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Abstract: This study used kidney metabolomics to investigate the underlying mechanisms of Guilingji (GLJ)
on mild cognitive impairment (MCI) rats. The rats were randomly divided into 6 groups (n = 8), i.e., control group,
model group, positive drug (Ginkgo biloba tablet, donepezil) group, GLJ group (low and high dose group). The
MCI rat model was replicated using subcutaneous injection of D-galactose into the back of the neck along with a
semi-high-fat diet for a total of 8 weeks, and drug was administered from the 5th week for 4 weeks. The kidney
function and renal pathological changes of each group of rats were tested. And LC-MS based kidney metabolomics
coupled with multivariate data analysis were conducted to explore the potential biomarkers, and corresponding
metabolic pathways were then determined. After administration of GLJ, the level of urea nitrogen was decreased

compared with those of the model group, and the abnormalities of morphology in kidney tissues were improved.
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The positive drugs (ginkgo biloba tablet and donepezil) had no significant modulating effect on renal function

indexes. Ginkgo biloba tablet can lessen the pathological injury of kidney tissue, and donepezil had no

improvement on renal histopathology. A total of 23 MCI related differential metabolites were identified in kidney,

and 17 metabolites were signifcantly restored by GLJ compared with those of the model group. Additionally, we

found that the cysteine and methionine metabolism, nicotinate and nicotinamide metabolism, taurine and

hypotaurine metabolism, glycerophospholipid metabolism were significantly involved in the regulatory effect of

GLJ. The results illuminate the "cong shen zhi nao" mechanism of GLJ, and also provide a research basis for the

clinical use of GLJ for the treatment of MCI. The animal experiment of this study was approved by the Ethics

Committee of Shanxi University (approval number: 2020DW121).
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Figure 1 The blood renal function indexes of rats in various group.
CON: Control group; MOD: Model group; GLJ-L: Guilingji low
dose group; GLJ-H: Guilingji high dose group; GBT: Ginkgo
biloba tablet group; DON: Donepezil group; Cr: Serum creatinine;
BUN: Blood urea nitrogen. x + 5, n = 10. "P < 0.05 vs CON, “P <
0.05 vs MOD

Figure 2 Pathological changes of kidney tissue of rats in various
group (200x%)
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Table 1 UHPLC-TOF-MS stability monitoring results of kidney QC samples

No. £, min RSD of retention time/% mlz RSD of m/z/% RSD of relative peak areas/% lon
1 0.85 6.06x107 124.007 5 3.63x107 5.46x107 [M-H]
2 1.62 1.72x107 118.086 3 5.60x107 1.25%10" [M+H]'
3 2.73 2.45%107 132.101 8 1.07x10°¢ 3.87x107 [M+H]
4 3.35 7.12x107 269.1122 2.37x10° 4.86x107 [M+H]
5 3.88 3.06x107 158.082 4 1.55x107 9.40x10? [M-H]
6 431 2.75x107 323.200 0 2.18x10° 7.21x107 [M-H]
7 6.50 4.92x107 280.263 1 4.88x107 5.41x107 [M+H]"
8 8.92 2.98x10° 255.2332 2.73x107 1.21x10" [M-H]
9 10.41 1.49x107 524.370 4 1.48x10° 6.32x107 [M+H]"
10 11.83 9.54x107 352.290 4 3.46x10° 6.26x107 [M-H]
{[31 =c%N P S 7 A TR 2 R IR 4 I 3 4 3 (B 4G), B SEUN
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Figure 3 Score plots of PCA analysis of the six groups and QC

samples
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Figure 4 Multivariate data analysis from UPLC-MS/MS. A: PCA score plots from six group; B: Hotelling T2 test of all samples; C: PLS-

DA score plots from control group, model group and GLJ group; D: Permutation test form PLS-DA; E: PLS-DA score plots from control

group, model group, ginkgo biloba tablet group and donepezil group; F: Permutation test form PLS-DA; G: OPLS-DA score plots from con-

trol group and model group; H: S-plot of OPLS-DA
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Figure 5 Spearman correlation analysis of "behavior-differential metabolites" in model rats. "P < 0.05, P < 0.01
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Table 2 The differential metabolites in rat kidney identified by LC-MS. #,: Retention time; T Means that the relative peak area is raised;

whx

| Means that the relative peak area is lowered. 'P<0.05,"P<0.01,"P<0.001
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Figure 6 Summary diagram of pathway analysis with MetaboAnalyst. A: The metabolic pathways associated with MCI; B: Regulation of

metabolic pathway of GLJ-H
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Figure 7 Correlation analysis of differential metabolite pathway in kidney of MCI rats

X Cr A Bl %, AL A 7 F1 2 48 R 55 % BUN #1 Cr
WA R, BRERTERE S . R, mRsa
4 B AR AT Iy 75 A 2 A W A R BRI A, 1 2
ZRR T SR AR AR L B GEEA . $RoR failb 4R
X MCIAH 56 W )y o A S 2H 23006 28 A6 — s 1) 1 45 A
SO, LR 5 9 ol B P 24 B Ao

AR - 1F 5 25 SRR W, MCTK BB I 23 A4S P9 U
PR & &R AR 3 U, AT 2 IR AR )
(R HME F I, WOAS I FEKe I\ R0 SR AT S 2 25008 A0
7 5 R AT A OG0 A, FE TR I FE R R . 46
LR Morris 7K 2K B S5 1 H br G SR B I T 5 B 0k
rHR e R R R 260 0 IR AN G AU UL K P S 3 TR AR O
KA, WX =42 FACEY/KFBEAR, H Ar S BR A 5 i
B 245 2, KGR 7S [ 12 52 40, AR AR 2K SR S B T
WIR e PP R T 2 AR I S L 7K B 3 PSR 155 0
R 0 23 48 b a0 B A 5 PR B I [R] 28 8T & IR
5 5 v o 5% A TR PEL AR 2 2 TE RE DG G R, T VA L
P JIEL Bl 7K P A TR 2 K R Hp I 2 T A OR  Ar 4 R
BN BE IR B RS B AR 2 T B AR ROk R,
{HREAE — & R B b SR 3 2 (B PR3 7 O B, I Be Xt
J5 BN S (AR AR L B B S AE .

I B B AR BT R B, MCT B 50 1 2 bk 2 R AN
P 20 TR T2 A O P A 2 bt I AR I 2 B PR
AR et B2 A A L B R MR e 2 3 5 2% AR E I

PP A s R AR T E T R LER S 5
JULER B35 I Tk AR AR 552 1) 5 g, R d i e A/ E F 2 58

JOE SR 1 G i, 3E T 2 e 45 IO T IO e S0 B L
P, SR K G g% R RE f AR 25 DA 5GP, 5T
R I P 2 R 7K P K A A £ R A R B YO
117 R i) R 2 R P8 N o P i K 77 A, 0T g (AL
T80 SE A LR 98P SO T P T T A, 7
— I 60 5 DL E A E 2 A AR A ORI, BIRE
5 25000 R R A A AR T R B MCL 4 i A
BN LI S, PR FR O e T N T A T AR
& v K o U5 P AR 2278 FR KT (BDNF) ZK-F, AT
PRI 2 T e 2 B3, S B SO A A AR P R
S HIF AT 45 R W MCLK B T R 20 R 7K~ T,
AR SCHRBIE 7T 45 SR — 25, 10 B FR O R A o R
AR 38 #% 2% AL T g2 T B MCT I R R 22—, T i
EVERAT I e B N A AR R K, R R R
A It s B AR A i, K IEIRIT MCIIAEH .

R TR AR T fe QW A P S0 38 J S 8 IR o AR
T 2 T A B K A A AR R R R R
AR L A DGR AE Y o R B i (NAM) AT i i
2 FPHL A 20 2 ST 0 2 A S0 Th RE JBE , W is i 28k
A SN TR I R Y O AR T e R MR e A R K S AT
ST B T o P R A N O ik T M M SRR, AR S
55 1 MCLR BUE IE NAM 7K 2 25 PR AR, fa b 4R VAR Ay
T AT B T [ NAM 7K P B R 7 0 e R0
AU R R IR ITER -

Tt 1 S IR AR TR AR 32 ZE U 2 IR R - 1 it
LR IR I A B IR DA R 2R R 45 2 Ak S A AR,



SRR AT BT T AC U SR T i S OO R U SIS Ty R BB R L © 1025 -

Hh A Tl R O A N ) S L IR, RN T,
ST — TR R PR BT AR, B o A R R AR
W% A PR PR 2 R A B T RERY, U HAE
MERGHREEZER, MWK EREFRFEF, /g
b 40 B B, OR T 2515 5 R H 2345 4, FHET 2 Fh
P22 22 G503 B A8 AT 7R JR 1 BRI A 8 AR5 7 A U
LR IRITERPY . I PR S I 2 MCI AR 35 W
AR R T 2 N, 253 S50 thIE 5
7 AD B ki A A= T R KT 2 3 BRI, B AR R K P
PR 5 9 A AR /b B A R O, U B AR T R KT [
IR AT 88 5 A 50 T e B A AH OGP0 B AR B, A R
A3 I R 8 RE RN A A RLI A T A5 403, 1T P J5R T
N R RACH VRN RIS . C RS MBIE R WA
R F 3 e A ph e, AR SEIg d MCT K RS
U 24 s B 7K S A0 B L I 3 BRI, RN R SCHR B AL 4
R84 T RS ] B S AR R KT, U g
£E T R 3o 1 T A R R AN I 2F R A 838 I 24 3 MCT
KEINENThRe bR AS .

H B NR RV S B 2 1 — ISR, Wi D)
JIE5, A2 AR RN R TS PE Y R S I oy 2 —, H S 541
PR RS %o B 1 T PR TR RS 5 A% T, H e AR ARG 2 4
FENUA N RS R E B A G 2 —Y 2 5Z080%
1 AR T 42 375 1T 3 B T BB, (LysoPC) AT 80 /b 5%
sz J57 400 o P B8 24 0 A P 5 O, B N R I B R T
PRI FR 22 TRV B UE R0 FE K S TR AR T i 2 B PR B 1 23R
£, PR IRAT VR 1K AR, 1R R R I A3 /)
B A 78 rp A 8% 3] LysoPC /K “F & 3 T+ 7, $#E R
LysoPC A F1 % DIAH o< . H il B BE AR A6 (GPC) 72 5
BE 40 M = EA NI IED 2 —, AT =i MR
PR AR, GPC I E NS FR AN 7R 77 o Il
A7, <IN o 5 5 398 2 g T oRE, B g TR T ADPY,
A2 ot MCI K B, LysoPC 7KF 55 2 T, 560 | 410
7E LysoPC 1i2 3 fik #5 #£ i 4k BF 72 7 K # vm g Tk & 35
LysoPC /K- FFt 45 R — 8, AW i 45 T i 42l 2
2 PR JIE LysoPC /KF, 7+ 15 GPC K, P £
Z5UR T IR BE I 5 LysoPC A GPC /K, Ui Bt id 4 . %
RS AT RE I8 Ik U8 5 H o B AR AR, TRy B T R 4
208 MCTR RO N I B b 19 4E H o

R, 5 U I B 2 103 A7 15 25 V) SR IBG, T FR AR
g ml 28 S-JIR 1 I 2 R A RS (SAM) 1 FH 15 21 0 15
¥, 1) 422 5 e ) I AR P P A W5 A 2 IR P 2 I 2 PR
AR T3 B 2 Pt R T 4R B R AR A A R, B AT
T8 It Ak S PR R 2 15 2 TR R, 3 T s e 24 il
R T 2 s B A 36 PR PR AT o T vt il I X U o %
o 5 0L B3 I T8k 20 % 2 (LysoPE) 20 V4 I 1 I 19k 2. 5 i

Pk 5 54 7% i A FH 15 B B R Bk O Wi, B4k 8 L i
MR 2R 1E A2 28, HiES 5 R BRI
R AR TR 5 O\ 0 B LB G R, (EL R 48 IR T A R A
T A 1) 1 S o Tl R A R - W9 1 48 R R,
25 6-Tolf 19 ] %1 W% T2 It 7K i ' ) 2 il 2- T -3- it 4 -6- 1o
T 1 T BB TR, ot S 200 A TR T R 0 3T 1 v 1, )
Fz 5 0] 1A B R AR

2% b A0 SR T 3 MK BB 3 P 4 2000 71
T3, R 2P PR G T R R T e A O R AR O 7 e A
2R AN A R AR B R AR R AL R A
I MCILIAE F, RS B0L I R R AR B AR &1k
LA S RE L o PHAE 25 8R A5 I F 1 22 25 IR SF 5 MCT
KRB i bR S A Y 4R P S, A il TR A
Wy A 2SO ) = e R Y i e B IR AR, T 2 AR
Fr R B AR R AT R EIENKE D
w2, SERN B 24 I AR 245 . 05 A IR 25 T — 1k, HAL
i A B — e 24 ) 771 5 76 24 8 5 0 A A, E PR A
ZRE. AHT T L SN B R R I A B, BTN IR
007 (B PR T i M MCT IR I PL D, A
PRIAIT MCLIRAE T 81 LB

R TUBK: SR £ T R AR BT S O % ) S AR T L K
PE ARG BT BRSO RS ; T8 45 1 5T M AR 4R R
R K % R ST AR ARSI M i R B B EE
B LAk

TS JTA & B A AFAEAR TR 2 R

References

[1]  Yu RQ, Topiwala A, Jacoby R, et al. Aggressive behaviors in
Alzheimer disease and mild cognitive impairment: systematic
review and meta-analysis [J]. Am J Geriat Psychiat, 2019, 27:
290-300.

[2] Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People's Republic of China (H1 4 A B35 A1 [ 24 4i) [S]. 2020
Ed. Part I. Beijing: China Medical Science Press, 2020, 1055.

[3] Liu NY, Pei H, Liu MX, et al. Efficacy and safety of Guilingji
Capsules for treating mild-to-moderate cognitive impairment:
study protocol for a randomized, double-blind, positive-con-
trolled, multicenter and noninferiority Trial [J]. Chin J Integr
Med, 2020, 26: 577-582.

[4] Zhang HQ, Chen HQ, Pei H, et al. The effect of Guilingji
Capsules on vascular mild cognitive impairment: a randomized,
double-blind, controlled trial [J]. Evid Based Complement
Alternat Med, 2022, 25: 4778163.

[5] Pei H, Wang HC, Feng XZ, et al. Guilingji Capsule for mild-to-
moderate cognitive impairment with shen-marrow deficiency

syndrome: a multicenter, randomized, double-blind, controlled



Az,

1026 - 242224 Acta Pharmaceutica Sinica 2024, 59(4): 1017-1027

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

trial [J]. Chin J Integr Tradit West Med (71 [ /7 75 £ 45 & 44 &),
2022, 42: 151-159.

Ren KL, Meng XL, Qi XM, et al. Effect and mechanism of
Guilingji on Alzheimer's disease model rats based on "kidney-
brain correlation" [J]. Drugs Clin (LR 259 5 115 IK), 2022, 37:
1-10.

Wang HC. The Clinical Effectiveness of Guilingji on the Treat-
ment of Patients with AD and the Effect of Guilingji on the
Learning and Memory Ability of SAMP8 Mice and the Expres-
sion of Synapse and Myelin Associated Protein (fi ¢ £E X} AD A
AT BE R R B 5 fk AN i 89 A 5% A HI BT 9T) [D]. Bejing:
Beijing University of Chinese Medicine, 2020.

Zhao SJ, Zhao XZ, Liu HL, et al. Effects of Guilingji on
improving learning and memory dysfunction caused by aging
[J]. Chin Tradit Herb Drugs (HH % 24), 2018, 49: 5352-5357.

Zhao SI, Tian JS, Tai G, et al. 'H NMR-based metabolomics
revealed the protective effects of Guilingji on the testicular
dysfunction of aging rats [J]. J Ethnopharmacol, 2019, 238:
111839.

Shi JC. The Research on the Chemical Analysis of Guilingji and
Its Improvement in Mild Cognitive Impairment (f # # [ {4 2%
73 M7 R A B2 DA R0 T RE B G H 2503 4 T 9F 9T) (D). Taiyuan:
Shanxi University, 2021.

Wu C, Wei JH, Chen H, et al. Prediction and verification of
biological basis and mechanism for traditional Chinese drugs of
reinforcing kidney for supplementing essence in treating
diseases related to deficiency of kidney essence [J]. Acta Pharm
Sin (2% 24]), 2020, 55: 463-472.

Murtaza A, Dasgupta I. Chronic kidney disease and cognitive
impairment [J]. J Stroke Cerebrovasc Dis, 2021, 30: 105529.
Ning YZ, Yin DG, Jia WB, et al. Cognitive impairment on
patients with kidney deficiency syndrome: a resting-state fMRI
study [J]. Eur J Integr Med, 2018, 24: 49-53.

Wei Y, Wei YK, Zhu J. Early markers of kidney dysfunction and
cognitive impairment among older adults [J]. J Neurol Sci, 2017,
15:209-214.

Hamidizad Z, Kadkhodaee M, Karimian SM, et al. Therapeutic
effects of CORM3 and NaHS in chronic kidney disease induced
cognitive impairment via the interaction between carbon monoxide
and hydrogen sulfide on Nrf2/HO-1 signaling pathway in rats
[J]. Chem Biol Interact, 2022, 1: 110217.

Tanaka S, Okusa MD. Crosstalk between the nervous system and
the kidney [J]. Kidney Int, 2020, 97: 466-476.

Cheng GB, Lin LL. Explore the combination of traditional
Chinese and Western medicine from the essence of kidney [J].
Inf Tradit Chin Med (H1 22415 2.), 2003, 5: 4-5.

Kandiah N, Ong PA, Yuda T, et al. Treatment of dementia and
mild cognitive impairment with or without cerebrovascular
disease: expert consensus on the use of Ginkgo biloba extract,

EGD 761 [J]. CNS Neurosci Ther, 2019, 25: 288-298.

[19]

[20]

(21]

(22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Li Q, He S, Chen Y, et al. Donepezil-based multi-functional
cholinesterase inhibitors for treatment of Alzheimer's disease [J].
Eur J Med Chem, 2018, 158: 463-477.

Elango R. Methionine nutrition and metabolism: insights from
animal studies to inform human nutrition [J]. J Nutr, 2020, 150:
2518S-25238.

Paul BD. Cysteine metabolism and hydrogen sulfide signaling in
Huntington's disease [J]. Free Radical Bio Med, 2022, 186:
93-98.

Jia MZ, Wang YJ, Liu ZG, et al. Methionine restriction-
association with redox homeostasis and implications on aging
and diseases [J]. Redox Biol, 2022, 57: 102464.

Cummings NE, Lamming DW. Regulation of metabolic health
and aging by nutrient-sensitive signaling pathways [J]. Mol Cell
Endocrinol, 2017, 455: 13-22.

Fu JZ, Liu Q, Zhang ML, et al. Association between methionine
cycle metabolite-related diets and mild cognitive impairment in
older Chinese adults: a population-based observational study [J].
Nutr Neurosci, 2022, 25: 1495-1508.

Antony R, Li YF. BDNF secretion from C,C,, cells is enhanced
by methionine restriction [J]. Biochem Biophys Res Commun,
2020, 533: 1347-1351.

Pissios P. Nicotinamide N-methyltransferase: more than a
vitamin B3 clearance enzyme [J]. Trends Endocrinol Metab,
2017, 28: 340-353.

Liu D, Pitta M, Jiang HY, et al. Nicotinamide forestalls
pathology and cognitive decline in Alzheimer mice: evidence for
improved neuronal bioenergetics and autophagy procession [J].
Neurobiol Aging, 2013, 34: 1564-1580.

Yu RL, Pan C, Ma TT, et al. Prediction of clinical efficacy of
subcutaneous immunotherapy for Artemisia sieversiana pollen
allergic rhinitis by serum metabolomics [J]. J Formos Med
Assoc, 2022, 121: 2465-2480.

Chen CR, Xia SF, He JL, et al. Roles of taurine in cognitive
function of physiology, pathologies and toxication [J]. Life Sci,
2019, 231: 116584.

Zhu MM, Akimana C, Wang E. et al. '"H-MRS quantitation of
age-dependent taurine changes in mouse brain [J]. Mol Imaging
Biol, 2019, 21: 812-817.

Karakelle NA, Dinger S, Saglam AS. The effect of intracerebro-
ventricular amyloid beta 1-42 application on cognitive functions
in aged rats supplemented with taurine and the change of peroxi-
somal proteins in this process [J]. Brain Res Bull, 2021, 172:
89-97.

Reeta KH, Singh D, Gupta YK. Chronic treatment with taurine
after intracerebroventricular streptozotocin injection improves
cognitive dysfunction in rats by modulating oxidative stress,
cholinergic functions and neuroinflammation [J]. Neurochem
Int, 2017, 108: 146-156.

Jakaria M, Azam S, Haque ME, et al. Taurine and its analogs



S AR BT AR A SR S AR AR B R R A T E PR A A LA

1027

[34]

[35]

[36]

[37]

in neurological disorders: focus on therapeutic potential and
molecular mechanisms [J]. Redox Biology, 2019, 24: 101223.
Wang XL, Xu YY, Song X, et al. Analysis of glycerophospho-
lipid metabolism after exposure to PCBI153 in PCI12 cells
through targeted lipidomics by UHPLC-MS/MS [J]. Ecotoxicol
Environ Saf, 2018, 169: 120-127.

Law SH, Chan ML, Marathe GK, et al. An updated review of
lysophosphatidylcholine metabolism in human diseases [J]. Int J
Mol Sci, 2019, 20: 1149.

Tzekov R, Dawson C, Orlando M, et al. Sub-chronic neuropatho-
logical and biochemical changes in mouse visual system after
repetitive mild traumatic brain injury [J]. PLoS One, 2016, 11:
€0153608.

Lin L, Huang ZZ, Gao Y, et al. LC-MS-based serum metabolic

[38]

[39]

[40]

profiling for genitourinary cancer classification and cancer type-
specific biomarker discovery [J]. Proteomics, 2012, 12: 2238-
2246.

Lee SH, Choi BY, Kim JH, et al. Late treatment with choline
alfoscerate (l-alpha glycerylphosphorylcholine, o-GPC) increases
hippocampal neurogenesis and provides protection against seizure-
induced neuronal death and cognitive impairment [J]. Brain Res,
2017, 1654: 66-76.

Marcus L, Soileau J, Judge LW, et al. Evaluation of the effects of
two doses of alpha glycerylphosphorylcholine on physical and
psychomotor performance [J]. J Int Soc Sport Nutr, 2017, 14: 39.

Bao L. Study on the Mechanism of Atherogenic Effects by Lyso-
phosphatidlycholin (¥ I A 19t HE s 14 i i K s A A 4011 FH K
HALHIF5E) [D]. Hohhot: Inner Mongolia University, 2018.



