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[Abstract] Objective To investigate the effects of paeoniflorin (PF) on lipopolysaccharide (LPS)-

induced aerobic glycolysis in renal tubular epithelial cell line HK-2 and its underlying mechanism of action.
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Methods This study consists of a preliminary experiment and a formal experiment. Preliminary experiment:
CCK-8 assay and RT-qPCR were used respectively to measure cell viability and mRNA expression levels of
inflammatory factors in HK-2 cells after LPS stimulation to determine the optimal LPS concentration for
modeling as well as to evaluate the toxicity of PF and screen for its appropriate concentration. Formal
experiment: HK-2 cells were divided into control group (CON group), LPS group, LPS+PF group and LPS+PF+
740Y-P group. LPS was used to establish a cell model of sepsis associated-acute kidney injury (SA-AKI) in
HK-2 cells, and then the cell model was treated with PF and PI3K activator 740Y-P, correspondingly for 24 h.
CCK-8 assay was employed to detect cell viability, and Extracellular Acidification Rate (ECAR) Kit was
utilized to measure the rate. The contents of TL-1B, TL-18, lactic acid (Lac) and lactate dehydrogenase A
(LDHA) were determined with ELISA. Western blotting was applied to detect the expression of p-PI3K, p-AKT,
HIF-1a, pyruvate kinase 2 (PKM2, a key enzyme in aerobic glycolysis) and NOD-like receptor thermal protein
domain associated protein 3 (NLRP3), and immunofluorescence assay was performed to observe the expression
and distribution of PKM2. Results (D Our preliminary experiment identified that the optimal concentration
of LPS for modeling was 20.0 pg/ml, a safe dosage range of PF was 0~100.0 pmol/L, and its optimal
therapeutic concentration was 25. 0 pmol/L. @ Compared with the CON group, LPS stimulation resulted in
significantly decreased cell viability (P<0. 05), increased ECAR (P<0. 05), elevated contents of IL-13, TL-18,
Lac and LDHA (P<0. 05), up-regulated protein levels of p-PI3K, p-AKT, HIF-1a, p-PKM2 and NLRP3 (P<
0. 05), and enhanced fluorescence intensity of PKM2 in the nucleus of cells (P<0.05). Compared with the
model group, PF treatment reversed all above effects induced by LPS stimulation (all P<0. 05). Compared with
the LPS+PF group, in the LPS+PF+740Y-P group, ECAR was elevated (P<0. 05), the contents of IL-1, IL.-18,
Lac and LDHA were increased (P<0. 05), and the relative expression levels of p-PI3K, p-AKT, HIF-1a, p-PKM2
and NLRP3 were increased (P<0. 05), and the fluorescence intensity of PKM2 was strengthened (P<0. 05) and
enhanced in the nucleus (P<0. 05). Conclusion PF reduces aerobic glycolysis in HK-2 cells and alleviates
the inflammatory response by inhibiting the PI3K/AKT/HIF-1a signaling pathway.
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paeoniflorin; renal tubular epithelial cells
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24 h; LPS+PF 41 ] 25. 0 wmol/L PF FiALBH 4 h )5 , F5-0
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25.0 wmol/L PF #120. 0 wmol/L740Y-P"* 3t ] i b ¥
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1.2.3 CCK-8SLIRRrIM ARG 71 HF HK-2 4ii g%
HEAEFL 5 000 R0 T 96 FLAR T, 25 4L A 5 LPS
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Bf 1] 37 LA HK-2 4 25 P Ab B, AR A ILFE AR | Trizol
R IO RNA 52 7% s 00 &5 i cDNA .
i PCR P 4L (A300, HU M B 3L RF AR A FR A A |
HEGE i PCR X [201901003 , B8 £E H] (b 50 Bl AL
A PR F] TR S8 B RT-qPCR 32 . HFRFEN 59y
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x1 BHREESIWF5

Table 1 Primer sequences of target genes

Gene Primer sequences

Upstream: 5'-AGAAGTACCTGAGCTCGCCA-3’

-1 Downstream: 5'-GTCCATGGCCACAACAACTG-3'

18 Upstream: 5'-CCTCAGACCTTCCAGATCGC-3’
Downstream: 5 -GGTCCGGGGTGCATTATCTC-3'

Bactin Upstream: 5'-AACCGCGAGAAGATGACCCA-3’

Downstream: 5'-GAGGTAGTCAGTCAGGTCCC-3'

1.2.5 ECAR M &kl ECAR 224k A3 £
1 FH A S 1k (9 HR £ (Ex/Em : 490 nm/535 nm) , 24 41 fifg
ANIRSE ) pH K AR AR AR 5T 1 DG E L S5 A I &
AR . AR TR AR Y 20 A R 8 2 IR BT 1Y 2 G AE
FEALG, LA LGRS A0 L A1 B R AR 3 o 1R s FL AN 25
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IL-1B.IL-18 7K F- W AR & AH 4 ML Y g W, 4% IR
ELISA 371 5 45 45 16 BH 45 1 i 300 s 4 o i FH iy
PRAE 450 nm PAAMRIEEA LR REELD (450) ],
22 Ar v 2R, A A 4L 4N B L P LDHA | Lac .
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1.2.8  ARPEuHak 4 HK-2 41 ffl 25 1€ J Ff Al
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15 min, PBSE¥E 37K, 0. 5% Triton X-100(PBS At il )
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B 1 h,PBSIEYE3 UK (7 min/¥K) . DAPIYLA% S5 min, PBS
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{1 FH Image J % & 7 #0475 1, Ge it P390
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PEAT Gt 5 53, K ] Graphpad Prism 10. 0 % {4 £f:
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P<0.05 M 257 AT E L.
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2.1 LPSRE A3 M LR R E fit
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EAREUE TR 5 CONGL LS, Nk LPS +
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IL-18 mRNA 7KV B &8 7+ &5 (P<0. 05, K 1B .C) . 4565
CCK-8 SZ 5 Fl RT-qPCR 45 5 , %E 45 20. 0 pg/mL LPS1E
R ARSI
2.1.2 AT (PR)EMESR 5 CONAI A, A
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7R A AsF R) BE Y, 5 CON 4l Eb 35, LPS 4126 Y (H.
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B, LPS+PF 4 5 G AE B B T , di e SR AL R B 8
% (P<0.05) ; 55 LPS+PF 4 L5, LPS+PF+740Y-P 41 5%
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TEHENIE

5 CON 4 4%, LPS #H LDHA . Lac . IL-1B . IL-18 3
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A.D.E: CCK-8 assay showing the effects of different concentrations of LPS (A), PF (D) and their combined treatment (E) on cell
viability; B and C: Relative mRNA levels of inflammatory factors IL-18 (B) and IL-18 (C) after stimulation of different
concentrations of LPS in HK-2 cells; F and G: Relative mRNA levels of IL-18 (F) and IL-18 (G) after stimulation of LPS and
different concentrations of PF in HK-2 cells. LPS: Lipopolysaccharide; PF: Paeoniflorin. a: P<0.05, compared with the CON
group; b: P<0.05, compared with the LPS group

E1 ZHRa4bIE &4 IF1E R B A I8 f5 HK-2 4B 2 fiE B F 3Rk 7k 46

Figure 1 Screening of cell treatment conditions and detection of expression levels of inflammatory factors in HK-2 cells after

LPS and combined treatment

IL-18 3k B B4 (P<0.05) , WLIK 3. T (P<0. 05) ; 5 LPS 2 4%, LPS+PF 21 NLRP3 &
2.4 PFTHAKLPS 71 #2 69 NLRP3 & & £k 7+ % IR 265 B2 FIE(P<0. 05) ; 5 LPS+PF 4 b %5,

5 CON 4 %%, LPS 41 NLRP3 & [ A X ik i LPS+PF+740Y-P 20 NLRP3 & (H A X} £ ik B F T
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A: Changes in fluorescence values in each group detected by ECAR kit; B: Changes of ECAR in each group. a: P<0.05,

compared with the CON group; b: P<0. 05, compared with the LPS group; c¢: P<0. 05, compared with the LPS+PF group

B2 PF Xt HK-2 40/ ECAR B =200

Figure 2 Effect of paeoniflorin (PF) on extra cellular acidification rate (ECAR) in HK-2 cells
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30 T l 30 L b l
3 A 3
(= [*)]
3 204 < 20+
I Q
g 8
104 10
0- 1 I 0- I 1
S O K R S 02 K R
& K & SRS
& A & A
3 A & B
o 3
N N

IL-1B/(pg/mL)

50 250
LI T
40 200
b L L
30 3 1504 b
<
@
20 < 100
104 50
0- T T 0- T T
S O K R S 2 & 4R
RN o §§ O QL (38 §§
NI ST A
& c & 5
=3 &
N NS

a: P<0.05, compared with the CON group; b: P<0. 05, compared with the LPS group; c¢: P<0. 05, compared with the LPS+PF group

E3 PFXfHK-2H SEEHESFR LDHA (A) \Lac(B) R X EREFIL-18(C) . IL-18(D) B30

Figure 3 Effects of paeoniflorin (PF) on aerobic glycolytic indicators lactate dehydrogenase (LDHA, as shown in A) and

lactic acid (Lac, as shown in B), and on inflammatory factors IL-1g (C) and IL-18 (D) in HK-2 cells

(P<0.05), WK 4,
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A': Western blotting results of NLRP3 in each group; B: Relative expression level of NLRP3 protein. a: P<0.05, compared with the
CON group; b: P<0. 05, compared with the LPS group; c¢: P<0. 05, compared with the LPS+PF group
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Figure 4 Effect of paeoniflorin (PF) on the expression of NLRP3 protein in HK-2 cells
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A: Western blotting results of the pathway proteins in each group; B~D: Relative expression levels of p-PI3K (B), p-AKT (C)
and HIF-la (D). a: P<0.05, compared with the CON group; b: P<0.05, compared with the LPS group; c: P<0.05,

compared with the LPS+PF group
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Figure 5 Effect of paeoniflorin (PF) on the PI3K/AKT/HIF-1a pathway in HK-2 cells
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A: Western blotting results of PKM2 and p-PKM2 in each group; B: Relative expression levels of p-PKM2 protein. a: P<0. 05,

compared with the CON group; b: P<0. 05, compared with the LPS group; c¢: P<0. 05, compared with the LPS+PF group
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Figure 6 Effect of paeoniflorin (PF) on the expression of PKM2 protein in HK-2 cells
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A: Expression and distribution of PKM2 in each group by immunofluorescence assay; B: Relative expression level of PKM2 in the
nucleus. a: P<0.05, compared with the CON group; b: P<0.05, compared with the LPS group; c: P<0.05, compared with the
LPS+PF group
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Figure 7 Effect of paeoniflorin (PF) on the expression and distribution of PKM2 in HK-2 cells
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