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Abstract
Objectives

Prolactin (PRL) is a hormone with cytokine-like activities that has been demonstrated to be involved in immune responses. 
However, there are inconsistent results related to the role of PRL in rheumatoid arthritis (RA). Therefore, the aim of this 

study was to evaluate the levels of PRL in serum and synovial fluid in patients with RA and osteoarthritis (OA) and examine 
whether PRL might be associated with laboratory and clinical disease activity of RA. 

Methods
A total of 29 patients with RA and 26 patients with OA were included in the study. The concentration of PRL in the serum 
and synovial fluid was measured by immunoradiometric assays, and the levels of serum anti-citrullinated protein/peptide 
autoantibodies (ACPA) and IgM rheumatoid factor (IgM-RF) were analysed by ELISA. Disease activity score (DAS 28) 

and radiological (Larsen) score were assessed. 

Results
The levels of PRL in serum (299.55±27.28 vs. 230.59±16.61mIU/l, p=0.041) as well as in synovial fluid (338.85± 33.49 vs. 

245.97±21.88mIU/l, p=0.024) were significantly higher in patients with RA than in patients with OA. A moderate 
correlation was found between disease activity of RA and levels of PRL in synovial fluid (r=0.485, p=0.010) and the 

serum PRL levels correlated significantly with the total Larsen score (r=0.484, p=0.014)

Conclusion
The findings of increased prolactin levels in patients with RA lead to the assumption that prolactin may play a role in 

disease severity and the process of joint damage in RA.
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Introduction
Rheumatoid arthritis (RA) is a chronic 
autoimmune disease characterised by 
the accumulation of immune cells and 
activation of synovial fibroblasts within 
the synovial membrane, which sub-
sequently results in cartilage destruc-
tion and erosion of the adjacent bone 
(1-3). To date, the aetiology of RA is 
unknown, and its pathogenesis remains 
incompletely understood. However, sex 
hormones have been suggested to mod-
ulate both onset as well as progression 
of the disease (4). Females are affected 
more frequently than males, and there 
is evidence that during pregnancy RA 
usually improves, which is in contrast 
to the characteristic exacerbation after 
delivery, a period when both cortisol 
and oestrogens rapidly decline and pro-
lactin (PRL) remains significantly in-
creased (4, 5). 
In addition to its unique roles in re-
production and lactation, PRL acts as 
a potent immunomodulator (6, 7). The 
immune capability of PRL is genera-
lly stimulatory, while oestrogens and 
cortisol support the anti-inflammatory 
Th2 immune response. PRL maintains 
immune homeostasis, and its receptors 
have been detected on several immune 
cells, synovial fibroblasts and chondro-
cytes (6, 8, 9). In immune cells, PRL 
up-regulates transcription of the inter-
feron regulatory factor IRF-1 gene and 
modulates expression of pro-inflam-
matory cytokines interleukin (IL)-12, 
interferon (IFN)-γ and tumour necrosis 
factor (TNF)-α (10, 11). Moreover, PRL 
exhibits anti-apoptotic activities, lead-
ing to increased survival of both autore-
active T-cells and B-cells (10, 12). 
Several hormones, including PRL, have 
been observed in the synovial fluid of 
patients with RA (13), and elevated 
serum PRL levels have been detected 
in children suffering from antinuclear 
antibody (ANA)-positive juvenile idi-
opathic arthritis (14). In addition, serum 
PRL levels have been shown to corre-
late with disease activity of systemic 
lupus erythematosus (15, 16). Howev-
er, in the case of RA there have been 
found inconsistent results varying from 
lower (17), equal (18) to higher PRL se-
rum levels (19, 20). Nevertheless, in an 
experimental model, PRL was shown 

to aggravate arthritis in hypophysec-
tomised rats (21) and in humans PRL 
serum levels correlated with proinflam-
matory chemokine MIP-1α  (22), active 
disease (22) and worse Steinbrocker 
functional stage (20). Moreover, RA 
patients with increased serum PRL lev-
els required strenuous therapy with glu-
cocorticoids (23).
The aim of our study was to determine 
the levels of PRL in serum and synovi-
al fluid of patients with RA and osteo-
arthritis (OA) and to characterise its 
potential association with the disease 
activity and joint damage. 

Methods 
Patients
Twenty-nine patients fulfilling the 
American College of Rheumatology 
(ACR) revised criteria for RA (24) 
were included in this study. The con-
trol group consisted of 26 patients with 
knee OA who met the ACR criteria for 
OA of the knee (25). Detailed charac-
teristics of both groups are shown in 
Table I. The study was approved by 
the Ethical Committee of the Institute 
of Rheumatology in Prague, and all pa-
tients agreed on participation by sign-
ing the informed consent. 
Synovial fluid was collected under 
standard conditions from the knee joint 
during therapeutic arthrocentesis. As 
the PRL serum levels show physiologi-
cal diurnal variation, the blood samples 
were taken 1-5 days thereafter in the 
morning hours (at least 1 hour after 
waking up) and after at least 20 minutes 
at rest before sampling. Patients suf-
fering from hypothyreosis, those that 
were pregnant or using drugs affecting 
PRL secretion were not included in this 
study.
Functional disability questionnaires 
(Czech validated versions) and dis-
ease activity were assessed at the time 
of arthrocentesis. The Western Ontar-
io and McMaster Universities Index 
(WOMAC) was used for patients with 
OA. For patients with RA, the disease 
activity score (DAS) and health as-
sessment questionnaire (HAQ) were 
examined. The DAS28 was calculat-
ed using the formula: 0.56√ (number 
of tender joints)+0.28√ (number of 
swollen joints)+0.7Ln (erythrocyte 



851

Elevated PRL levels and disease activity of RA / M. Fojtíková et al.

sedimentation rate) +0.014 (patient’s 
assessment of disease activity). RA 
patients were stratified according to 
the DAS28 into three groups with 
low (DAS28 <3.2), moderate (DAS28 
3.2-5.1) and high disease activity 
(DAS28>5.1). Radiographs of hands, 
wrists and feet in frontal projection 
were taken from all patients at base-
line. Radiographs were evaluated for 
joint space narrowing and erosions us-
ing modification of Larsen score (26). 
The total radiographic (Larsen) score 
was calculated by the grading from 0 
(intact bony outlines and normal joint 
space) to 5 (mutilating changes) in 32 
joint regions (26). 

Laboratory analysis
The concentration of PRL in serum 
and synovial fluid was measured in 
duplicate using an immunoradiometric 
assay (IRMA, Immunotech, Prague). 
Samples (50μl) were incubated with 
125 I-labelled antibody (150000cpm/
500μl) in tubes pre-coated with mice 
monoclonal antibody for one hour at 
room temperature by continuous shak-
ing. The contents of tubes were then 
aspirated. The tubes were washed 
twice with 2ml of wash solution, and 
the radioactivity bound to the tubes 
was measured using a gamma coun-
ter. The standards supplied with the 
kits were calibrated using the inter-

national standard WHO 84/500 (1ng/
ml=30.3mIU/l). The limit of sensi-
tivity of the assay was 30mIU/l. The 
intra-and inter-assay coefficients of 
variation were determined with the 
use of pooled patients’ serum samples 
and were 4.5 and 8.8%, respectively. 
In the test there was no cross reactiv-
ity to other human hormones (hLH, 
hFSH, hTSH, hCG, hGH and HPL) as 
well as to rheumatoid factor. The lev-
els of anti-citrullinated protein/peptide 
autoantibodies (ACPA) and IgM rheu-
matoid factor (IgM-RF) were analysed 
by ELISA (Test Line s.r.o., Czech Re-
public). C-reactive protein (CRP) was 
determined by nephelometry. 

Statistical analysis
The IBM statistics software SPSS ver-
sion 17 (http://www.spss.com) was 
used for statistical analysis. The levels 
of PRL were normally distributed, and 
therefore the student’s t-test was used 
to analyse the difference between the 
two groups. Pearson’s correlation co-
efficient was used for correlations be-
tween PRL and selected variables. Data 
are presented as the mean±standard 
deviation. A p-value less than 0.05 was 
considered statistically significant. Chi-
square test and Student’s t-test were 
used for the analysis of the variables of 
the demographic data. 

Results
Increased prolactin levels in 
patients with rheumatoid arthritis
The mean serum PRL levels in pa-
tients with RA were significantly 
higher than those in patients with OA 
(299.55±27.28 vs. 230.59±16.61mIU/
l, p=0.041). Similarly, the levels of 
PRL in synovial fluid were signifi-
cantly higher in patients with RA than 
in patients with OA (338.85± 33.49 vs. 
245.97±21.88mIU/l, p=0.024) (Fig. 
1). The levels of PRL in synovial fluid 
were insignificantly increased com-
pared to PRL levels in the serum in 
both groups; synovial fluid and serum 
levels significantly correlated with each 
other in patients with RA (r=0.546, 
p=0.002) as well as in patients with OA 
(r=0.528, p=0.006), see Figure 2. The 
levels of PRL in serum and synovial 
fluid in both groups were not affected 

Table I. Baseline characteristics of patients. 

 RA (n=29) OA (n=26) p-value

Age (years) 62.21 ± 2.52 66.20 ± 2.15 0.246
Gender (female/male)  22/7  15/11 0.249
Female: pre/postmenopausal  2/22  0/15 0.504
Disease duration (years) 7.86 ± 1.85 8.07 ± 1.68 0.594
Disease activity (DAS 28)  4.83 ± 0.29  NA  –
Mean Larsen score (index)  26.12  –   – 
Glucocorticoids (n)  21   –  –
DMARDs (n) MTX/HCQ/SAS/LEF 29  17/3/5/4  –  –
Biological agents:                
   TNF inhibitors/tocilizumab 8  7/1  –  –
CRP (mg/l) 21.65 ± 5.16 5.10 ± 1.62 0.007
ESR (mm/ 1st h) 26.34 ± 5.62 11.5 ± 1.74 0.010
ACPA (IU/ml) 275.21 ± 100.3  NA –
RF IgM (U/ml) 17.28 ± 4.11  NA –

DAS, disease activity score; DMARDs, Disease modifying antirheumatic drugs; MTX: Methotrexate; 
HCQ: Hydroxycloroquine; SAS: Sulphasalazine; LEF:  Leflunomide; CRP: C-reactive protein; ESR: 
erythrocyte sedimentation rate; ACPA: Anti-citrullinated peptide autoantibodies; RF: rheumatoid factor.

Fig. 1. Serum and synovial fluid levels of prolactin in patients with rheumatoid arthritis (RA) and 
osteoarthritis (OA).
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by disease duration or treatment with 
non-steroidal antirheumatic drugs or 
low dose glucocorticoids. The levels of 
PRL were also not affected by disease 
modifying anti-rheumatic drugs or bio-
logics (data not shown). 
When we stratified the subjects accord-
ing to hormonal status, serum levels of 
PRL were significantly higher in post-
menopausal, female RA patients (n=20) 
in comparison with the same group of 
OA patients (n=15) (323.1±40.90 vs. 
221±22.71mIU/l, p=0.037). However, 
in the synovial fluid, there was no dif-
ference between postmenopausal fe-
males with RA and OA (329.1±31.28 
vs. 268.80±33.26mIU/l, p=0.297). No 
differences were observed in serum 
as well as synovial fluid PRL levels 
between RA and OA males (data not 
shown). In the group of RA patients, 
PRL levels in synovial fluid, but not 
serum, were significantly higher in 
postmenopausal females in compari-
son to RA males (329.1±31.28 vs. 
207.6±45.51mIU/l, p=0.040). How-
ever, in the OA patients, there were 
no differences in serum (221±22.71 
vs. 243.7±24.8mIU/l; p=0.507) and 
synovial fluid (268.8±33.26 vs. 
214.7±23.42mIU/l; p=0.929) PRL lev-
els between postmenopausal females 
and males. 

Association between prolactin, 
disease activity and morphological 
changes in patients with rheumatoid 
arthritis
Increased synovial fluid PRL levels 
were found in RA patients suffer-
ing from active disease (DAS28>5.1; 
n=11) in comparison with patients 
with moderate and low disease activi-
ty (433.0±62.5 vs. 318.3±42.6 mIU/l, 
p=0.045). Altogether, synovial fluid 
PRL levels significantly correlated with 
DAS28 in patients with RA (r=0.485, 
p=0.010; Fig. 3). In contrast, we only 
found a trend for the association be-
tween disease activity and serum PRL 
levels in patients with RA (r=0.345, 
p=0.078). On the other hand, the total 
radiographic (Larsen) score correlated 
significantly with the serum PRL levels 
(r=0.484, p=0.014), but not with that 
in synovial fluid (r=0.154, p=0.460; 
Fig. 4). The levels of PRL in both se-

rum and synovial fluid did not correlate 
with functional status of the disease as-
sessed by HAQ or by WOMAC in RA 
and OA patients, respectively (data not 
shown). The levels of PRL in the serum 
as well as in the synovial fluid were not 
associated with either the levels of se-
rum CRP or with the serum autoanti-
bodies such as IgM-RF or ACPA (data 
not shown).

Discussion 
In this study, we found increased levels 
of PRL in both the serum and synovial 
fluid of patients with RA in comparison 
to patients with OA. Furthermore, the 

levels of synovial fluid PRL correlated 
significantly with the disease activity 
and the levels of systemic PRL corre-
lated with the total radiographic score 
in patients with RA. Our results sug-
gest that the inflammatory course of 
the disease may contribute to increased 
PRL levels, which may reflect structur-
al damage in patients with RA. 
The levels of serum PRL and its re-
lationship with disease activity and 
severity have been demonstrated in 
several autoimmune diseases includ-
ing systemic lupus erythematosus (15, 
16), systemic sclerosis (27) and celiac 
disease (28). However, previous data 

Fig. 2. Correlation between the levels of prolactin (PRL) in the serum and synovial fluid of patients 
with (A) rheumatoid arthritis (RA) and (B) osteoarthritis (OA). 

Fig. 3. Association between the levels of prolactin (PRL) in the synovial fluid (A) and serum (B) and 
disease activity in patients with rheumatoid arthritis (RA).

A B

Fig. 4. Correlation between the levels of prolactin (PRL) in the (A) serum and (B) synovial fluid and 
Total Larsen score in patients with rheumatoid arthritis (RA).

A B

A B
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studying serum levels of PRL in RA pa-
tients have been inconsistent. The lev-
els of serum PRL have been reported 
from lower (17), equal (18, 29) to high-
er (19, 20) in comparison to healthy in-
dividuals, and association between the 
levels of PRL and disease activity have 
not yet been shown. Similar to the lat-
ter data (19, 20), we showed increased 
PRL levels in serum and in the synovial 
fluid of patients with RA, which sup-
ports the association between the levels 
of PRL in the serum and synovial fluid 
(30). Furthermore, the levels of PRL 
in the synovial fluid significantly cor-
related with the disease activity of RA, 
while systemic levels of PRL showed 
only a tendency for this association and 
reflected rather the morphologic joint 
changes of active long-standing RA. 
Whether PRL could represent a surro-
gate marker with predictive value for 
further radiographic progression of the 
disease or even contribute to structural 
changes itself has not yet been shown.
Some authors have suggested that 
PRL in synovial fluid is derived from 
the plasma (13, 31). However, under 
inflammatory conditions, PRL may 
be also produced locally in immune 
cells and resident tissue cells of the 
joint, including synovial fibroblasts 
and chondrocytes expressing also PRL 
receptor (8, 9). There is evidence that 
PRL serves as a potent immunostimu-
latory cytokine and may be involved in 
inflammation and synovial hyperplasia 
(8, 10-12). PRL is suggested to have 
dual functions locally in the joint tis-
sues. While in chondrocytes PRL pre-
vents their apoptosis due to activation 
of antiapoptotic genes (32), it stimu-
lates synovial cell proliferation and in-
creases the synthesis of matrix metallo-
proteinase (MMP)-3, IL-6 and IL-8 (8). 
We therefore suggest that the increased 
levels of PRL produced either locally or 
derived from the blood circulation may 
contribute to structural changes associ-
ated with the development of RA.
In contrast to local sites, the systemic 
levels of PRL in our study showed 
only a tendency for association with 
the actual disease activity. However, 
we did not perform analysis of free 
serum prolactin and macroprolactin 
because only three RA patients had 

moderate hyperprolactinemia. In fu-
ture studies, it might be interesting 
to determine whether the disease ac-
tivity of RA correlates with levels of 
the free serum PRL as was previously 
demonstrated in patients with SLE 
(16). The regulation of PRL synthesis 
is negatively controlled by dopamine 
and is positively regulated by stress, 
exercise, circadian rhythms, the levels 
of oestrogens and proinflammatory cy-
tokines such as TNF-α and IL-6 (33, 
34). In postmenopausal females, the 
levels of serum PRL should be simi-
lar to that in males, which is what we 
saw in this study. Increased levels of 
serum PRL in postmenopausal, fe-
male RA patients compared to those in 
postmenopausal, female OA patients 
may be due to increased inflammatory 
activity of the autoimmune disease 
compared with the non-inflammatory 
nature of OA. On the other hand, we 
observed comparable PRL levels be-
tween RA and OA male patients. This 
observation could be explained by the 
very small number of male patients in-
cluded in our study, while others have 
demonstrated increased serum PRL 
levels in male RA patients compared 
to OA male patients (20, 35), which 
supports chronic inflammation as the 
cause of elevated PRL levels. On the 
other hand, two works demonstrated 
that serum levels of PRL were not al-
tered in the beginning of the RA (29, 
36). Recently has been found that pa-
tients with active RA have decreased 
PRL response to hypoglycaemia-in-
duced stress, although the response 
recovered following treatment with 
disease modifying antirheumatic drugs 
(DMARDs) (29). Our study is cross-
sectional; therefore we are unable to 
evaluate the effect of anti-inflamma-
tory treatment on the levels of PRL in 
patients with RA. However, we did not 
detect any differences in the levels of 
PRL in patients treated with DMARDs 
and biologic agents. 
In summary, this study shows in-
creased PRL levels in the serum and 
mainly in the synovial fluid of patients 
with RA in comparison to control OA 
subjects. This study shows the correla-
tion between disease activity, structural 
damage and the levels of PRL in pa-

tients with RA. Our data support the 
hypothesis that PRL may play a role in 
the pathology of RA.

References
  1. RAU R: Is remission in rheumatoid arthritis 

associated with radiographic healing? Clin 
Exp Rheumatol 2006; 24: S41-4.

  2. SCHETT G, SIEPER J: Inflammation and re-
pair mechanisms. Clin Exp Rheumatol 2009; 
27 (Suppl. 55): S33-5.

  3. LORIES RJ, BAETEN DL: Differences in 
pathophysiology between rheumatoid ar-
thritis and ankylosing spondylitis. Clin Exp 
Rheumatol 2009; 27 (Suppl. 55): S10-4.

  4. CUTOLO M, STRAUB RH: Insights into endo-
crine-immunological disturbances in autoim-
munity and their impact on treatment. Arthri-
tis Res Ther 2009; 11: 218-25.

  5. CHUANG E, MOLITCH ME: Prolactin and au-
toimmune disease in humans. Acta Biomed 
2007; 78: 255-61.

  6. MATERA L, MORI M, GEUNA M, BUTTIGLIERI 
S, PALAESTRO G: Prolactin in autoimmu-
nity and antitumor defence. J Neuroimmunol 
2000; 109: 47-55.

  7. REDELMAN D, WELNIAK LA, TAUB D, MUR-
PHY WJ: Neuroendocrine hormones such as 
growth hormone and prolactin are integral 
members of the immunological cytokine net-
work. Cell Immunol 2008; 252: 111-21.

  8. NAGAFUCHI H, SUZUKI N, KANEKO A, ASAI 
T, SAKANE T: Prolactin locally produced by 
synovium infiltrating T lymphocytes induces 
excessive synovial cell functions in patients 
with rheumatoid arthritis. J Rheumatol 1999; 
26: 1890-900.

  9. OGUETA S, MUNOZ J, OBREDON E, DELGA-
DO-BAEZA E, GARCIA-RUIZ JP: Prolactin is 
a komponent of the human synovial liquid 
and modulates the growth and chondrogenic 
differentiation of bone marrow-derived mes-
enchymal stem cells. Moll Cell Endocrinol 
2002; 190: 51-63.

10. DOGUSAN Z, BOOK ML, VERDOOD P, YU-LEE 
LY, HOOGHE-PETERS EL: Prolactin activates 
interferon regulatory factor-1 expression in 
normal lympho-hemopoietic cells. Eur Cyto-
kine Network 2000; 11: 435-42.

11. CARRENO PC, SACEDON R, JIMENEZ E, VI-
CENTE A, ZAPATA AG: Prolactin affects both 
survival and differentiation of T-cell progeni-
tors. J Neuroimmunol 2005; 160: 135-45.

12. SAHA S, GONZALEZ J, ROSENFELD G, KEIS-
ER H, PEEVA E: Prolactin alters the mecha-
nisms of B cell tolerance induction. Arthritis 
Rheum 2009; 60: 1743-52. 

13. ROVENSKY J, KVETNANSKY R, RADIKOVA 
Z et al.: Hormone concentrations in synovial 
fluid of patients with rheumatoid arthritis. 
Clin Exp Rheumatol 2005; 23: 292-6.

14. MCMURRAY RW, ALLEN SH, PEPMUELLER 
PH, KEISLER D, CASSIDY JT: Elevated serum 
prolactin levels in children with juvenile rheu-
matoid arthritis and antinuclear antibody se-
ropositivity. J Rheumatol 1995; 22: 1577-80.

15. MOSZKORZOVA L, LACINOVA Z, MAREK J, 
MUSILOVA L, DOHNALOVA A, DOSTAL C: 
Hyperprolactinaemia in pateitns with sys-
temic lupus erythematosus. Clin Exp Rheu-
matol 2002; 20: 807-12.



854

Elevated PRL levels and disease activity of RA / M. Fojtíková et al.

16. LEANOS-MIRANDA A, CARDENAS-MONDRA-
GON G: Serum free prolactin concentrations 
in patients with systemic lupus erythematosus 
are associated with lupus activity. Rheumatol-
ogy 2006; 45: 97-101.

17. NAGY E, CHALMERS IM, BARAGAR FD, 
FRIESEN HG, BERCZI I: Prolactin deficiency 
in rheumatoid arthritis. J Rheumatol 1991; 
18: 1662-8.

18. GUTIERREZ MA, GARCIA ME, RODRIGUEZ 
JA, MARDONEZ G, JACOBELLI S, RIVERO S: 
Hypothalamic-pituitary-adrenal axis function 
in patients with active rheumatoid arthritis: a 
controlled study using insulin hypoglycemia 
stress test and prolactin stimulation. J Rheu-
matol 1999; 26: 277-81.

19. RAM S, BLUMBERG D, NEWTON P, ANDER-
SON NR, GAMA R: Raised serum prolactin in 
rheumatoid arthritis: genuine or laboratory 
artefact? Rheumatology 2004; 43: 1272-4.

20. MATEO L, NOLLA JM, BONNIN MR, NAVAR-
RO MA, ROIG-ESCOFET D: High serum prol-
actin levels in men with rheumatoid arthritis. 
J Rheumatol 1998; 25: 2077-82.

21. NEIDHART M, FLUCKIGER EW: Hyperprol-
actinaemia in hypophysectomized or intact 
male rats and the development of adjuvant 
arthritis. Immunology 1992; 77: 449-55.

22. KULLICH WC, KLEIN G: High levels of    
macrophage inflammatory protein-1α cor-
relate with prolactin in female patients with 
active rheumatoid arthritis. Clin Rheumatol 

1998; 17: 263-4.
23 ROVENSKY J, BAKOSOVA J, PAYER J et al.: 

Increased demand for steroid therapy in hy-
perprolactinemic patients with rheumatoid 
arthritis. Int J Tissue React 2001; 23: 145-9.

24. ARNETT FC, EDWORTHY SM, BLOCH DA et 
al.: The American Rheumatism Asociations 
1987 revised criteria for the classification of 
rheumatoid arthritis. Arthritis Rheum 1988; 
31: 315-24.

25. ALTMAN N R, ASCH E, BLOCH D et al.: 
Development of criteria for the classification 
and reporting of osteoarthritis. Classification 
of osteoarthritis of the knee. Diagnostic 
and Therapeutic Criteria Committee of the 
American Rheumatism Association. Arthritis 
Rheum 1986; 29: 1039-49.

26. LARSEN A: How to apply Larsen score in 
evaluating radiographs of rheumatoid arthri-
tis in longterm studies? J Rheumatol 1995; 
22: 1974-5.

27. MIRONE L, BARINI A, BARINI A: Androgen 
and prolactin (Prl) levels in systemic scle-
rosis (SSc): relationship to disease severity. 
Ann NY Acad Sci 2006; 1069: 257-62.

28. KAPUR G, PATWARI AK, NARAYAN S, NAND 
VK: Serum prolactin in celiac disease. J Trop 
Pediatr 2004; 50: 37-40.

29. EIJSBOUTS AM, VAN DEN HOOGEN FH, LAAN 
RF, SWEEP CG, HERMUS AR, VAN DE PUTTE 
LB: Decreased prolactin response to hypogly-
caemia in patients with rheumatoid arthritis: 

correlation with disease activity. Ann Rheum 
Dis 2005; 64: 433-7.

30. ROVENSKY J, IMRICH R, RADIKOVA Z et al.: 
Peptide hormones and histamine in plasma 
and synovial fluid of patients with rheuma-
toid arthritis and osteoarthritis. Endocr Regul 
2005; 39: 1-6.

31. ROVENSKY J, SIMOROVA E, RADIKOVA Z et 
al.: Comparison of hormone transfer to pleu-
ral and synovial exsudates. Endocr Regul 
2006; 40: 29-36.

32. ZERMENO C, GUZMAN-MORALES J, MACO-
TELA Y et al.: Prolactin inhibit the apoptosis 
of chondrocytes induced by serum starva-
tion. J Endocrinol 2006; 189: R1-R8.

33. LEITE CM, MACHADO GJ, DORNELLES RC, 
FRANCI CR: Actions of angiotensin II and 
dopamine in the medial preoptic area on prol-
actin secretion. Physiol Res 2008; 57: 109-18.

34. GEREZ J, BONFIGLIO J, SOSA S et al.: Mo-
lecular transduction mechanisms of cytokine 
/ hormone interactions: role of gp130 cy-
tokines. Exp Physiol 2007; 92: 806-9.

35. SERIOLO B, FERRETTI V, SULLI A, FASCIOLO 
D, CUTOLO M: Serum prolactin concentra-
tions in male patients with rheumatoid arthri-
tis. Ann NY Acad Sci 2002; 966: 258-62.

36. TEMPL E, KOELLER M, RIEDL M, WAGNER O, 
GRANINGER W, LUGER A: Anterior pituitary 
function in patients with newly diagnosed 
rheumatoid arthritis. Br J Rheumatol 1996; 
35: 350-6.


