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Metabolomics Strategy

CHAO Liang'’, WANG Hui', SHEN Shugqi', YOU Piaoxue*, JI Kaihong?, HONG Zhanying'(1. School of Pharmacy, Naval
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[Abstract] Objective To evaluate the efficacy of Puerariae lobatae radix (PLR) and Anemarrhenae Rhizoma (AR) in
preventing and treating Alzheimer’s disease (AD) and explore its potential mechanism of action by LC-MS serum metabolomics
strategy. Methods The AD rat model was established by administering aluminum chloride (AICl;) and D-galactose (D-gal) for
20 weeks. The traditional Chinese medicine intervention group was given the PLR, AR, and PLR-AR extracts for 8 weeks by
gavage. The model effect and efficacy were evaluated by Morri’s water maze test and biochemical indicators including SOD, NO,
and MDA; Metabolomics research based on the UHPLC-Q/TOF-MS method was conducted, and relevant metabolic pathways were
analyzed through the MetaboAnalyst online website. Results The learning and memory abilities of AD model rats were
significantly decreased compared with the control group, and the levels of oxidative stress and lipid peroxides were significantly
increased (P<0.05), while the SOD content was decreased considerably (P<0.01). the learning and memory abilities of AD model
rats were improved, oxidative stress and lipid peroxidation levels were reversed, and serum SOD content was increased significantly

after the intervention of PLR-AR, with better effects than single drugs. Through metabolomics, 70 differential metabolites were
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identified between the AD model group and the control group, mainly involving 10 pathways, including phenylalanine, tyrosine, and

tryptophan biosynthesis, phenylalanine metabolism, and unsaturated fatty acid biosynthesis, et.al. The intervention of PLR-AR

could adjust 47 metabolites, with 20 metabolites showing significant differences (P<0.05). The significantly adjusted metabolites

involve 6 pathways, including phenylalanine, tyrosine, and tryptophan biosynthesis, et.al. Conclusion The combination of PLR

and AR could significantly improve the learning and memory abilities of AD rat models. The mechanism may be related to the

improvement of oxidative stress and lipid peroxidation levels, the increase of serum SOD content, and the regulation of

phenylalanine, tyrosine, and tryptophan biosynthesis pathways.

[Key words] Alzheimer's disease; metabolomics; Gegen-Zhimu; herb pair; mechanism

BT IR 15 B (AD ) J&—Fh DAL 12 D) fig
FRR 2847 A i o e B A i 28 R G aR AT M9
Wi. HRETEFKRZAH AD H#H 5000 0N, BiE N
FE SR, X — B IR R 2 n, 45 40k
KB R E R A E R fzepr et o 2 gy ik,
I PR 11 5k = A3 30 HY AD Y7 FBE. RRms R B i
7. NMDA 58071 561558 AD 697 2R A BR,
FDA Bt i iy Ap B sCREHTIA C RIS P aE
TR ARG, HiGyr e a5 o ik, PR &
. AR AD JRIT 25452 SR s B

rh 2l R 280 5 R S A A EE BUAVE A0
B TARAE AD SERE 225 IRIT 25 R i R A
TR . 2B RN RE I R D7 s A& A
FARMRALR B AR RE, RIS S kL B
S, AR TVE B L DG, s R ==
WL, KT AR A | 8 0 BHL 75 i 35 %) ft AR L T 8
S BARITER, AR H D EWH™ .
VLA SR I8 K BIR 2G0T B — BE g W B AR R T | ¢
A FRE AT BILY AEX) AD HAT25301EH .
VB —Fh 5 24 1 5 M0, AD Y & AE S5 PR
AFAE B30 DRSR SOCHR, tple BROM I EOBE RS (3
PRIV o HJR H ATEE UL AR S5 RRS 7E AD
BIT T VE RO RE . L, AR 53 fl o gt
37 AD K BB 25 58 B AR AT RE B (LB i6 AD /Y
R, TRl iz AT A 24 R MG R T B AR 5 HIREAE
XIS BT iR AD WEAERIVERIALEL, S 25 BiG
AD WIS 4

1 7§
1.1 B

Agilent 1290 Infinity J&AH (435 {Fil 6538 UHD
Accurate-Mass PUZR AT &AT RS R 5B 156 1 20 o 1
(£ %43 F)); HERAEUS FRESCO 17 k%
HREOHLEEFEB KA F]); ANALOG 15 ek %
T ([ BB/ F)); Milli-Q Integral A4 /K HL(2E
[ Millipore 24 ) )5 + 7743 Z—H 743 RF- (H

A A&D /A7l ); Digbehav Z#147 M2 M R 46-/K
HE (S mEERHA R A A
1.2 45K

RS A220901) 5 FIEE MR R (15
20220201) W H T I RE A TR 2 ), 2l 427 R
KEF L2 F00 10 PRI AR S8 D RHEY B 5 P.
lobate(Willd.) Ohwi 9 TG ARFN A BHEY FI B A.
asphodeloides Bge. [ T # R 25, LW (S Hr sk, [E2Y
ER BRI AR AR, OE. Wik (BN
LC-MS %, FEB K /RBHE h AR AR 40 .
H s (g ali, db il SRH A BR A R ShrdH (it
+5: P2091859) . D-gal(#it5: P1616089) 1 AICI; (4t
51 P2391168) 1 I L iR BHE e A7 FRA 7 A=
PG BATE W (U )1 RHE 25 e A FR A W] )5 L-2-
FORTNEIR (98%, b2 s AL A FRA DD i
A ALY L (SOD) . TN % (MDA) fil — A AL &
(NO)IRF G B L As A= PRk s
1.3 ZBs

{EBRMEPE I SD KB (AT 200 g+20 g),
W A WA LI sh b, sh W A VR AT IE S
SCXK(#7)2019-0002, K FRAn 77 T 42 25 1% K~
iR R s, AR AR R T 22+
2 C, ¥R X 8] N 40%-60%, =R G HR T E] A 12h,

2 ZWHE

2.1 P HRBERAH S

A3 BB AR | BE RN B AR B 25 X (15 2 12)
MAE &, UL 10 f5ARF 70% L B2, 75 85 C F
TnAA a3 HL 90 min, €, U8 AR SR EE
PRI 2 K. A I =RUEW, 60 C R A ETC L,
Pk, 5 A2 FE B BRI, B T-20 C
A
22 AD #A# 5 5 BN
221 5%

40 H SD K i Iy e PR 7 — ] I e A o ol
Lo kzs X R . AD BiRIZH | AR 4, HIBEH



R SRS 20244EX H 25 H 428 B X

Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024 3
B -FNEE 20 AL 5 H (n=8) . BRXTIRZHSE, o BiAEL: 0 ~ 2 min, 95%B; 2 ~ 4 min, 95% ~ 89% B;

4 4 HR B H 457 D-gal 300 mg/kg I8 15 1 5 A
AICl; 200 mg/kg #E B, #ELL 45245 21 J& @57 AD 3]
PR, X MR B H 45 7 4 0y A R K GEE
BHEEES) . A 14 R, 3PP gl
LT ESAR « RIS AR g 256 P U E 1 (HH
MT A B 6.25 g/(kg-d), Ak 5 g/(kg-d),
2%} 11.25 g/(kg-d) o X HRAT RIS R ZH K FROE B 5%
ik,
2.2.2 Morris /K35 LG

K F Morris 7K 28 B AT Ry 24 SEEGTAN R R 2
RN Ty . KR E LRIt 6 K, Hii
& 5 RIEN AT INZRA 1 RS MR R IR .
FIH ST R 0B R G000 5 K RAEE M Tl
S R A5 H Ak aREVER OR B[R] AN 23 [RER R I 2 (1)
BT SERRS R 45 SRR YIE Bl R
F BRI A2 BRI .
223 FEAGRECSHTAL

11 R 2 SE I 4 R s, K R e T 5 S P H R
P, 2206 3 sh KR, # B, 76 4 °CL 4000 rpm 5%
T #5010 min, BG4 BE VR T-80 °C, fit/5
5P
224 Il MDA, SOD £ NO il

fifi F ELISA 305 &, 42 HE U8 B 45 25 B 4G ) ok
UMY H B SOD, MDA, NO S84 Ak R 33 A o it
SAAAH B bR
23 Rt s £
231 FBRAY R

KB PRI L-2- G R N 2Rl i, in A B i
PRUREE A 5 mg/mL () N FRBER, Bl P AR A
IR E R 2 ng/mL A NPRA I
232 SrirkEEAl

4B 200 pL VR G RIS FEA S T 1.5 mL
LA HE, A 600 L VA B4 57 PR AR 114 Y Tt
W, WlE 2 min J5, 7€ 4 °C, 12500 rpm F% 3T &0
15 min, B_F 1Bt UPLC-Q/TOF-MS 43 #7 f . B
HBEEAR 20 pL, IRATHEFES (QC) AR,
233 kS g A

o3 2 A% AE A Waters X Select HSS
T3 £ (2.1 mmx100 mm, 1.8 um), = 7KAE H 4 i+
A Waters Acquity UPLC BEH HILIC % (2.1 mmx
100 mm, 1.8 pm); #EFEH: 2 pl; HER: 40 C; Jish
FHA 0.1% HEZ-7K (A )1 0.1% HER-Z 5 (B);
T3 A58 PE AL 0 ~ 2 min, 2%B; 2 ~ 17 min,
2% ~ 98% B; 17 ~ 19 min, 98%B. HILIC F:46 & Uk

4~ 10 min, 89% B; 10~ 12 min, 89% ~ 66% B;
12 ~ 15 min, 66% B. ¥iti#: 0.4 mL/min; 354
5 [E]: 5 min,

J i 24 SR EST B TR, 1E | B B Rl
X FHRAIREE, 350 C, THA KR E: 11 L/ming
BN R IEE TR 4000 V, 61 P
3500 V; iFZEHE: 120 V; BTl 50-1 500 m/z.
2.3.4  BAETALERS HHT

JoT T 4 FH XCMS 2 P A E 47 AL B, %
80% Ji U] 3z 18 TG A5 KU I AT bR 0 — T Ab B
fii F§ SIMCA 14.1(Umetrics 2 w, 3 8 ) #4755
JNTFRFN 434 (PLS-DA ) FINE A5 IE A B /s —3fe
F15 73 B (OPLS-DA) I A T R AL g5k, 45 & R°X.
R?Y il Q% HI WA B 14005 RO A RcR . DAAR
HACEH(VIP)>1. P<0.05 H2% 5454k (fold change,
FC)>1.2 5<0.8 fE M i pnife, JKM5 AD B eIk
HEYIFREY . {58 HMDB 52 % (https://hmdb.ca/)
ARSI o T e 1 ot O e A5 1 11 2 SR
YT HERE RN, 5B MetaboAnalyst 6.0(https:/
www.metaboanalyst.ca/) 3k 74 C g8 #1438
24 Gt

fifi Bl SPSS Statistics 23(IBM /A &) , 26 [# ) il
GraphPad Prism 8(Graphpad A4/~ A, € F ) i 47
Gt oM SR . PR FLBCR T ¢ K56, 24110
FC AR R R 28 2245 HT, P<0.05 KAl 225 5
Bt ra L.

3 LIRER

3.1 AD K RBEA 3 5 55 25 R4
3.1 FANCIZRE IV EM

DI A ey S v oK BRk i T AR A0 L 2k 5 BT
TEAT B ELA Kl 5 B e 52 BRI 45 B8 B ) A
WrAabn, 8RB 2E 2 FEAZ K- g5 A 1
FIER, i SEAUA T I A3 0], 2% 20 K BRUAy adk shi vk AR 10
BE DI R F ] 185 i 357 52 Rt 3, LSl 2 0k v
PRI Bt 3 A -2, X BRZE AT 3 > v 25 1 T4
TR R At 3, X R B AR -0 Bk 2
XTS5 H b REvE R I AR A 20 34 A i 3 25
(P<0.01). [FIFE, 25 MR SLL T, BRI K 7
A 5 B LA el 15 i 52 PR 45 B 15F (1) 350 6] R
IR, AR 2R BA G L(P<0.05) .
P2 T 25 2H KRR SRR 5 B M H R 4 R AT
B I 1) 347 i 388 im, JH b R - 2R 2450 2 S A A
2R AASIFE X (P<0.05), Z5REY, &



SRS 2024 4E X H 25 H 42 G XY
4 Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024

B KRB I FCICRE I MU TR, 8 TR . WY I FCIZRE ), LB AR - BE 24 0 ey (B35, A%
JOERE R AR -FI R 25300 T Al A R e R R T2,

A XJ HRZH AR B Hit
457 = I - AR 250
! ~+ BRI =
~ I 7 /1;40 . .
o N L P
g " 1 ) % . o |
S s \/\ : }*}**}## w20 ;
S r ¢ I H
= g 210}
&
0 R R S %
i () 4§°‘” 54 @v&b 5& N
?&
,%g%b
C D 8
#
\ /; 6 .
f vy = .
.E\"< 4 e o [ ] [ ]
i Nins
X B R L %:I; , [ ‘{
{\}Y L ] L BN ]
‘ > %
&b \\w av
3 7 g @s&b N )’“
R R REZ X4 y%g&
A

E1 ATRARKRKESLWEER
(A)BEBEEIRI]; (B) HARGL RS B IHA) 43 LL; (C) SR BUKR BARRHLEE; (D) 2k 4 5L
1 "P<0.05, " P<0.01, SHEIA A
*P<0.05, "P<0.01, " P<0.001, 5%} BEZHAH L

3.1.2  IMmEA AR FR I E X A AR R ik B J, ST A ) 25 S LA e )
555t FRALAR LL, SR R RRUMLTE NO ACEARXS 225 L (P<0.05) . B4R . JIREFUES AR B 25 5% 45

FH, MDA 7K 5 2 78 (P<0.05), SOD Sl it 25411 TE SOD & g A AU 2 145 Jir [nl 4, 4[] 2

FRL(P<0.01) . TR, 425410 NO  FHRHASIAE X (P<0.05), WA 2,

HIT MDA K-t B [ R B R AT, L B AR - 68 24

A g — B 5- % C 100p *
* N - + * s®
%8 # 1 .:[- §4' o;- ; 80 M :
Sy — e S . 3 1
Z ot 4 BB 53- i S oo} . I
HIJH ™ -2 L] ] ~ e ®
<H:[ ole UH JHH'H
2 6 A <j§2- %ﬂ 40t
a
= = =
% I I IR S S S S T S
&7 \\W % W “/ VAN 5 I X F 2 P o
& %% & FF & S S
oF oF &

B2 FEEHIARILE SODA), MDA(B) #1 NO(C) 7k F
H: "P<0.05, " P<0.01, " P<0.001, S AR Lb; “P<0.05, "P<0.01, 5%} HEZHAH LE



RS RS 2024 4EX A 25 H 4% X
Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024 5

32 fEAMAE
3.2.1  IyEEER A Z T ge i o b

1L 7% BE A 28 UHPLC-Q/TOF-MS 43 #7 J 75 3|
2 2K BRI A AL, AN [F] €AY o i 25 4 T 4%
H R BN TE e A — & 25 5% . Zoeseitor
Mréb W] (151 3), 78 PLS-DA Z4H /3 Hrsiih, 2
XTI ZH . AD FERIZE A 3 A4S R 2 Fi 4L 41 a] X 43
FERLHF, 2HN 22 S AT PLS-DA B8 200 ¥

LR SIEN AR

A T3-POS-PLS-DA (n=8) Pl

A + fRALZ]
10F A ZyNFeH
g : o ® R «%*ﬁéﬂ
4+ %o

f— 2 1 * @ 06‘ 4a

S % 4

= 5l & %* N A;_.-

ol Y| e
_8 i
710 1
-12 : >
=15 -10 -5 0 5 10
t[1]
B T3-NEG-PLS-DA (n=8) LR SIRaEAE|
A X REZH
i i + R
4t 3 A ZiNfeH
2} Ty AR
pol ¢ wo4y .,
g 0 | [ ] oﬁ 00\85 ‘(l ‘.. ’
_2 L o ‘. .
—4 1 S .
61
8 6 4 2 0 2 4 6 8§
t[2]

C HILIC-POS-PLS-DA (n=8) u R
g4 X HRZL
6F N + /fiﬂgﬂ
al o 2RI
2 g R4

— 0 o L ° f‘ A

Q “ . iy

= 5 OO . m : f"\

—4 + o Je I
76 L
78 L ; <
-5 -10 -5 0 5 0
t[1]
D Hilic-NEG-PLS-DA ( n=8 ) m ik
A X REZH
6f +*+ + *ﬁﬂiuéﬂ
4 L + A ﬁﬁéﬂ
NI ¥ B
L ] + /,
-2} wag”
Ps A A
74 L o
76 L
_8 L »
~15 -10 -5 0 5

BRI BN, QF ML Y Ji#kIE/N T o,
R® 1 Q* I APRAGZIEME, H Q*<R?, R HIHIR
A H B FULA, LA R X T A i A R T e

{£ OPLS-DA FAIH AN[E] 43 #1 4514 T, AD BRI
5% O BRZH (8] 58 4253 15, R WIRBIARIZ 5 %) R 2H 1]
HA B FHHN 25, CV-ANOVA 56 iF 25 J4IF 52 fF
#3719 OPLS-DA FLBR B LG, BA& R
T e

T3-POS-OPLS-DA (=8 ) + fEEI
204 X REZH
15+ °
= 10 R
T 5t ) i
* e + ¢
S Or . ¥
2 -5t +
~ DO ]
——10F
,15 L
20 ¢ N

-15 -10 -5 0 5 10 15
1.03095%¢[1]

F T3-NEG-OPLS-DA (n=8) + R
gt X} AR
6 -
3 5| e
— [ ]
* @ +
“ 0F ¥
22 _:O *
=
_6 L
78 I
Ly e S
-12-10-8 -6 4 2 0 2 4 6 8 10
1.00303*t[1]
HILIC-POS-OPLS-DA ( n=8) + BRI
A papiiEEE|
10 ¢ °
: [ ]
T 3 .
_)‘: +
o 0 &
© @ +
g . + +
2 5t -
_10 =
-15 . - - >
-15 -10 =5 0 5 10
1.00466*t[1]
H Hilic-NEG-OPLS-DA ( n=8) + R
4 Xof B4
5 L
— & %0
E e
a e
X S5r
a
-10r °
-15 —>

-5 -10 -5 0 5 10 15
1.00656*{[1]

E 3 UHPLC-Q/TOF-MS iE. faEFiRER T T3 #£51 HILIC #£#) PLS-DA 1547 E&
(A-D) %1 OPLS-DA (17140 5 %] fE4H) 84> (E-H)

322 ZEFREYITE S % E
X T3 H:A1 HILIC #E1E . 7B AT A9

Yy Bk AT 22 54k 40 #r, LA VIP f>1, P<0.05 Al
FC>1.2 8% FC<0.8 1E M ifdebrife, 3 AR T 2



2EsER SRS 20244EX A 25 H a2k X
6 Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024

FIXIRZH S AD BORIZH A 22 AU AT i 0k, OF AR SEE AR 20 31 /MUY, T3 AR %215 5 45 MY
LKINEIEAZB(E 4) . BIPRBOimCa b B 3, T3 Al HILIC 3[R 42 15 2] /A 6 1,

IR, B EmIC s o T A Bk 1 s,
| F HMDB %54 B % 25 At o i 5 5Lk 323 TR
FTVCHE A 22, 78 AD 528 20 55 %5 BE 2 [i) 25 7 i FI A AL FC (AR AR 030 W 24 X6 i
70 1~ AD MG FEAE WA B4, For il HILIC LR A . X BA A S 2 A
A : ' B E .
4 4t
: : status status
o 3t : j © B 135 o 3t S L74: 36
= . . ° NI 42 = 5 . * N 44
g : . JiAEAk: 1342 a B e JoAsfk: 427
52 i o - VIP 52 vIP
[ % . e | I ® o5 . o ]
---------- ‘-...“l:...- ST EEEEEERE ) cesarassarasne gl e, ininans e 2
1t ®3 1t ®3
of or
-1 0 1 -2 -1 0 1
log,Fold change log,Fold change
C D ¢
6 L
St"m‘; _— Do status
VLN . A N
. | g cFl P - 3
£ af o Fes A 527 : i T 371
?% VvIP z% . VIP
) * 1 2 4 e ]
| ol o : % 2t 2
N ® 4  leessrssaeraaaauns e s s eaa e ®3
.................................. o : ol
or v, . . of . . i .
-2 0 2 4 -2 -1 0 1
log,Fold change log,Fold change
B4 EHBEFEXNTERREYIEEALE
A. T3 IFE TR B. T3 MBS T2 C. HILIC 1E&T45=; D. HILIC fi 5 =
Fz1 EBREERE. BEMBEXEESITER
2 fist g PO e omawr e ES T Pl
1 25T T3 127.0362  C4HgO; M+Na 1 PIRRACIY 1.22E-03
2 WLER T3 132.0781  C4HoN;0, M+H o HER . 22 R ERICE  6.98E-03
3 lE=V A HTIiic 138.0553  CsHoNO, M+Na 1" K AR AR 4.20E-03
) . KA
4 L-REHAR T3 133.0606  C4HgN,0; M-+H 1 ﬁﬂ%ﬁi{@f A 2.36E-02
5 L-Z P PR T3 204.1218  CoH;NO, M+H 1 AL 05 R ) A 0 5 1.26E-03
6 Fhe Ik PR B T3 4003424  Cyp3HyusNO, M+H 1 Jgs iy 2 e i 2.38E-04
7 EHR T3 168.0271  C;HsNO, M+H 1 R FNAH e A 15 4.97E-04
8 FERER T3 128.0329  CsH,NO; M-H 1 A5 e H AR 2.89E-02
9 3b-F2HE-5-IHIR T3 3572789  CyHy0;  M+H-H,0 1 - 1.01E-02
10 HHIR T3 151.0361 CgHgO,  M+H-H,0 1 - 3.05E-03
11 WLERTEF T3 136.0491  C4H,N;0 M+Na 1 - 1.89E-04

12 e R T3 153.0198  CsHO4 M+Na 1 - 8.96E-03




e GRS 2024 4EX H 25 H 42 X
Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024 7
ERD
e frisgy @ipte TIRE e mewr s ES P

13 DRI T3 3032327  Cj;H30, M+Na 1" ST ARA G 2.45E-02
14 4R T3  103.0382 C4HgOs M-H 1 - 4.49E-03
15 W5 T3 6892111  CyyHyOy M+Na 1 VERTFIREREAC i 2.24E-02
16 A SR T3 2112038  CHy0, M+H-H,0 t* BITER A6 1 4.15E-02
17 PR P T3  218.1383  CjH;gNO, M+H I SCHERRTRR I AL 1.97E-02
18 15 PR T3 4283734  C,sH5NO, M+H O ﬁ%g%%gg{%“ 9 2.84E-04
19 AEAE DI TR T3 327.232 CyoH3,0, M+Na 1 e pudm At 1.53E-02
20 N1 Al T3  267.208 CpHyN, O  M+Na ¥ S R e 3.71E-02
21  N6,N6,N6-—HIE-LFiZR T3  189.16 CoHyoN,0, M+H 1 o- KRR g 4.44E-02
22 o~ FRAR T3 2792316  CjgHz0, M+H ™ WIGNTR A A 1 2.80E-02
23 24FFHLN [ B T3 425343 Cy7Hy60, M+Na 1 e AR 2= R R 8.17E-04
24 2-5AR-4-H BRI TR T3  131.0189 CsHgO,S  M+H-H,0 1 AEFRRITRI A G 1.14E-02
25 TR ERR T3 2852212  CuH3;0, M+H-H,0 t* - 2.45E-02
26 THE £ P A T3 3482891  CyH3NO, M-+Na 1 - 8.42E-03
27 W5[I-3-PI R T3  190.0858  C;;H;)NO, M+H 1 - 4.79E-04
28 FEREIh R T3 2372193  CiH30, M+H-H,0 1* - 5.79E-03
29 15(8) -3 =+ =R T3 3452341 C,H3,04 M-+Na 1 - 9.83E-03
30 | P A B HTIiic 3723103  CyHyNO, M+H 1* - 1.15E-02
31 3-FRELLPRIR T3  178.0501 CoHNO,  M+H-H,0 |* - 9.53E-03
32 18-FRHLAC A VUM TR T3  343.225 CaoH3,05 M+Na 1 - 3.91E-02
33 IV JRRTBE B P T3 4243414  C,sHyNO, M+H ¥ - 4.25E-04
34 LysoPC(15:0/0:0) T3 5263057 CpHuNOP  M+FA-H " - 2.55E-02
35 PC(18:1(9Z)e/2:0) T3 5503872 CyHsgNO,P  M+H ™ - 2.11E-03
36 77~ L T3  401.3455 Cy7H440, M+H T - 1.08E-04
37 97 bie s P R T3 3983152  CyHyNO, M+H 1 - 9.43E-05
38 16(17)-EpDPE T3  343.2219 C,,H3,04 M-H 1% - 3.33E-02
39 |\ 5 P A T3 4263578  C,sHyNO, M+H ¥ - 1.84E-04
40 PA) 2.5 Tt P T3 3702951  C,H3NO, M+H 1 - 4.25E-03
41 DL-Z. T A B T3 2041227  CoH;;NO, M+H 1 mEES Qs 1.85E-03
42 L — R HILIC 368.0407 CoHN;OgP M+FA-H  |*  HHEBR. 22N 2.74E-02
43 JilEE T HILIC  86.0963 CsH,NO  M+H-H,0 1 VIR TR A=) 5 1% 1.20E-02
44 H AR HILIC 466.33 C,sH43NOg M+H T AR %%@ﬂéﬁﬁéi 2.43E-04
45 L-T2 IR HILIC 1820812  CoH;;NO; M+H e AR, ﬂiﬁfgﬂéﬁ&g: 2.89E-03
46 KNER HILIC 166.0862  CoH;NO, M+H 1 IR A 1.68E-03
4 WLHF R HILIC 383.0262 CioHiN,OP  M+Cl " e ﬁ%ﬁ%ﬁﬁﬂ 9-83E-04
48 L-RI&H R HILIC 134.0433  C4H;NO, M+H 1 AR @%ﬁ*ﬂﬁ%m?E 5.14E-04
49 AR HILIC 165.0546 CoHgO4 M+H T i Awi) 6.25E-03
50 IR HH%C‘ 179.0029  CsH4N,04 M+Na " sy EdAwtii) 3.04E-02
51 LE HILIC 302.3059  C;gH3NO, M+H ¥ Fik R A 6.59E-04




RSB SRS 2024 4EX H 25 0 H42E 5 X

8 Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024
ERD
L ey wigke PIRE g mewr e s Pl
52 R BR AR HILIC 233.0192  CgH,¢Os M+Cl 1 P FR A 6.72E-05
53 i i HILIC  120.079  CgH;NO M+H-H,0 1 - 2.50E-03
54 3-4MR-4, 6 B IR HILIC 3932315  CyH30; M+Na 1 WIFARITFRA: Y165 B 1.46E-02
55 FE LR HILIC 437.2877 CyHuO4  M+FA-H 17 Wﬁiz%%iﬁﬂﬁu 7.30E-04
56 A& W HILIC 169.0584 CsH;)N,O;  M+Na 1 - 5.06E-04
57 SRR HILIC 133.0855  C¢H,05 M+H 1 - 5.18E-03
58 I -L-AG R HILIC 189.1292 C;H;(N,O, M+H # - 1.22E-02
59 L IRIR HI%C Y 178.0516  CoHgNO; M-H 1 - 2.94E-02
60 - IR 3 -t R SR HILIC  596.2653 Cy6H4sNOS,  M+H 1 - 1.78E-05
61 & 2 AR -Fi R E: HILIC 4552515 CpHuO;8 M+H-H,0 1 e e S A R 2.76E-03
62 AR R HILIC 187.9645 C;H;NO,S,  M+Cl 1 SRR AR 8.23E-05
63 13-L-i AL IR HILIC 311.2187  CjgHs0, M-H 1 - 4.63E-03
64 S-PAH LA B H ik HILIC 381.0763 C;oH;(N,0,S M+FA-H  |” BEAR 8.86E-05
65 LacCer(d18:1/12:0) HILIC 806.5705 CgHoNOj3 M+H 1 AEAE DO R AR 1.30E-04
66 LysoPC(14:0/0:0) HI%C‘ 5123009 Cy,Hu NOP  M+FA-H ! - 3.34E-02
g7 U4 H%“H {;Eﬁi’% SRR i 3952749 CuHyOs  MeH 1 - 1.41E-03
68 R T 2 R HILIC 294.1891 C;sHxN;0;  M+H 1 BEIR T 2.52E-04
69 T DU PR P B HI%C‘ 5263786  C;3Hs3NO, M+Na 1 - 2.98E-05
20 O 12:%@%@;%%)-3-@; HILIC 5153163 CysHyOP  M+Na 1 - 8.91E-07
TE: Ti%ﬂ;ﬂ‘”éﬂ&xﬁﬁﬁfﬂifﬁﬁﬁmtﬁ VTR B PR AR R a4, P{ﬁjﬂi‘%i?ﬂ 505t WA ZH [ T K S R e B 4

FFRIR AR 2 E AR - R 2 %0 T R BT B (JR474), T RR A (3204>) £

(P<0.05)

] AR AL LEA T B PR 2 7 25 03 #, P<0.05 AR
B A kg 240 00 8 Il ) ) 22 AR . &5
7R, B RR-HIRE 2506 10U 80 1m0 4 22 S R4
it 47 A, Hor i 2 EHE G 20 4~(3% 1 AR S) .

Xt 70 4~ AD AH G 1) 22 5 AR P A0 5 AR -0 B
20T 2 IR G 20 25 SR A T
B AR AT IS B (R 6), AD AR K R P AR PR
o L AR YD RO R B R RN RR . B R
A s WA A L. R R A Ik AR AR
AR A RR AL & i TNRR . R E R4
IR KRR YA . =R i, mEnEft
WA . BOMR-HIRE 2G5 T T R R . R R
R AE A R RN AR AR FR R
FIAED AL s R A BT A= A A
A A R S

4 it

AD S —F S 2% 1) FRRX R 28 R G S TR 00

2 B AR - IRE 230 FU ]9 22 Eﬁﬁ%fr X

B H AR . HATC A mT 380 AD iR
ALFEIE R A | AN I Pl RAE LU K Z R A5
FERRENT . 3 BHIANIE AD B AH X fE R
R0 kiGN D-gal 7T 7= A LR A
PRIV . SEAE R VLAE N 1) 2 Fh 5 N SAR LY R AH
3‘@244:“3] o SATCER AR U A Rl 2 R G R AE

N, BRI SOD ¥ 14, 5% i H A BE i A% 3 |
ﬁﬂ: Tau & AR EIE XA P LM, 85
TR 5 AD R RGURT THEBOR I RAE S |
W5 2B, D-gal 5 AICI; B6A R Al 7= A 280 F
HAR T ENAR L AD ma‘@%z“ﬂ R, TS
PEHL D-gal 5 AICL BEA &AL, il KRS 2Y
BRI S AD AH G H s R A 3 ARk, 7R
K it S e AD BB EAR A 7R, 24
A S FE I, D-gal FlI AICL 6 45 25 5 K L2
IFHEIZRE ST B TR, AR AR R S REAH G
TR A=A, R BIZAR I AD AHE
(A3 BEAR L FVRFAE o I S5 AR IR 24 06 10 g 2



R SRS 2024 4EX A 25 H a2 BXM

Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024 9
o NTHAZH e fERIL] o FOARZL e JORRZH == FSAR-JIRRZGXTAL
0.12 0.0015
0.001 0
0.000 5
0
R
L
10 0.16
8r 012}
e
6 L
0.08 -
4 L
liid Ii Ii Ii
0 E 0
Q‘O
@‘20 @“/ 5-.0\ @o W
N
‘o&\ CJQ Y
N %§
@
@) =
R
& $
Es5 20 MEZEREKRHYENELHENEMMESEE
7 "P<0.05, " P<0.01,""P<0.001, SHRIZH A LL; “P<0.05, #P<0.01, **P<0.001, 5%} I HE
1 1
® 3.5+ @
4 -—
3.0 ® 2
2
@
3 2.5
Y Y
Vc Y
g | ® 32
2 | 4
5 9
6 ® 1.54¢@
o s 010 ®
o. L
14 °10 1.0 O
SP (¢] ° o
(0]
o o0 QO
o 5
5 0.5 o O
0 0.2 0.4 0.6 0.8 1.0 0 0.1 0.2 0.3 0.4 0.5
Pathway impact Pathway impact
A B

El6 HEMBMEERKHY KEGG BEEEN
A BEHRIZE 5500 M5 B: BEAR-HIBEZ 0T U [ 5d (1L RN R . B ERR A (R A5 G 2 A N R A 3 IR A 4 A A0l 7
FRELERE I 5N EIR . RA LRI AR 6 KT A& nlts 7 AR FIAR R A s 8. ez A 9. M R it 10 M ZUIE T IRAEW& 10



2EsER SRS 20244EX A 25 H a2k X
10 Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024

23t AD REHLK SR~ ) FEIZBE ST, 1R SOD .,
NO il MDA 45 AH A AL F8 b, o503t A Il A RICR A
Tz, R EARMAARALS7E AD PG EA
—E MR, B it — L sE A .

PR 25 R R B, B AR-ABE 25X 0T DL g 2
[l M3 20 R, FEW ZORNER . A
fig M TR A A, RN Z BRI . AN RIR
FREO A . BRI AR, R — Lt
P R P T RI AR . Linl® S0 )5
FEACHEA TR o] FSE ] AR 425 0 B & BE, AD £
I P ORI R o a , RIARIN &R A
PRI P BE S AD S5 B B S EEHLA . ARWFSY
[ A & B0 AD #5580 R BRI 775 HP 2 AT R R 7 - A
HEZH 2 25 TR, AR - B 24 mT DI 8 [l R 2R
PR 2 A FUK -, IR e —F AR TR E LR, &
AR EJEE A s ga T, BER G PR (ROS)
BRI, 2 ROS A= 3, UL, P-4 il 2R 7K1 Fn
I 2 TR R A B T A o 4 2R 20 i A BRI RE 2 6
HEEL AR T BE &l ROS., 4= Al
21 i G B2 AR ML S M A 22 T T RENT L Xu AREUS 4%
BRI 2 5 B R AL A R R B, AR A kA T
DI 35 T = /0 BRI 2H 2 v il 22 R 5 22 b SR R /K
- HE G AR R A A S A AD /N B 2 R P AL
il o 3K 5 AR SIS BEAH AL, B AR - B 2 X 1T L
i LR K T & 35 AD BiRTER .

BEAN, ABISE e B2 A R AR 5 A oA R
WA . e DU R A oI PR AR 2 F 22 R AR A
i Wi R S Ak 7= A IR S8 AL, T 12 2 S5 MR R |
Yo P55 Zo b A BT BEUE R . A6 DU R T T ok
— AR AL N KT, 5 AD SRB R R %A
K AD E IRV R A R 2 A AR B O,
X 0] BE5 M- E- I AL A DG . A BFIEREH AD &
MK AT FR KT =Y o B R OR AR 4 A
SEREMEN FEEW T, 5 I AR IEAR G2 AR (1 R A
7Y, SRR A A G, B QI T S8
Vs LB N TR IELARL 9, SR M A0 T B A5 S e
S, AD BBTERR Z —PY AR R, &
HR-JREZ5 %] 1) AD BEIGAVE FHACR AT fig 5 1 2 w1
I3 PR A DU R | o- 3 JFRIR . AR . #82< AH
P ATV I A% A TR R K P 5

ROS 774 5 1Bk 2 8] A9 AT A 5 Bk Ry S8 A R
P EAR N SR AD A5 Y G A PR 2R AT E ] A
NO J& ROS ) —Fl, 12 b 2L 36 FI R AEAH SC I T
THE ., K ROS 2 filh & AR IR (14 B 5
1Ak, 530 MDA 55 m SO RS Y 7 A,

It MDA 2 i i S Ak A8 AL D 3 AR . SOD
JEHETH ROS 7 5% W 5 A 30 — 26 Bl A ML i o
SOD ] LLi# ixf 2B 48 1 Ha JE B 1 38 LR T 1
T EOW R RRER A A, I HEFRFAR Y NO A4 FAH K
SPE2BET AR 2R SRR, B AR -2 [l
T 1Y 22 Fh o 12 5 AR N ORI AR BT S AR OG .
ELISA SE30 45 R it — 20 R, B M- R 2455 1 1
A5 AD KEUAP SOD /K, [Ml3# NO Fl MDA
A K, $E R B AR ERE 2 X6 T LA Ao R R
A R BT ik Ak, dERFAR N NO A= BHKSE Xt
AD PP AEBAVER

2 b, ASGE S AD KRB R L 8L T 5
HR-JFNEEZIXT B iR AD PR FRICR , 25X 2535008 T
205 iz AR 2= s 4R s ok AD KR~
FNCACRE A S T A A A B A%, AR
HLEITT B ST RN R . I 2R R A&
BRI S . O S A R RN B B AR A K 45
S, 225Xt B4 AD Ay AR FHANE— AT
REHE T RREARAE

(2% 30HK]

[1] SCHELTEN P, De STROOPE B, KIVIPELTO M, et al.
Alzheimer's disease[J]. The Lancet, 2021, 397(10284): 1577-
1590.

[2] KIM AY, JERDI S A, MACDONALD R, et al. Alzheimer’s
disease and its treatment-yesterday, today, and tomorrow[J].
Front Pharmacol, 2024, 15: 1399121.

[3] YANHY, FENG L N, LI M Q. The role of traditional Chinese
medicine natural products in B-amyloid deposition and tau pro-
tein hyperphosphorylation in Alzheimer’s disease[J]. Drug Des
Devel Ther, 2023, 17: 3295-3323.

(4] SBR HBEE, RN, 5. B I 6 v e A Jh IR e R R
WA GTE B P IR R B K B ROV RIS 0. TSR
R AR 2R, 2024, 26(05): 1308-1319.

(5] MEZKAMZEG 2. pAE A RIUHE 2 -3 2020 4ER [M].
Fbmt: i PR 2GR T A, 2020: 329-527.

l6] whA 1k, Rk, B H L, 3. B R A& 25008 % HMGBL/
RAGE/NF-«B 1 % 5 M R K A RIS [J]. b2 s
iR, 2020, 36(1): 124-130.

[7] LIU X, HUANG R, WAN J Y. Puerarin: a potential natural neu-
roprotective agent for neurological disorders[J]. Biomed Phar-
macother, 2023, 162: 114581.

[8] ZHANG Q, YAN Y P. The role of natural flavonoids on neu-
roinflammation as a therapeutic target for Alzheimer’s disease:
a narrative review[J]. Neural Regen Res, 2023, 18(12): 2582-
2591.

[9] CHENWY,LIRT,ZHU S Q, et al. Nasal timosaponin BII du-
ally sensitive in situ hydrogels for the prevention of Alzheimer’s

disease induced by lipopolysaccharides[J]. Int J Pharm, 2020,


https://doi.org/10.1016/S0140-6736(20)32205-4
https://doi.org/10.3389/fphar.2024.1399121
https://doi.org/10.2147/DDDT.S380612
https://doi.org/10.2147/DDDT.S380612
https://doi.org/10.1016/j.biopha.2023.114581
https://doi.org/10.1016/j.biopha.2023.114581
https://doi.org/10.1016/j.biopha.2023.114581
https://doi.org/10.4103/1673-5374.373680
https://doi.org/10.1016/j.ijpharm.2020.119115

B R 25)1S 5

20244EX H25 H 424 HXW

Journal of Pharmaceutical Practice and Service, Vol. 42, No. X, xxx 25, 2024 11

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

578: 119115.

CHUNG Y, LEE H, INITIATIVE T A D N. Correlation be-
tween Alzheimer’s disease and type 2 diabetes using non-nega-
tive matrix factorization[J]. Sci Rep, 2021, 11(1): 15265.

ZHAI W J, ZHAO M, WEI C X, et al. Obesity-induced chronic
low-grade inflammation in adipose tissue: a pathway to
Alzheimer’s disease[J]. Ageing Res Rev, 2024, 99: 102402.
KELLER J N. Age-related neuropathology, cognitive decline,
and Alzheimer’s disease[J]. Ageing Res Rev, 2006, 5(1): 1-13.
FIRDAUS Z, SINGH N, PRAJAPATI S K, et al. Centella asiat-
ica prevents D-galactose-Induced cognitive deficits, oxidative
stress and neurodegeneration in the adult rat brain[J]. Drug
Chem Toxicol, 2022, 45(3): 1417-1426.

TYCZYNSKA M, GEDEK M, BRACHET A, et al. Trace ele-
ments in Alzheimer’s disease and dementia: the current state of
knowledge[J]. J Clin Med, 2024, 13(8): 2381.

CHIROMA S M, MOHD MOKLAS M A, MAT TAIB C N, et
al. D-galactose and aluminium chloride induced rat model with
cognitive impairments[J]. Biomedecine Pharmacother, 2018,
103: 1602-1608.

LIU P, YANG Q, YU N, et al. Phenylalanine metabolism is
dysregulated in human hippocampus with Alzheimer’s disease
related pathological changes[J]. J Alzheimers Dis, 2021, 83(2):
609-622.

YAO Y X, HAN W P. Proline metabolism in neurological and
psychiatric disorders[J]. Mol Cells, 2022, 45(11): 781-788.

(18]

[19]

[20]

[21]

[22]

(23]

XU X J, DING Y, LIU M H, et al. Neuroprotective mecha-
nisms of defatted walnut powder against scopolamine-induced
Alzheimer’s disease in mice revealed through metabolomics and
proteomics analyses[J]. J Ethnopharmacol, 2024, 319(Pt 1):
117107.
XU M T, LIU D, WANG L L. Role of oxylipins in ovarian
function and disease: a comprehensive review[J]. Biomed Phar-
macother, 2024, 178: 117242.
SHAO Y P, OUYANG Y, LI T B, et al. Alteration of metabolic
profile and potential biomarkers in the plasma of Alzheimer’s
disease[J]. Aging Dis, 2020, 11(6): 1459-1470.
JRIEe, XU, TR, 5. BRI UK 22U E Y
FRICHI AT 2 30 (). TR PR 25 RE R 224412, 2016, 33(6):
459-465.
JOMOVA K, ALOMAR S Y, ALWASEL S H, et al. Several
lines of antioxidant defense against oxidative stress: antioxidant
enzymes, nanomaterials with multiple enzyme-mimicking activ-
ities, and low-molecular-weight antioxidants[J]. Arch Toxicol,
2024, 98(5): 1323-1367.
SEIDITA A, CUSIMANO A, GIULIANO A, et al. Oxidative
stress as a target for non-pharmacological intervention in
MAFLD: could there be a role for EVOO?[J]. Antioxidants,
2024, 13(6): 731.

[¥FsBHA]  2024-09-13

[AxmE\] %R

[fEEEHH] 2024-11-06


https://doi.org/10.1038/s41598-021-94048-0
https://doi.org/10.1016/j.arr.2024.102402
https://doi.org/10.1016/j.arr.2005.06.002
https://doi.org/10.1080/01480545.2020.1833907
https://doi.org/10.1080/01480545.2020.1833907
https://doi.org/10.3390/jcm13082381
https://doi.org/10.1016/j.biopha.2018.04.152
https://doi.org/10.3233/JAD-210461
https://doi.org/10.14348/molcells.2022.0115
https://doi.org/10.1016/j.biopha.2024.117242
https://doi.org/10.1016/j.biopha.2024.117242
https://doi.org/10.1016/j.biopha.2024.117242
https://doi.org/10.14336/AD.2020.0217
https://doi.org/10.1007/s00204-024-03696-4
https://doi.org/10.3390/antiox13060731

	1 材料
	1.1 仪器
	1.2 药物与试剂
	1.3 实验动物

	2 实验方法
	2.1 中药提取液制备
	2.2 AD模型建立与药效评价
	2.2.1 分组与给药
	2.2.2 Morris 水迷宫实验
	2.2.3 样本获取与前处理
	2.2.4 血清MDA、SOD和NO检测

	2.3 代谢组学实验
	2.3.1 含内标的甲醇溶液配制
	2.3.2 分析样本制备
	2.3.3 色谱与质谱条件
	2.3.4 数据预处理与分析

	2.4 统计分析

	3 实验结果
	3.1 AD大鼠模型建立与药效评价
	3.1.1 学习和记忆能力评价
	3.1.2 血清生化指标测定

	3.2 血清代谢组学
	3.2.1 血清代谢轮廓和多元统计分析
	3.2.2 差异代谢物筛选与鉴定
	3.2.3 药物的干预效果


	4 讨论
	参考文献

