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Abstract

Abbreviations & units
2-ME – 2-mercaptoethanol
AA – antibiotic antimycotic
cpm – counts per minute
FCS – foetal calf serum
GnRH – gonadotropin releasing hormone
LD – long day photoperiod (L :D=16 :8)
MEM – minimal Eagle medium

NK – natural killer
PBS – phosphate buffered saline
PHA – phytohemagglutinin
PTL – peritoneal leukocytes
SD – short day photoperiod (L :D=8 :16)
LH – luteotropic hormone
MEL – melatonin
TM – testicular macrophages

ARTIC LE

OBJECTIVES : Siberian hamsters are photoperiodic animals exhibiting seasonality of reproduction and other physiological functions. Thus, the inﬂuence of photoperiod on the in vitro activity of selected immune cells from male and female
hamsters challenged with peritoneal inﬂammation was examined.
METHODS : Animals were housed for 8–10 weeks in LD (L :D=18 :6) or SD (L :D=6 :
18). Peritoneal leukocytes (PTLs) and splenocytes were isolated form male and
female and testicular macrophages (TMs) from male hamsters, intact or challenged with zymosan-induced peritonitis. PTL and TM activity was assessed by
the level of reactive oxygen species (ROS) measured with the use of ﬂow cytometry and splenocyte activity – by the spontaneous and mitogen-stimulated proliferation measured with the use of 3H-tymidine incorporation test.
RESULTS : Results obtained indicate that the immune system of Siberian hamsters
is highly sexually dimorphic. Experimentally evoked peritonitis developed diﬀerently in males and females : only in LD male hamsters an increase in PTL activity was observed after zymosan treatment. Also, in LD males, PTL activity was
higher in LD than in SD. Developing peritonitis exerted in these animals a stimulatory eﬀect on splenocyte proliferation but had no inﬂuence on cells residing
in the immune privileged testes. Splenocyte proliferation, both spontaneous and
PHA-stimulated, depended on the photoperiod studied : in LD it was signiﬁcantly
higher than in SD in animals of both sexes.
CONCLUSIONS : Innate immunity of Siberian hamsters studied on the peritoneal
inﬂammation model, seems to be gender- and photoperiod dependent. Moreover, local inﬂammation may aﬀect other lymphoid organs but does not inﬂuence
immune-privileged sites.
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Reagents. Zymosan, PHA, 2-ME, MEL, glucose, and
EDTA were purchased from Sigma. AA, HEPES buﬀer
and sodium pyruvate were obtained form Gibco BRL.
FCS was obtained from Alab (Warsaw, Poland). CMH2DCFDA was purchased from Merck. MEM and PBS
were obtained from Polfa (Lublin, Poland) and 3H-thymidine from UVVVR (Prague, Czech Republic).
Induction of Peritonitis. After 8–10 weeks of the adaptation to selected photoperiod, in some animals (ZYM)
an inﬂammatory reaction was evoked by a single intraperitoneal (ip) injection of zymosan solution in PBS (2
mg/kg body weight ; 0.5 ml per hamster, at 9.00 AM – 4th
hour of light in LD or 1st hour of light in SD) according
to the protocol established for the experiments on mice
[11]. Control hamsters were left intact (INT). Animals
were killed 24 hours later by the overdose of pentobarbital injected i.p., peritoneal leukocytes (PTL), testicular
macrophages (TM) and splenocytes were collected for
further in vitro assays.
Cell preparation. Peritoneal cavity was ﬂushed with
PBS (10 ml per hamster) and PTLs were collected
and counted. Both testicles from male hamsters were
removed, weighted and TM were washed out with 5
ml PBS per testicle, pooled within groups and counted.
PTLs and TMs were centrifuged (8 min, 500 g) and resuspended in PBS supplemented with glucose (90 mg/
100 ml PBS), EDTA (20 mg/100 ml PBS) and AA (1 ml/
100 ml PBS) – modiﬁed PBS – to obtain ﬁnal suspensions of 2*106 cells/ml. Spleens were removed aseptically, pooled within groups, and homogenised in MEM.
Erythrocyte lysis was conducted twice with the use of
0.17 M Tris/0.16 M NH4Cl buﬀer, pH=7.2 (15 min in
4°C). Thereafter, cells were washed twice with MEM,
counted and re-suspended in MEM supplemented with
heat-inactivated FCS (10 ml/100 ml MEM), HEPES
buﬀer (2 ml/100 ml MEM), AA (1 ml/100 ml MEM),
sodium pyruvate (1 ml/100 ml MEM) and 2-ME (2*10–5
M) to obtain the ﬁnal cell suspension of 2*106 cells/ml.
Reactive oxygen species (ros) level measurement. The
method is based on the ﬂuorimetric measurement of
the concentration of dichloroﬂuorescein, the product
of the reduction of dichloro-dihydro-ﬂuorescein diacetate (CM-H2DCFDA) by ROS synthesised in the cells
examined. For each essay, 1*106 cells (PTLs and TMs)

Introduction
Animals of temperate climates exhibit a wide range
of adaptations to survive unfavorable winter conditions.
Of many environmental indicators, photoperiod seems
to be the most important in the regulation of animals’
seasonality, the breading activity in particular. Siberian
hamsters (Phodopus sungorus) are long-day breeders
[6]. Processes of photoinduction and photorefraction
in this species depend mainly on the light history of
the animal and the direction of the change – whether
the day-length increases or decreases [15]. Short day
evokes gradual regression of reproductive organs in
both males and females of this species [6, 12] followed
by body-weight reduction and the change of fur color.
Finally, after 10–12 weeks, episodes of torpor may be
observed [10].
Also in the immune system of Siberian hamsters, seasonal changes are observed. Brieﬂy, male Siberian hamsters housed for several weeks in SD exhibit enhanced
T-lymphocytes and NK cells activity and lowered
B-lymphocyte and non antigen speciﬁc (macrophages
and neutrophils) responses (for review see : [19]).
Little research has been conducted on female hamster
immune system, in which seasonal changes seem to be
far less evident than in males [2, 8]. At present, sexual
dimorphism of the immune system, resulting mainly
from the immunomodulatory properties of sex steroid
hormones cannot be questioned [7].
The aim of this study was to examine the eﬀect of
photoperiod (LD vs. SD) on the immune system of male
and female Siberian hamsters, control or challenged
with zymosan-induced peritonitis.

Material and Methods
Animals. Experiments were conducted on adult (14–
16 week old) Siberian hamsters (Phodopus sungorus),
which have attained maturity in LD (L :D=16 :8). At age
of 6 weeks, animals were either put in SD (L :D=8 :16)
or left in LD, in constant temperature (22°C), with free
access to food and water. Hamsters were submitted to
treatment according to the Polish regulations concerning experiments on animals.

Table I : Table I. The influence of photoperiod and zymosan-induced peritonitis on selected parameters of Siberian hamsters. *p<0.05, **
p<0.01 LD vs. SD, n=6-8.

Male

Female

Selected parameters

LD

SD

LD

SD

Body weight (g)

31.81±0.92

30.55±1.1

26.09±0.01

25.1±1.1

INT

ZYM

INT

ZYM

INT

ZYM

INT

ZYM

Paired testicle weight (g)

0.47±0.02

0.42±0.01

0.045±0.004**

0.05±0.01**

–

–

–

–

PTL number (*106) 24h
postinjection
TM number (*106) per
paired testicles
Relative TM number (*106/
g tissue)
splenocyte number (*106)
per spleen

4.09±1.5

1.75±0.6

5.59±2.8

3.92±1.1

2.22±0.1

5.57±3.4

7.7±3.3

3.58±1.4

0.52

0.31

2.78

3.15

–

–

–

–

1.25

0.77

76.42

63.32

–

–

–

–

10.88

18.63

35.16

77.25

26.88

49.88

46.5

27.8
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were used. Cells were incubated with CM-H2DCFDA
(0,5 µg per 1*106 cells) for 45 min in 37°C, centrifuged,
re-suspended in modiﬁed PBS and analyzed in a cytoﬂuorometer [18 with modiﬁcation].
Cell culture. Splenocyte cultures were conducted
according to the routine established by Champney et
al [3] with modiﬁcations. Cells (2*105 cells/well) were
cultured in 96-well microtiter plates (Falcon) in the supplemented MEM medium alone (spontaneous proliferation) or in presence of PHA (3–12µg/ml) for 72 h in
fully humidiﬁed 5 % CO2 atmosphere, in 37°C. Prior to
harvesting with semiautomatic cell harvester (Scatron
Instruments, Lier, Norway) onto the glass-ﬁber ﬁlters,
1 µCi of 3H-thymidine was added to each well for the
last 18 h [13]. 3H-thymidine incorporation was measured by liquid scintillation spectrometry (Beckman)
and expressed as counts per minute (cpm).
Phagocytic activity measurement. The activity of TMs
isolated from LD male hamsters was measured using
latex beads incorporation test established by Rodriguez
et al. [16]. Phagocytic index (PI) was calculated as the
number of latex beads ingested by 100 macrophages
Statistical analysis. A Student’s non-paired t-test was
used for statistical analysis and results were expressed as
mean ± S.E. A value of p<0.05 was taken as signiﬁcant.

Results
After 8–10 weeks of housing in SD conditions, an
apparent change in the pelage color of hamsters of both
sexes was observed. Although there was no reduction
in body weight, in males a signiﬁcant decrease of testicle weight was noted (table I). No diﬀerences in the
number of residential PTLs (INT animals) was observed
between either the two sexes or photoperiods. Contrarily, in both photoperiods the number of splenocytes
isolated from females was higher than from males. SD
conditions increased the number of splenic leukocytes
in both sexes as well as the number of TMs in males. In
both sexes, the induction of peritonitis did not inﬂuence
the number of PTLs 24 h postinjection, but it decreased
TM number in LD males and increased the number of
splenocytes in males housed in both photoperiods.
In intact animals, a gender-dependent diﬀerence
between PTLs was observed : in males it was a homogenous population, contrarily to females, where a distinct subpopulation described as “macrophages” was
seen (Figure 1 A and C, only exemplary results for LD
animals are given). This phenomenon was similar in
both photoperiods. Zymosan treatment did not inﬂuence PTL subpopulations in females Figure 2 C and D),
while in males two distinct groups of cells described as
“granulocytes” and “macrophages” appeared 24 hours
postinjection (Figure 1 A and B).

Figure 1. Exemplary dot-plots showing differences in the subpopulations of PTLs retrieved
from intact LD male (A) and female (C) hamsters and in their response to zymosan treatment
(B and D) 24 h postinjection.
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Figure 2. Exemplary histograms showing gender-dependent (A vs. C, B vs. D) and seasonal
(A vs. B, C vs. D) differences in the effect of zymosan injection in PTLs after 24 h. The shift to
the right along the vertical axis illustrates the increase in ROS level.
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Figure 3. Characteristics of TM isolated from
LD male hamsters : A – dotplot showing the
homogeneity of the cell population ; B –
phagocytic activity of TM from intact animals ;
ROS production in TM from both intact and
zymosan-treated hamsters. * p<0.05, n=4–6.
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Discussion
A number of studies indicate the existence
of photoperiodic changes in the immune
system of Siberian hamsters, however to our
knowledge, there are no papers concerning
experimental peritonitis in this species. In our
experiments the activity of selected immune
cells isolated from intact animals or challenged
with zymosan-induced peritonitis were investigated in relation to sex and season.
In the experimental model applied, hamsters housed in SD for 8–10 weeks underwent
physiological adaptations typical for “winter”
conditions such as the apparent change in
pelage color and the testicle regression in
males. However, no diﬀerence in body weight
between LD and SD animals of both sexes was
noted, which is probably due to the same standard diet for laboratory rodents used in both
lighting conditions.
Some studies indicate that in Siberian hamsters the innate immunity (assessed by phagocytosis and oxidative burst measurements and
pro-inﬂammatory cytokines expression) is
diminished in SD [19, 1]. On the other hand,
the eﬀect of photoperiod on leukocyte proliferation has been contradictory. In male Siberian hamsters, blood leukocyte proliferation
[19] and the activity of naive (as opposed
antigen-challenged) lymphocytes from auricular nodes [20] were decreased in LD compared to SD, whereas concanavalin A-stimulated splenocyte proliferation was signiﬁcantly
higher in LD than SD [4]. Our data indicate
that both innate (peritoneal inﬂammation) and
acquired (splenocyte proliferation) immunity
are enhanced in LD compared to SD. In ham-
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Induction of peritonitis increased the
activity of PTLs isolated from male hamsters
24 hours postinjection (Figure 2 A), while
zymosan-treatment had no inﬂuence on ROS
production in PTLs retrieved from females
(Figure 2 B). This eﬀect was similar in both
photoperiods studied, however in males it was
much more pronounced in LD compared to
SD (Figure 2 A and B).
A homogenous population of TM was isolated from LD male hamsters (Figure 3 A).
TM exhibited latex-bead stimulated phagocytic activity (Figure 3 B) and spontaneous
ROS synthesis, which, contrarily to PTL activity, was not aﬀected by the zymosan injection
(Figure 3 C).
Both spontaneous and mitogen-stimulated
splenocyte proliferation was higher in LD
compared to SD in both sexes (Figure 4 A vs. B
and 4 C vs. D) and only in LD male hamsters it
was signiﬁcantly increased by zymosan injection (Figure 4 A vs. B, C and D).

0
spont

PHA 3

spont.

PHA 3

Figure 4. The effect of zymosan treatment on the spontaneous and PHAstimulated splenocyte proliferation in male (A and B) and female (C and D)
hamsters housed in LD or SD conditions. ** p<0.01, n=4–6.

sters of both sexes spontaneous and PHA-stimulated splenocyte
proliferation, was signiﬁcantly higher in LD (Figure 3). Moreover, splenocytes isolated from SD animals were less sensitive to
PHA (data not shown), which is why higher doses of mitogen in
the experiments on SD male hamsters were needed for obtaining the stimulation of proliferation (Figure 4 A and B). Interestingly, in intact hamsters of both sexes, the number of splenocytes
per spleen was higher in SD than in LD (table I). We hypothesize
that at the end of the summer season an amount of lymphocytes
is produced and stored in the lymphatic organs to facilitate and
quicken the immune response in winter.
Peritoneal inﬂammation is a convenient model, used also in
our laboratory to investigate changes in the innate immunity of
birds [13]. Surprisingly, in male hamsters, the total number of
PTLs did not increase 24 h after zymosan injection (table I) in
either of the photoperiods studied, however we observed the
increase in ROS synthesis by PTLs (compared to intact animals),
which was important in LD and much less evident in SD (Figure
2 A and B). Not only did the zymosan-treatment inﬂuence the
activity of PTLs, but also it changed PTL subpopulation subsets :
new subpopulations named “granulocytes” and “macrophages”
basing on their size and granularity, appeared (Figure 1 A and B).
Moreover, splenocyte activity, both spontaneous and PHA-stimulated, was signiﬁcantly increased in animals with the inﬂammatory reaction compared to intact hamsters (Figure 4 A) but
this was observed only in LD. This suggests that in males, in the
given experimental conditions, peritoneal inﬂammation is not a
local reaction but may aﬀect other lymphoid tissues, excluding
however immune privileged testes. We have found that although
TMs isolated form LD animals are functional phagocytes (Figure
3 A) and have a very low spontaneous ROS synthesis, their activ-
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ity remains unaﬀected (contrarily to PTLs activity) by
zymosan injection (Figure 3 C).
We planned to perform experiments on TMs isolated
from both LD and SD male hamsters in relation to the
dramatic seasonal changes observed in the reproductive
system of these animals. Unfortunately, even though the
number of TMs retrieved form SD hamsters was higher
than that of LD animals (table I), we were unable to conduct in vitro assays on these cells. For the reasons yet
unknown, the eﬃcacy of the puriﬁcation procedure of
SD TMs was dramatically lower than that of LD TMs.
Further investigation is necessary, but so far we hypothesize that their adherence may be lowered in SD.
In female hamsters, interestingly, no eﬀect of zymosan injection on either the PTL number (table I) or ROS
synthesis (Figure 2 C and D) was observed. Moreover,
PTL subpopulations retrieved form both intact and
zymosan-treated females (LD and SD) were similar
(Figure 1 C and D). These results indicate that zymosan injection cannot induce peritoneal inﬂammation
in females, or that it develops diﬀerently and diﬀerent
time-points should be chosen for in vitro experiments.
This sexual dimorphism of the development of experimentally-induced peritonitis has already been reported
in birds [18] and similar gender-related diﬀerences are
found in human blood leukocytes activity and explained
by the immunoenhancing properties of estrogens [5].
To conclude, in this study we demonstrated that the
immune system of Siberian hamsters is sexually dimorphic, especially when the peritoneal inﬂammation is
concerned. Further investigation with the use of speciﬁc
antibodies is necessary, but the results presented herein
indicate, that the peritoneal inﬂammation in male Siberian hamsters may not consist in the high inﬂux of
immune cells but rather in the stimulation of the activity of the cells already residing in the peritoneum. In
male hamsters, locally evoked peritoneal inﬂammation
stimulated splenocyte proliferation having no inﬂuence
on cells residing in the immune privileged testes. Photoperiod aﬀected both the intensity of peritoneal inﬂammation in males as well as splenocyte proliferation in
animals of both sexes.

Acknowledgments
We would like to thank professor Grażyna KorczakKowalska for the opportunity to use the equipment of
the Department of Immunology, Faculty of Biology,
Warsaw University at day and night and dr Nadzieja
Drela and dr Ewa Kozłowska for their advice and help
with the ﬂow cytometry.
This research was supported by the Faculty Grant
BW 501/68-1601/9.

60

REFERENCES
1 Bilbo SD, Drazen DL, Quan N, He L, Nelson RJ. Short day lengths
attenuate the symptoms of infection in Siberian hamsters. Proc R
Soc Lond. B 2002 ; 269 :447–454.
2 Bilbo SD, Nelson RJ. Sex differences in photoperiodic and sterssinduced enhancement of immune function in Siberian hamsters.
Brain Behavior Immunity 2003 ; 17 :462–472.
3 Champney TH, Prado J, Youngblood T, Appel K, McMurray DN.
Immune responsiveness of splenocytes after chronic daily
melatonin administration in male syrian hamsters. Immunol Letters 1997 ; 58 :95–100.
4 Demas GE, Bartness TJ, Nelson RJ, Drazen DL. Photoperiod modulates the effects of norepinephrine on lymphocyte proliferation in
Siberian hamsters. Am J Physiol Regul Integr Comp Physiol. 2003 ;
285 :R873–R879.
5 Dominguez-Gerpe L, Rey-Mendez M. Time-course of the murine
lymphoid tissue involution during and following stressor exposure. Life Sci. 1997 ; 61 :1019–1027.
6 Goldman BD. The siberian hamster as a model for study of the
mammalian photoperiodic mechanism. In : Olcese J. editor.
Melatonin after four decades. New York : Kluwer Academic/
Plenum Publishers 2000. p. 155–164.
7 Grossman CJ. Interactions between the gonadal steroids and the
immune system. Science 1985 ; 227 :257–261.
8 Hadley AR, Tran LT, Fagoaga OR, Nehlsen-Cannarella SL, Yellon SM.
Sex differences in photoperiod control of antigen-specific primary and secondary humoral immunity in Siberian hamsters. J
Neuroimmunol. 2002 ; 128 :39–48.
9 Hedger MP, Meinhardt A. Cytokines and the immune-testicular
axis. J Reprod Immunol. 2003 ; 58 :1–26.
10 Kirsch R, Ouarour A, Pevet P. Daily torpor in the Djungarian hamster (Phodopus sungorus) : photoperiodic regulation, characteristics and circadian organization. J Comp Physiol A 1991 ; 168 :121–
128.
11 Kołaczkowska E, Seljelid R, Płytycz B. Critical role of mast cells in
morphine-mediated impairment of zymosan-induced peritonitis
in mice. Inflamm Res. 2000 ; 50 :1–7
12 Lerchl A, Schlatt S. Influence of photoperiod on pineal melatonin
synthesis, fur color, body weight, and reproductive function in
the female Djungarian hamster, Phodopus sungorus. Neuroendocrinol. 1993 ; 57 :359–364.
13 Majewski P, Markowska M, Laskowska H, Waloch M, Skwarło-Sońta
K. Effect of morphine on thioglycollate-induced peritonitis in
chickens. Neuroendocrinol Lett. 2002 ; 23 :87–93.
14 Markowska M, Mrozkowiak A, Skwarło-Sońta K. Influence of
melatonin on chicken lymphocytes in vitro : involvement of membrane receptors. Neuroendocrinol Letters 2002 ; 23 :67–72.
15 Prendergast BJ, Gorman MR, Zucker I. Establishment and persistence of photoperiodic memory in hamsters. PNAS 2000 ; 97 :
5586–5591.
16 Rodriguez AB, Marchena JM, Nogales G, Duran J, Barriga C. Correlation between the circadian rhythm of melatonin, phagocytosis
and superoxide anion levels in ring dove heterophils. J Pineal Res.
1999 ; 26 :35–42
17 Skwarło-Sońta K, Majewski P, Markowska M, Jakubowska A,
Waloch M. Bimodal effect of melatonin on the inflammatory reaction in young chickens. In : Haldar C, Singaravel M, Maitra SK. editors. Treatise on pineal gland and melatonin. Enfield, NH : Science
Publishers Inc. ; 2002. p. 225–238.
18 Van Pelt LJ, van Zwieten R, Weening RS, Roos D, Verhoeven AJ,
Bolsher BG. Limitation on the use of dihydrorhodamine 123 for
flow cytometric analysis of the neutrophil respiratory burst. J Immunol Methods 1996 ; 191 :187–196
19 Yellon SM, Fagoaga OR, Nehlsen-Cannarella SL. Influence of photoperiod on immune cell functions in the male Siberian hamster.
Am J Physiol Regul Integr Comp Physiol. 1999 ; 276 :R97–R102.
20 Zhou S, Cagampang FRA, Stirland JA, Loudon ASI, Hopkins SJ. Different photoperiods affect proliferation of lymphocytes but not
expression of cellular, humoral or innate immunity in hamsters. J
Biol Rhythms 2002 ; 17 :392–405.

Neuroendocrinology Letters No.1 February Vol.26, 2005 Copyright © Neuroendocrinology Letters ISSN 0172–780X www.nel.edu

Anna Gruszka, Jolanta Kunert-Radek & Marek Pawlikowski
Abbreviations
ACTH
–adrenocorticotrophic hormone
CNFPAs –clinically nonfunctioning pituitary adenomas
DES
–diethylstilboestrol
ELISA
–enzyme-linked immunosorbent assay
FBS
–Fetal Bovine Serum
GH
–growth hormone
LH
–luteinizing hormone
OD
–optical density
PPAR-γ –peroxisome proliferator-activated receptor γ
PRL
–prolactin
TZDs
–thiazolidinediones

Introduction
Peroxisome proliferator-activated receptors γ
(PPARs-γ) are members of the nuclear receptor superfamily, and thus, are ligand-activated transcription factors [11, 23]. PPAR-γ activation is associated with glucose metabolism regulation, adipocyte diﬀerentiation
[24], inhibition of macrophage and monocyte activation [21, 12].
The recent evidence has shown that PPAR-γ ligands
suppress the growth of thyroid, breast, prostate, gastric,
pancreatic and colonic carcinoma cell lines [18, 16, 6, 13,
15, 17, 22] and are potent inhibitors of angiogenesis both
in vitro and in vivo [27, 19]. PPAR-γ ligands thiazolidinediones (TZDs) have been also shown to inhibit the
growth and secretory activity of several rat and murine
pituitary tumors in vivo and in vitro (ACTH-secreting
AtT20 [8], PRL- and GH-secreting GH3, LH-secreting LβT2 and α-T3 cells [9]). TZDs have been demonstrated to induce G0–G1 cell-cycle arrest and apoptosis
in human, rat somatolactotroph, murine corticotroph
and gonadotroph pituitary tumor cells [8, 9, 4]. PPAR-γ
is abundantly expressed in human pituitary adenomas
of diﬀerent subtypes compared with normal pituitary
tissue [9] with the strongest expression observed in prolactinomas [26].
These data indicate that PPAR-γ is an important
molecular target for treating patients with pituitary
adenomas, especially GH- and PRL-secreting tumors
which are unresponsive to dopamine agonists or somatostatin receptor analogues and ACTH-secreting and
clinically nonfunctioning pituitary tumors, for which
no eﬃcient drug therapies are currently available [10].
Preliminary results of clinical studies in small groups
support the potential usefulness of PPAR-γ agonists in
some patients with Cushing’s disease [1, 2].
In the present study we have investigated for the ﬁrst
time the eﬀects of PPAR-γ receptor ligand rosiglitazone
on the estrogens-induced, PRL-secreting rat pituitary
tumor in vitro.

Material and methods
Four weeks old male Fischer 344 rats were used in the
experiment. The animals were housed in a room with
controlled illumination (L :D 12 :12) and temperature
(23±2ºC), with constant access to tap water and standard laboratory food. Pituitary tumors were induced by
the subcutaneous implantation of capsules containing

52

10 mg of diethylstilboestrol (DES, Sigma-Aldrich, Germany).
Eight weeks after the implantation of the capsules
the rats were sacriﬁced and pituitary tumors were aseptically removed. The procedure of induction and collection of the pituitary tumors was approved by the
Local Ethical Committee for Animal Experimentation
(decision Nr Ł/BD/142, October 28, 2002). Sliced tumor
tissue fragments were mechanically dispersed using 70
µm Nylon Cell Strainer (Falcon, Becton Dickinson Labware, New Jersey, USA). The monodispersed tumor cell
suspension in RPMI 1640 medium containing 10 % Fetal
Bovine Serum (FBS, Biochrom KG, Germany), 100 U/ml
penicillin and 100 µg/ml streptomycin solution (Sigma),
was placed into multiwell culture dishes (NunclonTM ∆
96 MicroWell Plates, Nalge Nunc International Corp.,
USA) at the density of 5×105 cells/well. The cells were
incubated for 24 h in the presence of rosiglitazone at
the concentrations 10–10 – 10–4M at 37°C in the humidiﬁed atmosphere of 95 % air and 5 % CO2. The group
with the addition of solvent only served as control. The
rosiglitazone (Rosiglitazone maleate, GlaxoSmithCline
Beecham Pharmaceuticals, Worthing, West Sussex, UK)
was dissolved in ethanol and further diluted with 0,01N
acetic acid containing 0,1 % FBS. The ﬁnal maximal
concentration of ethanol was 0,05 % in experimental
medium and control.
The cell viability was estimated by the measurement
of the metabolic activity of the cells using the EZ4U
system (Easy for You, the 4th Generation Non Radioactive Cell Proliferation & Cytotoxicity Assay, Biomedica
GmbH, Austria). The assay is based on the transformation of tetrazolium salt into coloured soluble formazans
as a result of the mitochondrial activity of the viable
cells. The red soluble formazans released to the culture
medium, were determined by the extinction measurement using the ELISA reader.
Statistical analysis was performed using ANOVA followed by LSD test. P<0.05 was considered to indicate
signiﬁcance.

Results
Rosiglitazone at the concentrations 10–10 – 10–4M
signiﬁcantly decreased the viability of the rat PRLsecreting pituitary tumor cells in vitro (Figure 1).

Discussion
Thiazolidinediones (TZDs), potent oral antidiabetic compounds that activate peroxisome proliferatoractivated receptors γ (PPARs-γ), have been shown to
have antitumor activity in several experimental cancer
models [18, 16, 6, 13, 15, 17, 22], including human and
rat pituitary tumor cells [8, 9, 4]. TZDs induced G0–G1
cell-cycle arrest and apoptosis in ACTH-secreting AtT20
cells [8], PRL- and GH-secreting GH3 cells, LH-secreting LβT2 cells and α-T3 cells [9] and suppressed pituitary hormone secretion in vitro. In vivo the growth of
murine somatolactotroph, corticotroph and gonadotroph tumors, generated by subcutaneous implantation
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Rosiglitazone, PPAR-γ receptor ligand, decreases the viability of rat prolactin-secreting pituitary tumor cells in vitro

Figure 1. Effect of rosiglitazone on the viability of the rat prolactinoma cells in vitro.
Bars represent the means ± SEM, * P<0.05 vs control (C) ; OD – optical density.

of GH3, AtT20, LβT2 and α-T3 cells, respectively, was
suppressed in TZDs-treated mice and serum GH, PRL,
ACTH and LH levels were signiﬁcantly lower as compared with vehicle-treated tumor-bearing animals [9].
Here we report that rosiglitazone, a TZD compound,
inhibits the viability of estrogen-induced, PRL-secreting
rat pituitary tumor cells in vitro. Rosiglitazone was eﬀective at the concentrations from 10–10 to 10–4M. Further
studies are required to evaluate the mechanism of rosiglitazone action in rat prolactinoma cells. The results of
experiments concerning other pituitary tumor models
have demonstrated cell-cycle arrest and increased
apoptosis after TZDs treatment [4, 10, 7]. Apoptosis has
been also shown to play a role in antitumor activity of
PPAR-γ receptor agonists in thyroid carcinoma, colon
carcinoma and glioblastoma cell lines [18, 3, 25].
As the recent studies have shown abundant PPAR-γ
expression in human pituitary tumors compared with
normal pituitary tissue [9, 26], PPAR-γ receptor ligands,
such as rosiglitazone, may be potential therapeutic
agents for treating the patients with pituitary adenomas. TZDs might be especially useful in the patients
with PRL- and GH-secreting tumors that fail to respond
to dopamine agonists and/or somatostatin analogs or
are intolerant of these drugs. Other candidates for the
treatment with PPAR-γ receptor agonists are patients
with clinically nonfunctioning pituitary adenomas
(CNFPAs). CNFPAs constitute about 30 % of surgically
removed pituitary macroadenomas. However, because
of considerable size and growth potential, the eﬀects of
surgical treatment of these tumors are not satisfactory
and no eﬀective drug therapies for these tumors are
available. To our knowledge, so far the clinical studies
have concerned TZDs administration only in patients
with Cushing’s disease [1, 2, 5, 20]. These pilot studies,
except for one [20], have shown that chronic rosiglitazone therapy seems able to normalize cortisol secretion in some patients, at least for short periods.

Rosiglitazone is a potent oral antidiabetic drug
already used by millions of patients for the treatment
of type 2 diabetes. Rosiglitazone has been shown to
have greater aﬃnity for PPAR-γ than other thiazolidinedione compounds, pioglitazone and troglitazone.
Unlike troglitazone, which has been associated with
idiosyncratic hepatotoxicity, rosiglitazone is safe and
well-tolerated. Moreover, new PPAR-γ receptor ligands
with potent antitumor activity, like RWJ-241947 [14]
are still being developed and might prove eﬀective in
the medical treatment of pituitary tumors. Our ﬁndings, taken together with earlier studies, justify further
clinical trials of the treatment of pituitary tumors with
PPAR-γ agonists.
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