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Effect of electroacupuncture on mitochondrial unfolded protein response-associated proteins

in the colon tissue of mice with functional constipation
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[ABSTRACT] Objective To observe the effect of electroacupuncture (EA) at “Tianshu” (ST26) and
“Shangjuxu” (ST37) acupoints on the expression of mitochondrial unfolded protein response (UPR™ - related proteins
in the colon tissue of functional constipation (FC) model mice, so as to explore its potential mechanisms underlying

improvement of FC symptoms. Methods Eighteen male C57BL/6J mice were randomly divided into three groups:
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normal control (NC) , FC model (M), and EA (n=6 per group). The FC model was established by gavage of
Loperamide suspension (1 mg/mL, 0.1 mL/10 g), twice daily for 14 days. The EA group received alternating unilateral
EA stimulation of ST26 and ST37 (3 Hz/15 Hz, an electric current intensity being able to induce slight tremor of the
mouse’ s limbs) for 20 min, once daily, 5 days a week for 2 weeks. The mice in the NC and M groups underwent
equivalent restraint. Gastrointestinal transit function was assessed by measuring the first blue stool discharge time, 6-
hour fecal pellet count, stool character score, rate of water content, and intestinal propulsion rate. Histopathological
changes of the colon tissue were examined by H.E. staining, and the mitochondrial ultrastructure of colonic smooth
muscle cells (SMCs) was observed by using a transmission electron microscopy (TEM). The mitochondrial function
was comprehensively evaluated by measuring the mitochondrial membrane potential (MMP) and the mitochondrial
reactive oxygen species (mtROS) level was assayed using flow cytometry, and the mitochondrial ATP content in the
colon tissue was measured using colorimetric assay. The immunohistochemistry stain was employed to detect the
expression of key UPR™ markers heat shock protein-60 (HSP60) and LON protease 1 (LONP1) in the colon tissue.
Results

time and average immunofluorescence intensity of mtROS (P<0.01), and a considerable reduction in the 6-hour fecal

Compared with the NC group, the M group exhibited a significant increase in the first blue stool discharge

pellet count, stool character score, rate of water content, small intestine propulsion rate, MMP, ATP content, and the
expression of HSP60 and LONP1 proteins in the colon tissue (P<0.05, P<0.01). Following EA intervention, compared
to the M group, the EA group showed a marked decrease in the first black stool discharge time and average
immunofluorescence intensity of mtROS (P<0.01) , and a notable increase in the 6-hour fecal pellet count, stool
character score, rate of water content, intestine propulsion rate, MMP, ATP content, and the expression of HSP60 and
LONP1 proteins in the colon tissue (P<0.05, P<0.01). The results of morphological structure showed that the
mitochondria in the colon tissue were significantly swollen, with membrane damage and severe cristae rupture in the
model group, while in the EA group, the mitochondrial swelling was mild, with significant improvement in the membrane
and cristae integrity of the SMCs. Conclusion EA at ST26 and ST37 can effectively ameliorate gastrointestinal
dysfunction and restore mitochondrial integrity in colonic SMCs of FC mice, which may be associated with its functions
in up-regulating the expression of HSP60 and LONP1 proteins to activate UPR™.

[KEYWORDS]

shock protein 60; LON protease 1

Electroacupuncture; Functional constipation; Mitochondria; Unfolded protein response; Heat

ThAE P A (FC) J2 I R 5 W H 22 & 1 Zh fE 1
B, R AR R IL10%~15%"Y, HiZ 06w
P A PRERIAE T W 8 3h ) B4, 4 S B S R 4
6 PRI X HE 5 400 236 o8 fIC B 28 4 4 45 0 R wF o
F W LR AE Sy 4 RE A A A O TR L I
Ty fig 58 W] 5 2025 W 7 W LA L (SMC) W 4 D g
T MG R B R, A& S 5 FCH A
A R SOBLAR R YT & B R (UPR™)
I S A T LR R Ty BB BE S 1Y A% O AL ISR
SELFE R AR S, UPR™ 8 i ¥ A5 5 55 3 3006 ) 3h
7R TR 2R Gk, b U OC B B AR dn BRIk v 2R F-60
(HSP60) K £ (1 B an LON 2 (1 1(LONP1) , M ifii
R BRI W E RN R & E A LR K
M B (mtROS) , 4E R LR R AR S SR M, 7618 1
NEHCIRZS TR, UPR™ MR A ML % Py BE 2 3% , i fi
G| K R 2 (0 SRR Ty BE B A%, % F UPR™ 78 2 £
2R A T R A 18 Bl g b O IR AE R AR
Yk 38 s 71 IR YT FC B 7E §E 8 B B 2
A

AT AT Ok 22 I e Jo A I PR AT 9T 2 RS, AT IR T
FC Y720 U1 A 2R 17 393 A 5 3 W) 1 of) ] 3
it 59 A 4 & G5 -Cajal 18] 5 41 i -SMC 3 g W
2610 VR Ji T TR RE 2 B microRNA ) 45 2 1ot
S5 07 A RE FCAEAR o SR, B 0 12 i 3 30
{14 V. 48 G i AL 61 v A T B o [) I AT BACRi S A 5
KW BRI AT A BB K FC /N B2 0B 2Ok R 45
e AR B o SR A S 45 UPR™ ) ik 2k i & #423R
VR (DS I VI N I B P A N ) s S
20 HE &m0 5E L BT X FC /N O 1A ) RE
UPR™ HH K8 1 25 W52, 7 — 20 PR 4 o0 ol 3
FCAER A 73 5L

1 MBEFZE
1.1 sEmeshyy Koy 4l

SPF 2% C57BL/6J Mt /NER 18 L, 6~8 JAl % , 4
J i 20~25 g, W [ LR Ik A0 S 56 sh AT BR A L 2R
PEYFANE S SCXK (J1])2025-0030, /s B 35 78 1T
# i B 2 K24 SPF R sl ) 92 56 = [SYXK (1)) 2024-



Bt BT 5

0049 ], 1 F2 4 F R < R BE (254+0.5)°C, 2 J& (554
5)%,12h/12 hfE @ B RE 328, H R oK. A
TF 90 5 40 3ok 2 7™ At 388 ST Bk A A 1) (O T 15 52
5 B W Ae T Ve W) AR S E | O 4 LA R 2
KB P B 2 5L 2 die e /e 345 Oy £ 2025119,
5N PEME SR 7 d K B AL B T 2R /N BB AL 53
s A BRG] B L 34 gl 6 H
1.2 FERH 5

TR T e B (VS A ARl 25) , O SR i L
WAL R E) 5 8 b (ORI H K8 ), Grar Yol
(A REFESE ), R ACKS Y4 Wi (Jt 52 Leagene) , HL 55 [
W AR Scientist) , 4R A B A A7 6 350 & . BCA
1A I 5 350 & (0L Elabscience ) , PBS £ i
T H R R BT TR A & (R Seveicebio) , 2 kr A #
AAL PRI R & (B SER R R, SRR
(ATP) & W 3 57 & (R & & ) , HSP60 $t 14 |
LONPIHUAAR R =), HRP #ric th 40/ B [gG
AL R AR ) 2 T O RIPA 24 (LB
Biosharp) , 41 & DAB & & %] i 7 & (b
Solarbio) »

— W T A 44 (0.18 mm X 13 mm) . SDZ-
V BRI I AT A (IR BEST RLE) si
L FH WA BR BEAL (R500, TR YIN B IR 48 ) |, = A B i 1
FE (22047, 48 M Ay 22 A1) ol 40 AL (UCT, 72 [+
Leica) , 54 W) 1 (Ultra 45°, Fit L #08 ) , 15 5 1 1
B (HT7800, H A H 7 ), i =X 40 g 1Y
(CytoFLEX, 3£ [# Beckman coulter) , ik # &5 .0 AL .
WHEIR A 2% (DM0412S \MX-F, % [ SCILOGEX),
R A Ry B P (TY92-Tin, 75 0% 37 2 ) , i % X
(Epoch, 3% [¥ Biotek) , (3 #L (JB-P5, IR A ) , ik
Y] H A H {Y (Pannoramic SCAN 11 , & 7 #|
3DHISTECH Kfit) , fb % & & i 12 & 4 ( I &
) .
1.3 #EREITR

R JH U UR T e E B kTR d FC /N BB Y
HARERAE QR <l 1 0.9 % 581k Bl v T e 1 e R
1 mg/mL /93 WK T i 1R B VR, 155 80 40 K A B 4 DU
0.1mL/10 g M EHEH B H 2K, EL14d, & H
AL T ERF0.9% FAL SN E H o DIBIALZ /)
I A N T IR S Rl S B P =i S
B
1.4 AT %

HIT I, 2 AN Rk 245 T 0.9% F AL a
VST BB 2 R R BT A N AR B4 TR T

DAERFBOAIERE Rk (G ], B H 1R, %2 12 d.
VE H 5 30 min, S it A N FUR it

HLEF L HRAE - 2 IR B0 4 R 2 )M P U 1
8 /IS B LA AR (/I BRI 958 1F v 2% FF 5 mm)
e EEEONRE R R = B{ T 7256 mm) .
K B SR AR R AN, o R 75 % LB B
Jei 28 BT [R] OAR A ERT UE RN TR A
5 mme PR A i B CE TR, HL B S 4
22 P BN 5T, B B A ¢ B % L R 3 Hz/
15 Hz, B3 3t 58 B DL /N BRSO G B sl ol B . RR ik 7
£ 20 min, 19 /d, # 4k 5 d /K B 2 d, #3497 10K,
1.5 WLEHE b B Iy vk

A7 Ry 2 A6 W /0N BB 3 A i D) R - (1) 8 kL (i
HE LA ] 2 A T PSS R A B 12 h, T LU SCRUE
P E (0.1 mL/10 g) o e E 8 2] i ok s
A HE 1 I FE A T B0 s e R A L (2) HE(E 15
BLVP AL WS A /N 6 h N HEME 1 B0, 5 2 h il 4R
1Yk 2% 4 I 7 B PR 5, 30 s JHL 2 A R K I T &
Mo FEEMERCR A BTG R R R VAT
P (LR 1) o YHESE 3 (RD 6 h)Ja K T A 258
BT 200 CREAE LT 30 min, BUH AR T 5, 1155 2%
SRR, EEERR(K)=[(BE-THE) B
] X100% .,

F1 EEHERITESIRE

Table 1 Scoring criteria for fecal consistency

Bagit] PR 5

1% I3 A TR PR A e SR
21 L0 72N (D82S

3/ LA 1, (B3R T A 2L
4 LA i e, O B K
5% BRCATER , 30 2% 3 Wi

6 %! ARy A WK AE
7R KA TEIE AR IY 58 4 AR

WAL A7 2 WL 45 R 5 A8 1 AN AR K 12 h
Mo B H &4/ R g P SO e i iE B 20
min J& , 37 BI 5 DL S 50000 0 I O A7 S0 1 9 7k Ab 4 o
T B 4N (A T 2 ) K g5 .
o FF 3155/ i e 1E 2R /N i 4 i o = e K+
NI 4K X 100% . FH 0.9% S AL 8N IR W TE A 45
DL vh e 5% B 0, JE A L5 Sy 49 43 L 5 LI AT A
495 Z B B P 2 T HE Y (0 K s 4l 231k
R 5 575 2 3B 43 e B, T OB S e B N W



Acupuncture R esearch

BRURLARZE Y 5 55 3TB 4 A T4 1) PBS 28 vpi
FH T 0 2 20 AR DA A 00 26 A7 44 B FL 37 S mtROS %
i 5 AT AR A T, T s A

HE %% €8 35 W5 /N B2 i s 38 8 A8 4k B
R B 48 h 25 T A 21, e B B & I
KA E S A 4 pm V) Fr o IR &85 s
KoK G MR HEAT LA R 25 58 90 AOKS 44 {5 3 min,
W OB, KV IR T WAL B, FEK PR, DAL G (R
3 min, ZKBE, BB, R E R, B TG
W T WE LS I A BV L A .

75 5 P B L5 245 i 4 40 R A 5 4 <o [ S A
FL 58 R R 45 i L 2V L 16 AT - 0.1 mol /L
5 TR 2% vh W (pH7.4) % I 8 2 2 h 5 I Uk 3K, #ie ik
JEE o A P 20 TR K ol R A S R AT B 0
£ 45 3 HE R U0 F (60~80 nm) 5 FH Ay AU €5, T
P J5 R FH 375 S P Sl B O 45 e A e R 5 4

T 2 4 A AR A I 25 i 2 40ROk A B E A A
mtROS - ¥ 5 50 Ji - B PBS Hf [ 5 1) 45 i 41 2
FEA, B 29 20 mg, BYAEZE 1 mm X 1 mm X 1 mm 4
F BT gentleMACS CH A 37 CHil i i) fifg fit
W FAL8UR A8 17 2 7 )7 30 min, &
LRI 30 min, 3% L34 , F RPMI1640 5 & 4i ity
FE L v, [A) K5 2% 0 U U B 0 5 ) A B A i B,
T SR o (1) 2 1A B | A7 : B (5~10) X 10°4
4N, B0 5 F L3, A JC-1 TAEW I & 20 min,
B G g B B0 ELRE R 4 JC-1 YLkl vk 4
1 VR AR TR Gt 3 B b g A M SR . et/
B 1 5 i B L (B 36 R 4O A4 I L 3 K SF- . (2)
mtROS - ¥ 298 H 5k B - B2 (1~10) X 10° 4> 40 Jfd
B R 3 B LA MitoSOX Red 4t (5, T8 W 5 &
4 B, il 40 M % N 1< 10°~10X 10° 4~ /mL, F
37 CHF 8 15min, B.0 5 175, HH PBS YRS 2 K 5 &
2 U =4 M A AT 43 B o 8 510 nm UK
1, 580 nm A S A, K D AR AS Y 5O R

bl €0, 725 000 7 465 i 4 LR AR ATP /K B 10~
20 mg 45 i 1 21 B B K BIF IS R 5 0 B L 9 T A
BCEH 2513, T Kk Th 10 min i E0 JF $E
I W A% BN U0 Y R R R AT A v W
Rl T T R S 8 FH T B 1S 22 636 nm % 4
TR A B IO BE AR, DU FEAR ATP Ko

B B 20 2 Ak 2 A T 45 i 4 42 SMC HSP60
LONPL [P I5 f A 05 U1 R LS 20K, n A fr s
1% 2% vl 28wk LB PR, R A 300 i A AL A i
V9 LA BEL BT P U5 2o AR AR W L 22 PBS YRS

Ly 2 a7 355 B, 4300 i HSP60(1:500) \LONP1
(1:400) —$t , 4 CHF & 14 8 I —Ht (1:200) F=
i N E 30 min, B JE N A DAB & €8, 2853 95 AR
Y LR Wb VEOK R A R R A
TG WBUEE T LSS, U KON G Al A% O B A
DAB FHPEFR A R FR . ffi ] Image-Pro plus 6.0
FEIE 53 B & G211 5 SMC H HSP60 . LONP1 - #4517
A
1.6 Stk

K I SPSS26.0 4¢ i #1441 7 17 $ 8 58 11 43
Bro Gt %R R MR AR (T£s) Fm . 4L
FLE B BR A7 & B AR S 7 255 R E
J7 25 57 B IF 3 A e/ 3 22 50k (LSD) i A7 Fi s
K56 5 A FF A IE & A 8 2 R FF R, R A
Kruskal-Wallis Bk F k55 . DL P<<0.05 K 22 5% B A 4
THF B SCRARIE

2 HE
2.1 4/ EmiE L TEe K

5525 P AR L, B TR AL /0 R R 5 0 HE
] Wi 35 4 (P<<0.01) , 6 h A {58 55067 %k 0 i v /b
(P<C0.01) , ZE4H AR PP 43 L & 7K 38 T/ gy e ik 2 1]
i B AR (P<<0.01, P<<0.05) ; AT IAIT G, 5 A B 4
Pb e, el T AL p R HE R IR B3 AR (P<<
0.01), 6 hHFAH kL £ 1 35 3% hn (P<<0.01) , Z&f Pk
ARVE 43 & 7K 2 K/ g H 3k 32 B 8 T (P<<0.01,
P<<0.05). WK1,
2.2 40/ BUGS I 4 40 BT 285 L 8

2 /N B2 T A 28 oK D B o B A AT A
B2 S sE Rk, b AR B A R A4
ST EE T 2 WU B IR B 2 45 16 3 B o8
B POR S5 N RO I A 80 R T M R
LK 2,
2.3 /N LGS SMC 2 A g 1 e s

25 2L/ BUGE T SMC 4R RE 1R 18 13 45 4 1E
TG b B AS 2, s 375 A 5 A 250 2 200 1 P S i A,
o1 U W S B A AR M 5 R BT A OB R R R
Ji L 20 B30t AR T B2 0 U ] B 0 G A AR AR 2 it
HI W, W3,
2.4 F /NG
R

2 4L A LG, BRI 4L TC-1 B A W el s /b
LR R L A B 2 T R (P<<0.01) ,ATP & i I 3%
B (P<<0.01) ; SR 4 LE , L AT 4L IC-1 R A9

YA LORL AR A2 K S L ATP



SR 5 s

400 — BRI EHER 8] 50— 6 hHE{E R %L
ok 40 #
300
£ - =z 30 T —|—
£ 200 " £
= 3
E T & 20 o
004 1o- iR
O smal mopa fhial O st Al bRl
5 6 ha&fEHk 80 — 6 hFE{HE /KA 150 - /Mt
4 # —|' 4
60 #
. il T . . T RRICE R ‘|’
A ) 3 *
S & 47 T & T
R 1|1 lm lm so
N 20
SHY BRI E SHEY BRI SHH R BRI

WS AAEME, P<<0.05,"P<C0.01; SHRIZHAH 1, *P<<0.05,"P<C0.01.
1 SHNRFEEHINEELLE (45,6 AR/AH)

Fig. 1 Comparison of intestinal transport function of mice in the 3 groups (Z+s, 6 mice/group)
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Fig.2 Comparison of pathological morphology of colonic tissue of mice in the 3 groups (HE staining)
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Fig.3 Comparison of mitochondrial ultrastructure in colonic smooth muscle cells of mice in the 3 groups

(transmission electron microscope)
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Fig. 4 Comparison of mitochondrial membrane potential levels and ATP content in colonic tissue of mice in the 3 groups

(x+s, 4—5 mice/group)
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