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ABSTRACT
The Astragalus mongholicus Bunge and Panax notoginseng formula (A&P) has been clinically shown 
to effectively slow down the progression of chronic kidney disease (CKD) and has demonstrated 
significant anti-fibrosis effects in experimental CKD model. However, the specific active ingredients 
and underlying mechanism are still unclear. The active ingredients of A&P were analyzed by 
Ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-HR-MS). A mouse 
model of CKD was constructed by 5/6 nephrectomy. Renal function was assessed by creatinine 
and urea nitrogen. Real-time PCR and Western Blot were performed to detect the mRNA and 
protein changes in kidney and cells. An in vitro fibrotic cell model was constructed by TGF-β 
induction in TCMK-1 cells. The results showed that thirteen active ingredients of A&P were 
identified by UPLC-HR-MS, nine of which were identified by analysis with standards, among which 
the relative percentage of NOB was high. We found that NOB treatment significantly improved 
renal function, pathological damage and reduced the expression level of fibrotic factors in CKD 
mice. The results also demonstrated that Lgals1 was overexpressed in the interstitial kidney of CKD 
mice, and NOB treatment significantly reduced its expression level, while inhibiting PI3K and AKT 
phosphorylation. Interestingly, overexpression of Lgals1 significantly increased fibrosis in TCMK1 
cells and upregulated the activity of PI3K and AKT, which were strongly inhibited by NOB 
treatment. NOB is one of the main active components of A&P. The molecular mechanism by which 
NOB ameliorates renal fibrosis in CKD may be through the inhibition of Lgals1/PI3K/AKT signaling 
pathway.

Introduction

Chronic kidney disease (CKD) poses a significant global pub-
lic health challenge. According to 2019 data, the prevalence 
of CKD in China is 8.2%, corresponding to approximately 82 
million cases. Alarmingly, CKD directly claims the lives of 1.2 
million patients worldwide each year, with more than 170,000 
deaths occurring in China alone[1]. Renal fibrosis, a common 
pathology associated with CKD, greatly hastens the progres-
sion toward end-stage kidney disease (ESKD), a condition 
with a notably high mortality rate [2]. However, the improve-
ment of renal fibrosis remains a formidable obstacle, necessi-
tating the quest for effective treatment.

Traditional Chinese Medicine (TCM) has gained recogni-
tion from the World Health Organization as a viable option 
for treating chronic diseases [3]. According to our previous 
studies, a clinical study involving 120 non-dialysis patients 
with CKD demonstrated the efficacy of Astragalus mongholi-
cus Bunge and Panax notoginseng formula (A&P) in slowing 
the decline of kidney function in individuals with stage 3-5 
CKD [4]. Another clinical study involving 60 patients with pri-
mary Nephrotic Syndrome (NS) showed that the addition of 
A&P adjuvant therapy to hormone and cyclophosphamide 
resulted in more effective improvement of NS patients’ hyper-
coagulable state, immune regulation, and reduction in com-
plications such as thrombosis, embolism, and infection, 
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ultimately improving patient prognosis [5]. Previous research 
has also indicated that A&P may inhibit macrophage inflam-
mation mediated by Mincle, alleviate cisplatin-induced acute 
kidney injury (AKI), and improve kidney injury in diabetic 
nephropathy by either inhibiting apoptosis or promoting 
autophagy [6, 7]. Therefore, the significant clinical efficacy 
and molecular mechanisms of A&P in improving renal func-
tion are partially demonstrated. However, due to the com-
plex composition of A&P and its diverse compounds, its 
efficacy and mechanisms of action have remained challeng-
ing to ascertain. Therefore, the objective of this study was to 
employ ultra-high performance liquid chromatography-tandem 
mass spectrometry (UPLC-HR-MS) to identify the active ingre-
dients of A&P and investigate the molecular mechanism of 
Nobiletin (NOB), the primary active ingredient in A&P, in 
ameliorating renal fibrosis in CKD.

Nobiletin, a naturally occurring dietary polyoxymethylated 
flavonoid, possesses a wide range of beneficial properties, 
including antioxidant effects, antitumor activity, immuno-
modulation, neuroprotection, improvement of abnormal cor-
onary lipid metabolism, blood glucose reduction, and fibrosis 
amelioration [8]. It has been identified as a promising phyto-
chemical within the citrus flavonoid family, particularly for its 
potential in preventing and treating chronic diseases [9]. 
These flavonoids have demonstrated effectiveness in reduc-
ing oxidative stress, improving glucose tolerance, enhancing 
insulin sensitivity, suppressing inflammation, addressing lipid 
metabolism disorders, regulating adipocyte differentiation 
and apoptosis, and improving endothelial cell function [10–
14]. Nobiletin has been found to decrease the expression of 
transforming growth factor-beta (TGF-β), connective tissue 
growth factor, fibronectin, and collagen, thus improving car-
diac fibrosis [15]. Furthermore, recent studies have shown 
that pretreatment with Nobiletin can mitigate kidney injury 
caused by renal ischemia-reperfusion through the PI3K/AKT 
pathway by inhibiting reactive oxygen species production 
and apoptosis [16, 17]. Additionally, Nobiletin has demon-
strated the ability to attenuate renal fibrosis and 
epithelial-mesenchymal transition (EMT), alleviate oxidative 
stress and iron-related injury, and delay chronic kidney dis-
ease progression in mice with unilateral ureteral obstruction 
[18]. Moreover, Nobiletin has been recognized as a potential 
therapeutic agent for drug-drug interactions and has been 
shown to protect the kidneys from methotrexate-induced 
nephrotoxicity by modulating metabolism [19]. Therefore, 
further comprehensive investigation is urgently needed to 
determine the therapeutic potential of Nobiletin as an ingest-
ible botanical natural compound for effectively improving 
renal fibrosis in chronic kidney disease.

Galectin-1 (Gal-1), encoded by lectin, galactoside-binding, 
soluble (Lgals) 1, is a member of the Galectin family that 
interacts with β-galactoside residues of cell surface and 
matrix glycoproteins through the carbohydrate recognition 
region and can form peptide-peptide binding through the 
N-segment region [20, 21]. Gal-1 has recently emerged as a 
novel fibrotic protein in type 1 and type 2 diabetes, playing 
a crucial role in the development of liver, kidney, pancreatic, 

and lung fibrosis and serving as a key mediator between tis-
sue repair and fibrosis [21, 22]. It is found in the cytoplasm 
and cell membranes of certain fibroblasts, immune cells, and 
thickened endothelial cells along the dermis. Gal-1 interacts 
with extracellular matrix (ECM) molecules produced by fibro-
blasts and immune cells, influencing fibroblast morphology, 
adhesion, proliferation, and migration on the cell surface. 
These interactions lead to the formation of supramolecular 
structures in the extracellular space, contributing to the 
pathological inflammatory response observed in keloids [23]. 
In cases of persistent inflammation, Gal-1 becomes consis-
tently upregulated, thereby promoting keloid formation 
through activation of the PI3K/AKT signaling pathway [22]. 
Increased expression of Lgals1, in turn, enhances the phos-
phorylation of AKT, mTOR, and P70 kinase, potentially ampli-
fying Lgals1 transcription in a positive feedback loop [21, 24, 
25]. Moreover, recent research has highlighted the signifi-
cance of non-coding RNAs in regulating key regulators of 
myofibroblast differentiation and ECM production, with the 
PI3K/Akt signaling pathway being a major regulatory path-
way [26]. In a previous study utilizing weighted gene 
co-expression network analysis (WGCNA) to investigate the 
transition from acute kidney injury (AKI) to CKD, we identi-
fied pIp1 and Lgals1 as pivotal genes in post-AKI renal fibro-
sis [27]. However, there is still a lack of evidence whether 
Lgals1 is a key gene in the progression of CKD and whether 
it is involved in regulating the PI3K/AKT signaling pathway 
leading to renal fibrosis.

Therefore, we identified Nobiletin as the active ingredient 
of A&P by UPLC-HR-MS. To further validate the pharmacody-
namic mechanism of Nobiletin, we explored the potential 
therapeutic effect and molecular mechanism of Nobiletin in 
improving renal fibrosis in chronic kidney disease by estab-
lishing 5/6 nephrectomy mice in vivo and TGF-β stimulated 
TCMK-1 cell in vitro.

Materials and methods

Preparation of A&P and NOB for UPLC-HR-MS

The main components of A&P reagent consist of 3 g of 
Astragalus propinquus Schischkin, 1 g of Panax notoginseng, 
3 g of Achyranthes bidentata, 3 g of Ecklonia kurome, and 3 g 
of Angelica sinensis, all of which were obtained from TCM 
Hospital Affiliated to Southwest Medical University in Luzhou, 
Sichuan, China. Standard compounds for HPLC quality con-
trol analysis, including (-)-Epigallocatechin, Puerarin, Glycitin, 
Notoginsenoside R1, Marmesin, Quercetin, Ginsenoside Rg1, 
Formononetin, Biochanin A, Nobiletin, Ginsenoside Rb1, 
Ginsenoside Rb1, and Neferine, were purchased from 
Chengdu Prifa Technology Co., Ltd (Chengdu, China). All sol-
vents, such as ethanol, acetonitrile, formic acid, and ammo-
nium formate, used in the study were HPLC-grade and were 
purchased from Thermo Fisher Scientific (Massachusetts, 
USA). For the chemical characterization of A&P using 
ultra-high-performance liquid chromatography coupled with 
high-resolution mass spectrometry (UPLC-HRMS), the main 
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components of A&P were ground into a fine powder. Then, 
5 g of the A&P powder was extracted with ethanol (1:8 vol-
ume ratio) under sonication for 30 min. The mixture was cen-
trifuged at 12,000 rpm for 15 min to obtain the ethanolic 
extract or supernatant A. The filter residue was then soni-
cated with water (1:10 volume ratio) and centrifuged at 
12,000 rpm for 15 min to obtain the water extract or superna-
tant B. The supernatants A and B were combined in a 1:1 
volume ratio and centrifuged at 12,000 rpm for 15 min. The 
resulting supernatant was collected as the A&P extract for 
subsequent UPLC-HRMS analysis. NOB standard solution 
preparation: Weigh 1 mg of NOB standard, dissolve with 4 mL 
methanol, and prepare the stock solution with the mass con-
centration of 250 ug/ml, take 200 ul of the standard stock 
solution; all the above standards were prepared as above, 
and centrifuged at 12000 rpm for 15 min after vortexing and 
shaking, and then 200 ul of the supernatant solution was 
transferred to the sample tube for injection, and used for the 
subsequent analysis by UPLC-HRMS.

UPLC-HR-MS

The chemical characterization analysis of the A&P extract 
was operated on Ultimate 3000 hyperbaric LC system cou-
pled with high resolution Q-Exactive mass spectrometer 
via an electrospray ionization (ESI) interface (Thermo 
Fisher Scientific, Bremen, Germany), according to the 
methods in our previous report [28]. Following are the 
optimized chromatographic parameters of this study: 
mobile phase was composed of water (0.1% formic acid, 
A) mixed in gradient mode with acetonitrile (0.1% formic 
acid, B), at a flow rate of 200 μL/min. The elution gradient 
was optimized as follows: 0-5 min, 2% B; 5-8 min, 2% to 
20% B; 8-45 min, 20% to 55% B; 45-52 min, 55% to 100% 
B; 52-58 min, 100% B. The injection volume was 2.0 μL and 
the sampler was set at 4 °C. Positive full scan modes within 
the range of m/z (mass/charge ratio) 150-1500 at a resolu-
tion of 70,000 were used for acquisition of accurate molec-
ular ion. The other parameters were set as follows: spray 
voltage, +3.5 kV; sheath gas flow rate, 35 arb; aux gas flow 
rate, 10 arb; capillary temperature, 320 °C; vaporizer tem-
perature, 250 °C; RF lens, 50%. Xcalibur 3.0 software 
(Thermo Fisher) was used for UPLC-HRMS control and data 
handling.

CKD-induced animal model and nobiletin (NOB) treatment

NOB was obtained from Chengdu Prifa Technology Co., Ltd 
(HPLC > 95% purity). Male C57BL/6 mice (8 weeks old, 
weighing 22-25 g) used in this study were purchased from 
GemPharmatech Co., Ltd. (Chengdu, China). The mice were 
kept under a 12-h light/12-h dark cycle and provided with 
unrestricted access to food and water. They were randomly 
divided into four groups (n = 6 per group): Control, CKD, 
CKD with low-dose treatment (50 mg/kg/day), and CKD with 
high-dose treatment (100 mg/kg/day). The mice were 

anesthetized with 1% pentobarbital sodium. The CKD 
mouse model was induced by ligation of the upper and 
lower poles of the left kidney, following the removal of the 
right kidney after one week, as previously described [29]. 
After one month, the NOB-treated groups received the 
respective doses by gastric gavage for a duration of four 
weeks. The control and CKD mice were administered with 
an equal volume of saline. At the end of the experimental 
period, all the mice were sacrificed. For histological analysis, 
a portion of the kidneys was fixed in 4% paraformaldehyde 
and embedded in paraffin according to standard proce-
dures. The medullary part of the kidneys was removed for 
protein and RNA isolation, which was performed on the 
remaining cortex. All animal procedures were carried out in 
accordance with the guidelines approved by the Animal 
Ethics Committee of Southwest Medical University (Approval 
number: 20220308001).

Cell culture and transfections

The TCMK1 cells (ATCC Cat# CCL-139, United States) were 
obtained and cultured in DMEM (BasalMedia, Cat# L110KJ, 
China) supplemented with 10% Fetal Bovine Serum (FBS, 
Gibco, Cat# 16000-044, United States) and 1% penicillin- 
streptomycin (Beyotime, Cat# C0222, China). The cells were 
maintained at 37 °C in a 5% CO2 environment. To create a 
fibrotic cell model, TCMK1 cells at 80% confluence were sub-
jected to serum starvation in a medium containing 0.5% FBS 
for 12 h. Subsequently, TGF-β1 was added at a concentration 
of 5 ng/ml to stimulate the cells for the specified duration. 
For plasmid transfection, TCMK1 cells at approximately 50% 
confluence were transfected with the Lgals-1 overexpression 
plasmid (pcDNA 3.1-Lgals1, 4 μg in each well) provided by 
Genechem (Shanghai, China) using polyethylenimine reagent. 
After transfection, the medium was replaced within 24 h. The 
cellular morphology and growth status were observed using 
a light microscope.

CCK-8 analysis

Cells were seeded in 96-well plates at a density of 3000 cells 
per well, with 3 replicate wells per group. Following 24 h of 
starvation culture, the cells were treated with varying con-
centrations of NOB for 24 h. Subsequently, the medium was 
removed, and 100 µl of 10% CCK-8 reagent was added to 
each well. The plates were then incubated in an incubator for 
3 h. The absorbance of each well was measured at 450 nm 
using a BioTeK reader, and the cell survival rate was calcu-
lated based on these measurements.

Detection of renal function

The serum of the mice was collected to detect the creatinine 
(C011-1-1, Nanjing Jiancheng Bioengineering Institute) and 
urea nitrogen (C013-2-1, Nanjing Jiancheng Bioengineering 
Institute) following the instructions of corresponding kits.
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Real-Time PCR

ChamQ Universal SYBR qPCR Master Mix (Q711, Vazyme) is 
used to detect the mRNA expression levels of cells and kid-
neys; TRIzol Reagent (11596026, Invitrogen, USA) was used to 
extract total RNA from TCMK1 cells and kidneys; HiScript® III RT 
SuperMix (R323, Vazyme) was used to reverse transcribe total 
RNA to cDNA; RT-PCR was performed with the Mastercycler ep 
Realplex2 real-time PCR system (LightCycle480II, Roche, USA). 
The relative expression of a given gene is calculated by the 
threshold cycle (CT) method. Primer sequences are listed in 
Table 1.

Histology and immunofluorescence staining

The renal tissue was embedded in paraffin using the method 
described previously [30]. Briefly, mouse kidney samples were 
isolated, embedded in paraffin, and sectioned at 4 μm for 
further analysis. Sections were placed in xylene for dewaxing 
and rehydrated in gradient ethanol, and stained in H&E and 
Masson’s trichrome solution according to the manufacturer’s 
instructions (Beyotime, China). Pictures were captured by the 
optical microscope (ICC50W, Leica). For the immunofluores-
cence, the kidney samples were fixed in 4% paraformalde-
hyde at 4 °C overnight. Then, the sections were gradient 
dehydrated (10-20-30% sucrose in phosphate-buffered saline 
(PBS)) and embedded in OCT. Subsequently, the sections 
were blocked with 5% BSA for 30 min, incubated with anti-
body against Lgals 1 (Santa Cruz, USA) followed by incuba-
tion with corresponding AlexaFluor647 conjugated secondary 
antibodies. Finally, the sections were photographed with a 
confocal microscopy (Nikon, Japan).

Western blotting

The total protein was extracted from cells and tissues using 
RIPA lysis buffer containing protease and phosphatase inhib-
itors, then quantitated by the BCA method. Proteins (70 µg of 
each sample) were separated on a 10% SDS-PAGE gel and 
transferred to a PVDF membrane by wet blotting. After 
blocking with 5% milk, the membranes were incubated with 
the antibodies against Fibronectin (Rabbit anti-mouse, 
T59537M, 1:1000, Abmart), Collagen l (Rabbit anti-mouse, 
TA7001M, 1:1000, Abmart), α-SMA (Mouse anti-mouse, 
BM0002, 1:1000, BOSTER), Lgals 1(Rabbit anti-mouse, 12936S, 

1:1000, Cell Signaling) at 4◦C overnight. The next day, mem-
branes were subsequently incubated with the secondary 
antibody of peroxidase-conjugated goat anti-mouse IgG 
(M214008M, 1:4000) and goat anti-rabbit IgG (M214011M, 
1:4000) for 1 h at room temperature. The band was analyzed 
by the gel imaging system. Gray intensity of the band was 
calculated by ImageJ software.

Statistical analysis

This study used SPSS22.0 and Prism 6 software for analysis. 
Data were presented as mean ± standard error. One-way anal-
ysis of variance (One-Way ANOVA) was used for multigroup 
comparison. p < 0.05 was considered statistically significant.

Results

NOB is one of the main active ingredients of a&P

We conducted in-depth analysis of the main components of 
A&P using UPLC-HR-MS. The total ion chromatogram of A&P 
(Figure 1) was obtained. By combining the retention time of 
the compounds, utilizing isotopic abundance to determine 
the relative content of each isotope of the same element in 
the target monomer, comparing excimer ion peaks, collect-
ing secondary fragments, and referring to existing literature, 
we analyzed a total of 13 major chemical components, 
including flavonoids, isoflavones, bean isoflavones, saponins, 
coumarins, triterpenes, sterols, and other compounds (Table 
2). Furthermore, nine of these compounds were subjected to 
chromatographic analysis using standard reference samples. 
It was observed that NOB exhibited a significant peak area 
and a high relative percentage in the positive ion mode 
within the total ion chromatogram (Figure 2). Combined with 
the theory of traditional Chinese medicine, the main potency 
in the compound drug, which is usually the one that is rela-
tively more abundant in the compound ingredient, we spec-
ulated that NOB may play a major role in improving renal 
fibrosis in 13 main compounds. At the same time, previous 
studies have reported that tangerine can reduce drug neph-
rotoxicity[19], so its effect of enhancing and improving renal 
fibrosis while reducing drug toxicity is consistent with the 
concept of increasing efficiency and reducing toxicity of tra-
ditional Chinese medicine, and undoubtedly becomes the 
focus of our research.

NOB improves renal function and pathological injury  
in 5/6 nephrectomy mice

The molecular structure of NOB is depicted in Figure 3A. To 
investigate the effects of NOB in a 5/6 nephrectomy chronic 
kidney disease (CKD) model, mice were administered NOB at 
doses of 50 and 100 mg/kg. Our data revealed that levels of 
creatinine (CREA) and blood urea nitrogen (BUN) were ele-
vated in the CKD group compared to the control (Ctrl) group. 
However, treatment with NOB in the CKD + NOB groups 

Table 1.  Sequence of primers for Real-time PCR.

Gene Sequence

α-SMA F:GTCCCAGACATCAGGGAGTAA
R:TCGGATACTTCAGCGTCAGGA

Collagen І F:GCTCCTCTTAGGGGCCACT
R:CCACGTCTCACCATTGGGG

Fibronectin F:ATGTGGACCCCTCCTGATAGT
R:GCCCAGTGATTTCGGCAAAGG

Lgals 1 F:AACCTGGGGAATGTCTCAAAGT
R:GGTGATGCACACCTCTGTGA

GAPDH F:ACAGCAACAGGGTGGTGGAC
R:TTTGAGGGTGCAGCGAACTT
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significantly reduced these indices, indicating that NOB effec-
tively improved renal function in 5/6 nephrectomized mice 
(Figure 3B). Histological analysis using H&E staining demon-
strated dilated renal tubules and glomerular sclerosis in the 
kidneys of mice in the CKD model group. Importantly, these 
pathological damages were significantly ameliorated in the 
NOB-treated mice. Furthermore, Masson staining, utilized to 
assess renal tissue fibrosis, displayed extensive interstitial 
fibrosis (indicated by blue-colored collagen) in the kidneys of 
mice in the CKD model group. However, in NOB-treated mice, 
collagen deposition was significantly reduced, indicating a 
successful attenuation of renal fibrosis in the 5/6 nephrec-
tomy model (Figure 3C).

NOB treatment reduced 5/6 nephrectomy-induced renal 
fibrosis

Renal fibrosis is a significant characteristic of both the bio-
logical and pathological changes observed in patients with 
chronic kidney disease (CKD) [31].

In this present study, we observed a substantial upregula-
tion in the mRNA levels of α-SMA, collagen I, and fibronectin in 
CKD mice. However, following treatment with NOB, the expres-
sion of these cytokines was markedly reduced (Figure 4A). 

These findings were further confirmed by Western blot analysis 
(Figure 4B, C), suggesting a positive effect of NOB on anti-fibrosis 
in kidney of CKD model.

NOB down-regulated Lgals1 and inhibits PI3K/AKT 
pathway in CKD

In our previous study, we identified Lgals1 as a crucial gene 
involved in the development of renal fibrosis during the 
transition from AKI to CKD [27]. To investigate the role of 
Lgals1 as a key gene in renal fibrosis, we assessed its expres-
sion in vivo using immunohistochemical staining. The results 
revealed a significant upregulation of Lgals1 in interstitial 
deposits of CKD mice induced by 5/6 nephrectomy. However, 
after treatment with NOB, the expression of Lgals1 was 
markedly reduced (Figure 5A). Considering that the PI3K/AKT 
signaling pathway is known to regulate renal fibrosis pro-
cesses, we examined the impact of NOB treatment on this 
pathway using Western blot analysis. We observed that 
treatment with NOB in CKD mice led to dose-dependent 
decreases in the levels of phosphorylated PI3K (p-PI3K), 
phosphorylated AKT (p-AKT), and Gal-1, indicating the mod-
ulation of this pathway by NOB in reducing renal fibrosis 
(Figure 5B-E).

Figure 1.  Typical total ion chromatograms (TIC) of a&P in the negative ion mode and positive ion mode using UPLC-HR-MS.
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NOB inhibited the TGF-β induced fibrosis in TCMK-1 cells

To assess the impact on cell viability, TCMK-1 cells were 
exposed to various concentrations of NOB. The cytotoxicity 

of NOB was determined using a CCK-8 assay, and the results 
demonstrated no significant cytotoxic effects at concentra-
tions below 100 µM (Figure 6A). Subsequently, we investi-
gated the anti-fibrotic effects of NOB in vitro. Real-time PCR 

Table 2. U PLC-HR-MS data of 13 compounds in A&P.

NO. TR(min) Ion form Measured mass Formula Error(ppm)
MS/MS 

fragments Identification Type

1 13.6 [M + H]+ 307.07922 C15H14O7 −1.42 248.09178 (-)-Epigallocatechin Flavonoids
202.08620
150.05498
105.03382

71.04975
2 16.57 [M + H]+ 417.11792 C21H20O9 −1.12 399.10739 Puerarin Isoflavones

381.09671
297.07559
268.07285
267.06566

3 21.81 [M + H]+ 447.12860 C22H22O10 2.540 285.07523 Glycitin Soy Isoflavones
270.05194
253.04918
225.05437
137.02318

4 36.73 [M + H]+ 933.54047 C37H62O10 −2.651 931.52521 Notoginsenoside R1 Saponins
637.43030
113.02256

89.02263
71.01214

5 26.02 [M + H]+ 247.09396 C14H14O4 −1.75 299.08476 Mamesin Coumarins
214.06136
176.04588
175.03813

55.01819
6 22.35 [M + H]+ 303.04965 C15H10O7 −1.98 257.04437 Quercetin Flavonoids

229.04974
201.05489
153.01834
137.02374

7 38.96 [M + Na]+ 823.47711 C42H72O14 −1.02 750.33563 Ginsenoside Rg1 Triterpenoids
643.41766
463.35315
221.06216
203.05255

8 41.32 [M + H]+ 269.08035 C16H12O4 −2.00 254.05710 Fomononetin Isoflavones
237.05443
226.06223
213.09082
118.04142

9 28.5 [M + H]+ 285.07520 C16H12O5 −1.99 270.05203 Biochanin A Isoflavones
253.04929
225.05450
213.05450
137.02328

10 46.05 [M + H]+ 403.13821 C21H22O8 −1.90 388.11499 Nobiletin Flavonoids
373.09158
327.08606
211.02359
183.02875

11 49.39 [M + Na]+ 1131.58765 C54H92O63 −.309 789.47455 Ginsenoside Rb1 Steroid
365.10513
305.08386
245.06406
203.05196

12 52.25 [M + H]+ 391.24542 C23H34O5 −2.60 216.98979 Tussilagone Sesquiterpene
167.03326
155.27763
149.02321

95.04952
13 54.35 [M + H]+ 625.32300 C38H44N2O6 1.36 593.28986 Neferine Alkaloids

463.26639
445.25613
403.18777
203.05266
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analysis revealed that NOB treatment significantly reduced 
the mRNA expression of fibrotic markers, including Fibronectin 
and Collagen I, in TGF-β-induced TCMK-1 cells (Figure 6B). 

Correspondingly, Western blot analysis confirmed a consis-
tent reduction in the protein levels of these markers 
(Figure 6C, D).

Figure 2. E xtracted ion chromatograms of the 9 standard substances in the positive ion mode of UPLC-HR-MS.
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NOB inhibited the mRNA and protein levels of Lgals1, PI3K 
and AKT signaling in TGF-β-induced TCMK-1

The PI3K/AKT signaling pathway plays a crucial role in 
regulating renal fibrosis, and we previously established 
the association of Lgals1 with CKD in vivo. To further 
investigate our hypothesis, we examined the effects of 
NOB on Lgals1 and the PI3K/AKT pathway in TCMK-1 cells. 
Real-time PCR was conducted to assess the expression of 
Lgals1 mRNA, while Western blot analysis were performed 
to measure the protein levels of phosphorylated PI3K, 
AKT, and Gal-1. Stimulation of TCMK-1 cells with TGF-β led 
to a substantial increase in the expression of Lgals1 
mRNA, Gal-1 protein, as well as the phosphorylation of 
PI3K and AKT. However, treatment with NOB effectively 
suppressed the TGF-β-induced upregulation of Lgals1 
mRNA, Gal-1 protein, p-PI3K, and p-AKT in TCMK-1 cells 
(Figure 7A-C).

NOB suppressed the fibrosis and activation of PI3K/AKT 
signaling induced by overexpression of Lgals1

To further investigate whether Lgals1 is a key gene involved in 
renal fibrosis during CKD, we overexpressed Lgals 1 in TCMK-1 
cells by transfecting the pcDNA 3.1-Lgals1plasmid. The levels of 
α-SMA, collagen I and fibronectin were significantly increased in 
the plasmid transfected group (Lgals1-OE) compared to Ctrl 
group, and the trend of the above fibrotic protein expression 
was strongly blocked when treated with 80 μM NOB tested by 
Western blot (Figure 8 A, B), suggesting that Lgals1 may be a 
key gene regulating renal fibrosis in CKD. In addition, to verify 
the involvement of Lgals1 in regulating the activation of PI3K/
AKT signaling pathway, we performed the Western blot on each 
group. The results showed that the expression of Gal-1, p-PI3K, 
and p-AKT was significantly increased in the plasmid-transfected 
group (Lgals1-OE) in TCMK-1 compared with Ctrl group, while 
when further treated with 80 μM NOB significantly down- 

Figure 3. N OB improves renal function and pathological injury in 5/6 nephrectomy mice. (A) The chemical molecular structure of NOB; (B) The results of 
serum urea nitrogen and creatinine in each group; (C) The pathological staining of kidney in all groups of mice (H&E staining and Masson staining, the 
asterisk marks the damaged renal tubules). ###p < 0.001 vs ctrl, ***p < 0.001 vs CKD.
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regulated p-PI3K, p-AKT expression levels (Figure 8 C, D). These 
results suggest that in TCMK-1, Lgals1 induces the formation of 
renal fibrosis in CKD through activation of the PI3K/AKT signal-
ing pathway, and that treatment with NOB ameliorates this 
lesion process.

Discussion

Renal fibrosis, a prominent feature of CKD, has emerged as a 
potential therapeutic target [32]. Exploring natural compounds 
as therapeutic options for renal fibrosis in CKD has gained sig-
nificant attention in global research [33]. In our previous clini-
cal practice and preliminary experiments, we obtained a 
substantial amount of data that confirmed the effectiveness of 
A&P in alleviating CKD fibrosis and preserving residual kidney 
function [7, 34]. A&P is primarily composed of Astragalus mon-
gholicus Bunge, Panax notoginseng, Angelica sinensis, Achyranthes 
bidentata Blume, and Ecklonia kurome Okamura [7]. To better 
understand the complex chemical composition of A&P, in this 
study, multiple components of A&P could be separated simul-
taneously and efficiently by UPLC-HR-MS, and 13 major com-
ponents were identified from its extracts, and then by analyzing 
the ionic fragments of the components of the A&P compound 

in comparison with the 13 standards, it provided a reference 
for the identification of the components of A&P as well as the 
improvement of its quality control standards. Meawhile, we 
discovered that NOB is a key flavonoid compound with signif-
icant therapeutic potential. Notably, NOB not only exhibits 
anti-kidney fibrosis effects but also mitigates the toxicity of 
other drugs, aligning with the principles of traditional Chinese 
medicine wherein it possesses both efficacy and detoxification 
properties [18, 19, 35, 36]. Progressive CKD, characterized by 
interstitial fibrosis, can lead to tubular atrophy, renal functional 
loss, and end-stage renal failure [37]. Our experimental find-
ings demonstrate that NOB effectively delays the progression 
of renal dysfunction and reduces renal pathological damage in 
vivo. Furthermore, NOB ameliorates interstitial fibrosis both in 
vitro and in vivo by inhibiting the activation of the PI3K/AKT 
pathway, thereby downregulating the expression of fibrogenic 
factors through its targeting of LGALS1.

As a flavonoid compound, NOB possesses a range of phar-
macological properties, including anti-inflammatory, antioxidant, 
and anti-tumor characteristics [38, 39]. Additionally, evidence 
suggests that NOB has significant renal protective effects against 
drug-induced nephrotoxicity and inflammation-related reactions 
[17, 35, 40–42]. Notably, NOB exhibits additional beneficial bioac-
tivities, such as vascular endothelial protection, modulation of 

Figure 4. N OB treatment reduced 5/6 nephrectomy-induced renal fibrosis. (A) The mRNA expression of fibrosis indicators tested by real-time PCR; (B, C) 
the protein levels of fibrosis indicators in the kidney of each group of mice. ##p < 0.01, ###p < 0.001 vs ctrl; *p < 0.05, **p < 0.01, ***p < 0.001 vs CKD.
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gut microbiota homeostasis, and anti-multi-organ fibrosis prop-
erties, which position it as a promising candidate in the search 
for effective treatments against renal fibrosis [43–45]. To gain a 

deeper understanding of the effects of NOB, our laboratory con-
ducted comprehensive examinations of biochemical markers and 
pathological changes in mice with 5/6 nephrectomy. The results 

Figure 5. N OB down-regulated Lgals1 and inhibits PI3K/AKT pathway in CKD. (A) The immunofluorescent staining of Lgals 1 in the kidney tissue of each 
group of mice; (B-E) the protein levels of Gal-1, p-PI3K, PI3K, p-AKT and AKT in the kidney cortex of each group of mice by Western blot. ##p < 0.01, 
###p < 0.001 vs ctrl; *p < 0.05, **p < 0.01 vs CKD.
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confirmed that NOB treatment led to a dose-dependent 
reduction in CREA and BUN levels compared to the CKD 
group. Additionally, H&E and Masson’s staining revealed 
improved renal pathological structure in the kidneys of 
NOB-treated mice, with noticeable reductions in interstitial 
fibrosis factor expression.

Persistent inflammation is a key contributing factor to 
renal fibrosis, as uncontrolled inflammation infiltrates the 
kidney, leading to excessive production and deposition of 
extracellular matrix (ECM) and tissue fibrosis accumula-
tion. Resident fibroblasts play a central role in this pro-
cess, undergoing differentiation into active myofibroblasts 
and expressing α-SMA, Collagen I, and Fibronectin [46, 
47]. The pro-fibrotic cytokine TGF-β is primarily responsi-
ble for inducing myofibroblast differentiation and promot-
ing Collagen I deposition [47]. Through our experiments, 
we observed a substantial increase in α-SMA, Collagen I, 
and Fibronectin expression in the CKD group both in vivo 
and in vitro. However, following NOB treatment, we 

observed a dose-dependent reduction in the expression 
levels of these markers, as confirmed by Real-time PCR 
and Western blot analysis. These findings suggest that 
NOB exhibits a renoprotective effect by attenuating the 
expression of α-SMA, Collagen I, and Fibronectin.

Gal-1, encoded by Lgals1, is the founding member of the 
galectin family, functioning as a lectin with a highly con-
served carbohydrate recognition domain and an affinity for 
β-galactose-containing oligosaccharides [48]. Recent studies 
have revealed the involvement of Gal-1 as a novel fibrotic 
protein in the regulation of anti-inflammation, tissue repair, 
and epithelial regeneration [21, 22]. In our previous research 
utilizing weighted gene co-expression network analysis 
(WGCNA), we identified Lgals1 as a key gene in renal fibrosis 
following acute kidney injury [27]. Additionally, Gal-1 has 
been found to be upregulated in the kidneys of diabetic 
mice and renal tubular cells exposed to high glucose, indi-
cating its potential role in renal fibrosis in the context of 
diabetes [21]. In this present study, we found a high level of 

Figure 6. N OB inhibited the TGF-β induced fibrosis in TCMK-1 cells. (A) The statistical results of the effect of different concentrations of NOB on the viability 
of TCMK-1 cells (###p < 0.001 vs blank); (B) The mRNA expression of fibrosis indicators in TCMK-1 cells detected by real-time PCR; (C, D) The protein levels 
of fibrosis indicators in TCMK-1 cells by Western blot. ###p < 0.001 vs ctrl; *p < 0.05, **p < 0.01, ***p < 0.001 vs TGF-β.
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Gal-1 protein in kidney of CKD mice and TGF-β-induced 
TCMK1 cells. Furthermore, overexpression of Lgals1 through 
plasmid transfection resulted in a significant upregulation of 
α-SMA, Collagen I, and Fibronectin in cells. These findings 
provide evidences that Gal-1 is involved in the regulation of 
renal fibrosis in CKD. Notably, treatment with NOB led to a 
significant downregulation of Gal-1 expression at both the 
protein and gene levels, as observed through immunofluo-
rescence, Real-time PCR, and Western blotting. This suggests 
that NOB may target the Lgals1 gene, thereby suppressing 
Gal-1 protein expression. Consequently, Gal-1 may serve as a 
potential biomarker for renal fibrosis and represents an 
appealing target for anti-fibrotic interventions, holding 
promise for future applications in the treatment of fibrotic 
diseases.

A recent study demonstrated that the overexpression of 
Gal-1 activates the FAK/PI3K/AKT pathway by upregulating 
αvβ3 integrin expression, thereby promoting hepatocellular 

carcinoma invasion via the epithelial-mesenchymal transition 
(EMT) process [25]. Additionally, Gal-1 has been shown to 
inhibit PDGF-BB-induced proliferation and migration of air-
way smooth muscle cells by suppressing the PI3K/AKT sig-
naling pathway [49]. Furthermore, the reciprocal feedback 
between overexpression of Lgals1 and the AKT signaling 
pathway may contribute to scar tissue formation [21]. In our 
study, we observed elevated expression levels of Gal-1, 
p-PI3K, and p-AKT in the kidneys of the CKD model through 
Real-time PCR and Western blotting analysis. However, fol-
lowing NOB treatment, these expression levels were signifi-
cantly reduced. In vitro experiments conducted on TCMK-1 
cells showed that overexpression of Lgals1 led to the activa-
tion of PI3K and AKT phosphorylation, but treatment with 
NOB strongly downregulated the expression levels of p-PI3K 
and p-AKT in vivo and in vitro. These findings suggest that 
NOB protects kidney in CKD through inhibiting of Gal-1 reg-
ulated PI3K and AKT.

Figure 7. N OB inhibited the mRNA and protein levels of Lgals1, PI3K and AKT signaling in TGF-β-induced TCMK-1. (A) The mRNA expression of Lgals1 in 
TCMK-1 cells. (B, C) The Western blot assay of Gal-1 and PI3K/AKT pathway protein expression in TCMK-1 cells. ###p < 0.001 vs ctrl; ***p < 0.001 vs TGF-β.
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Conclusions

In summary, our experimental analysis focused on several 
components of A&P and revealed that the primary active 
ingredient, NOB, possesses the ability to alleviate renal fibro-
sis induced by 5/6 nephrectomy in chronic kidney disease 
(CKD). The underlying mechanism suggests that NOB exerts 
its anti-fibrotic effects by inhibiting the activation of the 
PI3K/AKT signaling pathway through the regulation of Lgals1, 
a key gene associated with renal fibrosis. These findings 
demonstrate the potential of NOB as a therapeutic interven-
tion for clinicians in the treatment of CKD, offering the ability 
to mitigate fibrosis, protect renal function, and delay disease 
progression.
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