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1. Introduction

The induction of secretion by secretagogues, such
as epinephrine or acetylcholine, is accompanied by a
marked increase in respiration in rat parotid [1] and
submandibular [2] salivary glands. Blockage of respira-
tion with inhibitors of oxidative phosphorylation
prevents secretion [3] indicating that respiration-
produced energy is required for proper secretion. The
extract nature of the relationship between respiration
and secretion is still speculative, however, it has been
postulated that the “extra’ energy derived from
elevated respiration is used for secretory granule—
plasma membrane interactions [4,5].

While increased glucose oxidation has been reported
for stimulated salivary gland slices [1, 2], neither
normal nor increased fatty acid axidation has been
adequately demonstrated for such preparations, even
though one group of investigators has suggested the
possibility that much of the increased respiration
during secretion could come from fatty acid oxidation
[3]. Very recent studies in this laboratory have shown
that isolated submandibular gland mitochondria readily
oxidize palmitic acid [€], definitely demonstrating
that this tissue can utilize fatty acids for energy
production. :

Studies of fatty acid involvement in secretion with
tissue slice preparations are complicated by the fact
that Ca** is required in the medium for adequate
secretion [7,8], yet Ca?" is a potent precipitant of
fatty acids. This problem was overcome in the present
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series of experiments by using a two stage incubation
wherein the fatty acid was incorporated into the tissue
before the addition of Ca®* and stimulant,

The results indicate that palmitic acid can be
oxidized to CO, by submandibular gland slices and
that this oxidation rate is increased during secretion,

2. Materials and methods

Radiochemicals were obtained from New England
Nuclear (USA). Epinephrine bitartrate and Tes buffer
were purchased from Calbiochem (USA).

2.1. Preparation of 1-'*C-palmitate-labelled slices

For each preparation 6 to 8 male rats of the
Long—Evans strain were killed by decapitation and the
submandibular glands quickly excised, cleaned and,
after removal of the closely-adhering sublingual glands,
placed in Ca® free Krebs—Ringer saline [9] containing
5 mM inosine [10} and buffered with 25 mM Tes
(pH 7.4) at room temp. Glands (1.5-2 g) were then
cut into 10--20 mg pieces with a razor blade and all
transferred to 4 ml fresh buffer, 1-!*C-palmitate (in
5 ulacetone) was added to give an approx. conc. of
1075 M and activity of 0.5-1.5 uCi. After thorough
gassing with O, , the flask was stoppered and incubated
at 37°. Fig. | shows the disposition of the label among
the lipids on continued incubation. Far most oxida-
tion studies a time period of 30 min was used to label
the slices. At this period there was no measurable
conversion of palmitic acid to any non-fatty acid
materials except CO, . The medium was decanted and
the slices washed with several changes of buffer and re-
incubated in 4 ml of buffer for 10 min. After a further
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Fig, 1. Accumulation of radicactivity in lipids of submandi-
bular gland slices during prolonged incubation in the presence
of 1-1%C-palmitic acid.

washing, the slices were placed on a buffer-dampened
filter paper contained in a petri dish. After gentle
blotting, the tissue slices were divided into 100 (#3) mg
portions, each of which was placed in 1 ml of Krebs—
Ringer saline containing Ca** and buffered with Tes.
Epinephrine was added as indicated in the text. Each
vessel was then gassed with O,, stoppered with serum
stoppers fitted with disposable polypropylene centre
wells (Kontes Glass Co., USA) and incubated at 37°

for varying periods of time.

2.2. Measurement of '*CO, production

Reactions were terminated by injection of 0.4 ml
4 N HCIQ,, into the medium followed by 0.3 ml
hyamine hydroxide into the centre well, Incubation
was then continued for 2 hr after which the centre
wells were placed in scintillation vials containing 3 ml
methanol and 10 ml of scintillation fluid was added
(Liquifluor, Nuclear Chicago, USA). The measured
radiocactivity was corrected for quenching and adjusted
to 100% efficiency.

2.3. Measurements of the secretory response

The extent of secretion and possible changes in
response to epinephrine was measured in samples
separate from those used for 14CO, collection because
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Table 1
Secretion from submandibular gland siices.
Incubation PIANA. ?rotein_
conditions in medium in medium
(nmoles) (ug)
No additions (controls) 188 +1.2 3240+ 56
S0 uM epinephrine added 355+1.8 3780+ 109

Slices (23 g) were incubated for 30 min at 37°, in Ca?" free
Krebs—Ringer saline buffered with 25 mM Tes pH 7.4, then
rinsed several times with fresh media and re-incubated in
200 mg lots in 1 ml of fresh buffer containing Ca?* for 2 hr.
The medium was clarified by centrifugation and analyzed for
N-acetylneuraminic acid (NANA), after hydrolysis, and for
protein. Figures are mean + S.E.

HCI0, partially destroys both sialoprotein and lipid.
At the termination of the final incubation the medium
was decanted, centrifuged and the clear supernatant
fluid used for the estimation of sialoprotein [11] and
protein [12] . The tissue slices were rinsed with isotonic
saline several times, then homogenized in 50 mM KCl
and the lipids extracted [13] . The purified lipids were
separated and analysed as reported previously [14, 15].

3. Results

Fig.2 shows that palmitic acid was readily oxidized
by submandibular gland slices and that added epine-
phrine markedly increased this oxidation. Table 2
indicates that fatty acid from both phospholipid and
triglyceride, as well as the free fatty acid in the slice
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Fig. 2. Production of '*C0O, from submandibular gland slices
labetled for 30 min with 1-'*C-palmitic acid.
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Table 2
Labelling of lipids in submandibular gland slices by 1-'*C-pal-
mitic acid.

dpm in lipid/mg fresh tissue

At termination of second

At end of incubation (2 hr)
30 min
pulse Contiol * 5.0 “MA
epinephrine
Triglycerides 624 321 229
Phospholipids 619 596 483

(cf. fig. 1), were utilized. As would be expected, tri-
glycerides were the most affected by the lipolytic
action of epinephrine [16] . Submandibular salivary
gland has been shown to contain appreciable lipase
activity [17] whose activation could be mediated
through epinephrine.

The addition of unlabelled glucose (0.1—1.0 mM)
to the palmitate oxidation system either during pulse
labelling or during the final incubation had no meas-

urable effect on '*CO, production (unreported results).

However, '*C-glucose oxidation was inhibited by pre-
treatment of slices with unlabelled palmitic acid

(table 3) and this inhibitory effect appeared to be more
pronounced on epinephrine-treated (secreting) slices.

4. Discussion

The present results demonstrate that submandi-
bular gland can oxidize fatty acid for energy produc-
tion and that this oxidation is in¢reased during epine-
plirine-induced secretion. While glucose has little
apparent influence on fatty acid oxidation, the
presence of fatty acids appears to depress glucose
oxidation especially during secretion. The se findings
strongly suggest that energy production from fatty
acid oxidation is preferred by this tissue during secre-
tion.
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. Table 3
Effect of palmitic acid on *CQ4 production from UL-19C-
glucose in vitro.

T‘?rpe of Additions d‘pm in 1%C0,/mg fresh
slices Lissue/3 hr

A none 2261 (100)

A 50 uM epinephrine 3776 (167

B none 1873 ( 83)

B S0 uM epinephrine 2587 (114)

Conditions: 1-2 g fresh slices (each slice about 15 mg) were
incubated for 10 min in Krebs—Ringer saline (no Caz*), rinsed
several times with fresh buffer and then divided into two
parts. A) Slices were incubated a further 10 min, then rinsed
and transferred to fresh medium containing UL-'*C-glucose
(approx. 2 pCi) and incubated 5 min. After thorough washing
the slices were divided into 100 mg portions each of which
was placed in 1 ml fresh buffer (+Ca®). After 3 hr of incuba-
tion, the released 14CO4 was collected and measured. B)
Identical to (A) except that the initial 10 min incubation
medium contained 0.1 mM palmitic acid. Results are mean of
3 experiments. Parentheses indicate percent.

References

[1] T. Ueha, O. Cantanzaro, R. Hanson and R. Lindsay,
Amer. J. Physiol. 220 (1971) 312,

[2] R.S. Sandhu, C.F. Gessert and A.R. McIntyre, Biochem.
Pharmacol, 13 (1964) 1100,

i3] H. Badad, R. Ben-Zvi, A. Bdolah and M. Schramm,
European J. Biochem. 1 (1967) 96.

f4] H. Rasmussen, Science 170 (1970) 404.

(5] B. Rossignol, C. Herman and G. Keryer, FEBS Letters
21(1972) 189.

[6] H. Horak and E.T. Pritchard, Biochim. Biophys. Acta
253 (1971) 12.

[7] W.W. Douglas and A.M. Poisner, Nature 196 (1962) 379,

[8] W.W. Douglas and A.M. Poisner, J. Physiol. 165 (1963)
528.

[9] W.W. Umbreit, R.H. Buiris and J.F. Stauffer, Manometric
Techniques (Minneapolis, Burgess, 1957) p. 136.

[10] Z. Selinger and M. Schramm, in: Cyclic AMP and Cell
Function, eds. G.A. Robinson, C.G. Nahas and L. Triner,
Annals N.Y. Acad. Science Vol. 185, p. 395.

[11] L. Warren, J. Biol. Chem. 234 (1959) 1971.

[12] O H. Lowry, N.I. Rosebrough, A.L. Farr and R.J.
Randall, J. Biol. Chem. 193 (1951) 265.

[13] J. Folch, M. Lees and G.H. Sloane-Stanley, I, Biol. Chem.
226 {1957) 497.

[14] E.T. Pritchard, Arch, Oral Biol 12 (1967) 1445,

[15] E.T. Pritchard, Arch. Oral Biol. 15 (1970) 879.

[16] I.F. Hagen and P.B. Hagen, in: Actions of Hormones on
Molecular Processes, eds. G. Litwack and D. Kritchevsky
(Wiley, New York, 1964} p. 268.

[17] E.T. Pritchard, J.A. Yamada and J.E. Cushnie, Arch.
Oral Biol, 16 (1971) 981.



