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Abstract

Background: Moxibustion is an effective technique for treating en-rheumatoid arthritis (RA), an

autoimmune disease;; however, its but-the-mechanism is not yet fully understood. Inflammatory injur

and destruetion-of-cartilage and bone destruction are the primary smain-clinical manifestations of RA.
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Here, we studied Fhis—study—explored—the mechanism through which ef-moxibustion alleviates
treatment-on-inflammatory injury of synovial tissue in a RA-rat medel-RA model by determining

observing-the-effeet-of moxibustion’s effect on theregulation-of-ferroptosis regulation by the tumor
suppressor protein (p53_and -solute carrier family 7 member 11 (SLC7A11).

Methods: Sixty Sprague-DawleySD rats were randomly allocated to divided-inte-five groups. with 12

rats per group: normal-greup, model-group, agonist-greup, moxibustion-grenp, and moxibustion +
agonist-greup;-with-12-rats-in-eachgroup. Except for rats in the normal group, rats in the remaining
otherfourgroups were developed established-as RA models fby exposure to the eombining-wind;,cold;
and—damp—environmental faeters—condition of wind, cold, and dampness together with the
administration of Freund™s complete adjuvantM.\ In the moxibustion group, cigarette-liketype

[IER] [IER)

moxa strips were suspended near used—to—suspend—"Shenshu” and ““Zusanli“” acupoints for 20
min/timetime (both acupointssides), and the two acupoints were stimulated used-alternately: once a

day—daily for 15 days. Inthe-agenisteroup;—he p53 agonist NSC59984 was administered injeeted
intraperitoneally (45ng-mg~kg'1~d—5L_3 injections) in the agonist group;. the-The moxibustion +
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agonist group received was—given—an—intraperitoneal injeettenadministration of —NSC59984 and

moxibustion treatmentintervention. After 15 days of treatmentinterventien, histomorphological
changes in the efknee synovial membrane were noted ebserved-by transmission electron microscopy;
SECTAH-and-GPX4 and SLC7A11 pretein-expresstons-expression was were-detected by Wwestern
blotting assay; serum levels of GSHi—reactive oxygen species (ROS), glutathione (GSH). and Fe?*

expressions were cstimated withdeteeted-by the colorimetric method as well as and-the fluorescent
probe method;; and serum levels of interleukin-—-(H=—)-and-tumor necrosis factor-o. (TNF-o)) and
interleukin-1p (IL-1B) were quantified deteeted-by ELIS Alisa-method-expression.

Results: After sueeessful-the models were successfully establisheding, it—was—ebserved—that
mitochondrial-damage-in-the-cartilage-of ratsin-both-the model and agonist groups rats was-showed

evident mitochondrial damage in cartilage, while the moxibustion and moxibustion + agonist groups

rats _showed varying degrees of reduction in mitochondrial damage after 15 days of

treatmentintervention. The expression-ofp53, ROS, Fe?', BB and-TNF-a, and IL-10 levels in-the
medel-group-were-significantly higher-in the model group were significantly higher (P < .01) than
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those these-in the normal group-P<0-01), while the-expression-of SLC7A11, GPX4, and GSH levels
were significantly lower (P < 0.01). In the agonist group, the-expression-ofp53 (P < 0.05); and ROS,
Fe?", I-Band TNF-a, and IL-1B (P < 0.01) levels were significantly higher than those in the model
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group, while the-expression-of SLC7A11 (P> 0.05), GPX4 (P <6.05), and GSH (P <#0.01) levels wer
markedly signifieantly-lower. Additionally, in the moxibustion and moxibustion + agonist groups, th

W

w

levels expression-of p53 (1P <0.05; and P > 0.05 for the moxibustion and moxibustion + agonist groupy
respectively{); and ROS, Fe?*, H—fand-TNF-0. and I1L-13 (P < 0.01) were lower than those in thg

model group, while the-expression-of-SLC7A11 (P <6.01), GPX4 (P > 6.05), and GSH (P < 6.01
levels were markedly signifieantly-higher. Moreover, the-expression-o£p53, ROS, Fe?', I8 -anl
TNF-a, and 1L-10 levels (P < 6.01) were significantly lower in the moxibustion and moxibustion +

agonist groups than in eempared-te-the agonist group, while the-expression-of SLC7A11, GPX4, and
GSH (P <86.01) levels were significantly higher.

Conclusion: Moxibustion may alleviate cartilage and synovial inflammation injury; and inhibit th|

w

expression of pro-inflammatory factors;. Furthermore, and-its mechanism of action is probabl

associated with may-berelated-to-the suppression hibitien-of p53 protein expression, which activates

the downstream gene SLC7A11 to further suppress ferroptosis in knee joints.

1 Introduction

T

Rheumatoid arthritis (RA). is—an autoimmune disease, manifests as eharaeterized—by—chroni
progressive arthritis (1). Fhe—pathogenesisof-RA ishas a complex_pathogenetic mechanism, with
multiple cell death pathwaysmedalities involved, such as apoptosis, autophagy, necrosis, ang
ferroptosis (2-4). According to Rrecent studies. have-found-thatpS3;-solute carrier family 7 membeyr

11 (SLC7AI11), p53. reactive oxygen species (ROS), and iron accumulation, which are important
regulators of ferroptosis, are closely related to the-development-eof-RA_development;. This finding
suggestsing- that RA and ferroptosis-related pathological processes are likely to convergeinterseety;

=

however, buttheir mechanisms of action remain unhave-yet-te-be-elucidated (5, 6). p53 is a potentidl

regulatory target of ferroptosis and has a critical plays-an-impertantregulatory role in the-developmert
ofRA disease development (7, 8).

RA—belongs—to—the—eategory—of "Bi-—syndrome"—+In traditional Chinese medicine (TCM), RA il
categorized as a “Bi syndrome”:; this is mainly because of due-to-weakness-of the-bedy's upright Qi i

the body:; muscle invasion efby wind, cold, and dampness-pathegens-inte-the-mruseles;; stagnation o

Qi and blood circulation;; and pain caused by obstruction of meridians by dwe—te-wind, cold, an

=}

dampness. The use of moxibustion, a characteristic therapy-of TCM therapy, has shown excellent geef
therapeutic effects. Moxibustion is—a—t-heF&pfyLEh&t—linvolves direct or indirect burning-and-warming o

o T =

T
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acupoints on the body surface with mild heat generated by burning moxa cones;-tsing-the-mild-heat-of
fird and using the effeet-of medicinal properties to achieve-the-purpese—of-promoteing blood flow, //{ Commented [Editor7]: Author: A slight change has been made

here for better readability.

removeing obstruction of meridiansfrem-channels, treating diseases, and health-preserveation health
through meridian conduction. Modern clinical studies have shown feuwnd-that moxibustion can
effectively reduce inflammation in RA patients. Moxibustion treatment can regulate the immune

function of RA patients, restore the dynamic balance of their humoral and cellular immunity, promote

[RF conversion to negative or decrease titersL and shows a is—positively correlationed— with the | Commented [Editor8]: Author: I am not sure what is being
implied here. Please could you revise for greater clarity.

imprevement-of-clinical symptom improvements in patients (9).

Thus far, limited Fhere-are—few-studies have assessed te-explere-the mechanisms through which ef
moxibustion affects for-RA from a the-perspeetive-ef-ferroptosis_perspective.; aﬂd—#he—Our group}sL//{ Commented [Editor9]: Author: Please check whether this }

revision is accurate.
previous study demonstrated found-that moxibustion eeuld-regulates eh%ﬁepfessmfkef—{feﬂﬂep%eﬂs—
fel-ated—ﬁaeter—sl»pﬁ and SLC7AL11 expression in the synovial tissue of rats with RA-medel, inhibits the //{ Commented [Editor10]: Author: This information is not }

required here as it is already mentioned in the first paragraph.

oceurrence—of-ferroptosis occurrence, and mitigates impreve-the damage caused by ef-synovial

inflammation (10). In the present this-study, we used p53 as an entry point to determine ebserve
whether moxibustion mediates SLC7A11 to regulate ferroptosis through p53 and thus impreve
ameliorate synovial inflammation and cartilage damage in RA rats; and to investigate the underlying

mechanism efaetion-ofthrough which moxibustion affects inthe-treatmentof RA.
2 Materials and Methods

2.1 Experimental animals details and groupings

Sixty clean-grade mate-Sprague-Dawley male SBrats, weighing bedy-mass(220+ 20 g, were supplied

by purehased-frem-Anhui Provincial Laboratory Animal Center{pfedueﬁeﬂ—ﬁeeﬂse—ﬂtﬂ%ber:—S@(—K

@4&1&349%9—1—7—99—1&‘. The animals were maintained under the following Elaboratory conditions: | Commented [Editori1]: Author: I have removed this

information as it does not seem to be very essential for the meaning

temperature: (27 + 0.5) °C, humidity: (60% =+ 5}%, a 12-hA42h- light/dark cycle, and unlimited free of the sentence. Please check whether this is acceptable to you.

access to diet and water. Following Aftertweekefadaptive feeding for | week, the rats were randomly
allocated to five groups. with 12 rats per group: divided-inte-normal, model, agonist, moxibustion, and

moxibustion + agonist-greups,—with—12rats—in—eachgroup. The-disposal-ofanimals—dDuring the

experiments, animal disposal was performed strictly in complianceed with the “"Guiding Opinions on

the Good Treatment of Laboratory Animals™ and other relevant regulations promulgated in 2006 by
the Ministry of Science and Technology. efthe-People’'s Republic of China-in2006.

This is a provisional file, not the final typeset article
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2.2  Main-Important instruments and reagents

The following critical instruments and software were used in this study: Mmicroplate Rreader dRedJ

Life Sciences Ltd.D; Yultramicro spectrophotometer (Nanjing Wuyi Technology Co., Ltd.); Eclectri¢

Hheating Tthermostat (Shanghai Sanfa Scientific Instruments Co., Ltd.); cElectrophoresis
sSystem/cElectrophoresis tFank/tFransfer linstrument (Shanghai Tennant Technology Co., Ltd.);
Hhorizontal shaker (Haimen Qilinbeier Instrument Manufacturing Co., Ltd.); aAutomatic exposurg

meter (Shanghai Peiqing Technology Co., Ltd.); hHigh-speed fErozen cE€entrifuge (Anhui Jiawen

=ry

Instrument Equipment Co., Ltd.); and GraphPad Prism 6.0 sSoftware aAnalysis sSystem (GraphPa
Software, USA).

The following important reagents and kits were used in this study: Freund’s c€omplete aAdjuvant
(Sigma, USA); GSH kit (Nanjing Jiancheng Institute of Biological Engineering); NSC59984 (Shanghai
Blue Wood Chemical Co., Ltd.); ROS kit (Shanghai Bebe Biotechnology Co., Ltd.); GPX4/p53 kit
(Abcam, UK); SLC7A11 kit (Beijing Boaosen Biotechnology Co., Ltd.); Eferrous ion kit (Wuhan Elit}?
Biotechnology Co., Ltd.); IL-1B/TNF-a kit (Wuhan Genome Biotechnology Co., Ltd.); RIPA cell

lysate/ECL ultrasensitive luminescence kit (Shanghai Biyuntian Biotechnology Co., Ltd.); PAGE gel
procoagulant (Beijing Solabao Technology Co., Ltd.); and gGoat anti-mouse IgG/goat anti-rabbit

IgG/B-aActin antibody (Beijing Zhongsun Jingiao Biotechnology Co., Ltd.).

2.3 Model preparation

—

The wind-cold-humidity-environmental factors of wind. cold, and dampness combined with biologicd

factors were used to develop for-RA modeling rats;. and-the-The modeled rats were placed in a selff

w

made modeling chamber with ultrasonic nebulization to regulate eentrel-the humidity inside th

=]

chamber;; with-an appropriate amount of ice was added, and the fan inside the chamber was set to hig
speedgrade to control the temperature at (6 + 23 °C and humidity at 80%--90% for 20 d (12 h daily
(11, 12). On day 21 of the experiment, the right hind toe was injected with 0.15 mL of Fever's-Freund’

complete adjuvant per @Miniectioneﬂl—y@ to induce eause-inflammation, and the rats were kept

under medehng—was—observationed for 3 days. The modeling— was considered to be successfully

established based on sueeessful-by—the appearance of acute inflammatory swelling in the to

w

accompanied with by-secondary systemic polyarthritis; or even erythema or inflammatory nodules i

=

the forelimb or ear tail (13, 14).

_—
_—
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2.4 Intervention methods

The intervention was started on the-day 24th-day of modeling development. Based on Aeeording-to-the

ne

animal acupoint map ef-for experimental acupuncture, *“Shenshu"” and ““Zusanli*”” acupoints were

selected.; and-In the moxibustion group, used-special cigarette-liketype moxa strips were suspended at

2 c¢cm from the acupoints for 20 min/time

(bilateral)\;' the two ene-acupoints were alternately stimulated //{

Commented [Editor14]: Author: I am not sure what "bilateral"
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once per day;-alternatingbetween-the-two-peints; 20-min/time(biaterab-(15). In the agonist group,
NSC59984 (45 mg--mg--kg™'--d?) was administered injeeted-intraperitoneally three times:. in-In the
moxibustion + agonist group, NSC59984 (45 mg mg-ke' d memeke -d®) was administered
injeeted-intraperitoneally 30 min before moxibustion followed by the same intervention method as that

used in the moxibustion group (16). Fherats-inthenNormal and model groups rats were placed onin

a special wooden frame for 20 min eﬂMaceording to the same grasping pattern. Each group was //{

Commented [Editor15]: Author: The meaning of this phrase is
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subjected to intervenedtion once daily for 15 d.
2.5 FetehingmethodsSample collection

On Fhe-the day after the-end-oftheintervention completion, the rats in all groups were intraperitoneally

anesthetized with a 20% uratan solution (0.3 mL/100 g)-was-used-te-give-anesthesiato-eachgroup-of

rats-by-intraperitoneal-infeetion;. Subsequently, and-bblood samples were obtained was-ceHeeted-from
the abdominal aorta, centrifuged using in-a frozen centrifuge (4 °C, 3000 rpm/min) for 15 min Mith a

centrifugal radius of 68 mmk1 and the serum was separated; a part of the serum was and-stored partially —

Commented [Editor16]: Author: I am not sure if this piece of
information is relevant here. Please recheck and delete if it is
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and-placed-in-arefrigerator-at -80 °C_in a refrigerator. The right knee joint of each group of rats was
incised longitudinally;. and-the-The skin and muscle were separated, the patella was exposed, and the
synovial tissue was further separated;. and-the-sSynovial tissue was peeled off with ophthalmic forceps

and stored in a -80 °C freezer.

2.6 Determination of €changes in the mitochondrial morphology in-of knee cartilage

observed-by transmission electron microscopy

Several pieces of cartilage tissue of size 1--3 mm?> were immediately fixed in 2.5% glutaraldehyde for
24 h. Subsequently. the tissue pieces were Afterrinseding in a buffer, the-tissue-was—fixed in 1%
osmotic acid fixative, dehydrated, soaked-threugh, and then embedded in an Epon 812 embedding
solution. After localization, ultrathin-sections-were-stained-with-lead citrate was used to stain ultrathin

This is a provisional file, not the final typeset article
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sections.; and—Transmission electron microscopy (TEM) was performed to assess changes in th

mitochondrial morphology of knee cartilage-were-ebserved-by-transmission-electron-microseopy.

2.7 Detection of the expression of p53;-SLC7A11, p53. and GPX4 proteins-expression in rat
synovial tissue by western blotting assay

Briefly. 100 mg of synovial tissue was added into 600_pL RIPA lysisate buffer.; and the mixture wap
centrifuged at42;000-+pm-for 10 min at 12,000 rpm.; Subsequently wém%@[supematant was spl

—+

into aliquots to extract the-proteins. SDS-PAGE gels were prepared, sampled, and electrophoresed, an{l

—

the separated proteins were transferred onto a PVDF membrane;. The membrane was and-blocked with

5% skimmed milk powder
temperature (RT) for 2 h and then ifncubated overnight at 4 °C with primary antibodiesy (p5331+664

anti-SLC7A11. 1:2000:; anti-p53. 1:1000; anti-GPX4. 1:1500).—evernight—at-—4—2C; followed by

incubatione overnight at 4 °C with secondary antibodiesy (1:20,000)-evernight-at-4-—°C;. This wap
followed by and-washing the membrane 3 times with PBST for 10 min each-time-. Add-The ECL ultri

sensitive ehemiluminescentee solution was then added uniformly to the membrane. and-analyze—th
The meleeular-weight-and-net optical density value and molecular weight of the target bands werp
analyzed withby a gel image processing system to quantitatively analyze the grayscale value of each

w

protein band.

2.8 Determination of serum GSH and Fe?* levels in rats by the colorimetric method

Briefly, Mix-0.05 mL} of serum was mixed with the precipitant (0.2 mL}) in the kit, and the mixturp
was subjected to centrifugatione at3:500-+pm-for 10 min at 3.500 rpm in a centrifuge with a centrifugql
radius of 68 mm];i take—the—The supernatant was taken for te—be-measurement.d; add—the—Thp

Commented [Editor17]: Author: Please check whether the
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corresponding reagents were added to the blank—wells, standard—wells, and test wells—respeetively
according to the instructions requirements-of the kit;. The contents were adequately mixed-wel; anfl
leftave undisturbed for 5 min;. set—the—wavelength—of-the—enzymestandard—meter—at-405-—nm—for
Ceolorimetric quantification; was performed by measuringe the absorbance- vatae-of each well at 405
nm, and Fhe-abserbance-ofeach-wel-was-measured-and-the GSH content was then calculated. Nex{,
Add-0.5 mL1 efsample was added to 5 mL1 EP tubes, and add-1.5 mL1 of the color developer was thep

=

added to each tube;. The contents were adequately mixed-weH, boiled for 5 min, cooled, and centrifugefl

for 10 min;. Next, take-1.0 mL} of the supernatant was taken; from each tube for measuringe the

absorbance efeach-tube-at 520 nm, and ealeulate-the content of Fe?" was estimated.

—
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2.9 Detection of serum ROS level in rats by the fluorescent probe method

Briefly, Add-100 pL of serum samples was added to a the-96-well plate-respeetively. Next, using-10
pL of the luminescent probe L-012 842-prebes-included in the kit was added to the plate;. The contents

of the plate were mixed thoroughly;. and-The plate was then incubated in dark at 37 °C for 15-~30 min
at37°Cprotected-fromtight. The fluorescence intensity of each well was estimated measured-at an
excitation and emission wavelengths of 488 and 530 nm, respectively. and-emission-wavelensthof 530

amrin a fluorescence zymograph, and the tevelefROS level was expressed as the fluorescence intensity.

2.10 Determination of serum IL-1p, TGF-B1, and TNF-a levels in rats by ELISA

Remeve-the-The refrigerated serum from-therefrigerator-at—80-°C;-was thawedrewarm-the-seram-in-a

sradient-untiit-melts;. Next, the equilibrate-the-ELISA kit was equilibrated at R Treem-temperatare
for 15—30 min;. then-ditute-the-The samples standard-were then diluted with the standardsample, and

this was followed by the addition of the enzyme;. The mixture was incubated;-prepare-the-selation; and
washed, and the color was developed by following the protocol mentioned in the the-eelor-aceording
to-the-instruetions-of the-kit;. Next, the enzymatic reaction was terminated by adding add-50-t-efthe

termination solution (50 |1L)-to—terminate—thereaction, and kset—the—enzyme-standard—to—detect-the

absorbance value (OD readingvalae) of each well was detected at 450 nm_using the enzyme standard

as the comro].\ The standard curve and standard equation were plotted, and the OD readingvalae of

each well was substituted into the standard equation to find-determine the actual concentration of each

sample.

2.11 Statistical analysis

GraphPad Prism 6.0 software was utilized used-for the statistieal-analysis-and-graphical representation
and statistical analysis of the experimental resultsdata. Measurement-data-were-expressed-as-mMean £
standard deviation (x +5) was used for expressing the measurement data. We used bﬂe—w-ay—aﬁa-lys-rs
ef—va&&ﬂee\—(ANOVA} svas-ased-for inter-group comparison; and the least significant difference (LSD)

test was-used-for inter-group difference. P <<< 0.05 indicated a was-censidered-statistically-significant

difference.

3 Results

{
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eleetronmieroseopy was performed to detect morphological changes in the mitochondria in rat knef

cartilage. In the normal group, the mitochondria in the-rat knee cartilage efrats-were regular and intact,
with clear outlines and apparent ebvieus-mitochondrial cristae:. iIn the model and agonist groups, thi

w

mitochondria in the cartilage were was-wrinkled and smaller (and showed vacuolation-like lesions)

the mitochondrial cristae were apparently was-ebvieushy-reduced or disappeared, the mitochondrial
membrane density was increased, and some ef-the-outlinessides were swas-blurred and broken, thuf
suggesting that the rats in thesc medel-and-agenist-groups exhibited different extents of had-ebvieus
ferroptosis characteristics—ef—different—desrees. After 15 days of treatmentintervention, the

mitochondrial structure in the cartilage of rats in the moxibustion-gresp and moxibustion + agonigt

groups showed varying degrees of improvement, with a reduction in redeeed-membrane density and a

remarkable signifieant-increase in the number of mitochondrial cristae (Figure 1).

3.2 Comparison of p53 protein expression levels in the synovial tissue of rats-in-each-sroup

The-expression-of p53-in-the synovial-tissue-of rats-in-the-The model group was-exhibited significantl
higher p53 expression in the synovial tissue than thatin-the normal group (P < 0.01). The-expressiop
ofpS53-inthe-The agonist group was-showed significantly higher p53 expression than thatin-the model

group (P < 0.05);; in contrast, and-the-mexibustion—group—showed asignificant-deerease—in—p53
expression_in the moxibustion group was decreased significantly (P < 8.05). However, p53 expressiof
did not differ significantly between there-was-ne-statistically-significant difference-inthe-expressionof
pS3-in-the moxibustion + agonist greup-compared-to-and the-model groups- (P > 6.05). Beth-the-Thp
moxibustion greup-and the-moxibustion + agonist groups exhibited shewed-significantly lower p58

expression than the agonist group (P <8.01); (Figures 2 (a) and (b)).

3.3 Comparison of SLC7A11 and GPX4 pretein-expression levels in the synovial tissue of rat
in-each-group
The expression levels of Fhe-expression-of-SLC7A11 and GPX4 proteinss in the synovial tissue werp
significantly lower efrats-in the model group svassignificantlytowerthan that-in the normal group (P
< 0.01). Compared to the model group, Fhe-expression—of SECTAHin-the-the agonist group was
showed a lower SLC7A11 expression levelthan-thatin-the-medelgroup;: but-however. the differencp
was nonwitheutstatistieal-significantee;. while-the-expression-of GPX4 expression in the agonist group
was significantly lower than that in the model group (P <0.05). Furthermore. In-the-mexibustiongroug

T
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both-SLC7A11 and GPX4 showed significantly higher expression levels in the moxibustion group than

in the expression-were-significantly higherthan-these-inthe-model group (P < 0.01).; These proteins

showed increased expression in wh

RHOX1od oh ago Sroup; € pre S oweaah

inereasing—trendthe moxibustion + agonist group;; however, this increase was nonsignificantbut
withoutstatistieal significanee. Beththe- The moxibustion ereup-and the-moxibustion + agonist groups
showed significantly higher expression levels of SLC7A11 and GPX4 than eempared-te-the agonist
group (P <#9.01) (Figures 2 (c) and (d)).

3.4 Comparison of serum GSH, ROS, and Fe** levels expression-in serum-of rats-in-each
group

Fhe-expression-of seram-GSH-inratsin-the-The model group was-showed significantly lower serum
GSH level than thatin-the normal group (P < 8.01);; whie-however. a significant increase was noted
in the serum ROS and Fe?" levels in the model groupwere-significantly-inereased (P < 0.01). Similarly,

Ia-the agonist group; showed the-expression-of GSH—was-significantly lower serum GSH level than
that-in-the model group (P < 0.01), but significantly higher serum while-ROS and Fe?" levels-were

stgnificantlyinereased (P < 0.01). Beth-the-The moxibustion greup-and the-moxibustion + agonist

groups showed significantly higher serum expression-of GSH level than eempared-te-the model group
and the-agonist groups (P < 0.01), while the serum ROS and Fe?" levels in the moxibustion and

moxibustion + agonist groups were significantly reduced (P <9.01) (Figure 3).

3.5 Comparison of serum H—$-and-TNF-a and IL-1§ levels in efrats-ineach-group

er-The model

group showed significantly higher serum TNF-o and IL-10 levels than thesein-the normal group (P <
0.01). Inthe-The agonist group; exhibited thelevels-ef He—f-and-TNF-e—were-significantly higher
serum TNF-o and IL-1[3 levels than these-i-the model group (P < 6.01). Beth-the-The moxibustion
greup-and the-moxibustion + agonist groups showed significantly lower serum expression-of H—H3-and
TNF-o and IL-1p levels than eempared-te-the model grenp-and the-agonist groups (P < 8.01) (Figure
4).

4 Discussion

The-basie—pathelogical-changes—of RA—are-sSynovitis and thefoermation—ef-blood vessel plexus
formation are the primary pathological changes of RA, whieh-and these changes gradually destroy lead

. .. . 10
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to-the-destruetion-of-articular cartilage and bone. This may ultimately eventualy-cause resultin-joint

deformity as well as and-loss of function (17). Therefore, one of the important goals of RA treatmen

—

is hew-to reduce inflammatory damage and slow down the process of cartilage and bone destruction

has—become—one—of the—important—goals—of RAtreatment. Currently, anti-rheumatic drugs arp
predominantly used in RA treatment-is-stil-dominated-by-drugs-that improverhewmatisi;, howevel,
the long-term use of these drugs results in but-there-are-more adverse effects-onlong—termuse. As an

important part of TCMChinese-medieine, moxibustion therapy has better anti-inflammatory, synovial

membrane repair, and bone and cartilage protection effects on in-RA—treatment, which precisel

compensates for some of the deficiencies of mainstream Western medicine (18).

Ferroptosis is-a-nevelform-of programmed-ecell-death-was first proposed by Dixon et al. as a novdl
form of programmed cell death. It ean-triggers the body’'s intrinsic immunity, releases inflammator}
mediators, and activates the body’s inflammatory response-ef-the-bedy, and #-whieh-RA rheumatoig
arthritis-is one of the common clinical inflammatory diseases (19, 20). Meanwhile;aAbnormal |evel
of expression-of-ferroptosis-related factors, namely SLC7A11, GSH, GPX4, and ROS, are all-closel
associated with pathological changes in RA (11). In a previous study, fhas—been—reported—that
rresveratrol{RES) ean-increased the-centent-of- GSH as well as and-glutathione peroxidaseGSH-PX
content, lowered deerease-the-eontent-efmalondialdehydeMBA content, and reduced thedeveloflipid

1)

peroxidation levels; these changes whieh-in-tura-significantly alleviated impreves-the degree of joirft

inflammation and kidney damage in AA rats (21). In 2015, Jiang et al. first linked p53 to ferroptosig,
suggesting that p53 can inactivate GPX4 by reducing intracellular GSH synthesis through
transcription-dependent repression of the downstream gene SLC74#11, leading to ROS accumulatiop
and thus inducing ferroptosis (22, 23). p53 is a potential regulatory target of ferroptosis and; also at-th
same-time;-plays an important regulatory role during in-the-development-of RA developmentdiseas

eourse. Therefore, in our this-study, we further examined expleres-some of the mechanisms of action

w

1

of moxibustion for treating inthe-treatmentof RA from the perspective of p53 regulation of ferroptosis.

The results ef-thisstady-showed that the p53 protein level and serum ROS and Fe?' levels was-werf

significantly elevated; and SLC7A11 and GPX4 protein levels and serum GSH level were remarkabl
stgnificantly-decreased i
significantly-elevated in the synovial tissue of ratsin-the-model group rats;; these findings suggesteding
the-oeceurrence-of ferroptosis induction preeess-in the RA model rats, }which is consistent with th

)

W

results of the-a previous study‘. After intervention with the p53 agonist NSC59984, the p53 protein levdl

T
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318  and serum ROS and Fe’' levels was-were significantly elevated and insynevial-tissae-SLC7A11 and
B19  GPX4 protein levels and were-significantly-deereased;-serum GSH level were expression-in-sertm-was
B20  significantly decreased_in synovial tissuc;—and—ROS—andFe* —were—significantly—elevated,; these
821  findings indicated that suggesting—that-the p53 agonist could suppress inhibit-the—expressions—of
B22  SLC7A11 expression and further promote the-development-efferroptosis development. Following the
B23  combined treatment of After-moxibustion intervention-on-the-basis-of-the-medel-group-and the p53
B24  agonist, the rat synovial tissue showed a significant decrease in p53 expression and serum ROS and
B25  Fe’  levels protein—and a significant increase in SLC7A11 and GPX4 proteins; and a-significant

B26  inerease-in-serum GSH levelexpression-in-serum;-and-a-sighificant-decrease-in ROS-and Fe*;: these
B27  findings suggesteding that moxibustion can enhance the-expression-ofthe downstream gene SLC7411

B28  expression by inhibiting p53, promote the synthesis of GSH, and #has-subsequently slow down the

329  ferroptosis process.

B30 A close relationship exists between The-developmentof-RA symptom development and s—is—elosely
B31  relatedto-the body’s inflammatory response-efthe-body. Several Alarge-numberofinflammatory cells

832 adhere to and accumulate te-in the synovial membrane and are activated to exert their biological effects

B33  and secreteion of various cytokines, thus forming a complex cytokine network that is involved in the
334  immune regulation and inflammatory response of RA. The expression of inflammatory factors is
B35  closely related to the-development-of RA diseasedevelopment, wherein whieh-the overexpression of
B36  pro-inflammatory factors such as IL-10FNF-e, H-6TNF-0, and H—BIL-6 aggravates joint

337  inflammatory lesions (24, 25).

B38  Theresults-ofthis-Our present study showed remarkably elevated thatthe-expressien-ofserum levels

B39  of H1B-and- TNF-a and [L-1[ was-significantly-elevated-in the model and agonist groups-ef+ats, thus
B40  suggesting an enhanced inflammatory responses; this finding is consistent with the transmission

B41  eleetron—mieroseopie—observations of TEM, which showed typical morphological changes of

B42  ferroptosis, such as mitochondrial atrophy, broken membrane structures, and [reduced entoloph, The - {Commented [Editor23]: Author: I am not sure what this phrase

implies. Please could you clarify.
B43  expression-ofsSerum He—-and-TNF-o and [L-10 levels also decreased markedlysignifieantly in the

B44  moxibustion greup-and the-moxibustion + agonist groups, thus indicating that moxibustion lowers
B45  eouldreduce-the expression of pro-inflammatory factors. Meanwhile;the-TEMeleetron-mieroscopie
846  results showed a remarkable improvement in that-the mitochondrial structure—was—significantly
B47  impreved, a reduction in the membrane density-wasredueed, and a marked enhancement in the number
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of mitochondrial cristac—was—significantly—inereased:; these findings indicateding that moxibusti011
could reduce the cartilage damage in the knee joint of RA rats.

5 Conclusion

The present study assessed explered-the impact of moxibustion treatment on RA from a the-perspeetive
efferroptosis perspective and found that the mechanism of action of moxibustion for treating RA i

probably may-be-closely associated with related-to-the-inhibition-efp53 suppression, which leads t
increased to—enhanee—the—expression of the downstream gene SLC7A411:; whieh—this cascadp
subsequently in-turn-inhibits the-eceurrenee-of-ferroptosis_occurrence, attenuates the inflammator)
response, and slows down the—destruetion—of-articular cartilage_destruction. Fhe—eeceurrence—of

Fferroptosis induction involves the expression and regulation of multiple genes and pathways, and |

T+

remains to be further studied whether moxibustion inhibits the-eeeurrence-of-ferroptosis inductioh
through other regulatory factors-stih-needs-to-be-furtherexplored.
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Figure captions

Figure 1:. Mitochondrial morphology of knee cartilage of rats in each group-efsats. (A) normal group;

(B) model group; (C) agonist group; (D) moxibustion group; (E) moxibustion + agonist group.

Figure 2:. Expressionlevels-ofpProtein expression levels in the synovial tissue of rats in each group.
(A) Western blotting assayanalysis of p53, SLC7A11, GPX4, and B-aActin. (B) p53. (C) SLC7A11.
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(D) GPX4. Compared with-to the normal group, #P < 0.01; compared with-to the model group, *P
0.05 and P < 0.01; compared with-to the agonist group, 44 P < 0.01.

Figure 3:. Serum GSH, ROS, and Fe?" |evels expression-in-serum-of rats in each group. (A) GSH; (B

ROS; (C) Fe?". Compared to with-the normal group, #P < 0.01; compared to with-the model group, "

P <0.01; compared to with-the agonist group, 44 P <6.01.

Figure 4.: Serum IL-1p and TNF-a levels of rats in each group. (A) IL-1p; (B) TNF-a. Compared t|
with-the normal group, P < 0.01; compared to with-the model group, *P < 6.01; compared to wi

the agonist group, 44 P < 9.01.
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