Volume 141, number 1

FEBS LETTERS

May 1982

INHIBITION OF ANTERIOR PITUITARY CYCLIC AMP PHOSPHODIESTERASE BY
COLCHICINE AND VINBLASTINE

Robin B. L. EWART
Department of Medicine, H4/566, Clinical Science Center, University of Wisconsin School of Medicine, Madison, WI 53792, USA

Received 27 January 1982

1. Introduction

Secretory processes involve migration of stored
material, often in granular form, to the cell surface
for release and microtubules have been implicated in
the mechanism of hormone secretion from the pan-
cretic B-cell [1], the thyroid [2] and the adrenal
medutla [3]. A universal role for microtubules in hor-
mone secretion has, however, not been established.
Thus, the microtubule inhibitor, colchicine, does not
inhibit the secretion of thyroid stimulating [4],
adrenocorticotrophic [5] or growth hormones [6—8]
from the rat anterior pituitary. During studies to
elucidate further the possible role of microtubules
in hormone secretion, an unexpected effect of the
microtubule inhibitors, notably inhibition of anterior
pituitary cyclic AMP phosphodiesterase, was observed
and is reported here.

2. Experimental

2.1. Materials

Colchicine, theophylline, 5'-nucleotidase, QAE-
Sephadex, cyclic AMP and its dibutyryl derivative
were from Sigma and vinblastine sulphate from Eli
Lilly. Prostaglandin E, was the kind gift of Dr John
Pike of Upjohn. New England Nuclear supplied
[a-32P]ATP (2 Ci/umol). Cyclic AMP assay kits and
cyclic [*H] AMP were obtained from Amersham.
Other reagents were of the highest purity commerci-
ally available.
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2.2. Assay procedures

Anterior pituitary fragments were obtained from
200 g male Sprague-Dawley rats and rates of growth
hormone release were determined as in [6]. Assay of
anterior pituitary cyclic AMP concentration was done
as in [9]. Pituitary adenylate cyclase and cyclic AMP
phosphodiesterase were determined as in [10,11].

3. Results

During the course of 3 successive 1 h incubations
in vitro, no effect of colchicine or vinblastine upon
growth hormone release was seen until 1073 M col-
chicine and 10 M vinblastine were attained. At ‘
these concentrations, paradoxical stimulatory effects
of the agents were observed during the third hour of
incubation, a significant effect of vinblastine being
seen only in the presence of the known stimulator
of growth hormone secretion, dibutyryl cyclic AMP
(table 1). Calcium deprivation and the addition of
2,4-dinitrophenol (2.5 X 10™* M) abolished the stim-
ulatory effect of colchicine seen during the third hour
of incubation (table 2) and this evidence of calcium-
and energy-dependency was interpreted as evidence of
the true secretory nature of the colchicine effect.

Since pituitary concentrations of cyclic AMP are
known to be the main determinant of rates of rat
growth hormone secretion [6,12], the effects of col-
chicine (10~ M) and vinblastine (10~* M) on the con-
centration of the cyclic nucleotide were examined.
Both alkaloids led to statistically significant increases
in pituitary cyclic AMP concentration as did theophyl-
line (5 X 10~ M) and prostaglandin E, (107° M)
included as positive controls (table 3). To identify the
mechanism of this effect of the alkaloids, their influ-
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ence on rates of cyclic AMP formation and break-
down were investigated. Employing a 10™* M ATP
substrate no effect of either colchicine (1073 M) or
vinblastine (10~ M) upon pituitary adenylate cyclase
activity was seen although prostaglandin E, (107 M)
and NaF (1072 M) led to ~2- and 4-fold stimulations
of the enzyme under these conditions (not shown).
By contrast, both alkaloids led to concentration-de-
pendent inhibitions of pituitary cyclic AMP phospho-
diesterase with about half-maximal effects being
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Table 1

Effects of colchicine and vinblastine upon rates of growth hormone release in
vitro (ug NIAMDD-tat GH-RP-1 . h~!. mg wet wt™')

Inhibitor Dibutyryl cyclic AMP in medium

0 mM 1 mM
None [control] 2.34 £ 0.13 (15) 4.03+£0.26 (21)
Colchicine (1073 M) 3.64 + 0.17 (18)2 498 + 0.33 (24)3
None [control] 2.31+£0.30 (15) 4.09 +0.19 (26)
Vinblastine (10~* M) 296 +0.33 (15 5.99 £ 0.43 (26)2

3 p < 0.05 vs corresponding control

Rates of growth hormone secretion were determined as in section 2 during the
third hour of incubation under the experimental conditions indicated

Results are expressed as means + SEM of no. obs. in parentheses

Table 2

Effects of calcium deprivation and 2 ,4-dinitrophenol on colchicine-stimulated
growth hormone release (ug NIAMDD-rat GH-RP-1 . h~' . mg wet wt™!)

Additions to medium Period of incubation (h) p
First Third

Colchicine (1073 M) +

CaCl, (25X 1073 M) +

EDTA (0.5 X 10-3 M)

[control] 1921+0.21 3.31+030 <0.005
Colchicine (10~% M) +

EDTA (0.5 X 1073 M) 1.64 £+ 0.25 2.36 + 0.27 n.s
Colchicine (10°3 M)

[control] 148 +0.14 2.76 £ 037 <0.01
Colchicine (10-2 M) +

2 ,4-dinitrophenol (2.5 X 10-* M) 1.55 +0.27 145022 ns

Rates of growth hormone release were determined during the first and third hours
of incubation in vitro as in section 2; results are expressed as the means + SEM of

7 obs; n.s., not significant
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observed at 10~ M for both colchicine and vinblastine
while statistically significant effects were observed at
107* M colchicine and 10~* M vinblastine (table 4).
The effects of the known phosphodiesterase inhibitor,
theophylline, are included for comparison (table 4).
The colchicine effect was seen equally in the presence
and absence of Ca?* (50 uM). Lumicolchicine, pro-
duced from colchicine by ultraviolet irradiation at
366 nm, was equipotent with colchicine in these
studies (table 4).
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Table 3
Effects of colchicine, vinblastine, theophylline and

T

prostaglandin E, on anterior pituitary cyclic AMP
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concentrations

Additions to incubation Pituitary cyclic AMP
medium (pmol/mg wet wt)
None [control] 047+ 0.05
Colchicine (10- M) 1.17 £ 0.162

SHTR PUUTI -4 aan NEge .nnNEd
VulUldblLIlU \1U iy V.WU T U.UU
Theophylline (5 X 10~* M) 1.00 + 0.122
Prostaglandin E, (107¢ M) 1.31 £+ 0.232

2 p < 0,02 vs control
KPR | anninantentinms wara datarmina, d ac in
ruuu.a.ry Yy clic AMP concentrations were determined asin

section 2 at the conclusion of 3 h incubation under the con-
ditions indicated ; results are means + SEM of 9 obs.

4. Discussion

This report documents inhibition of pituitary

cyclic AMP phosphodiesterase activity by colchicine

and vinblastine with resultant 51gn1ﬁcant increases
in cyclic AMP concentrations in pituitary fragments
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exposed to the agents during incubation in vitro, In
the case of colchicine, inhibition of the enzyme was
independent of [Ca®*] suggesting that the effect was
independent of calmodulin. The activity of lumicol-
chicine indicates that microtubuiar disruption is not
required for enzyme inhibition by colchicine to be
observed.

Colchicine and vinblastine exerted paradoxical
stimulatory effects on secretory tissues including
adrenal tumor cells in culture {13] and the glucagon-
secreting cells of the pancreatic islet [14]. These
paradoxical effects of the alkaloids seen in other
secretory tissues may be due to alterations in cyclic
AMP metabolism, Studies are in progress {0 evaluate
this possibility and to elucidate the nature of the
enzyme inhibition observed.

Other examples of colchicine effects not clearly
dependent upon microtubular disaggregation are
provided by inhibitions of amino acid [15] and nucle-
oside transport [16] into various cell types by the
alkaloid. This report re-emphasises the fact that care
should be taken in interpreting data obtained employ-

ing colchicine and vinhlactina ginece their enecificity
g CoiCRICINeG ana vindiasiune, simce tnlir speciicCity

as inhibitors of microtubular function is less absolute
than is often assumed.

Table 4
Effects of colchicine, vinblastine and theophylline on anterior pituitary cyclic
AMP phosphodiesterase
Additions to Conc Cyclic AMP h u‘y drly'sed 7
reaction mixture M) (pmol . mg wet wt~!, min™!)
None [control] - 9.51 +0.29 -
Colchicine 10-% 8.25+0.35 <0.02
10-* 7.05+0.33 <0.001
1072 471 +£0.25 <0.001
Lumicolchicine 103 447 £0.34 <0.001
Vinblastine 10-* 8.90 + 0.90 ns.
10-¢ 6.91+ 0.34 <0.001
i0-3 4.61+0.72 <0.001
Theophylline 25X 10 5.58+041 <0.001
5.0x%x 10 447 +0.28 <0.001
10-3 2.83+0.55 <0.001

Enzyme activity was determined at a substrate concentration of 10-¢ M as in sec-
tion 2; results are the means + SEM of 6 obs.; n.s., not significant

27



Volume 141, number 1

References

[1] Lacy,P.E., Howell, S. L., Young, D. A. and Fink, C.J.
(1968) Nature 219,1177-1179.

[2] Williams, J. A. and Wolff, J. (1970) Proc. Natl. Acad.
Sci. USA 67,1901-1908.

[3] Poisner, A. M. and Bernstein, J. (1971) J. Pharmacol.
Exp. Ther. 177,102-108.

[4] Temple, R., Williams, J. A., Wilber, J. F. and Wolff, J.
(1972) Biochem, Biophys. Res. Commun. 46,
1454-1461.

{51 Kraicer, J. and Milligan, J. V. (1971) Endocrinology 89,
408-412.

[6] Ewart, R. B. L. and Taylor, K. W. (1971) Biochem. J.
124,815-826.

{7] MacLeod. R, M., Lehmeyer, J. E. and Bruni, C. (1973)
Proc. Soc. Exp. Biol. Med. 144, 259-267.

28

FEBS LETTERS

May 1982

[8] Howell, S. L. and Tyhurst, M. (1978) Cell Tiss. Res.
190,163-171.
[9] Brown, B. L., Albano, J. D. M., Ekins, R. P. and
Sgherzi, A. M. (1971) Biochem, J. 121, 561-562.
{10] Pohl,S. L., Birnbaumer, L. and Rodbell, M. (1971) J.
Biol. Chem, 246, 1849-1856.
[11] Sugden, M. C., Christie, M. R. and Ashcroft, S. J. H.
(1979) FEBS Lett. 105,95-100.
[12] Steiner, A. L., Peake, G. T., Utiger, R. D., Karl, . E.
and Kipnis, D. M. (1970) Endocrinology 86,1354 -1360.
[13] Temple, R. and Wolff, J. (1973) J. Biol. Chem. 248,
2691-2698.
[14] Edwards, J. C. and Howell, S. L. (1973) FEBS Lett.
30, 89-92.
[15] Tauber, R. and Reutter, W. (1980) Proc. Natl, Acad.
Sci. USA 77,5282-5286.
[16] Mizel, S. B. and Wilson, L. (1972) Biochemistry 11,
2573-2578.



