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Effect of Vitamin K, Alone and in Combination with Calcium on the
Bone Health Improvement and Mechanism in Zebrafish Model

SUN Yi, XIA Hongzhi, NIU Kun, LI Jiangbo, ZHU Yulei, LI Guyue, YIN Zhongyan

(Nantong Licheng Biological Engineering Co., Ltd., Nantong 226010, China)

Abstract: Objective: To investigate the bone health improvement effects and mechanism of vitamin K, alone and in
combination with calcium on osteoporotic zebrafish model. Methods: Healthy zebrafish with transgenic Tg line were used
as experimental animals. The model of osteoporosis zebrafish was induced by prednisone. The fluorescence area and
density of zebrafish osteoblasts were used as indicators to evaluate the bone development of zebrafish which were observed
and photographed under microscope. Furthermore, the expression changes of related genes were detected by Real-time
gPCR. Results: Vitamin K, alone and in combination with D; and calcium chloride could significantly improve the
reduction of fluorescence area and fluorescence density of zebrafish osteoblasts induced by prednisolone in the
experimental safe dose range of 5~20 pg/mL (P<0.05). Vitamin K, played anti-osteoporosis activity by promoting the
expression of alp, bmp2a and bmp4 genes related to osteoblast, inhibiting the expression of opg, rankl, trap and ctsk genes
related to osteoclast, and inhibiting the expression of vdrb, sparc and colla? genes related to bone extracellular matrix.
Conclusion: Vitamin K, could improve the bone health of zebrafish by promoting the expression of genes related to
osteoblast formation and inhibit the expression of genes related to osteoclasts and bone calcification in extracellular matrix.
The combined administration of vitamin K, with D; and calcium chloride could enhance the ability to improve bone health.
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LA CHRIC L E A EL R B 10 Tg(ola.
sp7:nlsGFP)#hth  IIZREFIEBEA YT T B o
25T B IR 4EAE R KL (4)E 80%) . Dy il
(B B 25000 ng/mL) . SAALES R A=)
TREE BRAE Al IRJBAATE . M R —4h R
YR A PR 4N &) ; FastPure® cell/tissue total RNA

isolation Kit V2. HiScript® II Q RT supermix for
qPCR ( +gDNA wiper) . ChamQ universal SYBR
gPCR master mix 5] & B ot MEREAE R
AT H] o

DP2-BSW E 1% R4 £ 4% H A Olympus 2
Hl; AXIO ZOOM.V16 IR ZE G idse  fEE Carl
Zeiss /Nl DS-200 S gHLURANL VLRV LRARMIF
X% )5 Centrifuge 5804 RN ER &.0HL  FEE
Eppendorf JIX 153 R 2L F]; C1000 TouchPCR X 1A
IRAE AR E = () A BRZS F]; Forma 3111 #I7K
=X CO, 53748 E[E Forma 2\l ; BE L 3751 1l
FERER  dbntEAERHE A E]
1.2 FHEE
1.2.1 BES ARG IZRIL B (X FR5E 2 G 2
8 Westerfield 29, HUONET— H, Mk 53 TF, &0t
M LA Tk DR A e 0 M 0 HY B T R G YT 4y 4
(Artemia nauplii) . H&HH 14 h/BAKE 10 h 22347,
55 2 d SCHETT AR AR MEME (0 (1:2 5 1: 1) I3, Y6RE
JEARAGSZHEIN o X SZ A SN A TIH TR AR IR 5 F8 A B
T G 3E /K (3 5.0 mmol/L NaCl, 0.17 mmol/L
KCl, 0.4 mmol/L CaCl,, 0.16 mmol/L MgSO,) ',
28 C IR FR.
1.2.2 43R K, L SE55RBE DT E BTsiAsTs
PEPFHT 275 Huang 552 HOE Y728, PR ALK
BEBEAT T e, AR 7 ik an R - 8 MR nle B 4
Mgt DS ChRIC IR B S f (ola.sp 7:nls GFPOVE
NSNS, FENRIG R 2 1 dpf i, {8 1.0 mg/mL
FE AR LB E T2 DR SE, 2R S i 1 Pk
IEH BE S mahta, B2 A 24 FLESFRHC, 3 A 1
Xf HEZH (Control) . #FIZH (PD) . FHPEXT FRZH 45245
PIAbILZH . A5 ILIGLH FHAK P MG RE IR K, BRas
X HELHASINA IR JE A TEALFRS N, A4 SIG2H P A
JREHE N 7.5 pmol/L BYIRJEM B . PR IR
HED)IMAJREMRE N 100 pg/mL HUARERRR — 4N
WAL, D, Al CaCl, 1K A Ab 3 BH M X Bt 20 (D5+
CaCly) AR EHRE A 0.5 pg/mL 1Y Dy T LA
HOMRE R 2 mg/mL ISEALESIR R . AEA 3 K, 259
AFREE AR vy R, (IR EE A FRA (VK-1)
HerE 2R K, FIHREE SR 5 pg/mL, He AN L] (VK-2)
Y 2 K, BIHE N 10 pg/mL, &k AL FRLH (VK-
3YEEE K, BT 20 ng/mL. Dy, 4557 FidfE/f 3%
K, BEA AL i B K (D, +CaCl,+VK-1) . H1(D5+
CaCl,+VK-2) . i (D;+CaClL,+VK-3) =¥, ZENIA
FTHEREESN 0.5 pg/mL 19 D5 | 2 mg/mL YL ES Y
Fefili b, Sy A BT = HBE Y 5. 10 T 20 pg/mL 4k
A FE K, A 10 &Brtfa, FeHEE 2 2L, ik
F2/KZ 2.0 mL. SRIGINESE, 50 K45 SE 50 2 B o
B TOGRERFRAE (28 C)iLMARAREL L TF = 5 dpf, 16
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JE 4T Real-time PCR ¥788, §7 #5251 95 °C FiAE
P4 10 min, 60 °C iRk 30s,72 °C ZEfi1 15 s, 40 MEH,
LI B-actin iy N =L, KW alp. runx2a. sox9a.
bmp2b. bmp4. opg. rankl . trap. ctsk. vdrb. sparc.
colla2 FERMFIFIKo FIITFHNILEE 1.

1.3 #iEAIE

>k GraphPad Prism 8 44748114347, 5C
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Table 1 Primer sequence list
A NAGCEIL7)E ] LB 2

alp 5’CAGGCAAATCAGTGGGAATC-3’ 5’-TTGGGCATGTCTGCATCA-3’
runx2a 5’-GACTCCGACCTCACGACAA-3’ 5’-CGTCCCGTCAGGAACATC-3’
sox9a 5’-GCCAGGCAAAGCGGATCT-3’ 5’-GCGGGAGGTATTGGTCAAACT-3’
bmp2b 5’-GTGAACGCAGAGCAGGTTAG-3’ 5’-CCTAACACTGGAGCTGGACA-3’
bmp4 5’-CTGCCAGGACCACGTAACAT-3’ 5’-CCGACGCTTTCTTCTTCCCT-3’

opg 5’-GTCAAAACCGCTGGAACGCC-3’
5’-CTCACCTTCCAATCAAGACGCCC-3’

rankl

5’-CAGCAGATGCTCTTCCCCCTG-3’
5’-CTTTCATGCCATCCCAGGCTATCT-3’

trap 5’-GGCCAAGTCCAAAGCTGATT-3’ 5’-CGGATATGGACCACACTGGA-3’

ctsk 5’-CGTCACTTCGGTGAAGAACC-3’ 5’-ACAGTCCACCAGGTTCTGAG-3"

vdrb 5’-TTTCACGCTTCAGACCTCCAG-3’ 5’-AAGCCCTGCTCCTGGTACAT-3’

sparc 5’-AAGCCATTGAGGTCGTGGAG-3’ 5’-TGTTAGTGCCGCAGACATGC-3’

colla2 5’-CAAGGAGTCTGCATGTCGGT-3’ 5’-TCCCTTAGGACCCCTCTCAC-3’
K1 4e: K K, S5 Dy Hil CaCl, BE-G FIZ5 0 BE 15 5 & 7 19520

Fig.1 Effects of vitamin K, alone and in combination with D, and CaCl, on osteoblast development of zebrafish
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Fig.2 Statistical results of the effect of vitamin K, alone and in
combination with D, and CaCl, on fluorescence area of
zebrafish osteoblasts
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Fig.3 Statistical results of the effect of vitamin K, alone and in
combination with D; and CaCl, on fluorescence density of

zebrafish osteoblasts
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Fig.4 Statistical results of relative ability to improve bone
health in each administration group
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Fig.5 Effects of vitamin K, alone and in combination with D; and CaCl, on genes related to osteogenesis in zebrafish
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Fig.6 Effects of vitamin K, alone and in combination with D; and CaCl, on genes related to osteoclast development

in zebrafish
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