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Abstract

BACKGROUND: In endodontics, revascularization and effective control of bacterial infection are prerequisite for regenerative repair of tissues and further
development of the root apex. Ornidazole, carried in pulp-capping materials or vascularized scaffolding materials may control pulpal infections, but its effect on
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vascularization need to be investigated.

OBIJECTIVE: To investigate the residual concentration pattern of ornidazole in root canals and to evaluate the effects of ornidazole on endothelial cell
proliferation, migration, and differentiation, as well as on vascular irritation.

METHODS: (1) Ornidazole was encapsulated in the isolated pulp cavity and then immersed in Hank’s balanced salt solution for 7 days. Ornidazole was then
removed from the pulp cavity, reencapsulated in sterile water, and again immersed in Hank’s balanced salt solution. The mass concentration of ornidazole in
the pulp cavity fluid was measured periodically by colorimetric method. (2) Human umbilical vein endothelial cells were inoculated into well plates. Adherent
cells were stimulated by the addition of lipopolysaccharide for 24 hours, and then co-cultured by the addition of 0, 1, 2, 5, 8, 10 ug/mL ornidazole, to detect the
cellular activity and migratory ability. Human umbilical vein endothelial cells were inoculated in well plates and co-cultured with different mass concentrations
(0,1, 2,5, 8,10 ug/mL) of ornidazole or stimulated by lipopolysaccharide for 24 hours followed by the addition of different mass concentrations (0, 1, 2, 5,

8, 10 pug/mL) of ornidazole. The gene expression of vascular endothelial growth factor and basic fibroblast growth factor as well as the protein expression of
vascular endothelial growth factor was detected. (3) The chorioallantoic membrane assay was employed to assess the vascular irritation of 2 and 10 pg/mL
ornidazole.

RESULTS AND CONCLUSION: (1) Residual ornidazole in exfoliated teeth was rapidly released within the initial 6 days, with a subsequent decrease in release
rate, maintaining a concentration of approximately 2 ug/mL at the root apex after 8 days. (2) Under lipopolysaccharide-induced inflammatory conditions,

cell counting kit-8 and cell live-dead fluorescence staining showed that ornidazole (1-10 pg/mL) had no significant effect on the activity of human umbilical
vein endothelial cells, and the cell scratch assay showed that ornidazole (1-10 ug/mL) had no obvious effect on the migratory ability of human umbilical

vein endothelial cells. RT-gPCR assay showed that, after co-cultivation with ornidazole alone, the mRNA expression of vascular endothelial growth factor

and basic fibroblast growth factor in human umbilical vein endothelial cells showed an overall decreasing trend. After co-culturing with ornidazole under
lipopolysaccharide-induced inflammation, the mRNA expression of the two factors showed a rising trend in human umbilical vein endothelial cells. Western
blot assay showed that vascular endothelial growth factor protein expression had an elevating trend in human umbilical vein endothelial cells after co-culture
with ornidazole under lipopolysaccharide-induced inflammatory conditions. (3) The chorioallantoic membrane assay showed that 2 and 10 ug/mL ornidazole
were non-vascular irritating. To conclude, 1-10 pg/mL ornidazole is non-cytotoxic and non-vascular irritating, promotes the expression of angiogenesis-related

genes and proteins in inflammatory endothelial cells, and serves as a potential therapeutic agent for pulpal infection control.
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1 #EFN53%E Materials and methods
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XOE PRIENE LI, K F DR 3R 07 22 3 e gk A7 4L 18] EL AL
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A 15 Bl 1 eEe O E RIS A0 R RUE SR, S
5007 Z Ol R oK e A0 B A R s I (i
Z: INUKY-2022-070).
NiEFRE: B, FRKETE, LHREN, T
, GHENRTT, AR, M%
ﬁ%ﬁ&:?ﬁ%ﬁﬁm , HHHE
CATIREVRIT, 7 ek ™ HHR
132 FEAM. MR Nk N 240 (£ 1H Lonza
Aﬁ)SNﬁ9d SIGIE 18 A (T M KRR EEARA
 BRAHME (R RAEARH A IR A ) MR 4
( U\@JJ Biological Industries /A &) ); /& §# DMEM %% 55 B
(%EmwoﬁﬁhA?ﬁ%W$%i%ﬁ%§ﬁ[ﬁm
FEERHL (J650) AIRAR 1, =9 (HFEE. HER
MR =R B, ﬁ?ﬁiéEﬁﬁéE#@%§7k¥§EE/\‘]) LiiR=2)3
KA TPk, GAPDH Hitfk. JEFL G 57 &, Calcein
AM. fIALTINE (352 RAEVARAR ); BEECLILF K
KRG (B REMARAF ); Trizol Wl F) & xR
WG (SR AEM R AR AR ) Ceivitron EEHH (&
EARNERAR AR ) BIE /KT (R AR (5
) EHRAF ] CCK-8( K OEMBHLAMR AR ); Hanks
Ger (B BC, BT 2K PRI N 160 g NaCl, 2 g
MgSO,*H,0. 8 g KCl, 2 g MgCl,*6H,0., 2.8 g CaCl,. 3.4¢
Na,HPO,*12H,0 % 1.2 g KH,PO,); 1k & % & 4 % ¢ /&
1t (Nanodrop 1000, 3£ [ Thermo Fisher 2~ &) ); B #5 4X
(Epoch2, %[ BioTeK A w] ); 5] E %6 RAMEL (TCS SPS,
85 [ Leica 2~ &) ); WG %€ & PCR {X (CFX Connect, 3
Bio-Rad A 7] ); AU M4 (SOPTOP SZN71 A5 A= /A . 1
Bi)o
1.4 7 E
141 BSURCFRE P B2 ik B SRR i 1
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20 mL AR S Al A IR e RE I TR AT IR g, AT
F = R A St kT e e, SR Ceivitron 8 35 8 Fl % 3
B /K1 17TH4 100 L BLAEPRYER (33 pg/mL) d T HE .
F4 BB A A 2T 15 mL Hanks 2203, BT 37 C
RIRFIEE, BRERIREHR. 7d5HKITFHERE, %
bR 78 34 S 2500, S e A 20 mL 2.5% {0 SR B U

5k 56 B

RN A=

20 mL B 4l 7KHE P IR 3 i e i s A N TR K, PR
BB B FS B K T TIT B AR N, R R R
R R IR, S W 1 mL S A U B M AR
st FH T )5 45 SRR e I B R A o A Hanks 22 e T 1
DAL PR AR, B EIR 4y 0.25, 0.5, 2, 2.5,
5, 10, 20, 25 J% 50 ug/mL, fHHGEZIR OGRS
MIAE 322 nm AW R (A) 1E, ZefilbraEdliZe, RHA A
TR ft B e o R
1.4.2 JAN[R) 5 e AR 5 BELA P o NI 5 1A B 200 G 1) R

YRREIE MR : B N TR K A B B Rl T 96 FLAR
B, YU N 3x10°/ L, FR4HMINGBE S N 1 mg/L fiE
Z BRI 24 b, FBR S HE DMEM 20 i 58 42 55 97 3k (& 1k
K 10% RZE s, 1% HER -HHER), FHANY
ANE BT R EE [O( X/ ), 1, 2, 5, 8 [ 10 pg/mL] B K
W ) B DMEM 41 i 58 4 e i L 9% B0, Lg% 1,
3dJE, KA CCK-8 iR & e S AT I A0 p s 1, 3 FH AR
L& 450 nm AL G EE(E ;s H Calcein AM/PI e 43555
AT R Ot Yt B TR E OO WA W 5 IF
EELGE

YHREXIIRSCI : K N 0K A Bz 4 a4 o T 6 FLAR
4 R D 1.6x10°/ L, 4H B EE S NN 1 mg/L fiE
MR 24 h, LRREGFREE, FH 200 L B e SR 7R A
JEJZ Y5 %R . FH PBS pRedi i, 4 BN & ASFH R =
W (0, 1, 2, 5, 8 7 10 pg/mL) BLAr M f 5% 5 2k, i
FH B B 5O BB 73 BIFE 0, 12, 24 J% 48 h X4 fu b 47
MELFIAA I, {8 Image J 1.53t 3 ( S [E 32 AT
B ) JbEREHE, TR AIER .

RT-PCR # U Bk M E B X EFE M RIE: W ARk A
B AR EEFE T 6 FLAR L 4B O 1.6x10°/ L, 43
5RFRE®RE (0, 1, 2, 5, 8 % 10 pg/mL) By m:
BeALrs R, sE N 1 mg/L B Z 51 24 h 5050 5 A
[FJR WA (0, 1, 2, 5, 8 % 10 pg/mL) BRAHMEILEEFE
HREIR L, 3d 5, HH Trizol W57 AR EULH ML RNA, i
A S e Sl 7 B L S B A <DNA, - HEAT S 52 & PCR
JZSi: 95 CTHAEME 10 min, 95 ‘C{ik 3-10's, 60 C{fik
10-30's, FLAEFE 40 K. @5 & PCR SO B ifn
AH OGS EW I A B AR K DR R o 21 4 4t it A= K TR
T mRNA RiL, UL GAPDH AN S . 51975 Lk 1.

1 | RT-PCR&M5I¥IFF

Table 1 | Validated prime sequences for real-time PCR

HFEH IE 54 (5'-3") 514 (5'-3")

/RIS
JZ (bp)
I N 2 4E K TGC GGA TCA AAC CTCACCA CAGGGATTTTTCTTIGTCTTGCT 19
S

T 2T 441 CAA TTC CCA TGT GCT GT GAC ACC TTG ACC TCT CAG CCTCA 20

B A K R
GAPDH

GAT TTG GTC GTATTG GGC G CTG GAA GAT GGT GAT GG 19
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Western blot # M MERNKEKEFEBRIE: KA
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1.6 %t ¥ 454 K GraphPad Prism 9.0 % {1 ( 2& [
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Mge (1 B SR B, I LK A BRI AN T e R TR SRR
SO 5 SRR A

22 ARREIRERA AT AR IRA R m e E S T
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ERAEG £ X698 h RT-qPCRFIIZE L5, ik 1,
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1 pg/mL BLRSMEZH I N 7 A2 KT mRNA Rk T (P <
0.000 1), 2, 8 pg/mL BELAHMEL ifl 5 Py B 4 K Kl -F mRNA
RILFAL (P <0.01); 1, 8 pg/mL BLAi 25 Bl 4 R 21 2 4
Jf A2 A R 7 mRNA Rk B {IK (P < 0.05, P<0.01);
Ri9E3d, SXMEALLbE:, 1 pg/mL SRS ML I BT Y A
KT B AT 4 40 i 2R K 7 mRNA RIATH i (P <
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FKikFE (P<0.05, P<0.0001), 2, 8pg/mL BLRYMEZH B,
PERLAT A A K K mRNA R RS (P < 0.01).

ENRZREHE SR RAEXMGT, B L, S5AFKE
WP DR e R LR R, NI K A B 4 A i
B AR A DR R BT 4 41 M 2E K B mRNA SRk il (B
4c, D), JLiE9R1d, SxFEEAE, 1-8 pg/mL B M
YA N AR TR B R AT 4 20 i A K PR F- mRNA
Tk T E (P<0.05, P<0.01, P<0.001, P<0.0001);
HIEE3d, SHEALLE:, 5, 8 ug/mL BLAHMELH M A
J A= K K F mRNA KI5 & (P < 0.000 1), 2-10 pg/mL B
i A 2 0 1 4 4 A B AR K TR T mRNA Rk 1 T (P <
0.000 1),

Western blot farill 25 R 7w, 7ENE 2 515 T 10 K0E 5%
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F& (P<0.05), W.[E 4E, F.
2.4 REVRZRE LA d 6 RIS 3 A2
PRFEFEI AL S 30 . S o il o B R 1 o AR
LG, WE S5, FHIE SRR 1B L R
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Figure 1 | Experimental procedures of ornidazole residue and release
based on an isolated tooth model
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Figure 2 | Concentrations of ornidazole released from the root canals of
extracted teeth
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Figure 3 | Effects of different concentrations of ornidazole on the proliferation
and migration capabilities of human umbilical vein endothelial cells in the
inflammatony state
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