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Studies on the relationship between the oxygen uptake and the
release of amylase and sialic acid. Keiko NAKANO, Santa ICHIKAWA,
Takao KomaBavasui*, Tetsuya Izawa* and Minoru TSUBOI* (Department of
Physiology, School of Medicine, University of Showa, Shinagawa-Ku, Tokyo 142. Department
of Pharmacology, Tokyo College of Pharmacy, Hachioji, Tokyo 192-03, Japan*)

The relationship between the oxygen uptake and the release of amylase and sialic
acid induced by pilocarpine was investigated in dog submandibular glands.

1. Pilocarpine dose-dependently stimulated the oxygen uptake. The dose required
for the maximal response was 10 pzM.

2. The release of amylase and sialic acid induced by pilocarpine was inhibited by
the addition of iodoacetic acid, malonic acid, 2, 4-dinitrophenol, antimycin A or
sodium azide. The oxygen uptake induced by pilocarpine was significantly inhibited
by iodoacetic acid, malonic acid, antimycin A or sodium azide. On the other hand, 2,
4-dinitrophenol further stimulated the oxygen uptake by pilocarpine.

3. The increase in the oxygen uptake or the release of amylase and sialic acid
induced by pilocarpine was significantly inhibited by ouabain.

4. The Na*, K*-ATPase activity ratio in the microsomal fraction of dog submandi-
bular glands was dose-dependently increased by pilocarpine.

5. The Na*, K*-ATPase activity ratio induced by pilocarpine was significantly
inhibited by ouabain, antimycin A, oligomycin or 2, 4-dinitrophenol.

6. The pilocarpine-induced Nat, K*-ATPase activity ratio was significantly inhibited
by the removal Ca?* from the medium or the addition of 2mM EGTA.

7. These results suggest that the increase in the oxygen uptake by pilocarpine is
profoundly involved in the energy supply for the process of amylase and sialic acid
release. In particular, the energy supply demanded for the activation of Na* pump
may play a role in the mechanism by which pilocarpine induces the oxygen uptake.

key words : dog submandibular gland, oxygen uptake, rglease of amylase and sialic
acid, Na*, K*-ATPase activity ratio
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Fig. 1. Dose-response curve for the effects of
pilocarpine on the oxygen uptake in dog sub-
mandibular gland slices. Each point represents
the mean+S. E, for seven experiments.
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Table 1. Effects of the inhibitors of energy metabolism on the oxygen
uptake or the release of amylase and sialic acid induced by pilocarpine.

Release
Conditions Amylase Sialic acid Oxygen uptake
(Unit/100 mg/hr)  (ug/100 mg/hr) (¢1 0,/100 mg/hr)

Control . 0.032+0.005 31.5+1.1 62.5+2.4

10 uM pilocarpine 0.127+0.007 60.9+2.3 117.3+24

4+ 1mM iodoacetic acid 0.045+0.005* 36.942.2% 43.7+1.1*
+ 5mM sodium azide 0.088+0.004* 18.0+1.7* 46.4+0.9*%
+10mM malonic acid 0.092+0.007* 32.9+2.5% 67.3+4.0%
+10 #M 2, 4-dinitrophenol 0.071+0.006* 60.0+2.0N. S. 142.3+3.7*
+100 uM 2, 4-dinitrophenol 0.047+0.003* 32.842.3% 159.243.3*
+3.8 yM antimycin A 0.049 £ 0.005* 25.3+0.7* 37.74+1.9*%
+38 pM antimycin A 0.038+0.003* 23.5+0.8* 22.9+1.0%

Each value represents the mean=+S. E. for seven experiments.
* p<{0.01. N. S. : not significant.

Table 2. Effects of ouabain on the oxygen upatke or the release of
amylase and sialic acid induced by pilocarpine.

Release
Conditions Amylase Sialic acid Oxygen uptake
(Unit/100 mg/hr) (¢#g/100 mg/hr) (¢l 02/100 mg/hr)
Control 0.030-£0.003 28.5+3.1 58.3+2.7
10 #M pilocarpine 0.1150.006 41.8+2.3 117.0+2.2
+100 M ouabain 0.067 +0.009* 22.4+1.2% 81.1+2.6%
+ 1mM ouabain 0.059+-0.005* 21.144.3*% 78.3+1.8*%

Each value represents the mean+S.E. for seven experiments. * p<{0.01.
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Flg' 2 @%@‘(%E‘D ER A R L ratio. Each point represents the mean+-S. E. for

ok Nat, K*-ATPase activity ratio o seven experiments.
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Table 3. Effects of the inhibitors of energy

metabolism on the Na*, K*-ATPase activity
ratio induced by pilocarpine.

Nat*, K*-ATPase

Conditions activity ratio
Control 0.23340.023
10 #M pilocarpine 0.841+0.127
+4.5 yM antimycin A 0.200+0.009*
+ 5 ¢M oligomycin 0.2414:0.013*
' 4+1004M 2, 4-dinitrophenol  0.203:+0.022%
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Fig. 3. Effects of ouabain on the Na*, K*-
ATPase activity ratio induced by pilocarpine.
Each column represents the mean+S.E. for

seven experiments.

Table 4. Effects of Ca?* removal on the
Na*, K*-ATPase activity ratio induced by
pilocarpine. )

Each value represents the mean=+S. E. for seven
experiments. * p<0.01.

F. ey vBEEEo Nat, K*-ATPase
activity ratio W RIFT VvV V1 v
&2
Fig.3 ma&fBEED v 731 vEBHENLE
s> Na*, K*-ATPase activity ratio /)8 L7
LOTHDH. ¥rhr ¥ v X B Nat, K-
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G. veiarvviigEo Nat, K-ATPase
activity ratio 1z ®i¥ 3 Ca?t 0 &
Tabled 1€ r A€ v E o Nat, K-
ATPase i Kig¥ Ca** OFES R LD T

Na*, K*-ATPase

Conditions activity ratio
Control
Normal medium 0.233+0.023
10 #M pilocarpin
Normal medium 0.841+0.127
Ca%*-free medium 0.367+£0.021*
Ca?*-free+2mM EGTA 0.271+0.018*

medium

The Ca?*-free medium had essentially the
same electrolyte composition as the Nat*-
containing medium, except that the CaCl, was
omitted. Each value represents the mean+S. E.
for seven experiments. * p<{0.01.

H5.

Ca® %Br% U7 Ringer %3 X ¢ Ca? %%
£1L, bk 2mM EGTA %1% 7- Ringer
BB WTEr ALYy B o Naf, K+
ATPase activity ratio (3.1 7 7z Ringer % D
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