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Abstract

Periapical lesion is an osteolytic lesion which is developed while the dental pulp
is exposed to the oral environment, invaded by bacteria and lead to a non-reversible
inflammation and destruction of periapical bone. Bacteria in the periapical lesion will
cause a series of reaction including immune cell recruitment and infiltration,
macrophage activation and osteoblast apoptosis. Previous studies show that nitric oxide
(NO) produced by immune cells while inflammation progressed will cause the apoptosis
of osteoblast and accelerate the progression of periapical lesion; it was also shown that
inhibition of nitric oxide will attenuate periapical lesion progression. Furthermore,
osteoblasts will produce C-C motif ligand 2 (CCL2) by the stimulation of
lipopolysaccharide (LPS), lead to macrophage recruitment and exaggerated bone
destruction. Metformin, a well-used anti-diabetic medication, has been shown to its
anti-inflammatory effect and its ability to regulate bone metabolism. However, the
effect of NO produced by macrophage on the osteoblast and the mechanism of

Metformin attenuate the periapical lesion remain unclear.

In our study, we use human monocytic cell and osteoblastic cell to investigate the
activation of inducible nitric oxide synthase (iNOS) and the production of NO by

macrophage and the synthesis of CCL2 by osteoblast respectively. The rat model with
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induced apical lesion were also designed by exposing the pulp chamber to oral cavity,

and Metformin treatment was performed after standard root canal debridement, the

healing of the apical lesion was investigated by imaging analysis and tissue

immunostaining.

We found NO production and iNOS expression was increased in LPS-treated

macrophage, the activated macrophage stimulate the secretion of CCL2 in osteoblast.

Metformin inhibited NO and iNOS expression in macrophage and reduced CCL2 in

osteoblast by conditioning medium from LPS-treated macrophage. In the in vivo part of

our study, bone destruction was significantly less in the Metformin- treated group. The

infiltration of macrophage around the lesion was inhibited and the expression of iNOS

was also reduced in the Metformin-treated group.

Our study suggest that LPS-induced iNOS expression and NO production were

inhibited by Metformin both in vitro and in vivo. Metformin inhibited the cell-cell

communication between macrophage and osteoblast in periapical lesion. Therefore,

Metformin may be promising for clinical application in patients with periapical lesion.

Key words: Periapical lesion, Metformin, macrophage, osteoblast, iNOS, CCL2

doi:10.6342/N'TU201900963



B I eeeeeecrrrncenessssneneessreasessssseasessssensessersasesssssaasesssssansssssssasessessaasessesnenssogoos Mo febooiiboct e N I
P R E R s bbb bbb bR e be s b0 II
ABSTRACT ...oeeeeeeecceeeeneeeeaneescccceseessasssssssccssssssssssssssssssssssssssssssssssssssssssssssssssssssssasses v
B o R BB st be s ae s ae s e sessbaens 1
11 R 8 LF BERL s @Jﬁj 5 (PERIAPICAL LESION)......ccovviieiiieiieieecere e 1
L N 1
11.2 195 ¥ Flp %2 4 gt 7 F (Lipopolysaccharide, LPS) ..., 1
113 = F 78 F(NOYEZINOS ..o 2
1.14NO ~ % = ﬁf?/'&/ﬁﬁg .................................................................... 3
1.1.5 z@f‘ 7+ CCL, £ monocyte ETTZ T oo 3
1.1.6 2% '/;5 B g ey ,_ BEETTIE ZE oo 4

1.2 METFORMIN £2 42 % }}% T8 T ettt et e e ettt e et e e eteeetaeeteenteeereen 5
L1.2.1 MEtfOVMIR FEZR <ottt 5
1.2.2 Metformin £2 #7713 3£ 25 oo 7
1.2.3 Metformin f 7 FLeIfE % i 7

B IR BB D s ssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssess 9
%= ﬁ FEELET R Z . orreeeieeeeecssneeesssssneesssssssssssssssssssssssssssssssssessssssssesssssssssssssnssssssss 10
.1 HTEE B2 & oo e e e e e et e e s 10
B2 B B oottt e et e et e e et e e e e eaesenaen 10
3.3 LPS # % w2 INOS % I ~ NITRITE # = fv CCL2 & = ¥ METFORMIN #f #* &
FE BT B ettt e 11
3.3.1 X5 = BEEFPIEE R b 2 Fé,(ﬁiNOS}ﬂ' FZIRE i, 11
3.3.2 Greiss Reagent /#/7# F e %2 2 Nitrite # & B ooooeveveieeeeeeeeee 13
3.3.3 Human MCP-1 ELISA kit /'/i"‘/,:;ﬁe & iz CCL2 Fov JF4 A Fo. 14

3.4 #FEIL T %6 $ #-7) ( ANIMAL MODELS OF PERIAPICAL LESIONS ) ........... 15
35 H B IE R 17
B0 B3 D BT it e st e e e e e s et 17
FE R B BB ececcssssssssssssssssasssssssssssssssssmsssssssssssasssssssssssssssssssens 18
4. 1LPS f1E v im?e 2 I INOS 22 NO 972 58 et 18
4.2 METFORMIN ## & LPS {2 E ¥ m? INOS £ L& &2 NO h4 = ... 18
43 2 F w2z CCL2 £ %14 ¥ 22 METFORMIN 22 & H £ L 2 2% ... 19
4.4 B 3R S METFORMIN *+ 43 & i BRI 2 B AT 19

vi

doi:10.6342/N'TU201900963



4.4.1 322D 12 Z 3D FIH A FTZ FE T e 19
442 BHFZF ZHE e 20

L2 . vk 4 |- W | X 21

5.1LPS {3 E v m?e 2. INOS % L& ¥ METFORMIN ¥ H % I & 2 #rd]sc % .. 21

5.1.1 LPS )} F e im# 2 INOS £ R E £2 Nitrite # 2 ooooveeeieiieeee, 21
5.1.2 Metformin #7#/ LPS ¢z F r&im#2 iNOS # # £ £ Nitrite 4 & ......... 23
5.2 METFORMIN $r 4| E i im? &2 & fmre 2. 2 3 (5% & B8 F wre 2. CCL2 &
] e TR ittt bt ettt n ettt st be et et e st be b e st eneeseneas 24
5.3 B ¥%3L - METFORMIN > 43 & )}%»’%‘ﬂ EUHEA] 20 B 5T 25
5.3.1 Metformin £ ¥ ﬁ%f?dﬁﬁé/gi B e 25

vii

doi:10.6342/N'TU201900963



W - A RRR BRI LB Z i 31
B = LPS %% MMC-6 2= INOS £ NITRITE £ R E ..ot 32
W = METFORMIN 3# & LPS 3% 2. MMC-6 INOS £ NITRITE % IRE .....coooivviiiiiiiiinns 33
Bl = SNP 413 U20S B 2 COL2 owmrmeommmeemresreesesseseseeeeeeeeeeeseesseseeessseeesseesssssssssseeeeeeeeee 34
W I 12 MMC-6 CONDITIONING MEDIUM #1r U20S 2= CCL2 2 = oo, 35
% = METFORMIN 3% & MMC—6 CONDITIONING MEDIUM %1% U20S 2. CCL2 2 = ..o 36
Bl = A BRIBEREIT DD G B F o I 37
oA ERLBERERINLERT PR s 38
Fo- RBEFA S 25 BEE s 39

viii

doi:10.6342/N'TU201900963



1.1 2 F LK B E*]//,Ty #(Periapical Lesion)
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Factor-alpha (TNF-a) - reactive oxygen/nitrogen species % % » » ¢ i&— 3 514 ¥
ek = (apoptosis) © & BB HF W F B mie B GuBAREE TS % RS )’I‘ug i#
= % [ B enpldh o ) S 4350 % [ % (periapical lesion) o 2 AR S BT R ]
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1
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ANO  *

NO &4 S > P UAFLF LI Fh2 BE o & $55 F 5%~ LAF o
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BT R RN pEY > A R4 A NO diwe LE w50 & ok

s F e B s g 3 INOS & TR By 7 NO G fF B4 20 s W enif B i 424>

doi:10.6342/N'TU201900963



B4 A NO B of S Sl b AR 7 ST R e § g B G b
Ao 3BT gt NO ¢ a4 ¥ e (osteoclast)i# i ~ = % w* (osteoblast)
e = e e M  E A F e E 0 F NO Adm

ALl B O e R hd § - BRI

L1L4NO ~ % %= 235 % [ %

YRS RN R EP L FARRE B R F A Aeh- @R
BERSFwmed om0 AV PR k- RS+ ¢ 5 & 45 LPS
TNF-a ~ Fas ligand {r reactive oxygen/nitrogen % > Nitric oxide *74>/# 74 ¢ — B 7

%iﬁ°Vm%mﬁ§ﬁ”maNOvUﬁw%*@ﬁﬁ%mmwﬁ%’@%ﬁf

o e AL . = 13 ..
e L sV R o2 R E s s VA € Hamai@ﬁj frTakelchlﬁ"k s 27

=k é*ﬁ
I

&ﬁ”i@ﬁ#i#?@%ﬁh*ﬂJﬁﬁﬂ*iiﬁﬂQWS*@%*é

. NO
g e M A G R 3 B2 AL R AFRNO § S SIS e b @ e
P BRAEE 5 G f R R FrFINO s AT S e
P Bp R e ol o 0 kT R S B R T B
AT E A A0 I S g DA i B (TR O A e g

KR BT ik T -

1.1.5 4% i F]+ CCL, £ monocyte % /B

s e it s vt BRRSR RIR R R B B
LR P £ L a2 B e A mrr i o A i AL B chek

doi:10.6342/N'TU201900963
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WA ¥ H o )8 % hk 2 - K Bolto i{?ﬁi 2 F 41 * 22 ~ e Micro-CT #49
Pl RETRER B UEERBE  wFR 28 2 hF LEERPLE Bl

PHEAR  ABAZRAYFRE - wd F I AP T v APT @i

doi:10.6342/N'TU201900963



AP gl L ehp R - RiRA R E ROk S 0 AR i £
fe bR RETNY R A RE N R S P D F B RE S T D R
@ﬁ%ﬁuX%%ﬁ&@&ﬁgﬁﬁ%o@{ﬁﬁﬂmmmgﬁ2%ﬂMMﬁ@
HIF R A e oy TER S G LB ANRRA AR OLE L
RESRE > $# 57 3 02.98%; i © 5F RAEBREOLE > 2
B f5 R £ 0t IR F T4-86% 0 o BT A S R 1 SR 0 AT
E R o L BRI T 0 R A PERE FRL AR R RET
BRend S B Sfran v o degt B BRI R R 2 (0 T G - i g #

T oo

St

1.2 Metformin £ 194 55 /74

1.2.1 Metformin #£3#;

-9 R E S Tmetformin |, £ 50 @ % BB Z P B B o AN ioR
PR B EFR L EA AREAAMBREF S § TSR BAE
H e JR'E & B % - Metformin 5 — 78 BV 4F (biguanides)# 4+ » 1 & (8% % dr4)%
O o~ R OFREOE AT 2 (gluconeogenesis) & REEME (> 1 * o e pEE
gl F Ao B0 M ot e R “f pt 2 %h 5 Metformin » ¥ 12
ek FHE YR RGO HIN e L F R BN K DE R LB
i B ] o Metformin 03 & ZH 5 E e P £ & e SRR B
AMPK (Adenosine 5'-monophosphate-activated protein kinase )° %%’ F AMPK e5 i+ »
fode B e 22 ATP GRS PR AR ERARG S S0 5 2 SRR TATL .
& AMPK eh s T i B d dE e e i e R R ek s dhAF & b T

(mitochondrial respiratory chain complex 1) » i = "5 £ & 0k & > %5 §id
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AMPK ° Metformin ¥ 7 3 4v 5758 E2 i i sopt ,E'_%F& eSS E PR el i LN R s
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Pz 3 4 (proliferation) » 3 4v *f % sz ik = o 2. Metformin ¥ 12 2 5L fm e e A
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Fra iz oz o3, ¥ - 3 g o Vi e R ¢ 35 1 1. Metformin ¥ 2 i e B

—4
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FOUFERE FEATL 0 i Aoop S E R T T L B e B o
3. Metformin ¥ r g i € > Fpb ¥ R D fig p i MO R K o 2 2t ke
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@ oo -4zt Metformin 7 e eh#E R 2ck T 7 ¢ 0 3F 4 §—‘§4 # IRt Metformin
E I ElE Kok > B F SRV i3 B 20 AMPK pathway > Kelly £ % %
#2015 & = 7 ¢ > IR Metformin # 14 F#r4] LPS §% E o5l {5 #7351 4= e [L-B
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doi:10.6342/N'TU201900963



1.2.2 Metformin 22 #r# )8 X 22 %

%Gﬁ%@ﬁm%&%?4,ﬁE14#;P 2 A B e N
W~ 2 R B R A AP B TR 36 o Metformin ¥ d S A app
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F|a g e X 2% (vascular anti-inflammatory effect) o 2426 4 - B 5 N

T 1135 #E4r4] TNF-a fr tissue factor (TF)k * i « 7 & > & |3 ¥

\w
%
i
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S
Metformin » ¥ 1 " 4 n Jf: ® e1sICAM ( soluble intercellular adhesion molecule) ~
VCAM-1 ( vascular cell adhesion molecule-1) ~ C-reactive protein ~ MIF (macrophage
migration inhibitory factor) % 4 X F]+ & BB F L F K - 28,29

Zhang £ % ** f+ R4 HA > 1% LPS 34 & 129 4 § (acute lung injury)
T Metformin BLZH B FIR A KA §F ##4 TNF-0~IL-6 7 ‘E_‘FK ¢ A
Metformin #7#1] ~ i& @ 5 Ji W% 03 L F & BRI - B2 2R Metformin 741 3
KE Bt b AR 2P B LB Ak el B Ry TE R B 7

FLAR 38 87 7 #8531 Metformin 97y 2% o

1.2.3 Metformin 7 § g #

d *tMetformin 23% 5 AF 3 iR S 1T E RS FAETHH I A G R o
(2013 Rao ¥ £ * ek SE 8385 ¥ > T 3k Metformin 27 ¥ s i ek o
B S50B © 5B T A 1 S 4 A F metforminis o B % B A e
#3fc6 i ? 13 7P| € bleeding index , probing depth, clinical attachment level =% % > 12
Metformin;zf 2485 { LB F oy o fip2 15 Kanika$ A et SE 1 4 BB 2
% > { ™ Metformin & & Platelet-Rich Fibrin (PRF);5 % 7 % J fig = dhintra-bony
defect ° J5 % &7 fde X AT ¥ fip Sk 16 012075 4 ¢ > rMetformin & # PRF
¢hke %] > H probing depth=1"# 4 {rintra-bony defect 8 5 F ch& 3 > ¥t H fh

7
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Metformin, PRF, 1 % £ {77 % s jirehi nl§ MFREPEH oA 2 fr b

By oo gulEn gy Law JREF e e @ EE U R INES g

ROLTRFIERRBELFERY BATRARY DL R 2 E 3 NN

o

KRR Pow v ak L AP AT Y

L L 0 b Liu 4 PR 2012 R Nk R %Y FE 40 8
SRR - A R T E 0 BT e NS metformin ipf 0 R EFE
Sk i SN S - A R R RNV I R A Q= p Pl AR R ﬂ;&%
Metformin ¥ 14 i% i34 & NF-«B ligand 7 receptor activator f= Osteoprotegerin =7+t
Do A E R e w2 S e e S R ATA R BT ke
SRR R LS IR EE T E

FLE é)’%}“ P ¥ Ao d 3t Metformin 3% 5 R EEE H Fug s BEEF 4 =
Gk 0 R BB ER L B SRS F R BESER A BT
SEPEY) Sl I Eﬁﬁ"ﬁ 7'1]?5&%5" TR N ok T B 1?5 BN SRR SURN }?3%
o f Ardk Z AP B TRk RSk > R R KT 4 NG Ve L b SR (T 0 &
TRk Tg £40 2 B4 o AP AT gwTy ¢ F IR > Metformin ¥ &t ¥ 124 % 3 4
2V SN EEIL e ek 1) B SR ﬁéﬁérﬁxa » e ﬂ% Pt 2 ¢k > Metformin 743 & :}}ig‘{ir_‘épié%#»’rv«;ﬁlj

o B AT AP P 0 BN P LR TR o
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BF ek e i A PRT f ¢ AP IL LPS W U B eim e 22 8k ik g (b
B AL % Flod AR B RF o LPS ¢ ¢ TIH Pi3f e @ iNOS £ 2 3 kR

INO> AR HFEL T ? PAFRNO 58 = F e chlmiz k= >

PR AL §RITNE FREOFRL S Bo ot XIBBDET o =~ F
mie s g A2 CCL2 w3l 5 hE siime 5 K o Seid 194 % Bl f et B > R4

DS B E i b oo i3 é}%i’“}l”ﬁ Se LR o

¥ - 2 5 > Metformin ;2854 F B4R @ * R F o BnES > 4 FHRE G F
N 4 o B AF BREFEAA O NO B F wmig k= ~ BFegime 3 - 8% wme
R e .k}fi;%rﬂsj* 7B 2o % i AR S o 2w B2 Gl P AR S~ B
dmPe R B eI e s AXP R AR B R Y ¢ ¢ 58 I Metformin ¥ 2 e 4k
FREBT AT DAL LREXF me k= o - HEFEF AR HE D
}?a’i@a@ o f&. Metformin % ‘m %ﬁ},@; L TR BT 0 ¥ B e m e )5 B ] o % AriR
AAv o F]P hin vitro SR B¢ 0 A PEF 2 Metformin £.F ¥ @ 3 Flin F
BA6SANE S mie RIE > e g2 2RO RROE P HFE & in vivo
IR ST A TR B o SR > AT R

1. LPS &% ¢ 314 E v m® % 3 iNOS ?

2. Metformin ¥_% ¥ 2 Fr4|F] LPS #7134 % chE v fw?2 INOS % L& ¥ Nitrite

4

g

?
3. LPS fljc™ hE vz 2.3 F 584§ fmre 4 & CCL2 ?

4. o 3842 Metformin ¥4 = g % 85 4 03] ehis oy = 22 ?
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3.1 e &

AR S S g E A ehin vitroBEA) 0 A W] A X MEATH Piok move
MonoMac-6(MMC-6)£2 * #5#8 & % “m s (U208S) °
MONO-MAC-6 (MMC-6) &_ > human monocyte-like cell » 3% fm? $hB~p % %f
T EME PRS2 s Gt 0 g 10% fetal calf serum 9
RPMI > 32 % %378 C » CO A B5% IR HE T o i SR kR 21X 10° » Fiore 4
% confluent state PF » £ % 5% % 3+ subculture °
U20S 4 + #F#5 & % % (human osteoblastic cell » U-2 OS » ATCC*HTB96™) >
PR S #2 HFTRiF %2 A3 ¢ ( Bioresource Collection and Research
Center,BCRC) » 7 4m % thB~fi & 5% 14 p B o 27 moe 3t L 24344 5 10 5 10%
fetalcalf serum 7 McCoy’s 5A 1X (Iwakata & Grace Mod.) » ¥ %337k » CO, 4 &

5%k BT o ¥4 £ 3 confluent state PF R i% F 5 % 3 subculture °

3.2 #p4a%

125 5 % 8 4 H055 11 * 20 & 2244.6-week-old SD rats (200-250 mg) i& {7 3% % -
i HAc S F o o B FRRHJES A FFIRIRES Y SRR B

PAPT AR R SRR EIS L D kB FEEFIREF -

10
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3.3 LPS Z#.w% iINOS £ & ~Nitrite # 7o CCL2 £ = £ Metformin

Eoy Vil 2

331 uE BREZRFERWE 2 % FINOS v 2R E

F-o M % o AR MMC-6im%e > w4 £ 3 confluent state FF
" 45 X 10°2 %% Besubculture T 6-well3t 45 > 3 e BRi - B0 TP Bhow e
opti-MEM » 3¢ i/ 8. 2% m *];ﬁP\ % % (LPS)A_E ¢ 3 % MMC-6 iNOS= 4 3R » 7xMMC-6
subculturefs & W %5 w2 (0| pF ~ 4] pBF ~ 8] FF ~ 12/] BF ~ 24-] pFenlOpg/ml LPS
flge > &y Bmie e b7 RE PG [ Fwdh ot P -

Fipig — ) LR Metformin4_F B S LPS #7134 % MMC-6 INOS % I - MMC-6
%P i R B A (8 A Eseeding?t6-well3t o (R dmfE PR - BE o TR Bk 3
opti-MEM © ’m¥z % &|4c7F : control ~ LPS ~ Metformin ~ LPS+Metformin - 5 mM«5
Metformin § %10 pg/mlim F P 5 & (LPS) {1 w10 BF4e » i ed2 > 53524 -) pFis

et e BT R E IR

[lwre Fp 3d Fengs]
Gose 12k frPBSF A A = {5 0 g (s 4~ i £ e § 45 (ARIPA lysis buffer -
12 s e 4 ) H#dish b ihdm e e 3115 mlc 2 4w ¢ (eppendorf tube ) > ‘&g 1
R ARTw%e > F R (12000 rpm > 204 46 > 4°C) 18 4eB~t FiR o
[ F2i]
feP-ihd-v F ¥ MBCAR-v Hip| % % (BCA Protein Assay Reagent - #23228 >
Pierce) i % d—d Fik A& o Rl Tk A& £ P~ £ 3¢ & 4y sample loading dyei® &

q«d,}\}\é\étéﬁ. 0~ 48 > 2. ]<aq«]\p1()/,,\§»;u§-%g‘[;§é;;/,,\ﬁo

11
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[58%i]

Fo&#rie * chi 7 5 SDS-PAGE - [ % fis?% (polyarcylamide ) % /A %48 - i
WA tihke FAFED FoREZRERDTABM - L0 3 1376~15%2 7 -
ig {7loading® e 3-v & LR & sample loading dye > 12 100°C e K 4e #4104 48 0 7k
F#EE10~480 2 (6§ » SDS-PAGET A BT T4 o fF i FAaF 3 HlpHé
I § =R o 87 Ry e o

*F Bt * engdF % (transfer membrane ) % Hydrophilic polyvinylidene
fluoride (PVDF) membranes ( FluoroTrans,#02179A,PALL) - #-5 = T A& 9% 5 B~
T % RN E K & (Hofer )iz ~ 1y # 73 3 #77% (Glycine 192 mM > Tris 25 mM »
Methanol 20% > SDS 0.1%) 12 T B 100 R 48 790~1204 48 » & 230 F-v F & F 3
HEE W s s R s 5% Ry s (733 TBST® ) blocking— | P o B~if & 3-v
T — bRt 53t4°CY OB R RS 0 - bRl 451 g TBST (1X TBS+
0.25% tween-20)  thejge ik — /] ¥ 0 & 1520448 3 - &1 y TBST - ¥ £ ¥
= &4t (HRP-conjugated antibody ) ** g * i¥% — -] p& » 1y TBSTijie— -]
Pro(FeiEiE e ) o Bofs 4 » ECLE fas#] (Pierce » #34080) - »%4 sk R %

(GE /LAS4000)

RIPA lysis buffer

50 mM Tris pHS.0
150mM  NaCl

1% NP-40

0.5% Sodium deocycholate

Proteinase inhibitor cocktail (Roche » #04 693 132 001) % fw & JT f 7 ¢ »
2 y Sample loading dye

0.5M Tris-HCl

20% Glycerol

10% SDS

20% B-ME

1% Bromophenol blue

12
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S FH hm BB G

B! v Catalog Source
INOS 1:1000 GTX130246 Genetex
GAPDH 1:10000 10494-1-AP Proteintech

o Bl )

Eav! e Catalog Source

Rabbit 1:3000/1:10000 QG221919 Thermo

3.3.2 Griess Reagent B|3# F ¥ " 2_ Nitrite 2 = £

AR E Y o A PRE N £ 2 (LPS) T T s MMC-6 in¥ 12 % i

? Nitrite 9% #f £ " MMC-6 i& F 32 28 % 5> &5 H3X 10* 2_ xm#*% B subculture
3 96-well 34 4 > & fmP2 Pl — 88 > >0 F B B # opti-MEM - MMC-6 2 10 pg/ml
M A F(LPS)ET 0481224 [ FFenfljgr > & oy Blmie 2 R RJTT
‘v » [ 8 4 2 Griess reagent(Griess reagent(modified), #SLBQ7347V, Sigma-Aldrich,
1% sulfanilamide+ 0.1% naphthylethylenediamide ;% >+ 5%phosphoric acid) i 353 &
Lo zEEE 154 L E 540 nm BBk o R EE 0 Ao BRE
Metformin #_7F % B F P & % (LPS)#734 % ¢ MMC-6 Nitrite 2 = & - MMC-6 i
PE b itgF > ke & {8 A 2 seeding *t 96-well 34 45 o w2 % W4T control ~ LPS ~
Metformin ~ LPS+Metformin - 5 mM ¢ Metformin ¢ 7% 10 pg/ml LPS §jc= 1 -] p%

bon A IR 0 S5 24 ) RS lm e eyt BT Ok 0 b iR 3 % B £ Nitrite JE B o
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3.3.3 Human MCP-1 ELISA kit jp]3# = % W% 2. CCL2 v F 2 = &

$Z A sk ¢ AP E LR U208 i Nitrite (s> £.F 2 42 CCL2 >
£ &4 U208 fv MMC-6 # fdn %2 > 12 conditioning medium * 3% > L% MMC-6
wE N F % (LPS){lkcts » H twie & $ 4435 U20S ¢h CCL2 B s 48 o

U208 & + iff = j% 12 % 4510 % 45 2 X 10* 2 0% fc subculture T 24-well 3 4
X wre Phyt - 8L 18 B 3 opti-MEM #astarvation starvation 24 | ¥ & > % 3% opti-MEM >
4¢ » 0.5 mM SNP(i# 5 NO donor)#é » A W% 0] ¥~ 12 /] pFegr 24 /] 2 CCL2

4

ek

Conditioning medium 7384 » MMC-6 & F it > 28 % {s » M & % 3 X 10* 2
fn ¥ f subculture T 96-well 3¢ 4 » & ‘m?e PL¥— 88 0 >0 F % B # opti-MEM » 12
10 pg/ml ‘wFp # Z(LPS):E{7 0~4~8~12~24 | Fenaflj > & o #lmbe
BARIKT 0 2 4R C- 6000 rpm > 5 A 4 7RG X feB R RS
conditioning medium -

e P> U208 ik b i % 232 % 150 101 & 4 2 X 10* 2. ¥ #c subculture 3 24-well
U R we PRV - 8L {8 B 4% opti-MEM A starvation o starvation 24 /| BF{S > 3 “,/TT
opti-MEM > 4v » % i 2_ conditioning medium > 38 24 -] BF (s o B-lw iz & e
BEAERAUYCET ko kbt E F B we e~ 00 BCA F-v Rl T 7
v TR o e 3E %% A% Human MCP-1 ELISA kit protocol ( Human MCP-1
Platinum ELISA, BMS281, Invitrogen) » £2 ﬁ'r‘fi fs 2. Assay buffer &% " bR & >
4e ~ HRP F Ji## F Ji& 2 -] P » 2 washing buffer i* j£3¢ 45 {5 » i B 4c » substrate
solution ¥ stop solution » & & = 2 {8 1k & 450 nm 1 jpjex K & o

Ay s LPS & Metformin 1 jFiE 16 22 MMC-6 ‘m %2 32 % % i
conditioning medium 1% U20S w?% - MMC-6 & &+ i3 > 2R 26 E %3 X
10% 2_ % % Hcsubculture 3 96-well 3¢ 4 » 28 fm "% B4 — 9509 Sk 7 B ¢ opti-MEM o

dn¥e 3 %]4c7 o control ~ LPS ~ Metformin ~ LPS+Metformin 5 mM 7 Metformin ¢
14
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% 10 pg/ml LPS §1jcm 1 ] PFde » fam R > 5538 24 0 PFis B-lmie B R Rtk ™
koo Ewak > E TS 0 i conditioning medium - U20S ik F i 2 E B &
subculture ~ starvation & - 4r » conditioning medium > 24 |- P¥ {$ #-‘m e 22 fmve 12 %

A BT T K o ik i B v B2k 7 CCL2 ik BRI E o

34 FERY ¥ £ 557 # 7] (Animal Models of Periapical Lesions )
CERETED
i * 20 & 6-week-old SD rats( 200-250 mg )> §1 * 1/4 round % % i# 2 + ¥ lower
1* molar ¢ distal fossa # open chamber » /% & $74] & 2mm - &% & 1 #25 file 3= &
& % chamber p 71 pulp tissue 2 ",% » 7 FFu] i root canal debridement s pulp cavity
r2 normal saline 8 £ 7 L > BB AT IER 43F 0 L B - ) gyl e 2]

< B 2. BEE LT iﬁ**ﬁ%(iﬂ"ﬂ )

[ i )

1) Root canal # mechanical debridement I #45 file o i& 35 2\ i *2 [ chdicdy >
4-week-old Wistar rat 4% 22 232 414n I 5 %) Fre® FF > & 10-11 3 pF > v e 1
molar root length %] % 4-5mm (¢ cusptip ] apex) > F]pt 3= file working length 37
% 4mm o
2) « B+ RIFEFREGFEIE 12 file F » Metformin *743 % ke v e f6 GI * w3 o
3) * BRI A5 A8 4 Gl v o

4) #-SD rats ** £ (5w 1 15 g4 o

15
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(=65 2]
“75 J % SD rat 14 COp &1 BT FoB-T M st e & 0 A B 2D B ik
(periapical film » Digora system ) 2 % 3D ¥k (micro-CT » skyscan 1176 ) ®i #
R BRfEF 2 L A2 R A 17804 & 0 22D F2i§A * Adobe Photoshop 6.0
(Adobe Photoshop ®CC, cs 6.0)4 #7 % % = -] > @ 3D 1 microCT A_i¢ *

CT-Analyser (Bruker, v.1.16)#x 88~ 47 P % B2 3 F -

& BHEH L2 B Ak

Periapical film (Digora® : Soredex, Helsinki, Finland)

& B T70kV
& o 7 mA
REPERF:02s

Cone ¥ sample E4t: 12 cm

Micro-CT (skyscan 1176® : SKYSCAN, kontich, Belgium )

T 90 kV

T 5278 A
fE247 &0 9 um

Filter: 0.1 mm 5 & 4%

F 45 & B 180°, 0.5°%pic

16
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35 AR EHR S

TE bR 2 f)ifp EOVp BRGRTAR S TREI I AT~ Pl e 2
2o 5 ST BoBITEA) o B B R B L 56°C W4 B 2k 20 A 48
12 Xylene %t %8 30 A~ 4dfs K-k (12 100% > 75% » 50%FpE > 2dH,0 ik B ixzie — 4~
&) > 12 PBS fi% 3 4485 =t {5 4e » pepsin (Pepsin solution, abcam, ab64201)*+ %
BRI 60 ~spR R A G F9 TRk > 4 PBS a0 FiRREN
3%H,0, 10 4 48 » £ 12 PBS 5% 5 2485 = 12 0.1% Triton-X 100 % & &2 5 &
& {8 11 PBS jji% 5 & 483 =t » 4 CAS blocking buffer(CAS-Block™ Histochemical
Reagent, ThermoFisher) ¥ J§ £ % 15 & 48 {5 4 » - % 48 NOS2(1:50) -
CD68(1:100) » % »* 4°C i®* [ 72 ©

/

PR X304 5B 53 % 208 30 4 450 wif {4 12 wash buffer (0.1% Tween-20 in
PBS) i3 4~ 4= =t » 4 » Envision Dual Link System peroxidase % i £ * 15 4
41 DAB & ¢ {6112 =K iﬁ"i%t’-ﬂ “v » Hematoxylin i& {74 ¢ 5 & 4&° 12 running

water e b §7 5 3R T RE

W OF - PR b

ke Ve Catalog Source
iINOS 1:50 GTX130246 Genetex
CD68 1:100 MCA341 Bio-Rad

3.6 Hta e

# 4 g % SPSS version 11.5 #4887 %35 4 47 » 1 * one-way ANOVA fe &

Turkey #& €2 # TR Sl > p @12 005 FAL L L S FHAORFRLA

17

doi:10.6342/N'TU201900963



4.1 LPS {Jj¢F eiim# % £ INOS £2 NO 14 &

MMC-6 i+ if = 28 7R % > FPwmep oo FrEFEE L HFT > 2

—_

S A Arimre N OINOS & IRE o BE B = 2 (A) 7 0 A PFR AN EFER
45t B BT INOS £ TR > ¥ 4 24 [ PFINOS 2B EFEF 0 27 MMC6 &
LPS {17 «7iNOS £ & & 5 time-dependent :74§%" o

BNO 4 =g aupl£ ¢ > AP 4% Greiss reagent 4 7 5w 32 % % » Nitrite ¢
RR o SRAcR S 2 (B)HTr 0 AR AN ] R AT BP9 Nitrite
# 24 /) P Nitrite j B £ F] 8 % > 4 7 MMC-6 & LPS {lj ™ cANO 4 & £+

£

7 time-dependent 4% % o

4.2 Metformin 33 & LPS {/}:2 F o w?2 iINOS £ £ £ NO 774 3

MMC-6 i& b if = 287 R %% > FPlmep v Frgi7e g LBET 8

L2 o7 N INOS 4 BE - 2% 4Bl = 2 (A7 » A3 31 Metformin ¥

raded] LPS #7§ g eniNOS £ I8 > i * LPS {1 24 -] BF > 5 S 3§ Metformin
pre-treat e %] > H INOS % L& i 4 o

B NO 4 =g p| g ¢ > AP * Griess reagent 4 17 fm¥e 32 % % » Nitrite £

KR o % 4rBl = 2 (B)#ror 0 A P I Metformin Fe 6 7 22 ] LPS #1§1] cen NO

4 2 &7 %54 Metformin pre-treatment =12 %] H fm#2 32 % /% ¥ chinitrite Jk & # i

|

L. ;7 Metformin ",/]cf T ke INOS 2R E > 4 g FrdH NO ehd = o

18
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4.3 & # w22 CCL2 & %] # FE £ Metformin 73 & H 2 R E 2 sc*

MMC-6 £ U20S i = 28 {7 F %o e f U20S 2 fn%e Jov B 27 o¥e 33 &
A R (T Feu %‘F:TB’»PE’ CCL2 ELISA P> 2% % B o1 > & SNP 1T > U20S
¢A4 CCL2: * HA X E"FF TP M4 > 4Bz 757 5 1% conditioning
medium 77 5% 5 A g L LPS Tgets 50 MMC-6 0 B %% & 3+ ¢ {1l U208
4 2 CCL2 "¢ ¥ MMC-6 % 3| fljrenpr AR K > H R ffenim®e 2 4 € §155 U208
A2 { 5 CCL2 > 4Bl T #7517 5 ftc » Metformin 2. {é » X 3|3 & e MMC-6 »

B89 U20S sh CCL2 £ & » 8 CCL2 4 = & "% X » 4B #77F o

4.4 4 #5HK 7 Metformin ** 795 5 8 < BT/ 2 2

441> 2D 12 3D L2 85

Bl- 2. (A)5 ~ B4 (pathology debridement) % — + vad » 28 % 2D
X R sk o L5 MicorCT = i o i1 i ] 1= 2 (B) 5 ~ B4 »
Metformin % (debridement+Metformin)ens — + va#h » L@ R 5 2D en X k> 2
¥ % MicroCT 13D #ffce & feit et % 87 > % % & 4 2D & §_3D e i
o AT LAt & )% A~ Metformin ch% - & v i o 438 # 6
5 B d ] o

< B -‘]]%f)‘%%ﬁ”’%fzdv\ 13 % 0 AW 2D i E g e 3D gk E
WAL 15 720 = 2 (CoD)edzdl it X £ B ot 82 T 356 4 5 0.96c+ 0.18 mm® »
MicroCT 2z * 3288 % 5 4.26 £ 0.75; Metformin %|** X £ g2 717 2. T 325 §# 5 0.55

+0.06 mm” > MicroCT 2_ & WA G 254054 -

19
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442 EH A 2 %%

Pl g ges )l HE %44 22 THC % ¢ 4% INOS ~ CD68 ik #7 » I
€ high-power-field * % #8 iNOS(+)% CD68(+): macrophage €

M HE %4 8 fpdlev ug x4 LwezE s REakn 2 F e

‘m\ﬂ

Mo 3 SR LR D R o 4o~ Metformin e Sk B L ak R BEEF > T A
200 B eARIET o W AL Ap ¥ G ek R R o k& h R eh foreign body i
g erd o LEER Y URERTERT I I 0 EP APRE 2
Metformin $g#red § £ P42 =8 o

iNOS fk ik d 8 afpdle(E S pHpple)™ g 2l £ INOS(HE
¥ 3% 'm 7% (mononuclear round cell);Z ;¥ ; 4c » Metformin =% % 2 ¢ » INOS(+)¥
3} iw e B F 0 0 £ 7 Metformin ¥ M Frd] A FE % LRET 0 E Pk e
%Ak w2 INOS 2 TE > 2 5% & invitro 2 & % ApeE s o

CD68 i = macrophage marker » -4+ CD68 fAd & w3 4 18 > fdpdle(H

\?W

BgRF A ) B T R < £ CDOS(H)me iz A7 < EEH
g B B f4e » Metformin e 2% 2@ o Pl EF AR ] CDO8(+)2 fmPe #icki ¥ )
oo Ao HORIE IR %o Rdr 4] e > Metformin #1435 ¥ Bl Fllw R 2E S L~ E
L m e R B DI % Frds » L2 5 22 in vitro ¥ > Metformin #r4] CCL2 2 =
B2 BRI -

(4cB ~ 2 (A-F)gr 4 - )

20
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1% 3

5.1 LPS #/§cF eif fw b2 2 INOS # B £ £2 Metformin $H £ £ 2 $r#/

3T F

5.1.1 LPS #)cE s m?2 2_ iNOS % L& 27 Nitrite 2 =

FARKYFRRO- <~ AFL T WOER P RFOREFL G A L HE A

WIS R BT RIEP Sl PR S AR RERT U B KK

-

BRI R FORE LA Z AT RSB EDRE 0 # MMC-6 &

LPS kit s B AT R AR AT > LA mie st 4 ik o AP

W

human monocyt-like cell MMC-6 1% % 9 5 fm#e > 3% 75 JLAE ¥ PF AV 34 4 5 INOS 4

I

|l

S ORBHEN 0 BN PR 4G P B0 INOS £ IR I A 24 ) pF INOS £

REEDHF -

o

B2 3 F 5T AIT b4 LPS B ER 4 S mEN 2 e il
Kuo & % ¥ & 2008 # 57§ # » & * 7 )k && 51 LPS 4% & 9 monocyte-like cell
RAW264.7 faflg & 24 [ pEIS* & = BLE 2 % % INOS eh4 RE > 3 I LPS
Ik RAW264.7 57 iINOS 2 = % 5 dose-dependent 7 > 325 4 #7i¢ * & LPS
kR 5 0.1pug/ml~1pug/ml~3pg/mle ~F B Al gwry @ > PIE R J774
5 w3 > @ % 1 ug/ml~ 5 pg/ml -~ 10 pg/ml ~ 15 pg/ml & B S LPS i §1
R Bl 8 [ PE2 (5 RS AE T LPS #3t J774 0 iNOS 4R E :
dose-dependent o ° A =k P B¢ > AP E D AT PG5 0 # T Hime
BEgo] 6010 pg/ml LPS 83 Fligck & > A B T BT SRR A WA E 0 e

Pz MMC-6 7 iNOS 4 L& - VP LPS 1 MMC-6 A2 # INOS ch& & 4

21
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time-dependent » ¥ ® 4 24 | AL E R B T s g ke o AP TR
24 R GRERFEFER - §REF N EFETARL » Evfiwre 4 4 0 iINOS 4% 5
e d S NO pd A¥aus giL2 At HY Fllesdd {4 Ppuf s ol &
LF s PR ag %Y 2 BRENOEA DL -
% fr2 e INOS & F|7E v > ‘w¥e ¢ ¥ L-arginine & it = NO {5 f##3c 1 ‘w2 ¢b »
NO & - f8hd 5 %7 @il g frivh 2 g3 ¥ Minse chime k= 184
TIFE ARBENO boie 4 & F tmoe bk = o 3 F Mg i R
AR BES T FZT RE NO dei (LR % ~ JES Sl s KR
o M HEFRIE- HEREL I F BOE c FHREEY APF Rk
A3 INOS ehipl3# % % 5 time-dependent > 4§ ¥ PF A 3 4v > Nitrite Jk & » % o738 4o o

Tt 24 ) PEERERE  TBREEE MmN INOS 2 LB chit % 3 4pes

il

~F %P AP Greiss reagent KB E mPe 3 & % ¢ O Nitrite 7 £ 0 1 & F]
LF ARG O NO s (R Awmre s NO 2 15 > NO R ¥R e if ¢354
Nitrite) iz £ P #3F 57 $ihi * ins 200030 4 A2 @2 =g ¢ o
BB D] LPS 113 1774 % & 4 Nitrite #5c % % dose-dependent’ ; % 4 =t e 5 v
Pl E R ik ® MMC-6 » &3 s/ % LPSER#E B ~ MMC-6 #74 %
FINOE R = 4%F > £ 7 & F 210 ng/ml LPS $1™ » 5§ ] B34 > 2 NO
Jk B 34> I PF 5 dose-dependent ¥ time-dependent o B2 2R in L nitrite sk
BRgiApt A2 INOS cnd E > v § F12 2 MR 0l (hg PFAV  cnag &> 2§
F AP ERPIEEL S MMC-648 /| pEen LPS {3 ¢ ¥ 5 subculture fF 97 3 i 7
m R R G AERERR AL e R E = DR E{ N F A&
% B g & 3R Nitrite #7 % ff ek & o

Ao gd 2w F KR E T FUF RO ZI AR~ E e 3R ahiicE o
Rap®as | ERIApM o b Silva B ¥ PawT g d o rop RL R %S
FETINO ik & ¢ B 8% s it B 5 Chen £ I LA1* NO fliges ¥
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o FNO € @ = = F e i M A L35~ A 4 F1F 4 F (Reactive oxygen
species) @ - # FRFF mw hiF < o JUPRBLFT ] 0 AP T L] TS %
P INOS thA B NO 4 ek B ¢ B 891 % B ¥ s end 2 B efe s 900 A
F %4 LPS o734 % MMC-6 (hiNOS &2 NO £ ¥ i » Hidp 7 &l m¥ Y 4
B A2 pd ARG FESERORE > a4 AR E R e T A 3 Py

P4 AR R S PR R

5.1.2 Metformin #r#] LPS {2 E 7w iINOS % L& & Nitrite & =

Metformin %?«Jfﬂ“,’f T ORTRE G * R e R 2 b TR FRR CAZ D
PEARFEDRIL AT EF S ORTT Y oS A HEAR IR AR 32 B ey s R B
A RGE- g B oo om B0 L - o PR F oo R B & AAR R
2 FlE A i h = F S % F T Metformin ¥ 4 Fr4] LPS #7157 iNOS % E >
Wi+ LPS flj 24 -] pF > 3 %518 Metformin pre-treat shi %] > 2 iNOS £ IRLE #&
o

% Metformin #r 4] LPS #9733 1 iINOS 2 B e dk + i 97§ § %
3 i % oKato £ % ** £.2010 # 5% § ¢ > 41% 100 ng/ml LPS {135 RAW264.7 -
#IMi% % INOS e mRNA 23R8 7 B ¥4~ » @ 4 » 10 mM Metformin pre-treat

Pl P H INOS mRNA # £ 77 % - Pilon £ % *° & 2014 & <7 § ¢ 7]
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‘fT]' m

20 SD rats ( 6 wk, 200-250mg), R’t + L't 15t molar

4

I. Open chamber (1/4 round bur, =2mm),

N/S'irrigation, left open

l 4 wks without coronal seal

» debridement
* Metformin

control'side

* debridement

‘ Gl seal

sacrifice for radiographic & histological evaluation in 4 wks
W - RRLpEEILE
1.

20 & 6-week-old SD rats (200-250 mg) > ™4 1/4 round ** % + & ] lower 1* molar

2_ distal fossa #x open chamber » # & ¥4 & 2mm -

2. 11 #25 file 3 7 A % chamber P 7 pulp tissue 2 ‘$ » A Fr %]t root canal
debridement > pulp cavity /2 normal saline i* & £ 7 L3> & & v P 4% o

3. Root canal # mechanical debridement I #45 file > working length 5 4 mm o

4. X B+ RIFGFRE FAIE > 2 file F » Metformin *743 % fie > B8 GI * Sz o

5.

< B Z RIGAIE © F ~ 3 7 Metformin 2 paste # = placebo » £ * GI “e i o

6. SD rats ** £ jivis w & {5 gk 4
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o 4 8 12 24
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iNOS £ 3L E o ¥ Ae"g FPFRAF A 40 > INOS 2 + 2 » ¥ 7 4 5 24 ] pF i
2MEBF ©
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16

X

*
GAPDH % s s ‘ [
LPS -~ % .
Metformin + 3 0 _ﬁ i

LPS - ®
Metformin

Nitrite(uM)
(Fold of CTL)

ES

B +

® = Metformin 2 & LPS 3% 2 MMC—6 iNOS ¥* Nitrite # &
2 Metformin # &J2Z 1 -] fF {8 %3 fw % 0 10pg/ml LPS §1 %> (536 24 0] R {8 i

>

% % % I Metformin ¥ 12 % 4 LPS §1#73% % chiNOS 2 & £ o
B. ™ Metformin # &J2 1 - BF {5 % s 0 10ug/ml LPS k> (53 24 /) pris en
3% 3 I Metformin ¥ 12 B8 % % 1< LPS {1 %734 % <0 Nitrite 2 = £ o LPS 9|

% 11.88+ 1.64 » LPS + Metformin 2% 5 7.94+0.71 - (L #515 + 5% 1)

*: p <0.05
CTL LPS Met LPS+Met
Mean 1.00 9.18 1.27 6.14
SD 0.14 0.73 0.17 0.31
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CCL2(pg/mg)
(Fold of CTL)

O = N W & U1 OO N
1

Ohr 4hr 8hr

12hr 24hr
Time (hr)

B I 14 MMC-6 conditioning medium #{j U20S 2. CCL2 # =
MMC-6 12 10 ug/ml LPS 1 0~4~8~12~24 -] pF{3 » # conditioning medium
Tl U20S 24 -] p# > U20S 2 CCL2 4 & & o ¥ 5 N FEE 455 CCL2 4 = > #

RR 24 LT B -
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1

CCL2(pg/mg)
(Fold of CTL)
w

N
1

n .Li

LPS a i

Metformin 5 i
® = Metformin # & MMC-6 conditioning medium %1 U20S 2. CCL2 # =
MMC-6 17 5mM Metformin # 1 -] PF 2. 3f k2 > £ 4 » 10 pg/ml 2. LPS §1 %
24 -] p% » # conditioning medium {1 U20S 24 -] pF > U20S 2. CCL2 4 = & - #
ot 5iF Metformin f A2 chiew] » # CCL2 2 & & £ $lFrd] o £ ¢ LPS e w

% 4.18+1.60 > LPS + Metformin 2 %] 5 1.72+0.61 - (LT 3=2E + & 1)

*: p <0.05
CTL LPS Met LPS+Met
Mean 1.00 4.17 0.42 1.71
SD 0.199 0.921 0.076 0.352
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Debridement Debridement + Met

Periapical Lesion Size (mm?)

Debridement Debridement + Met

Periapical Lesion Size (mm®)

Debridement Debridement + Met

Debridement Debridement + Met

Bl = % S pREA 2D DG B foh
A_ 2DX JD‘EZ?LL‘:‘!:‘% ° ifﬁ,]é#;%ljﬁi ~ ‘é,fElJ:; MethI‘mﬂl Q.El_ °

o

3D MicroCT = B #h %7 & Bl o = ] 5 #2412 ~ + ] 5 Metformin % o
C. X k@ ifd gt o 47 1 enT 3o f o (T35E + HE L)

Debridement 2 %]: 0.96+0.18 ; Debridement + Metformin % %]: 0.55 £ 0.06 -
D. MicroCT # ijd ik 4 47 ) 0T 2080 ff -
Debridement 2 %]: 4.26+0.75 ; Debridement + Metformin % %]: 2.54 £ 0.54 -

*. #2 Debridement %] 4p ¢ p <0.05
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