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The Physiological Effects of 8-Adrenergic
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Abstract

In the present study, the physiological effects of g-adrenergic stimulant (isoproterenol: Iso) on
the rabbit lacrimal gland were investigated. The luminal electrical potential and the luminal secretory
pressure were recorded after lacrimal stimulation of Iso. The potential and pressure induced by Iso
showed such changes similar to those induced by adrenaline (Ad) or noradrenaline (Nor). The
electrical potential showed negative change on the luminal side of the gland-epithelium following the
intraarterial injection of acetylcholine (Ach) or catecholamines (CA), though the Ach-induced
potential showed a larger negative change but a shorter duration. The Iso-induced potential was
accompanied with slight lacrimation and small secretory luminal pressure-change (1/3 the change of
Ach) that is almost in parallel and consistent with the lacrimal flow rate from the excretory duct.
These CA-induced secretory potentials and pressures were all completely abolished by administration
of g-blocker (propranolol). Therefore, the g-action of CA was proven to play an important role for
lacrimal secretion via g-receptors. The «-action of Ad or Nor depressed the initial steep rise of
Ach-induced pressure-change that was not depressed by the g-action of Iso, but the later phases of
Ach-induced pressure change and potential change were not depressed by CA, but were enhanced by
the addition of g-stimulant. On the other hand, after prior administration of g-blocker, the inhibition
of Ach-induced secretory pressure was enhanced by the potentiated «-action of Ad or Nor. These
results show that Ach and B-agonist (stimulant) have additive effects and act co-operatively in
lacrimal secretion. The g-receptors of lacrimal gland seem to be of the 3, type, since 3,-stimulant has
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little secretory effect in comparison to Iso. It was also observed that A-stimulant can modify the ionic
concentrations and the protein fractions of tear-fluid through the g-receptors of gland-epithelium;
Iso-evoked tear-fluid differed in composition from Ach-evoked tear-fluid and showed higher Na' and
Cl- concentrations, lower K concentration, and also lower ratio of albumin/globulin than Ach-

induced tear-fluid. (Acta Soc Ophthalmol Jpn 91 : 923—934, 1987)

Key words: p-adrenergic stimulant, rabbit lacrimal gland, secretory luminal potential, secretory

luminal pressure, tear-fluid
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Fig. 1 Exper'imental set-up for measurements of secretory luminal potential and

pressure of the rabbit lacrimal gland.

*Luminal potential : External electrical potential difference between Ag-AgCl
electrode in the luminal side of gland and indifferent electrode placed on the
surface of gland and connecting to earth.

*Luminal pressure : in closed system
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Fig. 2 Dose response of secretory luminal potentials recorded after intraarterial
injection of isoproterenol (Iso). luminal side : negative
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Fig. 3 Relationship between Ach-induced secretory luminal potential A and

pressure B. Pressure: in closed system
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Fig. 4 Correlation between tear-fluid flow rate (A) and secretory luminal

pressure change (B). Stimulation : Ach.

Fig. 5 Relationship between isoproterenol-induced secretory luminal potential
A and pressure B.
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Fig. 6 Correlation between tear-fluid flow rate (A) and secretory luminal
pressure change (B). Stimulation : isoproterenol
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Fig. 7 Catecholamine-induced secretory luminal potential A and pressure B
completely abolished by administration of 8-blocking agent propranolol (Pro),
but Ach-induced ones not prevented with Pro, and abolished with atropin.
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1ug Ach 4+ 0.2ug Iso

Fig. 8 Relationship between Ach-induced luminal potential & pressure A and
those B enhanced and facilitated by addition of isoproterenol.

lpg Ach + 0.2ug Iso

Fig. 9 Enhanced Ach-induced secretory luminal pressure C facilitated by addi-
tion of isoproterenol, A: Ach-induced luminal pressure, B: isoproterenol-
induced luminal pressure
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Fig. 10 Initial steep rise of Ach-induced luminal pressure inhibited with adminis-
tration of adrenaline (Ad) or noradrenaline (Nor): A — B
Luminal potential not depressed.
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Fig. 11 Depression of Ach-induced secretory luminal pressure by the « action of
adrenaline or noradrenaline potentiated after prior administration of pro-
pranolol.
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Case 2

A : Ach-evoked tear-fluid

B: isoproterenol-evoked tear-fluid

Fig. 12 Agar micro-electrophoresis (silver-stain) of rabbit tear proteins Below :

Corresponding diagram.

tear-fluid : collected from main excretory duct at all flow rates.

Table 1 Differences of electrolyte concentrations
(mEq/1) between Ach-evoked tear-fluid and isopr-
oterenol-evoked fluid collected from the excretory

duct.
Tons
Na* K* Cl- Catt
Tear-fluid
Ach-evoked | 108 37.2 114 4.8
Case 1
Iso-evoked 1121 | 33.64 | 1201 | 4.3}
Ach-evoked | 120 40.2 120 5.9
Case 2 =
Iso-evoked 1261 |30.64 | 1321 | 5.4
Ach-evoked 150 21.6 138
Case

Ach after Iso | 138 ) [26.41 | 132]
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Table 2 Percentages of protein fractions and A/G
ratio in Ach-evoked tear-fluid and isoproterenol-

evoked one.
Protein )
fractions | Apumin | Globulins | /G
'Tear-fluid

Ach-evoked | 32.3% 67.7% 0.48
Iso-evoked 24.7% 1 | 75.3% 1 | 0.33]

Ach-evoked 35.8% 64.2% 0.56
Iso-evoked 26.3% 1 [ 73.7% 1 | 0.361
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Table 3 Differences between characteristics of isoproterenol-evoked tear-fluid and those of Ach-evoked

tear-fluid.
late?cy ) .
ol maximum maximum : -

. . B . maximum 1onic :
m&g‘ly mag‘g}tude mag‘g}tude duratlgn time . a!% & concentrations r?)tlo
pof:;ial ::é:srsel}fery %e.&ge:g;}]' potential fui éJ - e ar]-rtl’iui d albumin/globulin
pressure

Iso (0.1-1 pg) - Na*, Cl- : higher
evoked 4-5sec. 10mmHg about-8mV | about 2min. | 0.04 ul/sec i € lower
tear-fluid K*, Ca*™ ! lower
Ach (1 ug) - Na*, CI” : lower
evoked 1-2sec. | 15-40mmHg | —10- —15mV | about 10sec. | 0.2 pl/sec i L higher
tear-fluid K*, Ca** : higher
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