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ARTICLE INFO ABSTRACT

Immunity stabilization in early pregnancy is one of the most reasons for the 
establishment of gestation. Lactoferrin is an iron-binding glycoprotein which proved 
to has a positive effect on immunity including broad-spectrum antimicrobial activity, 
regulation of cell growth and differentiation, and intonation of inflammatory as well as 
humoral and cellular immune responses. So, this study aimed to examine some immune 
parameters, cells and cytokines during early Pregnancy. Twenty-four mature female 
and six male rats for mating were subjected to this investigation. They were grouped 
into two groups, the control and lactoferrin group treated daily with Lactoferrin with 
a dose of 50µgm/kg body weight orally starting from one week before and persisted 
for one week after mating. Blood samples were collected from each female rat at 5hrs, 
1day,3days, and 7 days after mating for hematological and biochemical assay Extracted 
RNA was subjected to real-time PCR to determine mRNA levels for immune- related 
genes interleukin1A(IL1A) and interleukin 10(IL10). Histopathological examination 
was done on the uterus. Results showed a significant increase in white blood cell count, 
mainly neutrophil, eosinophil, and basophil, mainly at 5hrs and 7-days of the lactoferrin 
group. Similarly, C- reactive protein and progesterone in the lactoferrin group at 3 and 7 
days were significantly increased. Also, significant increases in the levels of interleukin 
1 A at all experimental periods were noticed, while interleukin 10 was increased at 1day 
and 3 days after mating in the Lactoferrin treated group. TNF increased significantly 
at 5hrs, 1days, and 7 days. In contrast, estrogen decreased significantly at 5hrs and 1 
day while Total Antioxidant Capacity (TAC) decreased at 5hrs and 3 days and 7 days 
of Lactoferrin treated group. Moreover, histopathological examination revealed high 
leukocytic infiltration, especially neutrophil and eosinophil, at 5hrs hours after mating 
in the Lactoferrin treated group. This research demonstrated that using Lactoferrin 
during Pregnancy has a good impact on some immune cytokines and parameters that 
may improve immune status during early pregnancy.

Abbreviations: 5HRS: Five hours; AST: Assisted Reproductive Technology; BLF: Bovine 
Lactoferrin; CRP: c- Reactive Protein; CDNA: Complementary DNA; CT: Computed To-
mography; DW: Distilled Water; IL1A: Interleukin 1a; IL1B: Interleukin 1b; IL4: Inter-
leukin 4; IL10: Interleukin 10; LF: Lactoferrin; MRNA: Messenger Ribonucleic Acid; NRC: 
National Research Council; P4: Progesterone; PR-A: Progesterone Receptor a; PR-B: Pro-
gesterone Receptor b; PMNS: Polymorphonuclear Cells; PCR: Polymerase Chain Reaction 
Test; TH1: T elper1; TNF: Tumor Necrosis Factor; TAC: Total Antioxidant Capacity; RNA: 
Ribonucleic Acid; WBCS: White Blood Cells

Received:  July 16, 2021

Published:   August 05, 2021

Citation: Nada Mohamed Ali Hashem, 
Faheim El Bahay Wehaish and Youssef Ya-
hia Elseady. Immunomodulatory Effect of 
Lactoferrin on Mucosal Immunity of Uter-
us in Pregnant Rat. Biomed J Sci & Tech 
Res 37(5)-2021. BJSTR. MS.ID.006061.

Keywords: Immunity; Lactoferrin; Cyto-
kines; Immune Cells; Gene Expression; 
Uterus

https://biomedres.us/
https://dx.doi.org/10.26717/BJSTR.2021.37.006061


Copyright@ Nada Mohamed Ali Hashem | Biomed J Sci & Tech Res | BJSTR. MS.ID.006061.

Volume 37- Issue 5 DOI: 10.26717/BJSTR.2021.37.006061

29788

Introduction 
Disturbances in early Pregnancy and endometrial receptivity 

are the major causes of subfertility and also impact placental 
improvement and fetal growth [1], which has implications for 
the phenotype of the offspring and capacity to withstand health 
challenges in later life [2]. Key regulators of the conception and 
implantation events are maternal tract cytokines and immune 
cells within the female reproductive tract, while the receptivity 
of the endometrium is dependent on immune cells present at the 
implantation site [3]. In mice and rats, implantation was between 
days 4 and 5 of Pregnancy, considering the first day of Pregnancy 
as the day on which a vaginal plug or spermatozoa are present in 
the vagina [4]. Lactoferrin (LF) was a very important part of the 
human body’s natural defense system [5]. Lactoferrin is a cell-
secreted mediator that links innate and adaptive immune function 
in mammals. It is a pleiotropic molecule that directly supports the 
influence of presenting cells for the development of T-helper cell 
polarization [6]. 

In vitro, Lactoferrin stimulates the growth of lymphocytes 
[7], natural killer activity [8], and the release of interleukin-8 (IL-
8) from neutrophils. Further, Lactoferrin stimulates the release 
of IL 1, IL 2, and tumor necrosis factor (TNF) from leukocytes or 
complement activation [9]. LF and its derivatives have pleiotropic 
functions, including broad-spectrum antimicrobial activity, 
regulation of cell growth and differentiation, and intonation of 
inflammatory as well as humoral and cellular immune responses 
[10]. During Pregnancy, the peripheral-specific immune response 
is shifted away from a type 1 cellular immune response towards a 
type 2 humoral immune response [11]. During rat pregnancy, both 
monocyte and granulocytes increased in number in circulation [12]. 
There is an absolute monocities during Pregnancy, especially in the 
first trimester, but decreases as gestation advances. Monocytes help 
in preventing fetal allograft rejection by infiltrating the decidual 
tissue from seven to twenty weeks of gestation, possibly through 
prostaglandin E2 mediated immunosuppression [13]. 

In fact, the uteroplacental tissue produces an array of anti-
inflammatory cytokines as interleukin 10 that are expressed in the 
uterus, oviducts, and ovaries of cycling mice and during Pregnancy 
in the uterine myometrium and cervix [14-20]. Thus, the balance 
between pro-inflammatory cytokines as tumor necrosis factor 
(TNF) and interleukin 1a and anti-inflammatory cytokines is 
essential to a successful pregnancy outcome [21]. IL1A is one of 
the major cytokines that participate in the local regulation of many 
reproductive affairs. IL1A also plays a role in regulating ovulation 
[22]. TNF-α has been shown to influence hormone synthesis, 
placental architecture, embryonic and follicle development, 
steroidogenesis, uterine cyclicity, placental differentiation, and 
parturition [23,24]. [25-30] hypothesized that Pregnancy is a  

 
stressful condition as it leads to increased levels of oxidants and 
therefore reduces Total Antioxidant Capacity (TAC). C- Reactive 
Protein (CRP) is a sensitive marker of systemic inflammation and 
is primarily synthesized in hepatocytes in response to infection 
and tissue injury. Production of CRP is stimulated by the release of 
proinflammatory cytokines, including interleukin-1, interleukin-6, 
and tumor necrosis factor-alpha. Although sometimes referred 
to as an acute-phase reactant, CRP accompanies both acute and 
chronic inflammatory disorders [31]. 

[32] showed that progesterone reduced macrophage migration 
into the murine uterus, while [33-36] showed that estrogen, 
progesterone, and human chronic gonadotrophin did not affect 
migration of macrophage cells in guinea pigs. [37-45] showed that 
progesterone(p4) withdrawal is associated with the initiation of 
labor. The effect of P4 on immunity has been revealed, mainly at 
pregnancy concentrations. These effects are primarily mediated via 
the intracellular P4 receptors (PR), PR-A, and PR-B, which act as 
transcription factors [46]. Upon Pregnancy, estrogen is shown to 
promote uterine blood flow, myometrial growth, stimulate breast 
growth, and at term, promote cervical softening and expression 
of myometrial receptors. Also, estrogen was suggested to affect 
different immune cell populations in their number and function and 
thereby contribute to fetal tolerance [47]. Leukocytic infiltration 
during early Pregnancy indicated that decidual natural killer cells 
makeup around 30% of the uterine stromal compartment, mainly 
at the implantation site where they are found scattered throughout 
the stroma and thickly clustered around glands and spiral arteries 
in the uterus [48]. So, the present study aimed to evaluate the 
immunological effect of Lactoferrin on some cytokines, immune 
cells, and mucosal immunity of uterine tissue in the rat during 
pregnancy.

Materials and Methods
All procedures of laboratory work carried out under guidelines 

for biosecurity and infection control according to Guidelines for 
Veterinary personal biosecurity (2013) & Australian Veterinary 
Infection control manual (2014). 

Experimental Animals

The study was conducted on twenty-four mature female 
Sprague Dawley rats and six mature male rats weighing 250 g. B. 
wt, divided into two groups, twelve female rats in each group. All 
animals were purchased from a laboratory animal house in, Helwan 
– Egypt. They were housed in separate cages in the physiology 
department, Faculty of veterinary medicine, Mansoura University. 
They were kept in a controlled environment for two weeks before 
the experiment for accommodation; maintained under normal 
condition, and rats were fed a basal control diet; water and diet 
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were given ad-libitum throughout the experimental period. All 
females were examined for the detection of the stage of the estrus 
cycle by taking vaginal smear and examine it under the microscope 
to determine which female in the estrous phase to determine the 
best time of insemination according to the methods of [49].

Diet and Additives

The basal diet was prepared by the Faculty of Agriculture, 
Mansoura University, according to standard levels of NRC. The diet 
was produced in the form of pellets and was admitted to all groups 
of the study. 

Lactoferrin

Bovine Lactoferrin (BLF), an immune-modulatory substance, 
was purchased from Sigma company; the commercial name is L9507 
in the form of a powder that was dissolved by distilled water and 
was prepared to be given to twelve mature female rats (lactoferrin 
group) in a dose of 50microgram/kg orally by stomach tube every 
day before mating by one week and persisted after mating till one 
week according to (Yamauchi et al., 2000). Oligonucleotide primers 
used in SYBR Green real-time PCR: They are shown in Table 1.

Table 1: Oligonucleotide primers and probes used in SYBR 
Green real-time PCR.

Target gene Primers sequences Reference

RAT ß-ACTIN TCCTCCTGAGCGCAAGTACTCT [7]

GCTCAGTAACAGTCCGCCTAGAA

IL10 GCGGCTGAGGCGCTGTCAT [15]

CGCCTT00GTAGACACCTTGGTCTTGG

IL1 ALPHA GGC TAA GTT TCA ATC AGC CCT TT [32]

AGG TGC TGA TCT GGG TTG GAT

Blood and Tissue Samples

At different time points (5hrs,1 day,3 days, and 7 days) after 
mating, blood samples were collected from retro-orbital venous 
plexus and separated into two parts, one for hematological assay and 
the other for serum separation that stored frozen until hormonal 
and biochemical assay. Uterine tissue samples were collected 
after anesthesia and slaughter of three rats of two groups at each 
time point and stored frozen for PCR assay and other tissue parts 
stored in 10% neutral buffer formaldehyde for histopathological 
examination.

PCR

RNA Extraction, according to (Yuan, et al. [50]): RNA 
extraction from tissue samples was applied using QIAamp RNeasy 
Mini kit (Qiagen, Germany, GmbH) when 30 mg of the tissue sample 
was added to 600 µl RLT buffer containing 10 μl β-mercaptothion 
per 1 ml. For the homogenization of samples, tubes were placed 
into the adaptor sets, which are fixed into the clamps of the Qiagen 

tissue Lyser. Disruption was performed in 2 minutes high-speed 
(30 Hz) shaking step. One volume of 70% ethanol was added 
to the cleared lysate, and the steps were completed according to 
the Purification of Total RNA from Animal Tissues protocol of the 
QIAamp Rneasy Mini kit (Qiagen, Germany, GmbH). N.B. On column 
DNase, digestion was done to remove residual DNA.

Preparation of PCR Master Mix according to Quantitect SYBR:

a) Oligonucleotide Primers: Primers used were supplied 
from Metabion (Germany) and are listed in Table 1.

b) cDNA Synthesis: RNA was reversely transcribed into 
cDNA using Thermo Scientific Revert Aid Reverse Transcriptase 
(Thermo Scientific). Where 20- µl reaction containing 4 µl of the 5X 
Reaction Buffer, 1 µl of Revert Aid Reverse Transcriptase (200 U/
µL), 0.5 µl of (20 U) Thermo Scientific™ RiboLock Rnase Inhibitor 
(#EO0381), 0.5 µl (20 pmol) Random hexamer (#SO142), 2 µl of 
dNTP Mix [10 mM each (#R0191)] 10 µl of water, and 2 µl of RNA 
template. The reaction was performed in an Applied biosystem 
2720 thermal cycler. The mixture was incubated for 10 min at 25°C, 
followed by 60 min at 42°C.

c) SYBR Green rt-PCR: Primers were utilized in a 25- µl 
reaction containing 12.5 µl of the 2x QuantiTect SYBR Green PCR 
Master Mix (Qiagen, Germany, GmbH), 0.5 µl of each primer of 20 
pmol concentration, 10.5 µl of water, and 1 µl of cDNA template. 
The reaction was performed in a Stratagene MX3005P real-time 
PCR machine. A primary denaturation step was done at 94OC for 
15 min, followed by 40 cycles of 94°C for 15 sec., 60°C for 30 sec. 
and 72°C for 30 sec. A Dissociation curve was performed for one 
cycle, including 94OC for 1 min., 60°C for 1min., and 94°C for 1 min.

d) Analysis of the SYBR Green rt-PCR Results: Amplification 
curves and ct values were determined by the Stratagene MX3005P 
software. To estimate the variation of gene expression on the RNA 
of the different samples, the CT of each sample was compared with 
that of the positive control group according to the “ΔΔCt” method 
stated by [51].

Biochemical Assay

1-Estrogen: Estrogen was diagnostic by using IMMULITE 
and IMMULITE 1000 Analyzer for the quantitative measurement 
of Estradiol in serum, as an aid in the differential diagnosis of 
amenorrhea, and monitoring8 of ovulation induction with and 
without stimulating in Assisted Reproductive Technology (ART) 
according to [52].

2-progesterone: Progesterone was diagnostic by using 
IMMULITE and IMMULITE 1000 Analyzer for the quantitative 
measurement of progesterone in serum, as an aid in the differential 
diagnosis of amenorrhea, and monitoring of ovulation induction 
with and without stimulating in Assisted Reproductive Technology 
(ART) according to [53].
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3- TAC (Total Antioxidant Capacity): Total antioxidant 
capacity is measured by the colorimetric determination method by 
ready-made diagnostic kits provided by Bio-diagnostic, according 
to [54].

4- TNFα (Tumor Necrosis Factor): TNFα was estimated by 
using ready-made Rat Tumor Necrosis Factor-α (TNFα). ELISA Kit 
presented by Quantikine Company according to [55].

5- CRP (C- Reactive Protein): The rapid latex agglutination 
test is for the qualitative screening and quantitative determination 
of C-Reactive Protein (CRP) in serum presented by ATLAS MEDICAL 
LATEX Kit, according to [56].

Tissue Sampling

Both uterine horns were excised from all pregnant rats and one 
sample from each horn was taken and fixed immediately in 10% 
neutral buffered formalin solution. All specimens were routinely 
processed in ascending grades of ethyl alcohol (80%, 90%, 100%), 
cleared in xylene, and embedded in paraffin wax to prepare 5μm 
thick paraffin sections. Sections of 5 µm thickness were cut and 
picked up on uncoated slides, dried, deparaffinized with xylene 
(3x3minutes) and rehydrated with graded alcohol (5x2minutes), 
washed and stained with H&E according to [57], and stained 
with Giemsa stain to determine eosinophil cell count in uterine 
tissue sections. Uterine sections from day 7 of gestation were 
additionally stained with Masson’s trichrome. The stained sections 
were dehydrated in absolute ethyl alcohol, cleared in xylene, and 
mounted with Mount-Quick liquid cover glass medium to the 
surface of the slides. Histological changes were examined by light 
microscopy (binocular, Olympus). Histological pictures were picked 
up using a Digital camera (Canon 5 megapixels, 3.2x optical zoom).

Histopathological Examination and Statistical Analysis

The data of histopathological examination of morphometric 
measurements of epithelial height and diameter of uterine glands 
were subjected to student T-test to differentiate between control 
and lactoferrin treated group to compare the difference between 
means. Data were expressed as means ± standard errors. The 
difference between means was considered significant when (P < 
0.05). The remaining data obtained for rats of the two experiments 
were expressed as means ± SD. Statistical Analysis of data was 
carried out by the computer package program (SPSS,1994) version 
16, using the two-way Analysis of variance M-ANOVA between 
variables at group level and time level followed by Duncans Multiple 
Range Test (DMRT) for testing the significant differences between 
variables [58].

Results
Effect of Lactoferrin on Total Leukocytic Count 
(WBCS×103 /µl)

As shown in Table 2 results indicated an increase in Wbcs 
at 5hrs, 1day, and 3 days after mating in the lactoferrin group 
compared with the control group at the same time. 

Table 2: Effect of Lactoferrin on total leukocytic count (WBCS×103 
/µl).

GROUPS

TIME Control Lactoferrin

5HRS 7.00±1.15 Cd 10.43±0.55 Ac

1DAY 9.23±.72 Cc 10.7±0.72 Ab

3DAYS 10.33±0.44 Ba 11.00±0.57Aa

7DAYS 9.47±0.6 Ab 7.00±0.92 Bb

Effect of Lactoferrin on Neutrophil%

As shown in Table 3, results indicated an increase in neutrophil 
percent in the lactoferrin group at 5hrs, 3 days, and 7 days after 
mating compared with the control group.

Table 3: Effect of Lactoferrin on neutrophil%.

Groups

Time Control Lactoferrin Significance

5HRS 72.00±4.93 Bc 74.40±0.29 Ba Not significant

1 DAY 75.00±2.65 Ac 73.20±0.93 Bb significant p<0.05

3 DAYS 69.67±0.88 Ca 75.23±1.91 Aa significant p<0.05

7 DAYS 69.33±1.20 Cb 75.03±0.52 Ab significant p<0.05

Effect of Lactoferrin on Lymphocyte%

As shown in Table 4, results demonstrated a decrease in 
lymphocyte percent in the lactoferrin group at 5hrs, 1day, 3 days, 
and7 days after mating.

Table 4: Effect of Lactoferrin on lymphocyte%.

Groups

Time Control Lactoferrin Significance

5HRS 19.00±5.20 Ac 16.37±0.82 Ca significant p<0.05

1 DAY 18.67±1.33 Ad 17.97±0.58 Ba significant p<0.05

3 DAYS 20.00±1.00 Ab 16.23±1.60 Cb significant p<0.05

7 DAYS 21.67±1.67 Aa 17.23±0.88 Bb significant p<0.05

Effect of Lactoferrin on Eosinophil%

As shown in Table 5, results indicated that the eosinophil 
percent increase in Lactoferrin at 5hrs, 1day, and 7 days.
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Table 5: Effect of Lactoferrin on eosinophil%.

Groups

TIME Control Lactoferrin Significance

5HRS 2.67±0.33 Ca 4.90±0.35 Aa significant p<0.05

1 DAY 3.67±0.33 Bb 4.03±0.99 Ab significant p<0.05

3 DAYS 4.00±0.00 Ad 3.70±0.36 Ba significant p<0.05

7 DAYS 3.33±0.33 Bb 4.00±0.66 Ac significant p<0.05

Effect of Lactoferrin on Basophil%

As shown in Table 6, results indicated that basophil decrease in 
the lactoferrin group at 5hrs, 1 day, and 7 days.

Table 6: Effect of Lactoferrin on basophil%.

GROUPS

TIME Control Lactoferrin Significance

5HRS 1.33±0.33 Ac 1.00±0.01 Ba significant p<0.05

1 DAY 1.67±0.33 Aa 1.57±0.57 Ab Not significant

3 DAYS 1.00±0.01 Ba 1.00±0.01 Ba Not significant

7 DAYS 1.33±0.33 Ac 1.00±0.01 Ba significant p<0.05

Effect of Lactoferrin on Monocyte%

As shown in Table 7, results indicated that the monocyte 
percent decrease in the lactoferrin group at 5hrs, 1day, 3days, and 
7 days.

Table 7: Effect of Lactoferrin on monocyte%.

GROUPS

TIME Control Lactoferrin Significance

5HRS 5.00±0.58 Aa 3.33±0.64 Bb significant p<0.05

1 DAY 4.33±0.88 Ab 3.23±0.09 Bc significant p<0.05

3 DAYS 5.00±0.58 Aa 3.83±0.50 Ba significant p<0.05

7 DAYS 4.33±0.33 Ab 2.50±0.35 Ca significant p<0.05

Effect of Lactoferrin on Estrogen(ng/ml)

As shown in Table 8, results indicated that estrogen decrease 
in the lactoferrin group at 5hrs and 1 day when compared to the 
control group.

Table 8: Effect of lactoferrin on estrogen(ng/ml).

GROUPS

TIME Control Lactoferrin Significance

5HRS 48.43±0.86 Aa 45.90±2.38 Ba significant p<0.05

1 DAY 45.83±2.88 Ba 40.97±1.14 Cb significant p<0.05

3 DAYS 41.23±1.13 Ca 41.27±1.82 Ca Not significant

7 DAYS 46.60±2.31 Ac 47.53±2.44 Ab Not significant

Effect of Lactoferrin on Progesterone (ng/ml)

As shown in Table 9, results indicated an increase in 
progesterone hormone in the lactoferrin group at 5hrs, 1 day, 3 
days, and 7 days after mating when compared to the control group.

Table 9: Effect of Lactoferrin on progesterone (ng/ml).

GROUPS

TIME Control Lactoferrin Significance

5HRS 39.47±0.69 Cb 67.87±1.16 Ab significant p<0.05

1 DAY 48.43±0.67 Ca 60.60±1.29 Ba significant p<0.05

3 DAYS 57.83±0.38 Bc 69.17±1.73 Aa significant p<0.05

7 DAYS 58.67±1.82 Bb 65.53±1.65 Ab significant p<0.05

Effect of Lactoferrin on Total Antioxidant Capacity (TAC) 
(µ mol/L):

As shown in Table 10, results indicated a decrease in the 
lactoferrin group at 5hrs, 1day, 3days, and 7 days when compared 
with the control group.

Table 10: Effect of Lactoferrin on total antioxidant capacity 
(TAC) (µ mol/L).

GROUPS

TIME Control Lactoferrin Significance

5HRS 0.58±0.01 Aa 0.40±0.01 Bb Not significant

1 DAY 0.51±0.02 Ab 0.49±0.01 Ac Not significant

3 DAYS 0.49±0.01 Ac 0.38±0.02 Bb significant p<0.05

7 DAYS 0.49±0.02 Ac 0.42±0.02 Ba significant p<0.05

Effect of Lactoferrin on Tumor Necrosis Factor (TNF) 
(pg/ml)

As shown in Table 11, results indicated an increase in TNF 
at 5hrs, 1 day, 3 days, and 7 days in the lactoferrin group when 
compared to the control group.

Table 11: Effect of Lactoferrin on tumor necrosis factor (TNF) 
(pg/ml).

GROUPS

TIME Control Lactoferrin Significance

5HRS 50.90±0.80 Ba 60.20±1.54 Ad significant p<0.05

1 DAY 50.37±0.99 Bb 69.67±1.42 Ab significant p<0.05

3 DAYS 48.77±3.13 Bc 69.27±5.66 Ac significant p<0.05

7 DAYS 40.03±0.75 Ca 73.20±2.89 Aa significant p<0.05

Effect of Lactoferrin on C-Reactive Protein (mg/L)

As shown in Table 12, results indicated an increase in C reactive 
protein in the lactoferrin group at 5hrs, 1day, 3days, and 7 days 
when compared to the control group.

Table 12: Effect of Lactoferrin on C-reactive protein (mg/L).

GROUPS

TIME Control Lactoferrin Significance

5HRS 6.50±0.55 Ba 12.33±1.10 Ac significant p<0.05

1 DAY 6.03±0.15 Bc 12.57±1.41 Ab significant p<0.05

3 DAYS 6.27±0.22 Bb 12.53±1.53 Ab significant p<0.05

7 DAYS 6.70±0.46 Ba 13.20±1.23 Aa significant p<0.05
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Effect of Lactoferrin on IL1a and IL10 by Real-Time PCR:

As illustrated from Figure 1, results indicated an increase in 
interleukin 1A in the lactoferrin group at 5hrs, 1 day, and 3 days 

after mating when compared to the control group. At the same time, 
results indicated an increase in interleukin 10 in the lactoferrin 
group at 5hrs and 1 day after mating but decreased at 3 days and 7 
days when compared with the control group.

Figure 1: Effect of Lactoferrin on IL1a and IL10 by real-time PCR.

Histopathological Analysis for Rat Uterus
Rat Uterus After 5 Hours of Gestation

As illustrated from Figure 2, the microscopic picture shows 
rat uterus after 5 hours of gestation shows heavy eosinophils 
infiltration in superficial endometrium (arrows) (A, B) and in 

between uterine glands (g) (arrows). Few stromal cell density 
and very few eosinophils’ infiltrations are seen in superficial 
endometrium (arrows), and heavy eosinophils infiltrations are 
seen in between uterine glands (g) (arrows) in Lactoferrin treated 
rats I. Control (slide A and B), Lactoferrin group (C and D).

Figure 2: Microscopic picture shows rat uterus after 5 hours of gestation.
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Rat Uterus at 1 Day of Gestation

As illustrated from Figure 3, the microscopic picture shows 
rat uterus at 1 day of gestation shows focal PMNs infiltration in 
superficial endometrium (black arrows) (A) and fewer eosinophils 
between the uterine glands (g) than after 5 hours (orange arrows) 
(B) in control rats. Very few eosinophils’ infiltrations are seen in 

superficial endometrium (orange arrows) (C), and between uterine 
glands (g) (orange arrows) (D) in Lactoferrin treated rats. H&E, 
X: 400.Note: density of uterine glands increased in Lactoferrin 
treated rats (D) when compared with (B). H&E. The Control group 
presented in (slide A and B) and Lactoferrin group presented in 
slide (C and D).

Figure 3: Microscopic picture shows rat uterus at 1 day of gestation.

Rat Uterus at 3 Days of Gestation

As illustrated from Figure 4, the microscopic picture shows 
rat uterus at 3 days of gestation shows minimal leukocytic cells 
infiltration in superficial endometrium (A) and between the uterine 
glands (orange arrows) (g) (B) in control rats. Few eosinophils’ 
infiltrations are seen in superficial endometrium (orange arrows) 
(C), and between uterine glands (g) (orange arrows) (D) in 
Lactoferrin treated rats. H and E. Microscopic picture shows rat 
uterus at 3 days of gestation shows eosinophils infiltration in the 
myometrium (arrows) (A) in control rats and Lactoferrin treated 
rats (C). Uterine glands in control (B) and Lactoferrin treated 
rats(D).

Rat Uterus at 7 Days of Gestation

As illustrated from Figure 5, the microscopic picture shows rat 

uterus at 7 days of gestation shows superficial endometrium (A) 
and uterine glands (g) with few eosinophils’ infiltration (orange 
arrows) (B) in control rats. Few eosinophils’ infiltrations are not 
seen in superficial endometrium (C) but seen between uterine 
glands (g) (orange arrows) (D) in Lactoferrin treated rats. Note: 
density and diameter of uterine glands (g) increased in (D) in 
Lactoferrin treated rats, H&E. Control (slide A and B), Lactoferrin 
group (C and D).

Effects of Lactoferrin Administration to Pregnant Rat on 
Eosinophil Count in Uterine Tissue at a Different Time 
(5hrs, 1day, 3days, and 7 days) of Pregnancy

The effects of lactoferrin administration to pregnant rats on 
eosinophil count in uterine tissue at a different time (5hrs, 1day, 
3days, and 7 days) of Pregnancy is shown and summarized in 
Figure 6.
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Figure 4: Microscopic picture shows rat uterus at 3 days of gestation.

Figure 5: Microscopic picture shows rat uterus at 7 days of gestation.
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Figure 6: Effects of lactoferrin administration to pregnant rat on eosinophil count in uterine tissue at different time (5hrs, 1day, 
3days and 7 days) of Pregnancy

Discussion
From the results, we should remember that we are dealing 

mainly with concentrations of a number of immunity markers either 
wbcs in plasma or immunity markers , hormones and cytokines in 
serum to detect effect of LF on immunity mainly during early period 
of pregnancy. Results of the present investigation were recorded in 
(Tables 2-7) showed that white blood cells number increased at 
5hrs and 3 days after insemination and decreased at 7 days after 
insemination in the lactoferrin group when compared with the 
control group. Lf was a natural compound of mammalian secretions 
which have a protective effects range from antimicrobial activities 
against variety of pathogens, including bacteria, viruses, fungi and 
parasites, to anti-inflammatory effect. Its functions rely not only on 
the capacity of Lf to bind iron but also on its immunomodulatory 
effect by its cellular and molecular mechanisms with both host 
and pathogen. Lf can interact with antigen presenting cells, reduce 
excessive inflammation and stimulate host immune responses, 
as well as identifying cell targets and receptors and this was 
important in the maintenance of immune system homeostasis [59]. 
Neutrophils increased at 5hrs, 3days, and 7 days after insemination, 
while basophil and eosinophil increased at 5hrs, 1 day, and 7 days 
after insemination in the lactoferrin group. 

While, Lymphocyte and monocyte showed a significant 
decrease in the lactoferrin group at 5hrs, 1 day, 3 days, and 7 days 
after insemination. This result agreed with [60], who showed that 
Lactoferrin had a role in regulating innate and adaptive immune 
response, regulating the secretion of cytokines and regulated 
growth, differentiation, and activation of different leukocyte cells 
and so increased the number of circulated leukocytes. This agrees 
with [61], who showed that both monocytes and granulocytes 

increased and immune systems activated during Pregnancy in the 
rat. [62] reported that Lactoferrin regulated the immune system 
by stimulating endometrial and stromal cell proliferation and 
stimulating immune cells against antigen as well as [63] reported 
that Lactoferrin increased recruitment of neutrophil in mice 
circulation. Besides, [64] recorded that Lactoferrin increased the 
number of natural killer cells and modulated myelopoiesis with 
increased phagocytosis against a specific antigen. In the same 
respect, [65] showed that WBCs increased during rat pregnancy, 
and this was inconsistent with the significant increase in the 
number of white blood cells as presented in (Table 2). 

Estrogen increased in the lactoferrin group, particularly at 7 
days after insemination, and showed decreased at 5hrs and 1day 
after insemination. Estrogen was considered an immune modulator 
substance that could improve the immune response of the female 
reproductive tract in rodents, as shown by [66]. This agreed with 
(Hamid et al. 2012) showed that rats implantation period was 
initiated on day 5 and completed by day 7 of the pregnancy and 
during this implantation period, the dominant hormone modulator 
to morohological and functional changes were estrogen and 
progesterone and this may explain why estrogen increased at our 
study at 7 days taking into consideration the difference between 
species as difference between rat and human in time of endometrium 
changes and hormones secretion as shown [67] showed that 
estrogen played a pivotal role in early Pregnancy in mice as, during 
the first two days after insemination, the preovulatory estrogen-
stimulated proliferation of the luminal and glandular epithelial cells 
in addition to potentiated with progesterone hormone that secreted 
from corpus luteum and stimulated stromal cell proliferation on 4 
days which was the day of the implantation process. Furthermore, 
[68] showed that there was a close relationship between estrogen 
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and Lactoferrin as an estrogen-regulated expression of Lactoferrin 
in the endometrial epithelium of rat, particularly along all stages 
of the estrus cycle as well as lactoferrin levels changed with the 
change in estrogen level and so this could explain the increase in 
estrogen hormone in lactoferrin group after insemination. 

Progesterone increased at 5hrs, 3 days, and 7 days in the 
lactoferrin group compared to the control group, as showed in Table 
10. [69] reported that progesterone hormone inhibited estrogen 
hormone and decreased lactoferrin gene expression in uterine 
epithelial and stromal cells by controlling progesterone receptor 
and affecting estrogen receptors in vitro using uterine rat tissue. 
Also, [70] reported that progesterone was secreted in hamsters at 
the preovulatory stage from an extra luteal tissue source for allowed 
characteristics appearance of estrus behavior, and this could explain 
the increase in progesterone hormone in the lactoferrin group. 
Total Antioxidant Capacity(TAC) increased in the lactoferrin group 
at 1 day after insemination when compared to the control group 
as showed in Table 10 and this agrees with [71] who showed that 
Lactoferrin (LF) was believed to be safer than the drugs currently 
used for hypertension treatment due to its antioxidant effect. It 
has been reported that two weeks of lactoferrin supplementation 
has been able to increase the hydrophilic antioxidant capacity in 
healthy humans [72]. Besides, [73] suggested that Lactoferrin 
contributed to oxidoreductive reactions at the cell membrane, and 
LF had an antioxidant effect on red blood cells through inhibition 
of lipid peroxidation and hemolysis. In the same respect, LF was 
an important specialized iron scavenger, and its antioxidant activity 
was most likely related to its ability to bind ferrous and ferric ions. 
Thus, LF may inhibit the iron-catalyzed formation of hydroxyl 
radicals.

Tumor necrosis factor (TNF) decreased at 3 days and then 
increased at 5hrs, 1 day, and 7 days in the lactoferrin group as 
presented in Table 11. This increase may be due to secretion of 
TNF at early gestation as that different cytokine profiles might be 
beneficial or harmful at different stages of Pregnancy as TNF-a 
which was proinflammatory cytokines seem to be crucial during the 
implantation process, whereas high levels of these cytokines may 
be harmful later in Pregnancy. Also, showed that tumor necrosis 
factor was multi potent cytokines and had an essential role during 
early Pregnancy by the stimulated embryo and placental growth. In 
contrast, revealed that TNF had an adverse impact on Pregnancy and 
inhibited blastocyst growth in the rat. This conflicted impact was 
shown by reported that the timing of secretion, the concentration 
of TNF, and stimulatory signals directed TNF to be either useful 
or harmful toward Pregnancy. Nakashima 2012 suggested 
that stimulation of Th 1 dominance directed TNF to stimulate 
lymphokine-activated killer cells that destructed trophoblast cells 
and caused pregnancy loss. Moreover, Clark 1998 suggested that 
TNF stimulated maternal immune rejection to the embryo through 
the affected blood supply by applying vasculitis. This data could 

explain the significant increase in TNF in the lactoferrin group, 
particularly at 5hrs, 1 day, 3 days, and 7 days of Pregnancy.

C-Reactive Protein (CRP) increased at 5hrs, 1 day, 3 days, and 
7 days of Pregnancy in the lactoferrin group when compared to 
the control group, as shown in Table 12. This in agreement who 
found a slight rise in the CRP values throughout Pregnancy, and 
who detected maximal concentrations of CRP at 24-48 hours after 
the inducing stimulus or infection and so may be increased due to 
presence of sperm and then the presence of embryo as immune 
response. Moreover, CRP increased in inflammation and applied 
a proinflammatory function and stimulated secretion of cytokines 
and granulocyte-macrophage colony-stimulating factor as well 
as had anti-inflammatory functions as prevented migration and 
adhesion of neutrophil to endothelial cells to provide immune 
tolerance and aided in implantation and this meant that presence 
of embryo or sperm caused inflammatory response and stimulated 
secretion of CRP. Interleukin 1a (IL1A) increased at 5hrs, 1day, 
and 3 days in the lactoferrin group, as showed in Figure 1. This in 
agreement with, who showed that the interleukin1(IL1) family as 
IL1alpha and IL1 b secreted by early embryonic signals and aided in 
the preparation of a receptive maternal endometrium and may play 
an important role in embryo implantation.

Interleukin 10 increased in the lactoferrin group, particularly at 
5hrs and 1 day of Pregnancy as shown in Figure 1. This in agreement 
with recorded that an up-regulation of anti-inflammatory IL-10 
was found after lactoferrin (LF) administration in rats with colitis. 
Moreover, reported that bovine LF regulated cytokines production 
by splenocytes of obstructive jaundice rats. Also, LF enhanced 
the secretion of the anti-inflammatory cytokines IL-10 and IL-4 
and reduced colitis in rats. Interleukin 10 entered in the initial 
formation of the fetus and supported implantation during the early 
period of Pregnancy as proved by Tewari 2009 that IL-10 role in 
Pregnancy was a potent protector against vascular dysfunction 
that was associated with hypertension and inflammation during 
Pregnancy as contributing to the regulation of maternal immune 
tolerance during Pregnancy and helped in the extra villous 
trophoblast and endothelial cell formation. Besides, illustrated 
that interleukin 10 in mice reached high levels in the first and 
second trimester of Pregnancy for improving placental growth and 
supporting trophoblast invasion. Histopathological examination 
of uterine tissue specimens presented in Figures 2-5 showed 
that the rat uterus was formed of three layers; endometrium, 
myometrium, and perimetrium. The endometrial glandular 
epithelium was a tall simple columnar with rounded basal nuclei. 
Few Polymorphonuclear Cells (PMNs) were seen in the lumen of 
the uterus and uterine glands. 

The stroma contained spindle-shaped stromal cells and 
blood vessels. The myometrium was formed of inner circular and 
outer longitudinal smooth muscle layers with numerous blood 
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capillaries in the perimetrium. Histopathological examination 
after administration of Lactoferrin to female rats revealed that 
there was an increase in eosinophilic and neutrophil infiltration 
in endometrium and myometrium, increased stromal cells, and 
increased in epithelial cell thickness and folding at 5hrs, 1day, 3 days, 
and 7 days after insemination. This agreed showed that there was 
a dramatic increase in cellular proliferation, endometrial tissues 
proliferation neovascularization, and blood flow during early rat 
pregnancy. Also, Guerra-Infante 1999 showed that neutrophil cells 
increased in the count but decreased in phagocytic activity during 
Pregnancy. Moreover, there was an increase in a blood vessel with 
decreased congestion and an increase in the number and diameter 
of the uterine gland when compared with the control group. This 
may provide nutrition to the embryo at early Pregnancy as the 
obtained results are declared and presented in Figures 2-5. This 
result inconsistency with Filant and Spencer, 2013 showed that 
uterine glands and blood vessels supported embryo with essential 
substances like proteins and sugars during early Pregnancy for 
providing the fetus with adequate nutrition. This could explain the 
increase of uterine gland number in early Pregnancy, particularly in 
the lactoferrin group, as shown in Figures 2-5. 

In early pregnant women and rats, demonstrated that decidual 
cells differentiated and clumped together to form masses around 
cells to be in direct contact allowing the transportation of food 
between mother and fetus. The increase in stromal cells and 
epithelial cell proliferation in the lactoferrin group agreed who 
showed that Lactoferrin had a stimulatory and inhibitory effect on 
cell division and proliferation as it stimulated growth and division 
of somebody cells and inhibited others as mammary epithelial cells, 
fibroblasts, and tumor cells that may be according to the type of 
cells with unknown mechanism. In the same respect, demonstrated 
that estrogen and progesterone regulated expression of Lactoferrin 
in rat uterine tissue and so during early pregnancy, estrogen 
enhanced the uterine epithelium for the secretion of Lactoferrin 
and so increased epithelial and stromal cell proliferation. Nichols 
and McKee 1990 showed that Lactoferrin’s role in the proliferation 
of epithelial cells was due to its ability for iron transportation 
inside the cells. Moreover, Hagiwara 1995 reported that the role of 
Lactoferrin in stimulating cell proliferation was due to stimulation 
of growth factor as one of its modulatory actions. Eosinophil count 
increased in the lactoferrin group as showed in Figure 6 in uterine 
tissue, particularly at 3 days after insemination when compared 
with the control group. These data get inconsistent with the results 
of added that eosinophil was decreased in uterine tissue with the 
advancement of Pregnancy. However, Robertson 2000 reported that 
eosinophil cells were present in rodent uterine tissue, particularly 
at early Pregnancy. 

Their numbers increased after exposure to semen after mating 
within the uterine stroma, particularly at the area adjacent to the 

luminal and glandular epithelium. The migration of eosinophil and 
leukocyte to uterine tissue maybe had a role in implantation and 
attracted to granulocyte-macrophage colony-stimulating factor, 
interleukin 4 and interleukin 5 molecules. This could explain that 
Lactoferrin increased eosinophil particularly at 5hrs and 1 day 
after insemination in uterine tissues, and this may explain that 
eosinophil had a role in the implantation of the embryo and it may 
secrete chemical mediators or cytokines as Rantes, Eotaxin, MIP, 
and IL5 that aided in early embryo acceptance by immunity and 
may have a role in early implantation of the embryo.

Conclusion
Lactoferrin increases the number of leukocytes, especially 

lymphocytes, eosinophil, and basophil, and increases TNF and 
C-reactive protein in serum. In addition to that, increase the 
concentration of interleukin 1 A and interleukin 10, especially 
with the advancement of pregnancy at 3 and 7 days of gestation. 
So Lactoferrin has a positive effect on stimulating the general and 
mucosal immune system during pregnancy.
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