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Background:-Lipocalin 2 has been implicated in diversified functions such 

as apoptosis, iron transport, inflammation, cell survival and innate 

immunity. Lipocalin 2 expression is affected by fat depot but the effect of 

age and sex hormones on the circulating lipocalin 2 levels in female rats is 

still unknown. 

 

Aim:- To explore the effect of age and hypothalamo-pituitary-ovarian axis 

(HPOA) on Lipocalin 2 levels in albino rats. 

 

Material and Methods:- The study was done on 90 female albino rats 

divided into 2 main equal groups: Group I, it was further subdivided into 

3equal subgroups: Group I A:" pre-pubertal age". Group I B: "young Adult" 

(3 months old). Group I C:" Old age group" Group II (Ovariectomized 

"OVX"), it was further subdivided into 3equal subgroups: Group II A: 

Shame operated group, group II B: OVX group and group II C OVX with 

hormonal replacement group. 

 

Results:- In intact group (group I), lipocalin 2 levels in young adult group 

were significantly higher than that of pre-pubertal and old age groups. And 

old age group showed non-significant change in relation to the pre-pubertal 

group. 

 

In OVX group (group II) , lipocalin 2 levels in OVX group were 

significantly lower than that of young adult and shame operated groups and 

in the OVX group with hormonal replacement. Multiple regression analysis 

revealed that, estrogen is the major factor linked to the changes in lipocalin 

2 levels. 

 

Conclusion:- In female rats age and estrogen hormone are the apparent  

regulatory factors of the lipocalin 2 levels 

                    
                         Copy Right, IJAR, 2016,. All rights reserved.

 

Introduction:-  

Lcn 2 is a small protein of 25 kDa 
(1,2)

, was initially identified as a secreted protein from human neutrophils 
(3,4)

 and 

considered as a representative of a large group of lipocalins, which are small extracellular proteins with a variety of 

functions 
(5).

 

 

Lcn 2 is expressed in multiple tissues including kidney, brain, lung, liver, spleen, neutrophils, uterus, adipocytes and 

macrophages
(4,6-8)

 and was involved in varieties of biological functions such as apoptosis, tumorigenesis and innate 

immunity, transport of fatty acid or iron 
(9-12)

. Actively participates in the process of proliferation, development and 
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differentiation of different human tissues 
(13-15)

. Also act as iron transporter as well as an antioxidant
(16)

.suppression 

of bacterial growth
(17)

, and modulator of inflammatory responses
(18)

. 

 

Adipose Lcn 2 expression is up-regulated in various models of mouse obesity and insulin resistance and in visceral 

compared with subcutaneous adipose tissue of obese humans 
(19)

 and its expression is gender and fat depot 

dependent 
(20)

. In addition, previous studies reported that serum lipocalin-2 concentrations in males are significantly 

higher than those in females in both obese and lean subjects 
(21,22)

. 

 

Lcn 2 deficiency leads to decreases in 17β- estradiol concentration in sera and estrogen receptor-α (ERα) signaling 

but the mechanisms remain unclear 
(20)

. 

 

However, the effect of age and sex hormones on the circulating lipocalin 2 in female rats is not studied yet. 

 

The aim of this research is to investigate the possible effect of age and sex hormones on serum Lcn 2 level in female 

albino rats. 

 

Material and methods:- 
The rats (100 healthy female albino) were accommodated to laboratory conditions for three weeks before starting 

the experimental regimen 
(23)

. Rats fed normal (standard) diet and had free access to water. 

 

All rats received care in accordance with the national health guidelines and the study protocol was approved by the 

Institutional Review Board and ethics committee of faculty of medicine zagazig University. 

 

The rats were divided into 2 main groups: Group I "Intact group" (Consists of 45 rats). t was further subdivided into 

3equal subgroups: group IA:" pre-pubertal age" (4 weeks old- body weight, 60-80 gm), group IB: "young Adult" (3 

months old- body weight, 180-200 gm) and group IC:" Old age group" (25 months old- body weight, 250-300 gm). 

 

Group II" OVX group" (Consists of 55 rats "25 months old" body weight, 180-200 gm). Rats were further 

subdivided into 3 subgroups: group IIA: Shame operated group (n= 15) treated with 0.2 ml sesame oil (ADWIC 

Laboratory Chemicals, Egypt), group IIB: OVX group (treated with 0.2 ml sesame oil). (n= 20) {3 rats died "15%" 

15 rats were selected from the remaining living 17rats according to IRB recommendation} and group IIC OVX with 

hormonal replacement group. (n= 20), rats were treated with estradiol (Sigma) in a dose of 10 µg/kg/day dissolved 

in 0.1 ml sesame oil and progesterone (sigma) in a dose of 10mg/kg/day dissolved in 0.1 ml sesame oil 
(24)

. 1 rat died 

"5%" 15 rats were selected from the remaining living 19 rats according to IRB recommendation). 

 

Methods:- 

Ovariectomy technique:- 
(25)

. 

Rats were fasted over night, they were anaesthetized by intraperitoneal (ip) with pentobarbital sodium (40 mg/kg 

body weight), and rats were tied to the operating board. 

 

The hair removed from the lower abdomen. The bare area of the skin sterilized .Then a midline incision was done 

through the skin and the abdominal wall, after that the ovaries had been explored and removed surgically. 

 

Abdominal wall was repaired with catgut thread, and then the skin incision had been closed with sterile silk suture. 

The closed incision painted with garamycin cream and covered with sterilized gauze, and then the rats were 

observed until the recovery from anesthesia. 

 

Sham operation technique:- 

The same procedure was done as ovarectomy technique without removal of the ovaries. 

Replacement begun one week after surgical procedures and continue for 14 days 
(24,26)

. 

 

Determination of the estrous phases:- 

The mean duration of the estrous cycle was 4-5 days for 60%-70% of female rats and is characterized as: proestrus, 

estrus, metestrus and diestrus, which may be determined according to the cell types observed in the vaginal smear 
(27)

. 
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Vaginal secretion was collected with a plastic pipette filled with 10 mL of normal saline (NaCl 0.9%) by inserting 

the tip into the rat vagina, but not deeply. One drop was collected with a clean tip from each rat. Vaginal fluid was 

placed on glass slides. Unstained material was observed under a light microscope. The determination of the estrous 

cycle phases as follow: 

 

The proestrus phase: predominance of nucleated epithelial cells with smooth margins. 

The estrus phase: the presence of large anucleated cornified (keratinized) cells with irregular margins. 

The met estrus phase: Many cornified cells plus infiltration of leukocytes. 

The diestrus phase: absence of the cornified cells and presence of small leukocytes 
(27)

. 

 

At the end experiment body mass index (BMI) was estimated by the equation: body weight (g) /lenght
2
 (cm

2
) = BMI 

(gm/cm
2
) 

(28)
. And then after overnight fasting , blood samples were obtained from sinus orbitus vein of each rat in 

the diestrus phase after ether inhalation. The blood samples were allowed to clot at room temperature before 

centrifuging at approximately 3000 rpm for 15 minutes. The serum was stored at -20° C. 

 

Hormonal Assay was done by enzyme immunoassay test kits. 

Serum Lipocalin-2: according to Goetz et al. 
(28)

 

Serum Gonadotropin releasing hormone (GnRH): according to Kataria et al. 
(30).

 

Serum Estradiol (E2), Progesterone and Luteinizing hormone (LH): according to Tietz 
(31)

. 

Serum Follicle-Stimulating Hormone (FSH) according to Rebar et al. 
(32)

. 

And all kits from BioCheck, Inc 323 Vintage Park Dr. Foster City, CA 94404) 

 

Statistical analysis:- 

The data obtained in the present study were expressed as mean  SD for quantitative variables, one way ANOVA 

with LCD was done to compare means. Pearson correlation and multiple regression analysis were done (P value less 

than 0.05 was considered significant). The statistical analysis was done by using SPSS program (version 18 for 

windows) (SPSS Inc. Chicago, IL, USA). 

 

Results:- 
Group IB (young adult group), while the mean values of serum levels of Lcn2, GnRH, estrogen, progesterone and 

calculated BMI were significantly high (P < 0.001), the mean values of serum levels of FSH and LH were 

significantly low (P < 0.001 and P < 0.01 respectively) in comparison to that of group IA (prepubertal group). 

 

In group IC (old age group) the mean values of serum levels of Lcn2, FSH, LH and progesterone showed non-

significant change when compared with those of group IA (P > 0.05). However, the mean values of serum levels of 

GnRH, estrogen and calculated BMI were significantly high (P < 0.001, P < 0.05 and P < 0.001 respectively). 

Moreover, in group IC the mean value of serum levels of Lcn2, estrogen and progesterone were significantly low (P 

< 0.001) when compared with those of group IB. But the mean values of serum levels of GnRH, FSH, LH and 

calculated BMI, were significantly high (P < 0.001). 

 

There were no significant changes in all parameters measured between sham operated group (IIA), intact young 

adult group (IB) and OVX with hormonal replacement group (IIC) (P > 0.05). 

 

In group IIB (OVX group) although the mean values of serum levels of Lcn2, estrogen and progesterone were 

significantly low (P < 0.001), the mean values of serum levels of GnRH, , FSH, LH and calculated BMI were 

significantly high (P < 0.001, P < 0.001, P < 0. 01 and P < 0.001 respectively) in comparison to that of group IB. 

 

In group IIC the mean values of serum levels of Lcn2, estrogen and progesterone were significantly high (P < 

0.001). Conversely, the mean values of serum levels of GnRH, FSH, LH and calculated BMI were significantly low 

(P < 0.001) when compared with those of group IIB. 

 

As regards the correlation with Lcn2 levels, estrogen and progesterone were significantly positive correlated with 

Lcn2 in all studied groups. Whereas, GnRh was significantly positive correlated with Lcn2 in all groups except IC 

and IIB groups, BMI was significantly positive correlated with Lcn2 in all groups except IC. 

 

Furthermore, FSH and LH were significantly negative correlated with Lcn2 in all studied groups. 
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Multiple regression analysis revealed that, estrogen is a major factor linked to the change in lipocalin 2 levels as the 

significance was less than 0.001(0.000) in all groups , while the significance of other parameters (BMI, GnRH, FSH, 

LH and Progesterone) in  the pre-pubertal were 0.048, 0.126, 0.958, 0.583 respectively, and 0.421 respectively, in 

young adult group were 0.204, 0.016, 0.013, 0.009 and0.004 respectively, in old age group were 0.168, 0.442, 0.508, 

0.118 and 0.006 respectively, in OVX group were 0.512, 0.499, 0.436, 0.788 and 0.878 and in group OVX  with 

replacement were 0.648, 0.963, 0.118, 0.379 and 0.434 respectively. 

 
Table 1: serum lipocalin-2, GnRH, FSH, LH, estrogen, progesterone, and calculated BMI in all studied groups:- 

N= 15  IA 

(pre-

pubertal) 

IB 

(young Adult) 

IC 

(Old age) 

IIA (Shame 

operate) 

IIB 

(OVX.) 

IIC 

(OVX + 

replacement) 

Lcn2 

(ng/ ml) 

X ±SD 31.43 ±0.8 58.78
a 
±1.3 32.76

b
±0.9 56.53 ±1.1 32.33

bc
 ±0.9 56.67

d 
±1.00 

BMI 

(gm/cm
2
) 

X ±SD 0.43 ±0.007 0.59
a 
±0.007 0.69

ab 

±0.007 

0.59 ±0.008 0.67
bc 

±0.008 0.57
d 
±0.007 

R 0.663
** 

P < 0.01 

P < 0.05 0.299
 

NS 

0.692
** 

P < 0.01 

0.668** 

P < 0.01 

0.682
** 

P < 0.01 

GnRH 

(pg/ ml) 

X ±SD 39.84 ±0.7 76.78
a 
±1.4 89.75

ab 

±1.2 

75.96 ±1.6 87.39
bc 

±1.4 77.17
d 
±1.6 

R 0.712
** 

P < 0.01 

0.621
* 

P < 0.05 

0.110 

NS 

0.531
* 

P < 0.05 

0.233 

NS 

0.687
** 

P < 0.01 

FSH 

(IU/L) 

X ±SD 4.50 ±0.1 3.71
a 
±0.08 4.55

b 
±0.2 3.70 ±0.09 5.63

bc 
±0.2 3.64

d 
±0.07 

R -0.544
* 

P < 0.05 

-0.525
* 

P < 0.05 

-0.518
* 

P < 0.05 

-0.613
* 

P < 0.05 

-0.661
** 

P < 0.01 

-0.696
** 

P < 0.01 

LH (IU/L) X ±SD 3.40 ±0.1 2.64
a 
±0.09 3.67

b 
±0.2 2.69 ±0.08 3.69

bc 
±0.2 2.37

d 
±0.1 

R -0.569
* 

P < 0.05 

-0.631
* 

P < 0.05 

-0.621
* 

P < 0.05 

-0.537
* 

P < 0.05 

-0. 645
** 

P < 0.01 

-0.559
* 

P < 0.05 

estrogen 

(pg/ ml) 

X ±SD 6.67 

±0.4 

29.90
a 

±1.3 

9.24
b 

±0.2 

29.31 

±1.2 

6.86
bc 

±0.4 

29.09
d 

±1.04 

R 0.983
*** 

P < 0.001 

0.978
*** 

P < 0.001 

0.967
*** 

P < 0.001 

0.957
*** 

P < 0.001 

0.981
*** 

P < 0.001 

0.982
*** 

P < 0.001 

Progesteron

e 

(ng/ ml) 

X ±SD 1.83 

±0.09 

9.80
a 

±0.5 

2.62
b 

±0.1 

10.14 

±0.4 

1.70
bc 

±0.09 

10.02
d 

±0.4 

R 0.569
* 

P < 0.05 

0.612
* 

P < 0.05 

0.710
* 

P < 0.05 

0.699
** 

P < 0.01 

0.626
* 

P < 0.05 

0.694
** 

P < 0.01 

a = significant VS group IA     b= significant VS group IB 

c= significant VS group IIA     d = Significant VS group IIB 
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Figure 1 : Histogram illustrates the serum Lcn2 levels (ng/ml) in all  
studied groups.
a = significant VS group IA          b= significant VS group IB
c= significant VS group IIA      d = Significant VS group IIIB.
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Figure 2: Histogram illustrates  calculated BMI (gm/cm2) in all tudied 
groups.
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Figure 3 : Histogram illustrates the serum GnRH levels  (pg/ml) in all
studied groups.
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c= significant VS group IIA d = Significant VS group IIB.
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Figure 4 : Histogram illustrates the serum FSH levels (mIU/L in all studied 
groups .

a = significant VS group IA b= significant VS group IB
c= significant VS group IIA d = Significant VS group IIB.
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Figure 5 : Histogram illustrates the serum LH levels (mIU/L )in all studied
groups .
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Figure 6: Histogram illustrates the serum estrogen levels ( pg/ml) in 
all studied  groups .
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Discussion:- 

Lcn 2 plays a significant role in obesity, insulin resistance, brown adipose tissue activation 
(33)

. This study was 

designed to examine the effect of age and HPOA on the circulating lipocalin 2 levels in female rats. 

 

In the present study, as regards the effect of age (group I), serum Lcn 2 levels in young adult group were 

significantly higher than that of prepubertal and old age groups. 

 

The increased serum Lcn 2 levels in young adult group more than the prepubertal group can be explained by 

different variables as the difference in calculated BMI which proved in this study as calculated BMI correlated 

positively with serum Lcn 2 levels in prepubertal and young adult groups and these results are in agreement with 
(21, 

34,35)
 who found a high concentration of Lcn 2 in obesity and positive correlation between serum Lcn 2 

concentrations and BMI both in humans and animals. Moreover, Rendárová et al. 
(36)

 found a positive correlation 

between serum Lcn 2 and BMI in patients with psoriasis. 

 

However, others have found similar circulating Lcn 2 levels in obese and lean subjects 
(37,38)

. Moreover, studies in 

healthy young men by Liu et al. 
(39)

 and two groups of obese children by Kanaka-Gantenbein et al. 
(40)

. Akelma et al. 
(41) 

also concluded that plasma Lcn 2 was not related to metabolic parameters. Obese and non-obese diabetic 

individuals showed reduction of Lcn 2 levels in comparison to healthy subjects 
(42,43)

 

 

Unfortunately, the BMI alone cannot explain the differences in circulating Lcn 2 levels with age as in old age BMI 

increased but lipocalin 2 levels are significantly decreased.  

 

So the possible mechanism of this change in Lcn 2 levels with age can be sex hormone mediated, therefor, the 

relation between serum Lcn 2 levels and HPOA hormones was investigated in this research. 

 

In the present research Serum GnRH levels in young adult group were significantly higher than that of prepubertal 

group. Moreover, in old age group they were significantly higher than that of prepubertal and young adult groups. 
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Figure 7 : Histogram illustrates the serum progesterone levels  (ng/ml) in 
all  studied groups .

a = significant VS group IA b= significant VS group IB
c= significant VS group IIA d = Significant VS group IIB.
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There was significant positive correlation between GnRH and Lcn 2 levels in prepubertal and young adult groups. 

These results are supported by the fact that GnRH secretion is increased at the time of puberty onset leading to high 

frequency pulses that induce the awakening of the reproductive function 
(44)

. In addition, Gore et al. 
(45)

 found that, 

GnRH mRNA levels increase significantly with aging, with higher levels in middle-aged and old than in young rats. 

Furthermore, Gill et al. 
(46)

 and Shaw et al. 
(47)

 reported that, the pituitary response to GnRH was decreased with 

aging in women. GnRH increases with aging, although GnRH pulse frequency decreases. In addition, Gore et al. 
(45)

 

found that, in old persistent diestrus rats, GnRH gene expression was increased. GnRH mRNA levels were higher in 

postmenopausal women than premenopausal women 
(48)

.  

 

Additionally, older menopausal women exhibit decreased GnRH pulse frequencies but an increase in overall GnRH 

secretion when compared to younger menopausal women 
(49)

. 

 

In contrast, GnRH mRNA levels decreased in old and young Sprague-Dawley rats in diestrus. GnRH peptide 

concentrations decreased in the median eminence of middle-aged compared with young rats at the beginning of the 

LH surge on proestrus 
(50)

  

 

Moreover, age-related changes to the hypothalamic GnRH neurons in rodents, include diminished GnRH release, 

neural activation, and an attenuated preovulatory GnRH/LH surge 
(51) 

 

 

Estrogen showed significant positive correlation with GnRH in old age, young adult and OVX groups. The relation 

between estrogen and GnRH was explored previously by a positive as well as a negative effect on GnRH secretion. 

Estrogen suppresses GnRH secretion in a negative-feedback fashion but prior to ovulation estrogen’s influence 

switch to a positive feedback mechanism leading to the GnRH/LH surge
(52,53)

.  

 

As regards the FSH and LH hormones, serum FSH and LH levels in young adult group were significantly lower than 

that of prepubertal and old age groups Moreover, in this research, there was significant negative correlation between 

FSH and LH and Lcn 2 levels in the three subgroups. This is in line with elevated serum gonadotropin levels during 

the juvenile period despite the absence of pulsatile GnRH secretion
(54)

.  

 

LH and FSH secretion are both regulated by GnRH release from the hypothalamus. Moreover, FSH is also regulated 

by ovarian inhibins and activins. The increase in FSH levels seen as an early marker of menopausal progression is 

likely due to a decrease in circulating inhibins and increases in activins and may be better associated with age than 

with menopausal status
(53,55)

. However, Matt et al 
(56).

stated that serum LH levels decreased with chronological age 

on proestrus and underwent more gradual decreases as middle-aged rats transitioned into acyclicity. 

 

As regards serum estrogen and progesterone levels, they were significantly higher in young adult group than 

prepubertal and old age groups. In old age group the serum estrogen levels were significantly higher than that of 

prepubertal group. Ovarian decline occurs between six and eighteen months and is characterized by low levels of 

estradiol and progesterone, with little or no developing follicles
(57)

, and the decreased steroid secretion by the ovaries 

may be causally related to the lack of preovulatory increases in gonadotropin and prolactin release in aging rats
(58,59)

. 

Serum estradiol concentrations at the pubertal and post-pubertal ages were significantly higher than those at the 

prepubertal age
(60)

.Also progesterone levels declined with aging, and urinary progesterone metabolites were 

decreased in perimenopausal women
(53,61)

. However, Gore et al. 
(45)

 reported that, aging rats do not experience 

follicular atresia, and estradiol levels do not decrease with aging in the rat and found overall increase in circulating 

estradiol levels with aging. 

 

Moreover, there was significant positive correlation between lipocalin 2 levels and both of estrogen and 

progesterone in the three subgroups. This is supported by Kim et al. 
(62)

 who stated a positive correlation between 

estrogen and Lcn 2 production and/or action in controlling adipose lipid metabolism.  

 

As regard effect of ovarectomy, serum Lcn 2 levels in OVX group were significantly lower than that of young adult 

group. Moreover, serum Lcn 2 levels in shame operated group were significantly higher than that of OVX group. In 

addition, serum Lcn 2 levels in OVX group with hormonal replacement were significantly higher than that of OVX 

group.  
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However, there was no significant change in serum Lcn 2 levels in shame operated group in comparison to OVX 

group with hormonal replacement and these two groups show insignificant change in serum Lcn 2 levels when 

compared with young adult group.  

 

As regards calculated BMI, calculated BMI in OVX group was significantly higher than that of young adult and 

OVX groups with hormonal replacement. However, there was no significant change in calculated BMI in shame 

operated group and OVX group with hormonal replacement in comparison with young adult group. This is in 

agreement with Ross and Howlett 
(63)

 who revealed that, OVX female rats show higher BMI than control.  

 

In addition, in the present study, there was significant positive correlation between calculated BMI and Lcn 2 levels 

in shame operated, OVX and OVX with hormonal replacement groups. 

 

Serum GnRH levels in OVX group were significantly higher than that of young adult and shame operated groups 

and OVX group with hormonal replacement. However, there was no significant change in serum GnRH levels in 

shame operated group and OVX group with hormonal replacement when compared with young adult group.  

 

The absence of negative feedback of sex steroids after gonadectomy and menopause 
(64)

 associated with a 2-3-fold 

rise in GnRH receptors coincident with the rise in serum gonadotropins and these responses can be prevented by 

immunoneutralization with a specific GnRH antiserum suggesting that increased endogenous GnRH is essential for 

the post-gonadectomy rise in pituitary GnRH receptors and serum gonadotrophins 
(65)

. 

 

Estrogen and progesterone treatment of OVX mice suppressed both high serum LH and FSH levels while increasing 

GnRH receptors
(66)

. 

 

However, in old acyclic rats, the pulsatile release of GnRH is blunted after prolonged periods of estradiol 

withdrawal
(44, 67)

. 

 

As regards FSH and LH hormones, serum FSH and LH levels in OVX group were significantly higher than that of 

young adult and shame operated group and OVX group with hormonal replacement. However, there was no 

significant change in serum FSH and LH levels in shame operated group and OVX group with hormonal 

replacement when compared with young adult group. Moreover, FSH and LH levels in shame operated group 

showed non-significant change in comparison to OVX group with hormonal replacement.  

 

The concentrations of LH and FSH in the circulation gradually rise to reach a ten-fold value and a plateau 2–3 

weeks after the OVX. And if OVX animals are treated with exogenous progesterone, LH and FSH concentrations 

decrease rapidly to the tonic levels
(68)

. Moreover on the day after hemiovariectomy, serum FSH levels elevated in 

both old and young rats and after a suppressive dose of estradiol benzoate, OVX old rats showed lower serum LH 

levels than did young OVX rats
(69)

. 

 

In this research, there was significant negative correlation between FSH and LH and Lcn 2 levels in shame operated, 

OVX and OVX with hormonal replacement groups. 

 

As regards, estrogen and progesterone hormones, serum levels in OVX group were significantly lower than that of 

young adult and shame operated group and OVX group with hormonal replacement. 

 

In addition, there was significant positive correlation between estrogen and Lcn 2 levels in shame operated, OVX 

and OVX with hormonal replacement groups in our work. 

 

These increase in Lcn 2 levels with estrogen as 17β-estradiol increases circulating levels of Lcn 2 and its expression 

in white adipose tissue 
(70)

. Moreover, and treatment with therapeutic doses of 17β-estradiol increases the serum 

lipocalin 2 levels in OVX mice
(62)

. Lcn 2 was induced in the endometrial epithelial cells by estrogen
(71).

 Moreover, 

Lcn 2 deficiency may cause dysregulation of systemic and adipose lipid metabolism by affecting the production and 

action of estrogens 
(72)

 reported that. Furthermore, statistically significant stimulatory effects of Lcn 2 and resistin on 

the synthesis of ovarian steroids was detected 
(73)

.  
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Multiple regression analysis based on the regulation of Lcn 2 levels in al studied groups (group I and group II) 

revealed highest significance with estrogen hormone. 

 

The regulatory effect of estrogen on Lcn 2 can be considered as one of the multiple anti-inflammatory and anti-

oxidant effects of estrogen by which it protects females from ischemic damage 
(74)

. 

 

lipocalin family protein was highly expressed in the urine of a female rodent during estrus phase
(75)

. Moreover, Lcn 

2 protect cells under oxidative stresses
(76)

. In addition, Lcn2 induces the expression of some growth factors, which 

are not only essential for survival and proliferation of mesenchymal stem cells but also augments them against 

harmful microenvironments 
(77)

.  

 

Lcn 2 act as an antagonist to the effect of inflammatory molecules on secretion of adipokines. As the Lcn 2 up 

regulates PPARγ, increases the release of adiponectin and also antagonizes TNF-α effects on inflammatory and 

metabolic gene expression in adipocytes and macrophages
(78,79)

. Lcn 2 seems to protect against TNFα-induced 

insulin resistance in adipocytes. And increased production of Lcn 2 in obesity may be a protective mechanism 

against inflammation and insulin resistance
(33)

  

 
In conclusion: In female rats, the circulating level of lipocalin 2 is age dependent. Estrogen hormone is the apparent 

modulating factors of the circulating lipocalin 2 levels  
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