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Abstract

¢ AIM . To study the effects of electroacupuncture (EA) on
choroidal blood flow, the phosphatidylinositol 3 - kinase
(PI3K )/protein kinase B ( Akt )/mammalian target of
rapamycin ( mTOR) - hypoxia - inducible factor 1 - alpha
(HIF - 1o) signaling pathway, and ocular biological
parameters in form deprivation myopia ( FDM) -induced
guinea pigs.

¢ METHODS : The guinea pigs were randomly divided into
four groups: blank control group; FDM group ( subjected
to form deprivation to simulate myopia development);
FDM + EA group ( subjected to form deprivation and
treated with EA stimulation); FDM + sham acupuncture
group ( subjected to form deprivation and given EA
stimulation). EA treatments were performed at the
Taiyang (EX-HNS5) acupoint for the FDM+EA group and
at sham acupoints in the FDM + sham group.
Measurements included refractive error, axial length
(AL), corneal curvature, vitreous diameter, choroidal
thickness, and vascular density of the choroid layer.
Additionally, the expression levels of PI3K, Akt, mTOR,
and HIF-1a mRNA in the sclera were detected.

e RESULTS.: Eight animals were included in each group.
After 4 wk of treatment, the refractive error of the FDM+
EA group was significantly reduced compared to the FDM
group ( P<0.001). The vascular density of the choroid in
the FDM+EA group was significantly increased compared
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to the FDM group ( P<0.001). The expression levels of
PI3K, Akt, mTOR, and HIF-1a mRNA in the FDM + EA
group were significantly reduced compared to the FDM
group ( P<0.001).

¢ CONCLUSION: EA can improve the vascular density of
choroid, antagonize the expression of PI3K/Akt/mTOR -
HIF - 1o signaling pathway, effectively improve scleral
hypoxia, reduce the diopter of myopic guinea pigs, and
play a role in controlling the progression of myopia.

« KEYWORDS ;. myopia; choroidal blood perfusion; PI3K/
Akt/mTOR-HIF-1a signaling pathway; electroacupuncture
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INTRODUCTION
M yopia refers to a refractive error that causes light to focus
in front of the retina, resulting in clear near vision but
blurred distancevision'"’. The findings revealed a gradual
increase in pooled prevalence of myopia, ranging from
24.32% to 35.81%, observed from 1990 to 2023, and
projections indicate that this prevalence is expected to reach
36.59% in 2040 and 39.80% in 2050. Notably, individuals
residing in East Asia ( 35. 22%) or in urban areas
(28.55%) , gender ( 33. 57%),
(47.00%) , and high school students (45.71%) exhibit a

higher proportion of myopia prevalence.The global prevalence

female adolescents

of childhood myopia is substantial, affecting approximately
one—third of children and adolescents, with notable variations
in prevalence across different demographic groups. It is
anticipated that the global incidence of myopia will exceed
740 million cases by 2050"*'. The prevalence of myopia among
adolescent students in Yili, Xinjiang Uygur Autonomous
Region, China was 26.28%, and gradually increased with
age. It is necessary to strengthen the awareness of myopia
prevention and control among primary and secondary school
students and reduce the myopia rate"’.

Progression of myopia to high myopia can lead to a series of
reducing

retinal pathologies, severely impairing vision,

quality of life, and consuming substantial medical

resources ' . Consequently, preventing myopia has become a
global health consensus'®’.

Current treatments for myopia include cycloplegia, corrective
refractive  surgery, and

lenses, orthokeratology, laser

implantable collamer lenses ( ICL )""’. However, these
approaches have shown limited efficacy in myopia prevention
and control in China, highlighting an urgent issue in the
nation’s healthcare system. Over years of clinical practice, our
department has developed a technique for treating myopia
through acupuncture, which has demonstrated promising
clinical efficacy, though its specific mechanism remains to be
studied.
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Our preliminary research has shown that acupuncture

treatment for adolescent myopia can reduce spherical
equivalent refraction, shorten the anterior—posterior diameter
of the lens, and decrease ciliary body thickness, with high
safety'® . Additionally, we found that acupuncture inhibits
ocular elongation in myopic rats, promotes transforming growth
factor beta 2 (TGF—B2) secretion, reduces the expression of
matrix metalloproteinase 2 ( MMP2) mRNA and protein in
scleral tissues, and increases the expression of Collagen I
mRNA and protein, thus antagonizing scleral remodeling and
inhibiting myopia progression'”’. However, a 2020 Cochrane
review concluded that the evidence for acupuncture’s efficacy
in myopia management was of very low certainty due to risk of
bias and heterogeneity among studies''®’. However, there is
currently a lack of deeper research into the mechanisms
underlying acupuncture treatment for myopia. Based on this,
we hypothesize that acupuncture may influence the process of
scleral remodeling by regulating scleral hypoxia.

This study aims to investigate the effects of electroacupuncture
(EA) intervention on form deprivation myopia ( FDM ) in
guinea pigs by observing changes in ocular biological
measurements | refractive error, axial length ( AL), vitreous
diameter, corneal curvature |, as well as its impact on
choroidal thickness and choroidal vascular density. We aim to
explore the role of EA in the scleral remodeling process in
myopia.

MATERIALS AND METHODS

Ethical Approval All experimental protocols and animal
ethics were approved and conducted in accordance with the
Animal Ethics Committee of Xinjiang Medical University and
approved by the Ethics Committee of the Traditional Chinese
Medicine Hospital of Xinjiang Uygur Autonomous Region,
with approval number 2023XE0132. This study was reported
in accordance with the ARRIVE 2.0 guidelines''"” and
conducted in accordance with the ARVO Statement for the Use
of Animals in Ophthalmic and Vision Research.

Animals Three—week—old male tricolor guinea pigs (150-
200 g) were provided by Shaanxi Junxing Biotechnology Co.,
Lid. (SCXK Shaanxi 2022-01). The guinea pigs were housed
under a 12 — hour light/12 — hour dark cycle, with room
temperature maintained at 25 “C. They had free access to
water and food.

Grouping The guinea pigs were randomly divided into four
groups, with 8 animals in each group. 1) Blank control
group: no interventions; 2) FDM group: subjected to form
deprivation to simulate myopia development; 3) FDM +sham
acupuncture group: subjected to form deprivation and given
EA stimulation at sham acupoints; 4) FDM + EA group:
subjected to form deprivation and given EA stimulation 0.5 c¢m
above the temporal acupoint ( EX—HNS5 Taiyang) .

Methods The FDM model was established using a white
latex balloon head cap( =80% transmission) that covered the
right eye (experimental eye) of the guinea pigs while leaving

the left eye ( control eye) uncovered. This setup induced
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monocular form deprivation, while the nose and both ears were
exposed to ensure normal feeding. The head cap was inspected
and cleaned daily to ensure light transparency. Guinea pigs in

the blank
interventions. Diopter — 1. 50 D is the lowest threshold for

control group were not subjected to any
inclusion in the successful group of FDM modeling.
Electroacupuncture stimulation method Guinea pigs in
the FDM+EA group received EA stimulation bilaterally at the
temporal acupoints ( EX—HNS5) every other day for 20 min.
The stimulation parameters were as follows: biphasic square
wave, 0.1 ms pulse width, frequency of 2 Hz, pulse duration
of 0.1 s, and intensity of 2.0 mA, skin impedance was
verified and maintained below a standard threshold ( <5 k{))
before each session. Interventions for all groups were
conducted continuously for 4 wk. Guinea pigs in the FDM and
blank control groups received no treatment.

Ocular biological measurements Measurements  of
refractive error, AL, vitreous diameter, and corneal curvature
were taken before modeling, after modeling, and after EA
intervention.

Refractive error measurement  The refractive error of
guinea pigs was measured using a small animal infrared

( SriaTech,

photorefractor) . Measurements were taken before modeling,

eccentric  photorefractor Germany; model ;
4 wk after modeling, and 4 wk after treatment. Prior to

measurement, compound tropicamide eye drops were
administered for mydriasis, with one drop every 5 min for a
total of four applications. Refractive error was measured
30 min after the final application using the infrared
photorefractor.

Axial length and vitreous diameter measurement Al and
vitreous diameter were measured using an A—mode ultrasound
device for animals ( Xuzhou Kaixin Electronic Equipment Co. ,
Ltd.; model; OD1-A). The A-mode ultrasound probe was
positioned perpendicularly to the corneal apex during
measurement.

Corneal curvature measurement Corneal curvature was
measured using a small animal keratometer ( SriaTech,
Germany; model; Keratometer ). All measurements were
performed by the same trained technician to ensure
consistency.

Changes in Choroidal Thickness and Vascular Density
Before and After EA  Using the BM-400K macular optical
coherence tomography angiography ( OCTA) system ( Tuopai
Medical Technology Co., Ltd., Beijing, China ), optical
coherence tomography ( OCT) was employed to scan the retina
and choroid. The macular OCTA mode was selected with a
scan length of 12 mmx12 mm and a depth of field of 3 mm.
OCTA scanning was performed until the program completed,
yielding a macular OCTA report. The choroidal blood flow was
quantified by selecting the flow quantification mode (3 mmX
3 mm). Choroidal thickness was quantified by selecting the
thickness display report. All operations were conducted by the

same experienced technician. Re —scan and re — analyze a

subset of eyes (n=10 across groups) after a 24—hour interval
and calculate the intraclass correlation coefficient (ICC). An
ICC =0.85 is generally considered excellent.

gqRT-PCR for Detecting mRNA Changes in the PI3K/
Akt/mTOR-HIF -1« Signaling Pathway

RNA extraction procedure  Tissues were ground into
powder under liquid nitrogen. Approximately 50 mg of tissue
was placed into a centrifuge tube containing 1 mL of TRIzol
reagent and mixed thoroughly. The mixture was incubated at
room temperature for at least 15 min, followed by the addition
of 200 pL of chloroform. The mixture was shaken and
incubated at room temperature for 5 min. It was then
centrifuged at 12 000 rpm at 4 °C for 15 min. The supernatant
was transferred to a new centrifuge tube, and an equal volume
of isopropanol was added and mixed. The mixture was stored
at =20 °C for 60 min, then centrifuged again at 12 000 rpm at
4 °C for 15 min. The supernatant was carefully discarded, and
the pellet was washed with 75% ethanol. This step was
repeated once. The sample was air—dried after centrifugation
and dissolved in RNase —free water. RNA concentration was
determined using a nucleic acid protein quantification
instrument, and RNA integrity was verified by agarose gel
electrophoresis. RNA was reverse transcribed for subsequent
experiments.

First—Strand cDNA Synthesis

Reaction system was configured according to Table 1
The mixture was gently mixed and subjected to the following
reactions; 37 °C for 15 min, 60 °C for 10 min, and 95 °C for
3 min to inactivate the enzyme, completing the reverse
transcription. The resulting complementary DNA ( ¢cDNA )
c¢DNA was stored at =80 °C for subsequent quantitative real—
time polymerase chain reaction ( qRT —PCR). The ¢cDNA
samples were diluted at a 1:1 ratio with RNase—free water for
the qRT—PCR reactions. Primer information for fluorescence
quantification is shown in Table 2.

Primers were designed based on the gene sequences. PCR
reaction conditions were as follows: 95 °C for 30 s — 95 C
for 5s — 60 °C for 31 s, repeated for 40 cycles. After the
reaction, samples were stored at —20 °C. Each batch of
samples  underwent  simultaneous  amplification  of
glyceraldehyde—3—phosphate dehydrogenase ( GAPDH, as an
internal reference) and the target genes. The ACt values of
phosphatidylinositol 3 — kinase ( PI3K )/protein kinase B
( Akt )/mammalian target of rapamycin ( mTOR ), and
hypoxia—inducible factor 1-alpha ( HIF-1a) in guinea pig
scleral tissues were calculated, and the relative expression
levels of the target genes were analyzed using the 27
method.

Table 1 First—strand ¢cDNA synthesis configuration

Component Volume

Total RNA Quantify to 1000 ng
5X All-In-One RTMasterMix 4 nL
RNase—free water Up to 20 pL

c¢DNA; Complementary DNA.
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Table 2 Fluorescence quantitative mRNA primer information

Primer name Sequence (5 to 37) Product size

gp—PI3K-F TGCATCAGTGGCTCAAAGAC 117 bp
gp-PI3K-R GGTCACCAATTCCCAAAATG
gp-AKTI-F  ACCTCATGCTGGACAAGGAC 233 bp
gp—AKTI-R CTTCTCGTGGTCCTGGTTGT
gp-mTOR-F  CTGAAATGCAGGAACAGCAA 208 bp
gp-mTOR-R  CTGACCTCACAGCCACAGAA
gp-HIF-1a-F  TGGAGATGTTGGCACCCTA 134 bp
gp-HIF-1a-R  TTGAGTCTGCTGGAATGCTG
gp-GAPDH-F  TTCGTGATGGGCGTGAATCA 156 bp

gp—GAPDH-R  AGTGATGGCATGGACTGTGG
PI3K; Phosphatidylinositol 3-kinase; AKT1. AKT serine/threonine
kinase 1; mTOR; Mammalian target of rapamycin; HIF—1o: Hypoxia—
inducible factor 1-alpha; GAPDH: Glyceraldehyde — 3 — phosphate
dehydrogenase.

SPSS22. 0 was used for statistical

analysis of the data. Kolmogorov—Smirnov test was used to test

Statistical Analysis

the normality of the data. The normality was described by
mean and standard deviation. The difference between the two
groups was compared by ¢ test, and the comparison between
multiple groups was analyzed by analysis of variance. Further
pairwise comparison was performed using least significant
difference ( LSD) test. Non — normality was described by
median and quartile. Mann — Whitney U test was used to
compare the differences between the two groups. Kruskal —
Wallis H test was used for comparison between multiple
groups, and Steel —Dwass test was used for further pairwise
comparison. The overall selection test level of the study was
0.05 on both sides.

RESULTS

Changes Before and After EA Treatment in Myopic
Guinea Pigs
Axial length
among the four groups before modeling (P = 0. 175).
Compared with baseline ( before modeling), the AL in the
FDM group, FDM+EA group, and FDM +sham acupuncture

No significant differences were observed

group significantly increased after 4 wk of modeling ( P <
0.001). After 4 wk of treatment, no significant difference in
AL growth was observed between the FDM+EA and FDM +
sham acupuncture groups compared to the FDM group (P =
0.380;Table 3).
Vitreous diameter No significant differences were observed
among the four groups before modeling ( P = 0. 319).
Compared with baseline, the vitreous diameter in the FDM
group, FDM+EA group, and FDM+sham acupuncture group
significantly increased after 4 wk of modeling (P <0.001).
After 4 wk of treatment, no significant difference in vitreous
diameter growth was observed between the FDM + EA and
FDM+sham acupuncture groups compared to the FDM group
(P=0.125; Table 3).

Refractive error  No significant differences were observed
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among the four groups before modeling ( P = 0. 186).
Compared with baseline, the myopic refractive error in the
FDM group, FDM+EA group, and FDM +sham acupuncture
group significantly increased after 4 wk of modeling ( P <
0.001), indicating statistical significance and confirming the
successful establishment of the myopic guinea pig model. After
4 wk of treatment, the myopic refractive error significantly
decreased in the FDM+EA group compared to the FDM group
(P<0.001). The data of refractive error did not satisfy the
normal distribution, and the generalized estimation equation
was used to analyze the difference between different groups at
each time point. The statistical analysis of the results of each
group is detailed in Table 3.

Corneal curvature No significant differences were observed
among the four groups (P=0.434). Compared with baseline,
the corneal curvature in the FDM group, FDM +EA group,
and FDM + sham acupuncture group significantly decreased
after 4 wk of modeling (P<0.001). After 4 wk of treatment,
no significant differences in corneal curvature were observed
between the FDM +EA and FDM +sham acupuncture groups
compared to the FDM group ( P=0.762;Table 3).
Choroidal vascular density No significant differences were
observed among the four groups before modeling ( P=0.305).
Compared with baseline, the choroidal vascular density in the
FDM group, FDM+EA group, and FDM +sham acupuncture
group significantly decreased after 4 wk of modeling ( P <
0.001). After 4 wk of treatment, the choroidal vascular
density in the FDM + EA group significantly increased
compared to the FDM group (P<0.001; Figures 1-4).
Choroidal thickness No significant differences were
observed among the four groups before modeling (P=0.207).
Compared with baseline, the choroidal thickness in the FDM
group, FDM+EA group, and FDM +sham acupuncture group
significantly decreased after 4 wk of modeling ( P<0.001).
After 4 wk of treatment, no significant differences in choroidal
thickness were observed between the FDM +EA and FDM +
sham acupuncture groups compared to the FDM group (P =
0.057 ;Figures 1-4).

EA on PI3K/Akt/mTOR - HIF - la Signaling Pathway
mRNA Before and After Treatment After 4 wk of EA
treatment,, compared with the control group, the mRNA levels
of PI3K, Akt, mTOR, and HIF-1a in the FDM group were
significantly elevated ( P<0.001).Compared with the FDM
group, the mRNA levels of PI3K, Akt, mTOR, and HIF-1«
in the FDM + EA group were significantly decreased ( P <
0.001 ; Table 4).

DISCUSSION

The experimental results show that after successful myopia
modeling, the myopic refractive error in the FDM group,
FDM+EA group,

significantly increased, it may indicate the successful

and FDM + sham acupuncture group

establishment of the myopia guinea pig model and demonstrating
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Table 3 Analysis of parameters at different times and in different groups x+s

Parameters Control group FDM group FDM+EA group FDM+sham group F P
Axial length (mm)

Before modeling 8.35+0.23 8.33+0.25 8.32+0.25 8.35+0.22 Fipreretass =2-519 Piporclass = 0-175

4 wk after modeling 8.37:0.25 8.66+0.34 8.53+0.27 8.6:0.33 P =54.626 Py <0.001

4 wk after treatment 8.32+0.25 8.69+0.32 8.62+0.29 8.55+0.26 Finteraction = 1-080 P yieraction=0-380
Vitreous diameter ( mm)

Before modeling 4.9620.16 4.94:0.18 4.96:0.14 4.960.14 Finyeretass = 3.747 Pipyeretaee=0.319

4 wk after modeling 4.94£0.17 5.24x0.18 5.15£0.16 5.170.22 Finedas=71.960 Py <0.001

4 wk after treatment 4.95:0.21 5.28+0.25 5.20£0.23 5.10£0.15 Fluertion= 1716 Plicraction=0-125
Refractive error (D)

Before modeling 1.25 (0.75, 2.50)  1.00 (0.25, 2.72) 1.25 (0.75, 2.00) 1.25 (0.50, 2.00) X2t = 2,675 Pisorctacs =0.186

4 wk after modeling 1.20 (1.00, 2.25) =3.37 (=5.18, =2.61) —1.50 (-1.65, =1.14) =1.44 (=2.20, =1.00)  X2ctee=32471  Pioaclans<0.001

4 wk after treatment 1.25 (1.00, 2.00) -2.93 (-4.35, -2.19)  —0.70 (-0.95, 0) -1.53 (=1.95, =0.90) X3 ieraction=45-219 Priteraction<0-001
Corneal curvature (D)

Before modeling 4.0420.15 4.050.07 4.0620.11 4.010.06 Fiprerelass = 0-922 Prerelass = 0-434

4 wk after modeling 4.0220.21 2.01:0.20 2.14£0.30 2.07£0.32 Fincla=4336.540 P, <0.001

4 wk after treatment 4.06+0.16 1.96£0.04 1.97+0.30 1.98+0.13 Floeretion=0-559  Pieraction = 0-762
Choroidal vascular density (%)

Before modeling 52.14+2.41 52.29+2.02 52.95+2.88 52.60+2.67 Ferclass = 9-256 Py erclass = 0.305

4 wk after modeling 52.64+2.33 48.59+2.98 45.63+3.17 49.13:3.11 Finedas=61.462 P o <0.001

4 wk after treatment 52.96+1.79 48.24+2.49 53.21+1.69 49.533.31 Floteraetion=20.239 Pluiurion<0.001
Choroidal thickness (pm)

Before modeling 68.11:8.04 69.41:6.34 67.89+10.02 67.27+14.37 Fiprerctass = 1.557 Pperelass = 0-207

4 wk after modeling 68.61+6.38 61.18+7.46 60.00+8.07 56.33+12.23 Finmncelass=60-175 Py e1ass<0.001

4 wk after treatment 68.32+8.55 55.82+7.56 53.05+8.36 53.27+12.95 Flueraction=1-885  Pliieraction =0-057

Choroidal thickness and vascular density in the
control group of guinea pigs.

the feasibility of our modeling method. After EA treatment,
the myopic refractive error in the EA group significantly
decreased, indicating that EA effectively reduces myopic
refractive error and improves refractive status.

Following successful myopia modeling, the choroidal vascular
density of guinea pigs in the FDM group, FDM+EA group,
and FDM +sham acupuncture group significantly decreased,
indicating that myopia reduces choroidal vascular density and

blood perfusion. The specific mechanism may involve local

Figure 2 Choroidal thickness and vascular density in the form
deprivation myopia group of guinea pigs.

hypoxia in the choroidal tissue due to myopia, which further
leads to decreased vascular density and reduced blood
perfusion in the choroid. This warrants further investigation.

After EA treatment, the choroidal vascular density in the
FDM+EA group significantly increased, while no significant
increase was observed in the FDM+sham acupuncture group.
This suggests that EA treatment may improve the pathological
state of myopia by increasing choroidal blood perfusion. After

EA treatment, the mRNA levels of PI3K, Akt, mTOR, and

927
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Choroidal thickness and vascular density in the

Figure 3 Figure 4 Choroidal thickness and vascular density in the sham
electroacupuncture group of guinea pigs. acupoint group of guinea pigs.
Table 4 Analysis of relative gene expression levels across experimental groups xts
Groups PI3K Aktl mTOR HIF-1a
Control group (n=38) 1.024+0.173 1.021+0.177 1.006+0.181 1.026+0.272

FDM group (n=38)
FDM+EA group (n=8)
FDM+sham group (n=38)

1.801+0.212°
1.378+0.218*"
1.725+0.242°

2.095+0.194"
1.473+0.192*"
1.982+0.183"

2.246+0.141°
1.512+0.212*"
2.139+0.118*

2.427+0.328"
1.518+0.232*"
2.314+0.303"

EA. Electroacupuncture; FDM: Form deprivation myopia; PI3K: Phosphatidylinositol 3 —kinase; Aktl: AKT serine/threonine kinase 1;

mTOR: Mammalian target of rapamycin; HIF — lae: Hypoxia — inducible factor 1 - alpha. “Significantly different from the control group;

"Significantly different from the FDM group.

HIF - 1o in the FDM + EA group significantly decreased
compared to the FDM group.

The pathogenesis of myopia is primarily attributed to active
scleral remodeling, with numerous studies suggesting that
hypoxia actsas a key regulator of extracellular matrix (ECM)
remodeling in scleral cells during the development of myopia.
The compensatory responses induced by myopia can thin the
choroid and reduce choroidal blood perfusion. This reduction
in choroidal perfusion may lead to hypoxia in the adjacent
scleral tissue, thereby promoting the onset and progression of

scleral hypoxia may result from
[12]

myopia. Consequently,
decreased choroidal blood perfusion
The regulatory response induced by myopia can thin the
choroidand reduce choroidal blood perfusion, which in turn
may lead to hypoxia in adjacent scleral tissues. Recent studies
have shown that during myopia development, scleral hypoxia
induced HIF — aexpression increased and contributes to the

onset and progression of myopia "’

[14

HIF — o is involved in

'. The mechanisms underlying
l[15

cellular responses to hypoxia

myopia are highly complex. Wu et al'’ found that scleral
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hypoxia serves as a trigger for myopia. Studies have confirmed
that scleral HIF—1a is an important regulatory candidate in
the interplay between genetic and environmental factors
underlying human myopia.

Hypoxia — induced wupregulation of HIF — la activating
downstream key pathways for vascular endothelial cell
PI3K/Akt/mTOR
These findings highlight the ecritical role of

proliferation, such as the signaling

pathway' ',
hypoxia in scleral ECM remodeling and myopia development,
thereby suggesting a potential therapeutic approach to control
myopia by improving hypoxia''”’ . In the future, our research
group will further study the effect of EA on the proliferation of
scleral fibroblasts and its mechanism.

Studies have shown that activation of the PI3K/Akt pathway
plays an important role in the expression and activation of

18]

HIF-1a under hypoxicconditions ™. HIF — 1o also plays a
crucial regulatory role in the pathological processes of
ischemia and hypoxia in other organs. Research has confirmed
that HIF - la is a hypoxia — inducible nuclear transcription

regulator, controlled by intracellular oxygen levels. During
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cerebral ischemia and hypoxia, HIF — la expression is
upregulated and can induce the expression of downstream

target genes "’ . Similarly, HIF-1a plays an important role in

hypoxic—ischemic brain injury ™',

In traditional Chinese medicine (TCM) , myopia is referred to
as “near—sightedness and far—sightedness weakness”. Myopia
can be treated by unblocking meridians and regulating the
circulation of gi and blood"”". Studies have confirmed "
that acupuncture can improve uncorrected visual acuity, with
a total treatment efficacy rate of 97.9%. Research has also
shown that acupuncture has a certain therapeutic effect on
anisometropic amblyopia, possibly through its influence on
choroidal blood perfusion in the eye.

Our prior research found that acupuncture treatment improved
lens thickness, spherical equivalent refraction, and ciliary
body thickness in myopia patients to some extent ®. Studies
have also demonstrated that acupuncture can improve the
disease activity index in mice with ulcerative colitis, possibly
by downregulating the expression of signal transducer and
activator of transcription 3 (STAT3) and HIF-1a proteins in
the colon and improving hypoxic conditions *'. Acupuncture
at Zusanli ( ST36 ) and Quchi ( LI11) points exerts
neuroprotective effects on ischemia—reperfusion injury in the
brain by regulating the PI3K/ Akt signaling pathway'>’.
These results suggest that EA treatment negatively regulates
the expression of PI3K/Akt/mTOR - HIF - la signaling
pathway mRNA. It may further reduce HIF-1a expression by
modulating the PI3K/Akt/mTOR pathway, thereby improving
the hypoxic state of the sclera and inhibiting the progression of
myopia. However, guinea pigs lack a macula and have a
uniform choroidal capillary layer, limiting direct translation to
human myopia.

Taiyang acupoint is an extra — meridian acupoint, located
between the eyebrow tip and the outer canthus of the eye,
about a horizontal finger or 1 inch of depression. It is located
at the intersection of the Hand-Foot Shaoyang meridian, the
Hand - Sun and the Hand - Yangming meridian"** . Taiyang
acupoint itself has the effect of improving vision for the eyes,
because it stimulates the surrounding nerves and blood
vessels, improves the blood supply state of the eyes, thereby

71 As a sham acupoint control group,

improving vision
0.5 c¢m above the Taiyang acupoint usually does not have a
direct therapeutic effect on the eyes, but may produce non-—
specific reactions, such as placebo effect'™ . The acupoint is
an irregular complex three—dimensional spatial structure with
a certain breadth and depth, rather than an independent point

' Therefore, the area of the Taiyang point area

or line'”
should be more than 0.5 c¢m, and may be larger. In
acupuncture clinical trials, the sham point control group was
used to exclude the non—specificity of acupuncture, so as to
more clearly observe and evaluate the specific therapeutic

[30]

effect of acupuncture ™. As an extra — meridian acupoint,

Taiyang acupoint has a certain specific effect, while the sham
acupoint control group is used to compare the specific and
non—specific effects of acupuncture. By comparing the reaction
of the sun point group and the sham point group, the specific
mechanism of acupuncture can be further explored™’. In
summary , the 0.5 em above the Taiyang point as a sham point
control group is an active non—specific intervention measure to
exclude the non—specific effects of acupuncture, so as to more
clearly evaluate the specific therapeutic effect of acupuncture.
The core hypothesis of this study, the molecular analysis of
the PI3K/Akt/mTOR-HIF-1 « signaling pathway, was only
based on a small sample size, which may affect the statistical
validity and universality of the research results. Due to protein
expression being a more direct indicator of cellular activity, in
order to fully support the proposed mechanism, our research
group will further analyze the molecular mechanism of this
pathway at the protein level in the future, aiming to study this
pathway from a more microscopic and precise perspective.
The physiological and pathological processes in organisms may
be different between males and females. Using only male
animals for experiments, the results may only reflect the
situation of male individuals, and cannot fully cover the
physiological responses of female animals, thus limiting the
extrapolation of experimental results to a wider range of animal
populations and even humans. The reproductive cycle of
female animals can lead to periodic changes in hormone levels
in the body, which may affect the experimental results""” .

In this study, we did not analyze the expression of PI3K/Akt/
mTOR-HIF-1a signaling pathway mRNA at the time points
before modeling and after modeling. Thus, we could not
observe time—dependent differences in the expression of each
factor, which limits comprehensive analysis. This limitation
will be addressed in future experiments.

In the future, our research team will conduct more in—depth
and detailed mechanistic studies on how EA intervention
improves scleral hypoxia and increases choroidal blood

perfusion in myopia.
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