 o0 41 it
Z (MBI RE SH-SYSY ) FIEERIZ e £ (A
JEAG B 293-rTA 41 25 293 -4l fifd 2 . TsA201 41 ity
ARG #E90E BE JAR 410 R ) , (5 H ardi R 5k
Z LA W) ADHD 4l R SH-SYSY i £ B4
JLJER 240 B 3 2 Fe Uz 0 T PPAS ADHD 48 At 3 5
FIIE LA B IR Fk 4 2,

SH-SY5Y 4 fifg /& A #f 28 £ 40 Jfd %8 ( human
neuroblastoma cells, SK-N-SH ) 40 it i) — . & , %
YN ZR 2235 S oAb v B 22 Rl 2 TR i DA
REMi LR, SH-SYSY 4il g ] 26 1k /% &0 R Al &2
ELe—B - F2 ALl , HAT & i DA Al NE (Y HE T ;38 AT
FIK DAT, 3B EXT DA 19 45 57 H5 ORI 25 o8 ) 15
DA FaZ%; A, SH-SYSY 4 /b5 BA 5400
AR A= b RIS #0285 R f AR B | iz 4n
Jil 22 % FAAE DA R 2 oe R AMERL, I 32 T
L EAY S T N

B ADHD A E 2 2 3 i i AR AS D &
B SH-SYSY AffafEdk4A (5% CO,,1% 0,,94% N,,
37°C) ZAF T HAN BTG P UK HeH SR 4 0F T B
T 29816 15, H ATP A H ML T, R HUA
P M E AN IR T LR FR S, /% T ADHD
(% Kk RS 6-OHDA I 18 3 4 B & vh i &
ADHD #4747, MTT £l % B, 28 6-OHDA Ab 3 iy
SH-SYSY 4, i 01 N B, bR T e e fi , — %
P I 3 T B 1 Rl Wl PR A K T3 X e R R
R AR 1 A B VI AH G, i SH-SYSY 41 fitg %
B AE B 58 A 45 78 9% ( Parkinson’ s disease, PD) |



o LR PR A 2 2023 455 5B 33 %55 S Chin J Comp Med, May 2023, Vol. 33,No. 5 149

ADHD  FIHIAE A9 40 B 4B 20 070 i 4 S B L) | #
FEFF MPH 349 0] 336 8 CRff 28 4 b 4550
PR T HZ TR I8 —L )k ADHD 35 5%
W& Loy E AR s 2ot A &, AT H TR 254
Y IC 92 4 (0 T A 3 5% 25 R 1 PR
il L K R H 4% SH-SYSY i 4 3 TG 15 Yo 18 5 (1) 1%
TRV A, R R BN U SH-SYSY 2L,

3 ADHD BRI H AR

3.1 #EBFRRRERIR

DA NE 5-HT %l M2 R Z 5 T
ADHD 1 %9, Horp«“ DA BRFE ™ B8 o5 A% 0 Ho 7
1991 4F Levy $& i J 5t X FSCIRIA DA SlfE , AT fig 2
FEEZENAERE IR . DA 2 o0 B T N, 38 i
SR SCIRAATE % | v 300 G538 RN 251 e ) E i, 4%
SERVBET DA, 2 5 % R 22 il A R T
AT ARICTZ W R, DA Ty fe ks fig W 42 #F ADHD %
K OEP DO B RO ( eyclic
monophosphate , cAMP ) /25 [ # # A ( protein kinase
A PKA) F 5B B2 2 5 DA BREAIE S
ADHD &R 4 M558 i, DIR 5 6 HH «
WHERY Gas , Gaolf SERILS 45, Al 510N cAMP
& ETE fefll PKA 35 4L, 755 cAMP W JC 45
4 H H (cyclic AMP response-element binding
protein, CREB) B R 1k , M4 T2 2% > FIiC A2 I i
i D2R 5 G & o WHE Gai/o &5 &, W 8 2
cAMP/PKA 3 # 52 {5t Hu i il DA A R i fil——
Mk SRR PR AL 9 77 A D/ DA B, e S 3500 Y
DA BREGIRA AT J o 5 45 B T R W
SHR K BUIK 28 fill cAMP  PKA 7 fH 8 WKY Kk B
I, A H A2 A i BB FE AR KF, 842 SHR K
SUYIBBIRE 1 A% 2104247 . MPH S5 4 28 2%
RGN X DA 3 NE fER ST HUEH , i
F e ADHD SER A H B .
3.2 MERERK

P28 98 R 2 P 228 0 240 L4535 J ) — B A 30
L A7 B TR U 5 R il 4 1 S5 A8 AT BE IR
PR T AT — P & w2 ooy #id ., 7€ ADHD
BB N A BT TR R 2 R e /N B A
J BT A A | A A S R Ak R BRSO AR
SRR, R A RIES 5 T ADHD 1Y K&
W BT A R B AR R A A A 2 R
A RES ADHD FY A AEAT K« BE R A0 vl 3T /N B o

adenosine

Y RIE A L HMA R GE A 220 2R EE
3% i ( mitogen-activated protein kinases, MAPK )/
NF-«B i %45 #4800 1L-6 \1L-33 \ TNF-a \ROS F1 H:Ath
BT R RE TR, 5 e vh R 28 1 R BEOR IfL i
B 1) S A ik & I IR G P i 28 9 4 , 512 ADHD
(A AR ) shisc iR W], SHR i v A o
o IL-1B \IL-4 IL-6 ' TNF-a Al MCP-1 7K & 3 & F
WKY , Z#0E 5 R (—Fhh 2552 J7) Al LU i 90 1
MAPK/NF-kB 18 i, 131 % 3 S6 42 58 [H 7K 7, 4
Ik 57 s 1) e A, AT % SHR K B ADHD i
AR — 0 [ Jo 4 BA B A 5 2 B, K o 2 R 0 SR
YRR ADHD B | A FAIAE 15 2R B AG 25 i 22 3
Gi )5 e A XU T
3.3 HREEFR/I

A2 H I ADHD 1) & AEARTET DA L,
e T RE S LR (DA W] LIRS RE R ) . M HiZeoT
TR, B AT R 5 flh Ak R T ) e 2838 BT (R 2 A
ZAIR) TR NE B RERR 2 10 R R 30 1) B2 0 e Jox
24 6L DA 200 LA v R A e L A A W D i
FE, A FLIR , 3 Fh B W i I3 200 Jf — #f 22 T 7L IR
FEVOEAEFF I LT TE S Y B RE EOR IR, ShfE R
A7 G LT | B A R R 8 8 T R
FET XA R LN, DLAERRRR S 0 P 22 24 A, 1 o
SCAC AR I AN LR A B2 4, 3K
ATP eI 2 AAERF i 22 T E i B 1B
AT HI5532 3l B 0 s 18] R0 58 B2 2% DN HT: 55 1)
Bffa], 3% #4 B% T ADHD 47 4 #ff 28 fig £ 2% 1 Y 3
' RIS R SHR/NGH KRRt 2 5
W WML OB 1 A2 RN = FR R A 24 1) B R e
KRS , 228 ADHD 3l 47 76 1 B 1 A3 9 b 2
AR A EE N ADHD 1Y g B Q2 5 n]
RS HTAE oT LS T e 5 S i AR D BB AR R A 0%,
filt ADHD nJ 940 Ry 4k e T L 2% B e A S 1 B O JE
5 4 4] 20 AR O DA 3 T BB DR 1Y R TR B
ZLAETY

25 LTIk , ADHD 1Y & S BIL ] 32 200 S 285
JBT G P28 SE R 22 R A2 01, e DA SRR
UisE ADHD A0 AR AL, A TRAS 7] 22 4056 (]
— IR A ELAE DA SR I A B 1 B R

4 REHRZE

ADHD i RS B, i R B A% 9 BRAIL AN
B R AIE 9T H: 2 K 1 8O B RN &9 ML, A )



150

HE A R AR

2023 45 A 33 B 5 Chin ) Comp Med, May 2023,Vol. 33,No. 5

FHORIT T R E , N ADHD K HA IfE
ikiie RN R s A IR 7 LR B O P
PREZBETIR BEML 9 5 FH B, T 48 =5 i R 58 19
WERPE DL AN 06 11 JRURS: AR08 R TR 9%, PRI I 7 5
St R FRATINIS AT R I R AR ) S B0 S R L) ik
DAL S 2R S 45 R A2, H T SHR &
[EBRZSIA) ADHD 88 (H X ADHD (1% 2t ff AR
RIDFFEATE SR B R B =, R R B F 5% 1o BF 22 b 56 7
ADHD 4R iy g vy, T E— 25 BB ADHD &2
F 9 BEALA

S 3k

[1]

[2]

[10]

[11]

Faraone SV. Attention-deficit hyperactivity

Lancet, 2005, 366(9481) . 237-248.

Biederman J,
disorder [ J].
Terdn PA. Attention-deficit/hyperactivity disorder and substance
abuse. Scientific evidence [ J]. Medicina, 2020, 80( Suppl 2) :
76-79.

Shi X, Ji Y, Cai S, et al. Comorbidities and functional
impairments in children with attention deficit hyperactivity
disorder in China: a hospital-based retrospective cross-sectional
study [J]. BMJ Open, 2021, 11(3): e042196.

Palladino VS, McNeill R, Reif A, et al. Genetic risk factors and
gene-environment interactions in adult and childhood attention-
deficit/hyperactivity disorder [ J]. Psychiatr Genet, 2019, 29
(3): 63-78.

Volkow ND, Wang GJ, Kollins SH, et al. Evaluating dopamine
reward pathway in ADHD; clinical implications [ J]. JAMA,
2009, 302(10): 1084-1091.

Carbray JA. Attention-deficit/hyperactivity disorder in children
and adolescents [ J]. J Psychosoc Nurs Ment Health Serv, 2018,
56(12) ; 7-10.

Cortese S, Adamo N, Del Giovane C, et al. Comparative efficacy
and tolerability of medications for attention-deficit hyperactivity
disorder in children, adolescents, and adults: a systematic
review and network meta-analysis [ J]. Lancet Psychiatry, 2018,
5(9) . 727-738.

Sontag TA, Tucha O, Walitza S, et al. Animal models of
attention deficit/hyperactivity disorder ( ADHD ). a ecritical
review [ J]. Atten Defic Hyperact Disord, 2010, 2(1); 1-20.
Fasmer OB, Johansen EB. Patterns of motor activity in
spontaneously hypertensive rats compared to Wistar Kyoto rats
[J]. Behav Brain Funct, 2016, 12(1); 32.
Nakamura-Palacios EM, Caldas CK, Fiorini A, et al. Deficits of
spatial learning and  working memory in  spontaneously
hypertensive rats [ J]. Behav Brain Res, 1996, 74 (1) . 217
-227.

Dimatelis JJ, Hsieh JH, Sterley TL, et al. Impaired energy
metabolism and disturbed dopamine and glutamate signalling in
the cortex of the spontaneously

Striatum and  prefrontal

[13]

[14]

[17]

[18]

[20]

[21]

[22]

[24]

hypertensive rat model of attention-deficit hyperactivity disorder
[J]. J Mol Neurosci, 2015, 56(3) : 696-707.

Sterley TL, Howells FM, Russell VA. Genetically determined
noradrenergic the
hypertensive rat model [ J]. Brain Res, 2016, 1641 (Pt B);
291-305.
Dela Pefia T,

differences in function ; spontaneously

Dela Pefia 1J, de la Pefia JB, et al.
Methylphenidate and atomoxetine-responsive prefrontal cortical
genelic overlaps in “impulsive” SHR/NCrl and Wistar rats [J].
Behav Genet, 2017, 47(5) : 564-580.

Yuan H, Ni X, Zheng M, et al. Effect of catalpol on behavior
and neurodevelopment in an ADHD rat model [J]. Biomed
Pharmacother, 2019, 118. 109033.

JAZe Yy, T, #hHTR. ADHD 5256 Zh ¥ B b i it o
[J]. "PELEESIE, 2016, 26(9) : 88-92, 82.

Zoratto F, Palombelli GM, Ruocco LA, et al. Enhanced limbic/
impaired cortical-loop connection onto the hippocampus of NHE
rats; application of resting-state functional connectivity in a
preclinical ADHD model [ J]. Behav Brain Res, 2017, 333
171-178.

Russell VA. Overview of animal models of attention deficit

hyperactivity disorder ( ADHD) [J].
2011, 9. 35.

Curr Protoc Neurosci,

Oggiano M, Zoratto F, Palombelli G, et al. Striatal dynamics as
determinants of reduced gambling vulnerability in the NHE rat
of ADHD [J]. Prog Biol
Psychiatry, 2020, 100: 109886.

model Neuropsychopharmacol
Ruocco LA, Treno C, Gironi Carnevale UA, et al. Prepuberal
intranasal dopamine treatment in an animal model of ADHD
ameliorates deficient spatial attention, working memory, amino
acid transmitters and synaptic markers in prefrontal cortex,
ventral and dorsal striatum [ J]. Amino Acids, 2014, 46(9) .
2105-2122.

Ruocco LA, Carnevale UA, Treno C, et al. Prepuberal
subchronic methylphenidate and atomoxetine induce different
long-term effects on adult behaviour and forebrain dopamine,
norepinephrine and serotonin in Naples high-excitability rats
[J]. Behav Brain Res, 2010, 210(1) : 99-106.

Rahi V,
hyperactivity disorder (ADHD) [J].
81(2): 107-124.

Yamashita M, Sakakibara Y, Hall FS, et al. Impaired cliff

models of attention-deficit

Int J Dev Neurosci, 2021,

Kumar P. Animal

avoidance reaction in dopamine transporter knockout mice [ J].
Psychopharmacology (Berl) , 2013, 227(4) . 741-749.

Kasahara Y, Kubo Y, Sora I. Analysis of dopamine transporter
knockout mice as an animal model of AD/HD [ J]. Nihon
Shinkei Seishin Yakurigaku Zasshi, 2013, 33(5-6) : 185-189.
Fox MA, Panessiti MG, Hall FS, et al. An evaluation of the
serotonin system and perseverative, compulsive, stereotypical ,
and hyperactive behaviors in dopamine transporter ( DAT )
knockout mice [ J]. Psychopharmacology ( Berl), 2013, 227

(4): 685-695.



o LR PR A 2 2023 455 5B 33 %55 S Chin J Comp Med, May 2023, Vol. 33,No. 5 151

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Dzirasa K, Santos LM, Ribeiro S, et al. Persistent
hyperdopaminergia decreases the peak frequency of hippocampal
theta oscillations during quiet waking and REM sleep [ J]. PLoS
One, 2009, 4(4) : e5238.

Takamatsu Y, Hagino Y, Sato A, et al. Improvement of learning
and increase in dopamine level in the frontal cortex by
methylphenidate in mice lacking dopamine transporter [ J]. Curr
Mol Med, 2015, 15(3) . 245-252.

Raber J, Mehta PP, Kreifeldt M, et al. Coloboma hyperactive
mutant mice exhibit regional and transmitter-specific deficits in
neurotransmission [ J]. J Neurochem, 1997, 68(1): 176-186.
Liu YS, Dai X, Wu W, et al. The association of SNAP25 gene
polymorphisms in attention deficit/hyperactivity disorder; a
systematic review and meta-analysis [ J]. Mol Neurobiol, 2017,
54(3) . 2189-2200.

Hao X, Zhu B, Yang P, et al. SNAP25 mutation disrupts
metabolic homeostasis, steroid hormone production and central
neurobehavior [ J]. Biochim Biophys Acta Mol Basis Dis, 2022,
1868(2) : 166304.

Ohira K, Kobayashi K, Toyama K, et al. Synaptosomal-
associated protein 25 mutation induces immaturity of the dentate
granule cells of adult mice [ J]. Mol Brain, 2013, 6. 12.
Steffensen SC, Henriksen SJ, Wilson MC. Transgenic rescue of
SNAP-25 restores dopamine-modulated synaptic transmission in
the coloboma mutant [ J]. Brain Res, 1999, 847 (2): 186
-195.

Russell VA. Neurobiology of animal models of attention-deficit
hyperactivity disorder [ J]. J Neurosci Methods, 2007, 161(2) :
185-198.

Jones MD, Williams ME, Hess EJ. Abnormal presynaptic
catecholamine regulation in a hyperactive SNAP-25-deficient
mouse mutant [ J]. Pharmacol Biochem Behav, 2001, 68(4) .
669-676.

MD, Hess EJ. regulates locomotor

Jones Norepinephrine

hyperactivity in the mouse mutant coloboma [ J]. Pharmacol
Biochem Behav, 2003, 75(1) . 209-216.
Bruno KJ, Freet CS, Twining RC, et al. Abnormal latent
inhibition and impulsivity in coloboma mice, a model of ADHD
[J]. Neurobiol Dis, 2007, 25(1) ;: 206—-216.

Leo D, Gainetdinov RR. Transgenic mouse models for ADHD
[J]. Cell Tissue Res, 2013, 354(1): 259-271.

Breese GR, Knapp DJ, Criswell HE, et al. The neonate-6-
hydroxydopamine-lesioned rat: a model for clinical neuroscience
and neurobiological principles [ J]. Brain Res Brain Res Rev,
2005, 48(1): 57-73.

Fan HC, Chang YK, Tsai JD, et al. The association between
Parkinson’ s disease and attention-deficit hyperactivity disorder
[J]. Cell Transplant, 2020, 29: 963689720947416.

Bouchatta O, Manouze H, Bouali-Benazzouz R, et al. Neonatal
6-OHDA lesion model in mouse induces Attention-Deficit/
Hyperactivity Disorder ( ADHD ) -like behaviour [ J]. Sci Rep,
2018, 8(1): 15349.

[40]

[41]

[42]

[43]

[44]

[46]

[47]

[48]

[50]

[51]

[52]

[53]

Serratos IN, Castellanos P, Pastor N, et al. Early expression of
the receptor for advanced glycation end products in a toxic model
produced by 6-hydroxydopamine in the rat striatum [ J]. Chem
Biol Interact, 2016, 249. 10-18.

Kostrzewa RM, Brus R, Kalbfleisch JH, et al. Proposed animal
model of attention deficit hyperactivity disorder [ J]. Brain Res
Bull, 1994, 34(2) . 161-167.

R, ZEE. RG2S AR BUREL R BF ST IR (7]
hAERTRI A, 2009, 42(2) : 122-124.

Louth EL, Bignell W, Taylor CL, et al. Developmental ethanol
exposure leads to long-term deficits in attention and its underlying
prefrontal circuitry [J]. eNeuro, 2016, 3(5) . ENEURO. 0267
—ENEURO. 0283.

Polli FS, Scharff MB, Ipsen TH, et al. Prenatal nicotine
exposure in mice induces sex-dependent anxiety-like behavior,
cognitive deficits, hyperactivity, and changes in the expression of
¢lutamate receptor associated-genes in the prefrontal cortex [ J].
Pharmacol Biochem Behav, 2020, 195. 172951.

Zhu J, Fan F, McCarthy DM, et al. A prenatal nicotine exposure
mouse model of methylphenidate responsive ADHD-associated
cognitive phenotypes [ J]. Int J Dev Neurosci, 2017, 58: 26
-34.

Zhang L, Levenson CW, Salazar VC, et al. Repetitive mild
traumatic brain injury in a perinatal nicotine exposure mouse
model of attention deficit hyperactivity disorder [ J]. Dev
Neurosci, 2021, 43(1): 63-72.

Miguel PM, Schuch CP, Rojas JJ, et al. Neonatal hypoxia-
attention-deficit

Behav Neurosci, 2015, 129 (3). 309

ischemia induces hyperactivity ~ disorder-like
behavior in rats [J].
-320.

Miguel PM, Deniz BF, Confortim HD, et al. Methylphenidate
administration reverts attentional inflexibility in adolescent rats
submitted to a model of neonatal hypoxia-ischemia: predictive
validity for ADHD study [J]. Exp Neurol, 2019, 315; 88-99.
Miguel PM, Deniz BF, Confortim HD, et al. Methylphenidate
treatment increases hippocampal BDNF levels but does not
improve memory deficits in hypoxic-ischemic rats [ J]. J
Psychopharmacol,, 2020, 34(7) . 750-758.

Ouchi H, Ono K, Murakami Y, et al. Social isolation induces
deficit of latent learning performance in mice: a putative animal
model of attention deficit/hyperactivity disorder [ J]. Behav
Brain Res, 2013, 238. 146-153.

Matsumoto K, Fujiwara H, Araki R, et al. Post-weaning social
isolation of mice: a putative animal model of developmental
disorders [ J]. J Pharmacol Sci, 2019, 141(3) . 111-118.
Yates JR, Darna M, Gipson CD, et al. Isolation rearing as a
preclinical model of attention/ deficit-hyperactivity disorder [ J].
Behav Brain Res, 2012, 234(2) . 292-298.
Chierrito D, Villas-Boas CB, Tonin FS, et al. Using cell
cultures for the investigation of treatments for attention deficit
[J]. Cur

hyperactivity disorder; a review

Neuropharmacol, 2019, 17(10) : 916-925.

systematic



152

HE A R AR

2023 45 A 33 B 5 Chin ) Comp Med, May 2023,Vol. 33,No. 5

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

Xie HR, Hu LS, Li GY. SH-SY5Y human neuroblastoma cell
line; in vitro cell model of dopaminergic neurons in Parkinson’ s
disease [J]. Chin Med J (Engl), 2010, 123(8) : 1086—-1092.
Zhu M, Tian Y, Zhang H, et al. Methylphenidate ameliorates
hypoxia-induced mitochondrial damage in human neuroblastoma
SH-SYY cells through inhibition of oxidative stress [ J]. Life
Seci, 2018, 197 40-45.

Xu Z, Yang D, Huang X, et al. Astragaloside IV protects 6-
hydroxydopamine-induced SH-SY5Y cell model of Parkinson’ s
disease via activating the JAK2/STAT3 pathway [ J]. Front
Neurosci, 2021, 15; 631501.

Chu J, Han W. Punicalagin exerts beneficial functions in 6-
hydroxydopamine-treated ~ SH-SYsY  cells by attenuating
mitochondrial dysfunction and inflammatory responses [ J]. Med
Sci Monit, 2018, 24 5905-5913.

Schmidt AJ, Krieg JC, Hemmeter UM, et al. Impact of plant
extracts tested in attention-deficit/hyperactivity disorder treatment
on cell survival and energy metabolism in human neuroblastoma
SH-SY;Y cells [ J]. Phytother Res, 2010, 24 (10): 1549
-1553.

Genro JP, Kieling C, Rohde LA, et al. Attention-deficit/
hyperactivity disorder and the dopaminergic hypotheses [ J].
Expert Rev Neurother, 2010, 10(4) : 587-601.
Heckman PRA, Blokland A, van Goethem NP, et al. The
mediating role of phosphodiesterase type 4 in the dopaminergic
modulation of motor impulsivity [ J]. Behav Brain Res, 2018,
350 16-22.

Luo Y, Kuang S, Li H, et al. ¢cAMP/PKA-CREB-BDNF
signaling pathway in hippocampus mediates cyclooxygenase 2-
induced learning/memory deficits of rats subjected to chronic
unpredictable mild stress [ J]. Oncotarget, 2017, 8 (22):
35558-35572.

Ruiz-DeDiego I, Naranjo JR, Hervé D, et al. Dopaminergic

regulation of olfactory type G-protein a subunit expression in the

[63]

[66]

[67]

[70]

striatum [J]. Mov Disord, 2015, 30(8) : 1039-1049.
JZGy, EWF, JUH, 5. BN TE R G £ 3 B R
U Al ATP BAN LDH IS0 S X AC/cAMP/PKA {5538
BERTEELER] (1], P ERULER, 2017, 19(5) : 576~
582.

Dunn GA, Nigg JT, Sullivan EL. Neuroinflammation as a risk
factor for attention deficit hyperactivity disorder [ J]. Pharmacol
Biochem Behav, 2019, 182; 22-34.
Song Y, Lu M, Yuan H, et al. Mast

cell-mediated

neuroinflammation may have a role in attention deficit
hyperactivity disorder ( Review) [J]. Exp Ther Med, 2020, 20
(2): 714-726.

Song Y, Yuan H, Chen T, et al. An Shen Ding Zhi Ling
alleviates symptoms of attention deficit hyperactivity disorder via
anti-inflammatory effects in spontaneous hypertensive rats [ J].
Front Pharmacol, 2021, 11; 617581.

Lin CH, Lin WD, Chou IC, et al

children

Epilepsy and

neurodevelopmental outcomes in with etiologically
diagnosed central nervous system infections:

cohort study [J]. Front Neurol, 2019, 10; 528.

a retrospective

Killeen PR. Models of attention-deficit hyperactivity disorder
[J]. Behav Processes, 2019, 162 205-214.
Killeen PR, Russell VA, Sergeant JA. A behavioral
neuroenergetics theory of ADHD [ J]. Neurosci Biobehav Rev,
2013, 37(4) . 625-657.

Dupuy C, Castelnau P, Mavel S, et al. SHR/NCil rats as a
model of ADHD can be discriminated from controls based on their
brain, blood, or urine metabolomes [ J]. Transl Psychiatry,
2021, 11(1) . 235.

Todd RD, Botteron KN. Is
disorder an energy deficiency syndrome? [J].

2001, 50(3): 151-158.

attention-deficit/hyperactivity

Biol Psychiatry,

(Y75 HHEA)2022-05-24



