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Abstract : Some kinds of prostaglandin (PGs) such as PGE, PGE; and PGF;, are known to
regulate the secretion and/or synthesis of many biologically active substances in mouse
submandibular glands. This study was undertaken to investigate the effects of prostaglandins,
especially PGE; which is the main PG synthesized in the submandibular glands, on submandibular
esteroprotease, p-tosyl-L-arginine methyl esterase (TAMEase).

Injection of PGE, in male mice increased the activity of TAMEase of the submandibular glands
after 20 minutes, and the increased level was maintained for 24-48 hours. PGF;. also increased the
TAMEase activity after 24 hours. SDS-polyacrylamide gel electrophoresis (PAGE) under reduced
conditions and immunoblotting analyses revealed that the intensity of the 27.5 kilo dalton (kDa)-
band of TAMEase molecules recognized by anti-mouse TAMEase rabbit antibody was increased 1
hour after administration of PGE, and the increased level continued for 24 hours. Moreover, an
increase in TAMEase molecules was induced by other prostaglandins such as PGE,, PGF,., PGF;.
and PGIl;,. As TAMEase is known to be a secreted protein, the TAMEase activity in saliva was
measured before and after the injection of PGE,. The TAMEase activity in saliva decreased 1 hour
after the injection of PGE, in contrast with the increase in glandular TAMEase activity, suggesting
the inhibition of TAMEase secretion from submandibular gland into saliva by PGE;. To confirm the
inhibition of the secretion of TAMEase by PGE; or PGF;,, histological and immunohistochemical
analyses were performed. Hematoxilin-eosin staining showed the accumulation of secretory
granules in convoluted duct cells 10 minutes after the injection of PGE; or PGF;,, and the
convoluted duct cells with increased granules occupied the luminal space of the duct 10 minutes
after the injection of PGs. Immunohistochemical study showed that the abundant granules in the
apical portion of the convoluted duct cells were positive to anti-T AMEase antibody. The storage of
secretory granules in the convoluted duct cells was still observed even 24 hours after the injection.

These findings suggested that the increased levels of TAMEase activity and TAMEase molecules
in the submandibular glands induced by the administration of PGs were due to the inhibition of the
secretion of TAMEase molecules from the submandibular gland into saliva.
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Effect of prostaglandins on the esteroprotease of mouse submandibular gland.
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Fig.1 Time course of TAMEase activity in male mouse submandibular glands after injection of

prostaglandin E,.

Twelve week-old mice were injected intraperitoneally with 480 ng/g body weight of
prostaglandin (PG) E; (open circle). The mice were killed at different time intervals after the
injection. The activity of TAMEase in the submandibular glands was measured as described in
“Materials and Methods”. Control mice received ethanol in 10 volumes of 0.99 NaCl, and
immediately killed (0 hour). The mice were injected with the same dose of PGF;. (triangle) and
killed 24 hours after. Data are shown as the mean = SD from three mice in each experiment.
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Table 1 The TAMEase activities in male mouse
submandibular glands and saliva
following injection of prostaglandin E,.

99

Table 2 The effect of indomethacin on the
activity of TAMEase in male mouse
submandibular glands.

TAMEase activities
(x4 moles/min/mg protein)

Treatment SMG Saliva
Control 34.2£2.73 58.0
PGE; 48.315.84 22.9

Male mice were injected 480 ng/g body
weight of PGE; intraperitoneally. One hour later,
all mixed-saliva samples were collected and then
the mice were Kkilled and the submandibular
glands were removed. All saliva samples
collected from untreated control and PG-treated
mice were diluted with 0.9% NaCl to the final
volume of 10ml. the TAMEase activities of the
submandibular glands and the saliva samples
were measured as descrived in “Materials and
Methods”. Data of the TAMEase activities of the
submandibular glands are shown as the mean *+
SD from three mice in two experiments. Data of
the TAMEase activities in the saliva samples are
indicated as the mean of tripricated
determinations in one experiment.
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TAMEase activity

Treatment ( # moles/min/mg protein)
Control 35.8=0.14
PGE, _ 46.5+1.87
Indomethacin ©50.0+0.33
Indomethacin +PGE, 65.9%1.23

Male mice were injected subcutaneously with
0.19% ethanol in propylene glycol containing 100
#g indomethacin 24 hours before sacrifice.
Control mice received a vehicle alone. 480 ng/g
body weight of PGE, were administrated
intraperitoneally 1 hour before the sacrifice and
the TAMEase activity was measured. Data are
shown as the mean * SD from three mice in
each experiment.
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Fig.2 Immunoblotting detection of TAMEase molecules in male and female mouse submandibular

glands. A) Male mice were injected with a vehicle (lane 1, 5) or 480 ng/g body weight of PGE,
(lane 2-4, 6-8), and killed immediately (lane 1, 5), 10 minutes (lane 2, 6), 1 hour (lane 3, 7), and
24 hours (lane 4, 8) aftér the irjection. Five ul of crude extracts of mouse submandibular
glands were run on a SDS-PAGE gel under the non-reduced (lane 1-4) or the reduced (lane 5-8)
condition. The immunoblotting analysis was performed using a specific antibody to purified
TAMEase as described in "Materials and Methods”. Arrows indicate the positions of molecular
weight markers : carbonic anhydrase (30 kDa), trypsin inhibitor (21.5 kDa), and lysozyme (14.3
kDa).

B) Male (lane 1-5) and female (lane 6-8) mice were injected with a vehicle (lane 1, 6), PGE,
(lane 2), PGE, (lane 7), PGF,, (lane 3), PGF.. , (lane 4, 8) or PGl (lane 5). After 24 hours,
SDS-PAGE was carried out under the reduced condition, and immunoblotting was performed.

Arrows indicate the positions of molecular weight markers :

ovalbumin (46 kDa), carbonic

anhydrase (30 kDa), trypsin inhibitor (21.5 kDa), lysozyme (14.3 kDa), and aprotinin (6.5 kDa).
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NERM O PG &k IE3 2 BT, PGH
RBERIcET 277 F F LD R BEY
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FRIKL, 1Y Fx &y vy BddE L0
THERN TAMEase 75# 3% s s, #ic PG
2R E LB LRI ER U (Table 2), %
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foo ORI, EERBIIBT <Y R
TIRNOARME PGB & & &AW HH
EHOFRIZERTE B EDL, Fkom
HlELTRIBEN B E VI AREN, $5
Wit v K2 & vy of5h PG OAHRHES
NEFICH S TAMEase 07 FR % &
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o L-aeE 2 "B T 5D TH 5,
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vy F (27.5kDa, 26 kDa) OFESHEMN
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PGE, #¢5.ic £ 3 TAMEase i5#:D F5H.i, 26
kDa 73 & tFiz 27.5 kDa @ TAMEase 43 F D1
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DEE 2 FH 1 5ER 13, PGE;, Dfic PGFy,,
PGF: 8 & U'PGLiZ & PGE; & [a] £ i 21.5
kDa D1 TAMEase fifk & T 53T DH
MYER® & 5 2 LM &7 - - (Fig.2B),

H - Evfa & it ZRekEtB VL
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i3, TAMEase 53F 2358 F AR BRI D 590
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WL, TAMEase 3F 452U OEREA
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EHIBIAN < 13T TAMEase ik Bk 25, &
EEBICEHAELTWE I D6 (Fig. 4B, D),
TAMEase O 4= 3 B ERIcH 2D
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R LFMFTRIZ, PGE; 72 5 UC PGF,, 5
Itk 2 TAMEase &0 bR (Fig. 1) BXU
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Fig.3 Photomicrographs of the submandibular glands of male mouse administered with prostaglandin
E, or F,.. Mice were injected intraperitoneally with a vehicle (E), 480 ng/g body weight of PGE;
(A, B) or the same dose of PGF;, (C, D). The mice were killed 10 minutes (A, C, E) or 24 hours
(B, D) later, and the submandibular glands were removed. The glands were immediately fixed in
formaldehyde and embedded in paraffin. Sections were cut, deparaffinized, and stained with
hematoxilin-eosin. Light microscopic photographs were taken (x260).
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Fig.4 Immunohistostaining of TAMEase in male mouse submandibular glands using anti-TAMEase
antibody after the injection of PGE, or PGF,,. Mice were injected intraperitoneally with a vehicle
(E), 480 ng/g body weight of PGE, (A, B) or the same dose of PGF,, (C, D), and killed 10
minutes (A, C, E), or 24 hours (B, D) later. The deparaffinized tissue sections obtained as
described in the Legend of Fig.3 were incubated with anti-TAMEase antibody at 25°C for lhr,
and stained according to avidin-biotin peroxidase method. (X 260)
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