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& E:B#  #F %ok Bk ik (pyrroloquinoline quinone, PQQ) xF % £ F AL 45 49 40 42 4m i 89 15 LA A AR 3T
POQQ AR £ & = AW EABHG O RFAKRA B AGREAERN, AL ZRAENERAFZERXRF TRl h >
AW Hh, FiE A H0, #FPC2a2umi( KA N LR RELBILEIL) RARYG , MG Ak 2
FAx M PQQ 2+ PCI2 4445 2 4E A . /A PQQ(0.10.20.40 mg/kg) # § 18 A #-4tt SD X £.,4 B & A Morris Kk &
KM E KRG FTLIAEN,6 AEMNEhFRBARGELRGKERRAALE A, BFR 200 nmol/L #
PQQ 1% PC12 40 Moy 7575 F N 59. 1% 38 m 5] 90. 5% ; 5 % %A A 40 4k, PQQ ¥ 4= & #) & 21 (20.40 mg/kg) X R /£
Morris K Tx I des S d BRI S5 d sk B3B8 0 ,PQQ & #1841 (10.20.40 mg/kg)7 d F A K 35 A |
TdE—KRFEFHAERAY, A PQQAEANBTURXA LA BMR TR B WAL FRBERERIK, P4
% 71 % 41 (20,40 mg/kg) fo ik Ao i 40 2R A8 BAL M B AL B R T B AR AT R AL 4 B E A L B 4L 4R P A RAL AR
NE, B PQQ THAANZ WA ARG ,IEET PQQ LB EKRAN L X iE T AL ER AR, MR
ZRRFITRILREA,
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Effect of pyrroloquinoline quinone on learning and memory ability of apolexis rats
TANG Liang, LI Lin-zi, HU Wen-min, HU Zhi-hang, ZHANG Ling,
ZHANG Li-jing, MEI Song, CHEN Jian-guo, LIU Dong-ying, LIU Zhen, WANG Yin
(Zhejiang Academy of Medical Sciences, Zhejiang Hangzhou 310013, China)

Abstract; Objective This study aimed to investigate the role of pyrroloquinoline quinone (PQQ) in repairing oxidative
nerve cells, and to study the antioxidant capacity of PQQ on the oxidative damage of rats caused by apolexis, as well as the
effects on learning and memory abilities of apolexis rats. Methods Oxidative damage of PC12 was induced by H,0,, and
the repairing rate of PQQ on oxidative PC12 cells was tested by methylthiazolyldiphenyl-tetrazolium bromide assay kit. The
18-month-old male SD rats were administered PQQ (0, 10, 20, 40 mg/kg). After 4 weeks, Morris water maze test was
used to test the learning and memory ability. After 6 weeks, serum and brain tissue related indicators and antioxidant
capacity were recorded. Results The survival rate of PC12 cells increased from 59. 1% to 90. 5% with 200 nmol/L PQQ.
Compared with the apolexis model group, the latency of the PQQ group (20, 40 mg/kg) was shortened in the Morris water
maze experiment, the swimming distance was reduced, pass-through counts were increased, and the first secure platform
pass-through was reduced. Meanwhile, the levels of malondialdehyde and lipofuscin in serum and brain tissue of PQQ group
decreased, the levels of superoxide dismutase, glutathione peroxidase vitality, antioxidant capacity of PQQ group (20, 40
mg/kg) were enhanced. Conclusion PQQ could repair the oxidative damage of nerve cells, and it was confirmed that
PQQ could play the same antioxidant effect in body and brain, and increase the learning and memory ability of apolexis
rats.
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i, 1% s ik 5. ( pyrroloquinoline quinone, PQQ) 2%
RIKIEPE B R 4 AR 31, J WY I i S0 1 A9 il il , L1
fEIET A B M. ShW MK E Ay
HABES B PQQ B s, AT H gl it k&
AR . PQQ £k 2 UL 2 B 4 Ak ) , AT LA
o R R R R R R AR . A
7R PQQ HA LR A7 il 2 4 il e 32 4= Ak 458t 9 AE ] o
N 2 % Ak 2 55 T X i e A, i 3 2040 4F,
65 % DL LR AR N KA I BN T EY 20% o KB R
WL CUESE , BEE W, N DI BE S B M 2l
AR BAARLHEIA BT, (A el R | A i 2 20 i
(S I B 8, 7E — 8 B BE L RT3 T 2
L - IR TR R A L IR S B Pk R 1
i 5 I T SR R i S DX, 52 B 4R A ek ) s e
HEN, S B AR N B 5 2T A0 1 AR ) paR 1 )
o PQQ 1By —Mak fit S AL, B b0 % RE % 2%
fiff 1T LR 1 il 2 A0 A A, DA A TR
e 51 1Y 7 e 10 e R 4, fH 2 H HiR
A PQQ 1977 23k B 22 Ml K ki 2 > 1C 12 fig 1) %
1B J7 T B AR DG AR T 438 B D, DRI AS BIF 5 DA 44 i 27
Ti AT il PQQ & 52w S Ak 4 3 B il 22 A
TR BT E AL AR OGBS RE Uy o 2 R & e
R BRAA 5 Bl & 0 AR 7K P 1 A2 A B K K R AT A
IR, RSB A PQQ 2 AEF 38 i HT A AL i AR X
KBTI BE 17 HAE o

1 #RE5FE®
L1 #k
1.1.1 s25&shW)

JCHE 5 9 J5 A (SPF 2%) 6 Ji] i e 7 SD K B
12 1 R 180 ~200 g;18 H s Mk SPF 4% SD Kk
R 48 H AT it 530 ~ 580 g, Wl H Wi L4 B2 F
22 BE S S oL [ AR PR RTHIE S - SCXK () 2014-
0001 ], 1A% T W VL4 B2 2% Bl 27 B 52 50 sh ) v o0
[ & 48 AE %5 . SYXK (#7) 20110166 ], = i 20 ~
25 °C M X E 40% ~70% .

11,2 FBALE 5l

FEFRAL (EEZED) AL BE 5 248 (25 [ 2%
BRTK) Morris 7K 2K B (H [E BE 22 B2 B 25 W) 0 o
JIT) RO AR VR 2 B 0L,

Mt 1 WS BRI ( PQQ) , 4 BE 99% , W F Wi V145 Vi
EZ) L e A BR 2> A, R 2% 8 K S ) g 10,20,
40 mg/kg 3 Fhyk B PQQ fiff #5 WK o F-12K B 75k (36
[ Sigma Aldrich) , i 45 1ML 7 . 5 1L 3% 59 W K i
BAMFRHEA R A A, K W 5% 240 M 9 41 i PC12 |
WEME =2 (MTT) 327 & 8 S Ak 9 1B Ak i (SOD ) i

& N (MDA) WK & L A e H K 3 1L )
(GSH-Px) it & A5 # 2 I & B i Ak g g (T-
AOC) Tt & #4001 B o d AR W TR B 52 i o
1.2 ik
1.2.1 MTT k553

fif R PC12 20 M (R U b 48 o1 g 5% 98 73 1k
R AR ) L A AR FR A8 10% 6 48 13 1% 1L 3
1 F-12 55 32 B AR AL A0S I 2k, 19 48 h AR —WK.
Z WAL G B K BO B PC12 4,5 000
r/min B0 5 min, 3% FE . H I ER T RO, B 0 5E
F 4l F-12 5537 WA B A 8 x 10* 4~/ml ) PC12 4il iy
TAEWAEH .

B 96 LA, 55 1 %1 8 FL Wikl 25 (4l 5 2 %
8 FLAXTHE AL, PC12 4 1E # A 4556 3 %1 8 fL Ky
AALRE A2, fi o AL A (H,0,) FAL R 5 4
F ~ 5512 514 8 fL Ry PQQ & & /E I X 41 , £ 1]
AR PQQ B ¢ H,0, E b rydif ., gl sk
PCI2 XFHC I 4 i, 55 1 Fhn A F-12K K5 37 3 100
wl, 26 2 5] ~ 25 12 5 jin A PC12 40 TAE#R 100 wl,
5% CO,.37 CHEE , {24 20 )23 W BE 478 0 96 FL AR -
18 h J& , 73 BIAESS 3 51 ~ 55 12 5 A3 ul 10 mmol/L
1) H,0, B 2 FE ) 0.3 mmol/L ) H,0, ¥,
X PC12 4 g #4748 A A B /5 7% 5% €O, .37 C
SR o 9% 24 h J5 7 LR, S LA F-
12K 2080 FI 5 72 W 100 wl, 55 4 %1 ~ 55 12 %1 43 5
T PQQ W, 73 )l PQQ 1 15 F7 W b 1) e 2
%] 10,2050, 100,200,400 600,800 .1 000 nmol/L,
5% CO, .37 CHERH 60 h, £ PQQ 770 K # H AT
UL Bt e ZEE R Z )5 , B LA 20 pl MTT,
fE5% CO, 37 CHMTHEE 4 h 57 LA, 5
FLINA 150 wl — HEE A, 4 7% 10 min, 490 nm I
EWOEE ., W HEAE 3K,
1.2.2 3h¥)sor2H Kok 2

FEA SD K R4 T 38 38 ) Rk, E AT A P SR
7d, 12 H 6 S HEME SD K BRAE N 7 4F X 4,
48 118 H % SD K U HR HIE & bk AR It , A8 00 1 785 +h
SOD MDA 7K, % B4 5t & A1 IfiL7& h SOD MDA
K53 4 L RA12 H 505 D 32 2 B (PQQ
i ) 4 (40 mg/kg) (PQQ R4 (20 mg/kg) |
PQQ I ) & 2H (10 mg/kg) , fif 2H 8] /4 Ji7 & | SOD |
MDA /K¥T6 22 5 .

TAEXT IR A g H A E R K
1R e BOR BUA BT & 47115, 0 0. 1 ml/10 g,
HLEHEE 6 JH; & E A R H BN AZIK Y,
PQQ =7 5 4 1 ¥ £ & 40 mg/kg; PQQ H 57| i 4 1)
W FE S 20 mg/kg; PQQ AR 2H AR FE 2 10 mg/kg,
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HEHEYNO0.1 ml/10 ¢, 8 H EFH#EE 1R, %
226 Ji .

M K EHEE Z58 4 I, F Morris 7K 2
B K R F I RE . HEE R 6 H 4
W, HEATAE AR AR . RIRAB YR 12 h,
Ji T G 1% PGB bl 22 W E AT BRI, B 100 g AR R
0.5 ml, B /5 BE 3 2 BKCR i, i B 3R] &
VE 6B K 0 if 3% rf SOD . GSH-Px {if Jj 1 MDA &
o R R B B T vk b TR ERCA K
G R T R 10% (41281505, e )
M U8 BRI 52 R 4 40 SOD \ T-AOC .GSH-Px I% #1 Fl g
W MDA (&,

1.2.3  Morris /KK B 47 R 0 1 46

Morris [FJE 7K 2K B 32 %2 iy B % N 65 0 7K itk ( &L
120 em, &5 50 cm) FIFEGECE 6 (EHAE 9 em, &
27 em) LA, K b 250 0 — B EARAL S 1
HUAH 45, %5 Bl 16 sh kA7 2 R B . 10 Bl oK
ot N 7K B S8 T e, DLRROECTE &, KT
FHRME 1 om, KEAEFIFE (22 £0.5)C, AL
B B 43 Ol BROET 6 AR A5 050 A 2 ) HR R A 0
i 57 e

B & R 5 | AR D KRR 2 2 Fg
1R IR FF A AT, 1R BUA Mgk 2 min DLIE
N7 JE R A8 o 0 2 58 T LR i BE AL AR T R
A6 4 A ATK s BE B — > 8 IR BRI 1] Y BE R A K
IS T I b 5 B 7 B E) Rk kv AR
WHER K EAE 90 s WRFLEF-& L5 2 651458
30 s, WARWIIC o 90 s; 5 KRR 2P &, F5 e &
10 s, KD 5 d, B R AR KBRIIA 2 K. 157
T RAU 2 WFHRT A 0K R S B A 1 - 9 (E e
YR FART BRI A R s R

2SRRI B A R B s [l 7 B i A2
Ferne s, Mgks djE, RERE 24 h, TH 7 R &
B AR — A A K SUE R BUBCA K 2 5% 60 s
WL, KETE HARR IR (7 6 T 7E R ) 288 H AR ik
B0 2R A
1.3 Gitegoih

WX 5 A1 SPSS 20. 0 B4R 4 i It 43 by, i i

FORPBUR S R YR M £ I iE2E (2 25) FoR A
(] 22 52 AP AR A S B LE Y ¢ A 58, LA P < 0.05 O
ERAGIFE X

2 HR
2.1 PQOQ XJ it Ak H 5 = 1 PC12 S AL 01 45 1 15
AR

F 1] UL,PCI2 ph g IR AL 22 H, 0, k4
i fa, PC12 40 77 3% % & 59.1% . 1 £ 200 ~
400 nmol/ Lk £ () PQQ YEHI R, PQQ R i /1 1& & 9%
H,0, %1k 19 i 28 40 M0, B 20 i 09 77 3% 548 = 2
90. 5% o N F A ik 1 ol 28 AT JHL A i, 2 AR AL R DY
TG BRIk, PRI PQQ T BB 23 5% R H A o 25 4 i
7R TR Y A8 52 PR T, A B0 1 2 2] i 12 Re T 1Y

# 1 PQQ Xt H,0, ifi T4 PC12 A AL 1 & 2 1E

(n=3)

Table 1  Repair abilities of PQQ on oxidative damaged PC12
PQQ ¥/ (nmol/L) 471 %/ % b2/ % p
X R 4(0) 100 0.0 —
SAALBEALEL (0) 59.1 2.7 —
10 65.0 1.9 0. 055
20 69.0" 1.8 0.013
50 72.57 1.7 0. 004
100 81.4 4.4 0. 001
200 90.5*" 2.7 0. 000
400 88.9 ™" 2.1 0. 001
600 80.17 1.5 0. 001
800 63.7 1.7 0. 097
1 000 46.3" 2.9 0.011

ENSEERI A P <0.05; " NGB AI A A P <
0.01;— K oA i
2.2 PQQ X £ BRI K L > 1L IZ RE T Y 52
72 [ AR BT 5 AR AR I T, R e R
L H, PQQ H R i 2H 1y ) i 4 (20,40 mg/kg)
5 AR i S d BRI Wb Y 2 R
Gt X (P <0.05), 7E= MFERWLE T, 53
R R, PQQ #5531 ALY 7 d 2B 5 RO
YA R, T d 85— B[R] AT 4 L, Y 2
FAGI R L (P <0.05)

2 KEERE T PQQ XK A T ICILRE I R R (x £ 5,0 =12)

Table 2 Effect on memory ability of rats in Morris water maze test

g biilhes 5 d R 5d SR 7 d ST L B 7 A —KOF & 5 R
/(mg/kg) /s /em /s

A X IR AL — 17. 83 £12.30 247.87 +155.23 4.70 £1.83 10.47 +4.04

oy Bk — 30. 11 +14. 032 495.18 +231.05% 3.30 £1.64° 16.79 £9.13%

PQQ (i) 10 24.11 £11.73 385.06 +238. 48 5.00 £2.05 " 10.29 £6.23 "

PQQ () 20 19.82 +11.27" 322.58 +211.92* 4.90 £2.33" 10. 66 +5.46 *

PQQ () 40 18.48 £10.73 " 287.28 +241.46" 4.70 +1.83" 7.68 £3.41"

TSN SRR BRALILE P <0.05; " SR B BIAIAL L P <0. 05— T &
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Wil 1 s A H R RAE KR BRI 5 K,
B e PR U B AT W B O] AR R B 2R
REPR B NAR E YOI LUt MR & L 50 &

ERBAR BRI AT PRI TR T 5,4

~< =~

PQQ (10 mg/kg)

RERA VI - 5 7 B . PQQ &5l 4, B 4 2y
W FESE N, THF B AR T 5 S B R 4 i
FEIT A X IR .

PQQ (20 mg/kg) PQQ (40 mg/kg)

F1 45 2 BRAE K B I R Jn — K (58 5 K) Y it 8 it 9L 5

‘ /// : sl ‘ C J/*:&\ -~
VARLA LS N ,
\
HAEN A HEEERA
Figure 1

2.3 PQQ XF K R i Az B 4 2 46 Ak 45 405 F5 b 1)
Al
2.3.1  PQQ XJ K B &8 AL 452 411 38 A 19 52 g
F3IN W, 5 ERAIA b, PQQ £ K &
20 (10,20 .40 mg/kg) IMLiE H MDA £ & # FF (K,
PQQ il ) i 41 (20 .40 mg/kg) Il 35 * SOD |
GSH-Px{E 1 A&, B EZ R A H it 2% 2 L (P <
0.05) .
2.3.2  PQQ XJ K [l i 2 4L b S AL 48 b 1Y 52 M
RV B, PQOQ #5571 1t 41 1Y i 2H 21
MDA & & &%, GSH-Px i 1 F+ &, T-AOC fig /1 4%
gt RSB, WERARITFEE L (P <
0.05) . PQQ 7& 7l & 2 (40 mg/kg) K KK 2H 21

Representative swimming paths of the different rat groups on last day (day 5) in the Morris water maze test

# 3 PQQ Xt K KM%+ SOD MDA GSH-Px & #1
W (2 +s,n=12)

Table 3  Effect on SOD, MDA, GSH-Px in serum of

rats by PQQ

A ks SOD MDA GSH-Px

/(mg/kg)  /(U/L) /(nmol/ml) /(U/L)
HAEX R4 — 181. 14 £8.96 7.5121.23 1.044.09 +67.78
BE Bk — 174.07 £8.26%  9.74£1.42%% 98210 +75.90%
PQQ (k) 10 177271272 8.39+1.67° 102147 £51.41
PQQ () 20 181.00£9.04%  8.49+1.62°  1033.99 +55.56 "
PQO () 40 183.01 £12.96*  8.68+1.09° 107171 £60.71*

T2 A AR R LB P < 0,055 %2 S 4E X IRALILEE P <0.01; "
5 ER B4 I P <0.05; " S SEE BB AR P <0.01;,—h KA i
SOD iifi 73 T B, 2R A G2 (P <
0.05) . &ML 4,

F 4 PQQ XK i 41 21 SOD MDA (GSH-Px \T-AOC 5 2 & & 15 m (x 5,0 =12)
Table 4  Effect on SOD, MDA, GSH-Px, T-AOC, lipofuscin in brain of rats by PQQ

21 51 &/ (mg/kg) SOD/(U/kg) MDA/ (nmol/g) GSH-Px/(U/kg) T-AOC/(U/g) IE# 2/ (ng/g)
AR FR 2 — 104.05 +7.20 7.43 +1.16 423.26 £37.02 2.60 +0.70 2.63 0. 14

R — 96.45 +7.57% 8.44 +1.36% 355.40 +30.78%% 1.91 £0.54%% 2.78 £0.18%
PQQ (fi%) 10 97.46 +8.74 7.16 +1.54* 378.36 £26.22 2.41+0.68" 2.62+0.21"
PQQ(H1) 20 97.25 £8.36 6.80 £1.51* 382.27 +30.48* 2.53+0.71° 2.63£0.17"
PQQ () 40 102.29 +6.46 " 6.71+1.10" 413.50 £39.70 " 2.43+0.71° 2.59 £0.28*

VO 5 AR BT R P <0.055 %0 o 59 AR A JAL AR P <0.015 " Jy 58 AL LR P <0.055 ™ 5 I AL AR P <0.01;—
oy A ik

SERAMSERY ]y H, 0, S a7 A R R
SALPE R, 5 R I 22 2 ) 40 e i Tk 1) PR 0 A%

3 Wig

I 49 2 A 22 T DA 0 T Rl R 15 OF: 15 2
FCIZRE T B BE iR o DR 40 1 by vk B2 6, 22
PRI B I % A ok 4R A R O P A B A 2 R
2 20 M o [ A A T 5 2 B Al Y
WK, % A 4 T 28 6, S Bt S e i i e L A
IR & AARAR 7 N RS NG el Bz D R = L
BASEM MM T L R A R R
(2% B, E AT A IR S AR 20% ,H A
R 3 AT 2 T A B A BRI O 7 5 % F)
SALB T . PQQ HAARIR M B ALV, i 30 R
i PCI2 $Z40E, FI H,0, ¥ 5 %1k PC12 40 i1 &

PR, 150 DA 40~ #f B2 IR 52 PQQ BE S A B e
4 H,0, AR PC12 P& 40 i, A 1k PQQ
AT R XS KA 2 AR T R 22 A i 7 AR AR T R B Bt
A B A B ER .

Morris 7K 2K B 2 9% [ O P % % Morris T 20 i
42 80 AR B I I HT T i o 2T S A2 LR IF 5 Y
— i B, HAE T 2R % B W 5 b i i AR
WA, W, H KRR iR s T
AR, PQQ #H 4 FJE, 3 & K BT K F
BRGNS BRI TP RS A S
PR ] A6 R, B PQQ 7R vk A B A S
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B AL (40 mg/kg) K BUGHFE & 78 B9 iC A2t 5
SRR LR R ], 2 3T e A2 B8 A Wi 4R
L AE W PQQ HLAT 48 5 5 2 K R S ic 2 g ik
FACIL BETF R T B

PQQ fE 514 37 40 I G 32 4801 157 453 405 , 3 T Dk
BaMmTZIAAmENREY . Kb EA
KA, A S B AR, X RSB
A2 ST AL BE 0B B T2 R R L PR A i 2 4
(9 S R 2 R L S W i AL . MDA i
e JiE AT 2 e MLAAS A i 5 B Ak B R . SOD 2 3
B O B B T B8 A 40 AL G , GSH-Px & 35 [
ik 26 S A AL W 1) 1 R W 20 A T T R ML A
Pt Gk e 136 bR, T-AOC J2 48 i 55 4F B 19 2
PR A RENRE T, BB EMAS T LRI
w20 L SRR S B L DURR £ B R T e AZ 1 i
VR

HA 1k, PQQ 762 ) 012 g J1 75 i, ik R A
RGO SCHRARGE . A BRI %, A PQQ REW] 42
5 B K UL TS % I 4H 41 SOD | GSH-Px 3% /1, fifi
S AE R BRI S5 AL 1 0 S AL B R R 8 B | AE 2%
TR G R 25 200 0 AL 3 B 2 2D T AL R T R
T K BUML G o MDA J% i 28 41 MDA Fl g #8 %
TR R AR A I R R P A A R ) A
o B A AR bR R PQQ T AL IE AR5 T
FEOY KA . PQQ I 4 5 5 5 A 4 i i 2 41
T-AOC &2 5, BT PQQ REHS I Z4F K Rk
i AR ) T b R ) 4 Ak R L T, R B S
F9 i 28 20 480 A0 453 05 EL A AR MR B R 9 4 T iR i
W], PQQ REMS A R I W30 48 16 18 12 & 45 16 1, 34
KB 2 2D T B8 1o [ IE A A G B B 22 R
5 e, KB iR 400 mg/kg B9 PQQ, 285 41 d
591 d ISR, E %N R A AR
RFI AR FIEEE

5 L r R, PQQ X Bl AL A5 405 14 25 40 e HL AT

ARG 9B A, BE 45 12 5 Ml 1 22 290 it D) 4 1 45
Ui REN AT R T RS A e IR . AR
NI R B YURAL, BT & AF i, 42 o > il
TCRE ST IR A Al PR AL T B A A o

5% 3k
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