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The role of the allantoin in promoting fracture healing in
osteoclast-deficient zebrafish
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Abstract: Fracture healing is a rigorous and orderly process with multiple steps that are mediated by multiple cells.
During this process, osteoclast-mediated bone remodeling plays a critical role, and its abnormal activity leads not only to
fracture susceptibility but also to impaired fracture healing. However, few studies have focused on impaired
healing caused by osteoclast defects, and clinical drugs for this type of impaired fracture healing are still lacking. The cell
types and regulatory pathways in the zebrafish skeletal system are highly similar to those of mammals, making the zebrafish

skeletal system being widely used for skeletal-related studies. To study the process of fracture healing disorders caused by
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osteoclast defects and discover potential therapeutic drugs, we established an in vivo osteoclast-deficient fracture model

using a previously generated fms gene mutant zebrafish (fms'*Y). The results showed that reduced functional

osteoclasts could affect fracture repair in the early stages of fracture. Then we applied an in vitro scale culture system to

screen for osteoclast-activating drugs. We found the small molecule compound allantoin (ALL) being able to activate

osteoclasts. Subsequently, we verified the activation role of ALL on osteoclasts and the promotion of fracture repair in an in

vivo fms'*®* fracture defect model. Finally, by examining the osteoclastogenesis and maturation process, we found that ALL

may promote osteoclast maturation by regulating RANKL/OPG, thus promoting fms*! fracture healing. Our study provides

a potential new approach for the future improvement of fracture healing disorders caused by osteoclast defects.
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Fig. 1 Establishing an osteoclast-deficient fracture model on fms"***

A: WT 5 fms** R (K B 688 Y15 & BB Tk TRAP e fF L. G =AIEHE7R TRAP ML S, B: B AT WT Bi5 @Y
fms et R (K R 5B 4k TRAP FHPEAS 5 AR GE T o FEACRE . 4 dpi 4 WT I fms™*®* 435124 10, 95 7 dpi 41433 15, 13; 14 dpi
443500 11, 145 21 dpi 4143510 14, 16; 28 dpi 414351 10, 10, C: WT B a5 fms™e! 2745 4k 7] — B 41 b A [7] Bk 31 1) Al
L. D: E C i WT BEDh i 5 fms*™ 2875 (K R 68 B 4T 5 45 A B0 B4 R i BRI SR (%) B i1 o i3t 07 2o x dpi BB 4T i & i
A BT %= x dpi B A i i AL (K C han B2k im AR)/4 dpi BT AR BEARRE . WT O 7 4%, fmsMt AR Al 9 4 E. 42 dpi
Bf WT BELh 15 fmsh " SRR BT (1 R A A 500 . L0 @R KT A A @A HI . F: B E MR . WT Al fms!*™ B2 1 4351
J710, 8, E B, DRI TR t K3, * P<0.05, ** P<0.01, ***P<0.001, **** P<0.0001,



346 i ! Hereditas (Beijing) 2023 % 45 %

A e T R A S R B A S . A
T BB IE B 25 ik S5 A, i TUNEL (terminal
deoxynucleotidyl transferase dUTP nick end labeling)
A A 7 8 A5 3R AN [ B 85 P b i 2 0
Bl SR BN, BIREESR 24 h 5 R 20 I T

A AAMRE

Foi/b, IFHYE 0 h ML RG24 R, Wit

FEB R IR 48 h IFPET- (RS B & (& 2, B

C). Mk, ARMFFRIESEFRIR A INAK A FDA K2

JF (% 1280 ' FDA HEHERLZS) 254, LA 100 pmol/L

(R A 245 ) 1)) o O 3 G Ok 5 9 W 2 A il 1y,
53k 1280F 2500 AR5

TRAPI {4
B C
m400- dkkk
% ns

a o> 300 - 4

g &

E Ezoo— A
_] A
=100 - . ala
=
= oLttt =t A

D | 0h 24h 48h
E
R
o 250 ]
& 200
n]_h
iz 150 -
e
o (U S
[-™
< sor e
5 | 0 : | ® 1
"o 100pm * ¢ F05um DMSO ALL
*
F =
*k
250 mm——
& 200 - . a v
oo
az 150 _I_ =+ % :
£ 00} s Ero
= .«
v
E 50 -
= 0 L

? 1 1 1
S & &S
I

B2 ALLFAREBEAEFNEH CHESMHMEAN TRAP &%

Fig. 2 ALL could increase TRAP activity of osteoclasts on ex-vivo culturing scales
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Fig. 3 The effect of allantoin on osteoclast activity and fracture healing in fms'*** mutants
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