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MEA —FAARESEH(eNOSIMRNAZA K G Rk, R : HxBabs AR DRAF S I2AKAE, ik
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PI3K .p-mTOR/mTOR % & & ik W Ah % % 7 & (P<<0.01), £ 3 Bk F eNOS mRNA & ik ,eNOS & & k& &
& A p-Akt/Akt e 1h 2 F AL (P<<0.01,P<<0.05), HSHEMMALE, L FA PR EIHIRF B Y TN w0
BLE, R ILAA 2 9R # AL, 4 48 47 HDL-C 9139 # # (P<T0.01,P<C0.05). 5 &£ &ka4ak, £ E+#ah A
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Effect of “Wenyang Tongmai” moxibustion on endothelial function in ApoE™ atherosclerotic

mice via PI3K/Akt/mTOR signaling pathway

ZHU Zhou', PAN Li', YAN Zhao-bo?, ZHANG Ning', YANG Zhi-hong', XIONG Jiao-jiao', YANG Xiao-fang' ('School of
Acupuncture-moxibustion and Tuina, Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China;
*Changsha Hospital of Traditional Chinese Medicine, Changsha 410007)

[ABSTRACT] Objective To observe the impact of “Wenyang Tongmai” (warming yang and unblocking

vessels) moxibustion on Phosphatidylinositol 3-kinase/protein kinase B/mammalian target of rapamycin (PI3K/Akt/
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mTOR ) signaling pathway and endothelial function-related factors in ApoE” mice with atherosclerosis (AS), so as to
explore its potential mechanism underlying prevention and treatment of AS. Methods Thirty male ApoE” mice were
randomly assigned to three groups: model, moxibustion, and moxibustion plus PI3K agonist (moxibustion + agonist)
groups, with 10 mice in each group. The AS model was established by feeding the mice with high-fat diet for 12 weeks.
An additional 10 male C57BL/6J mice were used as the control group, and fed with a standard diet for 12 weeks. The
interventions began on the first day of modeling. Rats of the control and model groups were only restrained for fixation.
Moxibustion was applied to “Danzhong” (CV17), “Shenque” (CV8), bilateral “Neiguan” (PC6) and “Xuehai” (SP10)
acupoints for 30 min per session. Mice of the moxibustion + agonist group received intraperitoneal injection of PI3K
agonist 740Y-P (5 umol-kg™'-d") 30 min before each moxibustion. The intervention was conducted 5 days per week for
12 consecutive weeks. General conditions and body weight of the mice were recorded. Biochemical analysis was
performed to measure serum triglycerides (TG) , total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C) ,
and high-density lipoprotein cholesterol (HDL-C) contents. Histopathological changes in the thoracic aorta were
observed via H.E. staining. The contents of serum nitric oxide (NO) and endothelin-1 (ET-1) were detected using
ELISA. The reactive oxygen species (ROS) content in the aorta was detected by flow cytometry. The Western blot and
gqPCR were employed to analyze the expression of PI3K, Akt, mTOR, and eNOS proteins and mRNA in the aortic
tissue, respectively. Results
body weight at week 8 and 12 after modeling ( P<0.05), serum TC, TG, and LDL-C and ET-1 contents, and aorta ROS
content, expression levels of mMTOR mRNA, and, p-PI3K/PI3K and p-mTOR/mTOR ratios in the aorta tissue (P<0.01),
and a significant decrease in the serum HDL-C and NO contents, and expression levels of eNOS mRNA and protein
and p-Akt/Akt ratio in the aorta (P<0.01,
obviously lowered the body weight at week 8 and 12, contents of serum TC, TG, LDL-C, ET-1 and aorta ROS, and

Compared to the control group, the model group showed a significant increase in the

P<0.05). Compared with the model group, the moxibustion intervention

expression levels of mMTOR mRNA and protein and p-PI3K/PI3K ratio ( P<0.01, P<0.05), and evidently elevated serum
NO content, expression of eNOS mRNA and protein and p-Akt/Akt ratio (P<0.01). Compared to the moxibustion group,
the moxibustion+agonist group exhibited an evident elevation in the serum TC, TG, and LDL-C contents (P<0.01, P<
0.05) , ET-1, ROS contents and the ratio of p-PI3K/PISK and p-mTOR/mTOR proteins (P<0.01, P<0.05) ,
striking down-regulation in the content of NO, expression of eNOS mRNAs and proteins, and p-Akt/Akt ratio ( P<0.05,

and a

P<0.01). Histopathological examination revealed uneven aortic inner walls, intimal thickening, and plaque proliferation
in the model group, while minor intimal cell detachment in the aortic arch and no obvious lesions in the moxibustion
group, and a small amount of “plaque” and hyperplasia in the aortic arch, and an occasional endothelial cell sloughing
of the intima in the moxibustion+angonist group. Conclusion “Wenyang Tongmai” moxibustion can reduce body
weight, alleviate dyslipidemia and mitigate AS symptoms in ApoE” mice, which may be associated with its functions in
inhibiting the PIBK/Akt/mTOR signaling pathway, reducing oxidative stress and protecting the endothelial function.

[KEYWORDS]

oxygen species; Endothelial function; Oxidative stress
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— AL A A W (eNOS) P4 (3£ E Abcam) , B 2 fb
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M RO (EE M HZ) , Bk -2016 % 45 X4
AALCEEE ), A s K HL(E DR A ) , RS36 1
2 |3 AL CR MR BT 7S ) |, Pannoramic250 41
P A F A (4 2F 1) SDHISTECH) , C2500 i ¥ 2
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MR, KZ- 11 -F A% i 20 U0 5 A (s 38 4
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[ Fe ik dl, d i 12 4 .

Xof MR 55 B AU 20 45 T AR vk A N ARk - s R
2 () [ ik 0 1 Bk 1], (EUOARS 9
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(JE5pm), ¥ HE Je @k iR xr b) 7 i 47 o 2
KRR RG o gy, ZHIREW W R
B R EEE. TOEE T WE/NR ES kS 41209%
HIEZ

ELISA ¥ A5 /N B3 NO VET-1 & & : Bt
FRAF ML IR 4% B ELISA R 7 & 368 B 9E 17
BeAE o FEBERR YL 450 nm &b 75 45 FL WO BE (8, AR U5
T 70 i WO B (B 22 i A o 4R T SRR AR P ET -1
NO % .

it 2 A0 AR 3 A I /0SB B KO M 4 (ROS)
Fram R 6 H/NR F Sk ST HAR 60 mm %
A 2 mL 7% PBS /Y 3 55 F L b 8 0k T 5, HTIR
FFIY 5 /NS R 2 2L WA 20 i R 200 H
4 L 57 52 98 L 300X g B0 5 min, 5% F{F , 4 PBS Ik
Ve A 3 A5 VR FELY 21 40 M 24 i i =2 T 24 4% 5 min,
BN YLTE . 428 1:1 000 1 o 41 FH G 1f 75
55 IR W R B DCFH-DA #8%F (& B2 10 pmol/L) , 7£
BEFESTIMALmL M DCFH-DA # B , 37 C
I K5 57 46 IR A 20 min, B 3~5 min SifE R 2],
it 45 T R A0 M FE o 5 i, 350 X g B0 5 min, 3 1
T8, FH TG I35 40 85 57 VR R V4 A 3 0K, DA 78 4 S BR
KVEALME N B DCFH-DA . 55 i i 2 40 42
il ROS &, fdi ] CytExpert 4 73 #r i 20 5080 .

qPCR A I /N L3 3l ik PISK Akt . mTOR &
eNOS mRNA ik a4 6 H/NEL10~20 mg i 77
1 BB 23N A 350 pL 26 W RIF VS 48 T O L B T
JE ST RS 2547 DNA T BR/RNA WL B 38 FAE 1
(FEF e 2 mL YR W), B0 1 min, A &
RNA 9 387, DNA T Br/RNA 0% [ 38 A+ i A
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free H,O, = R E 1 minJ5 , &0 1 min, 44 3 RNA
UE . PEAT RN 41 DNA K BRI R §5 s 12 9
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7]
R 19751 (53" KR/
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Iiif TGCACAAACGAGGGGAATATAT g
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NOS LIl CTGAGAGCCTGCAATTACTACC g1
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T TTTCCACAGAGAGGATTGTAGC

L CTGATCCTCAACGAGCTAGTTC
mTOR 112
T GGTCTTTGCAGTACTTGTCATG

PI3K T AAACAAAGCGGAGAACCTATTG 125
" R TAATGACGCAATGCTTGACTTC )

T CTACCTCATGAAGATCCTGACC

-actin
B T CACAGCTTCTCTTTGATGTCAC

W Akt R R FIOEE B, eNOS SN Bz B — & AL A A Tl
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0.01); 5 R BEA K, &k + ¥sh 4/ R v

B1 RENRERELR (15,10 AR/H)
Fig.1 Comparison of body weight of mice in the 4 groups NO & & F B (P<<0.05) ,ET-1 & & & & 3 n (P<<

(z+s,10 mice/group) 0.01). WLKE4,

o5 TC 46 10 LPLC . 3pHDLC

~ 20 # T = 3 *5k 28 T = 2
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o 1 ﬁ ﬁ ﬂ 5 = ﬁ ﬂ
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0.01; 5HEAI A b4, "P<C0.05,"P<C0.01; 5 R kA L ,~ P<<0.05,2P<C0.01,
2 HAMRMETC.TG.LDL-C . HDL-C & E R L3 (x+5,10 R FR/4A)
Fig.2 Comparison of serum TC, TG, LDL-C, and HDL-C contents of mice in the 4 groups (Z+s, 10 mice/group)
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Fig.3 Comparison of pathological morphology of thoracic aorta of mice in the 4 groups (HE staining)
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Fig. 4 Comparison of serum NO and ET-1 contents of

mice in the 4 groups (z+s,10 mice/group)

2.5 HH/NREIIKHALROS & i K

50 IR P A, AR A /N BR ik R ROS &
BERIN(P<<0.01) s SHIRI A L, i 240/ L EE
Bk ROS & &t W 3 0 > (P<<0.01) ; 5 Rk 4l Ik
B, R A WA/ R F S kb ROS & 1 i 35 4
Jm(P<<0.01). W5,
2.6 A/ ED kB
eNOS mRNA # ik H &

55X B L e, B A /N B B ik mTOR
mRNA ik i 2 8 i1 (P<<0.01) ,eNOS mRNA
B E WA (P<<0.01) ; 5B AR 8, Rk A
mTOR mRNA % 5 B % i /> (P<<0.05) , eNOS
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