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Abstract: It is well established that disruption of apoptosis may lead to tumor initiation, progression or metastasis. It is also
well documented that many anticancer drugs induce apoptosis. In the earlier studies, the dopasiept® agonist
bromocriptine (BC) and somatostatin analog octreotide (OCT) were found to inhibit the growth of the estrogen-induced rat
prolactinoma. Our previous investigations, applying the TUNEL method showed the involvement of the pro-apoptotic effect

in the action of BC, and to a lesser degree, in the action of OCT. The aim of the present study was to investigate whether the
pro-apoptotic action of these drugs involves the increased expression of Bax - a member of Bcl-2 protein family which is
known to play an important role in the regulation of apoptosis. Male four-week Fisher 344 rats were used in the experiment.
Capsules containing diethylstilboestrol (DES) were implanted subcutaneously. Six weeks after the implantation the rats were
given OCT (2x 25 pg/animal/24), BC (3 mg/kg b.w./24 h) or OCT and BC at the above doses for 10 days. Bax expression
was detected by immunohistochemistry. Prolactin (PRL) in blood serum was measured by radioimmunoassay (RIA). It has
been found that both OCT and BC, alone or in combination, significantly reduce the tumor weight. Both OCT and BC
suppressed PRL levels, but the inhibitory effect of BC was stronger than that of OCT. It has been found that the treatment with
OCT and BC, alone or in combination, causes a significant increase in Bax expression pnareetatomacells. Our findings

indicate that anti-tumoral action of bromocriptine and to some extent the action of octreotide in the experimental rat
prolactinomais connected with the induction of apoptosis and is associated with increased Bax expression.
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Introduction and adenomatous pituitary islow [7, 14, 17]. Bromocrip-
_ _ tine - D.dopamine receptor agonist, has been shown to

The ceII_ death may be the resu_lt of either Necrosis ipuce apoptosis in pituitary tumdrsvivo [5, 36] and
apoptosis. In contrast to necrosis, apoptosis is a Coftro [11, 31, 33, 34, 35]. However, other studies
plex, gene-directed process whereby individual cells akeovide contradictory results [13, 14, 25]. The data
triggered to undergo self-destruction. The major bigpncerning apoptosis in pituitary tumors after somatos-
chemical event considered as a hallmark of apoptosigdgin analog treatment are also controversial. The induc-
the cleavage of DNA into oligonucleosomal (180-20Qon of apoptosis has been reported only in a few studies
bp) fragments (for review see [12, 21, 23]). _invivo[30] andinvitro [24]. However, the other studies

The Bcl-2 (B cell leukemia/lymphoma-2) family haye not revealed apoptosis in pituitary tumors after
of proteins plays an important role in the regulatiogomatostatin analog therapy eithevivo [18, 22] orin
of apoptosis (for review see [1, 8, 20]). It includesgjtro [4].
both the death-promoting as well as the death-inhi- |n our previous paper, we examined the effects,of D
biting members. One of the death-promoting projopamine receptor agonist bromocriptine and somatos-
teins is Bax. _ o __ tatin analog octreotide on apoptosis (visualized by the

The studies concerning apoptosis in the pituitaryyNEL method) in the rat prolactin-secreting pituitary
gland show that the apoptotic index in both nontumoroggmor [9]. We found that both bromocriptine and octre-
otide enhanced the number of apoptotic cells in the
tumor, but the pro-apoptotic effect of bromocriptine was
Correspondence: A. Gruszka, Institute of Endocrinology, more pronounced. Unexpectedly, the joint effect of oc-
Medical University, Sterlinga 3, 91-425 tgd2oland,; treotide and bromocriptine was much lower than that of
e-mail: agruszka@mp.pl bromocriptine alone.
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Fig. 1. Effects of octreotide (OCT) and bromocriptine (BC) on tumoFig. 2. Effects of octreotide (OCT) and bromocriptine (BC) on serum
weightin rat estrogen-inducprblactinoma. *p<0.05 vs K (control).  prolactin (PRL) level in rat estrogen-indugedlactinoma. *p<0.05
vs K (control), **p<0.05 vs OCT.

In the present study we investigate whether the pr~
apoptotic action of these drugs involves the increas
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expression of the pro-apoptotic Bax protein. 100

Materials and methods 8o A T
=

Four week old male Fischer 344 rats weighing 50-70 g, maintain X 6

in controlled illumination regime (12L/12D), with free access tC s

standard laboratory food and tap water, were used in the experim¢™— an 4

Capsules containing 8-10 mg of diethylstilboestrol (DES, Sigm:

each were implanted subcutaneously (s.c.) in the lumbar region. Si

capsules were estimated to release 1fgi6f DES daily [32]. 0

Six weeks after the implantation of capsules the rats were divid ﬁ
into 5 groups and treated with the following substances for 10 da 0
Group IA - control: 0.25 ml of physiological saline s.c., once daily K O BC OCT+RE

Group IB - control: 0.25 ml of 50% ethanol in physiological saline_. . -
s.c., twice daily; Group II: octreotide (OCT, Sandostatin, Novartigé'g- 3. Effects of octreotide (OCT) and bromocrlptl*ne (BC) on Bax
at a dose of 2fig/animal s.c., twice daily; Group I1I: bromocriptine EXPression inrat estrogen-indugediactinoma cells. *p<0.05 vs K
(BC, Bromocriptine mesylate, Lek) at a dose of 3 mg/kg b.w. s.¢control), **p<0.05 vs BC.

once daily; Group IV: OCT + BC at the above doses. BC was

: 4 0 ; . . -
dIssoorlvtehdeme;se?/ﬁn?rt\hzg(;/l Lﬂgrgrﬁﬁgglﬁlefgg:ériﬁce d. Blood amunopositive cells per 1000 was assessed in each section. Only the
pituitaries were collected. The glands were weighed fixed in 42 lls exhibiting a strong, specific cytoplasmic staining were counted.

: ’ .ne 0.5 mm boundary around the section was excluded from analysis

formalin in phos_phate buffered saline and then embedded in paratifli-cumvent artifactual staining which may occur at the edges of
wax. The experimental protocol was approved by the Local Ethic, sue sections

Committee for Animal Experimentation (decision Nr £/BD/61, 11 Prolactin (PRL) was assayed in blood serum using the rat prolac-

June 2001). tin 129 assay system with magnetic separation (Amersham, UK) and

Bax expression was detected by immunohistochemistry ”S'.%Qpressed in ng/ml. The method sensitivity is ~0.7 ng/tube (7.0
commercial monoclonal antibodies (Polyclonal rabbit anti /ml)

. : S n
mouse/rat Bax antibody, Pharmingen, Becton Dickinson Companyg Statistical analysis was performed using ANOVA followed by
LSD test. P<0.05 was considered as the borderline of statistic signi-

San Diego, CA 92121, USA) and DAKO EnVisidh+ System,

HRP/DAB (rabbit ready-to-use detection system using the labell - P :

polymer method, DAKO Corporation, Carpimena, CA 93013, US ?r? z?).nﬁf)lth(re(;i V\éa?hlo 352?2“0(? (I)Il)(/eglgnlflcant difference between
- a kit containing three bottles. The paraffin sections were dewaxed groups, they P '
and subjected to microwave antigen retrieval in 10 mM citrate buffer

(pH 6.0) for 5 min twice. Endogenous peroxidase was blocked wiResylts

3% hydrogen peroxide for 15 min. The sections were then preblocked

with 5% normal sheep serum for 30 min and incubated with anti-B&jx \weeks after the implantation of DES, the animals of

antibody (1:2000) for 2 h at a room temperature. Sections were t S
washed and incubated with secondary antibody for 30 min. T control group exhibited the tumorous enlargement of

reaction product was visualized by diaminobenzidine tetrachydrU:‘e_ anterior pitUita'_’Y- The data concerning the tumor
chloride after 4 min of incubation. Finally, the sections were countéveight are shown in Figure 1. It was found that both
stained with haematoxylin. Negative control was performed b@ CT and BC, alone or in combination, significantly
omitting anti-Bax antibodies. Mice thymus was used as a positiygduced the tumor weight

trol. . . T .
corro The animals implanted with DES had very high PRL

Bax expression was evaluated by counting at random 3000 cells : : It
from each section at 600 magnification. The number of Bax-im- levels. All treatment options resulted in a statistically
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Fig. 4. Immunostaining for Bax in rat
estrogen-inducegbrolactinoma in
untreated rat@j and after octreotide
(b), bromocriptine€) and combined
treatment with both drugs JdA: x
400, B-D:x 200.

significant reduction of PRL serum level (Fig. 2). Th@ohistochemistry to be moderately expressed in normal
effect of BC was stronger than that of OCT. The joirttuman pituitary and in all examined human pituitary
action of OCT and BC caused a more pronounced detenomas, from patients with or without a preoperative
crease of PRL level as compared to OCT alone. treatment either with octreotide or with dopamine agon-
The treatment with both OCT and BC, alone or iists [14]. Bax expression was decreased in pituitary
combination, caused a significant (approx. tenfold) ircarcinomas. Bcl-X and Bad, two other pro-apoptotic
crease in Bax expression in the pedlactinoma cells. proteins and Bcl-2, exhibiting anti-apoptotic properties,
The joint effect of OCT and BC was stronger than thatere expressed at a similar level to Bax. Bcl-2 was

of BC alone (Figs. 3, 4). expressed in ~70% of pituitary adenomas.
Bcl-2 expression in human pituitary tumors was also
Discussion investigated by Wanet al. [29], who detected Bcl-2

immunoreactivity in 30% of tumors and in none of
In the only previous study concerning Bax expression mormal pituitaries. Turneet al. [27] examined 160
pituitary tumors, Bax was demonstrated using immuruman pituitary adenomas and found Bcl-2 expression
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in over 50% tumors including over 70%lactinomas.  octreotide in the experimental fartolactinoma is con-
Higher Bcl-2 expression was found in the more vasculaected with the induction of apoptosis and associated
tumors. Unfortunately, in both studies cited above naith increased Bax expression.

data concerning previous pharmacotherapy of the pitui-

tary tumors are shown. Acknowledgements: This paper was supported by the Medical

In vitro studies concerning two pituitary adenom%niversity of £6dz The authors thank Dr. Katarzyna Winczyk for
ervaluable suggestions concerning Bax immunohistochemistry and

cell Ilr_wes (GH and AtT'ZO) revealeq a decreas_ed s Maria Jaranowska, Mrs Matgorzatadeejewska and Mrs Anna
pression of Bcl-2 and an accumulation of the wild-typ@ptatowska for their skillful technical assistance.

p53 associated with bromocriptine-induced apoptosis

[35]. It ha_s be_en_ also found that thr_e ce_II remodelln_g ?{eferences

the anterior pituitary after the termination of lactation

occurs through the process of apoptosis and involves[at] Adams JM, Cory S (1998) The Bcl-2 protein family: arbiters of

increase in Bax and a decrease in Bcl-2 expression [2]._ cell survival. Science 28: 1322-1326

In the present study we demonstrate an increade@l ANbom E, Grandison L, Zhivotovsky B, Ceccatelli S (1998)
Termination of lactation induces apoptosis and alters the ex-

expression of Bax ir_‘ a rat prolactin-sgcreting pituitary pression of the Bcl-2 family members in the rat anterior pitui-
tumor after bromocriptine and octreotide treatment, as tary. Endocrinology 139: 2465-2471
compared with the untreated tumors. In the light ¢f3] BouilletP, Strasser A (2002) BH3-only proteins - evolutionarily
earlier immunohistochemical investigations [15] which FQtr_‘Ste_Wed Pro'apoPBOt'C”%C"ZthfaJmé'y”mSer_"lbleer1%56376'&?;'4f0r
r T _ initiating programmed cell death. J Cell Sci : -
re_vealed that DES-induced rat PItUItary tumors co 49 Cheung NW, Boyages SC (1995) Somatostatin-14 and its
tam_ed almost solely Iactotro_phs, it can be assumed that gnaiog octreotide exert a cytostatic effect ors@a pituitary
the increased Bax expression concerns lactotrophs. In tumor cell proliferation via a transient G0/G1 cell cycle block.
our previous study [9] concerning the same experimen- Endocrinology 136: 4174-4181
tal model we demonstrated using the TUNEL methddb] Drewett N Jacobi JM, Willgoss PAa'-";y‘:]HM (19933.Ap°p.'h
. . - tosis in the anterior pituitary gland of the rat: studies wit
thatthe antltumoral action O_f bromocriptine and to'some estrogen and bromocriptine. Neuroendocrinology 57: 89-95
extent the action of octreotide, was connected with ti) Gavrieli Y, Sherman Y, Ben-Sasson SA (1992) Identification
induction of apoptosis. The joint administration of oc-  of programmed cell death situ via specific labeling of nuclear
treotide and bromocriptine resulted unexpectedly in the DNA fragmentation. J Cell Biol 119:493-501 _
attenuation of the pro-apoptotic effects of the latter. The'l gie(elgg/;-)v X\g)*;';)‘io“gigé E:jpggsl_;d ;s:ferseg;z\éhg%oﬁgfﬁ Q%?ess
attenuatlon of the pro-apoptotic action of bromocrlptl_ne ion in human anterior pituitary adenoma. Eur J Endocrinol 136:
by octreotide may be the result of the cytoprotective 3g2-387
effect of somatostatin analogs. Cytoprotection is drg] Gross A, McDonnell JM, Korsmeyer SJ (1999) Bcl-2 family
organ-specific reduction or prevention of vulnerability Tsegn;blegriland the mitochondria in apoptosis. Genes Dev 13:
of Ce”S.and tissues agalr.lSt mjur.y [28]' Cytoprotectlv 9] Gruszka A, Pawlikowski M, Kunert-Radek J (2001) Anti-tumo-
properties of S_OmatOStatm and _ItS analogs have bee ral action of octreotide and bromocriptine on the experimental
d_emO_nStrated in _Sever'a| experimental models, espe- rat prolactinoma: anti-proliferative and pro-apoptotic effects.
cially in the gastrointestinal tract [16, 19, 26]. It has also Neuroendocrinol Lett 22: 343-348
been found that cytoprotective effects of somatostatif! Kfagn'JO K, Sato M, Saito T, YaChll Aid Ml'lnase T (1s9lh) 'IfgeCtS
can be dissociated fromiits endocrine effects, suggesting 3 >R o0 experimenta Gleell tumors. Pathol Res
that different mechanisms are involved in cytoprotectiqfy] kanasaki H, Fukunaga K, Takahashi K, Miyazaki K, Miyamoto
and secretory cell inhibition [28]. Cytoprotective action  E (2000) Involvement of p38 mitogen-activated protein kinase
of somatostatin and its analogs has not yet been investi- activation in bromocriptine-induced apoptosis in rat pituitary
gated in the pituitary. The hypothesis presented abo[\{% (IzaHv?/ifiill\? . HB(I)(?sle}T%prggééél:(il'??f;éé?ipoptosis and some of its
needs to be verified. S . . medical i;nplication,s. Folia Histochem Cytobiol 36: 99-110
In the present study, similar intensity of Bax immury 3} Kontogeorgos G, Sambaziotis D, Piaditis G, Karameris A
nostaining was observed after bromocriptine and octre- (1997) Apoptosis in human pituitary adenomas: a morphologic
otide, administered separately or in combination. A ]antliin situ end-labeling study. l\;llod Pathol 10: 921-f926
; ; e di ; Kulig E, Jin L, Qian X, Horvath E, Kovacs K, Stefaneanu L,
ﬂuehstlolg %rlsets how '([jh!t?]d{i%req_ﬁﬁ)éiou|dtﬁe§)_(plglln&ﬁ Scheithauer BW, Lloyd RV (1999) Apoptosis in nontumorous
shou e S_ resse . at the method IS based .4 neoplastic human pituitaries. Expression of the Bcl-2 family
on the detection of oligonucleosomal DNA fragments  of proteins. Am J Pathol 154: 767-774
which are characteristic of cells in the later stage of tls] Kunert-Radek J (1989) The effect of benzodiazepines and cal-
i i i i j- cium channel modulators on the proliferation of rat prolactino-
apoptotic process [6]. It is possible that high suscepti  che odule ( _ A
bility to apoptosis evidenced by Bax expression does rjot, 2 invitro studies (in Polish). Thesis, AM £6dz
ilv commit all Bax-immunonpositive cells to th ] L|r_nberg B, Kommere_ll B_(1983) Bgneflc_:la}l effect of somatos-
necess‘?”y p tatin on galactosamine induced liver injury. Regul Pept 7:
apoptotic cell death. 187-193
In conclusion, our results suggest that anti-tumorgl7] Losa M, Barzaghi RLA, Mortini P, Franzin A, Mangili F,

action of bromocriptine and to some extent the action of Terreni MR, Giovanelli M (2000) Determination of the prolife-
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