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INTRODUCTION
When a threat to homeostasis is perceived, hy-
pothalamus-pituitary-adrenal (HPA) axis is acti-
vated as an important regulatory mechanism of 
the stress response. HPA axis activity is initiated 
by the secretion of corticotropin-releasing hor-
mone from the hypothalamus, activating the se-
cretion of adrenocorticotropic hormone from the 
pituitary, which then stimulates the secretion of 
glucocorticoids from the adrenal glands. On the 
other hand, oxytocin has been generally de-
scribed as another important regulator of neu-
roendocrine and behavioral stress-coping strate-
gies. In addition to several animal and human 
studies suggesting that oxytocin reduces the 
stress response by dampening HPA activity, re-
cent studies reviewed in this chapter imply that 
the anti-inflammatory effects of oxytocin may 
also be operating through the inhibition of HPA 
activity.

Stress and HPA axis 
Exposure to physiological or psychological stress 
causes a wide range of autonomic, endocrine, 
and behavioral responses, which are mostly de-
signed to re-establish homeostasis and allow the 
individual to cope with stress conditions. When 
an individual perceives a threat to homeostasis, 
an important regulatory mechanism of the stress 
response is the activation of the HPA axis, used 

by most mammals to maintain homeostasis after 
various types of challenges. However, some indi-
viduals may display reduced neuroendocrine 
and behavioral responses to stress, while exces-
sive and/or long-term activation of stress path-
ways may disturb these physiological and behav-
ioral functions (41).

Regulation of HPA axis
HPA axis activity is governed by the secretion of 
corticotropin-releasing hormone (CRH) from the 
hypothalamus, which activates the secretion of 
adrenocorticotropic hormone (ACTH) from the 
pituitary. ACTH, in turn, stimulates the secretion 
of glucocorticoids from the adrenal glands. Glu-
cocorticoids interact with the corticosteroid re-
ceptors, which are present in almost every tissue 
in the body. Cortisol affects a multitude of sys-
tems in the body, including the HPA axis itself 
(Fig. 1), the cardiovascular system, the immune 
system, metabolism, and cell growth, and it also 
has an impact on behavior. 

Sensory information is processed in the basola-
teral amygdala and relayed to neurons in the cen-
tral nucleus. Descending pathways from the cen-
tral nucleus of amygdala, called the bed nucleus 
of the stria terminalis, activate the HPA axis and 
the stress response. Basal and stress-induced ac-
tivity of the HPA axis is controlled by glucocorti-
coid negative feedback (21). When circulating 
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cortisol levels get too high, hippocampus, which contains nu-
merous glucocorticoid receptors, inhibits CRH release and 
participates in the feedback regulation of the HPA axis (Fig. 1). 
However, continuous exposure to cortisol, such as during pe-
riods of chronic stress, can cause hippocampal neurons to de-
generate, setting off a vicious cycle, in which the stress re-
sponse becomes more pronounced, leading to even greater 
cortisol release and more hippocampal damage. In accordance 
with that, human brain imaging studies have shown a de-
crease in the volume of the hippocampus in some people suf-
fering from post-traumatic stress disorder (3). Moreover, ex-
perimental studies have shown that adult rats with reduced 
anxiety express more glucocorticoid receptors in their hippo-
campus and less CRH in their hypothalamus, when they have 
received a lot of maternal care as pups. Thus, having more glu-
cocorticoid receptors prepare the animal to respond to stres-
sors as adults (3). It was demonstrated that the maternal influ-
ence could be replaced by increasing the tactile stimulation of 
the pups. Tactile stimulation activates the ascending seroton-
ergic inputs to the hippocampus, and the serotonin triggers a 
long-lasting increase in the expression of the glucucorticoid 
receptor gene. Tactile stimulation, on the other hand, is well 
known to produce elevations in oxytocin, an effective regula-
tor of the HPA axis (13).

Oxytocin and stress
Oxytocin (OT), which displays a potent anti-stress effect in 
several species, is a nonapeptide synthetized in the magnocel-
lular and the parvocellular neurons of the paraventricular and 
supraoptic nuclei of the hypothalamus and released from the 
posterior pituitary axon terminals directly into the blood-
stream (23). Apart from its presence in the hypothalamic neu-

rons, OT is found in several other brain regions, including bed 
nucleus of the striae terminalis, central and medial nuclei of 
the amygdala, septum and hippocampus (1, 38), suggesting its 
role in the regulation of stress response.

Oxytocin has a major role in stimulating contractions of the 
myometrium during parturition and in driving the milk ejec-
tion reflex during suckling (37). Studies have shown that suck-
ling in the post-partum period is associated with decreased 
HPA axis activity (6) and that lactating rats demonstrate blunt-
ed adrenocorticotropic hormone (ACTH) and cortisol secre-
tion to various forms of stressors (45). OT is also secreted in 
response to hyperosmotic stimuli, and causes natriuresis in the 
rat via the stimulation of atrial natriuretic peptide secretion 
(14). In addition, OT can act like vasopressin via the V1b recep-
tors on corticotrophs and may further stimulate the action of 
CRH on ACTH secretion (25). OT has a role in social behaviors 
in many species, and may have similar effects in humans. A 
number of animal studies suggest that OT is involved in the 
stress response, in particular, in reducing stress by dampening 
HPA activity (27). Chronic treatment of female rats with oxy-
tocin results in a transient increase in corticosterone, followed 
by sustained suppression of the HPA axis (32). Moreover, OT 
injections have been associated with decreased cortisol levels 
in female rats (43), anxiolytic-like effects and sedation in male 
rats (44), and reduced reactivity to painful stimuli (24). In con-
trast to the inhibitory effects of OT on the HPA axis, treatment 
of rodents with a selective OT antagonist increases basal and 
stress-induced corticosterone response (29) and reverses the 
effects of pair bonding on HPA axis activity (7). However, the 
behavioral effects of OT are thought to reflect release from 
centrally-projecting oxytocinergic neurons, different from 
those that project to the pituitary gland (16).

Anti-inflammatory effects of oxytocin via the HPA axis 
OT has anti-inflammatory effects on carrageenan-induced hy-
peralgesia and neutrophil accumulation in the hindpaw, 
through the modulation of immune and inflammatory proc-
esses, including the inhibition of the release of some inter-
leukins (20). OT was proven to possess antisecretory and anti-
ulcer effects (23), facilitate wound healing and increase the 
survival of ischemic skin flaps in rats (33). In accordance with 
its anti-inflammatory effects, analgesic and thermoregulatory 
effects of OT have also been reported (35). Recently, we have 
shown its anti-inflammatory effects in colonic inflammation 
(19), burn injury (18) and renal damage (5, 42). We have also 
shown that OT protects against hepatic injury in sepsis and 
hepatic ischemia-reperfusion models in the rat (8, 17). 

Oxytocin might act through many alternative mechanisms via 
various mediators to ameliorate inflammatory processes and 
organ function (Fig. 1). It was previously reported that during 
the acute phase response of inflammation, the activation of the 
HPA axis results in an increase in glucocorticoids, which attenu-
ate the inflammatory reaction (12), while adrenalectomy or OT 
treatment facilitated wound healing, through a mechanism that 
involves OT-induced suppression of the HPA axis (7). OT has 
been shown to affect several mediators involved in the patho-
genesis of inflammation, by decreasing the release of inter-
leukins and influenci ng the coagulation and the fibrinolytic sys-
tem (39). Moreover, OT receptor gene con tains response ele-
ments for acute phase reactants and interleukins, including IL-6, 
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FIGURE 1. The relationship between the HPA axis and oxytocin (CRH: Corticotro-

pin releasing hormone, ACTH: adrenocorticotropic hormone).
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prostacylin, nitric oxide, IGF-I and growth hormone (20). OT 
was shown to increase corticosterone levels acutely in rats (11), 
and therefore it is likely that the anti-inflammatory action of OT 
may be caused by a rise in corticosterone, which is capable of 
inhibiting neutrophil extravasation in respon se to different 
stimuli (31). 

It is well known that oxidant injury is initiated by free radicals 
and reactive oxygen molecules generated by activated neu-
trophils, monocytes and mesangial cells during inflammatory 
processes (2). In many inflammatory processes, important 
components of pathological processes are linked to the ability 
of neutrophil leukocytes to release a complex assortment of 
agents that can destroy normal cells and dissolve connective 
tissue. Observations suggest that reactive oxygen metabolites 
(ROM) play a role in the recruitment of neutrophils into the 
injured tissue, but activated neutrophils are also a potential 
source of ROM (22). In the presence of neutrophil-derived my-
eloperoxidase (MPO), which is an essential enzyme for normal 
neutrophil function, ROM can generate hypocholorus acid 
and initiate the deactivation of antiproteases and activation of 
latent proteases, which destroy normal cells and dissolve con-
nective tissue (40) and lead to tissue damage. In the studies we 
have performed (Table 1), elevated MPO activity in the stud-
ied tissues indicates that inflammatory processes involved the 
contribution of neutrophil infiltration. Since OT administra-
tion was found to be effective in all the injured tissues with a 
concomitant reduction in tissue neutrophil infiltration, as as-
sessed by reduced MPO activity, it seems likely that the pro-
tection accomplished by OT treatment in the inflamed tissues 
may be attributed to its direct effect on leukocytes, suggesting 
that OT ameliorates oxidative organ damage via a neutrophil-
dependent mechanism. On the other hand, glucocorticoids are 
capable of inhibiting neutrophil recruitment by acting at the 
rolling, adhesion, extravasation and migration of the neu-
trophils, by downregulating the expression of intercellular ad-

hesion molecules (15) and have been proposed as therapeutic 
tools in protecting against systemic inflammation and were 
shown to reduce the incidence of neutrophil-mediated tissue 
injury and organ dysfunction (36).  Taken together, the data of 
aforementioned studies suggest that the inhibitory effect of OT 
on tissue neutrophil accumulation may involve the action of 
endogeneous glucocorticoids, the most potent endogenous in-
hibitors of inflammation.

Several studies demonstrated that inflammatory processes are 
associated with ROM-induced lipid peroxidation, which is an 
autocatalytic mechanism leading to oxidative destruction of 
cellular membranes, and their destruction can lead to the pro-
duction of toxic, reactive metabolites and cell death (9). Mem-
brane peroxidation leads to changes in membrane fluidity and 
permeability and also to enhanced rates of protein degrada-
tion, eventually leading to cell lysis. In our previous studies, 
we have shown that malondialdehyde (MDA), an end product 
of lipid peroxidation, is formed in increased concentrations in 
the injured tissues (Table 1). OT, however, suppressed this 
production, indicating that OT reduces lipid peroxidation, and 
thereby supports the maintenance of cellular integrity by lim-
iting the damaging effects of HPA overactivity. In accordance 
with this discussion, it was proposed that CRH, when applied 
in lower concentrations, might act directly on the neurons to 
protect them from various insults. However, in chronic forms 
of neuronal injury, CRH may reach a threshold concentration 
that causes it to become directly neurotoxic (30), by causing 
the release of toxic substances from non-neuronal cells, such as 
inflammatory mediators from microglial cells. Thus, it was 
suggested that the beneficial versus adverse effects of CRH to 
neurons seem to be dependent on its concentration and type of 
injury. Similarly, it is also expected in the peripheral tissues 
that the activation of the HPA axis may be either protective or 
deleterious depending on the concentrations of the HPA-axis 
linked mediators. It is possible to say that anti-inflammatory 

TABLE 1. The anti-inflammatory effects of oxytocin in various models of inflammation.

Experimental 
inflammatory models

observed
tissues treatment

tissue MDA
level

tissue
GSH
level

tissue
MPO

activity

serum
TNF-α  
level Reference

pyelonephritis kidney saline

oxytocin

5

burn stomach saline

oxytocin
N/A

18, 19

ischemia-reperfusion liver saline

oxytocin

ns

ns

8

ischemia-reperfusion kidney saline

oxytocin

42

sepsis colon, liver, 
uterus

saline

oxytocin

 - 

 - 

 -  - 

 - 

17

, ,  (p<0.05, p<0.01, p<0.001, respectively): increased significantly with respect to control groups.
, ,   (p<0.05, p<0.01, p<0.001, respectively): deccreased significantly with respect to control groups.
,  (p<0.05, p<0.01, respectively): increased significantly with respect to saline-treated groups.
, ,  (p<0.05, p<0.01, respectively): decreased significantly with respect to saline-treated groups.

(MDA: malondialdehyde, MPO: myeloperoxidase activity, GSH: glutathione, TNF-α: tumor necrosis factor alpha, ns: not significant, N/A: not applicable.)
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effect of OT partially depends on its role on HPA axis activity 
and cortisol levels, because OT, when administered in high 
doses, may increase corticosterone levels acutely in rats (10). A 
single injection of OT was shown to cause a transient increase 
in ACTH and corticosterone, while a sustained decrease in cor-
ticosterone levels was observed in the long-term (32). Thus, 
OT seems to stimulate as well as to inhibit the activity within 
the HPA-axis within a short- and a long-term perspective, re-
spectively. On the other hand, glucocorticoid receptor mRNA 
levels in the hippocampus were shown to change in response 
to the oxytocin treatment (34).

Glutathione (GSH), which provides a cellular defense against 
oxidative injury, is frequently used as a measure of tissue anti-
oxidant status. Therefore, presence of reduced GSH levels 
shown in most of the studied tissues affected by different 
models of inflammation may be considered as a sign of dimin-
ished antioxidant pool in these tissues (Table 1). On the other 
hand, oxytocin administration prevented the depletion of tis-
sue GSH contents of inflamed tissues. These results suggest 
that OT may have a direct effect on either the consumption or 
the production of this intracellular antioxidant in many tis-
sues, but it does not exclude the possibility that OT may also 
be effective in stimulating the activity of other antioxidants. In 
accordance with our results, it was shown in brain membranes 
that OT displayed antioxidant properties in aqueous medium, 
scavenging free peroxyl radicals, preventing LDL oxidation 
and inhibiting lipid peroxidation (26). 

In accordance with the reversal of inflammation-induced al-
terations in tissue MPO activity, MDA and GSH levels, serum 
TNF-α levels were also depressed in OT-treated animals with 
different inflammations (Table 1). In contrast to inhibitory ac-
tion of OT on TNF-α release observed in vivo, it was shown in 
fetal membranes that both expression of tissue mRNA for 
TNF-α and TNF-α release in culture medium were significant-
ly increased by OT (46). It is accepted that the HPA-axis re-
sponse after an endotoxin challenge is mainly due to released 
cytokines, namely interleukin-1, interleukin-6 and TNF-α 
from stimulated peripheral immune cells, which in turn stimu-
late different levels of the HPA axis. However, the resulting 
increase in adrenal glucocorticoids has well-documented in-
hibitory effects on the inflammatory process and on inflamma-
tory cytokine release (4). The reversal of oxidative injury con-
comitant with inhibited TNF-α response by OT treatment sug-
gests that the mechanism of the protective effect of OT involves 
the inhibition of inflammatory cell infiltration and the release 
of TNF-α through the suppression of HPA activity. 

Apart from the modulatory role of oxytocin in a wide variety 
of social behaviors, including maternal care and aggression, 
pair-bonding, sexual behavior, social memory and support, it 
is an important regulator of the stress response via its inhibi-
tory effects on HPA responses (23, 28, 38, 45). Moreover, dur-
ing many inflammatory events, OT seems to restrain the activ-
ity within the HPA-axis, which becomes overactive by acti-
vated immune cells and released pro-inflammatory cytokines.

Oksitosin ve hipotalamus-hipofiz-adrenal bez ekseni

ÖZET: Strese yol açan farklı uyaranlarla karşılaşıldığında, bireylerin bu stres koşulları ile baş edebilmelerini sağlamak 
üzere birçok mekanizma ile birlikte, hipotalamus-hipofiz-adrenal bez ekseni (HPA)’nin uyarılmasını da içeren nöroen-
dokrin ve davranış yanıtları ortaya çıkar. Yapılan çalışmalar, arka hipofizden serbestlenen dokuz amino asitli oksitosi-
nin, HPA aktivitesini baskılayarak davranışsal ve stres-azaltıcı etkileri olduğunu göstermiştir. Diğer taraftan, bu nöro-
peptidin çeşitli deneysel doku hasarı modellerinde immün ve inflamatuvar süreçleri düzenleyerek anti-inflamatuvar 
etki gösterdiği de ortaya konmuştur. Yeni yapılan çalışmaların sonuçları, oksitosinin HPA ekseni aktivasyonuna ve 
sonucunda kortizol serbestlenmesine olan etkileri ile anti-inflamatuvar etki gösterebileceğini düşündürmektedir. So-
nuç olarak oksitosin, birçok inflamatuvar olayda aşırı uyarılmış olan HPA ekseninin etkinliğini sınırlandırmak yoluyla 
etki göstermektedir.

ANAHTAR KELİMELER: stres, oksidan stres, HPA ekseni, oksitosin

REFERENCES
 1. Amico JA, Mantella RC, Vollmer RR, Li XJ. Anxiety and 

stress responses in female oxytocin deficient mice. Neu-
roendocrinol, 16: 319–327, 2004.

 2. Andreoli SP. Reactive oxygen molecules, oxidant injury 
and renal disease. Pediatr Nephrol, 5: 733–742, 1991.

 3. Bear MF, Connors BW, Paradiso MA. Neuroscience: Ex-
ploring the Brain. 3rd ed. Baltimore: Lippincott Willaims 
& Wilkins; 2007, p. 669-676.

 4. Beishuizen A, Thijs LG. Endotoxin and the hypothala-
mo-pituitary-adrenal (HPA) axis. J Endotoxin Res, 9: 
3-24, 2003. 

 5. Bıyıklı NK, Tugtepe H, Sener G, Velioglu-Ogunc A, Ceti-
nel S, Gedik N, Yeğen BC. Oxytocin alleviates oxidative 
renal injury in pyelonephritic rats via a neutrophil-de-
pendent mechanism. Peptides, 27: 2249–2257, 2006.

 6. Carter CS, Altemus M. Integrative functions of lactation-
al hormones in social behavior and stress management. 
Ann N Y Acad Sci, 807: 164–174, 1997.

 7. Detillion CE, Craft TKS, Glasper ER, Prendergast BJ, 
DeVries AC. Social facilitation of wound healing. Psy-
choneuroendocrinol, 29:1004–1011, 2004.

 8. Dusunceli F, Iseri SO, Ercan F, Gedik N, Yeğen C, Yeğen 
BÇ. Oxytocin alleviates hepatic ischemia-reperfusion in-
jury in rats. Peptides, 29: 1216–1222, 2008.



65

Yeğen, Marmara Pharm J 14: 61-66, 2010.

 9. Eschwege P, Paradis V, Conti M, Holstege A,Richet F, De-
teve J, Menager P, Legrand A, Jardin A, Bedossa P, Benoit 
G. In situ detection of lipid peroxidation by-products as 
markers of renal ischemia injuries in rat kidneys. J Urol, 
162: 553–557, 1999.

 10. Gibbs DM, Vale W, Rivier J, Yen SS. Oxytocin potentiates 
the ACTH-releasing activity of CRF(41) but not vaso-
pressin. Life Sci, 34: 2245, 1984.

 11. Gibbs DM. Dissociation of oxytocin, vasopressin and cor-
ticotropin secretion during different types of stress. Life 
Sci, 35: 487-491, 1984

 12. Glaser R, Rabin B, Chesney M, Cohen S, Natelson B. 
Stress-induced immunomodulation: implications for in-
fectious diseases? J Am Med Assoc, 281: 2268–2270, 1999.

 13. Grewen KM, Girdler SS, Amico J, Light KC. Effects of 
partner support on resting oxytocin, cortisol, norepine-
phrine, and blood pressure before and after warm partner 
contact. Psychosom Med, 67: 531–553, 2005.

 14. Gutkowska J, Jankowski M, Lambert C, Mukaddam-
Daher S, Zingg HH, McCann SM. Oxytocin releases atrial 
natriuretic peptide by combining with oxytocin receptors 
in the heart. Proc Natl Acad Sci USA, 94: 11704–11709, 
1997.

 15. Heiman ML, Ahima RS, Craft LS, Schoner B, Stephens 
TW, Flier JS. Leptin inhibition of the hypothalamic-pitu-
itary-adrenal axis in response to stress. Endocrinology, 
138: 3859–3863, 1997.

 16. Huber D, Veinante P, Stoop R. Vasopressin and oxytocin 
excite distinct neuronal populations in the central amy-
gdala. Science, 308: 245-248, 2005.

 17. Iseri SO, Sener G, Saglam B, Gedik N, Ercan F, Yegen BC. 
Oxytocin protects against sepsis-induced multiple organ 
damage: role of neutrophils. J Surg Res, 126: 73–81, 2005.

 18. Iseri SO, Gedik IE, Erzik C, Uslu B, Arbak S, Gedik N, 
Yeğen BÇ Oxytocin ameliorates skin damage and oxidant 
gastric injury in rats with thermal trauma. Burns, 34: 361–
369, 2008.

 19. Iseri SO, Sener G, Saglam B, Gedik N, Ercan F, Yegen BC. 
Oxytocin ameliorates skin damage and oxidant gastric in-
jury in rats with thermal trauma. Peptides, 26: 483–491, 
2005.

 20. Ivell R, Russel JA, eds. Oxytocin, Cellular and Molecular 
Approaches in Medicine and Research. New York: Ple-
num Press; 1995, p. 259–68.

 21. Keller-Wood ME, Dallman MF. Corticosteroid inhibition 
of ACTH secretion. Endocr Rev, 5: 1–24, 1984.

 22. Kettle AJ, Winterbourn CC. Myeloperoxidase: a key reg-
ulator of neutrophil oxidant production. Redox Rep, 3: 
3–15, 1997.

 23. Liberzon I, Young EA.  Effects of stress and glucocorti-
coids on CNS oxytocin receptor binding. Psychoneuroen-
docrinol, 22: 411–422, 1997.

 24. Lundeberg T, Uvnas-Moberg K, Agren G, Bruzelius G. 
Anti-nociceptive effects of oxytocin in rats and mice. Neu-
rosci Lett, 170: 153–157, 1994.

 25. Ma S, Shipston MJ, Russell JA. Reduced hypothalamic 
vasopressin secretion underlies attenuated adrenocortico-
tropin stress responses in pregnant rats. Endocrinology, 
146: 1626–1637, 2005.

 26. Moosman B, Behl C. Neuroprotective properties of can-
nabinoids against oxidative stress: role of the cannabinoid 
receptor CB1. Mol Pharmacol, 61: 260–268, 2002.

 27. Neumann ID. Involvement of the brain oxytocin system 
in stress coping: interactions with the hypothalamo-pitui-
tary-adrenal axis. Prog Brain Res, 139: 147–162, 2002.

 28. Neumann ID. Stimuli and consequences of dendritic re-
lease of oxytocin within the brain. Biochem Soc Trans, 35: 
1252-1257, 2007.

 29. Neumann ID, Torner L, Wigger A. Brain oxytocin: differ-
ential inhibition of neuroendocrine stress responses and 
anxiety-related behaviour in virgin, pregnant and lactat-
ing rats. Neurosci, 95: 567–575, 2000.

 30. Pedersen WA, McCullers D, Culmsee C, Haughey NJ, 
Herman JP, Mattson MP. Corticotropin-releasing hor-
mone protects neurons against insults relevant to the 
pathogenesis of Alzheimer’s disease. Neurobiol Dis, 8: 
492–503, 2001.

 31. Perretti M. Lipocortin 1 and chemokine modulation of 
granulocyte and monocyte accumulation in experimental 
inflammation. Gen Pharmacol, 31: 545–552, 1998.

 32. Petersson M, Hulting AL, Uvnas-Moberg K. Oxytocin 
causes a sustained decrease in plasma levels of corticos-
terone in rats. Neurosci Lett, 264: 41–44, 1999.

 33. Petersson M, Lundeberg T, Sohlström A, Wiberg U, Uv-
nas-Moberg K. Oxytocin increases survival of musculocu-
taneous flaps. N-S Arch Pharmacol, 357: 701–704, 1998.

 34. Petersson M, Uvnas-Moberg K. Systemic oxytocin treat-
ment modulates glucocorticoid and mineralocorticoid re-
ceptor mRNA in the rat hippocampus. Neurosci Lett, 343: 
97–100, 2003.

 35. Petersson M, Wiberg U, Lundeberg T, Uvnas-Moberg K. 
Oxytocin decreases carrageenan induced inflammation in 
rats. Peptides, 22: 1479–1484, 2001.

 36. Riad M, Mogos M, Thangathurai D, Lumb PD. Steroids. 
Curr Opin Crit Care, 8: 281-284, 2002.

 37. Russell JA, Leng G, Douglas AJ. The magnocellular oxy-
tocin system, the fount of maternity: adaptations in preg-
nancy. Front Neuroendocrinol, 24: 27–61, 2003.

 38. Scantamburlo G, Hansenne M, Fuchs S, Pitchot W, Mare-
chal P, Pequeux C, Ansseau M, Legros JJ. Plasma oxytocin 
levels and anxiety in patients with major depression. Psy-
choneuroendocrinol, 32: 407–410, 2007.

 39. Spangelo BL, deHoll PD, Kalabay L, Bond BR, Arnaud P. 
Neurointermediate pituitary lobe cells synthesize and re-
lease interleukin-6 in vitro: effects of lipopolysaccharide 
and interleukin-1 beta. Endocrinology, 135: 556–563, 1994.

 40. Sullivan GW, Sarembock IJ, Linden J. The role of inflam-
mation in vascular diseases. J Leukoc Biol, 67: 591–602, 
2000.

 41. Tilbrook AJ, Clarke IJ. Neuroendocrine mechanisms of 
innate states of attenuated responsiveness of the hypoth-
alamo-pituitary adrenal axis to stress. Front Neuroendo-
crinol, 27: 285–307, 2006.

 42. Tugtepe H, Sener G, Bıyıklı NK, Yuksel M, Cetinel S, Ge-
dik N, Yeğen BÇ. The protective effect of oxytocin on re-
nal ischemia/reperfusion injury in rats. Regul Pept 2007; 
140: 101–108, 2006.

 43. Uvnas-Moberg K. Oxytocin may mediate the benefits of 
positive social interaction and emotions. Psychoneuroen-
docrinol, 23: 819–835, 1998.

 44. Uvnas-Moberg K, Ahlenius S, Hillegaart V, Alster P. High 
doses of oxytocin cause sedation and low doses cause an 
anxiolytic-like effect in male rats. Pharmacol Biochem Be-
hav, 49: 101–106, 1994.



66

Yeğen, Marmara Pharm J 14: 61-66, 2010.

 45. Windle, RJ, Wood S, Shanks N, Perks P, Conde GL, da 
Costa AP, Ingram CD, Lightman SL. Endocrine and be-
havioural responses to noise stress: comparison of virgin 
and lactating female rats during non-disrupted maternal 
activity. J Neuroendocrinol, 9: 407–414, 1997. 

 46. Zicari A, Ticconi C, Realacci M, Cela O, Santangelo C, Pie-
tropolli A, Russo MA, Piccione E. Hormonal regulation of 
cytokine release by human fetal membranes at term gesta-
tion: effects of oxytocin, hydrocortisone and progesterone 
on tumour necrosis factor-alpha and transforming growth 
factor-beta 1 output. J Reprod Immunol, 56: 123–136, 2002.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


