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H E

HRER: HEE AR FERES /RIS &40 (MC3T3-E141/), A ABRITMC3IT3-E14
F B MR, ONIRER L A SR RIGTT B R BAME IR B IR st . BT vE: 1. AR 5IPL5
mg/mL. 10 mg/mL. 20 mg/mLEIKERFFMC3T3-E140/L, R R EBES AXHBAMEETEE. £
BFHNE14 d, BT ALPYAR MR B ES (ALP) K5, image] 81t 5 I Bk % fa v B AL T AR
WREERIER LB BE (AODYE, FE/TAHM LR . 2. PRREESMC3T3-E140/f, ERFNE21d, &
T ERALA ARSI EBE TR RIER. 3. REFTAXRA, 4HEA, 520 mg/mLABHK LS,
RiFEMC3T3-E140/f148 hj5, @Eidi¥idesk - L RAEERPCR (RT-qPCR)S HIAN _HiR =4MC3T3-E1
o Jfa PR BB M B BRI (ALP), RunxAf2e3% %A F2 (Runx2), &45% (OCN) mRNAHX RIEB K. BIF
ZR: 1. ALPRELBERER, FEREASFKRTHMC3T3-E140/14 d, SXTHEAME, 10 mg/mL
R, 20 mg/mLESER I FH M A K AODE L2 A IRE (P < 0.05). 2. NEWRERK A
BERARSMEFRMC3T3-E140/f121 dBY, HERAFEERER, ABRASTEAXRAME, SFHBHER
g, BEERAEKEE, NAaSRIREEX, £W8HE. 3. RT-qPCRERRH, HFiMEHR
MC3T3-E140/fi48 h, AbIRZLAIEABER KA TEHALP. OCN mRNARKEY Fid, 52=ARAMK
BYH¥EE (P <0.01), EFRARYE GHH¥ER(P < 0.05) AR S 2 85 ) 4L H4H Runx2 mRNA
RIEERZAXNBALE(P <0.05), BARKEZRIT%ER(P>0.05). FREEN: ABKREGBES
EHEMC3T3-E1Z0 K R MR B B4k, AT E ERT it 2, REFEEHR. XEAS L
PEAESE T AR B R A RE R A BRI, AP ARG R LB 185 IR Bps hE iR 25 30/ F
RO S EKIE.
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Abstract

Research aim: To culture mouse embryonic osteoblasts (MC3T3-E1 cells) in a medium containing
fish scale glue, and investigate the effect of fish scale glue on the osteogenic performance of MC3T3-E1
cells, providing a theoretical basis for the clinical application of fish scale glue in the treatment of
osteoporosis. Methods: 1. MC3T3-E1 cells were cultured with fish scale glue at concentrations of 5
mg/mL, 10 mg/mL, and 20 mg/mL, respectively, while a blank control group and a positive control
group were set up. On the 14th day of culture, the activity of alkaline phosphatase (ALP) was de-
tected by ALP staining, and the average optical density (AOD) value reflecting the concentration
per unit area of blue-violet precipitates was calculated by image] software and compared between
groups. 2. MC3T3-E1 cells were induced at the above concentrations. On the 21st day of culture,
the formation of calcium nodules was evaluated by alizarin red staining (ARS). 3. Set up a blank
control group, a treatment group and a treatment group containing 20 mg/mL fish scale glue. After
culturing MC3T3-E1 cells for 48 hours, detect the changes in the relative expression of alkaline
phosphatase (ALP), Runx related transcription factor 2 (Runx2), and osteocalcin (OCN) mRNA in
the above three groups of MC3T3-E1 cells by reverse transcription real-time fluorescence quantit-
ative PCR (RT-qPCR). Results: The results of ALP staining experiment showed that the AOD of
MC3T3-E1 cells in the 10 mg/mL fish scale glue group, the 20 mg/mL fish scale glue group, and the
positive control group increased compared to the blank control group after 14 days of interven-
tion with different concentrations of fish scale glue (P < 0.05). When MC3T3-E1 cells were cultured
in vitro with different concentrations of fish scale colloid for 21 days, the results of alizarin red
staining showed that compared with the blank control group, calcified nodules were formed in
each group, and there was a dose dependent relationship. That is, the greater the concentration of
fish scale colloid, the more obvious the nodules were. The results of RT-qPCR showed that the ex-
pression of ALP and OCN mRNA in MC3T3-E1 cells cultured in vitro for 48 hours was upregulated
in both the treatment group and the treatment group containing fish scale gum, which was statis-
tically significant compared to the blank control group (P < 0.01), and there was a significant dif-
ference between the two groups (P < 0.05). The expression of Runx2 mRNA in the treatment group
and the treatment group containing fish scale glue was upregulated compared to the blank control
group (P < 0.05), and there was no statistical difference between the two groups (P > 0.05). Con-
clusion and significance: Fish scale glue can significantly promote the osteogenic differentiation,
maturation, and mineralization of MC3T3-E1 cells, thereby accelerating the mineralization process of
bone matrix and promoting bone formation. These in vitro experimental data confirm the poten-
tial therapeutic effect of fish scale glue on osteoporosis, providing experimental reference for
comprehensive evaluation of its clinical efficacy in preventing and treating osteoporosis.
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1. BN

‘B BB FAYE (Osteoporosis, OP) A& WL H B8 B, J&—Fh DL S0 B AP Bif . 5 kAN
PN RE A ST R[] NACE B I 58 B M 75 B — R VAN B 42 () B S PR e Rf, B el s 4
Jfl (osteoblast, OB) /™5 ) ¥ BUAT HH il B 41 i (osteoclast, OC) /- (1 B WL (A1 I BN A P4 B AR 2R L
2 HUE TRBAME « B R R E— RIVEARUER IR, ™ 5 B N2 2 N S e [2] -
WATH WA SR, FE 50 % UL B ANBEE AR 75N 19.2%, HA M 32.1%, FHH 6.9%;
60 % LA B NBEE TR BTAAE B0 %N 32%, 2okl 51.6%, FHEN 10.7% [3], ZIURES N ARG N
[t E bl <o) <% E i1 7 Sl b= bt = @ p s YN STk ) e v < e = N1t NG = 1 e N e R (S
Y. HABHLHI 2 Je b S 245[3], Horp B RS R BN 2, XU IR B PR R MR
Y, TE TR T R R ARG R, kA T 22 AR A AR 7 SO R IR PR LA [4], AR 7T R AR
P B IO /)N BV R B 4R L (MC3T3-EL 40 i) e B L BE ISR, LU DAyl PG I P #2885 JR VR 7 1 Jo R A
FEFE LS IR .

IG5 0 N 2 AN S R R ST Bl S 2 | B R AR 4EHEA T i & AR 2 [5]
[6] [7], AR5 B A0/ ERARL8] [9], B RIFHIADIAZATE[L0] [11]. kR E, MR
T A TBCHIR B RS R ER A, AT h SNSRI [12] T 40 P40 I 5 () AR 4 I 2 0 A2 T 1 &40 PR R PR RO 400 i
B G (1 B B EAE 5 [13] [14]. PRk, MEEMIRINS T RE S g HR P L 8 AE . ISR E
YHMI1T . Rena Matsumoto &5 ANTHFFT 1 fafif I Ji 2 24555 N [) 78 53 T 40 B (hMSCs) s 4 i 43 A 1) s
SRS R I, hMSCSs B 5k B 7 f B (R SR 21 4 |, A 40 fa ks 77 72 Hh 23 s T hMSCs 1 5 3 s
YA . T ELN ] 76 5 48 A (hMSCs) 7E £ fiff i Ji B (R T B IR0, IR A AR B, B PE B G
BEEYE . B E AR E RS KA RE 2 M s SPKTF 23 EA15], X 3R a5 & a ] ge R
AT 40 o i 598 77

Wei Wu 55 N Hilli& 7 o5 it s i A AR S 28, S ia, MR 4ERe:, BAFTIRIEE SRR, S5
WEE T LE AT A SCHR b RE TR 0K B R 8] 78 R 40 g (BMSCs)iE A i#a %4, R 8 BMSCs 1] LAJR 47 Hb i
TEENTA SOOI, RAFHIRG P VEALE BMSCs 7R F L B AF st 5, M m7EsE v BB Az . et
— O T AT AR SO I B (R R, 25 SRR, ELRRER AR i 8 ) BMSCs M9 5E 3 TR
ML, U mEEbhRlaT DUE s BMSCs HIHSTE[12] .

I v AR AR AV AN AN B SR J R T e (R s 4 M A R 7. AR, LA AL
ISR 58508 B 20 B P i A A R 2] o SRR B A 0 — DI e S5 ) ot £ S SR s 4 L 2 A ) 5
Wa, Il PR I FH 6 e V6 T 1 IO B P i B8 L B V0 Al

2. AR FF*%
2.1. SEIG4MAR. FEERFIAME

/B R B 4 L (MC3T3-EL 40 i) B 58 E e () A AR B s A BR A 7], FH % 10%f6 4 Iy 1)
o-MEM 5375, BT 37°C. 5% CO, Bifefi b %, WU BAE KN T-525, mEkeok B LIRS
H T REICERE . o-MEM 35788 R4 M50 B ROER S AEMHEARGIR AR, HidkmiR(H A/
Az Tk 24). p-H il +h Sigma-Aldrich (3E[E). HhZEKIA (AL 2 FERHA PR A &) FH TRl
BRI ZH S b R B 95 0k . ALP Qe il7i) &0 B BB RAEMA IR AR, R4S Bl B A R 3K
EREERAT . HLZZ0H RNA #iIRK TRIzol, cDNA #3587, ChamQ Universal SYBR gPCR
Master Mix 114 [ 74 50 i MEFEAE RS A A R A A

DOI: 10.12677/acm.2023.134951 6800 I IR = =23t e


https://doi.org/10.12677/acm.2023.134951

EHE &

2.2, SCISTRECH

O EERFREEAMIEH): HL IR0 BN 89% o-MEM R 775, 10%a4-1MLiE, M 1%%
BER;

@ G kRO A e B IR R AL 5 mg/mL. 10 mg/mL. 20 mg/mL;

@ FHMEEXTHEA: e FRAEPF A 10 mM g-Hil iR 5. 50 ng/mL HUIAIMER AT 10 nM Hi FE KA 5

@ hFA. [FHE);

® BRI, HHREH I 20 mg/mL [ £ i .
2.3. ALP a0 & 85 A% MC3T3-E1 4AfapasME RSN

W X A K3 MC3TS-EL 4143 I LA 5 mg/mL. 10 mg/mL. 20 mg/mL f f e i FE 45 3%, [l s B
25 N IR PE X IR AL, 43 7905 S MC3T3-E1 difinsrtk, & 3 REH Rk, £ 14 d
I, 8 ALP G il ) Sk AT s I i PR (ALP) e 7, i3 imaged BE T 5 S i 45 (0 T Ve B A7 THI AR UK
£ 735 0% % FE (AOD)E,  FHHE4T 4R b4 .
2.4, BRI EBEE Y MC3T3-E1 45N

M sreilE “1.3” , aliFkS MC3T3-EL 4iffusrft, 3 REH— ke, Mk EE% 21 d
i, BEATPE R YR SE Y, BRFREE G ARG M, IERAKEREIR, BHIRAHE
W&, Pk tbisETE L, RIEEAIBOE IR — 8, ik, TP, B NS 45 0
e,

2.5. RT-qPCR &Mt 8% MC3T3-E1 4R B 7 L HO R

Table 1. Primer sequences for RT-qgPCR
#F* 1. RT-qPCR & 3|45

SIAATER 51 31(5°-37) Tm {8
m-Ocn-F CATCTTTCTGCTCACTCTGCTGA 58
m-Ocn-R AGGTAGCGCCGGAGTCTGT 59
m-Runx2-F CCTCTGGCCTTCCTCTCTCA 58
m-Runx2-R TAGGTAAAGGTGGCTGGGTAGTG 58
m-Alpl-F TGAATCGGAACAACCTGACTGA 59
m-Alpl-R GAGCCTGCTTGGCCTTACC 58
m-Gapdh-F GCCACCCAGAAGACTGTGGAT 60
m-Gapdh-R GGAAGGCCATGCCAGTGA 59

BT E A K] MC3T3-EL 41 i 7 B EE A TR AL B ZH, & MRS I AL B AH RS 7R 3, JF 0 B 2 X R
548 h )5, (] Trizol 252 HU & 440 M0 1) 5 RNA, JH0llE RNA R EEMAifE, DLIREUK RNA gt
B, A3 Hiscript 7144 RNA Wi 55 cDNA, 3131 cDNA fifif£ T-20°C %4 T, qPCR I R i F
Bt 5 B 3E4T 52588 . 1§ F ChamQ Universal SYBR qPCR Master Mix 77347 Sz %€ 3 & & PCR Kl
SRS At: 95°C AR TE 30s; 95°C. 10s, 60°C. 30s, 3t 40 MEH; WML 95°C. 155, 60°C. 605,
95°C. 15s. MRIEFILET T, 52 CtIEMRME, @it A 2-AACt K HA R4 5] RNA BIAEX £
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ikE,  HMEE-3-W R i U (Glycerol-3-Phosphate Dehydrogenase, GAPDH) HIAE P &% 18 . %514 % 1 A,
# 1.

2.6. GiHES

K H GraphPad Prism 9.0 Sttt -7 Ge vt 20 i, SREG B KR N FHME + bz, P L
BORH tRS, AR IECRHBRRERE T Z5, PP <0.05 NEFAFITEE L.
3. KMLER
3.1. ALP #6408 A % MC3T3-E1 4RREARSNE FRESMA

B AN [RIR e s R R 77 MC3T3-EL 4010 14 d J5, 4T ALP Je (il & 92 B 25 A ol HE 40 rh i vk
WERRREYE, Qg LK 10 KA Image J AR TH S LR 48 e SR AR FE Y AOD fH, 52 H
XTHEZHAHLL, 10 mg/mL fi§fcsH, 20 mg/mL £ bk i 4 FTRH 0 REZH 1Y) AOD 4B B n(P < 0.01), ¥
20 mg/mL £ 8 s 2 R SH P Xof RE ZEL AT 2L ) LU, S A ot R 4 o i fs 2 i A 3 1 il 1% (P < 0.05), AL
K 2.

PRt R4

Figure 1. The results of ALP staining
E 1. ALP L B4R
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Figure 2. The AOD of ALP staining
2. ALP 81 AOD &

3.2. WRAFEKNE B MC3T3-EL AR

7= TR 5 mg/mL £ fi e R 7 R 2

10 mg/mL Bk BE 77 5L 41 20 mg/mL i e 1 7 0

B ot 2L

Figure 3. The results of ARS
B3 BRIAREBER
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AN R FE fr W R 1 7R R 1% 9% MC3T3-EL 41 21 d 5, 47 94 2 20 JL (ke Il 481 8% Fike %F MC3T3-E1 4 iy
FEAL IR, Yetags L 3, S5REIR, SEAXIEAMEL, SHWEREIEE Y, B mRG
TEREACHTE, BP R O, S5 s . U0 B A M0 A e ol A PR AES 485 1 ) TR R T A2 3 e
Bt

3.3. RT-qPCR &Mt 84 A% MC3T3-E1 4R B 7 1L HO RN

Runx2 OCN
X k%
I * 1
37 - = A A
» " o Gh RS
) X, mm AL AL
® ®
oy ®
e e
0
R B B B
4\&“& ‘@@y&@;’ & x@? S
A e ®
i e
Figure 4. The relative expressions of mMRNA
4. &4H[E] MRNA HEXTRIEE
5 O IRAR B, AbER AN R A AL PR G AH DG A7~ ALPL Runx2. OCN mRNA xS ik

B ThE, HERA G AR (P <0.01). AbFRALE & i i) A B A 1R ELEL, ALP AT OCN mRNA
BEitHER, SHEERINAATL MC3T3-EL 410 ALP f1 OCN mRNA KA & 75 (P < 0.05), &l
FE AL FEZH Runx2 mRNA FRiA S8 A i, H%E g #2553 P >0.05), WA 4.
4. ¥hig

TATW A RoR, B BB OO IR E 2 A S R . B VAT B SR AARE I 25497 2K
B, HFENFEREEM B, R USRI £5 28 25 Vi) 75 % 15 XUBERR £ A0 K1 T Gl E A FE[16]
[17]v AR B HT (18] R A s KU A 3 2R 24 ] e 55 A e AU 6 AR G [19]: R B 46
S ER T TR NS TR PR . LI [20] O IR SO0 S S I A AR [21]5 53 4h— T sh A se
BRI, KR K TA]E ) FFOIR 55 i 2 AR S A IR I I 7 K BB PRI I R AR 3 [22] 0 i ik, R
Z BT BUBRAE 25PN L R0 B aR e, AT B RO, IR 55 R R AU 2 2 AT T A
ARFRNMEZS Y, FLRERI B E A EE, (RBEE TR SEINEE, SaEE RE23].

ik, FAVEIE S 2 (R AIE AN HACR B3 B T RG], ORISR & % BT 21 1E 2 958 /N 3R
T o RIRFEIAINS T 290 NARF= A AN R RSZD, SIEAKIAIRA, 523 E WAz 3 Fwt
Foo AVREULRCH MM E A, AN MC3T3-EL 4if, VLR @EERAETIAES, Wit T HER
(AR B T AR

AR 3R] LI I 22 RO s AT RS AN PP, ALP Y 098 22 20 G (08 5 A2 4 i o0 b 5 1
[24TRIRG A5 bR B S I J7vE  BUCE AN RE 65 0 WA DR PE B IR, 5 1 | BB SR S A AN R 0T, AT F
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— B IR R . e ER R AL T, ALP B il G RE I AN A MR I B R e . FRATTI SR
T 14 d 47 ALP Bethy, SRiesh R A ek i) MC3T3-E1 40 I 585 1) ALP W5 17K,
10mg/mL s 2HF1 20mg/mL i e ALP 3 MK 5238 123 UG R AH, G i B £ 6 s B o 19 53
MC3T3-E1 4liffd ALP i54E, ik MC3T3-E1 40 i 511504 0BG 20 B b 0 — AMRRAE 85 45 1 TR A
AT 158 e A R B A IR B o 98 R AL Y C R R I B M AR E A A5 1T I 2 S, ARG
T 21 d BT R Getn, S5 BRI T R 5 7R B A A A R s A IR AL 2, YRR,
HAFTER A . I L4 TR B IR RE S (2 10E MC3T3-EL 4B 7010 B fh e

BCH AR A0 AN B, BB — MBI B, A G A B 4 R R R, 5 A AR B G
(AR S8 B I, 451 el 2 Tl R T (AL P) BT A &4 e 8 B R 5 o s A B A I [26] o By A28 — B B R
A4k, P2 AL R W bR B, 0B 45 2 19 (OCN) [27]. Heh Z R & AR EHE 5B B AR 2 5 ) Tk
fi4n BMP, Wnt Fl Runx2 il %, FHd Runx2 i 2% 3% 1 B AR E) TE 555 DLX & AR ATF4 (1A BAE A
PLJ ERK/MAP S8 2% (B IR AL 55 [28] . FRATTRE 78 A AL, KbEidH, Je &tk fabBiad, did
RT-gPCR 7£ RNA /K P X B AHCHE ] ALP. Runx2 A2 OCN [EIEHEAT /0T, LAk B0AIE 0 i i ot
MC3T3-E1 4HMd i 7 Ismd . AR FRaE RE, SAE MBS AFRHATLE, 2 I i db FE 2H 12
% 7 ALP mRNA F1 OCN mRNA fJ7KF, % Runx2 mRNA /K-35 §401 . ixX te 2k 536 B 8 85 IR /E RNA
HKOPARHE T MC3T3-E1 ZHP R 704k, 58 1 3 ALP A1 OCN JERI R IL, HATfEIFAZLE T Runx2 i@
P RAEAE R o

5. &

gi b, AWPFUIRIE T i R 8 W3 (L MC3T3-E1 4B A s 706, AT s B e i 72,
et 7T, XSRS AR UESE T S BRI B BB E B WA R TR L, D AT vR i HeAE Il R
B A B R BRAAE (¥ 24 ROVE P SR SRR AR, (BRI R R e o A U, 2 R B A A
FIREW K 2 2R SRR RS 5 1, DI RE R, MBI AR A L RSN T —

LS.
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