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Role of the Cervical Sympathetics on the Submaxillary Reflex Secretion
Evoked by Stimulation of the Afferent Glossopharyngeal Nerve of the Cat

Won Sik Gili and Sah Hoon Park

Department of Physiology, Chonnam University Medical School

To investigate whether the cervical sympathetics contains specific secretory fibers for the salivary
glands, reflex salivation was evoked and the role of the sympathetics on the reflex was examined in
ketamine-anesthetized cat.

Stimulation of the central end of the glossopharyngeal nerve produced a copious secretion from the
submaxillary gland and the response was not affected by the section of the cervical sympathetics or by
the administration of phenoxybenzamine, whereas the response was abolished by severing the chorda
tympani or by the administration of atropine. "The salivary response was always associated with an
increase in glandular blood flow. Both salivary and blood flow responses were decreased markedly by
the superimposed stimulation of the cervical sympathetics or by the administratice: of norepinephrine.
The decreased submaxillary blood flow always preceded the decrease in salivary flow on stimulation of
the cervical sympathetics and the decreased blood flow recovered prior to the salivary flow upon
cessation of the sympathetic stimulation. T*e inhibitory effects of the sympathetics and norepinephrine
were completely abolished by the pretreatment with phenoxybenzamine.

These results indicate that the glossopharyngeal nerve is one of the afferent limbsof the submaxillary
salivary reflex and the chorda tympani isthe only efferent limb of the reflex pathway. Thus,it is suggested
that the cervical sympathetics does not contain the specific secretory fibers for the gland, but plays a
role in inhibiting the reflex secretion by decreasing the blood flow to the gland.

Key Words: Reflex secretion, Chorda tympani, Sympathetic inhibition, Submaxillary blood flow
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et MRS PR Abololl MRERYER ] ¥ A= 7]
w Lol ek St o] 71 d=hS it #Em ez 4

HE T ST EEERHE Lol B A

WA= HAH B2 Aol et

MEAUIR 1ol A = BT RS SRS = BEAR s
#eol A& Wi ol FmERARIH ol F Avlste
Rl swHE oty AT dy] o
A Aol ol B R ul sl BEERATREIAS S ]
715l A A= BEM] £R el B, Ludwig 2
Heidenhain PUSRe| ST RS A vlsle BT
ab oh e} SEHAT R T S el
= 722 ey gu FHoll Emmelin et al. (1959,
1960) -2 o] &S o] Kk WMEHES sl gl
F7ksle] of AbAlo] o] Folol A e obeiA
=ohoh, v FHTRS Awiste e Bk
PR Rt b Bk SEERA IR . MRS IR = S
F5has olehd AR —HEEe o 2 45l
Ue “BE_EHWR LA ] AT B oA
o= A= glo] of Rkl TAHE FA 8w
Bk <. 2t} (Richins et al., 1953; Coats et al., 1956;
Nakanishi, 1958; Gill, 1960; Gill, 1975).

R w19} o] BplAelA op7|H & Ehohu]
= BEtEmwst £E o+ Urte A& ZAdd

5 e K

i R S

H

AT 4 sleogety Bl =kl ETRS A
v shaL Q)& SRR RS o] Bl v A -5 75t
o glohd FREME R A fi%ﬂ%%‘)ﬂ olA o i
ol F LR 2Hgsliof & Fadt Bkgol7] HF
olt}, o]} -2 ApAlel ¢l Zhsled Kang(1981)& 3%
FEMHARIRTRLL v B e AiEDs (USSR FlEk
ol 93 REMETRMWE o7 A17] 1 o] K&t
SE BRI ERE Y] drho g of kg whx] ¢ko
o SRR dekeg 4£Addn 3l Choi
(1982) = RI—3F 214§ Bhalsta o] Rt
Rot
atropine £ol g A4ty $1gew] Cho et al
(1985) 2 kEmS B diEmmEkol ot K&
M TR IE ok AI 71 I o] = EER AR o] 4
ho 2 odgkS Wkx] oro ) FEimRe Ao 2 4
Axicta sl ol9f 28 AL B2 FEMSEMEE T IR

phenoxybenzamine Fol2 ofFg bz

K5 427 KO- ohokshd 1 JEiige o
b RS o8l Q)= EFRRRAE S o
F4te) #Olke AEekx] 35 AAslch ik
ol £ =0} gle ALA R RS &
IEFEEe] el wa 9lm o] AlAe] F23 A=
H 7155 ddsteeln AR s 2R HIREge] &
HEs R Ekol o 3F AT TR WE oF714A1 7] 1
REttsEs 7 3ha FA ol R EE T it i
Mol vl X EEICRIHE o b DAt H
Theg Aulste g+ EERRRY] Y e

< #R2A s
B B 5 &
L. B U RE

HEE 3 kg AFhel FEE dste] 2439 7 glel
AEElglond BEE 4§ kg ketamine (Ketalar®,
HAT) 30 mgg BRERC] F9) slod uh3 gie, =t
Hd FEE BES L] HEMIE A9 nysln 5
T2 SolA sl fiste] 713 T etE AFsl shad et

2. EEESIpol s

DRSS A Al ETRES =247 2 &R
ol 21G#] polyethylene-g- AF3lled AAAIF o2
&3 = Bl e BRIEEGHS 55bod Physiograph
(Narcofit) kol 7123},

5. BT iRMS 528k

SEERel A SMSERRIR T TR =247
NERIRS BRIk ¢l o e 2E R
e 745l W RILEaro] SHAEPIRS Sl
ST FuhE s MAEES EREEGHS AHSd)
physiograph toll 7| 25}5dt}, o|ajol migel %
4= 517] $l5ted vla] 25 M-S heparin (200 1U/
kg) HEstdor] §28 e tha o} Ay
ol Ze)3telch,

4. BRI

1) BRWE | SRS ETHR Y F TR &
WagHESH 8 ()¢ §12/39) ©)Zbel] Theddl: Kk
MR T4 S o] Qleh o] Bhel Hu| A& ftE
o) FuEfEANA 71 Alsted BRIES et 25
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ohrh =N el Hig el el DpEEEbA &
ot FHimEol WK 2 & THREH axlsts &
Aol o lemARlY FFHFA L fﬁ:lﬁf—
2 93)3led o] F HEMIRES 2ol FHI}E
o)A gk Al Aol 2 EHigRol A el s 5’*°ﬂ/ﬂ 74
2] st et,

2) FEERIERMAE | _FEOBEEl A 7] Al Bl TRERA
RS- MTEEIARS kel A st EREC A 714]
she] stalele kEmME S Eolo] BEEfolA KER
’ﬁ%ﬂ**‘“ (N. vago-sympathicus) & o] &}, wtehA] &
chal Al 7 A 8] ®oluh el Al7de] AAlE
510] 3 4~ 9lom 2 o] F Al7AE FEsle] Az
o},

3) EHIETHHE | IS TP o2 A & (F)
©) 4%1/3) khpE =k MREERRS) 5 o Rl 2R
of AAZAM T A2 G ERRIRILS shidell SL
L Aol A Ve B2 BERAHR Aol
A ¥ Aesloith

5. IR

ATl wret AW AR PERES R
g E Aol on] EHTE RH 5 mmol 9+
454 GEUTE AL, Ao AT
o2 REIRRE (V), RIS (He), K50 FEE
B (msec) 5% el 3t9

6. (EHE Y

_?LI'UIO X,
Jﬁr

32

A+2-% oFZ-2 norepinephrine bitartrate (Sigma),
phenoxybenzamine hydrochloride (Smith -kline &
French Labs), Atropine sulfate (Merck)5-o]t}, ©]
S0l ##iKo] = F ethanol
(49.9%), propylene glycol (49.9%), E&E(0.2% )5
2] B4 1 mlo)] phenoxybenzamine 100 mg$- -3l
K713 Ao 0.9% eld Aol = ojsl s

of Agsigeh,
BB AR &

1. EERES| chiBmRgkol o8 REUHETR
@it olo o|xl= BEBRBMIE X
BRRIBIE 2| BETR

OptE e Aieln b EEEHES 3R

Z phenoxybenzamine-2

R o] Slol A EIRRS B Aol o3 RAHE T TR el vl A WA B

A~

2 g e
£ 7o LAp 70

204z, 1 msec) & & t}ek
BERmMES A gEA
(1 mg/kg) S Aol Yo shod = Bpall gyl
& dbx] ggket BWEIMMEE AsAY =
sropine (05 mg/kg) & vl Foh 3 Hhoh 2
£ 9as 2493t Fig 1),

o] AHAE-L FHuEEo| MR & K
LBE AL T BRWES 1 iBE 2HEehd
AR ZT AT o] LTSN Hoistn A Bw
< SREESHSA T

d Fu)7} oprlH e o R
fﬁ Ripig el F5xt A= (3V,

MEST IS o v TR
4

I+ phenoxybenzamine

2. ERES| hiBRFIR ol M R|T
g aiel olofl olxl= HIEBRES
RIEBR

MR T st 1} LJ—°ﬂ w}a} oful Jag e
A5 TA3IW vl 20 Hzol| A A5 W (maximal
secretion) 2 ) ¢ 7t} (Fig. 2),

w}2bA] 3V, 1 msec Foll A HIETES] F31he 20
Hz2 2}3sto] fASME Lo o RS
S (B (2 Hz) 2 2331 o] e 43S
) S5k v Mol ERRE (50 Ha) 2 A5l
e A3 Zas ), 3V, ImsecTellA] &
e 29 SHiZ A3sel BATAU
(submaximal secretion) ©.7) ul] = REERT A S
(B35 (2 Hz) 2 2} 53bd el vl 8 w7
oo} AHIE (90 Ho) 2. A ohed Elel il & 2
2% 9} (Fig. 3), '

olsh e AT FIMES S5 A3 o
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A. Effects of severing the cervical sympathetics and the chorda tympani on the reflex submaxi-
llary secretion evoked by stimulation of the central end of the glossopharyngeal nerve. The glo-
ssopharyngeal nerve was stimulated during the period of horizontal bar G (3V, 20Hz, 1msec)
before (a) and after severing the cervical sympathetics (b) and the chorda tympani (c), respe-

ctively.

B. Effects of phenoxybenzamine and atropine on the salivary response to stimulation of the
central end of the glossopharyngeal nerve. The nerve was stimulated during the period of hori-
"zontal bar G before (a) and after treatment of phenoxybenzamine (1 mg/kg, b) and atropine
(0.5 mg/kg), respectively. Time marker in 5 second intervals.

1 / : .\.\o

-/

L. ! ! J J

Fig. 2.
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STIMULUS FREQUENCY(Hz)

Secretory response of the submaxillary
salivary reflex to the central end stimu-
lation of the glossopharyngeal nerve at
different frequencies under fixed inten-
sity (3V) and square-wave duration (1m
sec).

3. BREMWRES] hIESERIRLO 28 RME
WTRinet MmFRMBR Xl B
B M iH#8 Y phenoxybenzamine2| i

FIETE ] F3t 2ol o] & R T IRa
7t BRG] AT FiHEE o rHE
T2z &gk, el BRinfet YA #A
7F JoB 2 FEMARS Sk ATl o Ry
BT oot IRILFRAE-S 540l 71531241 B5ER
ZREe] A& 29} o]el] w]x+ phenoxyben-
zamine?] %S [A3Ac,

FIHEE ] T2l x}=-(3V, 20 Hz, 1 msec) & 2.
cheke] RETMMER St €4 Rk FoHE
Zz#stg o o] Ade B|ETEME 253V,
50 Hz, 1 msec) 0.2 25 714591 o] Zta & 3=
phenoxybenzamine (1 mg/kg) &) A x| 2.4 244 3
aA =, o] REMEE TR WS IRl FIEK
Feoll o3t MRS AFa7E BN 2
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Fig. 3.

2042

T7 7T
Effect of the cervical sympathetic stimulation on the reflex submaxillary secretion evoked by
the central end stimulation of the glossopharyngeal nerve. Effects of nerve stimulation with
different frequencies under fixed intensity {3V) and square-wave duration (1 msec) were ob-
served. Horizontal bars show the period of nerve stimulation. At G, the central end of the
glossopharyngeal nerve and at s, the peripheral end of the cervical sympathetics were stimu-
lated, respectively. Other legend as in Fig. 1.

Fig. 4.

TTTT

Effects of the cervical sympathetic stimulation on the reflex salivary secretion and blood flow
evoked by the central end stimulation of the glossopharyngeal nerve before (a) and after (b)
treatment with phenoxybenzamine (1 mg/kg). Upper tracing shows the submaxillary secretion
and lower one the submaxillary blood flow. Horizontal bars show the period of nerve stimula-
tion. At G, the central end of the glossopharyngeal nerve {3V, 20Hz, 1 msec) and at s, the
peripheral end of the cervical sympathetics (3V, 50Hz, 1 msec) were stimulated, respectively.
Other legend as in Fig. 1.

AA RIS Za B} K ESwe Fais MRS 38e] RattEgwe 3End KirEgic
Hr} BATE D GRS R3S )6 g (Fig 4), o9} 28 AL TR ] F3o)
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Fig. 5.

Effects of norepinephrine on the reflex salivary secretion and blood flow evoked by the central

end stimulation of the glossopharyngeal nerve before (a) and after (b} phenoxybenzamine
treatment {1 mg/kg). At NE, norepinephrine was injected intravenously. Other legends as in

Fig. 1. and 4.

Rt s wE AAsh ol BRmEe] ol
711&% AjAkskie

4. FWEmEe] PR 2l 3t ReHEE T IR
Ao} B RNz Rl oj x| = Norepine-
phrine®} Phenoxybenzamine2| §%&

EUES] 23T ATl o4 fapa oAl
wlsh 48 BIES) EHEEMEY AFes
25 ZragS gA s o n 2 RS Al A 2
29 norepinephrines] o] &35} olo] u]A &
phenoxybenzamine®] o3 3Fg- Hab3}g] o,

HEFRS] T35 2Tl o3 RaHE ET e
et RMFEMPRE norepinephrine (15 ug/kg)
o ANHFAR 25 Z4son o] HEE
phenoxybenzamine (1 mg/kg) A A x| 24 2133 4
A=}, o] REHMEETRSWS IR R
ol] i3 norepinephrine®] Fod &35 A3 uo
AAIG Brmdke] ZHAEE b A4 obhAl B g
Zapoh AFYEn o] ofFe AEFol= Rt
3] 5-o] BpARA ofstAl vl 9] 3 Euo A
(Fig. 5),

e
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B AR DAL B AFR s

Qo HEEATIBS F7E ol F3 v RS
o) oA o4 s 2 A shotela 2
Sk gl Aol KEE fRAEYo] K-S <}
Zohel ob/lsE ElwAE EREWR K
(pharyngo-salivary reflex) 2} sl &3S #5350
of7| sl EtRubAE R EME 5 (esophago-
salivary reflex) 2} o) HE A3 3}e] opr| 5% B}
AbALE EIEVLRH (gastro-salivary reflex) 2} -
Bsla glont FAld ez Dy, R, BS
of £E5f gle AFAAANA L AAAT o] &
AR RSE oF1A17lL o REEE T3
AFEIE ulmd 5ag o

Gill(1960)2 ¥4 7] FEH TIRAA OREAC] 1
% BEEE-S Folste] of7| sl RiGEMERH 7T B
W) dxhoe g s WA ot Bk
el Axte 2 & £A4 T 31312 Kang(1981) 3}
Choi (1982) &= FAH%E T Aol A i IHERR ==
ERHES] BB Mo 2 WA el il o) o]
e WAk o] R« WISl Axte g
Fe A ot B drle s £4d
oo, Choi(1981)& o]} Zh-& MEM A7}
Al 74 25kA] ¢l phenoxybenzamineo]| 2]8]4] ¢f
A ot FmAHAI 7 AkRbA| <l atropineof] 9]
SAE 47 24955 shaieh, 22 ok} Cho
et al(1985) & AT FiRoNA KEMWREHS T3
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ok ZSoll o3 MRS EOBE WRmE e v
SRR RS2 o] HbAle] RSO TAstA &
ok shgleh, 2Tl Yol = FHilliEe] T3
A5z o] el i E ool MRS
£ op7| st A o] MEMR A= BEP RS Ak
£+ phenoxybenzamine §-of 2 ¢ 3k ukz] oiglo
o BRpEe] vt £& atropine FoJ & 445
o}, ol9} 2 A ES A A 3 (F) o 4.1/3
o ol EE s} e RS AT &
RS & RoikE Aeetn o Bike
BRI ol o] ST RS- o] Rate ATl
HAsR kFE AT

RS KOS A A EE
(impulse) o} SCgFHEC] 283k KETHiEcl 4] of
715l o] BOMEEE 55l SR =
3toy FrEd] RS dovle BHS Hab 9434
o2 BliAbE o] e S AR EiEMHE
BRES] REEE wAE Soldk Ao Qo
Kang(1981), Choi(1982), Choi(1981), Cho etal,,
(1985), Gill et al(1985)% 2] HAF¥ e} Bd+4
5+ 7HeFe ol CREHBIESo) LL.5] o} SlE HRHE,
FEIERE, KEMSHETR S /£ % Boll +25
UE KAETHRE S AFBHEHES] T 52 HTRoIA =
T RIGHERIHE P18k o] RbtT BHRME
o] At =& awropine £ 2 AT Ao},
ol ot -2 AL REMHESTEE Tl Sl ohE KRS
R e 2ol SRR R o R0 B thoksted
BRI 2 R MR o] S = T A =] o] glot
HOIET HEES ol A = BIREHSARHER. T4
5o} Q152 AlAksha gloh, whebA] SEidefiEn 4
g #L HEME RS (autonomic reflex) o} #4d:
— B {328 i 5 (somato—autonomic reflex) 2 74
Hol 3lv Aoz Algsl,

Ludwig % Heidenhain LI3ol] BT IRS A w3l
AT BRMASE Tl o]z} o & el sla gl TR
TR s 3 HelAdE st e Aoz 7
F3l g3 o] ARl ] oA ot HHIRRK
gl et A& st lote Rl of
A BEM BRY —8F 2A £ Yo
abdoll EEARS Aot Qv SRR RTRIR ol B
HEHAFE TRsla et of o] BFEMEMR

Rarel E LB ZHg-sfof Fell = E73ka o] il
o} o] RS RHREC) Heislx] 7] wlEoltt,
EREmeA 29 AME e e KA HTR
of Al SIS 2 SEER AR AR o] AP A -5 v L3y
Brigts o el FIRsIch, R A28
T AA cepe] el 2] E obr] el RAEHI gk
A= F—g S Zehshd BEEPRRERE S
AFo 2 53] 4% (BEH) A etl-FE S dodn
A=l e HAE 2 FEFe] FaEHNA
o7} Foboll = w381 et ek HER R
Rgol Aol o3t I8 A% A Bt F-E L
R Y] & o 2 BB R A5 SRR
o] #Hi=l o] Vg FrgEtE S glth, Parter (1954) 9}
Sitver (1954) = HF TRl Uk#EE XK (contractile
element) 2 4 %5_I 5% 0B (myoepithelial cell) 7} 91-2
+ 233z, Gill(1975)2 RS |TIRE &
RSt TR M A58 R astgleh, Kay
(1954) = £ HTRIAM BEZRmRe] =15 =
+ oxytocin T2 H LMl +53ctn 819
3 Coats et al(1956) = B T ol A Hth =l = Mol
B 84 (spontaneous secretion) 7} BEER AT RLHER
o AFez dA]F oz ForE A YRR
° 2 zhag|w] Bl §-&5v ety F3
o= W3t vtz sigiet, #ak ohyet Choi et al
(1985)- S TRl A BRMES] THIERF0
2 BRGWE 4o wv BRI SAHA
= (superimposed stimulation) © 2 e}lol} Hu)e] 7} 4
ahe el st Bk AUl e A4S0 8 A TS
WE dod wlv GRS FHAFT o B
B u] = PA|H o2 Frlsv ulE SEA A
o] —Erefic] Eul=lE eloo] F kol WSt
7b gleba Bhgieh, olob 2 AMEL TEERAR
@) AFo2 opr|s)e —EiEd 432 B §3
of SFMEHHEC] o9 7 EEhole] MM S Tk
eI

=33 Emmelin et al(1957)-& TS A ul sk
U BRMR-G A ha} A v R RS S HE
b 25 iR =M 86% (denervation hypersen-
sitivity) & e sl o] of Aok mRES BT
R yyasted BT o] SR B
ZAHY \TRS Avisl Yt BREE of

ot
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el ERTEEmEE SulAdFE stk dea
E£3lgg, 2ak o}zl Emmelin et al(1959,
1960)-2 chlaralose FiBF T2 S TRl 7352
A ATz wal SEol A4He By
4|2 Aoy HTFRel e AR mA Ao
Eh ol A2 4 ook Fae o A
Al Aotk _‘12}1/} Richins et al
s 222] B
o) 4o ol I FRAE
Aol A F22 AAADE
2ol Zol Babslo] Epala
Ve RE AAE AT 4 Bekn each

FREHRE T MRS 2 AHEA et
EAE 22 WA Bt oF1 2 We
= Rike 27H5 Sweiol sz ded,
Kim(1979) & #i#xijmge] 2= =+ pilocarpine 5
o] & t}eke ellige]E deoa “ﬂ% Hk=A] R
9] 718 Zastn o|uo] BERBIHL S AF S
711} =3+ norepinephrine - 5o] o]-ﬂ‘i o] Wi&7t =
Z 74 Hch i 519 o Kang(1981) 3} Choi(1982)
£ SKEMEIRIER £ HEe F35F A=l ¢
shod AT oF71 3 el = wheA] Riuike] 5
7He 2 o] AFAEL HRTRER] A5
2 2% 7t4 5oy 3ol Whee et al(1983) 2
Golrha] of AMS SelstE gl BRG]
A3 53 fEEE 0 2 A Bto] TREAES T
2ol )3 Ehalgul ] oA BT e
710 gkt shglet, Bl el ol A s g el
ATl o & KagHES et RS 57t a s
7t BRI AT o2 25 AAEY D o] K
SHEsrwel taade R zHaoll 71e1d A
° 2 SRk, EEARINE Y] Aol < 8 fri
W 4B}t Kt W] 74 g ko ATs
3 SRR ) AS-g akshd R 3%
ol et 351 o} HATE 7] wiFol o), atd
SRER R AR o] - Al sk g
o F7hgel s Elgul & Ao 4 S’J\%{—Z] &4
23},

R whot ZFo] BRERZTREmAE L] 2p=oll o3t 4
&l et f-Z ot = FFgelAlake] ob7j5 Y ¥

o) glm Bt ]S FFF o] T2 Gl MRS

TA21E A 25 1987—

o] RUHEol ST o] otz o B
TR ] T8 MBHES Y oAA RFES
ZHaAF B2 A 28 BRSNS A e A
AT o EERRR ] KRS WS I
3t etk A= H53H7] o # i A ofof
sleletn Ale o,

0

] i

Ketamine fiEF T FMETIRAA FrHEmE
Tk Aol o g BEEERAE A 2
RHEEE T &3 T4l o] MRSt IR Mol
o2& SIS 4 S WSt ot 2
o ADE 9o}, .

TGS et A= 0 2 FEMESE o7 3t
Rom o] ReHaiv B At 2=
phenoxybenzamine5-o] 2 ¢ 3k& vlx] okglo 1}
Fiige] A}t =& atropine 7] 2 £AFAT, F
e TR hAbTel o RS e A
Biuyee] s SRR o] AAE2 EHRE
g = X+ norepinephrine Fo 2 Z}4 5| 9]
o v o] 7+4 § 3} phenoxybenzamine A X x| 2 4
A= oo}, TR RS AFSell o) g Brifufe] 2t
4283 Rt i o AY=Eg of
iRl AAS-5 S RlFeel 35} RS W
o] gy} APs|Aet,

Pl o] BE R HHEMER o] TR A of7] =
= SEEMAER R AT 8 KOBEE AR5 Bk
B BLHE 2830 FEHTRRS o] K5t
RSt Hol o) 523 THesch, B of]

2t H RS et v TR Rmge £5-2
Bzilﬁlﬁi% =i _/}_/K] 7% ﬂiﬂiﬁ?‘()& EA | X-]] 0}9\11:]».
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