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[ Abstract])
renal aging. Methods

Objective To investigate the effects and underlying mechanisms of Lonicera japonica in delaying
A mouse model of renal aging was established via intraperitoneal injection of D-galactose (D-
gal) , with concurrent administration of Lonicera japonica decoction by oral gavage. Following behavioral assessments,
kidney tissues were collected from each group for enzyme-linked immunosorbent assay ( ELISA) and senescence-
associated B-galactosidase ( SA-B-gal) staining to evaluate model induction and the protective effects of Lonicera
Japonica. Integrated microRNA ( miRNA ) transcriptomic and proteomic sequencing analyses were conducted to
identify significantly differentially expressed miRNA ( DEMs) and protein ( DEPs). Functional annotation and
pathway enrichment of these DEMs and DEPs were performed using gene ontology (GO) and kyoto encyclopedia of
genes and genomes ( KEGG) databases. Results Behavioral tests, including the Morris water maze and forced
swimming test, revealed significant impairments in learning, memory, and exercise endurance in model mice
compared with controls (P < 0.05). Lonicera japonica markedly ameliorated these aging-related deficits ( P <
0.05). Renal interleukin (IL)-6 levels and the percentage of SA-B-gal-positive area were significantly elevated in the
model group relative to the control group (P < 0.001), and both were significantly reduced following Lonicera
Japonica intervention (P < 0.01). Integrated omics analysis identified 11 significant DEMs and eight significant
DEPs. Intersection analysis of target genes revealed miR-146b-3p/Tmprss13 as a key regulatory pair, while miR-150-
3p/Brpfl and miR-1934-5p/Cln8 were identified as miRNA-protein pairs concurrently downregulated by Lonicera
Jjaponica. GO and KEGG enrichment analyses indicated that Lonicera japonica may delay renal aging by activating
Lonicera japonica-regulated Ecsit (IjREcsit) , a differentially expressed gene involved in the mitogen-activated protein
kinase (MAPK) signaling pathway. Conclusions Lonicera japonica attenuates D-gal-induced renal aging in mice,
possibly via mechanisms involving inhibition of miR-146b-3p leading to activation of Tmprssl3, or coordinated
downregulation of miR-150-3p/Brpfl and miR-1934-5p/CIn8. Modulation of the MAPK signaling pathway via IjREcsit
also represents a critical mechanism through which Lonicera japonica exerts its renoprotective and anti-aging effects.
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NF-«B/NLRP3) , M M0 ik 2 i R K 1 A 1L 2L
U S HRAE KRB BT SN FHIN 2 155 1 5
Ko S 80nG PRI/ A% R F kB (signal transducer and
activator of transcription/nuclear factor kB, STAT/
NF-kB ) 38 # A P4 L SR A LA 2 o i o
AR I, H BT 4 B AE BT R At S8 A TRy
WL C & T, HaRAE T iE 20 s B8
ESE B A B W 7, (HHHE 52 5 2 iy B AR L
il i ARAT B, P, A ST RE T D-gal 1551
B AR R miRNA % 5204 Fil 4D-FastDIA
FEHBAH S, A RAEVE T D-gal BN
Rk DR R A A FIRH OC T B8 2 Ak, B TE N Z 427
BEMMIE R S BRAERE ZENBAERL LS
T FEAILT S AR 24 BRAE B R 0 BRI AR s

1 MBE5RFE

1.1 ##
1.1.1 ZEEshY)

SPF 2% 8 JAliy KM /NI 18 HL(MEMESK ),
TR (30 £ 2) g, I DUAR (IR H) AE B ARAT PR
Al $RHE[ SCXK (757)2022-0006] . 75/ A
FEHEA 12 h FiR (22 £ 2)°C J2E 40% ~ T0%I7)
IBE AT, T 5 o I8 24 K 2= 52 56 3l W ik 52
/N EREEB Bh ) B AR B iR 5 [ SYXK () 2021 -
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Note. A. Escape latency of mice in the water maze. B. Number of platform crossings by mice in the water maze. C. Time spent

by mice in the target quadrant of the water maze. D. Weight-bearing swimming time in mice. E. Growth of body mass in mice.

F. Mice hair growth condition. Compared with model group,

*P <0.05,

" P < 0.01. (The same in the following figures)

Figure 1 Behavioral assessment of aging-related changes in mice
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B RETE(P < 0.001) , SHEAIAIL, 4
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ANV HZUIL-6 & B/ NRUE U A SA-B-gal WYL 401 ; Co/NRUE DR SA-B-gal Yot SEBIA AL, = P

< 0.001,

2 ELISA Fl SA-B-gal Yefa 2k

Note. A. IL-6 content in mice kidney tissue. B. Percentage of SA-B-gal blue-stained area in mice kidney sections. C. SA-B-gal

staining images of mice kidney sections. Compared with model group, ™ P < 0.001.

Figure 2 Results of ELISA and SA-B-gal staining
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Figure 3 miRNA transcriptomics analysis
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Figure 4 Proteomics analysis
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Table 1 Differentially expressed genes of the MAPK pathway in each omics group
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transcriptomics
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1 ( bromodomain and PHD finger containing 1,
BRPF1) 1] 2 5 4 ffl 5 2, 1 40 it o8 2 2 2 1
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“RE AWML 48, SRR AR OC LR R D)
REREAS- S 2 ROS 1= AR 3G, bifi 5 i SR A0 B 4%
A M40, DA 1 1 o 2 38 TR RN AT 1 AH ¢
PRI LS ARl i miRNA 55 5% 4 24 1
B B2 2 i e ) LJREesit J& MAPK {5538
b Y oG R 4R T, 4 AR AR T BB AE L T
LJREcsit T MAPK {i5-5-38 [ DA SE S2 15 5 3

ZE L P Ak, A AR AR T BE AE o 5 O B Y
miRNA-ZE [ BT B AR M 25 B0 LREcsit-MAPK i
i, DIESE D-gal 5 E RE, XELIHA
IR 7R T A ARAETE RE 52 5 3 2 D7 T W ), ik 4k
B 1R 24 AT 8 R DG B g ) B R
T R0 BB TR ERR YT RN

£ # 3 Bk(References)

[1] FANGY, GONG A Y, HALLER S T, et al. The ageing
kidney: molecular mechanisms and clinical implications
[J]. Ageing Res Rev, 2020, 63. 101151.

[2] HAS,KIMHW, KIMK M, et al. PAR2-mediated cellular
senescence promotes inflammation and fibrosis in aging and
chronic kidney disease [ J]. Aging Cell, 2024, 23
(8): el4184.

[3] SUNL, XU L, DUAN T, et al. CAVI exacerbates renal
tubular epithelial cell senescence by suppressing CaMKK2/
AMPK-mediated autophagy [ J]. Aging Cell, 2025, 24(5) .
e14501.

[4] JAIN A, JUNG H J, AUBEE ], et al. Role of NHERF1 in
microRNA landscape changes in aging mouse kidneys [ ] ].
Biomolecules, 2024, 14(9) . 1048.

[ 5] ZHENG S, LIU S, HOU A, et al. Systematic review of
Lonicerae Japonicae Flos: a significant food and traditional

Front Pharmacol, 2022,

Chinese medicine [ J ].



1 SE I S 4R 2026 4F 3 58 34 55 3 ] Acta Lab Anim Sci Sin, March 2026, Vol. 34, No. 3

409

[6]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

13 1013992.

WARNSMANN V, HAINBUCH S, OSIEWACZ H D.
Quercetin-induced lifespan extension in Podospora anserina
methylation of the flavonoid by the O-
[T]. 2018,

requires

methyltransferase PaMTH1 Front Genet,
9: 160.
ZHU J, JIA Y, WANG C,

et al. Lonicera japonica

polysaccharides  improve longevity and fitness  of
Caenorhabditis elegans by activating DAF-16 [ J]. Int J Biol
Macromol , 2023, 229. 81-91.

LAl KH, CHEN Y L, LIN M F, et al. Lonicerae Japonicae
Flos Attenuates neutrophilic inflammation by inhibiting
oxidative stress [ J]. Antioxidants, 2022, 11(9) . 1781.
MURO P, JING C, ZHAO Z, et al. The emerging role of
honeysuckle flower in inflammatory bowel disease [ J]. Front
Nutr, 2025, 12; 1525675.

WANG D, YU X, GAO K, et al. Sweroside alleviates
pressure overload-induced heart failure through targeting
CaMK Il 8 to inhibit ROS-mediated NF-kB/NLRP3 in
cardiomyocytes [ J]. Redox Biol, 2024, 74. 103223.
LINH W, LEE Y J, YANG D J, et al. Anti-inflammatory
effects of Flos Lonicerae Japonicae water extract are regulated
by the stat/nf-kb pathway and ho-1 expression in virus-
infected RAW,q, 5 cells [J]. Int J Med Sci, 2021, 18(11):
2285-2293.

GAO Q, CHEN F, ZHANG L, et al. Inhibition of DNA
methyltransferase aberrations reinstates antioxidant aging
suppressors and ameliorates renal aging [ J]. Aging Cell,
2022, 21(1): el3526.

Jkaede, TARER, 7, 4% &MRAEKRIRIXF D-2 PR
BO BB NI BTAATER [J]. WL EZ R
#z, 2014, 38(3): 321-326.

ZHANG Y Y, WANG Y H, SHI'Y, et al. Antioxidant effect
of Lonicera japonica extract in D-galactose induced aging
model mice [J]. J Zhejiang Chin Med Univ, 2014, 38(3) .
321-326.

A, s (M) 3R Jbat: PP EZ R
;5 2012.

ZHONG G S. Chinese materia medica [ M ].
Beijing ; China
Medicine ; 2012.
Rz, ATk (M), deat. NRTA: M
2002.

3rd ed.

Press of Traditional Chinese

XU S Y. Pharmacological experimental methodology [ M].
Beijing: People’s Medical Publishing House; 2002.

QU Y, GUO Y, LI W, et al. The improvement of Coreopsis
tinctoria essential oil on learning and memory impairment of
d-galactose-induced mice through Nrf2/NF-kB pathway [ J].
Front Pharmacol, 2022, 13. 994705.

[17]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

SUN K, YANG P, ZHAO R, et al. Matrine attenuates D-
galactose-induced aging-related behavior in mice via
inhibition of cellular senescence and oxidative stress [ J].
Oxid Med Cell Longev, 2018, 2018: 7108604.

M, A5, 2, 55 BB PHEM A D2k 7Lk
HoE RN [T]. P EZHEE R, 2024, 40
(4): 730-739.

PENG T T, WANG X, LI HY, et al. Effects of Paeonia
rockii pollen on D-galactose aging model mice [ J]. Chin
Pharmacol Bull, 2024, 40(4) . 730-739.

PR Al , TISMS. rhon B IRA0 b BT TR I 3 T TR R
RFRBBUTRTIGE (1], HHEE, 2024, 39(14)
2915-2918.

CHEN X R, DING P P. High-quality nursing interventions
on patients undergoing laparoscopic appendectomy based on
Zhonghe medical school [ J]. Guangming J Chin Med,
2024, 39(14) : 2915-2918.

LEE H J, FELIERS D, BARNES J L, et al. Hydrogen
sulfide ameliorates aging-associated changes in the kidney
[J]. Geroscience, 2018, 40(2) . 163-176.

ESPOSITO P, PICCIOTTO D, VERZOLA D, et al. SA-B-
gal in kidney tubules as a predictor of renal outcome in
patients with chronic kidney disease [ J]. J Clin Med,
2024, 13(2) . 322.

MA L, LIU H, SHAO P, et al. Upregulated miR-146b-3p
predicted rheumatoid arthritis development and regulated
TNF-a-induced proliferation,,
inflammation in MH7A cells [ J]. BMC Immunol, 2024, 25
(1): 36.

POKHREL R H, ACHARYA S, AHN J H, et al. AMPK

excessive motility, and

promotes antitumor immunity by downregulating PD-1 in
regulatory T cells via the HMGCR/p38 signaling pathway
[J]. Mol Cancer, 2021, 20(1): 133.

MURRAY A S, VARELA F A, HYLAND T E, et al
Phosphorylation of the type I transmembrane serine
protease, TMPRSS13, in hepatocyte growth factor activator
inhibitor-1 and-2-mediated cell-surface localization [ J]. J
Biol Chem, 2017, 292(36) . 14867-14884.

Bl Y, QIAO X, CAI Z, et al. Exosomal miR-302b
rejuvenates aging mice by reversing the proliferative arrest of
senescent cells [ J]. Cell Metab, 2025, 37(2): 527-541.
WALKER K A, BASISTY N, WILSON D M, et al
Connecting aging biology and inflammation in the omics era
[J]. J Clin Investig, 2022, 132(14) ; e158448.
ANCER-RODRIGUEZ J, GOPAR-CUEVAS Y, GARCIA-
AGUILAR K, et al. Cell proliferation and apoptosis—key
players in the lung aging process [J]. Int J Mol Sci, 2024,
25(14) : 7867.

ABDEL-LATIF G A, ELWAHAB A H A, HASAN R A, et



410

o SEH SR 2026 4F 3 H A 34 B4 3 W1 Acta Lab Anim Sci Sin,March 2026, Vol. 34, No. 3

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

al. A novel protective role of sacubitril/valsartan in
cyclophosphamide induced lung injury in rats: impact of
miRNA-150-3p on NF-kB/MAPK signaling trajectories [ J].
Sci Rep, 2020, 10: 13045.

WAN Y, CUI R, GU J, et al. Identification of four
oxidative stress-responsive microRNAs, miR-34a-5p, miR-
1915-3p, miR-638, and miR-150-3p,
[ J]. Oxid Med Cell
2017, 5189138.

MARQUEZ-EXPOSITO L, TEJEDOR-SANTAMARIA L,

VALENTIJN F A,

in hepatocellular

carcinoma 2017,

Longev,

et al. Oxidative stress and cellular

senescence are involved in the aging kidney [ J ].
Antioxidants, 2022, 11(2): 301.

CHENG C L, TSANG F H, WEI L, et al. Bromodomain-
containing protein BRPF1 is a therapeutic target for liver
cancer [ J]. Commun Biol, 2021, 4. 888.

ZHANG L, PITCHER L E, YOUSEFZADEH M ], et al.
Cellular senescence: a key therapeutic target in aging and
diseases [ J]. J Clin Invest, 2022, 132(15) : e158450.
FFEAL. Brpfl A1 Brpf2 5K ™ 1 (4 45 49 15 3y g (107 25 i
58 [D]. J7IN: BERIRE; 2011,

SU X L. Primary research on the structures and functions of
Brpfl and Brpf2 gene products [ D]. Guangzhou: Jinan
University; 2011.

LIU L, LI Q, XIAO X, et al. miR-1934, downregulated in
obesity , low-grade  inflammation in
adipocytes [ J]. Mol Cell Endocrinol, 2016, 428. 109
-117.

MARCHESE M, BERNARDI S, OGI A, et al. Targeting

protects  against

autophagy impairment improves the phenotype of a novel
CLN8 zebrafish model [ J ]. Neurobiol Dis, 2024,
197 : 106536.

KAUSHIK S, TASSET I, ARIAS E, et al. Autophagy and
the hallmarks of aging [ J]. Ageing Res Rev, 2021,
72. 101468.

TIAN L, SU C P, WANG Q, et al. Chlorogenic acid: a
potent molecule that protects cardiomyocytes from TNF-a-
induced injury via inhibiting NF-kB and JNK signals [J]. J
Cell Mol Med, 2019, 23(7) . 4666—4678.

AZ1Z A, GANESAN NATHAN K, KAMARUL T, et al. The

interplay between dysregulated metabolites and signaling

[39]

[40]

[41]

[45]

[46]

[47]

pathway alterations involved in osteoarthritis; a systematic
[ J]. Ther Adv Dis, 2024,
16: 1759720X241299535.

YOSHIKAWA T, YANAGITA M.

review Musculoskelet
Single-cell analysis
provides new insights into the roles of tertiary lymphoid
structures and immune cell infiltration in kidney injury and
chronic kidney disease [ J]. Am J Pathol, 2025, 195(1):
40-54.

ALMALKI W H, SALMAN ALMUJRI S. Oxidative stress
and senescence in aging kidneys: the protective role of
SIRT1 [J]. EXCLI J, 2024, 23. 1030-1067.

ZHAO X, HAN D, ZHAO C, et al. New insights into the
role of Klotho in inflammation and fibrosis: molecular and
cellular mechanisms [ J ]. Front Immunol, 2024,
15; 1454142.

TABIBZADEH S. Signaling pathways and effectors of aging
[J]. Front Biosci, 2021, 26(1) : 50-96.

SOLER-LOPEZ M, BADIOLA N, ZANZONI A, et al.
Towards Alzheimer’ s root cause: ECSIT as an integrating
hub  between  oxidative stress, inflammation and
mitochondrial dysfunction. Hypothetical role of the adapter
protein ECSIT in familial and sporadic Alzheimer’ s disease
pathogenesis [ J]. Bioessays, 2012, 34(7): 532-541.
TIMMONS J A, VOLMAR C H, CROSSLAND H, et al.
Longevity-related molecular pathways are subject to midlife
“switch” in humans [ J]. Aging Cell, 2019, 18
(4): el2970.

ASAI K, LEE H K, SATO S, et al.

pathway is upregulated in the Cornea in mice with ocular

The necroptosis
graft-versus-host disease [ J]. Invest Ophthalmol Vis Sci,
2024, 65(10) : 38.

MARQUES-CARVALHO A, SARDAO V A, KIM H N, et
al. ECSIT is essential for RANKL-induced stimulation of
mitochondria in osteoclasts and a target for the anti-
osteoclastogenic effects of estrogens [ J]. Front Endocrinol,
2023, 14: 1110369.

BOLDUC J A, COLLINS J A, LOESER R F. Reactive
oxygen species, aging and articular cartilage homeostasis
[J]. Free Radic Biol Med, 2019, 132, 73-82.

[WKFAH] 2025-09-05



