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Effect of the Chronic Administration of Isoproterenol
on the Oxygen Uptake in Rat Submandibular Glands

Summary

The oxygen uptake in rat submandibular glands
treated with isoproterenol was measured by utilizi-
ng various agents. The chronic administration of
isoproterenol (2.5mg/100g body weight/day s. c.,
for 6 days increased the weight of submandibular
glands compared with that of the untreated control
by 2.65-fold. Although the oxygen uptake in the
treated tissue was increased by the addition of ad-
renaline, noradrenaline, phenylephrine of pilocarpi-
ne, the level of the oxygen uptake was considerab-
ly Tow compared with the case of the normal tissue.
On the other hand, isoproterenol and substance P
significantly increased the oxygen uptake in the
normal tissue, but did not in the treated tisste.
Adrenaline response in the normal tissue was inhi-
bited by both phentolamine and propranolol, wher-
eas that in the treated tissue was inhibited by
phentolamine, but was not by propranolol. Pilocar-
pino response in the normal and treated tissue was
inhibited by atropine. From these data it is conc-
luded that the chronic administration of isoprotere-
nol causes the change of a- and B-adrenergic, mus-
carinic and peptide receptors related to the oxygen

uptake.

Intrduction

Since Selye et al. (7) reported that the chronic
administration of a large dose of isoproterenol (IPR)
caused enlargement of the salivary glands of rats,
many morphological studies have been carried out
,8).

used by IPR is accompanied by the stimulant effect

The enlargement of the salivary glands ca-

(3
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of DNA synthesis (2,3). Durham (3) reported that
IPR (0.3 mmole/kg body weight), when injected
into the mouse interaperioneally, increased the wei-
ght by 35% and stimulated DNA synthesis 30-fold
0 the protid glands. Such morphological study
has been carried out, but physiological and pharma-
cological study has not been carried out on the en-
larged glands to clarify various aspectes of the cel-
lular hypertrophy.

The author studied the response of the oxygen
uptake caused by various pharmacological agents in
the enlarged submandibular glands by the chronic

administration of IPR.
Materials and Methods

The rats used in this experiment were Wistar
strain males weighing 180-200 g. The animals had
free access to a standard pelleted diet and water,
and were divided into 2 groups : the untreated cont-
rol that received the sterile saline and the treated
group that received the administration of IPR (2.5
mg/100 g body weight/day, s. ¢.) for 3 or 6 conse-
cutive day. The animals were fasted for 18 hr
prior to sacrifice and killed by a blow on the head.
The submandibular glands were removed and placed
in a Krebs—-Ringer phosphate buffer (pH 7.4), and
cut with Stadie-Riggs slicer into slices (slice thick-
ness ca. 0.5-0.8 mm). Warburg vessels each con-
taining a tisste of approximately 60-80 mg were
immersed in 3 ml medium. The oxygen uptake
was measured by Warburg’s mononetric method
under pure oxygen for 60 minutes at 37.5°C The
adition of reagents was made after preincubation

for 10 minutes.

N/



The drugs used were : adrenaline and noradrena-
Pilocarpine and atropine
from Sanko Co., IPR from Tokyo Kasei Co., Phe-

nylephrine from Sigma Chemical Co., Propranolol

line from Sankyo Co.,

from Sumitomo Kagaku Co., Substance P from

protein Research Fundation, Japan.

Results

The administration of IPR for 3 days did not in-
crease the weight of submandibular glands compa-
red with that of the untreated control, but that
of IPR for 6 days increased the weight by 2.65-
fold.
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Fig. 1 Effect of pharmacological agents on the
oxygen uptake in the normal and treated
tissue.

%, ¥ P<0.001 compared with control value.
Each column represents mean = SEN for seven
experiments.

Figure 1 represents the change of the oxygen
uptake caused by various agents in the tissue trea-
ted with IPR for 6 days and its control. The oxy-
gen uptake in both the normal and treated tissue
was increased by the addition of noradrenaline, ad-
renaline, phenylephrine or pilocarpine, compared with
the control level. However, the level of the oxygen
uptake which was observed in the treated tissue
was significantly low compared with that of the
normal tissue. On the other hand, the oxygen up-
take of the normal tissue was apparently increased
by the addition of IPR and substance P, but that
of the treated tissue was not.

Table 1 demonstrates the effect of phentolamine,
propranolol, and atropine on the adrenaline and pi-

locarpine response in both the normal and treated

0, uptake (p10,/100mg wet W./hr)

Conditions Normal tissue Treated tissue
Control 139 4 125
55 pM Adrenaline 178 3 152+ 4
+10 yM Phentolamine 1384 ° 12316 *
+100 uM Phentolamine 132£5° 12916 °
+10 pM Propranolol 181 £ 4 NS 149 £ 3 NS
+33.8 M Propranolol st 3. 5 £ 5 NS
10 pM Pilocarpine 19619 13816
+10 pM Atropine 129+ 3¢ 107t 4"
+100 pM Atropine 12722 103£3°

Table 1 Effect of phentolamine, propranolol and
atropine on the oxygen uptake caused by adre-
nalin and pilocarpine.

NS; Not significantly, * P<0.001 compared
with the corresponding value with adranaline
or pilocarpine.

Each value represents the mean+ SEN for
seven experiments.

tissue. Phentolamine, an a-adrenergic blocking age-
nt, significantly blocked the increase of the oxygen
uptake by adrenaline in both the normal and trea-
ted tissue. On the other hand, a low concentration
of propranolol (10 gM), a B-adrenargic blocking
agent, did not inhibit the adrenaline response in the
normal and treated tissue, and when the concentration
of propranolol was increased to 33.8 #M, the adre-
naline response in the normal tissue was significan-
tly blocked, but that in the treated tissue was una-
fiected. And the oxygen uptake by pilocarpine in
both the normal and treated tissue was apparently
inhibited by the addition of atropine, a cholinergic
blocking agent.

Discussion

Previous studies have shown that pilocarpine, a
cholinergic agonist, dose not increase the weight of
salivary glands, but IPR, a f-adrenergic agonist,
sgnificantly increases it (6). The enlargement of
the glands in response to IPR is rapid and results
from both cellular hypertrophy and hyperplasia (1,
8). Although Selye et al. (7) observed the enlar-
ged submandibular glands caused by a large dose of
IPR (37.3 mg/100 g body weight, daily twice) given
for 17 days, the author demonstrated that the glan-

ds were enlarged by applying a low concentration
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And the author have
confirmed by histologic study that the size of the

of IPR for a short duration.

acinar cells in the enlarged glands was greatly in-
creased compared with that of the control animal
glands.

It is known that adrenergic and cholinergic ago-
nists or substance P stimulate the metabolism of
salivary glands (4,5). In the present experiment,
it was observed that a remakable increase in the
oxygen uptake was produced by adrenergic and cho-
linergic agonists or substance P in the normal tis-
sue. On the other hand, the oxygen uptake in the
treated tissue was stimulated by the addition of
adrenaline, noradrenaline, Phenylephrine or pilocar-
pine. However, the level of the oxygen uptake
was considerably low compared with the case of
the normal tissue. The stimulating effect of bote
IPR and substance P was not observed effectively.
The oxygen uptate caused by adrenaline in the
normal tissue was inhibited significantly by phento-
On the other hand, the

oxygen uptake caused by adrenaline in the treated

lamine and propranolol.

tissue was inhibited significantly by phentolamine,
but was not propranolol. This finding suggests
that the increase of the oxygen uptake in the treated
tissue evoked by stimulated @-receptors in the cells.
The oxygen uptake in the normal and treated
tissue that was caused by the addition of pilocar-
pine was inhibited considerably atropine.

These results suggest that the chronic administ-
ration of IPR provokes the change of various rece-
ptors (@- and B-adrenergic, muscarinic, and peptide
receptors) related to the oxygen uptake. However,
more studies are necessary to clarify the change
of receptors in the cell level.
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