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Abstract:

Our previous study revealed that lactoferrin (LF) significantly increases mobilization of the myelocytic lineage in mice. The aim of

our current investigation was to determine whether activation of the hypothalamic-pituitary-adrenal axis contributes to this phe-

nomenon. We found that intravenous (iv) injection of LF (10 mg) caused a 48.8% increase in the circulating blood leukocyte count

and increased the proportion of the myelocytic lineage (band forms, 10-fold and neutrophils, 2-fold) 24 h post injection. The content

of the myelocytic lineage (myelocytes, metamyelocytes, bands and neutrophils) in bone marrow rose from 51.6 to 63.4%. In addi-

tion, administration of LF led to a decrease in total thymocyte number by 41.6%. Analogous changes in cell types and numbers in ad-

renalectomized mice following LF injection were minor. Mifepristone, a blocker of steroid receptors, reversed the effects of LF on

leukocyte cell number and bone marrow cell composition. Finally, we showed that LF induced a rise in the serum levels of corticos-

terone in control but not adrenalectomized mice. We conclude that LF-induced upregulation of endogenous steroid levels is respon-

sible for the stimulation of myelopoiesis.
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Introduction

Lactoferrin (LF) is an iron-binding protein contained

in most bodily secretions and secondary granules of

neutrophils in mammals. This 80-kDa protein exhibits

a wide spectrum of antimicrobial and immunoregula-

tory properties (reviewed in [29]). Recently, we dem-

onstrated that LF, administered to mice before infec-

tion, rapidly induces the release of a large number of

neutrophil precursors from the bone marrow into the

circulation [26]. This phenomenon was also associ-

ated with changes in the cell type composition of bone

marrow and an increase in interleukin 1 (IL-1) serum

levels.

The hypothalamic-pituitary-adrenal (HPA) axis

controls the host’s response to pathogens, clinical in-

sults and extrasensory stress [6, 20, 25]. The HPA axis

is a neuroendocrine system that has bidirectional

communication with the immune system. Induction of

pro-inflammatory cytokines, particularly IL-1, by ex-

ternal stimuli [18, 19], leads to the release of gluco-

corticoids, causing remarkable changes in the propor-

tion of lymphopoietic and granulopoietic compart-

ments [4]. Glucocorticoids, in addition, participate in

host defense through preferential inhibition of pro-

inflammatory cytokines [21]. Other properties of LF,

such as analgesic effects, which indicate its interac-
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tion with the central nervous system, are also reported

in the literature [7, 23].

The aim of this investigation was to investigate

whether effects resulting from intravenous (iv) ad-

ministration of LF, such as LF-induced myelopoiesis,

are due to HPA axis activation and subsequent release

of endogenous steroids, which play an essential role

in maintaining metabolic homeostasis.

Materials and Methods

Animals

Female CBA mice (4–12 weeks old) were obtained

from the Animal Facility, Ilkowice/Kraków. Mice

were fed commercial pelleted food and water ad libi-

tum. The animal ethics committee at the Institute of

Immunology and Experimental Therapy, Polish Acad-

emy of Sciences, Wroc³aw, Poland approved the

study.

Reagents

Low endotoxin bovine LF (0.16 E.U./mg, < 25% iron

saturated) was obtained from Morinaga Milk Industry

Co., Japan. LF was dissolved in PBS and filtered

through 0.2 µm Milipore filters before injection in

mice. The kit for measurement of serum corticoster-

one was purchased from Assay Designers, USA.

Mifepristone 98% (the blocker of corticosteroid re-

ceptors), No. 056K1475 was purchased from Sigma

Chemical Co., St. Louis, MO, USA.

Adrenalectomy

Four week-old mice were subjected to general anesthe-

sia with ketamine hydrochloride administered intramus-

cularly (10 mg/kg body weight), and with halothane

by inhalation. The dorsal site was shaved and desin-

fected, and an incision was made along the dorsal line

in the renal region. The adrenals were removed by

cutting off the stalk linking the organs with the kid-

neys. The stalk was clamped for a few minutes to stop

bleeding. Then, the abdominal cavity was closed with

sutures (Dexon® “S”). Mice were given 0.9% saline

to drink (because of disturbance of mineral metabo-

lism) and were used for experiments after 2 weeks.

Control mice were sham-operated without the re-

moval of adrenals.

Analysis of cell type profile in the bone marrow

and circulating blood

Mice were subjected to halothane anesthesia and bled

from the retro-orbital plexus, followed by the cervical

dislocation. The number of blood leukocytes was de-

termined by dilution of blood in Türk’s solution and

counting the cells in a hemocytometer. Femurs were

isolated and bone marrow cells obtained by flushing

with PBS using 0.45-mm needles. Blood and bone

marrow smears were prepared on microscopic glass

and dried and stained with Giemsa and May-Grünwald

reagents. The smears were subsequently reviewed his-

tologically.

Isolation of thymocytes

Thymuses were surgically removed from mice,

washed with PBS, minced, pressed through a plastic

screen into 0.83% NH4Cl buffered with 0.17 M Tris,

and incubated at room temperature for 5 min to lyze

erythrocytes. Thymocytes were washed 3 times with

PBS. The cells were then suspended in HEPES buffer

and filtered through cotton wool to remove dead cells

and debris. The number of viable thymocytes was de-

termined by counting the cells in a hemocytometer.

Treatment of mice with LF and corticosteroid

receptor blocker

LF was injected iv (10 mg in a volume of 0.1 ml sa-

line), 22–24 h before analysis of bone marrow and

blood or 46-48 h before determination of thymocyte

number. Mifepristone was dissolved in 10% ethanol

and given intraperitoneally at a dose of 0.5 mg/mouse,

48 h and 24 h before blood analysis (72 h and 48 h be-

fore counting thymocytes) and 26 h and 2 h before ad-

ministration of LF. The experimental schedule is pre-

sented in Figure 1.

Determination of serum corticosterone levels

Two weeks after the operation, the adrenalectomized

and sham-operated mice were given 10 mg of LF iv.

Four hours later, the mice were bled and the sera sepa-

rated and frozen to determine corticosterone content.
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Statistics

The results are presented as the mean values ± stan-

dard error (SE). Levene’s test and Brown-Forsyth’s

test were used to determine the homogeneity of vari-

ance between groups. When the variance was ho-

mogenous, analysis of variance (One way ANOVA)

was applied, followed by post-hoc comparison with

the Tukey’s test to estimate the significance of the dif-

ference between groups. Nonparametric data were

evaluated with the Kruskal-Wallis’ analysis of vari-

ance, as indicated in the text. Significance was deter-

mined at p � 0.05. Statistical analysis was performed

using STATISTICA 6.1 for Windows. Non-significant

changes are not shown in figure legends.

Results

Adrenalectomy abolishes the effects of LF

on the number and composition of blood cells,

thymocytes, bone marrow cells and the level

of serum corticosterone

Sham-operated control and adrenalectomized mice

were given LF and the level of circulating leukocytes

was determined 24 h later. Whereas LF increased the

number of blood leukocytes in control mice by

48.75% (p = 0.0470) (Fig. 2A) a 7.63% decrease was

noted in adrenalectomized mice. In the same groups

of mice (Fig. 2B), administration of LF caused a sig-

nificant (41.64%, p = 0.0012) decrease in thymocyte

number in control mice, but this was not seen in ad-

renalectomized mice (4.62% decrease). Administra-

tion of LF led also to a significant increase in the level

of neutrophils and neutrophil precursors (bands) in

the circulating blood of control mice (Fig. 3A). The

percentage of neutrophil precursors increased 10-fold

(0.5 vs. 5.33%), and the level of mature neutrophils

increased 2-fold (14.67 vs. 29.67%). In contrast,

LF did not change the levels of the respective cell

types in the adrenalectomized mice (0.5 vs. 0.5% and

12.0 vs. 11.17%). The changes in the bone marrow

cell profile were less evident (Fig. 3B), although LF

administration led to an increased proportion of the

myelocytic cell lineage. The content of metamyelo-

cytes rose from 10.0 to 13.57%, bands from 12.14 to

14.29% and neutrophils from 22.0 to 30.0%. On

the other hand, the overall cellular content of the mye-

locytic lineage in adrenalectomized mice was slightly

reduced after LF treatment. In particular, the percent-

age of mature neutrophils fell from 31.27 to 27.5%.

We also observed (Fig. 4) that corticosterone serum

level increased 4-fold in control mice 4 h after iv ad-
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ministration of 10 mg of LF, whereas no effect was

seen in mice subjected to adrenalectomy.

Blocking endogenous glucocorticosteroid

receptors inhibits LF-induced changes in the

blood cell profile

Mice were treated with mifepristone, the glucocorti-

coid receptor blocker, and given LF as described in

the Materials and Methods. The effects of mifepris-

tone on LF-induced changes in leukocyte count and

blood cell profile are shown in Figure 5. The results

(Fig. 5A) clearly indicated that blocking receptors for

endogenous steroids abolished the LF-induced in-

crease in the level of circulating leukocytes. It also in-

hibited LF-elicited changes in blood cell composition

(Fig. 5B). In particular, LF-induced stimulatory ef-

fects on the content of band forms and mature neutro-

phils were attenuated (bands: 0.4 vs. 4.4% and 1.0 vs.

1.4%; neutrophils: 14.8 vs. 35.6% and 16.8 vs. 23.4%).

The blocker alone did not affect leukocyte number

and blood cell composition.

Discussion

The current study indicates that LF-induced myelo-

poiesis is activated by the release of endogenous ster-

oids. The stimulatory effect of LF on myelopoiesis in

vivo provides a logical explanation for several ob-

served effects of the protein in experimental models.

For example, it has a protective function in bacterial

infection models [26], reconstitutes immune status in

immunocompromised mice [1] and displays con-

certed action with bacteriophages in phage therapy

[24, 27]. The stimulation of neutrophil output into the

circulation was absent in adrenalectomized mice and

in mice treated with mifepristone, the blocker of en-

dogenous glucocorticoid receptors. The lysis of thy-
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mocytes in normal, LF-treated, but not in adrenalecto-

mized mice indicates a release of endogenous ster-

oids, since murine thymocytes are prone to the action

of glucocorticoids [2]. Lastly, the increase in serum

corticosterone levels in normal LF-treated, but not ad-

renalectomized mice, provides direct proof for the in-

volvement of endogenous steroids in the described

phenomena. Although there are other systemic sources

of endogenous steroids in addition to adrenals [12],

these do not appear to be targets for LF action.

A significant enlargement of the neutrophil com-

partment was observed in both human volunteers and

mice given hydrocortisone or corticosterone, respec-

tively, allowing to attain serum levels of these hormones

observed under stress conditions [8, 15]. In human vol-

unteers subjected to physiological stress the number of

neutrophils also substantially increased [13]. Moreo-

ver, the administration of high-dose methylpredniso-

lone to leukemic children [10] led to a shortening of

the chemotherapy-induced neutropenic period. Subse-

quent clinical studies showed [3, 9] that application of

high-dose steroids in that category of patients resulted

in induction of apoptosis and differentiation of myeloid

leukemic cells and stimulation of myelopoiesis. There-

fore, a direct association exists between the serum ster-

oid level and mobilization of myelopoiesis.

Activation of the HPA axis is initiated by external

stimuli and is mediated, among other factors, by IL-1

and IL-6 [18, 19]. In a previous paper [26], we

showed that LF induced substantial levels of serum

IL-1, which represented about 30% of the IL-1 serum

levels induced by a high dose of LPS. We also demon-

strated increased serum levels of IL-6 following iv ad-

ministration of LF in mice [16]. Therefore, it is evi-

dent that LF can trigger the release of cytokines re-

quired for stimulation of the HPA axis. In this case,

the cells of the reticuloendothelial system [30] may be

the source of such cytokines, but the cells of the cen-

tral nervous system, which also express receptors

with affinity to LF, may be involved [5, 11].

The activation of the HPA axis may also underlie the

protective effect of LF in experimental endotoxemia

[14, 16, 28]. In these studies, we found that LF differ-

entially regulates lipopolysaccharide-elicited release of

TNF-alpha, IL-6 and IL-10. Indeed, TNF-alpha is

strongly inhibited, whereas IL-6 and IL-10 are slightly

affected or up-regulated. It is therefore very likely that

endogenous steroids are involved in that protective ef-

fect, since they differentially regulate TNF-alpha and

IL-10 release in endotoxemia [17] and generally pro-

mote cytokine production of the Th2-type [22].

In view of this study, we postulate that the anti-

inflammatory and antibacterial activities of LF, ap-

plied systemically to mice at moderate-to-high doses,

require activation of the HPA axis, and specifically by

the release of corticosteroids from adrenals. In experi-

mental endotoxemia models, endogenous steroids

may protect mice by inhibiting endotoxin-induced cy-

tokine production. In addition, in experimental bac-

teremia models, LF-induced release of steroids trig-

gers the output of neutrophils from the bone marrow

allowing efficient clearance of bacteria from the or-

gans of infected mice.

�����������	��� 
������ ����� ��� ������� 709

Lactoferrin-induced myelopoiesis
������ ���	�
� 	� ��

A

B

c
e

lls
×

1
0

/m
m

%
o

f
le

u
k
o

c
y
te

s


�� � ��� ������� �� 	����������� �� ���������� ,�-.!���
��� ��!
������ �� ��� �
'����� �
	��� ,�. ��� �� ��� ���� �� ����
�� ,�.+
%��� $��� ������� ��������������� $��� 	����������� ,1+� 	�=����.
�< � ��� � � ������ ��	����������� �� �1 	� �� �-+ �" � ���� ���
�
	��� �� �
'������ $�� �����	����+ ����������( ��� ������ ��� ������
�- � 4 1+11��2 ������ �- ��� 	�����������=�- � 4 1+1115 ,�678�.2
,�� 9 : �����( ������ ��� ������ �- � 4 1+111�2 ������ �- ��� 	���!
��������=�- � 4 1+111� ,�678�.2 � : ���	����( ������ ��� ������
�- � 4 1+111�2 ������ �- ��� 	�����������=�- � 4 1+1115 ,�678�.2
� : �	��������( ������ ��� ������ �- � 4 1+111�2 ������ �- ���

	�����������=�- � 4 1+111�2 ������ 	����������� ��� 	�����������=�-
� 4 1+1"<� ,�678�.+ ��� ������� ��������� ���������� $��� ���
�����������



References:

1. Artym J, Zimecki M, Kruzel ML: Enhanced clearance of
Escherichia coli and Staphylococcus aureus in mice
treated with cyclophosphamide and lactoferrin. Int Im-
munopharm, 2004, 4, 1149–1157.

2. Durant S: In vivo effects of catecholamines and gluco-
corticoids on mouse thymic cAMP content and thymoly-
sis. Cell Immunol, 1986, 102, 136–145.

3. Elmas SA, Cetin M, Tuncer M, Hiçsönmez G: Myelopro-
tective effect of short-course high-dose methylprednisolone
treatment before consolidation therapy in children with
acute myeloblastic leukemia. Am J Hematol, 2005, 80, 1–5.

4. Engler H, Bailey MT, Engler A, Sheridan JF: Effects of
repeated social stress on leukocyte distribution in bone
marrow, peripheral blood and spleen. J Neuroimmunol,
2004, 148, 106–115.

5. Fillebeen C, Descamps L, Dehouck MP, Fenart L,
Benaissa M, Spik G, Cecchelli R, Pierce A: Receptor-
mediated transcytosis of lactoferrin through the blood
barrier. J Biol Chem, 1999, 274, 7011–7017.

6. Geiss A, Rohleder N, Kirschbaum C, Steinbach K, Baure
HW, Anton F: Predicting the failure of disc surgery by
a hypofunctional HPA axis: evidence from a prospective
study on patients undergoing disc surgery. Pain, 2005,
114, 104–117.

7. Hayashida K, Takeuchi T, Harada E: Lactoferrin en-
hances peripheral opioid-mediated antinociception via
nitric oxide in rats. Eur J Pharmacol, 2004, 484, 175–81.

8. Hetherington SV, Quie PG: Human polymorphonuclear
leukocytes of the bone marrow, circulation, and margi-
nated pool: function and granule protein content. Am
J Hematol, 1985, 20, 235–246.

9. Hiçsönmez G: The effect of steroid on myeloid leukemic
cells: the potential of short-course high-dose methyl-
prednisolone treatment in inducing differentiation, apop-
tosis and in stimulating myelopoiesis. Leuk Res, 2006,
30, 60–68.

10. Hiçsönmez G, Onat N, Albayrak D, Yetgin S, Ozsoylu S:

Acceleration of leukocyte recovery by administration of

short-course high-dose methylprednisolone in children

with acute lymphoblastic leukemia. Pediatr Hematol On-

col, 1991, 8, 193–197.

11. Huang RQ, Ke WL, Qu YH, Zhu JH, Pei YY, Jiang C:
Characterization of lactoferrin receptor in brain endothe-
lial capillary cells and mouse brain. J Biomed Sci, 2007,
14, 121–128.

12. Hummel KP: Accessory adrenal cortical nodules in the
mouse. Anat Rec, 1958, 132, 281–295.

13. Keresztes M, Rudish T, Tajti J, Ossovszki I, Gardi J: Granu-
locyte activation in humans is modulated by psychological
stress and relaxation. Stress, 2007, 10, 271–281.

14. Kruzel ML, Harari Y, Mailman D, Actor JK, Zimecki M:
Differential effects of prophylactic, concurrent and
therapeutic lactoferrin treatment on LPS-induced inflam-
matory responses in mice. Clin Exp Immunol, 2002, 130,
25–31.

15. Laakko T, Fraker P: Rapid changes in the lymphopoietic
and granulopoietic compartments of the marrow caused
by stress levels of corticosterone. Immunology, 2002,
105, 111–119.

16. Machnicki M, Zimecki M, Zagulski T: Lactoferrin regu-
lates the release of tumor necrosis factor alpha and inter-
leukin 6 in vivo. Br J Exp Pathol, 1993, 74, 433–439.

17. Marchant A, Amraoui Z, Gueydan C, Bruyns C, Le
Moine O, Vandenabeele P, Fiers W et al.: Methylpredni-
solone differentially regulates IL-10 and tumour necrosis
factor (TNF) production during murine endotoxaemia.
Clin Exp Immunol, 1996, 106, 91–96.

18. McCann SM, Kimura M, Karanth S, Yu WH, Mastronardi
CA, Rettori V: The mechanism of action of cytokines to
control the release of hypothalamic and pituitary hor-
mones in infection. Ann NY Acad Sci, 2000, 917, 4–18.

19. Moraska A, Campisi J, Nguyen KT, Maier SF, Watkins
LR, Fleshner M: Elevated IL-1 beta contributes to anti-
body suppression produced by stress. J Appl Physiol,
2002, 93, 207–215.

20. Pacak K: Stressor-specific activation of the hypothala-
mic-pituitary-adrenocortical axis. Physiol Res, 2000, 49
Suppl 1, S11–17.

21. Ramachandra RN, Sehon AH, Berczi I: Neuro-hormonal
host defense in endotoxic shock. Brain Behav Immun,
1992, 6, 157–169.

22. Ramirez F, Fowell DJ, Puklavec M, Simmonds S, Mason
D: Glucocorticoids promote a Th2 cytokine response by
CD4+ T cells in vitro. J Immunol, 1996, 156, 2406–2412.

23. Tsuchiya T, Takeuchi T, Hayashida K, Shimuzu H, Ando
K, Harada E: Milk-derived lactoferrin may block tolerance
to morphina analgesia. Brain Res, 2006, 1068, 102–108.

24. Weber-D¹browska B, Zimecki M, Kruzel ML, Kocha-
nowska I, £usiak-Szelachowska M: Alternative therapies
in antibiotic-resistant infection. Adv Med Sci, 2006, 51,
242–244.

25. Yang Y, Liu L, Zhao B, Li MQ, Wu B, Yan Z, Gu Q
et al.: Relationship between adrenal function and prog-
nosis in patients with severe sepsis. Chin Med J, 2006,
120, 1578–1582.

26. Zimecki M, Artym J, Chodaczek G, Kociêba M, Kruzel
ML: Protective effects of lactoferrin in Escherichia coli-
induced bacteremia in mice: relationship to reduced se-
rum TNF-alpha level and increased turnover of neutro-
phils. Inflamm Res, 2004, 53, 292–296.

27. Zimecki M, Artym J, Kociêba M, Weber-D¹browska,
£usiak-Szelachowska M, Górski A: The concerted action
of lactoferrin and bacteriophages in the clearance of bac-
teria in sublethally infected mice. Post Hig Med Dosw,
2008, 62, 42–46.

28. Zimecki M, Kruzel M: Protective effect of lactoferrin
against LPS-induced endotoxemia is mediated by IL-10.
5th World Congress on Trauma, Shock, Inflammation
and Sepsis, Pathophysiology, Immune Consequences and
Therapy, Munich (Germany). Ed. Eugen Faist, Mon-
duzzi, 2000, 221–225.

29. Zimecki M, Kruzel ML: Milk-derived proteins and pep-
tides of potential therapeutic and nutritive value. J Exp
Ther Oncol, 2007, 6, 89–106.

30. Zimecki M, Machnicki M: Lactoferrin inhibits the effec-
tor phase of the delayed type hypersensitivity to sheep
erythrocytes and inflammatory reactions to M. bovis
(BCG). Arch Immunol Ther Exp, 1994, 42, 171–177.

��������	

7������ �"� �1132 �� ��0���� ���	( >
�  � �11?+

710 �����������	��� 
������ ����� ��� �������


	593	OBITUARY Œ Professor S³awomir S. Rump, M.D., D.Sc. Physician, pharmacologist, toxicologist, scientific advisor (1929Œ2009).
	Marek Kowalczyk
	595	Review Œ Role of NF-kB in the pathogenesis of diabetes and its associated complications.
	Sandip Patel, Dev Santani


	 604	Serum cortisol concentration in patients with major depression after treatment with clomipramine.
	Jadwiga Piwowarska, Ma³gorzata Wrzosek, Maria Radziwoñ-Zaleska, Beata Ryszewska-Pokraœniewicz, Micha³ Skalski, Halina Matsumoto, Agata Biernacka-Bazyluk, Waldemar Szelenberger, Jan Pachecka
	612	Prenatal stress decreases glycogen synthase kinase-3 phosphorylation in the rat 
frontal cortex.
	Magdalena Szymañska, Anna Suska, Bogus³awa Budziszewska, Lucylla Jaworska-Feil, Agnieszka Basta-Kaim, Monika Leœkiewicz, Marta Kubera, Aleksandra Gergont, S³awomir Kroczka, Marek Kaciñski, W³adys³aw Lasoñ

	621	2-Methyl-6-phenylethynyl-pyridine (MPEP), 
a non-competitive mGluR5 antagonist, differentially affects the anticonvulsant activity of four conventional antiepileptic drugs against amygdala-kindled seizures in rats.
	Kinga K. Borowicz, Jarogniew J. £uszczki, Stanis³aw J. Czuczwar

	631	Bradykinin receptor antagonists and cyclooxygenase inhibitors in vincristine- and streptozotocin-induced hyperalgesia.
	Magdalena Bujalska, Helena Makulska-Nowak

	641	Optimization of lidocaine application in tumescent local anesthesia.
	Krystyna G³owacka, Krystyna Orzechowska-Juzwenko, Andrzej Bieniek, Anna Wiela-Hojeñska, Magdalena Hurkacz

	654	Effect of HMG-CoA (3-hydroxy-3-methyl- glutaryl-CoA) reductase inhibitors on the concentration of insulin-like growth factor-1 (IGF-1) in hypercholesterolemic patients.
	Janusz Szkodziñski, Wojciech Romanowski, Bartosz Hudzik, Andrzej Kaszuba, Ewa Nowakowska-Zajdel, Ryszard Szkilnik, Barbara Pietrasiñska, Barbara Zubelewicz-Szkodziñska

	665	Beneficial effects of L-arginine against diabetes-induced oxidative stress in gastrointestinal tissues in rats.
	Nitin I. Kochar, Sudhir N. Umathe

	673	Accelerated thrombus lysis in the blood of plasminogen activator inhibitor deficient mice is inhibited by PAI-1 with a very long half-life.
	Jerzy Jankun, Ansari M. Aleem, Rados³aw Struniawski, Wies³awa £ysiak-Szyd³owska, Steven H. Selman, Ewa Skrzypczak-Jankun

	681	Effects of taurine on contractions of the porcine coronary artery.
	Yu Liu, Longgang Niu, Wenjing Zhang, Lijuan Cui, Xuanping Zhang, Yueqin Liang, Mingsheng Zhang

	690	Association of the MDR1 (ABCB1) gene 3435C>T polymorphism with male infertility.
	Marek Dro�dzik, Joanna Stefankiewicz, Rafa³ Kurzawa, Wanda Górnik, Tomasz B¹czkowski, Mateusz Kurzawski

	697	Effects of escin on acute inflammation and the immune system in mice.
	Tian Wang, Fenghua Fu, Leiming Zhang, Bin Han, Mei Zhu, Xiumei Zhang

	705	Endogenous steroids are responsible for lactoferrin-induced myelopoiesis in mice.
	Micha³ Zimecki, Jolanta Artym, Maja Kociêba

	711	Fluoroquinolones lower constitutive H2AX and ATM phosphorylation in TK6 lymphoblastoid cells via modulation of the intracellular redox status.
	H. Dorota Halicka, Daniel J. Smart, Frank Traganos, Gary M. Williams, Zbigniew Darzynkiewicz

	719	Circadian time-dependent chemopreventive potential of withaferin-A in 7,12-dimethylbenz[a]anthracene-induced oral carcinogenesis.
	Shanmugam Manoharan, Kuppusamy Panjamurthy, Subramanian Balakrishnan, Kalaiarasan Vasudevan, Lakshmanan Vellaichamy


	SHORT COMMUNICATIONS
	727	Synthesis and pharmacological properties of a new fluorescent opioid peptide analog.
	Monika Lukowiak, Piotr Kosson, Wim E. Hennink, Andrzej W. Lipkowski


	732	Influence of orphenadrine upon the protective activity of various antiepileptics in the maximal electroshock-induced convulsions in mice.
	Miros³aw Czuczwar, Jacek Ciêszczyk, Katarzyna Czuczwar, Jacek Kiœ, Tomasz Saran, Waldemar A. Turski

	737	Characterization of acute adverse-effect profiles of selected antiepileptic drugs in the grip-strength test in mice.
	Anna Zadro¿niak, Ewa Wojda, Aleksandra Wla�, Jarogniew J. £uszczki

	743	Neuroprotective effect of N-acetylcysteine in neurons exposed to arachidonic acid during simulated ischemia in vitro.
	Natalia Pawlas, Andrzej Ma³ecki

	751	Kynurenic acid protects against the homocysteine-induced impairment of endothelial cells.
	Katarzyna Wejksza, Wojciech Rzeski, Waldemar A. Turski
	757	Note to Contributors







	contents


