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Abstract: Objective To determine the content of total alkaloids and their components in roots, stems, and leaves of Berberis
wilsonae, and investigate the effects of their extracts and components on the improvement of learning and memory ability and
anti-oxidant activity of mice. Methods In this study, the total alkaloid content of roots, stems, leaves, and roots, stem extracts and
components of B. wilsonae was determined by acid dye colorimetry. The HPLC method and conditions were established for
determination jateorhizine, palmatine, and berberine. The memory impairment mice model was established with scopolamine, and the
root and stem extracts and components of B. wilsonae were ig administrated for 30 d. Jumping platform test and water maze test were
used to detect the effect of roots and stem extracts and components on learning and memory, and the levels of MDA and T-SOD in
serum was determinated by kit method. Results The results showed that the latency of the mice in step-down test was significantly
prolonged (P <0.01), and the reduction of the number of errors was also significant (P < 0.01). To a certain extent, the place navigation
time in water maze was shortened (P < 0.01), and the number of errors was reduced significantly (P < 0.05). Extracts and components
can significantly increase the level of T-SOD (P < 0.05, 0.01) in mice, and reduce the level of MDA significantly (P < 0.05, 0.01).

Conclusion The extracts and components of B. wilsonae had a certain effect on the improvement of learning and memory ability
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of mice, and the anti-oxidant capacity in vivo was also improved.

Key words: Berberis wilsonae Hemsl.; learning memory; antioxidant activity; jateorhizine; palmatine; berberine

G At/NBE Berberis wilsonae Hemsl. s&/NEER}
(Berberidaceae) /NEEJ& Berberis Linn. 1%, H¥-
W /NEARN, R EREE P —FREMAE. R H
A2 T — AR, FESAEREEIL. T
B X231, H2E b A4 = SORER I, MRkl “ =
WL, ANBEJEAEY) E LS 2 M, Y
TR A =PI —Fh, J2 — P EE BRI,
HA RS 80 2 3 BN H Hp 4141,
PUE  PUR RN, BT B MRS,
MARE HrOERFIO FuE . Pusl IATE S
JRIR DN RE . I A F0 R I/ INBE SR A D U
PrELDIREE, Ahmed SFUSIWF LRI, A0/ NEESE
Y eef S ig bR A S, AL Re —FhA
Al Ak 2% [ B, Albrecht &5 UAIRIE 57 & B, o BE
Berberis vulgaris L. 552142 BV GE Dk 2 I 1 4
(ROS) R, HABmITEMNAE S FHBUKF5
RIS, IBRIEN Z R EHEE, RefRY
AN 2, BeX 22 e 2 DR AT B2 1Y
SRS, NBESREYI R FE . ERE S E . T
REZFE, LA /NBERRSR 1 A& S Pt i R IhRESh,
VT RAEFOR IR, /INBERRNS 1 28 28 G101 K A FR A L
RBAERIT,

AT LG A/ NREAARL, R R YRGB EL
O A/ NBE S A B AT E , ARJE AL
HPLC V€ A6/ NEE WL 3108, it — DAt
T AL/ INEESE ) Ko 40 0 %oF /N BR 2 SR 2B I ek
HAEA, FEE 7/NRIIE RN (MDA) Al
HAHENYEALES (T-SOD) 3EM:, MIMHE 4
T/ NBESE I S 20 535068 7R BE S 350 /N BRI 2 B
T AR N B AR RE I BRI, B/ NEE )k —
IR R F R R AR AR o
1 #8

SACNEERER T )INETEE TR T E, &0
B B B R B A B NS/ NEE Berberis wilsonae
Hemsl., #aREGRHR 22T, 250+,
it 4 50, M. BN, AE (20+3) g,
RSB RELIR S R AR, VFAFIES SCXK (1D
2015-030. AREFEHN G (RS H>98%, T
MUST-13092312). /NEEGXSHE S (BT EE 50 20=98%,
L5 16062404) ZGHRHINT RS (T 50=98%,

5 160405). ELyTX RS (FTESH=98%, #t
5 110732-201108), A FEEEAEDEARAG IR A A ;
MDA. T-SOD i{ifll &, B AR 5T

HAERGFI A4l . SDT-8 ALk & A/ 1T &
4t, A2 A TR /A 75 ZHO0065 Morris 7KK &,
LRV B S HIR AR ESI220-4B B4R
F, RIS FARAR]; Agilent1200 /= RCHAH
AL, ZHERRHEARA A

2 ik

2.1 FiHEmREEIE

2,11 SAE/DNEERL. ZEAIRE AR R
FREUCTRE A 1.00 g, B FRIERET, A
90% HlE 40 mL, FREXAJiisE, [FIASEE 40 min,

HARAH, FRE, 90% F BN 1R &,

RAEIE, FIRACRIRBGRIE, WIS . FH
0.45 um JEAEEE, ARG HEHEIIEHR 1.0 mL, &
T 25mL &, H 90%FERLESR, #A, 1SR
VA, R, 5

2.1.2  SAE/PNEERZEIRBIBISIS S FRE 300 g
SAC/NEERIMR . R, 2110 RN 3 L
95% I, RIEEA 3 I, FFR 1h, &I 3 IKIEH
W, VREARGR, BIMEEARIE T AR 3 IRk, AEHL
WA, WERRY, BRRINRE 24.22 ¢ MR
B 1239 g.

2.1.3  SAv/NEERR . ZERREUA IS HLC2.1.27
T & HR . 2228, H 200 mL K HEORE, H
Oy IR S B SRR R BEER 208 1E T EEAN
IKEEEL, o3 AR AR, 153 %4H 7.

22 BIZAHERPDEWR R/ NEER. RS

LITHEENE
SR FUMRE, RIS R Bk

SE S EDE, HPLC JEAS I /INEER . ZARB AN B2 1
TS R DE LAY R I K 345 nm, B/
BEGHOGT HE o B IR B AR R (X0, TG ()
PR (V), ZefilbrErhZR, SRR Y=
0.001 3 X+0.066 2(2=0.999 5), /NEERHAE 20~120
pg/mL 2K R R AT

HPLC 58 ik 26 il 4L Platisil Cis ODS
(250 mmX4.6 mm, 5 um), MEHALIE (A -
K (B, 7 0.01 mol/L IR — 5%k, WL pH (HE
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2.8), K 25 C, EFE 0.8 mL/mL, e
10 pL, FpJE M 44 : 0~8 min, 15%~25% A; 8~
15 min, 25%~35%A; 15~20 min, 35%~65% A;
20~25 min, 65%~80% A. Xt &5 AR, —
ERBERRE, AR IFE fEAE 10 pL,
HEME 3 R LIOOTHE i 1ot SR BB AL bR (X0,
W T FRFR M NN AL R (), ZflbrdEdh 2k, 53
[ FEZGHRR Y=59.077 X—7.696 9 (12=0.999 6),
1.875~60.000 pg/mL; ELIYT Y=43.572 X—18.884
(r2=0.999 9), Z&MH:JEHEl 31~65 pg/mL; /NEEDH
Y=15.786 X—9.089 7 (12=0.999 9), £t iuifE
1.95~62.50 pg/mL.
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RinEHae haysng

231 ARG ARPY ERMEMERI/ANR, IR
AFAEEE (234+2) C. HHoUKk S5k, 4
R 12 h TEHA G/ W, 51 8:00 B kG HE .
ANERPGIE RPEMRFE 3 d, FRIZ R S BEAL S B 10 41,
FEH 12 Ho AR BERIAH . A8/ NEERR
4 (1000, 500, 250 mg/kg, ¥WLAEZ G, LIR
[F]) 20 xA6/NEEZEER I (1 000+ 500+ 250 mg/kg)
H. SAE/NEEZLKIBPEA S (1000 mgkg) . 4
e/ NEERR KIS M2 73 (1 000 mg/kg) 4H. 7EZE 11k
RYTRTAT E IR R i, B2 ig 4h 2, AR
3 RMRRE 1 Ik, SHIL230 do B8R s
Jeid ATk ST KK IR SRS, AT /N BRUAR BRI
i, 5 HifniE ) MDA Fil T-SOD 7KF-

232 BhEseity fEESSIGH 1 d, PR igs
24530 min 5, AT, H 100 pA HELH
2R 5 min, AF/NRA BRAZ, HIBRRTH
AU MA . IR H AT IER LS, NG
10 min J5, FARYE/NRAERT &% 0.1 mL/g 7=,
ig 38 &1 30% L%, i 12 B IR 222, 3 30 min
B NBEBR G B, IR 1 IRBE R Bk & B
], BUORMARI, [, 0% 5 min /N AZ
TR, BUAARR IR

2.3.3 JKEESEGE ESLIGET 2 d, BANRY
SN K B s AT IE B RIK, S BR AN A
o IEINSLG BRERT 5d, BT 4 d AEARUTINE .
B1REZ L h)E, R ip EFEEK, HedY
% 10 mL/kg, ip 3 mg/kg R E SR, i3k
TCAZ ARG AEAR2], 5 20 min BN RN K E, H
FHIEVK, 103% 60 s NAREE G LT IR a], BI AR

R, Wk 60s N, MRFEIREIF &, AN TLIS,
INRIFEF G, I8N 60 s BRI, 3 1~4 K,
a3 AE SN R CR B FE . IR, H AR SRR
() EF 73 LU RTS8 R . 28 5 R T 2 [RR R S,
VS = RS 1 ST M WA N S s
FIRIF T IR BRI, e AN EF G407 B %R
(1Y) R0 AR 25 R P VR

2.3.4 7% MDA 1 T-SOD 7K-FAI| 7K 2k B Sz
Ja, HRERHUM 2 mL, & & 30 min, 4 CAKHE 4 000
r/min .0 10 min, YEEIMIE 150 pL, SZEPHA
=20 CUKFE, TRAEEH. M EMERIEDH, &
7% MDA A1 T-SOD 7KF-1241,
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LSD %, Z5R DX +5 KR,
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3.0 &WNERREVREEEASNEES

SR FH R GURE LG 0 i &A% i PR e A s 5
&, SRS NERT S BEY 5.82%, ZERE
SAEYIE 4.90%, SR AR 1.90%. T,
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6 WA S 16 /INBEAR RS AR s 5 AR g A
I & AR — ),

FH A S256 58 7 57 1) HPLC Y246 42 16 /N BE %
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1o GAL/NEERR . ZERE BT & B0 NBER . TR YT R %
RIEZE AR, HARAZER OISR RN 2,
M5 ZZ M S PR IR i 2 H 5. 5IR
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B LT AN NBERR . B S YT RZGHRA0. 3 FhAED
B EEARE T &AL/ NRERIMR . 22, Bl 25205
560 N B SR FI 2 HIEH .

GAC/NEERL 22 R HAR U NS H o R S AR
VIO AR AR I e 25 SRR 1. w0, &4E
ANEERR . ZERE S A B AR 4.90%~5.82%, &1t
INBEAR . ZEAREU S B AR 69.57%~72.09%,
By A BRI, 26.15%~79.82%. . ZEHREL
YR NEEB B B, VTS BRI KR
HUAH oy B /NBEDR B ey, VTS RIS IE
TREAS MRS B8, DNERSESIT &=
HEAR T B JC B3 2= s ZEMIES IR LR 7 A
TR 7/ NBERR B s, AR ST S &
B, EARMBEER 820 5 04 Jh Bk 43 A 25 B 43
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TEBEAC, HA/NRE B, ARmSEY
TR EARMC. FL, 5P 2RI A
BT REH G IF, BAZKIEEA S, 34T 2580555 .
=9 32 SWNER. IR AN RIS RE
A

BRI ER 25 30 d, 54/ AR
" O 2. XA E, &4H/AREE 1. 104 19,
. “‘—%E 30 RI 4 BB M B A R (P>0.05),
- 8 VLR G AE/NEERIAR . 52U SRS P4 53 %60 /N R

0 5 ltlj)min 15 20 PR BTG 3 R

1 ENEER . ZERIRAESEY HPLC @i 33 BrasmmLR
Fig. I.HPLft;i():ajogranT otﬁjj;? S:Jem, and Eaf s:mples 6 5 S IR AT SR PO . B BRICHL

b, BN BICIZRE Tl . SRR 2. XY

INEERH
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of B. wilsonae

®1 EHNRIFRP2EVREEYHBKEELER (X £s,n=3)

Table 1 Total alkaloids and alkaloids monomer in roots and stems of B. wilsonae (X *s, n=3)

FE SAEVI Y% NEER/ Y% ZiIRB/ % BT /%
Ui 5.82010.001 4.420+0.002 0.7300.001 0.500+0.002
TREEH 72.090+0.001 54.720+0.001 9.020+0.001 6.190+0.002
FRAK SR HCA 55 55.190+0.001 38.6500.001 7.690+0.001 4.62040.001
MR T B 4H 55 43.810£0.001 10.000£0.001 14.290+0.001 10.950+0.001
IRESTR £, FR2H 43 26.150+0.001 7.690+0.001 0.770%0.001 0.770%0.001
T T kA 53 36.840+0.001 14.030+0.001 1.750+0.001 1.750+0.001
= 4.900+0.001 2.080+0.001 0.480+0.002 0.3100.001
EXiLy) 69.570+0.001 50.250+0.002 11.560+0.001 7.330£0.002
ZEAKIRHLA 53 79.820+0.001 44.91040.001 18.950+0.001 13.1604+0.001
ZIET RS 63.410+0.001 15.24040.001 25.000+0.001 13.41040.001
ZEBETR R4 4y 74.44010.001 50.000+0.001 6.670+0.001 6.6700.001
2R A 5) 65.520%0.001 41.380+0.001 6.900+0.001 3.4504+0.001
C1d
=10d
C l19d
:(5) :(5) P11 h i @?M
301 i 30] ki 307 % % é
=2 =20 g Ss|EEH|EH|E
£ 15 €355 g =I5 5 5 =
10 101 £ 104 & = =
= 3] % 3] % % %
0 1?)0 500 220 P ] 0 1000 500 250  AiHd ‘ _1‘ ; X HE T%ﬂ
SALNEERIE I (mgkg ™) EAENEEESE I (mgkg ™) KA 43 (1 000 mgkg™)

2 SR, ZRBREASTNRAFRENTME (X ts5,n=12)

Fig. 2 Effect of root or stem extracts and components of B. wilsonae on weight in mice (X x5, n =12)
R L, BN R I AR R PR (P<<0.01),  0.01), HIRKERZ D (P<0.05): R+
BRI (P<0.01). SRRALE, &6 FAEABRIITHEZER, MR, (P<
ANEERRSEEU A AN BB R R E I (P< 0.05); IRIREUME A A BRI RN (P<
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&2 S/NEER. EREWIRA S IR S LI AR/
(XEs,n=8)
Table 2 Effect of root or stem extracts and components of B.

wilsonae on mice in step-down test (X £s,n=28)

5 W s s
(mgkg™)

ot — 300.00+ 0.00  0.67%0.32
Y — 133.98+ 6.23" 4.134+0.35*
RIEH 1000 27454+ 9.02% 1.67+0.52*
500  215.00+11.68  1.33%0.32%
250  256.50%+ 9.46* 0.8310.32%
EX/3:I8Y) 1000 24396+ 7.10* 0.50+0.08"
500  191.94+ 877  1.00%0.12%#
250 221.14+12.02  0.83+0.21%
MK 1000 269.67+ 9.30%  1.17+0.28%
ZOKHEMHEAS 1000 213324 9.65 1.33+0.11%

Hxt Mt "P<0.05 TP<0.01; SEALLE: *P<0.05
#p<0.01, ~F
*P<0.05 **P<0.01vs control group; “P <0.05 #P<0.01 vs model

group, same as below

0.05), AERIELE ZWD (P<0.01); ZHIREWET
AR I (P<0.05), HHRKEEZ /D
(P<0.01); ZEIREWHAEAIE R EEZR,
WRBUEZER/D (P<0.01); ZEARBUMETIELLER
MR EZESR, BRKEBUEERD (P<0.01); K
R 7 HIE R (P<<0.05), BRI,
Ehkb (P<0.01); ZKIEHEH S HBERIATE R E %=
5, HRRREEE RS (P<0.05). FEFET, iR
HU2H B8 AR T 2538 s RS =, Hf)
EARERREE T 2280, (KFER . 2252
IR RE, TREER . RAKEEA AR
FRIARF 2RI 21, AR 2 R IR

BT 22K EA M. 25 b, SAb/ NBESREU)
FOKE PR 7 Ao BN RS, o b PR R 0 8 3
I, BRROEURE D, RSN RIIZE 2
Je /NI 2R 2ICAZRE 115 E) T i
34 KEEEMAITSERMER

KR E AT, BRI, SR
R, H bR G PR R o AP R R, 1
NERICTZRE . B RIR R H, ARG
GRS TR, 2P SRR 2, BB /N
CAZREIRAT o FE IR TR, BT KR B E AL
FiAT ke, 45RIE 3. SR, MA N
B2 R H AR GRS TA) 40 b R D (P<<0.05),
TEARIAE 1N (P<<0.05). SHRIZH LR, HER
W ol H bR R PR E o LR 1 m (p<
0.01), ERWIEELEME (P<<0.01), P35 i 21
I (P<<0.01); MRAEHY A 78 B bR SR 4
PN (P<<0.01), ERIIEE%%E (P<0.01),
PR RN (P<0.05); HRHREUIGT I EH 5
R H AR SR E 2 tLE N (P<<0.05), TERIIE
4%l (P<0.01), “PIJHMERZEWI (P<0.05); =%
R EAEHEERRE S REEFEEN (P<
0.01), Py BEMIN (P<0.01); ZXFEHW+
FIEHBEARZRIRE 2 L EEEN (P<0.01), ¥
W R ERI (P<0.05); LB ELLTE
MR EE I (P<0.01); MRAKEMHH S HEHIRR
FRE R EWIN (P<<0.05); ZE/KBEMHHHE
FRGMRE /LR (P<<0.05), Py fE R
W (P<<0.05). ZEFEREUIAH T RIHK THR$E
M, HE3IANMEREHEER. RAKBEHEASHS
KA HER AR

®3 eHNER. ZREMEAD I NERKEEEMAMITERIEHME (X x5,n=8)

Table 3  Effect of root or stem extracts and components of B. wilsonae on navigation of mice in water maze test (X £s,n =8)

151 7l &/ (mg-kg ™) KRR/ om H A5 5 BRI 8] 5 45 L /% TR /s SPHE S (ems™)
pagicl — 492.31+14.21 33.70+£5.07 29.88+1.53 16.98+1.06
it — 647.91+12.65 20.45+5.79* 45.96+2.30" 16.60+0.85
FREE I 1 000 891.97+12.22™ 34.42+£3.80" 27.58+2.78% 22.66+1.45"#

500 44751+ 8.12 42.58+4.47% 18.624+1.27"# 20.88+2.56™
250 621.85+10.80 34.62+6.23" 24.9242.33# 21.13+1.47*
ES/3LY) 1 000 906.63+£21.19" 33.78 £2.94% 37.18+1.37 22.20+0.12"#
500 785.58+15.64 37.84+3.54% 33.76+3.98 21.16+2.41%
250 912.05+19.45™ 31.63+2.76 36.51+4.89 22.82+1.91"#
HAK 1 4H 55 1 000 778.12+12.37 38.59+4.87* 34.75+2.48 20.52+2.03
2K EH S 1 000 779.20+17.52 30.28 £ 1.34" 36.50+1.36 19.13+5.13*
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3.5 KEETEIRELWMER

P SEU T B AT KRR 1 A TR R R SE
CER R 4. SHTERA LR, AR R
b (P<0.05), /INERZE R H bR SBRET R T 45 b 2
EP (P<0.01). HEERIALLES, REEH)HF
FAHGFHIRBRER I (P<0.05), HFRG R E
Bt R I (P<0.01); ZXEBYIETIELT
BRRETC R 2R, HERG R A 2 b w2 1
(P<0.01); ZEFEHUY) A7) & 20 28 BRI BT Wl 3 22
5, HEZBREE 4 LB E 8 (P<0.01); 2
PRV B2 2 B B 2 1 i (P<<0.05), H
PR B BRI A 2 L 3538 (P<<0.01); ARZKIE M
Ay FRIREUR E N (P<0.01), HARZRIRA
Bt E I (P<<0.01); ZE/KBTEH A5
BRRETC R 2R, HERG R A 2 b w2 1 m
(P<0.01). REEHUYILH 28 R K HO0E T 25 B
4, HIbrRREFE S EHEZER . RAKEMEH
S SZEKBEEA AR EER. G, L
PR /N R TR 24T 6 B R B b, T
S RIREURE SN, RS/ NEESREY) K 2
AT /NRIEZ R .

Bk & SEER AR IR B SR IS R E, SAe/)
BESR B K HoK A 2 b /N BRI 22 213812 BE
Bk, Rz B ag AR L /N B o AR T B R
36 SHNERIBYRENKAEMES I NR
MDA. T-SOD HIE20H

M5E %4/ R FIME MDA, T-SOD 7K,

x4 SWNER. ZRBWEAES X NRZEIRRHIFN
(X=Es,n=8)
Table 4 Effect of root or stem extracts and components of

B. wilsonae on mice in probe trail test (X £s, n =8)

5 %‘U%{ RN B bR 5 R A ]
(mg-kg™) H 53 /%
X HE — 2.60+0.40 2621£2.03
e — 0.90+0.02" 13.02+0.12*
HREEE 1 000 2.60+0.12%  26.00+0.88%
500 2.704£0.24%  20.13+£1.47%
250 2.67+0.11%  22.13+0.25%
ES7LY)| 1 000 1.20+£0.10° 2543+1.01%
500 1.8340.15  21.45+0.55%
250 2.83+021%  29.34+0.43%
WRAKEPEA S 1000 1.80£0.08% 24.6910.48"
ZEKIE M 5y 1 000 1.67+0.17  20.85+0.33%*

VR S At /NBESREU) S 20 7 5 ) 2 5 3
TCERSAE AN R R N B AR T L, S5 R W3R
5. HXTIRZILbEe, R T-SOD /K P # i 2 BRI
(P<0.01), MDA /KFEZEHIN (P<0.05). L
BRI LA, ARFEEU) &R 4 T-SOD 7K -T2 {2 2 1
i (P<<0.01), MDA /K3 EIL (P<0.01);
LIRB & FEA T-SOD /KT EER N (P<
0.01), MDA /K- RZEFFIL (P<0.01); HKEH
P2 734 T-SOD JK-F & (P<0.01), MDA
AFRZF L (P<0.01); ZE/KEEMELH 720 T-SOD
AP EZER, MDA K EFEFK (P<0.01).
REEHA 5 2RI T-SOD. MDA /K%
SRR . ARKE ML 514 T-SOD /K P 250K
W25 4, MDA KPERARE . 25 B
RRY: S/ NEESEY) K 21 55 %/ AR P B
KA B ERSCEER

x5 SWNER. ZREMEAES X/ NRMFE MDA 1
T-SOD 7K HIFM (X £5,n=8)

Table 5 Effect of root or stem extracts and components
of B. wilsonae on levels of MDA and T-SOD in mice serum
(X*£s,n=8)

Fill/

4 T-SOD/(U'mL™") MDA/(nmol-mL™")
(mgkg™)
ot R — 119.99+2.36 9.7740.02
8] — 64.40+1.12"  13.10+0.11°
FRAEEY) 1000 203.52+£1.20"%  5.1240.13"#
500  223.9942.82"#  9.6140.02%
250 210321677  9.4940.12%
ES73:08Y) 1000 204.97+1.30"%  9.41+0.07%
500 226.74+3.22%% 7724023
250 231.97£1.03"#  7.624£0.24%
WAKEMEA T 1000 154.65+£3.73%  9.314+0.19%
ZEKIEMEA S 1000 108.794+2.80 8.88+0.16"
4 Wig
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OB L ST, AR A 3 RS RO
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