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WHEN the submaxillary gland of the dog was made to secrete at a
constant rate by the continuous intravenous injection of pilocarpine,
the intravenous administration of sodium bicarbonate, sodium carbonate,
and sodium hydroxide always decreased the rate of secretion (EDDY,
1930). Evidence indicated that the decrease in secretion caused by
these substances was due primarily to changes in acid base equilibrium
of the blood and tissues. The present paper describes the effect upon
salivary secretion of lactic and hydrochloric acids. The technique of the
experiments has been described in previous papers-of this series (EDDY,
1929, 1930).

Lactic acid was administered 21 times to 13 dogs. Its average
effect upon secretion, an increase in every instance, has been plotted in
fig. 1, and the results in individual experiments are shown in figs. 2, 3,
and 4 (Plates IX. to XII.). The increase in secretion was obtained
with a dose of 0-3 c.c. per kilogram of M/6 solution. With a dose of
1 c.c. per kilogram of the same solution in all but one case the increase
in secretion exceeded 25 per cent. In the one exception the increase
amounted to 10 per cent. The maximum increase obtained with the
1 c.c. dose was 147 per cent. In all of the experiments in which this dose
was given the effect declined rapidly, and in five out of thirteen trials
fell below the original rate within ten minutes. In all of the experi-
ments the chorda tympani had been cut, and in five of them the vago-
sympathetic trunk also was divided before the injection of the acid.
Grouping these separately in comparison with those done with the
vago-sympathetic intact (fig. 1, C), the effect of the lactic acid was more
marked and slightly more persistent when the nerve had been cut.

When a dose of 5 c.c. per kilogram of M/6 lactic acid solution was
iniected the increase in secretion was very much greater. In one



instance it amounted to 570 per cent. However, the duration of the
effect was hardly more prolonged than with the smaller dose.

The lactic acid injections always increased the submaxillary blood-
volume flow, but to a less extent, comparatively, than secretion-20 per
cent. on the average with the 1 c.c. dose and 60 per cent. on the average
with the 5 c.c. dose of M/6 solution per kilogram. With both doses, as
a rule, the blood-volume flow was still slightly above the original level
at the end of ten minutes. Also there was no difference in the effect
upon submaxillary blood-volume flow whether the vago-sympathetic was
intact or not.

The intravenous administration of lactic acid produced small
fluctuations in blood-pressure and some increase in pulmonary ventila-
tion. In both respects the changes were greater with the larger doses
of acid, but were more quickly recovered from than the changes in
secretion and blood-flow.

The increase in blood-volume flow might be a factor, but did not
seem of sufficient magnitude to be the primary cause of the increase
in salivary secretion produced by lactic acid. A change in acid base
equilibrium is another possible factor, as well as some additional effect
of the lactate ion. As checks upon these possibilities we administered
another stronger acid, hydrochloric, and a solution of sodium lactate.

Hydrochloric acid in M/6 solution was administered in doses of
0 3 c.c., 1 c.c., and 2 c.c. per kilogram, respectively. With each of these
doses salivary secretion was always increased. The increase was about
the same on the average as that produced by similar doses of lactic acid
(fig. 1). The results were not modified by the previous cutting of the
vago-sympathetic. However, they showed some irregularity in duration
and magnitude (see fig. 5, Plate XIII.). In two experiments the secre-
tion rate was still above the original level at the end of ten minutes.
In all of the others there occurred secondarily a decrease in the rate
of secretion below the original level. This was particularly marked in
Experiment No. 321 (fig. 5, E). Unfortunately, in this case a record
of the blood-volume flow was not obtained. It has been noted previously
(EDDY, 1929) that, after the increase in secretion caused by an increase
in the carbon dioxide content of the inspired air, there was a similar
tendency for the secretion rate to fall below the original level, when
the breathing of room air was resumed, especially if the concentration
of carbon dioxide had been high or its administration prolonged. With
lactic acid too a subsequent decrease in secretion was seen, but in only
about a third of the experiments. Perhaps it is to be expected that
an increase in glandular activity will be followed by a compensatory
decrease. At the same time an acid condition, despite or in addition
to its augmenting effect on salivary secretion, may cause some damage
to the gland cells which would account for the secondary decrease in
secretion. One might expect that the injection of lactic acid would be
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less harmful than the injection of hydrochloric acid, and that the
recovery process would be better due to the fact that the lactate ion is
consumed as food by the body. Its damaging acid effect would be,
therefore, more transitory.

Hydrochloric acid increased submaxillary blood-volume flow moder-
ately, to about the same degree as did lactic acid. It produced usually
a transient fall in blood-pressure, and it increased pulmonary ventilation,
briefly as a rule.

Fourteen experiments were performed in which M/6 solution of
sodium lactate was injected intravenously. In a dose of 1 c.c. per
kilogram it decreased secretion slightly if the vago-sympathetic was
intact. In a dose of 5 c.c. per kilogram a greater decrease in secretion
was produced. However, when sodium lactate solution was injected in
a dose of 1 c.c. per kilogram with the vago-sympathetic cut, there
occurred not a decrease in secretion but an increase (see fig. 1, B).

Sodium lactate produced a moderate increase in submaxillary blood-
volume flow of like degree whether the vago-sympathetic was cut or
not. It also produced a moderate rise in blood-pressure and a de-
pression of pulmonary ventilation, both transient and both occurring
with the vago-sympathetic intact and with it cut (figs. 3 and 4).

These results suggest central as well as peripheral action of sodium
lactate on salivary secretion, the former inhibitory and the latter
augmentory in character. Although the intravenous injection of
sodium lactate may lead to an increased alkalinity of the blood, this
need not necessarily bring about a similar change in the secreting cells.
For example, if we imagine that the increased concentration of the
lactate ions in the blood leads to an equal exchange of lactate and HCO3
ions between the blood and the cells, the cells would turn more acid
because lactic is a stronger acid than carbonic acid. Thus the peri-
pheral augmentory effect of sodium lactate could be interpreted on the
basis of hydrogen-ion concentration, and both of its actions could be
brought into harmony with the effect of lactic acid injections, following
which the augmentation of secretion was greater with the sympathetic
supply to the gland cut. This also suggests a central inhibitory action
antagonistic to the peripheral action as with sodium lactate.

The act of cutting the vago-sympathetic while the submaxillary
gland was secreting at a constant rate under the continuous influence
of pilocarpine increased submaxillary blood-volume flow sharply but
decreased the rate of secretion (see fig. 6). Cutting the cervical sym-
pathetic by cutting off tonic vasoconstrictor impulses naturally pro-
duced vasodilatation in the head region and increased submaxillary
blood-volume flow. The blood-flow shortly began to decrease again,
but continued, as a rule, for the remainder of an experiment, more
rapid than before the nerve was severed. At the end of the tracing
shown on p. 324, for example, the blood-flow was 20 per cent. faster than
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the original aind continued at that rate. Some time after thle nerve
wAas cut the secretioi slo,4wly increased againi, but did Inot coiime back
to the rate before the nierve was cut. Such recovery as occurred Nas
much slower than the recovery of the blood-flow. Again referring to
the tracing ill fig. 6, at the end of twenty miinutes, wvhen the blood-flow
was back to a rate 20 per cent. faster thani the original, the secretioni
rate was but slightly more than half the initial. The results were
similar in other experiments.

Increased rate of blood-flow might be expected to increase tissue
activity, but very rapid blood-flow through the submaxillary gland
after division of the sympathetic might work differently. The increased
blood-flow by xx ashihg out carbon dioxide would render the cells
more alkaliine, ard it has been shown that the glan-d cells are very
sensitive to clhanges in acid base equilibrium. Their activity was

Fm,. (6.

decreased by alkaline ageints. It is suggested additionally that thie
results may iindicate a central stimulating effect of pilocarpine mlediated
through the sympathetic. to which w-e lhave inot beeni able to find any

previous referenice.
Soimletimlles, as in hig. 6, the first drop of saliva after divisioii of the

symiipathetic fell miiore quickly. This might be the result of mlleclalical
stinmulation of tHe symiipathetic fibres at the timiie of sectiol.

GESELL (1 9L0) has reported observationis supporting a dual
mechaniismii of secretion, elaborationi, an(d liberation, tlle latter associated
\with active conitractioni of certaini conistituienits of the secreting) cells
tlhemiiselves. RABKIN anid AMLARRIN (1927) andI3ABKIN anid AMACKAY
(130))) have addtuCed evidCen1ce of Imiotor fibres in the sympathetic \Nio,.e
r6le is to activate the coIntractile elemiienits of the glaind. If the synlm
pathetic supp)ly to the glaind NA-as continuously stiImulated centrally by\A
the pilocarphine inj.ectioni, the cuttinig of the nerve by cuittinig ofi thie
sympathetic mllotoIr imipulses w-ould allow- relaxationi of the contractile
elemiienits of the glanid just as cutting the vasocollstrictor fibres allows
relaxation of tlhe blood-vessels. If the miiotor effect is upon the glan1d
acnd Inot upon the duict (BABKIN anid \IMLARR-N,. loc. cit.), its initerruiptioll
miiight damii baclk the secretioin tllat is, retardi the liberation pJhase of
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secretion, and give the appearance of a slower secretion rate. How-
ever, a secretory factor seems to be involved also on account of the
incomplete recovery of the secretion rate. For, if the rate of production
of saliva was constant, the rate of flow from the cannula should have
returned to the original as soon as the relaxed spaces in the gland
were filled.

Both lactic acid and sodium lactate increased blood-volume flow
to about the same percentage extent with the sympathetic intact or
cut. The percentage increase in each case has been calculated upon
the rate of blood-flow immediately before an injection. As explained
above, this initial blood-flow was greater in those experiments in which
the sympathetic had been cut. Therefore, in the same experiments
the actual blood-flow through the gland after the injection of the
experimental agent was also greater than in others with the nerve
intact.

Possibly this more rapid blood-flow would account for the differences
in the effects of lactic acid and sodium lactate before and after the
cutting of the vago-sympathetic. Against this explanation, however,
is the fact that other agents-carbon dioxide and hydrochloric acid,
sodium bicarbonate, sodium carbonate, and sodium hydroxide-where
conditions in regard to initial blood-flow and increased blood-flow pro-
duced by their administration were the same as with lactic acid and
sodium lactate, had the same effect upon salivary secretion, quali-
tatively and quantitatively, both before and after the division of the
vago-sympathetic.

Finally, there is another possible factor involved in the action of
lactate ions upon secretion. Evidence has been presented (KRAUSE
(1927), HIMWICH and ADAMS (1929), and others) that catabolic changes
in glandular tissue include the production of lactic acid as a step in the
supply of energy to the gland cells. The administration of lactate ions,
either as lactic acid or sodium lactate, might increase secretion, therefore,
by increasing the energy available to the gland. In other words, the
food value of the lactate ions might be a factor in their peripheral
augmentory effect upon salivary secretion.

SUMMARY.

In the dog the secretion of the pilocarpinised submaxillary gland is
increased by the intravenous administration of lactic and hydrochloric
acids. With the latter the increase in secretion varies in duration and
magnitude and is followed frequently by a decrease below the original
level. Its effect is the same whether the sympathetic supply to the
gland is intact or not.

Both agents increase the submaxillary blood-volume flow with the
vago-sympathetic intact, but the magnitude of this change seems
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insufficient to account for the increase in secretion though it might
contribute to it. A similar increase in blood,-volume flow is produced
after cutting the vago-sympathetic.

The increase in secretion produced by lactic acid is greater if the
vago-sympathetic has been cut.

Sodium lactate, intravenously injected, decreases salivary secretion
if the vago-sympathetic is intact but increases it if the nerve is cut.
It increases submaxillary blood-volume flow in a like degree whether
the vago-sympathetic is intact or not.

The differences in the effects of lactic acid and sodium lactate
before and after section of the sympathetic supply to the gland suggest
a central as well as peripheral control of salivary secretion. The
lactate ions appear to be inhibitory to the central and augmentory to
the peripheral mechanism of secretion.

All three agents cause transient changes in blood-pressure, and both
of the acids always increase pulmonary ventilation, though the change
is generally more transitory than the effect upon secretion. Sodium
lactate has no effect upon pulmonary ventilation or decreases it. Again
the effect is transient.

It is believed that changes in the acid base equilibrium of the
tissues and blood are an important factor in the effect upon secretion
of lactic acid, of hydrochloric acid, and of sodium lactate. Coincident
changes in blood-volume flow probably affected the results, and some
additional effect of the lactate ionis, such as their use as food material
supplying energy for secretion, may be involved.

The act of cutting the vago-sympathetic, while the submaxillary
gland was secreting at a constant rate under the continuous injection
of pilocarpine, increased submaxillary blood-volume flow sharply but
decreased the rate of secretion. Possible mechanisms producing these
changes have been discussed.
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For Explanation of Plates see p. 320.

326



Quarterly Journal of Experimental Physiology, Vol. XX., 1930.] [PLATE IX.

10 : /

D Hydrockloric QIcA- M/b. 0.3cc.perK{i[t. -Icc.perTi[o.

60

--cc.perI{ito. Y690-sgrpoaIketic cat.
I., LaCtEc0cd. - M/4. - Icc.perl{ito. 'V'ao-Sliupatketic ititct.

aO .

10

-...lcc. perKilo. Vago-Sgmpatketic clit.
B Sodit(LQcidTe-M/6/X. ImperlCio. Ygo-8Sppdhelic iTtIoct. --C.EKo

O0- - . -~-

220 - - .
200 ! '160 - !\

ioo - ! '

00 - !'.80 .. . .. . .. . . .. . .. .

ALacti'c QCid - A/6 ... 0.3cc.perHilo. - Icc.peTiO. --cc.perWio.

l i O8 10 llilts

Fig I. SL[iLyarrj Secretiot, - dyerTaoe Resalts.
EDDY, " The Effect upon Salivary Secretion of Lactic Acid," etc.



Quarterly Journal of Experimental Physiology, Vol. XX., 1930.]

300
280
260
2'{0
220
200
180
160

100

so

60
£o
20
0

-I
-LI \

LI\

-I\

TI
i-I

LI,\
''Iji\

C E~xp. 170. LQctic Qci&- Mv/6 - 5cc. per H{i(o.

B Exp. im. Lactit cit - M/6c-lc. per Hilo.

26£1
- aGOcc.

60 - 0.,

E'Xp. 138.' Lactic Qcid - M/4 Icc. peT io

I I I gI I I I I I I I I I I I I I I I I I I I
2 1t 6 a O 102llRinutes.

PutlLolaTg Yeltilatiom. .... lllea BloodPresmvre.
F.19. 2.- - SoAivor9 SecTetioT. - -- Subiriox llWary Blood Yolwae Flouf.

EDDY, " The Effect upon Salivary Secretion of Lactic Acid," etc.

IOhrxx
109111

130iR .

- - ~ 1380cc.

[ PLASTE X .



Quarterly Journal of Experimental Physiology, Vol. XX., 1930.] [PLATE XI.

100 "t
80
60 -

qo -
10... n-...--M......
0

20 - - ...221c.200
Exp.ia. Sodiul, Lactate -M/6 -Scc.per tilo.

£10

D0 -x.i.S-(i *atae- M/\ -5cc.per io.-

L Ex.ii -oti -att -M/ -IcerLo

3580cc.
Exp. , Sodiut lactate - M/b -5cc.perKilo.

20 -

0 160cc.
UEp.M1. Soduiue Ldctate - M/6 - Icc.peT Kilo.

lao

0
130-1730cc.

A Exp. 7o. Soatiu Lctate - M/ - Icc.per Kilo.

120 - 8
100- I
80- 1.\\

40 - ,! '

Pul1ioidTg Veliatoll.ledatL BLood Press re.

FU3.--salivOr Secretiot. - - SubiRaxillarq Blood VoLume Flow.
EDDY, "The Effect upon Salivary Secretion of Lactic Acid," etc.

VOL. XX., NO. 4.-1930. 25"-v



Quarterly Journal of Experimental Physiology, Vol. XX., 1930.]

0 ~ ...-.-0..-. -
3200cc.

20 Li Exp. 3o. Sodt&um Lactote - Mf~-I cc.per1{Uto. V%jo-Sy1Icpat4etic cal.

20

C XP. 302. SodiamLactcite - AAfb - Icc. peTRl{o. Vaqo-SylIcpat4etic ctit.

IS0
120
100
g0
60
L0
20
0

-1
-LI \

I-

............... ;
.* 3600cc.

B EXp.301. Lacticcid -M/- cc.per kilo.1.VaSO-SytpaltWet( t.

20 A Exp. 2iq. Lultacid - /6- Icc. perKi.o. Va9o-Syxpatetic cut.

2 10 IllRinaites.

- Pulmonary VetillatloT. - il-ena BloodcPressure.
Fl9. q. - - SatiVdrT Secretion.. -.-Submailltary Blood Yolume Flow.

EDDY. " The Effect upon Salivary Secretion of Lactic Acid," etc.
25*

[PLATE XII .

10 L
^ rt I



Quarterly Journal of Experimental Physiology, Vol. XX., 1930.] []

20 - /
I...........................

20 E - -

EExp.nz. HgdTaCkTiCoritai - M/6 - Icc per Rilo. Yaqo-Sgatpatlkelic cal.

U Exp.as8. Hgdrocthoric Lcid - hV - Icc.perTHlo. Yago-Sgmpdthetic cut.

-

-I -\'-

- - -

/ --

U Exp 'i'. Hgdrochlor[c acid - /- 2cc. per Kilo.

60

0 ..... ..t..:..,.

20 c- vB Exp. §o. Hydrochloric Ocid - N6 - icc. perH ilo.
80
60

4001-j N

2.0 -. . . . . 10c
A Exp.i2 . HdTrochloric acid- M/6 - Icp er Kilo.

1,i 1 ii1, 1 1, 1, 1, 1, 1, 1 1, 1, 1
2 't6 8 10 I11 linutes.

-Pulkolury YeutilatioT. * llean Blood Pressure.
F5g.5- - SalQorT Secretion. - - SubdIIaOiLXUI Blood NVoluue Flow.

EDDY. "The Effect upon Salivary Secretion of Lactic Acid," etc.

PLATE XIII.

283occ.

............................ S90ni
3200cc.

100
80
60

10
0

20
'10

lOOmm.
3020cc

62i1M.
3cc- . -

~ ~ 2310cc.

100- r N

80 I
I "., -- - -- - "..

I...i
60 -
q o- //
20 - / .,- , .-

I.-.
.-

0-20- n .

.- - - - -,,O
el 11%. -.0

",- ""'
- - - N

., I .1 11 .1 -




