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Effect of “Zhibian(BL54) -to — Shuidao( ST28)” Acupuncture Method on Endoplasmic
Reticulum Apoptosis Pathway in Ovarian Hyporesponsive Mice
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Abstract ; Objective To observe the effect of the “Zhibian ( BL54) — to — Shuidao ( ST28)” acupuncture technique on key
proteins involved in endoplasmic reticulum stress( ERS) pathway apoptosis in ovarian tissue of poor ovarian response ( POR) mice
and to explore the possible mechanism of acupuncture improving ovarian function in POR mice. Method According to the random
number table method ,45 mice with normal estrous cycles were selected and divided into a blank group,a model group and an acu-

puncture group(n =15). The blank group was orally administered with an equal volume of 0. 9% sodium chloride solution, while
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the model group and acupuncture group were orally administered with Leigongteng( Tripterygium wilfordii) suspension(50 mg -
kg™ - d™") for 14 consecutive days to prepare a POR mouse model. After the completion of modeling, the acupuncture group se-
lected the “Zhibian( BL.54) — to — Shuidao( ST28)” acupuncture method for intervention treatment,once a day,20 minutes for
each time. After 14 days of continuous treatment, the ovulation induction was carried out,and the next day the samples were taken
out. The changes in mouse estrous cycle were observed by using vaginal smear method. The ovarian indices of mice in each group
were compared. ELISA method was used to detect the levels of follicle stimulating hormone (FSH) , luteinizing hormone (LH) , es-
tradiol (E2) and anti Mullerian hormone( AMH) in mouse serum. HE staining method was used to detect the pathological mor-
phology of ovarian tissue. Transmission electron microscopy was used to detect the ultrastructure of ovarian tissue. TUNEL stai-
ning was used to detect the apoptosis rate of positive cells in ovarian tissue. Immunohistochemistry was used to detect the positive
expression of glucose regulated protein 78 (GRP78) in ovarian tissue. Fluorescence quantitative PCR and Western blot were used
to measure the changes in mRNA and protein expressions of protein kinase R — like endoplasmic reticulum kinase ( PERK) , eu-
karyotic initiation factor 2 a( elF2a) ,activating transcription factor 4( ATF4) ,C/EBP cyclic adenosine monophosphate response
element binding transcription factor homolog protein (CHOP) and cysteine protease ( Caspase) —3. Results Compared with the
blank group,the model group had an increased rate of estrous cycle disorder( P <0.01). The number of eggs retrieved , ovarian
wet weight and ovarian index decreased to varying degrees( P <0.01). The expression levels of FSH and LH in serum increased
(P <0.01) ,while the expression levels of E2 and AMH decreased (P <0.01). There was destruction of ovarian tissue morpholo-
gy and increased number of atresia follicles. Under electron microscopy,follicles deformed , mitochondria swelled and shrank, and
mitochondrial cristae disappearred. The area of ovarian cell apoptosis increased (P <0.01). The positive expression of ovarian
GRP78 increased( P <0.01). Ovarian tissue PERK, elF2a, Elevated mRNA and protein expression levels of ATF4, CHOP, and
Caspase —3(P <0.01). Compared with the model group, the rate of estrus cycle disorder in the acupuncture group mice de-
creased( P <0.01). The number of retrieved eggs,wet weight of ovaries,and ovarian index increased( P <0.01,P <0.05). The
expression levels of FSH and LH in serum decreased (P <0.01) , while the expression levels of AMH and E2 increased ( P <
0.01,P<0.05). Improvement in ovarian tissue morphology and reduction of atresia follicles. Under electron microscopy, the
number of mitochondria in follicles increased ,and the structure ,shape ,and arrangement improved to varying degrees. The area of
ovarian cell apoptosis decreased( P <0.01). The positive expression of ovarian GRP78 decreased( P <0.01). the mRNA and
protein expression levels of PERK, elF2a, ATF4, CHOP and Caspase — 3 in the ovarian tissue all decreased to varying degrees
(P<0.01,P<0.05). Conclusion The “Zhibian(BL54) - to — Shuidao( ST28)” acupuncture can improve ovarian function and
reduce ovarian granulosa cell apoptosis in POR mice,and its mechanism may be related toregulating the key factors of endoplas-
mic reticulum apoptosis pathway.

Keywords : poor ovarian response ( POR ) ; “ Zhibian ( BL54 ) - to — Shuidao ( ST28 )” acupuncture; endoplasmic

reticulum ; apoptosis
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TUNEL % 63870 € . DAB 5 5 20 5] & . RNA 32 5 . SweSeript
All - in = One RT SuperMix for qPCR .2 X% Universal Blue SYBR
Green qPCR Master Mix 2K i R #£ N i 54 ( protein ki-
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PCR {X (3£ [# BIO - RAD /3 &) ), Spectra Max Plus384 [ {3
( 3% Molecular Devices 2y #]) , HT7800 3% 5 H 7 B it ( H 4
HITACHI 23 7)) ,BSD — T x 270 i Jif 9% &5 48 (b 1R Sl A
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B 7, b R K B 7 GERIZ 5 mm, B £ 20 min, 1 %/d, A

PEATIR AR RS A 14 d. 28 (4SRRI 2 /) BRUH AT 1]
S NPT HA T
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P HLATIEY) R BBES B K BRAPUR B R, T b
BUFAE S, PBS YEik AR K , IR 30 min, PBS YEi%k;
TN P, Z= R3] 30 min; i il—4T (GRP78 1:500) ,4 C
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(8) %5t & PCR 4 B S 41 21 PERK [ elF2cu, ATF4
CHOP ,Caspase —3 mRNA ik : % 4/NROP L H ZURA B0
BRSPS S B HE U, RNA 0 5 5 & B cDNA i3
4 1 PERK .elF2a \ATF4 ,CHOP ,Caspase - 3, i PCR 5| &4~
S L E T 4 POR S, L6 FRE 252 2 P95 C x30 s,
1 IRAEFR 195 °C x 15 5,60 C x30 .40 AMEFF. T d5
AL Ct{H, LA GAPDH Py 2,2~ 22 A 2314 H i 3L
mRNA ikt 519750 IR 4E R et WAk 1,

F#1 PCREY
JEH 7518 FIF51(5-3) R
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PERK [  GAAGTGACCGTGGAGGACG 252
Fii  GGAAGTTTTGTGGGTGCCC
elF2q F¥f CCCAGGAAGTAAAGGTGCCC 184
Fif GGAGGCTCCTGTCTTGTCAACC
ATF4 ¥ AGACACCGGCAAGGAGGATG 126
Fii  AAGAGCTCATCTGGCATGGTTT
CHOP E¥f CCAGGAAACGAAGAGGAAGAAT 206

Fiif CACTGACCACTCTGTTTCCGTTT
Caspase =3 Fif AGCACCTGGTTACTATTCCTGGAG 191
T  GGATCTGTTTCTTTGCGTGGA
GAPDH  Liff CCTCGTCCCGTAGACAAAATG 133
Tif TGAGGTCAATGAAGGGGTCGT
(9) Western blot 3% 6 1 P £ 24 21 PERK | elF2a, ATF4 |
CHOP Caspase — 3 5 F A0 ik i 241/ BRI S L 2000531 i
A RIPA 2R 150 wL, o430 J5 4 °C,12 000 1/min, 550>
10 min, FEHCE T, ARG BCA 5 7 f A i 100) G 48 1 I E
FUREE S0 AR O S LI N EE I REAS 10 L 471
VKERAE VR ERFE IR 2 hi5% LN UH £ 2 b, P I8 i n e
T —PHL(PERK 1 : 1000, elF2a 1 : 1000, ATF4 1 : 1000, CHOP
1 : 1000 ,Caspase —=3 1:1000) ,4 °C i3 7% ; TBST SRAE, i — 1
(IIAEHTHe 1eG 1:3000) , 5 BF A 1 h, TBST YR, i in . 52
WA Image J BPFINE A5 KB AHL
L7 St 07 % BiR ] Graphpad Prism 9 G4/ F 70 Hr
Bl , SR J7 22000 AT IS 0 A BT i PR A +
BRUEZE (o 5) Fo, I LI, J5 22 5% 2R I LSD K 3%, 75 2%
AFEHE Tamhane £6%5 . P<0.05 I, 22574 5811478 Lo
2 HR
2.1 BADMR—HEI R GRS 4D MRS R
U, B8, BRI R I RS B Al 3 41 oh, B
AN J0ZH /D BRORS 1 22 8 , 5 F s B, 79 B A I 7, TR Uk
W RAERGIRA B 1 RN BEI0T7 T U AR5 i
BIHOA FTE o
TRITHT, 525 AL/ U HE, SR 2 5 B i 20/ BRI o
LR TRE(P <0.01) 53077 )5, 525 B4V A B, B4
BERIZL/ B TR B R R (P <0.01) , SRS 2 /)N BUAH
FO, BEAZH /N BUA BT E W R (P >0.05) o W& 2,
2.2 BANRS RN ERLHT, A BB R IE
WL ICWIE 225 (P >0.05) s RS, BR2s L4140, B2 R4 F
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RN R SIE IR /(P <0.01)  BHA 4/ R R )7
T, Z AL RS WG (P<0.01) o WL STXXI 1,
%30

22 BA/NEIRTT S AR L (v £ 5) Hfii:g
2151 n YRITHT BITIE
=K 15 19.66 +0.71 21.16 +0.97
MR 15 17.95 £0.58 * * 18.01 +0.72* *
[aRE:! 15 17.92 £0.66 * * 18.65 +0.63* *

T o 52 A LE, P <0.01,
#3 AN PR
TR A] ey L
A n gEE R AE XA AN EE RS R
EW AR EK (%) EW ANE EK (%)

sE4 1515 0 0 0 15 0 0 0
BRI 15 0 0 15 100%* 2 0 13 86.7"*
Rl 15 0 1 14 100%* 9 2 4 40.0"

e x 2 AALIEE, P <0. 01 # BERIAT LA, P <0.01,
2.3 AANBRINEAELE S A4, BN
BR%K B SR T BRSO W R R (P <0.01) 5 S B RIALAR
EG B R 25 2 B0 % B 5238 F L O SR HOf B g R (P < 0..01,
P<0.05), W#4,
T4 HU/DNRIVEIBELLE (5 £5)

4151 no BRI (A BRERE/ (mg)  GPEERL (%)
ZSE4l 15 27.80£3.53  17.87 £0.61  0.086 +0. 001
BERIZL 15 14.73 £2.52** 13.93+0.39" * 0.072 £0.001 * *
EFHIZL 15 22.07 £2.92% 14,42 +0.47*  0.074 £0.002*

Heox o« GAEEHLE,P<0.01;## 5EAH LEL, P <0.01;#5
PRI 4R, P <0. 05,
2.4 ZHNRMES FSHLH E2 AMH 4 & b 5% H
AR RV /N BRI FSHLLH & & 745 (P <0.01) ,E2,
AMH &8 F [ (P <0.01) ; 5884 A8 L1, &1 050 20 /Y i 38
FSH.LH &# FR(P<0.01),E2 AMH & H#$#25 (P <0.01,
P<0.05), S5,

F5  F4/NEUME FSH LH E2 AMH £ HE (v 5)

FSH/ LH/ E2/ AMH/
#i o
(IU-L°h (mlU-mL™Y)  (ng-mL™1) (ng+mL™1)
=M 15 9.17+1.83 28.91+5.43 258.0+22. 14 2.09£0.33
BRI 15 23.69£2.96% % 62.18+5.62% * 114.3+21.48** 1.10£0.18* *
EHIZL 15 16.81£1.96™  43.44£3.87"  187.4£7.23% 1.40 £0.06%

T 528 QAL P <0. 01 # S HRAIAT LA, P <0. 01 #5 BRI4T LA, P <0.05,
2.5 FUANRIWEARAHASLE FHANRIPEEER
U IR HES A A S A A I 5 B R 2 /) B

PSR, BTN 22, TE 5 IR ik, HES R BRI 410
BRI IR 25 s, AT B O Y 0k /b, IE 5 B0 22 . DL 4 i XX
K2,
2.6 FANRMEEBHUEM LR SAL/DEBE TR IIE
LA, ORI A R 25 TR W A ZORL A, 2ok (A HE
B B RS GRS T , SORMARIRE R H R e BTN BB T
O ASTE , SRR ol /D , SORL A b Ji A 47 , S5 A R, £k



$435 104 h L o E ZF OF T Vol. 43 No. 10
2025410 f CHINESE ARCHIVES OF TRADITIONAL CHINESE MEDICINE Oct. 2025

PRI 2% s 12N BB T B BT ks, oA il g 22
LORLRGE I AT TR D A9 2 A A ) R B st o DA 5 XXX
K3,

2.7 AANR I Ew R T kE TUNEL FHEZOLR G
LR, s LA L , SR 2 B 55 200 U4 o T AU R (P <
0.01) ; 68 R ZH A LE, 1 00 41 51 55 40 JE 38 T i ARk 20 (P <
0.01), DL sTXXKIE] 4 3 6,

K6 AL/NRIHEAN M T L (2 2 5)

43 n G SR 2%/ (% )
ZEHA 6 9.48 £0.91
HRERIE 6 37.10 £4.91*
GRIE 6 16.37 £1.43"

TE:x o« G2S GULHEL, P <0. 01 s 5 AL LA, P <0. 01,
2.8 A4/NEINE GRPT8 [H kKK GRPT8 FHERIA
B T YT SLRURLZR i AN GRREA FELBUR A e S RORLAR K
WA, 525 FTAAE L, BRI 2 /)N UGN S GRPT8 [ PE 3 3k
(P <0.01) s AL RILLAR LE , £ RI41/N BLOR S GRP78 [
kWD (P <0.01) o LA TXXXE 5 K7
R AAUNRINE GRPT8 FHTERA HLAR

205 n FHPEZR IR (% )
=k 6 3.03+1.17
HRERIE 6 22.61 £1.48* "
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