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— ABSTRACT

NITRIC OXIDE AND DENTAL PULP

Young-Kyung Kim, Sung-Kyo Kim
Departnent of Conservative Dentistry, School of Dentistry, Kyungpook National University

Nitric oxide (NO) is a small molecule (mol. wt. 30 Da) and oxidative free radical. It is uncharged and can
therefore diffuse freely within and between cells across membrane. Such characteristics make it a biologi-
cally important messenger in physiologic processes such as neurotransmission and the control of vascular
tone. NO is also highly toxic and is known to acts as a mediator of cytotoxicity during host defense.

NO is synthesized by nitric oxide synthase (NOS) through L-arginine/nitric oxide pathway which is a
dioxygenation process. NO synthesis involves several participants, three co-substrates, five electrons, five
co—factors and two prosthetic groups.

Under normal condition, low levels of NO are synthesized by type I and III NOS for a short period of time
and mediates many physiologic processes. Under condition of oxidant stress, high levels of NO are synthe-
sized by type II NOS and inhibits a variety of metabolic processes and can also cause direct damage to
DNA. Such interaction result in cytostasis, energy depletion and ultimately cell death. NO has the poten-
tial to interact with a variety of intercellular targets producing diverse array of metabolic effects.

It is known that NO is involved in hemodynamic regulation, neurogenic inflammation, re-innervation,
management of dentin hypersensitivity on teeth. Under basal condition of pulpal blood flow, NO provides
constant vasodilator tone acting against sympathetic vasoconstriction. Substance P, a well known vasodila-
tor, was reported to be mediated partly by NO, while calcitonin-gene related peptide has provided no evi-
dence of its relation with NO.

This review describes the roles of NO in dental pulp in addition to the known general roles of it.

Key words : nitric oxide, hemodynamic regulation, constant vasodilator tone, dental pulp
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Aok gk e 4 AR AfE AAA g AR
(unpaired electron)o]™ “F2H3 Al (paramagnetic) 9], 4+
Sles 7M1 frEl7lolth, &N, Abhe] EA] o
NO9| W7 & 4% B Eo| A8 A oAl = o] B} By
St dE = 9] 7F 30% ofst® AT Aate WA o
Z AE UG AEE 712AYA HE At & AHREA
ikste] olFd 4 St} o] d JHAER st NO7}
AN F8gt AP ozM d&L vty B F7} 3l
o S NO& vl§- FA4o] Zat7] wiiel| &3ol7|ds
tell A2EAol Fodste A ZA Y dats Fieitt
NO= oA thekat £79 AW EA (intercellular
target) 2} Wkg-5to] thekat tiAlE S THEo Wt

. NO<2| & (Synthesis of NO)

NO+E L-arginine/nitric oxide pathways %3t &4
B0 NOSel &l A€, o] §4 22 L-arginine
oA 7H=A <l N*-hydroxy-L-arginine¢] TH=o{#]+= g
Nl Attt HEA 02 L—citrulline®t NO7F #He<]
e &g e Ay o2 o] Fol7l, AEs] el
He] Mxe AFstag o2 o] Fo]A = dioxygenation
process®|th. NOo|A AAYAE= arginined terminal
guanidino nitrogen©25E 91 AAYU2HE molecular
O2HE 2t o] FAHA A= o2 71A]9 A7t
¥etw=dl, AA, arginine, molecular O2, NADPHS! Al
M9 co-substrate, =41, NADPHZFE2 ¢4 7je] A
2k Al FAD (flavin adenine dinucleotide), FMN
(flavin mononucleotide), BHa (tetrahydrobiopterin) <}
22 co-factor, YA, haem¥} calmodulin 2 3+ 70|
A (Fig. 1).

NO &MEA (NOS)
NOSE F 7 E& Al 7FA]¢] isoform o2 #-FH T}
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5 7 isoform®l= c(constitutive)NOS9} i(induc-
ible)NOS7} SIt}. cNOSE A E Wl FAdAez EA)3)
73 oA ZeA FAERL, INOSE H3H o=
ZABIA = @ ATl S o o] A= gi2Al
3 (macrophage) 4] 75 At

Al 7HA isoformell = type I, II, III NOS7F SLEH] type
I NOS(nNOS)& ¥4+ 160 kDaol® waldlA A5
15 AlE HellA cytosolic(free, soluble)dt FE| =
A8 type [ NOSGNOS)E 130 kDad] HAH2-S
7 A A ZA A A F 1A A E Yol A cytoso-
licgt e = Ea3t}. type I NOS(eNOS)+ 133 kDa
of Atk WA AN HE SR1E U Aol T2}
wlo] ok,

ol’dolld & ], type I, IIl NOSE cNOSe|H type II
NOSE iNOSeIt}. A4 Aol type I, 1T NOSC
o8 NOZF 5™ Ca®'/calmodulindl <& post-
translational leveld|A 1 o] ZA ¥ B]FAHA Q1
Fefel A= type 1T NOSell ¢Jaf NOZF §A =™ type 1T
NOSY #% % A4 transcription level®lA]
Ca*/calmodulin®] °Fd endotoxin®lt} IL-1, TNF-«
(tumor necrosis factor-), TNF-B(tumor necrosis fac-
tor-8), lymphotoxin®} 22 cytokineol] <]3] /sl t}.
Type II NOS9| A< JAlehs E4 2= TGF-Altrans-
forming growth factor-f), NO, prostaglandin 5°| &
274 A (Fig. 2).
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Fig. 1. Schematic representation of the biosynthesis of
NO from L-Arginine by the NO synthase system.



Fig. 2. Synthesis of NO by three isoforms of NOS.
(Adapted from Knowles and Moncada, Biochem. J.,
1994, 298:249-258.)

g4z 3 989 ¥fEEr NADPHRTH A4= A
date Ao g#A ot olde o] f= NOSE l1st
self-sufficient mammalian Paso enzyme©| 2}l % 3t}

Calmodulin &4 17,0008 ZgoE&4 4@
(calcium-dependant regulating protein)o]™ 4] 7]<]
Ca*'o] FAEE A7t SlojA of7]d] Ca* o] F-A=H
TEA WgE doA F4E A3 Be EEYSAIRIT
Al 9] NOSell= EF calmodulin®] F25 = #2271 9l

A5 type 11 NOSE calmodulin?} vl-¢- ©ts] F2-5]o]
Ao1A] Ca*' ol of3f Fg= BA] Ferh,

Type 1II NOSS N-terminalel+ myristoylation(M)
site7} JoIA Eavh x| FAE 4 QIS tER
type I, II NOS¢H= €2 cytosolic 3FA] &1 A3 ato] H
2 e E Hof A (Fig. 3).

Type II NOSE Tddhe AEXZE tiAZ/dEA 2
(monocyte), Kupffer cell, 121 T- 319} 2+ 8
A Axzet ZoAE, ded, Hof WoAx, g3 %
A, A2AH E(cardiac myocytes), Z:e*ﬂ_‘_(osteob—
lasts), 9FA) % (chondrocytes), keratinocytes, A5
A Z (fibroblasts), 7FAE(hepatocytes), pancreatic f
cells, 23734 (astrocytes), 223 217 A & (neuronal
cells) &<] HIHAA A 27} 3L

Type I, 11T NOSel| ¢Jaix 4% NO= 2174429 v
WA, 3 F 2 o] 5 AEA 7% B, type
I NOSell 9Jall F4€ NOE " 54l #ofgt”
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Fig. 3. Amino acid arrangement of type I, II, III NOS
and CPR. (Adapted from Dawson and Snyder, Journal
of Neuroscience, 1994, 14:5147-59)

NO &M9| 2| (Inhibition of NO Synthesis)

NO9 #4S dAste= W= arginine FAHEE
(analogue)®] 4. diphenyleneiodonium} 2-&
NADPH YAA], trlﬂuoperazine, chlorpromazine,
calmidazolium, W7, W13 59| calmodulin Z&A] AR,
DAHP, methotrexate, N-acetyl-5-hydroxytryptamine
Soll o8 BHs 3442 9Al, NO9l €] feedback inhibi-
tion, carbon monoxide$t methylene blue & haem¥} %t
ke =AY AR Fol Uk o] Al 7EA W 714
(substrate) &2 co-factor®l X—Hil‘. AAA o2 2A8alo
PAS JAlete ol BHEE & Ak W 7]
Aoy co-factore] tl—}é AAete] A 0= Y
Aete wolth

Arginine FAFER S FYske WEE R/l digt NO
o] &S golry] 9 ARA e o] &5 = WHolH
arginine frAHEA = L-NMMA (N*-monomethyl-L-
arginine), L-ADMA(N'N*-dimethyl-L-arginine), L-
NAME (N*-nitro-L-arginine methyl ester), L-NA(N®-
nitro-L-arginine), N*-amino-L-arginine, NOLA, L-
NIO(N*-imminoethyl-L-ornitine), L-canavanine, D-
arginine, L-glutamate &°| $\TFY. L-NMMA+= 73
3 o] &= JAlA oI, L-NMMAS}F L-ADMAE A+
Aoz AE Edolth. L-NMMAE A9 BE Ffie
NOSel A 2-8-& ot uldez AqAA #, L-
NNASH L-NAME-S <] NOSl|, L-NIO, N -amino-1.-
arginine, L-canavalines & NOSEU+= 44z}
%7 (neutrophil) @] NOSE Z&aHA dAlste Ae4
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Fig. 4. Structural formula of L-arginine and analogue
that inhibit NO formation.

Al A oIt (Fig. 4).
V. NO2| et 7|5 (Roles of NO)

A2|& 2Ol DN (HAZQI MEH)
224791 el 4E 10" mole (picomole) B=2] A%
9] NO7} &2 A7 B9 #4851 superoxide(02)2] Al
e 9 NO E4938 <] sGC(soluble
guanylate cyclase) & E3AA GTPEHE GMPY
S 71 ©] cGMPE B3le] A7 Aoy g
FeaZo ol WY oA T ol FHdl| A
o}, 3 NOE A4 (02) 9} HHS-31o] nitrite(NO2 ) S E4
st} WEHBEHN B84 3tE7] % st @A o] A (iron)
JJr wH-8-5te] A 3 (iron homeostasis) ol et} EE

thlol(R SH)Z} ¥-g-3ted nitrosothiol (R-S-NO)<] <t

d g2 o] o]%(transport)¥l7]1% &1L thiol pro-
telna nitrosylationA|# %2 & (axon terminal)]

remodeling®l] #oIat7| = drh(Fig. 5).

MZE=HO| 0h7H (oxidant stress AFEH)

H] 3491 Aol A= 107 mole(nanomole) =2 %
& FJ NOZF AEA o ZulEH AX i 029 %
=3 A3 Y thiol pool LA NO= 02 ¢} ¥He-51]
peroxynitrite, olo}A hydroxy radicale F/dsh=H] o]

NO AAEGE nf$ EAo] 73tk NOE Fe-S
groupol‘% R-SH group?} #Hg-3te] G42-8-2 AA|AZL
4 glem GADPH(glyceraldehyde-3-phosphate dehy-
drogenase)e nitrosylationAl# ¥]7}94 ADP-ribosy-
lation& oF7|8th. =3 NO= DNAE o] =8} (deam-
ination)A|A PARS(polyADP-ribose synthetase)S &
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A7t ol2fd Aoz NOw A2 A, o]
17z, =99l (mutagenesis) & €27 71—301]‘— Al 329
Zg5ol o] 2A gd}(Fig. 5).

SFAAA (central nervous system)

FFANAANA NOE theFet 715+ wdata sict. o
M= A7FA & (Type)d NOS7F == type
I(nNOS)& F—MH, type II(GINOS)E 417 A Z (glial
cell) A, type I1(eNOS)+= LHJM]J}} oA HAd
o ool nNOSel| #aiA el glom Al A 29
NOSel #afjx e B A7} o] FoAAA] &ka 34174
Alel eNOSE 22 17379 eNOSH A9 A 7152
6}3 At FF U‘oﬁﬂ |4l nNOS¢] Tﬂ g2 A2

Soks] =1 4174 =4 (neurotoxicity), 21742 B3 (neuro-
protection), /‘]‘ﬂ’\ 7+427 (synaptic plast1c1ty), agx
Z4 Z-4-(modulatory activity) 5°]tt.

ANBEAY L, ArtiT (hypoxia) 2 2 v 32 B4
el A glutamateZt #&F 1] E 3 0] 7o) NMDATE
Ao AFEH neuronl & Ca*o] GYH 3 0|2 Q3
NOS7} %}Hi}ﬂﬁ NO7} T NOL Oz ¢ ‘?l%f?}@

(&

NOE& PKC(phosphokmase C) GADPHS®} 2 0431 k3
2% nitrosylationrl#H & 3l (glycolysis) & A8},
DNAS] ®A3} strande] 34-S op7]sle] PARSE 4
SIAA tii e oluz] udF} A At o] 27 gt} 1]
3 haem®|Y non-haem (Fe-S) complex®] #3} WH-&-3}
of © Tal JA 2 frs &35 et Nitrosyla-
tion¥ DNAEZ71 Al tejd= NO= #el719ke the
A5l E (redox form) 0.2, A 0.2 kS n|3t

2179 B3= NOZF NMDATEA o 28314 gluta-
mate®] 2% Ca™ o AE W fF5s AAGtEEHN o F
k=3

A2 7EAaA el & long-term potentiation(LTP)2}
long-term depression(LTD)°] 9\th. LTP& Alf2 A=
(synaptic transmission)® &Z&E 3%, AP Z=
(synaptic strength o] I7VE oplete d old &3t
Ueht= $8 X2 presynaptic nerve, postsynaptic
receptor, postsynaptic dendritic spine S-°ltt. LTDE
I}= Jel e 7153 28 4239 learning motor
movemente|th. I 714 Purkinje cell® climbing
fiberel] &l A|&H 02 S3to] of7|=|¥ parallel fibere}
Purkinje cellAto]e] AlH 2 7b&rh hasta o] = <lsf
glutamate©] ™3t postsynaptic AMPASTEA] RI7H
(sensitivity)o] &3t} Parallel fiberel <3t &&=
(depolarization) &2 glutamateF&4& 53+ Ca>' 5=
(channel)®] &43} Ca** 9 AE W FY°] O]TOV]-T’— o
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Fig. 5. Roles of NO: physiological messengers and cytotoxic agent.

2 3} voltage-sensitive Ca* 522 €43} phospholi-
pase C¢] &Ao] oprldt}, F71d Ca” &2 93l pro-
teinkinase’} @435 1 2439 PKC7F AMPASE-A|
£ phospholylation?| A T3S 2471 Ca*'e =
7h= w3 NOSE A=A GMPAAC] 27151 o2
olal proteinkinase G7} @A st o] F&A 9 7%
(desensitization) = °F7] &t}
24 Agode 589 AXF 7199 I, g5 HA
o] T A¥H o2 NOSE AAFAES o & 33l
I} (antinociceptive effect) 7} YEFAT

o i

U=MAA (peripheral nervous system)

B2ABANA NOE 2B HdgELdY] HEE &4d] &
EN7NA = FopA dutA o g ARG EA 20 4T
< 5 =2 A A AH AL EZ (inhibitory neu-
romuscular neurotransmitter) 24 283t} ©EoZ
Zgs7|igE 2 VIP(Vasoactive intestinal
polypeptide) ¢t &, £ ATP<} T 28 (co-trans-
mission)3te] 55 o|HAIZITE 919 reflex receptive
relaxation, %2 descending inhibition 2212 3¢] ton-
ic inhibitione ¥271 W3 7% (bladder neck) ¢t 8%
(urethra) 9 Z& 3% Q2 (lower urinary tract)9] ©|
&, 27 a2 (penile cavernosal tissue) ¥} retractor
penis muscle? 22 34 A2]7](male reproductive
tract)2] °l¢, Z2la o34 A4]7](female reproductive
tract) oA = A& (uterine) < o] A1tk A @ FA A=
2734 d#37 (neurogenic vasodilation) S oA wit

2173 A8l (sympathetic transmission)®l ]38 A&7
IE 245, SF7IAGAME SH|4aHE Ve
o} A17AA 779 (preganglionic neuron)¥ A-&4174A
(autonomic ganglia) X% NO< #H|7F S Ao
1 A w3 FgAe S = ofA glom dAk A 7
(primary sensory neuron)lA= 41734 @&z
59 Qe #HAgt= Ao dHA 9

(motor neuron) A= vln|g Ggko] gl&
29k A ghs] deizl vhe gl

ARy

L

T 7
oz A7

M ol

If’1°47=|| (immune system)

AAlA NOE 54 A=A s3] 7)o ]
'3}?‘]‘3 ST A E 542 Yehdt o2/ W s
(immunocytotoxicity) o #odsk= WA Thl-types] WY
18-S A sl W92 A A (immunoregulator) 2419] 4
g ghed oy g 4T HH A7) (feedback con-
trol mechanism) 22 2Hg-gte] NO9I| &3l oF7] =& 2l
o] AFHES dAlgtt, ey sz oy ko] A g
NOo| ¢Jgt HAAA] o= 7ol tiek Aadg Holm
= —/F‘—‘— )‘]D‘"

V. x|==ollAM 2] o

ruol'

Aol 9loj NO= g+ 713=e] 24, Al 7t
&, A7 AR, I opde] @5} Sl Hodtia
A it
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Fig. 6. Diagram illustrating proposed intracellular
mechanism for SP in the vascular relaxation.
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ZEEQ|
A7el ogk A5+E [ 9= neuropeptide Y
(NPY) 9 norepinephrine (NE) el 23] wi7l=™
o]& NPY Z3A% PP56 % 43t ol=gdd 87
A Q1 phentolamine®] 23] &3& o & AdtEo] w0
W79 282 NPY 9 NEE 53 o|FoARE & F
A=H*, 2A=o] 7FfAA] 2 < AH (resting
condition)°l|A] NO| €&t o &9 o]z} 19
e Faggo s WA A o ArES =
Aato] e R =E dAH FA8H ot o o
e Aoz Wl

Bl
u}i =

AAN HEUS

o] el A= Aolol fraiAt=e] TelAIH T4/
It (afferent nerve terminal) 914 SP<F CGRP <]
A =rF BH|E . AddA o Spo| Y& AFERE
rolstA S7HF I 59 SP 23A|Y] FYL ol &
HH o aAdst”. o]5o] AHH e NOE 3t
HA oz FRIRL doA 928 ooy
23 H ] sGCE 2/J3A GTPZRH cGMP2
< 371714, ©] ¢cGMPE protein kinaseE 24 i‘r’\] ]
™, sarcoplasmic reticulum< phosphorylationA]7]3L
myosin light chaine dephosphorylation A171#, Ca*"
o AEZ U F9E Aol i FE2e o]zt FH
& YoA dF2 oplshe A o' 2t (Fig. 6).

Kerezoudis S99 23 24 Wol|A NO7F 2418 4
A= F(source)e ] WA E, X, AAx
2, WEg dye] e Foln NO7F ¢4 = A<
L-arginine/nitric oxide pathway’} EAgdtt= A=

. 10 o

it
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cGMP9] &A1} NADPH-d activity positive cell(Z%o}
AE, 2o EZsE A, A5 YA E)e &)
2A gelE i

¢

olo] B3t AFME H= slx|% A Ak T Ak
o

H 23 Hdwz] @& Z9] labeled neuron? HE &3

S9S u Ad WA § 1 gro] At NO9 AehA 5
A Al 1 gke] dA38| 743l L-arginine(NOEA ¢
714) FY Al 3 Fko]l MG Frbsta, AddE £e

NADPH-d diaphorase posmve neuron®| d# A St
ot A= Hol NO7F 417 Aes 4173¢] AjAYof ol gt
ot FSEH,

AOHE X|ZaRls

o] 29| gslo A 1 7o) W] welR

9k ZFo] (K o] AHACR AANG &

& A= o)k HH (second messenger)?! NOE
ato] nociceptive inpute] ZA3} 7HE A48

(sensitized nociceptor)e 94l (down-regulation)& &
3lo] 228 77T B 9o,

o
A,

< o

2%

N

o
o

Endothelium-derived relaxing factor (EDRF,
EDNO)

3] YA 2N s o] dae HFLTZ o] AT
E 98% 3t& AA(EDRF)7F 9lon oo NO
(EDNO) ¢t L8t Agle] SHE AT, EDNOE e

tel] o) dY o 7hA g rI =N o)
EGAstEAY, o] LI oR A L%S_ OlQ‘r/‘lﬁ
g@abgs dozlt}, agla thiol® 23ate] nitrosoth-
iold] ¥ E Fe= Hof o]Fotet Y £ F Wi=

o] (back transport) S| AY H&ITOZ 7HA FHE
o|$AA HEFS oAU T o AEo] 9l
o7k Aol ¥ W& (exocytosis) ¥o] HEEOZ 714
A doth”. EDRFY| #HE do7]e B4R
+ acetylcholine, nor-adrenaline, ATP, ADP, hista-
mine, bradykinine, leukotrien, PG, 5-HT, angiot-
ensin II, thrombin, CGRP, SP, NKA, calcium
ionophore A23187 54 vasoactive agentS’Jr o] At

& (shear stress)® F7}, ALtaZT, A714 A= 5ol
ME‘r. EDNO9| & gtof|A] 04% A3} 2ol 71 2H
dr d#el 1ReE 2Astn dawe] I a9
F22 AdAlete] ddof fedE 286k 4 (throm-
bus) @S A agla YA 2] FRgE 2
Asta @7& jé‘ g29] FAREE (mitogenesis) 2 52 (pro-



NADPH-dependant (NADPH-d) diaphorase

NADPH-d& £48 150 kDa2] Atebs< 7H Eao]
o} o] FAhE ¥ oy TxEAd ZAsn TEA o
=At(excitatory amino acid), A4tAFe] S &7 o
& 438l Huntington s chorea®} Alzheimer disease
o} 2g ¥o HP A AAghe AoR A it
A HMAREEA | nitro blue tetrazolium inhibition,
ZA A A, B AL, Ea FA 5o W ©fste
NOS9 &L Baglo] FHE U™,

8F0f| CHSH NOQ| &t

H27d A5g 7He o Eeete] Al ek o
TE BRAR AFo] ZpefAA] & HE A Ftl
A7 o] wdo 2 7E AZAFE =7} EHE Ao
e 2 dHAA k=t 1977 Jacobsen Tl 2
M HAgoz A origing basal, resting
vasodilator tone°] H %ttt Eklund %<& L-
NMMAZS &9 FHdste] afole 2429 &9
(large-bore arterial resistance vessel), A%, &
Aol Ao A S 2 oA 23R
o ol W} Aol F7hehE Hol NO7F a4 (17%
T)9] 2™ oot dgts obn] 1 FH £ Yo
olg g olfr= NO #4 &85 71X U9l E3}(differ-
entiation)7} ol&igh el S Aoz FE3% L,
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