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Effects of Zhuanggu Zhitong Formula on mitochondrial mitophagy in
postmenopausal osteoporotic rats based on the PINK1/Parkin signaling pathway
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ABSTRACT: AIM To investigate the effects of the Zhuanggu Zhitong Formula on mitochondrial autophagy in
postmenopausal osteoporosis (PMOP ) rats. METHODS Fifty female SD rats were divided into sham operation
group, model group, estradiol group (0.09 mg/kg), and middle and high dose groups of Zhuanggu Zhitong
Formula (6.6, 13.2 g/kg). The sham operation group only removed fat around ovaries, and the other groups
established PMOP rat models by removing bilateral ovaries. The estrous cycle of rats was monitored by Wright’ s
staining. Micro-CT was used to detect the femur microstructure of rats. HE staining was used to observe the
morphological changes of tibia. Western blot was used to detect the expressions of mitochondrial autophagy protein-

microtubule associated protein light chain 3B (LC3B), p62 and Beclinl in tibia. Immunohistochemical method
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was used to detect the expressions of PINK1 and Parkin protein in tibia. RESULTS Compared with the sham
operation group, the estrous cycle of the model group was disordered and the periodic fluctuation was completely
lost. Bone mineral density (BMD), bone volume ( BV), bone volume fraction (BV/TV), bone surface density
(BS/TV) and trabecular thickness (Tb. Th) of femur decreased ( P<0.01), while trabecular separation ( Tb.
Sp) increased (P<0.01). A large number of fat vacuoles could be seen in the tibial medullary cavity. Serum
estradiol ( E,) level decreased (P <0.01), while FSH and LH levels increased ( P<0.01). The protein
expressions of PINK1, Parkin, Beclinl and LC3 11/ 1 in tibia decreased ( P<0.05, P<0.01), and the protein
expression of p62 in tibia increased (P<0.01). Compared with the model group, the BMD, BV, BV/TV, BS/TV,
Th. Th of femur in the high-dose group and estradiol group increased (P <0.05, P<0.01), while Th. Sp
decreased (P<0.01). Fat vacuoles in tibial marrow cavity decreased. Serum E, level increased (P<0.01), while
FSH and LH levels decreased ( P<0.01). The protein expressions of PINK1, Parkin, Beclinl and LC3I/ 1 in
tibia increased (P <0.05, P<0.01), while the protein expression of p62 in tibia decreased ( P <0.01).
CONCLUSION  Zhuanggu Zhitong Formula can improve bone microstructure and slow bone loss in PMOP rats,
and play a role in bone protection. Its mechanism may be related to regulating PINK1/Parkin signaling pathway and
promoting mitochondrial autophagy.

KEY WORDS: Zhuanggu Zhitong Formula; postmenopausal osteoporosis; mitochondrial autophagy; bone

microstructure ; PINK1/Parkin signaling pathway
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v/minZ.0 15 min, WH BV, SR BCA HHE &
IR G E R R, 2 BRE . Yk R A
&, In—PiEE i, TBST EPE 3 Wk, %
IR E 1 h, TBST vk 3 Wk, did b2 ke &
G, K Image Lab BAF43HT 554 I EAE., 1T
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Fig.1 Body weight growth curves of rats in each group
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Fig. 2 Smear of exfoliated cells in rat vagina ( Wright’s stain, x100)
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B3 KEAKXRKE Micro-CT B

Fig. 3 Micro-CT images of femur of rats in each group

. HIEFARMLE, ¥ P<0.01; 5B, * P<0.05, ™ P<0.01,
B4 £AKFERETBMD, BV, BV/TV, BS/TV, Tb. Th, Tb. Sp &Lt (x+s, n=5)
Fig.4 Comparison of BMD, BV, BV/TV, BS/TV, Th. Th, Tb. Sp values in femur of rats in each group (x+s, n=5)

RUZH R B /N GR L, B th B, RS RIE BV/TV, BS/TV, Th. Th #fik (P<0.01), Th. Sp
P, 2B BE A BR A, BMD, BV, JhR (P<0.01); SEIMA L, KA/ MR
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SRR, R AR AR B R T
il EtZH BMD JCH A8 fk4h (P>0.05), HAa4%
4254 BMD, BV, BV/TV., BS/TV. Tb. Th Ft &
(P<0.05, P<0.01), Th. Sp [&{X (P<0.01),

3.4 CEFabEdE 3 PMOP X R R B2 mEH A
Fey®ra WK S s, SIRTARA A, HRIH

RS B/ NS BRI, s
PRI 22 R TR, B P R L )2 i i 4
Jd s 25 2 2 AR R B/ N A AN R
FENGIN, JESENGE | A RIHR AT, R
i BRI ORI A

B5 BAXKREEBENRFERS (HELE, x100)
Fig. 5 Pathological morphology of tibial trabecula in rats of each group ( HE staining, x100)

3.5 CHR RS A PMOP X R i Mg K- g
e WE 6 FR, SHRTFARA A, BAZHKE
M FSH, LH KFFHE (P<0.01), E, KFFEAE

(P<0.01); SHAIAHE, 4% 45 25 41 K R i
FSH, LH /K&K (P<0.01), E, KT (P<
0.05, P<0.01),

. S5EFARLIE, ¥ P<0.01; SEAIA L, * P<0.05, ™ P<0.01,
H6 KAKRIMEE,, FSH, LH /K FLLE (xxs, n=3)

Fig. 6 Comparison of serum E,, FSH and LH levels in rats of each group (x+s, n=3)
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H1, AELEREAN 0 I BAMITFE . SR,
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0. S5ERTARAE,#P<0.01; SHRIA LI, ** P<0.01,
E7 EFHAXREEHLE PINKI EAMAMRIAILER (REARLUFLRE, x5, n=3)

Fig. 7 Comparison of positive expression of PINK1 protein in tibia tissue of rats in each

group (immunohistochemical staining, x+s, n=3)
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Sr, HHEEE B RBUN B, N T
s A EIRE T TS, B R ERE, HNE
RS , ST 4 SR — 3,
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FEEAER BLAh, p62 TE [ Wk B v ul B i
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ORI 176-ME Z EEE R AR A, IF RS
PEDEAN ARG, 2 WM X R AR A e i
AW EE R B, BAIA K PINKL, Parkin

B PR IRFEAC, M8 E, KPR, i LH,
FSH /K EFF i, $#7x PMOP KB PINK1/Parkin 38
PEEAMHPIRA . A b7 T 15 PINKIL, Parkin
HHARB K E, KFFHE, LH, FSH KFREAL, 42
FNIZ T AT R o 3R KBS PINK 1/ Parkin
W R R Bz SRR LRA T BERERS,
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F. SEPARAE,"P<0.01; SERMLALE, ™ P<0.01,
B8 FAKXBEFHLE Parkin EHAMRIELEE (REHWL, xt5, n=3)
Fig.8 Comparison of positive expression of Parkin protein in tibia of rats in each group

(immunohistochemistry, x+s, n=3)

. SIRTPARAE,*P<0.05,"P<0.01; SHEALALILE, * P<0.05, ™ P<0.01,
B9 HHEKBREBHLH Beclinl, p62, LC3I EHRIELLE (xxs, n=3)

Fig. 9 Comparison of protein expressions of Beclinl, p62 and LC3 in tibia of rats in each group (xxs, n=3)

HEARIKGE, UUTHECEa ST RE SHRah  BRES, JFERE R TR, ZEFRIPEN, K
REMA R, PR, Zohik AmEEal S BN MLHIATRE S #0E PINKI/ Parkin {5538 i, {2 4K
REFEVIANE, IS5 ZMEBOm LR . R AN, (EANITA) B Z K P 9IE & X
Pl #L PR LRI A W T RESCIR A T B, RS T s S A AT
P BT SR JEAARHNIZYS: I HIFE A Bl S 1 0 o 550 B

i BRTIA, HEE bR T RERE R PMOP R Ol BOCHEAE, LU — a2t (b o i
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