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Role of Endogenous Nitric Oxide i in the Control of Salivary Secretion and Blood Flow. Wonjae
Kim, Sang Chae Nam', and leon Kim' Department of Oral Physiology & Institute of Dental Research, Chonnam
National University Dental School and 'Department of Physiology, Chonnam National Medical School, Kwangju 501 — 190,
Korea

The present study was designed to investigate whether endogenous nitric oxide(EDNO) is involved in
submandibular vasodilation and salivation induced by parasympathetic nerve stimulation. Effects of N"-nitro-L-
arginine-methyl ester (L-NAME) which blocks the synthesis of EDNO from L-arginine on the submandibular
vasodilation and salivation induced by chorda stimulation or administration of various vasodilators were examined
in anesthetized cats. Effect of L-NAME on K" efflux induced by carbachol was also examined using the excised
submandibular slice in vitro.

In the submandibular slices, acetylcholine(1075 mol/L) or vasoactive intestinal polypeptide(VIP, 107° mol/L)
increased NO, contents, which was prevented by pretreatment with L-NAME. Salivary secretion in response
to the chorda stimulation(3 V, 1 msec, 10~20 Hz) was completely blocked by treatment with atropine(1 mg/kg).
Increased blood flow response to the low frequency(l, 2, 5 Hz) stimulation was significantly reduced, whereas
the blood flow induced by the higher frequency(10, 20 Hz) stimulation was not affected. Lingual-arterial infusion
of L-NAME(100 mg/kg) significantly diminished the vasodilatory and salivary responses to the chorda stimulation
at all stimuli frequencies used. Intra-arterial infusion of L-NAME(100 mg/kg markedly diminished the vasodilatory
responses to acetylcholine(5 pg/kg), VIP(5 ug/kg) or bradykinin(5 pg/kg). In the excised submandibular shce
K" efflux in response to carbachol(10 > mol/L) was significantly decrease by pretreatment with L-NAME(10
mol/L). In the 1solated submandibular artery precontracted with phenylephnne(lO mol/L), the vasorelaxation
induced by ACh(lO mol/L) was reversed into a contraction by methylene blue(lO mol/L).

These results suggest that EDNO may play an important role in vasodilation and secretion of the submandibular
gland.
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=(1987)0l] ©]#} EDRF7} nitric oxide(NO) $-A-EHo]u,
NO+ AW o}v] = A9] L-arginine®] guanidine-nitrogen ¢
A}7} nitric oxide synthase(NOS)el] 2]} L-citrulline} NO
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constitutive form#?} inducible form & 2 FE-=lch(Forstermann
et al, 1991). Constitutive form-2 &3 W= A E9} Fx4]
Z3A AALH AIAE Sof] EAs} Ca’' [calmodulin
YEA o2 o] TAT) AEAW Ca¥* Fotol] g3 AF
v} ¥b inducible form 2 A} A E, wiE L, A3 R
2ol A WA= constitutive form¥}= 2] Ca’*/calmo-
dulin 1] &}EA] o] 1 endotoxin(bacterial lipopolysaccharide),
cytogene(tumor necrosis factor, IL-1p) S-of] 2] 3l 3+A 3}
Hr}

AF7A ¥R NO9 Aeldd J85g 2 g3t
HEZE o|ShA A Pk ob el 1A 9 27 sl Ao
4] NANC(non-adrenergic, non-cholinergic) neurotransmis-
sion®] wiE-Z Z-L(Bult et al, 1990), F=X17] Aol A
RABALGER 2 A-8(Garthwaite, 1991; Meller & Gebbart,
1993), 943 2% 2 A128(Azuma et al, 1986; Furlong
et al, 1987) 5.2 2 L-arginine/ NO/cyclic GMP pathway 9]
EAE AL BE AlFolA WEA Qlck 28 )&y
AQl gl A NO9| Aga zZgol A% A=
Edwards®} Garrett(1993)7} 51eko] okslAl & FzA o)
NO7L} hojdlche Kol 8 o] Fo|X|R]| ¢k gict. &
3] et A AlZolA F A effEu] 7)Aol g NO<
o33 ZL7 A0 didt AFE & o] FoiAA g2 9l
£ Beeltt.

UHHH 0 2 NO% cyclic GMP 558 F7HAIA #EH
o2 AEY AHsEE 24024 AYF V5 v
ERf7] wiFoll A o2 AAZU ZAgsE JEoz
ojube= el EH] HA] NO7L o J& 3 242 slele}
FZEl. AA 2 NO7t #AolA insulin Bu] 24
(Corbett et al, 1993; Tsuura et al, 1994), |3}Aoll A <]
AR 22 HpjzA(Kato, 1992), AlA ol A] renin 4]
Z7 (Vidal et al, 1988; Munter & Hackenthal, 1991)¢}] &
ofdivtE Hils NO7F AAE A 273 gl ] =4
o] #AqE 7hgo| Y& AlAE} B H < NO7L
A9 ZuAeld ZEFde FAANGE Eae
(Gukovskaya & Pandol, 1994) E}eHAol|A] NO7} A|EU)
ZEEEE AT 2R i En] 7|0 #i8 J)5
A€ B F9E s 93 giiue F2 9
A Q7371 3l ol ufA|nt Euje) FHbsEl = AEF
F7tll= A4 71 2ol v FAA VA E Agsta gl
o] ¢4 rkBloom & Edward, 1980; Lundberg et al,
1982). & H-27+A17 weloll A acetylcholine(ACh)3} &+
7§28 = vasoactive intestinal peptide(VIP) (Lundberg,
1981b)2} kallikrein-kinin A} S-o] ¥4 A 7|
o2 AAE v} 9t} (Barton et al, 1988; Prstavik et al,
1978). gHtd o 2 v} & AL o)A ACh, VIP, kinin 57

=2

e

ojn
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=2 oA e] & A 7] wifel o] F EHoN 9t
EfRA ¥ 724l YA AL T FHgA ol
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£ AT gl Bujg S RrzAed yUA A4
9] PFodojfet 1 AEE Yol B o7& F33)
ok HA A HlA F-2ZHAH A5 e Q3 o)
=4 Folol| ©bE A F F7lol| v]X]| = nitric oxide syn-
thase ) A)#]¢] N"-nitro-L-arginine methyl ester(L-NAME)
9] ogks 2AG e A APz HE gelA
ol 4] ACh o] 2HHE-2-of] )3} soluble guanylate cyclase
AAAY Fekg A ¢H HE osl4l AHA
944 ATl o8 AEe ZE dEdd uHE
L-NAME®] &g z2A3l4it).
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AENEE AF 25~30 kg TFo| & ¢ THHA
o] A&t} -2 urethane(l gikg) B3 ol F4+t
of wpHslglch vk E T2 2N Aol wigt 2 A
B 3% ¥ 75 hEEE AR A Sl wet &
718 AEst] TFo] IAEHA slgitt oS A
Wale RazAidd zAAAEL Sz Aetd
(superior salivary nucleus)oll 4] 7] A8l £7+217 -8 u}e}
F3sieirt AR o AR 3 deled Rl B gl
Ale A7 o] sl B aXshe dlollA] F5% 1 em
S1Ze 4] Aelsle] F2F-4 A7 (chorda-lingual prepara-
tion) Fel Z A elgt F F¥ 3} A=7](square-wave stimu-
laton)Z 3 V, 1 msec?] A= o] Aslol|A] A & gl
st A7|AS 33

OH
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=d|2 7%

e EEEEEERERE B
e IS gk 3 74 el polyethy-
leneT-& AFQlstol £2% BEE A 4| (photoe-
lectric drop-counter)ol] Ys}A] 7} el B En| E 7] E+]l7]
JeAE FAARE AAY S rebaBlel she
polyethylenc#h-& 4HQlsto] $28 erat e Faxt M
o tatAI et olfel WL TS W] Slsted A
AE NS heparin(500 IUkg)e.2 Aelstgien] f&3
YNL peristaltic pumpE ) thA] DhE AR 2]
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}41% Staddie-Riggs Microtom©. 3 k& A
42 BE F 5 mle] Gopalo] Solgle Sepaol
3L 95% AHA9) 5% BAZLAR EFAFIH A} 37°Col A
30E7 HYLEE A ZA FE) o3 2
= = NO A A4 AkA] AX x| st A F9A4 35
A3 R IEF FRE 34 BAUEE 9 B
—=70°Coll Estdel. X712 0.5 mle] methanol <ol A
X E-& homogenizedto] 4°CollA] 18~202]7}F Hbx| &t o}
=, 1087F 10,000 goll A YAE ] s}o] FAEL gy
FBradfor)oll Agsta AEANE 300 wE sl
Ignarro 5-(1987)2] W 2. 2 NO2| tjA4HE<l NO; B5
T A3 NO, 55 £FF42 NaNO, & AH&3to
Faigteh olul A48 Jopols] 24e et Bk
NaCl 118, NaHCO; 25, KCl 4.7, MgCl, 1.13, NaH,PO,
1.15, CaCl, 1.28, B-hydroxybutyric acid 5 mmol/Le]¢]t}.
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shtol] wAsa WINZZL isometric force transducer
(Grass FT 03)el] A3} c}. Bath W] ¢lckel e 959 O,-
5% CO, T37haz A& 02 TFsto] pHE 743 ©
AA et olu] A-g3k ofokele] 2AJ-E NaCl 112, KCI
5, NaHCOs 25, KHoPO4 1, MgSOy 1.2, CaCl; 2.5, Glucose
11.5 mmol/L o]t}

Bathol] wiith T3t 8ol 2 go] A& Fo] 15~2
A7t BYPA 73 A H o] A HAH FE-S Fosle] A
¥ 5§ Polygraph(Grass 7 series) Aroll 7] &1t}

& ZE ol &%

et &3 & 9 w73 05 mm FA) 2~3
M AAE wrEo] A AdeE 2~34 AHsiglch
AHE 2 mle] GgHo] FolglE A2 Zeki e Yo
37°Coll FA st A 2} 100 cycleZ 5} ZebAz
W g FH295% 0, 5% CO,9) E7kA% E3HAA pH
£ T4Z FAXFIEA < 408 53 71vhe Fg A}
A & ohy B APE Azsgict ofy] 8o AXA
stoll A FES T3 £ 1,3,5, 7% 4o 2
&3 e ok Hg 50 ul AHste] K 0] 9 FEE
A3k oluf A8 ofokHe] =4S NaCl 118
mmol/L, NaHCOs, 25 mmol/L, KCl 4.7 mmol/L, MgCl,
1.13 mmol/L, NaH,PO,, 1.15 mmol/L, CaCl;, 1.28 mmol/L,
B-hydroxybutyric acid 5 mmol/Lo] ]t}
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&5 oFE-L atropine, bradykinin, carbachol, L-NAME,
methylene blue, vasoactive intestinal peptide(o] 4} SigmaA})
olgict. A¥ 7ol HE2 ALERgol izt ivd &
FHe WEEE FASG e Bl £9 $59
gl -8 AlQch Al EL) 2 S KT o] 29 Wizl
1A ol gt itk iBg g FAS o AgAnt
= HFTEFIXE F A3}t unpaired Student t-testo]]

wet $o4E AR

d 8

otstil HEollM Achet VIPO oIt LHolA Atstala
(NO)o| &4

el Aol A WA A8 L7t AA] ehEnEF 3
AEF S7HEA 3 A gotrr] el oI
A AHlA NO, FEF Hsto] NO2| A EE 7
A FEEGh oFeg AXA g2 dzTel vl
acetylcholine(10 * mol/L), VIP(10 * mol/L) X] x| F-ol| 4] &
A3k M4 At ae] R 7 F7kskglen, NO
34 A4 (NOS) & A A]e] L-NAME(10™* mol/L) ] %) 7
ol NO §A577t s3] A= A chEFig. 1).

DAMZA Kol 2t obsiM ERE7E Y EfRulof
o|x|&= AtropineZ} L-NAMES| ¥&

obslAd ¥ o} et EnE AFUE EH oz F7}
E9lom 10 Hz o] Zoll A FE] HUXE Hol7] A=)
t}. Atropine(l mg/kg)2] tE] A=) A%} 2] (10 min)& 1
AFA17 Aprol] o8k el ] F3hE Sl ol AAIg)
o] $As] Ats A wt AYF 7} A= AWE A
(1, 2 HoollA A9 2t S|P3 AFuEE Z713tl
ubg} hAgkeh. aElE 2510, 20 Hz)oll A & A3 o
& WA gkokeh(Fig. 2).

NOS 2} A 4]¢] L-NAMES #-& U A3 o 2(20 mg/kg)
AFNE F3l F ohg AEH 22 (100 mg/kg, 1 ml/min)
FAsAE o, LA ATl g ebelEnlel AY
F 7t AFHlEdd FAgle]l "dAs Fa= g
(Fig. 2).

ACh, VIP & BKoll oJst MER Z7} =1jof| o|x|&=
L-NAME2| st

ACh(5 pg/kg), VIP(S ug/kg), BK(5 ug/kg)e] A5 Fo
o gJa otstA HF+= 300% ol FUhstler, ol &
EAE o AdF F7F 3= L-NAME(100 mg/ke)
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Fig. 1. NO; contents of submandibular slice in response to acetylcholine(A) or vasoactive intestinal polypeptide(B).
L-NAME(10 * mol/L) was treated 10 min prior to Ach(10~° mol/L) or VIP(10 ° mol/L) stimulation. Values
are means *+ SE. *p<0.05, compared with control.

A 16 _B —O— Control (n=8)
1 —@— Atropine (n=7)
400 - 14 4 —&— | -NAME (n=6)
X = 12
3 E
E 300 Z’_ 10 4
& e
'58’ 1 Z g
/@ 200 - E
£ = 67
3 1 2
2 —O— Control (n=8) S 44
g 100 —@— Atropine (n=7) UT‘S
£ —A— L-NAME (n=6) 2
0 0 60 0—e- ® o
T T —T ] | T T T 1
01 2 5 10 13 20(hz) 01 2 3 10 15 20(hz)
Frequency

Fig. 2. Effects of atropine or L-NAME on submandibular blood flow(A) and salivary secretory responses(B)
to stimulation of the chorda-lingual nerve(3 V, 1 msec, 0~20 Hz). Atropine(l mg/kg) was injected into the
femoral vein 10 minutes before nerve stimulation. L-NAME(100 mg/kg) was infused into lingual artery(1 mil/
min for 10 min). Values are means + SEM. *p<0.05, compared with control.
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Fig. 3A. Representative tracing showing the effects of
L-NAME(100 mg/kg) on submandibular vasodilatory and
secretory responses to acetylcholine(Ach, 5 ug/kg), vasoactive
intestinal peptide(VIP, 5 ug/kg) and bradykinin(BK, 5 ug/kg).
MB, methylene blue; SF, salivary flow; BF, blood flow. Time
maker in 5 sec intervals.

[:] Control (n=7)
E=] L-NAME (n=7)
400 1 [HIH] L-NAME + L-arginine (n=6)

14 |
m
200 A FL | Jrr

x*
100 4 % ;
= =

Increases in Blood Flow ( %)

] =

ACh VIP BK

Fig. 3B. Effects L-NAME on submandibular vascular respon-
ses to acetylcholine(Ach), vasoactive intestinal peptide(VIP)
and bradykinin(BK). Ach(5 ug/kg), VIP(S ug/kg) and BK(5
lg/kg) were injected as a bolus(1 mL for 1 min) via lingual
artery. L-NAME(100 mg/kg) or L-arginine(50 mg/kg) was
treated as in Fig. 2. *p<<0.05 compared with control.

of &Jall 50% FE #4333 rh. L-NAMES) 98 A7
A A &2} NO donorg] L-arginine(50 mg/kg)e] Mo 2
tHA] 3] 5=l ch(Fig. 3A, 3B).
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Fig. 4. Representative tracing showing the effect of methylene
blue(MB, 10~ mol/L) on acetylcholine(Ach, 10”7 mol/L)
elicited vasodilation in the isolated submandibular artery
precontracted with phenylephrine(PE, 10> mol/L). Time
marker in 1 min intervals.
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Fig. 5. Effects of L-NAME or L-NAME+ L-Arginine on
carbachol(10~° mol/L)- induced K™ efflux in excised sub-
mandibular slices. L-NAME(10 * mol/L) or L-NAME(10~
mol/L) + L-arginine(lO'5 mol/L) was treated 30 min before
carbachol-stimulation. *p<0.05, compared with control.

obstM M& grtE oA ACholl 2|8 ol v
0| x| =Methylene blue2| H&

obstAlollA] ol 2 EC o A8F7 ZU0}
cyclic GMP 55 274§ AR 3R] Lobuaat 42
oFst4 FNERS) ACh Fdjsh-S-oll 1)) soluble gua-
nylate cyclase 2] AJ A1 methylene blue 84 =Abslgd
c}. &3 ¥ B2 phenylephrine(10 > mol/L) 2 2 21|71 =
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ACh(107" molL)o.& )| 0|98 YoHE u] methylene
blue(10 * mol/L)oll o]l F230] 3} =] QicHFig. 4).

& o5t HEol|lM Carbacholofl 28t Mz o K" R&
of olxl= L-NAMES| H&

Fa2A734 et i gjdk LNAMES] o A%}
7t A8 T Zdol v} o] XH o2 dolytk Ay} F2
FEHog AA T A et /1A YEAE ¢
oliuz H& o4 AH ZEFE Y A3e
2A3ck. 4% et 4 F R4 carbacholol] ol8f A
AEZ e K" wEo] dojyton 384 Hujo
o|2 I ¥ uj2F UAF% o] Yojykel Carbachol
o] 8] AAES K" W& F 7= L-NAME(10~° mol/L)
A= el] wte} Hx s 7H4FQr). owlol]l L-NAMEd] o
& F9UA 4F % 2 A= NO donor¢l L-arginine %o

Z 35 GichFg. 5).

i &

AF7H NOdl| Ulgt A+ A7|1Ho g %
Bl 3 9 22744, "D, A9
SR A FollA o]FolA gow, A7H n
X2l gtfdoll A= NO9| o eha 24748 343
HAA G3 gl & AdolA gARuE dog|E=
acetylcholined} AEF 715 doFlvka &3 VIPd)
o3l otst4l Aol A NO9| thAAEQ NO, 571 2
7FEl 3 L-NAME®]| o]3)] 2= = A abe el in & o
SIAY AEF 5718 dovls RS o) A43a
&7t etfAdollA AH FAE o] old J&& s
FAIget szl

B AYellA 34470l o3t el En]E atropine A
AR 2 ASul 2ol FAIgle] SAs) A YAt Ad
7 VM= AME AF ARk, 2, 5 Hy) 249 Ht
H T Eo)A (10, 20 Hz) A3 gk whA) gkglr}. o
€ gtA T8 & FUA4 7)Ao etn E{FFvMe 294
et vlE4 7Aoo dojun] A A=+
YA, T E AFL v F4 7]Ad o8 AF
7 Yo & AAS Aog A AxAES] A
b el (Lundberg et al, 1981A). v]Z2A] )y
o2 YAo] kallikrein-kinin A2} VIP7} AA1= u} g
tH(@rstavik & Gautvik, 1977; Prstavik, 1978; Lundberg et
al, 1981B). ZZ&1} kining 84 A7)+ E2<Q) carboxy-
peptidase B} bradykinin Z13}A]Ql D-Arg-BK7} H-27¢
A4 E3gd AWNE AR Eur] @il
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i ofN rlo ¢z ¢
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kallikrein-kininAl= 41734 33 oholl& FeslA] &
Ao 2253 glth(Barton et al, 1988). F-27+417 9
AU =25l A3 elRjA R ie FHA ol 2wl
E AFY Ay vgdYolge & d7AAGE 2,
Edward®} Garret(1993) S a7t4 dagdd] a37}t A7)
A= w9} 3A|glo] atropineo]] o] XpehE] A 9kgkw,
L-NAMEo®]| 9 s}|Aut &#]3| +4H-& Harsigict Bat
ofvgl 252 AEWY ACh Fool| g A FE7t
A3} L-NAMEd] &3) Xets]A] ¢kt VIPol| o) 418
TR AAgte & REsle] gt FA4 d9E
Holli= EDRF(NO)7} od3x] ¢ vl E=14 7]1Z(VIP)
< NOoj| oJ3)) szl et AJAsF et 28} B ol
Ale 24473 AR RS #t o2 AE-u) AChd)
o3t A¥F Z7143 % atropine?} L-NAMEd] 2] &
7 #A43] Zigen, M E AF EE VIPS brady-
kinin®] AZ=] Fodol] 3 AP HF F7tE L- NAME
ol g4 A=t & AE Aol & @)
© 94 71Aeolx R E ATl o3 REd= A
EHA VNALERE Yoluut <kAle] A fel BF
nitric oxide(NO) #|7} ZoJsl= Ao 2 =¥} w3l A
% a4l YJF LA ACR(10 mol/Lyell o3 o] 2-&
g o7& uf], soluble guanylate cyclase 2} A|A|¢] methy-
lene blueel] &J3)) thA] AAE o] 55 9)c}. o] e Az}
£ F3shd eldidolA A 3] 7)H) g4
nitric oxide7} od3lm UulH o 2 oteizl NO2 2H&7|
Zl o] soluble guanylate cyclase #4-& %52 cyclic GMP &
5 37+ &8 715 JErdE AASl ok Edward9}t
Garret(1993) A3 9] 7-¢- AHlx s4kxtToll g AY
5+ %5717} atropineol] 93 Xpk=A] ok AL A7|A}
Z 27} 2 AT A8 3 Vo obd 20 Vel £
A3 AEH Wl R A7 HerolA 2214
ARAZEAo| old v EA 4ol f2l8 A} o}
7t F355ch

gk B AgF AW A¥dlA] L-NAME: 314H4173
A5l A8t AP F 7t BIE FEAH S Bk ol
2t gt Eu|E A Zict webA] L-NAMEe]] €] €}
BEH] GA7t HFghael 718 AAA ol AAE
off that 24 ALl 713 LolygeA] Lol izt
gt AfA g e groke gl 7134 R
WA $83 dAlE A 2ol 93 ALY K G
olo} yl&] A 910 Z (Petersen et al, 1988), HA] AME
Z3HollA] carbachol F-ofol] 3t AE9) K* FZoll 7|X)
= L-NAMEY] 3k& zA3}¢lt). Carbacholel] &3k 4
A E2] K* 942 L-NAME A X ol A e 243
0 F 744 %9 1 L-NAMES} L-arginine A Aol ]34 =
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Qg A Gtk 0|28 AT nitric oxider} AAE
ol 24 ZH&- A et} e S AAXNRE M & A
ghel. 5 nitric oxidexw B}A APzl Fojdh 3 o}
v AEulzdel 43 #e3d shsAel ek Nitric
oxide7} #A AAEAA Zf Y& doTlvhe L
9] H.31(Gukovskaya & Pandol, 1994)= 183t 7}5AS
He Segd ¢ 4+ gn

HE3} nitric oxide= I E| Rt opv] e} A7 ekl A]
Z A F Sel¥)m 2 Meller & Gebhart, 1993; Busse et al,
1991) e} ol A& Bl ol 4] ReElE e AYA F2
AR A o A7l el £ dtellA
© 78 & 7] ol o2 o odfeteiol H FA
o A7

¥ A7A%E Qokha ool chehileld FagA
73 A=rol] of 3 A At &7} A E o] A3t A4
7t E94 Btidn] 9 AR ek niEHAg A8 F
S0 Dol 98T ZARE A AT

ZAtel 2
B ATE 196 2EHE 72008 od7u) MYz
o] 2 2
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