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oS TE B A 2 ah Bt K B filiR ATP BRI LDH
[R5 W e & AC/cAMP/PKA 13451 % 04 P45/ 0

R&d FIHG LA e RFL KEHEE SHIE
(HEPEHRFPEIHIRLN /2 BILEFTRAER (FPEZ) EELRE, i &% 210023)

[HE] HH DRSS TEEGZ GG (ADHD ) AU FUR 2 il (A IR =52 (ATP) .
FLERMG S (LDH ) RS20 KT ARTERR LAY (AC) / FRBERRARTT (cAMP) / ZHILES A (PKA) 1558 A 1H
PAEM. A& ¥ 40 K SHR KREFEHL B . ShRVRHIERZ4L (0.07 mg/mL) | A H{K (3.33 mg/mL) |
1 (6.67 mg/mL) | EFIELL (10 mg/mL) , F4 8 X, Ji% WKY KR 8 HUMIEF X AL . Percoll % A B
ORI b A, PR ILER 2 Al IR S5 400 5 32 FH L Tk A 28 il 1A ATP . LDH 3544 32 FH ELISA 3G I 58
i AC, cAMP, PKA U ht, SR SIEW IR A, BORIGIA RUK 2 M AAEAE ATP B PHERF(% . LDH
WPETHE & AC. cAMP, PKA S [RRAYIAE (P<0.05) o SRR A, EhmRUR s L 54 . minlidy
fiE B T ADHD BB UK 2 fil Ay ATP BEIGE (P<0.05) , &K LDH 3G (P<0.05) , JfWEE AC,
cAMP, PKA %t (P<0.05) . SERFRNR BB HLEL, miflE 34 1Ry ADHD ffﬁ”ﬁtﬁﬂﬂﬁiﬁﬁ%?ﬁwﬁ
TR B (P<0.05) o SEEFTIGIREALE, B850 .JEQE ATP BEEPE R ZETHm (P<0.05) 5 #
AP B LDH WM RERRR, AC. cAMP., PKA SHBIBETIE (P<0.05) . SEASArdilaed i,
WA R AL ATP BEEYE BT (P<0.05) o £ ERFRVR FF IR S s - B ADHD AR K SRR 2 ke
1 ATP Jifi . LDH 154k, 51 W’Eﬁﬁ'ﬁ FIRAFAEA N, Hm s s R R R Y FR R o B s B4
Al fig &S 8 AC/cAMP/PKA (G-l K #iaITEH. [ HEZHRILAIEE, 2017, 19 (5) : 576-582]
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Effect of baicalin on ATPase and LDH and its regulatory effect on the AC/cAMP/
PKA signaling pathway in rats with attention deficit hyperactivity disorder

ZHOU Rong-Yi, WANG Jiao-Jiao, YOU Yue, SUN Ji-Chao, SONG Yu-Chen, YUAN Hai-Xia, HAN Xin-Min. Institute of
Pediatrics, Nanjing University of Chinese Medicine/Jiangsu Key Laboratory of Pediatric Respiratory Disease, Nanjing
210023, China (Han X-M, Email: hxm1nj@126.com)

Abstract: Objective  To study the effect of baicalin on synaptosomal adenosine triphosphatase (ATPase) and
lactate dehydrogenase (LDH) and its regulatory effect on the adenylate cyclase (AC)/cyclic adenosine monophosphate
(cAMP)/protein kinase A (PKA) signaling pathway in rats with attention deficit hyperactivity disorder (ADHD).
Methods A total of 40 SHR rats were randomly divided into five groups: ADHD model, methylphenidate hydrochloride
treatment (0.07 mg/mL), and low-dose (3.33 mg/mL), medium-dose (6.67 mg/mL), and high-dose (10 mg/mL) baicalin
treatment (n=8 each). Eight WKY rats were selected as normal control group. Percoll density gradient centrifugation
was used to prepare brain synaptosomes and an electron microscope was used to observe their structure. Colorimetry
was used to measure the activities of ATPase and LDH in synaptosomes. ELISA was used to measure the content of
AC, cAMP, and PKA. Results Compared with the normal control group, the ADHD model group had a significant
reduction in the ATPase activity, a significant increase in the LDH activity, and significant reductions in the content of
AC, cAMP, and PKA (P<0.05). Compared with the ADHD model group, the methylphenidate hydrochloride group
and the medium- and high-dose baicalin groups had a significant increase in the ATPase activity (P<0.05), a significant
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reduction in the LDH activity (P<0.05), and significant increases in the content of AC, cAMP, and PKA (P<0.05).
Compared with the methylphenidate hydrochloride group, the high-dose baicalin group had significantly greater changes
in these indices (P<0.05). Compared with the low-dose baicalin group, the high-dose baicalin group had a significant
increase in the ATPase activity (P<0.05); the medium- and high-dose baicalin groups had a significant reduction in the
LDH activity (P<0.05) and significant increases in the content of AC, cAMP, and PKA (P<0.05). Compared with the
medium-dose baicalin group, the high-dose baicalin group had a significant increase in the ATPase activity (P<0.05).

Conclusions

Both methylphenidate hydrochloride and baicalin can improve synaptosomal ATPase and LDH activities

in rats with ADHD. The effect of baicalin is dose-dependent, and high-dose baicalin has a significantly greater effect

than methylphenidate hydrochloride. Baicalin exerts its therapeutic effect possibly by upregulating the AC/cAMP/PKA

signaling pathway.

[Chin J Contemp Pediatr, 2017, 19(5): 576-582]
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XS RBIE RIS ( Scutellaria baicalensis
Georgi ) 1YTHRMY, TErP ESA R TAERY 25 I
Tis. fEfEgeh i sgrh, WA R E PRI 1Y
K2y, P98, FIHM. 0, . B . King,
BAERBIR . A, ki, 22,
o PR TR i R )32 T R AEPE S . KK
JE9 . BOIE R i R S AT Y, AT AR I
PRI 73 1 ) 56 1 2 A VAR E I I PRI T 4%
B (baicalin) N EEIRAL G, Zrbiics
) F BRI, HIRE O R, TR, IR
MR pseh, BEHRADUE. iR, 5t
AT R, T 25 0 28 2R G 5 s 1Y) 52 1)
A WARE .

FEBLE 2 sh RS (attention deficit hyperactivity
disorder, ADHD ) X FRJLEZHAE, &ILERHH
DL FPRE A 28 5 T R , IR AR 2R 5.9%
FHAAWT b TR, A5 14 & b i A B g
Z UK (dopamine, DA ) BREAFRIS Y 7E FEPRoFA
FLUAATEE s B 56T DA BRGAYTE BRIk
DA #is ik ( dopamine transporter, DAT) IhEEH &
AR T AT AL, i sk i 5T &
W, BRERIMEEE (AC) / FRBERRIR T (cAMP) /
AW A (PKA) Gl 5 7E K N DA Bk BE 1972 i
S ADHD ) %2 95 3 F vp st 7 55k 7, BFFE
D2RS 5 fil [B] B DA 0% J5 . REf% @k f0f] AC/
cAMP/PKA 3 # 52 (5 MEbAM i DA A 5 ™, i DA
(G U FE AR, 2 BUI Y DA BREGIRZSHIE
Jifo AC/cAMP/PKA {5538 I HY 35 AL 1 0 A AF5E
DA P Sz ADHD &L 55— 2y 11
TE DA #i £ 50H, AC/cAMP/PKA 38 % )37 43 4ii T
DA PR TR RN, R, A S B e 2 88 J5T Y
DA, HA M. B E R A W A 75 7R S fin

PRNSER ™, B, ARSI AC/eAMP/PKA
{553 #% S ADHD AHatLifil, 28 il & A ml 240
(g —AN R Y, SEMIE Y R, ES R
THE T IR BEFE ( blood-brain barrier, BBB ) H.fF
BUIRAR | MR R S, RIS DA BT IR
PER, JFREREIARYT S DA DIRESEH SR
FrvEpesm U, A2 E IR DA RETTRE RS
MR RGN ST BB A e, 3R
MIRABHED 5 ] BEAFAE VRN DA REEMTG
7 ADHD fYZIfE, AHICER T A SCT A% %
2, R B TE B I N DA R G5 5 e Bkt
ADHD Y F AR IR UL, VE# N AC/cAMP/PKA 5
FIEFEE T, TEEBRA NG ADHD #EAY [ A1 5
MUERF (spontaneously hypertensive rats, SHR ) 5&
A P FEA T AR DG S BB 5 ™, AT 4RI SHR KR
HAR . SORIR Y S il 1A, G0 2 A2% 1 7 435 1
K G filt i AC. cAMP, PKA 175 i, X B ZE
fil KRR B2 IR N DA RSG5 e BOkt
ADHD HVGRITPAERT, TEESE N .

1 #RERZE

1.1 s

SHR K EUH T ADHD gl i d il H e
AR ] I /N VNP S B2 7 U V5 B 7S RPN 0 18
Z ) ADHD sl 22 SHR A AR I T 4 5t
Tt A2 Z Wistar K B, J& Okamoto %5 ™ T~ 1963 4F
FH Wistar Kyoto ( WKY ) K& HRE X F 1
() —ASBr i A, SHR R U] 322 H] T = 1 Hs g
MBIFSE , (HAEZ S RIS B SHR RUZE 10 J5]
e Z AT REAAR R I MUEAEAR, 4~10 JE ¢ SHR K
UL T 755 L 2 s e A Im R ARE,  HiZsiR!
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T35, TR ATIHER, HEA KRNI
ZH WKY KR, Ik 4~10 F#4 SHR K ESCH B i
FEIBRIA AT B f i ) ADHD A5 0,

SPF 2% 4 J& #& B ¥ SHR K R 40 2, {& &
73+6g; SPF %% 4 J& #4 #fi M WKY KR 8 H, 1k
H74+6g, AR YEE LR S YA G
FRS T, 9 A E SR 5 SCXK (5T ) 2012-0001, fiF
A B4 % 1 R P B 25K 2% SPE s s
il FHVFATIE S . SYXK (75 ) 2014-0001, f2& f& B
PUEC 3006 SHR K ERBEML A BRI | R IR IR
HEgd] . AL, . mRlEd, B8 H,
WKY K 8 HiZ AiER %R
12 ZHmES

ERVR B ( BiEik, 36 mg/ i) , Janssen
Cilag Manufacturing LLC £ 7=, P94 4% £ il 2545 B2
oAl oy e, HE O 2y HES H20120111, #E0
HEVFUESS TP120120504 K 24 i Jin A BEER /K B i i
0.07 mg/mL B G, 4°CIAAF, B RHFRIGH,
BRE=RGHEBARZ,

ST W AR R B A B R A R A
Al, 254l B >95% (A A ek, R
P 280 nm ) o A 24 Az B R K 43 0 T
333 mg/mL (fl&HI ) . 6.67 mg/mL ( Hrfar ) K
10 mg/mL ( EFIE) MIRAM, 4°CHRA7, B
FHmR, SREFREHEE S, BREER
P25,

1.3 A%

REE B ARG 9 % ((KE 26kg) JLEARR
T AR AT 4 FE S (KT 60 g ) SHR K B 2% it FR F
TR P SR RGE R MR 3~5d, SRIG
Frek 4 JWEY , B HMIR (177 8:00~9:00, R4
13:30~14:30) . A H 4 8:00 J# B [y Fx & Kk
IR, HEEEN 1.5 ml/100 g FHERVR F R ¥
KA. L A R 2 TR 24 )
VR, IER TR BRI KEE .
Sy ikt G 25 W B AN [ S s, A i B
BAGYHA AR E,

1.4 EhiEUAt

KIKEEZ 24 h JE Wik AbBE AR, K LR

BIREATAINT . SO, BT IR TR AR,

UM ZE R G 2 —80°CHARIR VKA AER
1.5 FEXWIEH

Sartorius PB-10 pH ¥ % #% ( 7% [# Sartorius 2
%] ) ; Beckman coulter Allegra 64R BEOHL (%
Beckman coulter 227 ) , F0650 50 ml. [& %€ ffi 4L
3L &% RUBBER ADAPTEK TUBES 15 mL #4558 fi &
( £ [H Beckman coulter 22 &) ) 3 Retsch MM400 B
JEAL (%[ Retsch A7) ) 5 Eppendorf 5427R #.0>
Bl (12 Eppendorf /A H] ) ; Infinite M200 PRO £
e bR X ( Fi -+ TECAN Infinite 23 7] ) ;
S-3000N AULFE S HEE ( HAS Hitachi AF] ) o
1.6 ZRfmiEIRET

IR I A R BT A . SRR, R R VK
S TR PR PR 2 I A A T, DR AR TR FR
&, AL TR A DS RS . R Percoll
PR B B U VR A S AR, VRANERAE 2 R
S AT OC SR AR P,
1.7 RfpEEHIBENEE

BRI 2 A, T 2.5% [ 4°C 5T
[ 2 h, 0.2 mol/L #REhZZ 0P (PBS) ¥k 3 1K,
FER 10 min, SRJGHH 1% BRI [ 5E 1 h, $%5
SRR R BB ) VR DT VR, EAT SR B
K. BiE A, RE . BRI iR,
PR B4 BE H 7 S-3000N %375 5 L 485 4) H 225k
HEATHRAE, SRR AR S5H4
1.8 ®ilF*E

AR =R (ATP) 8. FLIR I A
(LDH ) & MERGINR F b k64T, A OG5 &
B A e A ) TR T, B K
43904 636 nm ., 440 nm, H AR E AL TR A i IE
RA & UL B T, KAk d AC. cAMP, PKA
K YSR F ABC-ELISA 3, iXFl &4
LM E DR A BR 2 F A, SR TR &
PRAEUE 51T
1.9 SHIHESHF

K SPSS 19.0 GEiH AR 8 1 T 4 11244y
B, THREFERER AL + frifE2 (x+s) R,
Z 4 8] LE R L R T 22 3, 2L IR 7 L 3%
K SNK-g ¥556, P<0.05 HESAH G HFE X,
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2 R 2.2 ZfifkR ATP Bg. LDH F1ENE

21 RMELEHBENE

56 HE 1 5 fil A4 45 7 Ay [ A8 s TR, A
SERE SRS E R, N ORI B R i 5 fi /)N
W P ARG BT ARBUA S AT AS I S i S st
R 254, ] A S B RSG5 5 M iy s
AL L — A a2 LR TN 5 FIURLAR 5 fish/ N 765
2 fih [B) B0 75 0B 0T DL, L 5 fh S SR DAL e %8 R
5, ESEEE, RN, BB, Rk
AR . S A TP . 2R Al S AR AE ST AT, A
Oy AR R, ELA R ) S AT S S5 A RE
i 1,

55 IE B R AH B, AR 2 R 2 A A4
ATP Ff§ 15 P & 2 (A (P<0.05) , LDH 351 8 &
TR (P<0.05) ; SHEILHAME, ZRA2EITR,
ERPRWR HBRZH S B AR, . SR ATP i
WPEE TR (P<0.05) , BRI,
LDH 75 PE ) 8 EFEE (P<0.05) 5 5 kAR IR F iR
A HEE, WA, ER AL ATP B P 2 T
i (P<0.05) ; SEAIGHRALLE, BEE
FITEZH ATP BTG TR (P<0.05) , A
i i 2 LDH 36 7R i AR (P<0.05) 5 5%
T A A, B R A A2 ATP [l 4
FThE (P<0.05) , W#E 1,

B 1 EETWEREMIETSLEH (15 A~C x 40000, D x20000)
AP ILRRAR (Lr ik iR ) R ilvINE (BEEELITR ), A IO PRIEEDR

F1 kR ATP B, LDH iFHENE
(x+s, Umg, n=8)

285 ATP i (U/mg) LDH (U/mg)
TEH X IR 6209 914+1.4
T2 4.1+0.7° 100.7 = 9.0
R RV H g2 64+1.9" 92.1+2.7"
AT =2 6.9+0.5" 99.0 + 10.8"
el el 7.7 +0.8" 90.0 + 6.1
BA R A 8.8 + (0.7 88.9 + 7.2

F{& 18.257 3.928

P& <0.001 0.005

e am HIEF X AL LEL, P<0.05; bR SRIAILLLEL,
P<0.05; ¢ /R GEERRVRHERAL LA, P<0.05; d/R-5 8% PG &
HILEE, P<0.05; e /R FEATHRIEALILE, P<0.05,

2.3 Zfl{ER AC. cAMP, PKA &

5 IEH G RRATA He, 475 2 Rl A 2 ik 1% PN
AC. cAMP. PKA % & ¥ I 3 [ AL (P<0.05) ;
2RI 4 AT, SHIRYIAN L, EhERVR S 2
WG, Py R R U 2R i A Y AC

RN, AR IR, A5Hoe ik,

cAMP. PKA ¥ & ¥ W # J+ & (P<0.05) 5 54k
PR R IR 2 L5, BT i i 4] AC % i S
AP EFE 4 cAMP, PKA &) B E T
(P<0.05) ; H5#EHANH &4 i, WA
. mE A4 AC. cAMP., PKA SR B ET S
(P<0.05) . W32,

F2 ikl AC. cAMP. PKA & Ei&il
(x+s, ng/l, n=8)

20 51 AC cAMP PKA
TEH R 422+41  13.0x14  386.1+204
AL 359+09" 114+05  3529+12.1°
ERRVEMERA 43.1x46° 127+1.1"  3816=x11.6"

WS A EL] 404 +4.6"  12.8+0.5"  381.9+105"

WA RELA 447 +42™ 13.7+0.5™ 402.6 + 13.8"

AT EAEA 474357 14405 410.0 +20.3"
FA{& 8.194 12.375 13.489
P1{E <0.001 <0.001 <0.001

W a /R SIEH X RAL A, P<0.05; bR SERIA R,
P<0.05; ¢ /nSERIRIRFERAL AL, P<0.05; d /R 5T
A, P<0.05,
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3 i FEFET RN f b, HAGZHSUE N . B, 3240

2 ik J2 i Y A BN TR AR, 5 ik
14 Ty B 2 I8 IO 122 2 1 22 i S 0 s A 6tk 5 28 i 1
TIREFN 53T LI 5 B2 i TF Ak 22 ki 38 95 5 & 2%
JE R A g A P, o A A I A T RS A 9 1 R
UEhRAS, PRUEZE fil i 285 4 5 B M HLELAT 48 s 1) 1t
W PE R DT AR 3R . FESCIRPILR B B, R
2B A TE B 2 AR AR A G S H AR ) 3t 1,
PR AT S0 1T 28 b A 25 A0 O LS, AR IEAS TR 5K
5T A2 MARRE 5 746 B SE I BER . 25, R
H AT T ATP . LDH 36 PEAY R I, ATP B 17
FE T2 S0 M T A 28 S 1, A R G — b
HEABE, EEYREE ., GRS B LS
5T B EEAAET . ATP BEAETE Na'-K'-ATP it
J Ca™-ATP MW AP EZ IR X, A EE @
Na'-K* ZE (AE R 4ERF M A Na®, K P-4 ;
Je 2 ) 3 S AR AT Y Ca™ R 1) A0 A A K PN R
M, RYEFFANME P Ca™ I ™ BeAh, BT 4n
ML ATP, 7 FP R 28 22 40 HP AE e KR I 40 i
S ATP, ZHAEAN ATP 75 R #f 28 R G0 1 £ 2 )R
ANIEEIEN G B, e aEE e R 2,
XEFRAAINTT , AR DA A, BBULE
T e LR 22 Na'-K*-ATP Jif§ }2 Ca>-ATP JFH9/E
U AN ATP B [ E A, I,
S A AP i ) 35 P 2 2 Ml 42K 25 30 3 i 2 % [
PR IR S AR, — R AR T 2 i
IRETEME . G SEIRTRATR B, AH LG IE X R,
R 20 K RN 28 il ik ATP T 1k W B FAI, 20
ARG S AR 4 s, SRR L,
R IR IR M S AR L R4 ATP i
TR R, ARSI AE IR R, AR ER 2
A RERS N TS50 05T, HEATR. .
R BE T ATP B A9 IE PR IT LA ko
Kotk XARR BT RS R ATP S M R
o

LDH 7778 T AR UL T o, EHUAREE
R g —FhE NG, LDH T 5 aecds, i
M BRI AR TER e 2 B2E A AT
LDH #AE A PEA i B B8 19— 01 8 ZE 45 45 ¥, LDH
JEYNME PR, /Dl RIS 40 A AR A G
Ut 0 22 /0 S e 20 BB %) 3z 451 RR B 1, LDH )iz

G2 B R LDH, 3506 ) LDH 5 8 A3 PR3
P R, LDH AT A 2 i AR S5 4 ¢
HME ROE T P, TEARR S, AL RS
AR F7) e 2H R BRI 28 i A LDH 1% A5 BT s, S
RIGIAEL, LDH FEPEFEER R UR FH iR 2H B 38 e
A A TR, X — A5 R, ADHD
B K B RT BEAFTE 5 Ml A K i D RE (i £, i 2
K HA X B ER, X — P2 A
L9 DA 55 = 1 555 S ADHD SR (1) 7= A A7 7
IR v 5 R A B SE RS

BB W T RIS . THILR A
PRI PRI, (HA A7 %F ADHD 911 IR
KBS E NN AR DLARGE . DA P&t %47
MAETP AL X, BA T IX R E Mg 25 X, /i
B K SURPARSE: DA #2800 B0 A5 X S AT i
X3, WFF AT DA RETEEAER, Ar@int .
SUIRAA ) 5 i (A B i B SE AR AR o A 58 2
B 2 RE S I i BBB, i A X I 4 2R 5t
PEERTA . SURIRR DA S, BN DA &
ST PR — RPN RGN, a4 #x.
ZARIR S P R BBB iliE T AR # ) DA
VAR A S 559497 ADHD T RE . R,
YES BRI A . SCIRIRAZE b iR, DU 2 i 4
ATP. LDH MG M, PRIUE T iz F 28 fil i 47 52 56
AT, FERIAE R T AR EEE L. |
DA H 532K D2RS JA# 1) G 8 BB Z (5 5
% AC/cAMP/PKA

RESE R, A M N A5 5 7% S i 3250
P, —HIEZ G H RIS AR MR
T, 2R AZ B A2 AR A
W P ZEEZIRET G EAMKZIAk, Hz
K453 D1 FE Je D2 #E3Z (K P25, DIR 5 D2R #
H G R AHIEZAR, AR EARE, N
T RIS Z NEE, IR AT, RS A 4
fpy, HFEGSHE SRS ¢ HAZRME
IREE AR M i N 15 5 5% 5 ¥, Hob, DIR
it G HEH o WM R Gos, Gaolf K F G
AC, HETSIREMIN cAMP &8 FF, cAMP &%
e, FEUREIME SR I PKA 1iE—20E 1k,
AT R AFEAR N BhAE; 1 D2R W5 DIR Mk, BT
0], D2R A HEHR4> D2RS REMS AR R EN S G &
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Moo WIS IE G aifo MASGE S, PRAEHHITE
BN, M AC/cAMP/PKA {5 530 B 11335, BT
DA G 5 PR ok Pl — s 28 R P2 A i 1Y) 5 B BE DT
AN DA 5 0 0 AC 351 B cAMP ()
Fik/KF DIR 5 D2R LR 4ERE, Hodr, GERRE
ik D2RS FIIHIVET, JEUEFT DA MG BGERRE, $#2
P DA Y EELRAS . AWRAFIE R, A
HREME I Sl iA N AC. cAMP S PKA 1%
i, AL RIVRF ER TR O, FIR AR
RO, R BE R IESE DA BIA L, AL
D2RS BYFIHIE

A YHIFFE XTI AA G X 1697 ADHD ¥7
RBSRIEPERF S, i S A TR T A B,
IR S AR B o 2 AT PR, s 2 A R T RE 1Y
ER, I H B ZEHmE RN AC. cAMP /% PKA
M-S, 1L BRI D2RS X7 AC/cAMP/PKA {5 518
B PO VE I R TR, HBE S I 2530 A
FRR F R 2 T S oA B, RIS AP e R o
X753 Uk B B 5 7R TR JT ADHD — 42 30F 111 25 4,
e AL, ERRATRANGE, R,
ARG WMAFTE—E AR Z AL, NS RTT
JET I ERE N T SHR KU DA A&, 39
BRI AR f RO DG, BT X DA R4
R . THBRAR S i i sg m anfn], DL R #E AT X
SHR K ADHD Bk 28, s, EEIIA
A v B 0] R ) O 0 A W R EAT AT, XS
Z[n) Ty 5 i — 20 B O, A URGBUZE R 25 X it
ST R IR ), FEHE PRI E h I A is
TP ik WAH B o F AR W2 Oy i St
TR ARG, LAY ADHD st $2 it 5%
W KILE,
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