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in the time of LPS-induced acute infl ammation?

Wojciech Bik,¹ Ewa Wolinska-Witort,² Magdalena Chmielowska,² Elzbieta 
Rusiecka-Kuczalek ¹ & Boguslawa Baranowska ²

 
1. Department of Internal Medicine, Endocrinology and Haematology Central Hospital of 

Ministry of Home Affairs and Administration, Woloska 137, 02-507 Warsaw, Poland.
2. Neuroendocrinology Department, Medical Centre of Postgraduate Education, Fieldorfa 40, 

04-158 Warsaw, Poland.

Correspondence to: Boguslawa Baranowska, MD., PhD., 
Neuroendocrinology Department, 
Medical Centre of Postgraduate Education, Fieldorfa 40, 
04-158 Warsaw, Poland.
TEL: + 48 22 610 31 59 
E-MAIL: zncmkp@polbox.com. 
E-MAIL: zncmkp@fre.polbox.pl 

Submitted:               May 2, 2001  
Accepted:                  June 6, 2001

Key words: leptin; cytokines; lipopolisaccharyde (LPS); hormones 

Neuroendocrinology Letters 2001; 22:208–214    pii: NEL220301A06    Copyright © Neuroendocrinology Letters 2001

Abstract OBJECTIVES: In many studies it has been reported, that leptin may play an 
important role not only in the regulation of food intake and body weight 
but can modify immune response. The aim of our study was to estimate 
the effects of the administration of exogenous leptin on serum concentra-
tion of proinfl ammatory cytokines (interleukin 6-IL 6 and tumor necrosis 
factor alpha-TNF α) and anti-infl ammatory cytokine (interleukin 10 – IL 
10) during LPS induced acute infl ammation. We also estimated leptin’s 
infl uence on pituitary, thyroid, adrenal and gonadal hormones in response 
to lipopolisaccharyde (LPS) induced acute infl ammation. 
METHODS: Male rats Wistar-Kyoto were divided into four groups, which 
received respectively: placebo (0.9% NaCl), LPS, leptin and leptin with 
LPS. The TNF α and IL 6 serum concentrations were measured after 2 
hours and IL 10 after 4 hours. The pituitary, thyroid, adrenal and gonadal 
hormones serum concentrations were measured after 2 and 4 hours. Cyto-
kine concentrations were estimated using ELISA tests and hormones con-
centrations using RIA tests. 
RESULTS: Leptin did not have an effect on both cytokine responses (pro-
infl ammatory and anti-infl ammatory) in the time of LPS-induced acute 
infl ammation. Leptin enhanced LPS-induced increasing of corticosterone 
secretion after 2 hours and decreased LPS-induced inhibition of testoster-
one secretion after 4 hours. 
CONCLUSIONS: Leptin can modulate hormone response during LPS-
induced acute infl ammation.
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Introduction

Leptin – product of OB gene, is peptide adipocyte 
derived hormone. Leptin and neuropeptide Y (NPY) 
are known to keep a key position in the regulation 
of food intake and energy balance [1–3]. There is some 
information that synthetic leptin agonists may be 
useful in the treatment of human obesity [4]. Research 
of leptin is developing very fast and indicates, that the 
role of this hormone is not only limited to control of 
energy homeostasis. Leptin exerts its actions through 
its receptor (OB-R), which has high affi nity to gp 
130 receptor, structurally related to Ist class cytokine 
receptors. Leptin’s receptor was found in different 
organs such as: kidneys, liver, heart, lungs, pituitary 
gland, testes, ovaries, uterus, adipose tissues and 
haematopoetic tissues [ 5–9].The fact that leptin’s 
receptor appears in many organs indicates, that 
this hormone may play various roles in the whole 
mammalian organism. Leptin can modulate apoptosis 
because central administration of this hormone in rats 
results in losing adipocytes by increasing apoptosis 
[10] and also can modulate hematopoesis and function 
of macrophages [9]. It was shown in experimental 
studies that leptin administration in ob/ob mice 
decreased LPS-induced lethality and sensitivity for 
LPS [11, 12]. Exogenous leptin regulates phagocytic 
function of macrophages in ob/ob mice [13]. This 
hormone stimulates IL 2 and INF ã productions by 
Th1 lymphocytes [14–15]. The endocrine system also 
takes part in response against acute infl ammation 
by mobilizing hypothalamus-pituitary-adrenal axis 
and decreasing activity pituitary-thyroid axis [16–19]. 
Leptin’s infl uence on the endocrine system is still 
unclear [5, 20]. The aim of our study was to estimate 
the effects of exogenous leptin administration on the 
serum concentrations of proinfl amamtory cytokines 
(IL 6 and TNF α) and anti-infl ammatory cytokine 
(IL10) and we also estimated leptin’s infl uence on 
pituitary, thyroid, adrenal and gonadal hormones in 
response to LPS induced acute infl ammation. 

Material and methods 

For all experiments male Wistar-Kyoto rats 
(250–300 g) were used. The animals were kept under 
controlled light (LD 10 : 14 h) and temperature (220 

C) with free access to pelleted food and water ad libi-
tum. The animals were divided into following groups 
which received intraperitoneally respectively: 
• Group 1: 14 animals received 150 µl 0.9% NaCl. 
• Group 2: 17 animals received 600 µg LPS (Esh-

erichia coli; 055: BT Sigma).
• Group 3: 15 animals received 300 µg murine 

leptin. (PeproTech; England).

• Group 4: 19 animals received 600 µg LPS (Esh-
erichia coli; 055: BT Sigma) and 300 µg murine 
leptin. (PeproTech; England).

Then the animals were killed by decapitation after 
2 or 4 hours. Trunk blood was collected and the 
serum separated and stored at –20oC. 

All experimental procedures and protocols were in 
accordance with Guidelines for the Care and Use of 
Experimental Animals (Endocrine Society).

The following cytokines were measured using 
ELISA tests after 2 hours: IL 6 (Endogen, USA) and 
TNF α (Amersham Pharmacia Biotech, England).

The following cytokine was measured using ELISA 
test after 4 hours: IL 10 (Endogen, USA) 

The following hormones were evaluated by RIA 
assays after 2 and 4 hours: rat serum LH and PRL 
were measured by RIA kits provided by Dr. A.F. 
Parlow and NIDDK (USA), T3, T4, testosterone 
using kits (Orion Diagnostica, Finland), corticoste-
rone using kit (ICN Biomedicals Inc, USA)

Data were analysed by unpaired Student test and 
analyses of variance applied to determine signifi cant 
differences between groups. Results are expressed as 
the mean ± SEM and the statistical signifi cance is 
accepted at p < 0.05. 

Results
 
LPS administration caused increasing TNF α and 

IL 6 serum concentrations after 2 hours and IL 10 
after 4 hours in comparison with the control group 
(p< 0.01, p< 0.01, p< 0.01 respectively Table 1). 

LPS decreased serum concentrations of T4 after 2 
hours (p < 0.05 Table 2) and T3, T4, testosterone and 
prolactin after 4 hours (p < 0.01, p<0.01, p< 0.05, p< 
0.05 respectively Table 3), however serum corticoste-
rone levels were increased in response to LPS after 2 
hrs (p < 0.05) and after 4 hrs (p < 0.05).

Leptin administration demonstrated decreasing of 
corticosterone after 2 hours compared to the control 
group (p< 0.05 Table 4).

The following results were recorded by comparison 
group received LPS and leptin with group received 
only LPS:
1. Decreasing T3 serum concentration after 2 hours 

(p< 0.05 Figure 1)
2. Decreasing LH serum concentration after 2 hours 

(p< 0.05 Figure 2)
3. Increasing testosterone serum concentration after 

4 hours (p< 0.01 Figure 3)
4. Increasing corticosterone serum concentration 

after 2 hours (p< 0.01 Figure 4)
5. There is no differences in serum cytokine concen-

trations between group received LPS plus leptin 
compared to group receiving only LPS. 

Does leptin modulate immune and endocrine response in the time of LPS-induced acute infl ammation?
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Discussion

Present studies show that the role of leptin is not 
only limited to controlling body weight and energetic 
balance. Leptin’s receptors are represented in many 
organs and this fact shows that this hormone can reg-
ulate the functions of the whole body including the 
endocrine and immune systems. The effect of leptin 
on the endocrine system is still unclear. The exis-
tence of negative feedback between leptin and gluco-
corticoids secretion is suggested. This fact is probably 
concerned with inverse circadian rhythms between 
leptin and cortisol secretion [21]. Leptin probably 

inhibits hypothalamic CRH secretion [22]. On the 
other hand the investigation of isolated adrenal cells 
in rats show that leptin inhibits corticosterone secre-
tions [23]. The correlation between thyroid hormones 
and leptin levels are still absolutely unclear [5,20, 
24]. In our study we established that intraperitoneal 
leptin administration caused the decrease of serum 
corticosterone level after 2 hours (it can be connected 
with negative feedback between leptin and hypo-
thalamus-pituitary-adrenal axis). Leptin plays an 
important role in regulation of immune response. 
It modulates productions of anti-infl ammatory and 
proinfl ammatory cytokines which was confi rmed 

Table 1. Mean (± SEM ) serum cytokine concentrations after LPS administration  at  2 and 4 hours 
in comparison with control group.

Table 2. Mean (± SEM ) serum hormones concentrations after LPS administration  at  2  hours 
in comparison with control group.

Table 3. Mean (± SEM ) serum hormones concentrations after LPS administration  at  4  hours 
in comparison with control group.

Table 4. Mean (± SEM ) serum hormones concentrations after leptin  administration  at  2  hours 
in comparison with control group.
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Fig. 1.

Fig. 2.



212

Wojciech Bik, Ewa Wolinska-Witort, Magdalena Chmielowska, Elzbieta Rusiecka-Kuczalek, Boguslawa Baranowska

 

 

Fig. 3.

Fig. 4.
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in many experimental studies followed above all 
on ob/ob and db/db mice [12,13]. Proinfl ammatory 
cytokines such as IL 1, TNF α or LPS administrated 
to mice increase serum leptin levels in experimental 
animals [25–29]. LPS-induced lethality of experimen-
tal animals decreased after exogenous leptin admin-
istration [11–12]. Mortality of ob/ob mice induced by 
TNF α were lowered after leptin application [30]. 
Leptin improves diminished phagocitic macrophages’ 
function in ob/ob mice [13]. In vitro studies have 
shown that leptin encourages activation and prolifer-
ation of monocytes [31]. It is very important because 
tissue macrophages and circulating monocytes have 
been identifi ed as a major source of TNF α in healthy 
lean humans [32]. The synthesis of proinfl ammatory 
cytokines (TNF α and IL 6) in fa/fa rats is lower than 
in their lean littermates [13]. It was shown that leptin 
stimulates IL 2 and INF γ production by Th 1 lym-
phocytes [14,15] and inhibits IL 4 production by Th 
2 lymphocytes [14]. On the other hand it was dem-
onstrated that leptin defi ciency may be a protective 
factor against T-cell mediated hepatotoxicity. This 
fact can be dependent upon of lower synthesis TNF 
α and IL 18 which is connected with lack of leptin 
[33]. Our study indicates that leptin did not modulate 
serum cytokine levels (proinfl ammatory TNF α and 
IL 6 and anti-infl ammatory IL 10) in response to LPS 
induced acute infl ammation. It is important to say 
that the majority of studies were followed on leptin 
defi cient or receptor defi cient animals but not on 
healthy animals. 

Response to acute infl ammation is regulated by 
the immune and endocrine systems. The reaction of 
the endocrine system is expressed by the mobiliza-
tion of the hypothalamic-pituitary-adrenal axis and 
the inhibition of pituitary-thyroid axis [16–19]. Our 
study showed that leptin enhanced LPS induced 
increase of corticosterone secretion. It was also found 
that T3 secretion decrease correlated with LPS appli-
cation was amplifi ed by the combination LPS and 
leptin. The results demonstrate that leptin reduced 
the inhibiting role of LPS in testosterone secretion. 
These results confi rmed leptin’s infl uence on endo-
crine reply to LPS-induced acute infl ammation. 
Bacterial infections increase productions of many 
cytokines (such as IL 1, IL 2, IL 6, TNF α) which 
directly and indirectly stimulate adrenal-coticoste-
rone secretion [17–19]. Many cytokines, especially IL 
1, inhibit testicular steroidogenesis [19]. In our study 
we demonstrated that leptin administration reduced 
the inhibitory role of LPS in testosterone secretions. 
It is known that testosterone decreases cell and 
humoral-mediated response [19] and the facts of 
higher serum testosterone and corticosterone secre-
tion can be indicative of anti-infl ammatory role of 
leptin.

We conclude that leptin modulates acute infl am-
mation through intensity of LPS-induced corticos-
terone secretion and decreases the inhibiting role 
of LPS in testosterone secretion. Lack of change 
in serum proinfl ammatory and anti-infl ammatory 
cytokine concentrations indicates that leptin mod-
ulates the endocrine system through other mecha-
nisms at the time of acute infl ammation. 

Acknowledgments

This paper was supported by scientifi c program 
No. 501-2-2-25-28 / 00.

    REFERENCES 
   
 1  Baranowska B, Radzikowska M, Wasilewska-Dziubinska E, 

Roguski K, Plonowski A. Relationship among leptin, neuropep-
tide Y and galanin in young women and in postmenopausal 
women. Menopause 2000; 7:149–155.

 2  Baranowska B, Radzikowska M, Wasilewska-Dziubinska E, 
Roguski K, Borowiec M. Disturbed release of gastroinestinal 
peptides in anorexia nervosa and obesity. Diabetes, Obesity 
and Metabolism 2000; 2: 99–103.

 3  Baranowska B, Wasilewska-Dziubinska E, Radzikowska M, Plo-
nowski A, Roguski K. Neuropeptide Y, galanin and leptin 
release in obese women and in women with anorexia nervosa 
. Metabolism 1997; 46:1384–1389.

 4 Rozhawskaya-Arena M, Lee DW, Leinung M.C, Grasso P. Design 
of a synthetic leptin agonist: Effects of energy balance, glu-
cose homeostasis and thermoregulation. Endocrinology 2000; 
141:2501–7.

 5 Walczewska A. Leptin a new hormone. Polish J.Endocrinol. 
2000; 51:125–148

 6  Cao GY, Cosidine R.V, Lynn R.B. Leptin receptors in the adrenal 
medulla in the rat. Am.J.Physiol. 1997; 273:E 448–E452.

 7 Zamorano Pl, Mahesh VB, De Sevilla LM, Chorich LP, Bhat GK, 
Brann DW. Expression and localization of the leptin receptor 
in endocrine and neuroendocrine tissue of the rat. Neuroen-
dicrinology 1997; 65:223–228.

 8 Emillson V, Liu YL, Cawthorne MA, Morton NM, Davenport M. 
Expression of the functional leptin receptor mRNA in pan-
creatic islet and direct inhibitory action of leptin on insulin 
secretion. Diabetes 1997; 46: 313–316.

 9 Gainsford TI., Wilson TA, Metcalf D, Handman E, McFarlane 
C, Ng A, Nicola NA, Alexander WS, Hilton DJ. Leptin can 
induce proliferation, differentiation and functional activa-
tion of hemopoetic cells. Proc. Natl. Acad. Sci. USA 1996; 
93:14564–8.

10 Hao Qian, Azain MJ, Compton MM, Hartzell DL, Hausman GJ, 
Baile CA. Brain administration of leptin causes deletion of adi-
pocytes by apoptosis. Endocrinology 1998; 139: 791–794.

11  Faggioni RI, Moser A, Feingold KR, Grunfeld C. Reduces leptin 
levels in starvation increase susceptibility to endotoxic shock. 
Am. J. Physiol. 2000; 156:1781–7. 

12  Faggioni RI, Fantuzzi G, Gabay C, Moser A, Dinarello CA, 
Feingold KR, Grunfeld C. Leptin defi ciency enhance sensi-
tivity to endotoxin-induces lethality. Am. J. Physiol. 1999; 
276:R136–R142.

13  Loffreda S, Yang SQ, Lin HZ, Karp CL, Brengman ML, Wang 
DJ, Klein AS, Bulkley GB, Bao C, Noble PW, Lane MD. Leptin 



214

regulates proinfl ammatory immune responses. FASEB J. 1998; 
12:57–65.

14  Lord GM, Matarese G, Howard JK, Baker RJ, Bloom SR, 
Lechler RI.. Leptin modulates the T-cell immune response and 
reverse starvation-induced immunosupresion. Nature 1998; 
394: 897–901.

15 Consuelo Martin-Romero, Santos-Alvarez J, Goberna R, 
Sanchez-Margalet V. Human leptin enhances activation and 
proliferation of human circulating T lymphocytes. Cell. 
Immunol. 2000; 199:15–24. 

16 Turnbull AV, River CL. Regulation of the hypothalamic-pitu-
itary-adrenal axis by cytokines: action and mechanisms of 
action Physiol. Rev. 1999; 79:1 –71. 

17 Elenkov I.J, Webster EL, Torpy DJ, Chrousos GP. Stress, corti-
cotropin-releasing hormone, glucocorticoids and the immune 
/ infl ammatory response: acute and chronic effects Ann. N. Y. 
Acad. Sci. 1999; 876:1 –11.

18 Hadid R, Spinedi E, Chautard T, Giacomini M, Gaillard RC. 
Role of several mediators of infl ammation on the mouse hypo-
thalamo-pituitary-adrenal axis response during acute endo-
toxemia. Neuroimmunomodulation 1999; 6:336–343.

19 Pawlikowski M., Stepien H., Komorowski J. Neuroimmunoen-
docrinology in : Zarys endokrynologii klinicznej – Basis of 
clinical endocrinology. Wydawnictwo Lekarskie PZWL Warsaw 
1996, pp. 285–295.

20  Borowiec M, Baranowska B. Leptin and hormonal network. 
Polish J. Endocrionol 1999; 50:181–189.

21 Licinio J., Mentzoros C., Negrao AB., Cizza G., Wong ML., Bon-
giorno PB., Chrousos GP., Karp B., Allen C., Flier JS., Gold PW. 
Human leptin levels are pulsative and inversely related to the 
pituitary-adrenal function. Nature Med. 1997; 3:575–579.

22  Huang Q., Rivest R., Richard D. Effects of leptin on corticotro-
pin-releasing factor (CRF) synthesis and CRF neuron activation 
in the paraventricular hypothalamic nucleus of obese (ob/ob) 
mice. Endocrionology 1998; 139:1524–1532.

23  Malendowicz LK, Nussdorfer GG, Markowska A. Effects of 
recombinant murine leptin on steroid secretion of dispersed 
rat adrenocortical cells. J.Steroid.Bichem.Mol.Biol. 1997; 
63:123–125.

24 Semsilo G, Gasmitjana R, Halperin I, Gomis R, Vilardell E. Role 
of thyroid hormones on serum leptin levels. European Journal 
of Endocrinology 1998; 139:428–430.

25 Sarraf P, Frederich RC, Turner EM, Ma G, Jaskowiak MT, Rivett 
III DJ, Flier J, Lowell BB, Fraker DL, Alexander HR. Multiple 
cytokines and acute infammation raise mouse leptin levels: 
potential role in infl ammatory anorexia. J.Exp.Med. 1997; 
185:171–175.

26 Berkowitz DE, Brown D, Lee KM, Emala C, Palmer D, Ying Ann, 
Breslow M. Endotoxin-induced alteration in the expression of 
leptin and beta 3-adrenergic receptor in adipose tissue. Am. 
J. Physiol. 1998; 274: E992–E997.

27 Finck BN, Kelley KW, Dantzer R, Johnson RW. In vivo and in 
vitro evidence for the involvment of tumor necrosis factor 
alpha in the induction of leptin by lipopolysaccharide. Endro-
crinology 1998; 139:2278–83.

28 Francis J, MohanKumar PS, MohanKumar SM, Quadri SK. Sys-
temic administration of lipopolysaccharide increase plasma 
leptin levels: blockade by soluble interleukin 1 receptor. Endo-
crine 1999; 10:291–295.

29 Faggioni R, Fantuzzi G, Fuller J, Dinarello CA, Feingold KR, 
Grunfeld C. IL 1 mediates leptin induction during infl amma-
tion. Am.J.Physiol. 1998; 274:R204–R208.

30 Takahashi N, Waelput W, Guisez Y. Leptin is endogenous pro-
tein against the toxity exerted by Tumor Necrosis Factor. J. 
Exp. Med. 1999; 189:207–212.

31  Santos-Alvares J, Goberna R, Sanchez-Margalet V. Human 
leptin stimulates proliferation and activation of human 
circulating monocytes. Cell. Immunol. 1999; 194:6–11.

32  Ulevitch RJ, Tobias PS. Receptor dependent mechanisms of 
cell stimulation by bacterial endotoxin. Annu. Rev.Immunol. 
1995; 13:437–457.

33  Faggioni R, Carson-Jones J, Reed DA, Dinarello CA, Feingold 
KR, Grunfeld C, Fantuzzi G. Leptin defi cient (ob./ob.) mice are 
protected from T cell-mediated hepatotoxicity: Role of tumor 
necrosis factor á and IL 18. Proc. Natl. Acad. Sci. USA 2000; 
97:2367–2372.
 

Wojciech Bik, Ewa Wolinska-Witort, Magdalena Chmielowska, Elzbieta Rusiecka-Kuczalek, Boguslawa Baranowska


