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Anti-inflammatory Properties of Tongfeng Li‘an Granules in an
Acute Gouty Arthritis Rat Model
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ABSTRACT: Objectives: To examine the anti-inflammatory
properties and underlying mechanisms of Tongfeng Li'an Granules
(TFLA), a traditional medicine, in acute gouty arthritis using a rat
model. Materials and Methods: We identified S5 major compounds
in TFLA via ultrahigh-performance liquid chromatography
connected to quadrupole time-of-flight mass spectrometry
(UPLC-TQF-MS/MS). Databases were employed for the
prediction of potential targets, followed by PPI network
construction as well as GO and KEGG analyses. After network-
pharmacology-based analysis, a rat gouty arthritis model was used
to validate the anti-inflammatory mechanism of TFLA. Results:
UPLC-TQF-MS/MS and network pharmacology analyses revealed
SS active ingredients and 160 targets of TFLA associated with
gouty arthritis, forming an ingredient-target-disease network. The PPI network identified 20 core targets, including TLR2, TLR4,
IL6, NFkB, etc. Functional enrichment analyses highlighted the Toll-like receptor signaling pathway as significantly enriched by
multiple targets, validated in in vivo experiments. Animal experiments demonstrated that TFLA improved pathological changes in
gouty joint synovium, with decreased ankle joint circumference, serum IL6, IL10, and TNFa levels, as well as reduced protein and
mRNA expression of NLRP3, TLR2, and TLR4 in ankle joint synovial tissue observed in the middle- and high-dose TFLA and
positive control groups compared to the model group (p < 0.05). Conclusion: This research elucidated the pharmacological
mechanisms of TFLA against gouty arthritis, implicating various ingredients, targets, and signaling pathways. Animal experiments
confirmed TFLAs efficacy in alleviating inflammation in acute gouty arthritis by modulating Toll-like receptor signaling and NLRP3
expression.
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B INTRODUCTION

Gout, a condition arising from disruptions in purine
. 1 . age .
metabolism, manifests as the deposition of monosodium

operates by lowering uric acid levels, thereby reducing the risk of
gout flares. However, some patients may experience a hyper-
sensitivity syndrome, necessitating cautious dosage adjustments

urate (MSU) monohydrate crystals in bones, joints, kidneys,
and subcutaneous tissue.” It is primarily driven by heightened
uric acid synthesis, often compounded by acute and chronic
inflammation and tissue damage.”* The prevalence of gout has
surged in recent decades, marking it as a prevalent form of
inflammatory arthritis, particularly afflicting men.”~* Major risk
factors for its onset include hyperuricemia, age, genetic
predispositions, dietary patterns, alcohol intake, metabolic
syndrome, hypertension, obesity, diuretic use, cholesterol levels,
and chronic kidney disease.” Among the contemporary antigout
drugs, colchicine remains a mainstay of treatment due to its
efficacy in mitigating the frequency and severity of gout attacks
by suppressing inflammatory pathways. However, its narrow
therapeutic window and potential toxicity, especially in cases of
overdose, raise considerable concerns. Common adverse effects
include gastrointestinal upset, neutropenia, and neuromuscular
toxicities. Allopurinol, which is an inhibitor of xanthine oxidase,
is another commonly prescribed drug for gout management. It
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and monitoring, while renal impairment can limit its
applicability. Febuxostat, a newer alternative to allopurinol,
also targets xanthine oxidase inhibition with enhanced potency,
which is particularly beneficial for patients with renal impair-
ments. Nevertheless, its elevated cost and limited long-term
safety profile warrant careful consideration in clinical use.'’

In contrast to synthetic drugs, natural products offer
promising alternatives for managing gout. These encompass a
wide range of herbs, dietary supplements, and phytomedicines
known for their anti-inflammatory and antiarthritic properties.
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Figure 1. Experimental design.

Their benefits extend to a more holistic approach to health,
fewer side effects, and potential cost-effectiveness.' ™"
However, while natural products present a complementary
avenue with reduced side effects, their safety and efficacy require
more investigations. Subsequent studies should concentrate on
clarifying their underlying mechanisms, optimizing dosages, and
evaluating long-term outcomes in the management of gouty
arthritis."* "¢

TFLA, composed of Sarcandra glabra (Thunb.) Nakai,
Dioscorea hypoglauca Palibin, Plantago asiatica L., Polygonum
cuspidatum Sieb.et Zucc., Cynanchum paniculatum (Bunge)
Kitag,, Speranskiatuberculata (Bunge) Baill, Lonicerachrysan-
tha Turcz., and Glycyrrhiza uralensis Fisch, is a clinical empirical
prescription originating from a Zhuang ethnic minority area in
Southwest China, which has been in use for over 2 decades.
TFLA has demonstrated significant efficacy in alleviating joint
pain, swelling, and activity limitations in acute gout attacks while
also showing promise in reducing uric acid and enhancing joint
function in the chronic stage of gout, all without apparent
adverse effects. However, despite its evident benefits, the precise
mechanisms of action remain elusive. This research aims to
investigate the anti-inflammatory effects and underlying
mechanisms of TFLA in acute gouty arthritis using a rat model.

B MATERIALS AND METHODS

Drugs and Reagents. TFLA was produced by the
Pharmaceutical Factory of Guangxi University of Traditional
Chinese Medicine. Monosodium urate (MSU) was supplied by
Sigma-Aldrich. Potassium oxonate (PO), Allopurinol, and
Adenine were acquired from Shanghai yuanye Bio-Technology
(China). Colchicine (COL) was supplied by XiShuangBanNa
BanNa Phytopharmaceutical (China). TNFea, IL6, and IL10
ELISA kits and NLRP3, TLR2, and TLR4 antibodies were
bought from Bioswamp (China). PVDF membrane and ECL
reagent kit were obtained from Millipore. BCA protein assay kit
and diaminobenzidine (DAB) staining kit were acquired from
Solarbio (China). Cytoplasmic and nuclear extraction reagent
kit was supplied by Beyotime Biotech (China). The biochemical
parameter determination reagent kits were procured from
Nanjing Jiancheng Bioengineering (China).

UPLC-TQF-MS/MS Analysis. For UPLC-TQF-MS/MS
experiments,’” a Q-Exactive-Plus-Orbitrap-High-Resolution-
Liquid-Mass-Spectrometer (Thermo-Fisher) was connected to
a U3000-UltraHigh-Performance Liquid Chromatography
(Thermo-Fisher). Data detection and processing were con-
ducted using Compound Discover 3.2 software. Chromato-
graphic separation was conducted using an ACQUITY-UPLC-
HSS-T3-C18 column (100 X 2.1 mm?, 1.8 um) at 35 °C. The
mobile phase contained 0.1% formic acid—water (A) and 0.1%
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formic acid-acetonitrile (B) at 0.30 mL/min. A linear-gradient
program was employed (30% B at 0—10 min, 30—40% B at 10—
25 min, 40—50% B at 25—30 min, S50—70% B at 30—40 min, 70—
100% B at 40—45 min, 100% B at 45—60 min, 100—0% B at 60—
60.5 min, and 0% B at 60.5—70 min). The sample injection
volume was 10 uL.

The mass spectrometry data acquisition was conducted using
the Q-Exactive-Orbitrap-high-resolution-mass-spectrometry
platform. The detection mode employed was Full MS-ddMS?,
with separate scans conducted in both negative and positive ion
modes across the m/z range of 100—1200. The settings for MS'
resolution were configured to 70,000, while MS? resolution was
set at 17,500. The ion source voltage was maintained at 3.2 kV,
with the capillary and auxiliary gas heater temperatures of 320
and 350 °C, respectively. The flow rates for auxiliary gas and
sheath gas were set to 15 and 40 L/min, respectively, with an
AGC Target of 1e6 and a TopN value of S. Collision energy for
MS? scans was incrementally adjusted at 30, 40, and 50 nm using
the stepped NCE.

Network Pharmacology. The potential targets were
searched from TCMSP based on the identified main ingredients
of TFLA as described in a previous study.'® Utilizing “Gouty
arthritis” as a key term, targets related to this condition were
searched in GeneCards (https://www.genecards.org/) and
OMIM (https:/ /omim.org/ ). Data obtained from these data-
bases were merged, eliminating any duplicates. UniProt
(https://www.uniprot.org/) was employed to assign a gene to
each predicted target protein, exclusively focusing on “Homo
sapiens”. Intersection targets were obtained by importing disease
targets into Venny v2.1.0 (https://bioinfogp.cnb.csic.es/tools/
venny/). A protein—protein interaction (PPI) network was
established based on the interaction targets identified with
STRING (https:/ /www.string-db.org/ ). The obtained diagram
was input into Cytoscape v3.8.2 for topological analysis using
the network analyzer. Core targets were chosen based on the
card values of 2-fold degree medians, betweenness medians, and
closeness medians. The resulting core targets were then analyzed
using DAVID (https://david.ncifcrf.gov/), focusing solely on
the “human” species, followed by KEGG analysis. An advanced
bubble chart was utilized to visually represent the top 20
pathways based on their p-values.

Animals. Sixty Sprague—Dawley rats (age = 6—8 weeks,
weight = 180—220 g) were sourced from Hunan SJA Laboratory
Animal (China). The rats were maintained in controlled
conditions (22 + 1 °C, 50 + 1% relative humidity, and a 12/
12-h light/dark cycle). They were provided with unlimited
access to water and food for 1 week. Ethical approval for the use
of animals was granted from the Institutional Review Board of
Guangxi University of Chinese Medicine (Approval No.
DW2020618-31).
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Table 1. Primer Sequence for Real-Time RT-PCR

target gene

NF-«kB forward primer
reverse primer
TLR2 forward primer
reverse primer
TLR4 forward primer
reverse primer
GADPH forward primer

reverse primer

sequence

§-GCAAACCTGGGAATACTTCATGTGACTAAG-3’
5’-ATAGGCAAGGTCAGAATGCACCAGAAGTCC-3’
§’-GTACGCAGTGAGTGGTGCAAGT-3’
§’-GGCCGCGTCATTGTTCTC-3'
5’-AATCCCTGCATAGAGGTACTTCCTAAT-3’
§’-CTCAGATCTAGGTTCTTGGTTGAATAAG-3’
§’-AGTGCCAGCCTCGTCTCATA-3’
§’-ACCAGCTTCCCATTCTCAGC-3’

Rat Gout Arthritis Model and Grouping. Fifty rats were
randomly assigned to a positive group, model group, normal
group, and TFLA-low, middle, and high-dose groups (n = 10/
group). The rats in TFLA-low, middle, and high dose groups
received 4.5, 9, and 18 g/kg/day TFLA granules, respectively.
The positive group was given allopurinol (27 mg/kg/day) +
colchicine (0.27 mg/kg/day), and the blank and model groups
were given 10 mL/kg of pure water. Each group was given
intragastric administration continuously for 14 days. Except for
the blank group, which was given pure water, the other groups
received adenine (0.05 g/kg) + potassium oxazinate (1.5 g/kg)
solution by intragastric administration at 8 h after treatment. On
the 12th day, SO 4L MSU crystals (25 mg/kg) were injected into
the left ankle joint of rats for inducing acute gouty arthritis. The
experimental design is shown in Figure 1.

Degree of Ankle Swelling. After injecting MSU crystals at
intervals of 0, 6, 12, 24, and 48 h, the perimeter of the identical
region of the ankle joint on the left hind limb of the rat was
assessed using the ligature method. Subsequently, the swelling
rate was calculated:'”*° Swelling rate (%, n h) = (perimeter n h
— perimeter 0 h)/perimeter of 0 h X 100%.

Inflammatory Cytokines Assays. Blood specimens were
withdrawn from the abdominal aorta of rats prior to euthanasia.
The samples were allowed to stand at 4 °C for 1 h and
subsequently centrifuged at 3000 rpm for 15 min to isolate the
serum. The separated serum specimens were then utilized to
analyze the levels of IL6, IL10, and TNFa using kits procured
from Bioswamp.”'

Histological Observations. The left ankle joint was
immobilized using a 4% paraformaldehyde solution, followed
by decalcification with a 20% ethylenediamine tetraacetic acid
solution. Subsequently, the tissue underwent dehydration
through an ethanol gradient followed by embedding in paraffin.
The embedded tissue was then sectioned, followed by HE
staining. The resulting sections were examined under a
microscope to assess inflammatory cell infiltration, edema,
synovial hyperplasia, and vascular congestion within the synovial
tissue.” >

Immunohistochemistry. Immunohistochemical staining
was conducted using the SABC method. Primary antibodies
against TLR2, TLR4, and NLRP3 were employed accordingly,
with all subsequent procedures performed according to the
instructions provided with the kit. The new DAB substrate was
utilized for color development, and the stain intensity was
monitored by using a microscope. As a negative control, PBS
was used in place of the primary antibody. Finally, 5 random
fields of view were chosen from each section. The area of interest
(AOI) and integrated optical density (I0D) were quantified
using Image-Pro-Plus version 6.0, and the mean IOD/AOI ratio
was determined to assess the extent of regional staining.

RT-qPCR detection. Synovial tissue total RNA was
extracted using TRNzol (TIANGEN) using standard proce-
dures. The quality of RNA was assessed by measuring the
D(4)260/D(A)150 ratio using an Infinite-TECAN-enzyme-label-
ing-instrument (model: M200PRO). Samples with D(4),4/
D(4),5 falling within the range of 1.8—2.0 were stored for
subsequent use. For cDNA synthesis, 1 pg total RNA was
utilized with the Fast-Reverse-Transcription-Master-Mix (BIO-
TECHINC). Residual DNA was eliminated at 42 °C for S min,
followed by reverse transcription at 42 °C for 15 min, and
subsequent inactivation of reverse transcriptase at 95 °C for S
min. Then, 1.2 gL cDNA was employed for real-time
fluorescence PCR reactions. A 2-step thermal cycle was
employed as per the instructions of the SYBR-Green-qPCR-
Mix-kit (BIOTECHINC). The reaction conditions included 95
°C for 3 min, followed by 40 cycles of 95 °C for 10 s and 60 °C
for 30 s. All specimens were loaded onto a 96-well PCR plate,
with each specimen being triplicated. The reactions were
conducted using a Roche-LightCycler-Sequence-Detection-
System. The primer sequences are listed in Table 1. For
quantitative analysis, the comparative Ct approach was
employed, with GAPDH serving as the internal reference. The
/\Ct (Ctmrget —  Clinternal reference) approach was utilized for
relative quantitative analysis, and 2~ AL s calculated to
determine the expression level of the target gene.

Statistical Analysis. Statistical tests were performed with
SPSS v19.0. Results are presented as mean =+ standard deviation
(SD). For pairwise comparisons between two groups with
normal distribution, the independent-samples ¢ test was
employed. In the case of multiple group comparisons, if the
variances were homogeneous and the data followed a normal
distribution, either the LSD-t or Dunnett test was utilized. If the
data did not follow a normal distribution, a nonparametric f test
was employed. For cases where the data were normally
distributed but the variances were not homogeneous, either
Tamhane’s T2 or Dunnett’s T3 test was used. A significance
level of p < 0.05 was deemed statistically significant.

B RESULTS

Identification of the Main Constituents of TFLA. The
chemical compositions of TFLA were identified by UPLC-TQF-
MS/MS (Figure 2). In total, SS constituents including saponins,
flavonoids, alkaloids, and organic acids were confirmed or
tentatively identified according to the accurate mass measure-
ments, fragmentation behavior, and related literatures. A
comprehensive list of all the compounds is provided in Table 2.

Predictions by Network Pharmacology. Using TCMSP
databases, 421 potential targets for TFLA were predicted
(Figure 3A).

To identify potential targets of gouty arthritis, we searched 4
databases for research articles related to the condition. In total,

https://doi.org/10.1021/acsomega.4c00056
ACS Omega 2024, 9, 34303—-34313


http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c00056?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega

http://pubs.acs.org/journal/acsodf

A

- 8.00

n.

AT
CELETMY
pETF Wma
|'00 moo-
1300 m00|
ME 4T

es

eo

H

3

X

£ aras

3

-4

40

8330
23
5 2,
230
20 2203
' 33 2483
:lz
24! 333 -an 2103 3233 azaa
F s s 32.13 ”._1 8033
g 833 i m LET R, alAe = .lz
R S Y| '|a,j'lh e8¢ “”M L lliL.P- X
o ) T o T M ban i an e ) vy 'v'*y"'v"""'v'rv‘l vvvvvvvv
J 3 10 15 20 a3 i3
Tane (men

'L o X

A "n.

» 23263
TEELETMY -
pEZF Wma
|'00 moo-
1300 mO0|
AT T

es

0

21 43

okt Mouramroe

23m
2300

3.r0 2r2¢

1y.0
:;31

e N

2233

R o,

gaar

33 33
8342

a3 82)2

4383 3373 apas

wpy 033 o8
3r82 g3 pe o
v

o T M e B At i S et e A e A

fm

e e e L L A B B b e

T T
15 40 as

w (min)

Figure 2. TIC plot in positive and negative ion mode. (A) TIC plot of TFLA in positive ion mode. (B) TIC plot of TFLA in negative ion mode.

we found 1365 targets associated with gouty arthritis, with 1021
from the GeneCards database, and 109, 206, and 29 from the
OMIM, DisGeNET, and DrugBank databases, respectively.
After eliminating duplicate targets, we identified 1192 targets
related to gouty arthritis (Figure 3C).

The subsequent 160 targets of TFLA and GA (Figure 3B)
were examined with the STRING database, and a PPI network
was built (Figure 4A). Through topological analysis, 20 core

targets were obtained based on a card value twice that of the
degree, and a corresponding map was generated (Figure 4B).
To explore the crucial biological processes of TFLA in the
treatment of gouty arthritis, the GO functional enrichment
analyses were performed, which are mainly involved in the
positive regulation of chemokine production, positive regulation

of gene expression, receptor complex, macromolecular complex,
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Table 2. Analysis of the Chemical Constituents of TFLA by UPLC-TOF-MS/MS

no. RT (min)
1 21.799
2 22.078
3 27.192
4 30.45
S 27.235
6 21.696
7 37.093
8 1.508
9 32.775
10 23.015
11 34.302
12 1.584
13 21.148
14 21.238
15 24.357
16 21.091
17 36.24
18 35.647
19 22.929
20 19.425
21 22918
22 29.308
23 7.696
24 22.804
25 27.063
26 21.675
27 21.951
28 22.026
29 21.522
30 20.811
31 21.768
32 19.422
33 21.453
34 24.527
35 24.905
36 17.947
37 25.394
38 21.277
39 42.537
40 23.74
41 21.464
42 17.834
43 16.025
44 26.099
45 1.486
46 21.465
47 19.865
48 21.276
49 15.957
50 24.566
S1 20.296
52 21.724
53 2.258
54 1.533
SS 1.522

measured mass

442.09007
358.14158
162.03157
368.12588
270.05278
448.10069
230.13068
117.07894
284.06833
180.0422

284.06822
146.02162
164.0473

448.10069
254.05776
416.11062
41431319
270.05277
262.08559
178.0266

286.04751
268.07351
170.02151
270.05259
284.0683

464.09576
624.20561
222.05262
256.07319
464.09567
192.04224
186.05286
864.2109

286.08403
256.07341
376.1369

286.04762
302.04234
422.17278
430.12618
390.13134
138.03161
154.02658
284.06822
504.1692

228.07851
360.08464
610.15334
138.0316

494.12129
282.07396
286.04745
174.05264
161.10517
155.05823

error (ppm)

0.17
-0.15
-0.77
—0.29
-0.17

0.29
—0.01
-03
—0.52
—0.34
—0.88
—1.43
—0.27

0.29
—0.59
—0.26
-0.5
—0.21

0.42
—0.03
—0.81
—0.19
—0.08
—0.88
—0.6

0.6

0.3
—0.92
—1.43

0.42
—0.11
—0.12

0.42
-0.32
—0.57
—0.12
—0.41
-1.02
—0.38
—0.48
—0.32
—0.64
—0.19
—0.88

0.33
—0.6

0.34
—0.07
—0.69
—0.01

0.27
—1.01
-1.05

0.3
-1.02

CZZHXSOIO
CZOHZZOG
CoHO;
C21H2006
CISHIOOS
CllHZOOII
CISHISOZ
C;H,;NO,
CléHIZOS
CoH;0,
CIGHXZOS
CeH;0;
CoH;0;
CZIHZOOII
C15H1004
C21H2009
C27H4203
CISHIOOS
C16H1205
CoHO,
CISHlOOG
C16H1204
C;H(O;
CISHIOOS
CléHXZOS
CZIHZOOIZ
C29H360]5
C11H,005
C15H1204
C21H20012
CoHsO4
C.H0,
Cy1Hy010
C16H1405
C;sH, 0,
C16H24010
CISHlooé
C15H1007
C,5H,605
C22H2209
C20H2208
C;HsO;
C;HO,
CléHXZOS
C18H320 16
CI4HIZO3
CISHléoS
CZ7H30016
C;HsO;
C26H22010
C26H28014
CISHIOOG
C7H1005
C7H13NOZ
C,H-NO,

molecular formula

identification compound
(—)-epicatechin gallate
(+)-pinoresinol
7-hydroxycoumarin
anhydroicaritin
apigenin
astragalin
atractylenolide I
betaine
biochanin A
caffeic acid
calycosin
citric acid
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NAD" nucleosidase activity, cytokine activity, and other

biological processes (Figure SA).

KEGG pathway analysis was conducted on these core targets,

and the top 20 pathways, ranked by p-value, were utilized to

establish an advanced plot chart (Figure SB). According to

KEGG data, Inflammatory Bowel Disease as well as signaling
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pathways of IL17, Toll-like receptor, C-type lectin receptor, and
TNEF were closely associated with gouty arthritis.
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Figure 3. Drug-target-disease network and PPI network construction.
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Figure 4. Protein—protein Interaction Network. (A) PPI network of predicted targets of TFLA against gouty arthritis. (B) The significant proteins of
the PPI network were extracted from the cellular compartment of (A).
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molecular function (MF). (B) The top 20 signaling pathways were analyzed by KEGG.

Previous studies from our team have confirmed IL17,
VEGFA, NF-kB p6S, and IL1f as potential targets of TFLA
for antigout effects. Hence, this paper focuses on investigating
whether TFLA exerts an anti-gouty arthritis role by impacting
the Toll-like receptor signaling pathway.

TFLA Relieves the Swelling of the Ankle Joint. Six hours
after injection of MSU crystals, the rats’ ankle joint showed
obvious redness, swelling, and deformity (Figure 6). Sub-
sequently, the perimeter of the rats” ankle joints was measured at
various time points to quantify the degree of joint swelling.
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Figure 6. MSU crystals induced gouty arthritis in rats. The swelling of the joint was clearly observed 12 h after the MSU injection.
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Figure 7. Effects of TFLA on the swelling rate of ankle joint in MSU crystals-injected rats. Measurement data represent the mean + SD (1 = 10). One-
way ANOVA and Dunnett test were used for statistical analysis. #p <0.05, ##p < 0.01 as compared to the Normal group. ¥p < 0.05, **p < 0.01 as
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Figure 8. Effects of TFLA on serum inflammatory cytokines in rats: (A) TNF-a content. (B) IL6 content. (C) IL10 content. Measurement data
represent the mean + SD (1 = 10). One-way ANOVA and Dunnett test were used for statistical analysis. *p < 0.05, #p < 0.01 as compared to the

Normal group. *p < 0.0S, **p < 0.01 as compared to the Model group.

Comparative analysis revealed a significant increase in swelling
of the left ankle joint in rats following MSU injection, with
percentages of 16.5,20.7, 16.5, and 10.5% at 6, 12, 24, and 48 h,
respectively (as depicted in Figure 7), compared to the control
group. These findings imply that TFLA treatments exert varying
degrees of inhibitory effects on ankle swelling. Notably, TFLA
exhibited promising inhibitory effects during the initial stages of
MSU injection.

TFLA Decreases the Levels of Inflammatory Cytokines.
Prior research has established a correlation between gout’s
pathogenesis and inflammation, with acute gouty arthritis
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distinguished by elevated expression of inflammatory cyto-
kines.”*™*° In this investigation, the ELISA method was
employed to measure the serum levels of inflammatory
cytokines. As depicted in Figure 8, the levels of TNFa, IL6,
and IL10 in the TFLA treatment group were remarkably lower
compared with the model group.

TFLA Improves Histopathological Changes of Ankle
Joint Synovium. In the model group, obvious pathological
alterations, such as synovial hyperplasia, edema, vascular
hyperemia, capillary hyperplasia, and elevated inflammatory
cell infiltration, were evident in the synovium of the ankle joint.
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Figure 9. Effect of TFLA on pathological changes of joint synovial tissue. (A) Normal group (injection of PBS). (B) Model group (with injection of
MSU crystals). (C) Allopurinol + Colchicine group. (D) TFLA (4.5 g/kg) group. (E) TFLA (9 g/kg) group. (F) TFLA (18 g/kg) group. The red box
indicates the site of synovial edema, and the black box indicates the site of inflammatory cell infiltration.
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Figure 10. Effect of TFLA on the protein expression of TLR2 and TLR4 in synovial tissue. (A) Representation of synovial tissue in five groups by using
semiquantitative immunohistochemistry (magnification X400). (B) Statistical analysis of data on the expression of TLR2 and TLR4 in synovial tissue.
Measurement data represent the mean + SD (1 = 10). One-way ANOVA followed by the Dunnett test was used for statistical analysis. *p < 0.05, #p <
0.01 as compared to the Normal group. *p < 0.05, **p < 0.01 as compared to the Model group.

However, TFLA treatment ameliorated synovial hyperplasia and
diminished the infiltration of inflammatory cells into the
synovium (Figure 9). These findings indicate that TFLA holds
potential in mitigating joint injury.

TFLA Reduces the Protein Expression of TLR2, TLR4,
and NLRP3 in the Synovium. As illustrated in Figure 10, the
IOD/AOI values of TLR2, TLR4, and NLRP3 positive staining
areas in the ankle synovium of the model group exhibited a
significant increase compared with the normal group (p < 0.01).
Conversely, in comparison to the model group, all doses of
TFLA notably reduced the IOD/AOI values of TLR2, TLR4,

and NLRP3. Notably, the IOD/AOI values of TLR2 and TLR4
expression displayed dose-dependent trends. From these
observations, we infers that TFLA exerts an anti-inflammatory
effect by modulating the TLR pathway and NLRP3.

TFLA Downregulates TLR2, TLR4, and NF-xB Gene
Expression in Synovium. In comparison to those in the
normal group, the expression levels of TLR2, TLR4, and NFxB
were markedly elevated in the model group. Conversely, in the
TFLA group, the expression levels of TLR2, TLR4, and NF«xB
were remarkably lower than those observed in the model group.
Notably, the reduction in TLR2 and NF«B mRNA levels
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Figure 11. Effects of several gene expressions in synovial tissue. (A). Relative expression level of NF-kB. (B) Relative expression level of TLR2. (C)
Relative expression level of TLR4. and Measurement data represent the mean + SD (n = 10). One-way ANOVA followed by the Dunnett test was used
for statistical analysis. *p < 0.05, "p < 0.01 as compared to the Normal group. *p < 0.05, **p < 0.01 as compared to the Model group.

exhibited a dose-dependent relationship (Figure 11). These
findings provide further confirmation that the anti-inflammatory
properties of TFLA are closely associated with the TLR/NFxB
pathway.

B DISCUSSION

Existing evidence has demonstrated that traditional medicine
could be used with low toxicity in treating gouty arthritis.””
Herein, we evaluated the effects and molecular mechanisms of
TFLA, a new traditional medicine granule, in an MSU-induced
gouty arthritis rat model. The chemical components of TFLA
include saponins, flavonoids, alkaloids, and organic acids.
Utilizing UPLC-Q-TOF/MS, we identified 55 compounds
such as Apigenin, Astragalin, Hyperoside, and Protocatechuic
acid, shedding light on the primary chemical constituents of
TFLA. Network pharmacology, a systematic and holistic
medical research paradigm, is known for systematically
uncovering the biological basis of Traditional Chinese
Medicines (TCMs). It has been extensively employed in
researching the bioactive 1ngred1ents, syndromes, formulas,
and other aspects of TCMs.”® Numerous scholars have
conducted comprehensive studies on the complex system of
TCMs, leveraging network pharmacological methodologies
from various perspectives. Their investigations have yielded
significant findings and insights crucial for confirming the
presence of and elucidating the mechanisms of bioactive
substances inherent in TCMs. This study conducted network
pharmacology analysis based on compounds identified by
UPLC-Q-TOF/MS. The “drug-ingredient-target-disease” net-
work revealed that multiple compounds in TFLA could act on
multiple targets related to gouty arthritis. GO enrichment
analysis also indicated that the positive regulation of chemokine
production, positive regulation of gene expression, receptor
complex formation, macromolecular complex formation,
cytokine activity, and other biological processes play essential
roles, indicating potential anti-inflammatory and analgesic
effects. Additionally, through KEGG pathway analysis, we
focused on the TLRs signaling pathway, which exhibited the
most significant p-value. Hence, TFLA may regulate targets
associated with gouty arthritis through the TLRs pathway.
Acute gouty arthritis manifests as an intense inflammatory
response triggered by the deposition of MSU crystals.””*
During an acute attack, these crystals promote the secretion of
cytokines such as IL1f, IL6, and TNFe, inducing the infiltration
of inflammatory cells, such as neutrophils and monocytes, into
the joint synovium. This process increases vascular permeability,
leading to symptoms such as redness, swelling, and pain.”' The
onset of acute gouty arthritis typically occurs 12—24 h after the
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initial attack, with inflammation peaking and usually subsiding
Animal models of MSU-induced gouty
arthritis provide valuable insights into the mechanisms of
inflammation. In this study, we monitored the inflammatory
response in the ankle joints of rats following the MSU injection.
The degree of joint swelling was the most obvious at 12 h after
MSU administration. Pathological analysis revealed synovial
hyperplasia, inflammatory cell infiltration, and vascular
dilatation in the right posterior ankle joint of rats exposed to
MSU crystals. Treatment with TFLA obviously reduced ankle
joint swelling and mitigated the inflammatory reaction
compared to the model group.

The body’s immune system identifies MSU crystals as foreign
invaders, triggering the innate immune response and leading to
inflammation through signal transmission.””** These crystals,
which are endogenous danger signals, are detected by pattern-
recognition receptors (PRRs), including both intracellular
receptors (NLRs) and membrane receptors (TLRs). Recog-
nition of MSU crystals can activate TLRs and the NALP3
inflammasome signal transduction, which controls the secretion
of IL1S. The TLR and NLR pathways play critical roles in the
development of acute gouty arthritis.”” TLR serves as a key PRR
in innate immunity, and its signaling pathway is crucial in
inflammation.”*® TLR2 and TLR#4 signal transmission can
engage MyD88 via specific ligands, thereby activating down-
stream transcription factors such as NF«B, which initiates the
expression of IL1p, IL6, IL8, and TNFa.>”?® Our findings
indicated an obvious increase in the levels of TLR2, TLR4
mRNA, and protein in the synovial tissues of rats with MSU-
induced arthritis. Moreover, activated NFxB mRNA and protein
levels were notably elevated, further promoting the expression of
inflammatory cytokines and triggering an inflammatory cascade.
Treatment with TFLA significantly decreased the levels of
TLR2, TLR4, and NFxB mRNA and protein, indicating that
TFLA can downregulate the TLR/NFkB axis and inhibit the
expression of downstream inflammatory cytokines.

Research has demonstrated that NLRP3 inflammatory bodies
play a vital role in sensing MSU crystal deposits and
subsequently activating downstream innate immune re-
sponses.”” "' MSU crystals activate NLRP3 inflammatory
bodies, leading to the production of active IL1/ and IL8."**’
Our immunohistochemical findings demonstrated that NLRP3
expression was remarkably higher in the model group than in the
normal group, and treatment with TFLA could inhibit the
activation of NLRP3 inflammasomes, thereby exerting an anti-
inflammatory effect.

within 1—2 weeks.>
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B CONCLUSIONS

In summary, our research suggests that TFLA exhibits a robust
protective effect against MSU-induced acute gouty arthritis in
rats. This effect is likely achieved through the reduction of joint
tissue damage, lowering inflammatory cytokine levels in the
bloodstream and downregulating the TLRs/NFxB/NLRP3
inflammatory axis. This study provides a scientific foundation
for the further development of traditional medicine preparations
in this field. However, the multifaceted mechanism of action of
TFLA in acute gouty arthritis requires further investigation in
future studies.
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