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Bushen Huatan Prescription Modulates Aerobic Glycolysis of MC3T3-E1 Cells by
Regulating HIF-1 Signaling Pathway

XIONG Mengxin'*?*, CHEN Yingqing', ZHANG Haoxue', JIANG Zeyu',
XIANG Nan'?, XU Jun"*, DENG Ali"**
(1. Hubei University of Chinese Medicine, Wuhan 430065, China; 2. Hubei Sizhen Laboratory, Wuhan
430061, China; 3. Hubei Provincial Hospital of Traditional Chinese Medicine, Wuhan 430061, China)

[Abstract] Objective: To explore the effect of Bushen Huatan prescription on aerobic glycolysis of MC3T3-E1 mouse
embryonic osteoblasts based on the hypoxia-inducible factor-1 (HIF-1) signaling pathway and further investigate the mechanism of
Bushen Huatan decoction in the intervention of postmenopausal osteoporosis (PMOP). Methods: MC3T3-El cells were assigned
into blank, low-dose (0.01 g+L"') Bushen Huatan decoction, medium-dose (0.05 g-L") Bushen Huatan prescription, high-dose
(0.1 g-L™") Bushen Huatan prescription, and icaritin (0.1 g-L™") groups. Alkaline phosphatase (ALP) staining and alizarin red S
(ARS) staining were used to determine the osteogenic activity and mineralized nodules of cells in each group. Scanning electron
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microscopy was employed to observe the ultrastructural changes of mitochondria and rough endoplasmic reticulum in osteoblasts.
Immunofluorescence assay was adopted to detect the expression of Runt-related transcription factor 2 (Runx2) and osteogenic-
specific transcription factor antibody (Osterix). Enzyme-linked immunosorbent assay was employed to measure the levels of
pyruvic acid (PA) and lactic acid (LA) in cell supernatants. The Seahorse XF96 extracellular flow analyzer was used to measure
the extracellular acidification rate (ECAR). Western blot and Real-time fluorescence quantitative polymerase chain reaction (Real-
time PCR) were employed to determine the protein and mRNA levels, respectively of hypoxia-inducible factor-la (HIF-la) ,
HIF-18, pyruvate dehydrogenase kinase isozyme 1 (PDK1) , hexokinase 2 (HK2) , and M2-type pyruvate kinase isozyme
(PKM2). Results: Compared with the blank group, each treatment group showed increased positive areas of ALP and ARS
staining in MC3T3-E1l cells (P<0.05, P<0.01) , significantly expanded and increased rough endoplasmic reticula, increased
lysosomes, enhanced fluorescence intensities of Runx2 and Osterix (P<0.01), elevated levels of PA and LA in the cell supernatants
(P<0.01), increased ECAR within the same time period (P<0.05), and upregulated protein and mRNA levels of HIF-1a, HK2,

PDK1, and PKM2 (P<0.05, P<0.01). Conclusion: Bushen Huatan prescription can regulate aerobic glycolysis in MC3T3-El
osteoblasts by upregulating the HIF-1 signaling pathway, thereby promoting bone formation.

[Keywords]
factor-1 (HIF-1) signaling pathway; aerobic glycolysis
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OP fE 9% ik 5] 32.0% , Fe v B 10.7%, &ty
51.6%" . OP & 38 [ vh 2 48 A 11 30 2 {5 )
B, B AR TR T R AR A AR R R A B T
PMOP i PR FH 24, B4 25 97 A% 00 4 £, 25 20008
55 Wt R YR BN BRI T I R
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R BE 251516 PMOP 2 1E5%

1 ##
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2524120103) | 1114 (31t 5 231002331) , 5 i 1 b =
e 25 BR A AR AL 4 3 (L5 230301) , B 1
I i 25 4% R 2w BRI 5 4R 22 (35 1292420-
1), AR A A (22 00 ) 1 24545 BN w43 20 il (HiE 5
230801) , Hi fk JH T 48 3% h 25 1k v A BR 2 m) 2 L
DL b 25RO ¥ E AL P R 2K 2k R T AL
W s e H 2 G, 2 1T L A8 R R B R BRI 8 B
BIF5 A 2025 45 A A R LR 24 O BR o L AR
B Ak 9% 7 Ok T Ry o 4 - e Ak O bR EE R A R R
2k B LR 5, 2ok 80 H 24 i O B 45 I 4F 180 wm LA
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of AR 1 IR UE A 25 A 8 A il oK,
52 R AE (R ALK 45 min) WS 2 RDEW ; 24
A 645 i gl Ak K, 109k A& 30 min, WA 57 3 1k
W . AT 3WIEW , JE 2 100 H A5 89 i 9 9 o
B BB AR /N 245, B SR ] BOHE R OB AL (U8 B AL 4R
0.45 pm) Bk — 25 8 G UE 1 R G B WL S 2 e i
7K KA, TE 60 °C | H.%5 E —0.08 MPa £5 1 T ik e vk
g5 BARXT % 1.10~1.15 R o OB IR 4 12 7 40 2%
THTH A, & TRETERILN, Je7E-40 °C Bl vk
4h, IR E-15°C, AT 24 h, KI5 RE
25 °CH#EAT T4 8 h, ¥k T 58 BUS B, WO M AROIR R
Ty, % B G BT 4 CCOKFE PR AF . 4 25 25 mi B -
VR R, A S AR EE P A TG R
WeFE R 50 g L% 45 I, 282 0.22 wm JG T il £L 98 A it
G, TREELE T, & T-20°C& M. #¥
A OB B A YR A R A A L 45 489-32-7, i
A %0 99.50%) , R A 4l K % RN R i B &
0.1g-L".

1.3 K F MC3T3-EL40 & iR ( LB E
WA W AR 2 AL S iCell-m031-001b) 5 2 g 14 5
5 G PERI (CCK-8) I & (&AW R A |, 52
5 65162-13-2) ; 5 R 20 685 o1 44 4 (ARS) il 7 &
( L OUE YR 28 L S M040) 5 61 5 2 il
Yoo, (ALP) IR & R (2 ik (BCA) 8 (1 ik
AR & (b R ERE LA, 1S 00k
G1481.PC0020) ; B — 9 &L M (PVDF) ¥ B i 1k
%6 R F) (18 [ Millipore 23 &, 4t 5 43 % N
IPVHO00010, WBKLS0500) ; Runt # 3¢ #% 5% A F 2
(Runx2) M2 # P fid 12 4 B ) T2l (PKM2) | OO
fitf 2(HK2) — 40 (38 = RAEYRHE AL A5 5 5k
AF2593  AF7764 . AG2142) ; BB #H K 5% 5 N T 41
& (Osterix ) B A 75 5 ¥ -1a (HIF-1a) | P4 1R 732 Bt
A 0 ) T 1 (PDKL) I -3- 5 R A T
(GAPDH) — 47 ( 3% [® Abcam 2% 7l , it 5 2 % A
ab209484 . ab214821,ab308433 ,ab202468 ,ab8245) ;
AR5 2 K - 1B(HIF-18) —Hi (3£ H CST 2 W) L, 41t
5 5537) ; — Pt ( 55 [H Jackson 2\ H] , it 5 JAC-111-
035-003) ; N I iR (PA) FLIR (LA ) fifg X 4 73 Wz itk )
FE 75 (ELISA )i & (B 283 AE W R AT BRA AT
P85 53 59 EY3734 . EY2119) ; Seahorse XF 1 [§% fit
il R & (36 [ Agilent 2 W, it 5
103346-100) .

1.4 [ #% DMILLED %! {8 ¥ % )% % o 5% ( £ =
Leica /A 7 ) ; mini protean 3 cell %! Hi Jk 1% . CFX-

Connect 96 %l 52 B} 9% 5 5 & B8 & i 4% 2C [ 1/ (Real-
time PCR){¥ ( 2 [# Bio-Rad 2\ ) ; DYCZ-40D H4 #%
A (b3 75 — AL AR T ) s HT7700 BY 35 5 i, 7 Wik f3
B (HA B S22 ) s MK3 8 g bR A (2% 2% Thermo
Labsystems 22 1] ) ; K30 %Y =X 15 35 #5 (B I 38 B AL
AT PR F]) s MTV-1 8 08 98 i R A 1% . Nano-300
U B 23 66 1T ICEN-24R 1 i i 14 7 55 0 AL
(Bt PR RS AL #8AG BR 23 7] ) ; Seahorse XF96 % 41 Jifg #h
AT (SR E Agilent A F] ) o
2 Ak
2.1 AN RE R KB E WO VR AE MC3T3-E1 41 Jifd
37 °CCK R AL , B T 37 °C . 5%CO, i 15 32 46 N 55
i A 0.25% JFEEF 1 mL JE47 40 i 7 4K 1 min,
U T UL A A A [l 52 A5 (B HLJIE v 15, A o8 4 B
IR AT IR AR, T8 BAN AL AR AR A . A SR
FHR M BE N 0.1 g L A9 78 3 25 1 SO [R) e B2 41
A8 7 R 1 R s T L TR) SO R B 2 W s R A
125 14 .
2.2 CCK-8 ¥k ffifi %k b B 4k R J7 o A Wik B2 S B[]
Bxt #4E K9 B9 MC3T3-E1 40 j , DL %% F N
S5x10°A /LR T 96 fLAR N IF 8592 24 he Dhas A
Skt BRC, 43 S A [) 5 v A b AR R (0
0.01.0.05.0.1.0.5.1.2 g-L"), T 12h.24 h.48 h
72 h )5, m A CCK-8 T{E# 10 pL, & F 37 °C .
5%CO, B 2 e E 2 h 5, AR AR A 5 WO
BE As, 18, 0 25 fie AE v B K AE B, B F )R 22
T
2.3 ALP J2 ARS 4 (Il MC3T3-E1 40 ifg A% B 1
PE ¥ MC3T3-E1 4L LA 4x10° A /FL 3P T 6 FL AR
LR B W EE A KR RS B AL NS
BT R R 41(0.01.,0.05.0.1 g L"),
LR (0.1 g- L) T HiALPH 48 h, B 2 45 28 vh i
(PBS) ¥ 11K, 4% £ J W % [ %€ 15 min, PBS ¥
e, BFLINA 2 mL ALP 42 {4 i 5 ARS Y (3 , = i
e 4,30 min, 7% 18 7K B3 PR S W GOBE R W SR 0T 4T
i Image J 8RR 3155 BH 14 40 i 1rg £
2.4 S HLBE K I MC3T3-E1 40 i i 15 #2145+
21 21 F B [ 5 I A2 S5 PBS PR, 1% BkR [ A
AR BE WK, B AR 0%, AL S U0 (70 nm) | il
Yu ALY HLBE T SR N M SOV S5 A o
2.5 AR A Bl ik (Western blot) #6301 H ) 45
Fik O MC3T3-E1 40 DL 1x10° 4~ /AL 4% T 6 4L
M v, 3 DA N e BE 25 9 43 0] T 948 hos 0 B A
MLULVE o AN IR 259 43 ) T F 48 b5, WO 40 B 35T
. 3 .
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VE o MRS TG B E DO UE B (RIPA) 25 1 4l 2 320500 &
fl 2 S, BCA & 1 o & & 0 & U0 B 5 I e 4R
P e B T B 12% o A 1R - SR TR O D e e
Ji& H1 Uk (SDS-PAGE) fiit , &L fiIn A 2 1 20 pg, #F 47
HL UK O % B, 5% T s W by 3 iR BT 1 h, 4 °Cad 7 .
TBST ¥ ¥ ¥ % 3 ¥, il HIF-1a(1: 1 000) . HIF-13
(1:1000) . HK2(1:1000) ,PKM2(1:2 000) ,PDK1
(1:2 000) .GAPDH(1:10 000) iy — 41 4 °CI: & i
&, TBST ¥ % 3 W, JH =41 (1:5000) % i &
60 min, TBST i# W Ut i 5 , ¥ PVDF I & T 17 &
JEFRGE bR TN, N B 8 Ak 2 & vk (ECL) S 48 5
15 I % h O RO S 5 5, 45 2R H] Image J 4K
i Al Ak 2
2.6 Real-time PCR & ] H /% mRNA % ik
MC3T3-E1 4 i LA 1x10°4~/FL 1) %% i 82 70 T 6 4L
Merb, A TR 25 %) 1+ 91 48 h e, W B 40 i U0 3 , fin A
TRIzol ¥ J5 $2 BB RNA . HURNA 1 g 2 B 4% 5%
1K ) & 0 B 5 00 5 5 R cDNA, I A KR 551 4 k4T
Real-time PCR §" # . Ar 159 £ #5 >k A 2“3 i1 &
mRNA FHXF Rk & o KIS AF : 25 °CHi 2 )i 5 min,
51 °C Jx %% 5% 15 min, 83 °C 7% £ 5 min, 4 °C 1B &
10 min, #3155 & oPoBE 5457 B A9 cDNA(4 pL) 5
BRI (4 4 wL)IR A . 93 °CHlZEPE 10 min,
95 °CZE 1 10 5,60 °CiR K FEAH 30 5,40 M EH . 5l
YAt R E YR RA R A B it
W1,

*1 5957
Table 1 Primer sequences
519 JF1(57-3") KB /bp
HIF-1a i GCTGATTTGTGAGCCTTCTATG 144

N TCATCTGTAAGTGGGTCTCGT

HIF-18 3 GCTGCTGGAGAAGATGACCT 144

T CAGGAAGCGGTAGTCATGGT

HK2 -9 GCTGCTGCTGAAGAAGATGG 132
T i CCAGAGGGAGTCGATGTTGA

PKM2 - TGGACAAGAACGGCAAGATC 128
T i CAGAGGTGATGCCGATGTTG

PDK1 |9 ATGGCGTCCGTGGAGAAGTA 120
Tiif TCAGTCTTGGCGTAGTCGTT

GAPDH 3 TGTGTCCGTCGTGGATCTGA 152

T TTGCTGTTGAAGTCGCAGGAG

2.7 fRIETE G YL B Runx2  Osterix 75 [ #5315 BN
B K 40 B2 2% 103 /mL/FL 1) 25 B 3 00 T 6 fL AR,
. 4 .

17 40 L fil A 21 50% , a2 REAS [ 11 20 5] 1 790 400 i, 3%
FERTWET 48 ho EI B FREL 4 %2 RH B E
0.1% 3 £, g2 F R JL ik ( Triton X 100) B i, 33 44
1R (H,0,) % IR E 10 min, 5% 2 .35 1148 FE K
(BSA)37 °CHF & 30 min, il 9L ERPFEF 2 h 5 H
M B Runx2 (1:100) | Osterix (1:500) , /il — #i
(1:500) &G 30 min, 4', 6- - Jbk B -2- 5 J ng|
(DAPI) 4 4% ,PBSIE B 3K, i F W £, Image J AT
G o
2.8 ELISA KN PA LAVKSE  HOXHECA: K30 40 i
it 2x10° A /mL/AL ) % B2 280 T 6 FLAR , 75 41 i fil &
£ 50% , 4% NEAS [7] 9 41 53] T T0 40 Jd , 35 % 46 D g &
48 h, WA M 3% 75 W b0 430 6 U0 T A5 R PA
LAWKE .
2.9 40 SRR fk i R (ECAR) I & % Ff] Seahorse
XF % i 7 3 751 42 1 Seahorse XF96 41 i #h
it Ar BT AN S ECAR. 75 DU & A 1 d, 4 20 ff DA
2x 104~ /4L Y % i 1% P AE XF96 40 i 8% 5% S FL AR v
Y TE A SR T AR s R R R L AR S AR AR
JE B B[] SR R A 4G B (10 mmol- L) E&H R
(1 wmol-L™") il 2-Jii % -D- 4 %43 % (50 mmol-L") .
BAMAEL 3K
210 SRt ik S8R 45 R B ok SPSS
22.0 AT FAF 4B B B LA x o+ s oK, WA [R] L
BRI oK g, 22 21 ) LG R B IR R O 22 43 B
Tukey's F5 5 56, LA P<0.05 M 2Z S A G iT%E L.
3 &R
3.0 ANE AL T R MC3T3-E1 40 M 3% 7K - 19 5%
Ml 0.01.0.05.0.1 g~ L' A #ME fLIR 5 #F 12,24 .48,
72 hXf MC3T3-E1 4l il A= K BA R FEAE , 2459
J B e R I 0.5 g LY, 40 AR K 2 21 0 AR
0.1 g+ LAY #M B Ak 58 75 7 48 h X 40 H 105 P 4 52 il
S B S YT S ] 3 72 b 20 T A R T R
BT, B9 e 2Lk £ B & R Ol 0.01.0.05,
0.1 g- L' Ay #MFEfL % J7 + I MC3T3-E1 41 i 48 h >k
HEATAH OGS . LA 1,
3.2 B AR 7 X MC3T3-E1 44 i 5 8 ml (9 5% i)
52 FA R AN B AR 5 IR b L R 2
FAETT 4 ALP 5 ARS Y4 68 BHPE 3 3k 1 B W Tt &
(P<0.05) ; 55 B A0 7 IR0 i A L3, 40 B AR 9% 7
oE R A KRR AT A ALP 5 ARS Y fH R R
KT AR IR B T R (P<0.05) . WK 2 &2,
3.3 A AL R J7 X MC3T3-E1 40 il 8 13 45 44 (1) 5%
Il S e R O N N NUURES - VAR NINRYC o3 NI W]
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Fig. 1 Effect of Bushen Huatan prescription (BSBT) on viability

of MC3T3-E1 cells

AN U N RN S N N R 7
Dy A b R R A M SRR 4 4 MC3T3-E1 4 /i
PR TR PN T S T B B & HL T
A A A T R R G £ R R AL

Al%

F2 HBAEAXMCITI-E1 A ALP ARS &R ZER
MM (x+£s,n=3)

Table 2 Effect of BSBT on positive expression area of ALP and
ARS staining in MC3T3-E1 cells (x+s,n=3)

i ﬁﬁ/ifq_,ﬁ; ALP ARS
o

25 141

AP R 0.01
AEARBT RISl 0.05
AEBT ARG 0.
EEETA 0.1

3.58+0.46 4.1140.58

5.21+0.97" 6.31£0.71"
11.91+1.34>%  12.97+1.18>%
12.94+1.52%%  14.45+1.26>%

16.12+1.83%%  13.54+1.62>Y

528 4L AV P<0.05,2P<0.01 5 5 M AL AR B4 L
%3 P<0.05,P<0.01(F 3-F 6 )

BOUR M, 0 W R B S
W3,

E

C D

T AL HL BN B AR R D7 (IR A 20 5 C NP D5 v il ik 2 DA B AR D5 e R i 4 B B2 R 4 T2 (1 31 6 [R])

B2 #BHEHIMCIT3-E1 40 ALP. ARS BRI M (x222)

Fig.2 Effect of BSBT on ALP and ARS staining of MC3T3-E1 cells(x???)

’
ad

B3 # BB MCITI-E1 B RHESMEI RN (FHLs,x227)

Fig.3 Effect of BSHT on ultrastructure of MC3T3-E1 cells (TEM,x?777)

3.4 #NEALE X MC3T3-EI 4 g Runx2 ., Osterix
HEHRILWEm RO R R, 55 14k
BB AR AR R R A R R A
Runx2 ., Osterix 2¢ G 58 B 1 2 1 (P<0.01) ; 5 %M
A T IR B 4 L A, AR B AR O L A A K
P S 45 41 Runx2 2€ 0% 08 B W] I 3 5% (P<0.05,
P<0.01) , #b B Ak 9% J5 i1 7 1 2H Ossterix %€ O 3 JE B
IR (P<0.05). WIK4.33,

3.5  #b B AL 7 X MC3T3-E1 40 i 15 3% L3 PA.

LA & EMEm 458 ER, 55 A, 5k
R b R R A MR AT PA LAR B R
FFHE(P<0.01), WLk 4,

3.6 #bEALIE T X ECAR 52  ECAR 45 % i
N TEAH A B ) BE N, 528 AL R, AN E AR O
AR R R VR S T A A M S TR AR T
TF# (P<0.05). WLIE 5.

3.7 #NEAREE T A MC3T3-E1 4 i HIF- 1o HIF-18,
HK2.PKM2.PDK1 mRNA (1] Real-time PCR

. 5 .
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Runx2

Merge

DAPI

Osterix

Merge

4 #MEWEE I MC3T3-E1 48 A Runx2. Osterix & A RIEBIFM (Ft,x272)
Fig. 4 Effect of BSHT on Runx2, Osterix expression in MC3T3-E1 cells (IF,x?77)
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Table 3 Effect of BSHT on Runx2, Osterix expression in MC3T3-
E1l cells (x+s5,n=3)

20 51 R e ¥ /g L Runx2 Osterix
R 6.50+0.92 2.24+0.41
A AR T AR AR B2 0.01 18.77+3.62%  12.66+1.27%
NG AR Ty R A 0.05 23.29+3.81>%  9.07+1.02%
B AR T v R A 0.1 22.92+4.25%% 17.5442.04%
R 0.1 34.36+4.68%% 11.14+1.52%

SRR, 5A HA B A E AR TR T

2 K 7% F 48 1F 40 HIF-la. HK2, PKM2, PDK1

mRNA % i85 B & I (P<0.05, P<0.01) , HIF-18

mRNA £IK2ZF LG 2EE L, kS,

3.8 b B fk 9% 7 X MC3T3-E1 40 it HIF-la.

HIF-18.HK2 . PKM2 . PDK1 & [1 % ik /K F 4 5% mi
-6 -

F4 WMBHEAX MCITI-E1 A PA LA RIEHFI (X+s,n=3)
Table 4 Effect of BSHT on PA, LA expression of MC3T3-E1 cells

(x£s,n=3) wmol- L™
215 J R S /g L PA LA
skl 15.80+2.62  24.01+4.07
AN B AR R O AR 7 2 0.01 24.21+4.27% 4031+5.91”
B AR 7 o ) A 0.05 26.29+5.31% 41.67+6.77%
A AR T e R A 0.1 27.92+5.25% 42.04+5.23
e Srieg e 0.1 32.02+4.33” 33.54+4.55%

Western blot £5 2 i 7 , 525 LA be i, #h B AL 3R
D7 A% L R A K R 4] HIF-1a, HK2
PKM2 .PDK1 ik i # 4 (P<0.01), HIF-18 £ ik
Z ST S 5 AN E AR 7GR AL g,
N A T b L R A PR GF 7 1 41 HIF-la
PDK1 Xk & FiH , 2R B A g5t E X
(P<0.05). WEl6.% 6.
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Fig. 5 Effect of BSHT on ECAR in MC3T3-E1 cells
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Table 5 Effect of BSHT on HIF-1 pathway mRNAs expression of MC3T3-E1 cells (x+s5,n=3)

21 5 e /g L HIF-la HIF-13 HK2 PKM2 PDK 1
ek 1.01+0.02 0.98+0.02 0.99+0.01 1.02+0.01 1.01+0.03
AN AL 7 AR A 0.01 1.33+0.18” 0.97+0.03 1.21+0.10" 1.52+0.08% 1.67+0.21”
ANE A% 7 R AL 0.05 1.40+0.16> 0.9840.02 1.26+0.12" 1.48+0.06% 1.81+0.19”
ANE A D R A 0.1 1.42+0.13% 0.9940.03 1.25+0.14" 1.44+0.05% 1.87+0.19”
AT 0.1 1.29+0.11% 1.00+0.03 1.45+0.19" 1.27+0.04” 1.69+0.17”

HK2 [

HIF-1a E. — w— w— 110 kDa

HIF-18 e 87 kDa

PKM2 T — 65 kDa

PDK1 m — w— w— 7KDa
|

GAPDH "D TS Tsamp sssse e 36 kDa

A B C D E
B 6 MC3T3-E14080 HIF-138 B & A% Rk B ik
Fig. 6 Electrophoresis of HIF-1 pathway proteins expression of
MC3T3-E1 cells
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Table 6 Effect of BSHT decoction on HIF-1 pathway proteins expression of MC3T3-E1 cells (x+s,n=3)
4151 AW /g L' HIF-1o/GAPDH  HIF-18/GAPDH  HK2/GAPDH PKM2/GAPDH PDK1/GAPDH

S HA 0.32+0.04 0.18+0.02 0.42+0.06 0.36+0.07 0.34+0.04

AMEF AR T AR R 4 0.01 0.53+0.08” 0.17+0.02 0.81+0.09” 0.52+0.09” 0.64+0.09”

AMEF AR T eh i e A 0.05 0.70+£0.12%% 0.20+0.03 0.86+0.09% 0.58+0.10% 0.81+0.09%

HMEF AR T i ) ek 2 0.1 0.66+0.10%* 0.18+0.02 0.89+0.11% 0.54+0.09” 0.76+0.10>

e iea il 0.1 0.63£0.09%% 0.17+0.03 0.85+0.08> 0.57+0.09” 0.83+0.07>%
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