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Abstract: The volumes of submandibular salivary secretion and efferent discharges of the pregangl-
ionic parasympathetic fibers innervating the submandibular gland were recorded in anesthetized rabbits
to evaluate the neural mechanisms subserving the reflex salivary secretion.

Copious salivary secretion was induced when repetitive electrical stimulation was applied to the
anterior ipsilateral parts of the oral region in sympathetically decentralized animals. The optimum fre-
quency of stimulation was 10-20 Hz. Ninety percent of the recorded preganglionic parasympathetic
fibers responded to a single electrical shock applied to the respective confined areas of the oral region
with a mean latency of 10.8 msec (upper lip, 20% ; anterior palate, 25% ; anterior tongue, 27% ;
lower lip, 18%). The remainder responded to wider areas of the oral region with a mean latency of
31.5 msec. These fibers were classified into 3 types (E-type, N-type and I-type) in accordance with
the mode of impulse discharges. Reflex discharges of the E-type fibers (41%) increased, while those
of the N-type fibers (36%) were unchanged and those of the I-type fibers (23%) decreased by repetitive
stimulation of over 10 Hz. When paired shocks with varying intershock intervals were applied, excita-
bility of the E-type fibers was enhanced for about 20 msec, then inhibited for about 100 msec, while
that of the N-type was inhibited for 150-200 msec, and the I-type for 500-700 msec after onset of the
first shock. The volume of reflex submandibular salivation evoked by varying frequencies of electrical
shocks applied to the oral regions correlated statistically significantly with the magnitude of response in
the E-type fibers, and this fact suggests that E-type fibers are secretory fibers.
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Fig. 1 Diagram illustrating the pregan-
glionic parasympathetic fibers (PPF)
innervating the left submandibular
glnd (ventral aspect). The pregan-
glionic fibers are given off as seve-
ral branches from lingual nerve
(LN) to reach the duct of the sub-
mandibular gland (D).
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Afferent Information
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Fig. 2 Schematic diagram illustrating the
experimental procedure to record
the reflex activity of the pregan-
glionic parasympathetic fibers. Ele-
ctrical activity was record from the
central cut end of the preganglionic
fibers by monopolar recording ele-
ctrode.
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Fig. 3 Relationship between the volume of submandibular salivary secretion
and frequency of electrical stimulation. Stimulation was applied to
the upper lip (®), anterior part of the palate (A), posterior part of
the palate (A), anterior part of the tongue (M), posterior part of
the tongue (O), lower lip (®) and foreleg (¢). Each plot in the
graph indicates the mean value obtained in 5 animals. The insert
actual recordings show the pressure curve obtained when the upper
lip was stimulated at varying frequencies for the time period (15 sec)
between the vertical dashed lines.
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Fig. 4 Effect of simultaneous electrical
stimulation (10Hz) of upper and
lower lips at varying intenstities
upon submandibular secretion. Note
that the salivary secretion induced
by simultaneous stimulation of
upper and lower lips (O) is nearly
the sum of those by separate sti-
mulation of upper lip (@) and lo-
wer lip (#) at every stimulus in-
tensity.
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Fig. 5 Examples of unitary discharges recorded from single preganglionic para-
sympathetic fibers innervating the submandibular gland. Each recording
shows 5 superimposed sweeps. Fibers a to ¢ were reflexly activated by
single electrical shock applied to the upper lip, anterior part of the palate,
anterior part of the tongue, lower lip and foreleg, respectively. Fiber f
was responsive to stimulation applied to all these 5 regions. Note the
long latency in fiber f. Time calibration, 60 msec for the response in fiber
f to foreleg stimulation and 30 msec for all the other responses. Ampli-
tude calibration, 0.5mV for responses in fiber f and 1 mV in fibers a, b,
¢, d and e.

Upper lip Tongue Lower lip

Fig. 6 Four examples of area (dotted area) in the mouth for evoking response
in single preganglionic fibers by a single electrical stimulation (0.1 msec,

6.0mA).
MEERL, BIROVTH O ORI bEEL 3. PSSO RIBUHE & BIZS R R SRR
7z (Fig. 51), HEDRFT R ER & D%
Fig. 6213 P REEIS O R S0 O I &+ B ZZ R APR P ERATARME > © 15 72 HEAERY B —ipiR
¥4 (Fig. 5a-d) 12 2\ T, KEMHKENS BRMETIAR P22z DV Tit, OBREmETHicE 2
FEIhd sREBMREHEFR L IIREBSHBOEE LTS E, TDLEDK
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spontaneous discharge

Impulses per 50msec

33 Impulses

Fig. 7 Spike-frequency histograms of an excitatory type (E-type) fiber.
Electrical shocks were applied to the upper lip at varying fre-
quencies for 15sec. In Figs. 5, 6 and 7, each histogram was
obtained by 2 superimposed tracings. The histogram shows num-
bers of impulses in successive 50 msec periods. Dots and lines
under the histograms indicate markers at which shocks were
applied. Note the marked increase in impulse discharges for re-

petition rates at 10 and 20 Hz.
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Fig. 8 Spike-frequency histograms of a non-response type (N-type) fiber.
Electrical shocks were applied to the upper lip at varying frequencies
for 15 sec. Reflex discharge were evoked by each electrical shock deli-
vered at 1 to 5Hz, while responses were induced only to the first
shock when the frequencies exceeded 10 Hz.
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Fig. 9 Spike-frequency histograms of an inhibition type (I-type) fiber.
Electrical shocks were applied to the anterior part of the tongue.
Note the inhibition of spontaneous discharges during the period
of repetitive shocks delivered from 10 to 100 Hz and the off-res-
ponse after cessation of the stimulation,

DIFIFLRE 2B L150-200msec 421213560
KEIZEIF LT, I-type HiMt (B, B=4) 1z
i* N-type ## X v b REIMBIRER T 5 MEHEI 3R
B bhic, RIBEEL50msec LN TORKMHE
BELITHES N, Z OEIEIZ500-700msec 1
BEL7c, Fig. 9/ADEHE A, B i zh Zhifilig
IR 15msec, 225msec @ & = N-type #if (13
=A) DL0Th B,

4. NEBEBOBIRIB I3 T 2 BIZZRmEE
BIRTRRHE O K s

PR SRISE ATTER D HIB I R L 72 6878 0 S BT
C2WT, REMREDRERELIE L, -
TN DR DI E BRI 10E D RFT DO EHE &
L7z, Fig. ILNGR L720K, KREBOBRHE DIRE
HBREIL 6 2> 5 16msec DREICH - 7z MBEEI TR

L7c 4 BRI REIC ORE O [R v SRl o R B IR
BELUc##e (Fig. 5f) o #EBE TH v, 36.8+
15.3msec (FHELIEHERE, n=4) Th o7,

7% D 641EIE 1SRRI AT o 4 1E AL o0 M I I
L7## (Fig. 5a-d) O¥ERETH Y, 10.7+3.2
msec (n=64) Th o7z, 68AKD Hirh22Ac -
Wi, ATEEOEAEIC HS5E E-, N, I-type I
SEUREHEEZIE Lz, E-type S omg
(solid column) i 7 7> 540msec DHEFHICH Y,

FEHfEIL16.8+11. lmsec (n=9) TH>7-, N-

type ##E (hatched columu), I-type ##E (dotted
column) DEREIZ 6 55 15msec DEFHIZH Y,

FIERZH E£h10.3+2.4msec (n=8), 10.8+
2.4msec (n=5) TH o7z, E-, N-, I-type i
DISEER ORI IX st EAROZRBD bhA



670

Number of fibers

Fig. 11

wHEFE 23 :662-676, 1981.

—
X
N
=
>
hd
a
©
=
3]
x
w

(=2
o

EN
o
T

N
(=]
]
R

U 1 1

|

J 0.5mV
40msec

150msec
O e )

0 100 200

1
300

1 1 1 1
400 500 600 700

Stimulus interval (msec)

Fig. 10

Time course of excitability changes in E-type, N-type and I-types fibers.

Excitability is expressed as a percent in ordinate, when the number of
impulses induced by the second shock was devided by that induced by
the first shock in the presence of paired shocks applied at varying inter-
shock intervals. Excitability changes in 5 preganglionic fibers are shown
in this graph; one E-type fiber (M, paired shocks were applied to the
lower lip), two N-type fibers (O, shocks were applied to the anterior
part of the tongue; A, shocks were applied to the lower lip) and two
I-type fibers (®, A, shocks were applied to the lower lip). Insert actual
recordings were obtained from N-type fiber (A) at 15msec (A) and 225
msec (B) intershock intervals. Shocks were indicated by arrows.

30 40 50
Latency (msec)

The latency of the reflex discharges
induced by a single shock applied to
the oral region in 68 preganglionic
fibers. The latency for each fiber was
obtained by averaging the value of
10 trials. Solid columns, E-type fibers;
hatched columns, N-type fibers; dot-
ted columns, I-type fibers; open co-
lumns, fibers not examined to which
type they belonged; asterisks, fibers
which responded to electrical stimu-
lation applied to wide areas of the
oral region.
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Fig. 12

Mean impulses of N- and I-type
fibers during 15sec-stimulation

Relationship between the volume of salivary secretion and the number of impulses

elicited in the preganglionic parasympathetic fibers in response to electrical shocks
applied to the upper lip for 15sec at nine different frequencies. Salivary secretion
and impulse discharge were independently recorded from different animals. Each
plot represents the mean value for salivary secretion in 5 animals, for 4 E-type
fibers (graph A), for 3 N-type fibers (solid circles in graph B) and for 3 I-type fibers
(open circles in graph B). The volume of salivary secretion correlated statistically
significantly with the magnitude of responses in E-type fibers. Regressor for salivary
secretion versus impulses of E-type fibers : y=0.35x-5.68 (r=0.92, p<0.001, n=9).
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Fig. 13

Inhibitory effects of conditioning stimulation of periaqueductal gray matter
(PAG) upon the reflex discharges of the preganglionic fibers (M, E-type
fiber responsive to anterior part of the tongue; ®, N-type fiber respon-
sive to anterior part of the palate; A, I-type fiber responsive to lower
lip). The conditioning PAG stimulation (seven 0.1 msec, 0.5mA pulses
at 300 Hz) was applied at varying intervals precedings the test stimulus
of the oral region. Relative magnitude of response to the test stimulus
is expressed as a percent in ordinate, when the number of impulses
induced by the test stimulus was divided by that induced by the control
stimulation of the oral region. Insert actual recordings are control res-
ponses (left recordings) and inhibition of test responses by conditioning
stimulation (right recordings) at conditioning-test intervals of 35msec
(A) and 138 msec (B). Dots and arrows indicate conditioning and test

stimulation, respectively.
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