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Investigation of mechanism of action of Anemarrhena saponin in preventing
diabetic nephropathy in rats based on renal metabolomics
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Abstract: Objective To reveal the potential mechanism of action of Anemarrhena saponin in the treatment of diabetic nephropathy
through renal metabolomics technology. Methods Forty male SD rats were randomly divided into the control group, model group,
metformin (positive drug, 65 mg-kg™!) group, and Anemarrhena saponin (30 mg-kg™") group, with 8 rats in each group. Except for the
control group, all groups were fed a high-fat diet for 28 consecutive days and ip injected with streptozotocin (STZ) at 40 mg-kg™' to
establish a type 2 diabetic (T2DM) rat model. After successful modeling, the drug groups were ig administered Anemarrhena saponin
or metformin, while the control group was ig administered distilled water daily for 8 consecutive weeks. After the administration period,
the body weight of the rats was measured, and blood glucose levels were detected by a blood glucose meter through the tail vein. Serum
triglycerides (TG), total cholesterol (TC), serum creatinine (Scr), and blood urea nitrogen (BUN) levels were determined by a
biochemical analyzer. Renal tissue pathological changes were observed by hematoxylin-eosin (HE) staining. Ultra-performance liquid
chromatography quadrupole time-of-flight mass spectrometry (UPLC-Q-TOF-MS) was used to analyze the renal metabolomics of the

control group, model group, and Anemarrhena saponin group. Principal component analysis was used to explore potential key
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biomarkers, and the Human Metabolome Database (HMDB) and Kyoto Encyclopedia of Genes and Genomes (KEGG) were used to
identify the corresponding metabolic pathways. Results Compared with the model group, the body weight and blood glucose levels of
the metformin and Anemarrhena saponin groups were significantly reduced (P < 0.05, 0.01), and the levels of serum Scr, BUN, TC, and
TG were significantly decreased (P <0.05, 0.01). The conditions of renal tubular dilation, interstitial fibrosis, and vascular congestion were
improved. Twenty-one potential biomarkers were identified in the renal samples of diabetic nephropathy model rats, involving 18 related
metabolic pathways, among which glycerophospholipid metabolism, phenylalanine/tyrosine/ tryptophan biosynthesis, and linoleic acid
metabolism were the main metabolic pathways. Conclusion  Anemarrhena saponin may treat diabetic nephropathy by regulating
glycerophospholipid metabolism, phenylalanine/tyrosine/tryptophan biosynthesis, and linoleic acid metabolism.

Key words: diabetic nephropathy; renal metabolomics; biomarkers; Anemarrhena saponin; glycerophospholipid metabolism;
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Table 1 Effects of Anemarrhena saponin on body weight

and blood glucose in DN model rats ( X £s, n=6)

ZH T /g 1A/ (mmol L)
(mg-kg™)
X H — 440.16+35.96 4.00+0.38
iRt — 238.33142.89% 21.44+6.73%
LA 65  313.17+45.15° 10.37%6.35™

HBE R 160 344.50+85.14"*  9.15+1.89*

xR #P<0.01; 5HEEALE: "P<0.05 “P<0.01.
#P < 0.01 vs control group; “P<0.05 **P<0.01 vs model group.
3.2 HEBEEX DN KR MESEKIERRISZ D
gk 2 fos, 5T, B4 Ser.
BUN. TC. TG ¥ EF+& (P<0.05. 0.01); 5
R, F0BE2E 4 Scr. BUNL TC. TG 7K F¥)
SERK (P<<0.05. 0.01).
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#®2 HHEFX DN HREAKRIE Sers BUN. TC. TG SERIEMN (X +s,n=6)
Table 2 Effects of Anemarrhena saponin on Scr, BUN, TC, and TG contents in DN model rats ( X *s, n=6)

2H 51 FE/(mg'kg?)  Scr/(umol-L™) BUN/(mmol-L™1) TC/(mmol-L ™) TG/(mmol-L™)
payits — 2525+2.15 6.26+1.26 1.1340.60 0.48+0.11
ieis) — 40.11+£3.92# 12.57+6.06" 2.75+1.25% 2.65+1.06%
BRI 65 29.26+2.06" 9.67+5.03 2.07+1.03 1.72+0.60°
IR 160 27.05+1.76" 7.3442.25" 1.57+0.75" 1.534+0.47*

HxHRA L #P<0.01 #P<<0.01; SHERALLE: "P<0.05 “P<0.0l.

#P<0.05 *P<0.01 vs control group; "P < 0.05 *"P<0.01 vs model group.
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Table 3 Effects of Anemarrhena saponin on common potential biomarkers in kidney samples from DN model rats
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1 8.7456 520.5081 4 CisHe7NOs 0000790 N-palmitoylsphingosine N-HR A P A e 1 T
2 3.6054 5443396 + CasHsoNO7P 0010396 lysoPC[20 : 4(8Z, 117, 142, 17Z)] ¥ i A B AH sl (A
3 08467 137.0298 + CsHaNsO 0000157 hypoxanthine BN 1% 1
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xR #P<<0.05

#p<0.01; SEAALILE: "P<0.05 "P<0.01.
#P<0.05 *P<0.01 vs control group; "P<0.05 *"P<0.01 vs model group.
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Fig. 4 Analysis of effects of Anemarrhena saponin on metabolic pathways in DN model rats
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x4 HEEEX DN REAR A SRR

Table 4 Effects of Anemarrhena saponin on metabolic pathways in DN model rats

wEh  BUME LA RGPHE

Holm #5iRAKH

B BB (Expected) $(Hits) (Raw P) “leP adjust *(FDR) Impact

Glycerophospholipid metabolism (H i g1 i) 36 0.23226 3 000124 29081 0.104 0.10380 0.251 69
Phenylalanine, tyrosine and tryptophan biosynthesis 4 0.02581 1 002558 15921 1 0.75423  0.500 00
(FHNRR, BEE RN IR A5 )
Linoleic acid metabolism(iF jii & £ £ i4f) 5 0.03226 1 00318 14964 1 0.754 23
Aminoacyl-tRNA biosynthesis (ZEE-tRNAZEY) 48 0.309 68 2 003607 14428 1 0.754 23

)
Valine, leucine and isoleucine biosynthesis (& 8 0.05161 1 0.05057 12961 1 0.75423 0

% RS AR Y R
Purine metabolism (=4 XiT) 65 0.41935 2 006272 12026 1 0.75423 0.018 85
Phenylalanine metabolism (7% P42 FR ) 10 0.064 52 1 006285 12017 1 0.75423 0.357 14
a-Linolenic acid metabolism (a- 7 FREAX 1) 13 0.083 87 1 0.08100 1.0915 1 0.85052 0
Glycerolipid metabolism (- g i) 16 0.10323 1 0.09883 1.0051 1 0.92246 0.012 46
Pentose phosphate pathway (2 i 1%) 22 0.14194 1 013357 08743 1 1 0.027 75
Propanoate metabolism (P& i) 23 0.148 39 1 0.13924 08562 1 1 0.040 61
Phosphatidylinositol signaling system (IS5 Lz 28 0.180 65 1 016709 07770 1 1 0.001 52

55 R55)
Glycine, serine and threonine metabolism (H %1 33 021290 1 0.19413 07119 1 1 0

L2 BN 2 BRAR )
Cysteine and methionine metabolism (-t Z A 33 021290 1 019413 07119 1 1 0.059 83

B
Avrachidonic acid metabolism (754 PUMEER A1) 36 0.23226 1 020998 06778 1 1 0
Tryptophan metabolism ({4221 i51) 41 026452 1 023576 0.6275 1 1 0.143 05
Metabolism of xenobiotics by cytochrome P450 (41 68 0.43871 1 0.36235 0.4409 1 1 0

J K PASOXT AN A

LysoPC J¢ PA 7K-F, R AT 8 IE ok Pk 52 ' A H 3l
WEREACH P, RY B AR S ThEE, R
B A SR M R IE N, TGS DN B 545 -
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RAIREE N X —IRAENE R M I REF 2
BT B P24, R ER & AT il 2 Fhig s
DR, BN SEgEH A IR IS,
FIEATR G R SBE; #H R RS EENE
IR ; OISR R R GERE 1T (NADPH) A4LEE =28 0%
PEA (ROS), BEEMMG T/ NEMMEE. BRI =
TR T HAE R 0h TR IR A B ThRE, HE T
&, HIENRIREREEN A, HACTRFEATEE
S B B ORI AR (i NADHT£)
(A2 B, TS AT BE A ARSI ) LA i 48 /R S Ak s

P ) P DR TR 55 7 D AR, ] U 8 SR R 484K B
WS, Ak, RN RS IR AR AU A B (7%
QAR MANARRNAE O, HBh &gt
iR (CKD) H MR kA4, JF5 DN it
J AR 38 A oG Re-27), Fn B R TS, A R
W L-ZFERARN B - RN T, $#2n
HorTped i o B DS R A RS, W
BRNRR AR FERMABGMEEER, i+
AIREA T2 B BR AU WY 28 1P, TRl 4 K
PR . LRI IS N R ThREMIE A, St
[ %} 5t DN #EJ .

T ERAR U = 5 DN FR7E R, BAR BAARNL
HI AR e A, B AR RV A RR R
RIFVER . AR T 1 894 £ W NI BT 4
Pt R I B 7K T 5 R 1) S RE AR & A A0 A%
WATHEARAE ¢, HENIZE DN o, WEmER AR AT Rl
ok SR SERE N RE R T S I AR S S R R AR
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I, BRI AT R I R AR B R
HRADIREY), X DN E&EETER, (HEAHL
i F R — IRAWT T

AHFFER A B AR AL AR, Rt Hia
JY DN [ 1 HI " fE F 2 i il M-
palmitoylsphingosine. lysoPC[20:4(8Z,11Z2,14Z,177)].
LysoPC[14:1(92)15 21 MBIk -2k imi i 4% H
BRI 2R R/ R (R A & A K
WA &R . HEW A BEE A B T E B R
RRARIARAS . IR A RIS, TR
BHEG, AEZ% DN HERE . XARIBERE ) “ 2L
Ir-Z R0 -2 AR R TR PR AL T B AR
WA . SRTTA FATIAAAE — 8 SRR DL
KA —F&E (30 mg-kg™) FIRIBFEH T, RIK
DI E-ROR R R s @R 7 i BE R BAR R TR 5
R CUAnBRET AL BI 55) 78 RE R AR
H: @REE 5T #SES (41 Western blotting )
BOEARI I B R B A K Rk . ARSRBFFL R M BL R T
RN OJF R FIER S5, AL REEE S
2iT7 5 @B e FnRE R v 3 AR S
AR, TR R @4iai s H s MEA
M, BT ARSHE RS R R L

FBFRR ARVEHENFAREGLEA TR
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