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Abstract: Objective To study the effects of Guilingji on hydrocortisone and Ap induced Alzheimer's Disease model rats, and the
mechanism of action explore by metabomics based on the theory of “kidney - brain related”. Methods Model of Alzheimer's disease
induced by ip hydrocortisone and intraventricular injection of AB was used. Sixty male SD rats were selected and divided into control,
model, sham operation, and Guilingji low-dose, medium-dose, and high-dose groups. After the behavioral experiment, the blood,
adrenal gland, spleen, kidney, thymus, testis, brain, and hippocampus were collected under anesthesia, and the indexes of adrenal gland
and kidney were calculated. New object recognition test and Morris water maze test were used to detect the effects of drug intervention
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on the cognitive function of rats. The levels of testosterone and CORT in supernatant were determined by ELISA. The expression levels
of protein kinase B (Akt) and phosphorylated protein kinase B (P-Akt) in hippocampal tissues of rats were determined by Western
blotting. Non-targeted metabolomics was used to screen out potential metabolic differences before and after treatment, and pathway
analysis was conducted to find the related metabolic pathways involved in Guilingji's treatment of Alzheimer's disease model rats.
Results The new object recognition results showed that the new object recognition index (RI) of model group was significantly lower
than that of control group (P < 0.05). Compared with model group, RI of new objects in Guiling high and medium dose groups was
significantly increased (P < 0.05). Morris water maze test showed that, compared with model group, the distance and time in quadrant
111 of Gulingji high-dose, medium-dose, and low-dose groups were significantly longer (P < 0.05). Compared with model group, kidney
index in Guilingji low, medium, and high dose groups were significantly increased (P < 0.01), and adrenal index in Guilingji high dose
group were significantly increased (P < 0.01). The results of serum hormone level showed that, compared with model group, CORT of
guilingji high-dose, medium-dose, and low-dose groups was significantly decreased (P < 0.05). Western blotting results showed that
compared with the model group, the expression levels of p-Akt/AKT in high, medium, and low dose groups were significantly increased
(P < 0.05, 0.01). A total of 23 serum metabolites were found to have different levels of callback before and after treatment, mainly
involving the metabolic pathways of betaine metabolism, primary bile acid biosynthesis, phospholipid biosynthesis and so on.
Conclusion Guilingji can significantly improve the cognitive dysfunction, protect the hippocampal structure of brain tissue, and
improve the levels of CORT and T in serum of hydrocortisone and AB-induced Alzheimer's disease model rats. It can also regulate the

overall metabolic level of Alzheimer's disease model rats.

Key words: Guilingji; Alzheimer's disease; metabolomics; cognitive dysfunction; testosterone; CORT; AKT

BA 7R BRI o 0 R AR AE 2 R N TR
FEAE T HRRIP 2 RGN B, HA AT IR —5E
RIBEEAR M, B BB R S BRI FVR T £ AR SE
N- FH 2 -D- IR 4 B IR 52 1375 470510 AN £ It JEL ik 1S g 411
B, AR FHRA T ZMRER, X T AR
BRI M TCAR R TT S o B R PRAE BRI ) i PR DA A
FbEAG, JUEPHREENRERRE, FHBSR
2 K BERAE A RYTE M BB, AR ERYONARAL
FENG, BCABEIR. DAROSH], SRR ANREYE. K
MBIV R T R, R RS, 8T
1, ARETRAN . ANEFIEORS A B VR TR R 2R At VA
w24 % B 05 VR T B R R i R I AR T R A S B
WA E, DHMRFNZ M. 2o, 248
s B R GHEER IR TS 56T e (R Bk L.
WA NANE IR e S 07, HAANE B L R
BRI, WREIEEIIEZ . EF A7 I
77, AHRIT B mes. RO, R, 1L
SRS L AZIRIR SR AE T A S SE IR T RS
RN PUEERTT, FEIRIT BRI J5
A EEZ SN EE. %EHMEEFFIT N
FITHART 8 - B - 7 ZERE VIR RE, 175
HOCRAERE, BT BIRZS, RO U
T, AN SRR RE, I AN B 1R R TR
TR AR AR RS RNE . B E, BE A
PERIOESS, 5 PR RS B S A A L2 A,
SRR 2 i P T PR R e R 24 11 24 B AT A L

HIRO),  ERGAR Rl - FRE B HR (HPLC-MS)
HALRIEL, SR mERS, —EHEITE
hE A RO B, AHIT e @i B i 2 1) £ 5 1)
KA, TRIT ISR IX — RS0 B M 25 906t Bl 2R 7%
WERRIRITIER, JRE A A R R A
WA ERIVR YT BT /R g B AR B K BRI VE AL, AT
R KN E 1R TR PR S SRR
1 MR
1.1 SEIZAYFNR T

g gE QL ZmEAERA A, #kss
714020687, A/=4it5 1031807171); &AL AT KA
(RESEZANARAR, #'5 H12020886); it

HREM (IR AGRMARAA, S
H13020655); B WEMIEEE (1-42) (AR, E[H
MedChemExpress A, b5 HY-P1363); SDS-
PAGE #tfeil & k& (M LEey THRARA
A, b5 14104A38); = R R (4844 T
FEHRAR, #itS 16D16B02); HRP-EHTH IgG
(A TREA R AR, #t'5 BSTI6ES5); i
FRIL B s B (P-Akt, fH-ELEAY) TRAHRA
F]); B I BCAKL, A TREARAFD;
T RE R R B AN FRE A (32 [E MedChemExpress
AT BRI SR W P e R & R DL 3R A
MBI ARAR, #t5 RA20748).
1.2 SCIGERM RN

SynergHT £ DjReRgFRAC (36 EAA MG A IR



FIWHBELIY 202414 AR & 5l A&

Drugs & Clinic Vol. 37 No. 1 January 2022 3

n]D; GLBehv-MWMM K/ BB Morris 7K 2
B (i EERHRHEARARD; SHP-160 41k
R FAH LT K B A R A D; GeneGnome
W14 &80 (FER AR A FD; AB Triple TOF 6600 )i
WA (EEMNMHEMARSG A A D; Agilent 1290
Infinity LC & /& Fe VRAH Ll 4 (S [ it BHE A
FRAFD.
1.3 ¥

SD HEMERE, 60 H, HMN G 4 F kR
Bt ScEe s oL be i, SER S AR IES -
201200004, 145 & (200420) g, S5 1A {1 £
KEBHTOKMEE, HFREEN (24£1D C,
MSE (50£5) %, JeRERAZ T . SLIHTIE N
WFE L.
2 LWHE
21 P EREAD

BRRBEAL N 6 41, &4 10 H, Rl
fICFH[100 mg/(kg-d)]~ 755 [200 mg/(kg-d)]« 7Tl
#[300 mg/(kg-d)]2H, XJHEH . R AR TR A .
RN KR 2R ETE R, B & HKR
52557508 . fF H L7 ig 4525, BRxt IR . Bt .
BFARMAY ig FISERAE K, HARH ig 1
XRLIZ),  FABRAT IR R A ip ST iR
25 mg/(kg-d)3l, FESZ5 245 20 d.
2.2 iEt&

FRE G, H 10%7K & % (3.5 pl/g) BRI,
FE LR o o W X TG B B JRAE S, VR IE 2k
TIFF 2em U1 E1, BEIEMES R FHR SE I, ea sk
Fa U o AR D) BRTFARH CEFERK, 5mL),
IR H RIS 2R 2540 (AR, 5 mL). TERTXI]
AT 3.3 mm, FEAGZRAA 1.5 mm, KRR A
AL, RS2 AR (5mL) FENELD, A
RN 3.0mm, VESFEEEN 1 mL/min, SLE S5 N (A]
A 5min, VESFSERUE, BL 1 mm/min fEE R H
K08, g BT Sk, DA 259 AT SR AL i
Ho fEEGIRAERE RN, 1E8:3d, Piik&js.
fixi % NIESS CGiev) AB Ja, H Morris 7K 2K 5 kil
FIPIRIEE AR S, ML )RR B A,
IERE L] o
2.3 B

KRFTFEER 12h, 1T AFEI LR atR AR
SRS &, FH 10%7K A SO BRI, I = Bl ik .,
#E 30 min J5, 3 500 r/min 2.0 20 min, U HiE

W, KU, SR F B B . RAR.
BRI, 80 CHRAE, HIERH.
24 THEXW
241 I SIESCERBBEAT B AU
17095528, R SARIG I TRt A P4 R 5 ik a]
(tads XF B AR B A] (tg); 1E IR 1 06}
A YRR GITE (ta” ) X C YRR B E (te);
GUiT R B AR I i FE . (LD FA kN Fa £k
(RD.

LI=ta/ts

RI=tc/ (ta’+tc)
2.4.2 Morris /KRS S8k 7 EL3E1T Morris
AR EAT AR, 58 ALAT S8 K R BE LB
K, RN B G TR, A RIER R S
K BNDAE B b G R BT A6 1 I 18] 71 28 R Ji7 5 3 &5
RLEIREL, OREEHHE RS R
25 PEsRiEH

FH KRB AL SEfE, ARG, UK RS
MRS ERRAEN, R e, TFEEITERL. B L
SR

R U = R R

B _E IR = R R
26 IMMBEMRKENE

J PTG B 92 VR PRI s X7 S UL B 1R A, AR
DU LIS R 5 P S2 A K B2 il (CORT) 7K.
27 TERAREENDTE

H &2 B A BIFRiC 471 1.5 mL (1) EP
BN, A RIPA ZRIEAE 4 CHHETEIEMES
. e, ARE S0P (15 000
r/imin. 15min. 4 ‘C), B EIEW. 11T L IR
TIFECH, 8 T bR o S AR R 4% 25 mL,
I 250 MLBCA TAE#K, WHE (37 C. 30min).
Ve IR SR Bk, B T-20 CUKFETIRAT
i€ BT 8%y B AR RN L 2 e, FEC I o 4%
ke, MBI, R, HFA
4. fikdER. B RAHALE 5 20 mL, Eh
A FEIIN marker. MNFESERE, IEFEIE 20 H Tt
FTHLEK, RAMEERYER: 80V, 2Bk 120V,
PR it B IR i B 22 B0 B R AR ST 57 1 L o
e BUIE 24 K/ MY PVDF 42 IR IR AE AR 2 rhil
1h, fiiFstianse, 120V 8% 2 h, BUH s,
TN (5%IBARZES, F TBST i) W, %
R RE A (2 h)o B G RSN E



“ 4. EITHEELE 20224 1A

AR b ek

Drugs & Clinic \Vol. 37 No. 1 January 2022

8, IMAN—3, 4 Cidf. HHA TBST #fi,
A [ —He it 2 A, R R R R
Pia-HRP) B —Pi, =HEFHE 5 ho GR 516
B G RS AT R T
2.8 KigEFNIE
2.8.1 FEARLFE HUEEMIEFEA IS HEE -
CRE - KW (2:2:1 1), WiRIES, Kinks
30min, —20 C#:& 10min, 14000Xg. 4 CE&EL»
20 min, MU BIEEAS T NN 100 pl 50% 7K
WIRE W, WiE, 14000gXg. 4 CE&L 15 min,
W B WOERE 23 4T
2.8.2 ik fr  FEMCRHA Agilent 1290 Infinity
LC @m0l (i 248 (UHPLC) HILIC oy fE:
AT, MR 25 C; AR E 0.5 mL/min; i
FEE 2 ul; WMBIAHLALRR A: 7K +25 mmol/L 24k +
25 mmol/L %K, B: ZfiE; BREEGEHAR T U : 0~
0.5 min, 95%B; 0.5~7 min, 95%~65% B; 7~8
min, 65%~40%B; 8~9min, 40%B; 9~9.1 min,
40%~95%B; 9.1~12 min, 95%B; /it
HREE T 4 °C AR . AGEREINE 5 030
RG0SR A RIE U RE e, A T kg, R
FA B AU 0 73250 B A AT S (1) 7 AT
283 H¥Eotr B4 T AN Compound
Discoverer 2.0 #ff (3£ Thermo Fisher A &), LA
SRELCHEC AT 5 (A 0, a4 i AR 0 — 4k
JE B HE S SIMCA-P 14.0 (Fi il Umetrics A )
HEAT E R0 8 (PCA) . i fie 7N — 3 ) 51 43 7
(PLS-DA) FIEAZ i f /> — 3 #1531 43 - COPLS-
DA). [FIRfZ54 S-plot BEH ) VIP>1 FIMTAEA t
K8 P<<0.05 FRik vk K 22 i B, %
JE T3 2 AR Y B s 1@ 3k Metabo Analyst 5.0
Chttps://ww. metaboanalyst.ca/) HEATIEEK 4T,
e W 5 RS SR TR T BT R R B A 2R OK BR AR R AH
K FERUHET .
3 ZIWER
31 FIRAISLIELER

0 LI 8T 0.50, wT BAHERR LI X B ik RI
ORI . I MESH IR RI AT LS 55 BE 4L A0
BFARAM, BEHEAFYE R BERK (P<
0.05); HEAAMLL, ke, PRIELNMEk
RI B & T/ (P<<0.05), fadEEAH T =, H
TgitFER, W& L.

*1 BAARFYERFER ( x+s, n=10)
Table 1 New object recognition results of rats in each group

(X=s,n=10)

451 FE/(mg kg™t LI RI

o e — 0.501+0.256 0.626+0.085

(EERZN — 0.539+0.030 0.622+0.036

it — 0.494+0.073 0.496+0.115™

LR 100 0.515+0.133 0.571+0.151
200 0.5394+0.064 0.579+0.1344
300 0.486+0.102 0.620+0.1344

HX AL "P<<0.05; ST ARMALE: *P<0.05; HHA
HIbH:: 4P<0.05

*P < 0.05 vs control group; *P < 0.05 vs sham-operated group; 4P <
0.05 vs model group

3.2 Morris Kk ELILER

xR L, SRR RTE 1N RIRERFE. 1
SR IR 4540 (P<<0.05), I 7 i B4
T HIRA S AB 55 BB R 2 g BRI AR AR K B AR 12
fCIME R INAFAE R RS SR, ]
FARYME N FIRBEEEEFELEL (P<0.05). Il &
BELER [0 it v, 3 BH K B 500 AR 9 AN 32 g 2
SIEAZRE T, WOHRRR R 2R e BA 3 455 28 KBS i 8
ARIE RN DI Re T Be; SAEALHAHLE, faid
s P RFIEA KRR 1 RIREAE. 1 RER
A IE K (P<<0.05). LA_E 45 535 0 f i 8 56
K BRUBAT R 9 1 B 3 £ A (R T RE ) T [ AT 2
HGEER, LA 1 FIER 2.

X1 B BFA

4,554 300 mg kgt b4 200mg kgt falid4E 100 mg kgt

E1 KERKEZSHIEE
Fig. 1 Rat water maze track diagram

3.3 BERSEH
5 xh IR T AR AT L, BT B i B


https://www/

FIWHBELIY 202414 AR & 5l A&

Drugs & Clinic Vol. 37 No. 1 January 2022 5.

®2 BERBRKEZLELER ( x+s, n=10)
Table 2 Results of water maze experiment in each group ( X %s, n =10 )
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