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Effect of lactoferrin on murine embryo
development created from
lipopolysaccharide-treated sperm
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J. Vet. Med. Sci. ABSTRACT. The effect of lactoferrin (LF) on embryo development was investigated by using
83(7): 1144-1146, 2021 lipopolysaccharide (LPS)-treated mouse sperm. For the development rate of the 2-cell stage
embryo, the embryo derived from LPS- and LF-treated sperm showed similar survival rate to the
control embryo. On day 12 after the embryo transfer into the recipient, the frequent abnormality
was observed in the embryo derived from LPS-treated sperm, and the abnormality was tended to
be inhibited in the embryo derived from LPS- and LF-treated sperm. These results imply that LF
treatment on sperm contaminated with bacteria may facilitate the embryo development, which
contribute to the improvement of infertility.
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There are various factors of infertility and about half of them are attributed to male-dependent factors [1, 2, 10, 13]. Above
all, seminal bacterial infection is one of the important causes of infertility. However, bacteria are frequently found in semen of
both infertile and fertile men [9, 15]. Sperm cells express the Toll-like receptor (TLR) on their cell surfaces [4, 5, 14], which are
generally acknowledged to play a key role in immune responses in innate immunity [7, 9, 20], but pathogen recognition by sperm
via TLR2 and TLR4 induces reduced cellular motility and subsequently causes sperm apoptosis [4, 5]. Antibiotics have been used
to prevent bacterial contamination of semen, however, frequent antibiotic use has resulted in antimicrobial-resistant bacteria [8,

11, 18, 19]. On the other hand, we have investigated the effect of lactoferrin (LF) on the reproductive system. LF is contained
in mammalian exocrine fluids [6, 16] and express various effects, such as the antimicrobial activity [6, 12, 17]. For example,
competitive binding of LF with lipopolysaccharide (LPS) for TLR4 inhibits TLR4-mediated signal transduction and suppresses
inflammatory cytokine production [3]. In this study, we investigated the effect of LF on embryo development and pregnancy by
using mouse sperm which were pre-treated with LPS.

The institutional animal care and use committee (permission number: h25-T020) approved this study, and all procedures were
conducted according to the guide for the care and use of laboratory animals at Tottori University. All mice used in this study were
purchased (CLEA Japan, Tokyo, Japan) or bred in our mouse colony. Mice were reared under conventional laboratory housing
conditions and allowed free access to water and food ad libitum. The facility was maintained under a 12 hr light/12 hr dark cycle at
20-25°C.

Thirteen male B6D2F 1/Jcl mice aged 816 weeks were used for sperm collection. Mice were euthanized by cervical dislocation
under anesthesia with i.p. administration of a mixed anesthetic agent (MMB) comprising 0.75 mg/kg b.w. medetomidine (Nippon
Zenyaku Kogyo, Fukushima, Japan), 4.0 mg/kg b.w. midazolam (Astellas Pharma, Tokyo, Japan), and 5.0 mg/kg b.w. butorphanol
(Meiji Seika Pharma, Tokyo, Japan). Then, sperm were collected from cauda epididymides and equally divided into one of four
types of 100 ul medium: TYH medium (LSI Medience, Tokyo, Japan; control group), TYH medium with 1.0 mg/ml bovine
LF (NRL Pharma, Tokyo, Japan; LF group), TYH medium with 1.0 mg/ml bovine LF and 1.0 x 103 mg/ml LPS from E. coli
0O111:B4 (Sigma-Aldrich, St. Louis, MO, USA; LF/LPS group), and 1.0 x 1073 mg/ml LPS (LPS group). After incubation under
5% CO, at 37°C for 3 hr, sperm were used for insemination.

Forty-seven female BDF1 mice aged 4 weeks were used for in vitro fertilization, following the superovulation with CARD
HyperOva™ (Kyudo, Saga, Japan) according to the manufacture’s instruction. Mice were euthanized by cervical dislocation under
anesthesia of i.p. administration with MMB. Then, ova were collected and divided into four groups (control group, LF group, LF/
LPS group and LPS group), and co-incubated with 6 pl of sperm suspension from the abovementioned four types of media in
mHTF medium (Kyudo) under 5% CO, at 37°C for 3 hr, respectively. Thereafter fertilized ova were incubated in M16 medium
(Sigma-Aldrich) under 5% CO, at 37°C for 16 hr, and only 2-cell stage embryos were used for embryo transfer.
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Fig. 1. Lactoferrin (LF) effect on embryo development.
Development rates of 2-cell stage embryos are mea-
sured in control group (control), LF group (LF), LF/
lipopolysaccharide (LPS) group (LF/LPS) and LPS
group (LPS). Each bar represent mean + standard error
of the mean (SEM).

Fig. 2. LF effect on fetal formation. Morphological observation of the fetus and
placenta is performed on day 12 post-embryo transfer in control group (con-
trol), LF group (LF), LF/LPS group (LF/LPS) and LPS group (LPS). Morpho-
logical abnormalities (absence of fetuses and small placenta-like tissues) are
seen in fetuses or placentas of the LPS group compared with LF and LF/LPS
and the control group. Scale bars: 100 pm.

Fifteen female Jcl:ICR mice aged 822 weeks were used for recipients of the embryo. Prior to embryo transfer, pseudopregnant
mice were prepared by mating female Jcl:ICR mice with male Jcl:ICR vasectomy mice. Mice were divided into four groups (control
group, LF group, LF/LPS group and LPS group) and 2-cell stage embryos, which were derived from sperm prepared as described
above, were separately transferred into each mouse oviduct under anesthesia with i.p. administration of MMB. On day 12 post-embryo
transfer, recipient mice were euthanized by cervical dislocation under anesthesia with i.p. administration of MMB, and fetuses were
removed with placentas.

As a result, the rate of the embryo development into the 2-cell stage were 56.4 + 3.7%, 58.7 = 4.8%, 53.6 £ 4.4% and 45.9 £ 4.9%
in the control, LF, LF/LPS and LPS groups, respectively (Fig. 1). This result leaded the notion that LF treatment not only rescued the
LPS-affected sperm but also facilitated its embryogenesis. From the morphological observation on day 12 post-embryo transfer, the
abnormal structures, that is small placenta-like tissues without fetuses, were frequently found in the uterus transferred the LPS-group
embryo, but rarely in the control, LF and LF/LPS groups (Fig. 2). This result suggested that the embryo abnormality occurred in the
LPS-affected sperm could be prevented by LF treatment to the sperm.

We examined the effect of LF treatment to the sperm for the embryogenesis of LSP-treated sperm. The contamination of bacterial
LPS in the semen is one of the principal factors for the infertility [5]. In this study, it is suggested that LF treatment to the sperm
may lead LPS-treated sperm to carry out the embryogenesis normally and facilitate the pregnancy. Unfortunately, the statistical
significance could not be observed among 4 examined groups on the development rates of 2-cell stage embryos in this study, maybe
because of the low concentration of LPS for our experimental condition. However, considering the similar value of the development
rates between the control and the LPS/LF groups, together with the fact that the embryo abnormality found in the LPS group are
rarely in the LPS/LF group, this study may represent the novel potency of LF for the treatment of the infertility. The molecular
mechanism of the effect of LF not only for the survival of sperm but also for the maintenance of the embryogenesis still remains
unclear, and we expect our findings and experiment procedures in this study can contribute to resolve this matter.

POTENTIAL CONFLICTS OF INTEREST. The authors have nothing to disclose.

ACKNOWLEDGMENT. This work was supported in part by JSPS KAKENHI Grant Number JP26450456.

REFERENCES

1. Abrao, M. S., Muzii, L. and Marana, R. 2013. Anatomical causes of female infertility and their management. Int. J. Gynecol. Obstet. 123: S18-S24.

2. de Kretser, D. M. 1997. Male infertility. Lancet 349: 787-790. [Medline] [CrossRef]

3. Drago-Serrano, M. E., de la Garza-Amaya, M., Luna, J. S. and Campos-Rodriguez, R. 2012. Lactoferrin-lipopolysaccharide (LPS) binding as key to
antibacterial and antiendotoxic effects. Int. Immunopharmacol. 12: 1-9. [Medline] [CrossRef]

4. Fujita, Y., Negishi, H. and Shimada, M. 2011. Innate immune functions of sperm-Toll like receptor family expressed on sperm recognize bacteria

J. Vet. Med. Sci. 83(7): 1144-1146, 2021 1145


http://www.ncbi.nlm.nih.gov/pubmed/9074589?dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(96)08341-9
http://www.ncbi.nlm.nih.gov/pubmed/22101278?dopt=Abstract
http://dx.doi.org/10.1016/j.intimp.2011.11.002

The Journal of

Veterinary

Medical

Science T. AYA ET AL.

10.
1.

12.

13.

18.

19.
20.

infection to decrease fertilization ability. J. Reprod. Eng. 14: 13—18.

Fujita, Y., Mihara, T., Okazaki, T., Shitanaka, M., Kushino, R., Ikeda, C., Negishi, H., Liu, Z., Richards, J. S. and Shimada, M. 2011. Toll-like
receptors (TLR) 2 and 4 on human sperm recognize bacterial endotoxins and mediate apoptosis. Hum. Reprod. 26: 2799-2806. [Medline]
[CrossRef]

Garcia-Montoya, I. A., Cendon, T. S., Arévalo-Gallegos, S. and Rascon-Cruz, Q. 2012. Lactoferrin a multiple bioactive protein: an overview.
Biochim. Biophys. Acta 1820: 226-236. [Medline] [CrossRef]

Guan, Y., Ranoa, D. R. E., Jiang, S., Mutha, S. K., Li, X., Baudry, J. and Tapping, R. I. 2010. Human TLRs 10 and 1 share common mechanisms of
innate immune sensing but not signaling. J. Immunol. 184: 5094-5103. [Medline] [CrossRef]

Magri, V., Montanari, E., Skerk, V., Markoti¢, A., Marras, E., Restelli, A., Naber, K. G. and Perletti, G. 2011. Fluoroquinolone-macrolide
combination therapy for chronic bacterial prostatitis: retrospective analysis of pathogen eradication rates, inflammatory findings and sexual
dysfunction. Asian J. Androl. 13: 819-827. [Medline] [CrossRef]

Moretti, E., Capitani, S., Figura, N., Pammolli, A., Federico, M. G., Giannerini, V. and Collodel, G. 2009. The presence of bacteria species in semen
and sperm quality. J. Assist. Reprod. Genet. 26: 47-56. [Medline] [CrossRef]

Ochsendorf, F. R. 2008. Sexually transmitted infections: impact on male fertility. Andrologia 40: 72-75. [Medline] [CrossRef]

Okazaki, T., Mihara, T., Fujita, Y., Yoshida, S., Teshima, H. and Shimada, M. 2010. Polymyxin B neutralizes bacteria-released endotoxin and
improves the quality of boar sperm during liquid storage and cryopreservation. Theriogenology 74: 1691-1700. [Medline] [CrossRef]

Otsuki, K. and Imai, N. 2017. Effects of lactoferrin in 6 patients with refractory bacterial vaginosis. Biochem. Cell Biol. 95: 31-33. [Medline]
[CrossRef]

Philippov, O. S., Radionchenko, A. A., Bolotova, V. P., Voronovskaya, N. I. and Potemkina, T. V. 1998. Estimation of the prevalence and causes of
infertility in western Siberia. Bull. World Health Organ. 76: 183—187. [Medline]

Shimada, M., Yanai, Y., Okazaki, T., Noma, N., Kawashima, I., Mori, T. and Richards, J. S. 2008. Hyaluronan fragments generated by sperm-
secreted hyaluronidase stimulate cytokine/chemokine production via the TLR2 and TLR4 pathway in cumulus cells of ovulated COCs, which may
enhance fertilization. Development 135: 2001-2011. [Medline] [CrossRef]

Shukla, K. K., Mahdi, A. A. and Rajender, S. 2012. Apoptosis, spermatogenesis and male infertility. Front. Biosci. (Elite Ed.) 4: 746-754. [Medline]
[CrossRef]

Suzuki, Y. A., Shin, K. and Lonnerdal, B. 2001. Molecular cloning and functional expression of a human intestinal lactoferrin receptor.
Biochemistry 40: 15771-15779. [Medline] [CrossRef]

Tung, Y. T., Chen, H. L., Yen, C. C., Lee, P. Y., Tsai, H. C., Lin, M. F. and Chen, C. M. 2013. Bovine lactoferrin inhibits lung cancer growth through
suppression of both inflammation and expression of vascular endothelial growth factor. J. Dairy Sci. 96: 2095-2106. [Medline] [CrossRef]
Vaillancourt, D., Guay, P. and Higgins, R. 1993. The effectiveness of gentamicin or polymyxin B for the control of bacterial growth in equine semen
stored at 20 degrees C or 5 degrees C for up to forty-eight hours. Can. J. Vet. Res. 57: 277-280. [Medline]

Yoon, M. Y. and Yoon, S. S. 2018. Disruption of the gut ecosystem by antibiotics. Yonsei Med. J. 59: 4—12. [Medline] [CrossRef]

Yuan, X. and Wilhelmus, K. R. 2010. Toll-like receptors involved in the pathogenesis of experimental Candida albicans keratitis. /nvest.
Ophthalmol. Vis. Sci. 51: 2094-2100. [Medline] [CrossRef]

J. Vet. Med. Sci. 83(7): 1144-1146, 2021 1146


http://www.ncbi.nlm.nih.gov/pubmed/21775336?dopt=Abstract
http://dx.doi.org/10.1093/humrep/der234
http://www.ncbi.nlm.nih.gov/pubmed/21726601?dopt=Abstract
http://dx.doi.org/10.1016/j.bbagen.2011.06.018
http://www.ncbi.nlm.nih.gov/pubmed/20348427?dopt=Abstract
http://dx.doi.org/10.4049/jimmunol.0901888
http://www.ncbi.nlm.nih.gov/pubmed/21765442?dopt=Abstract
http://dx.doi.org/10.1038/aja.2011.36
http://www.ncbi.nlm.nih.gov/pubmed/19089609?dopt=Abstract
http://dx.doi.org/10.1007/s10815-008-9283-5
http://www.ncbi.nlm.nih.gov/pubmed/18336453?dopt=Abstract
http://dx.doi.org/10.1111/j.1439-0272.2007.00825.x
http://www.ncbi.nlm.nih.gov/pubmed/20615528?dopt=Abstract
http://dx.doi.org/10.1016/j.theriogenology.2010.05.019
http://www.ncbi.nlm.nih.gov/pubmed/28140620?dopt=Abstract
http://dx.doi.org/10.1139/bcb-2016-0051
http://www.ncbi.nlm.nih.gov/pubmed/9648359?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18434414?dopt=Abstract
http://dx.doi.org/10.1242/dev.020461
http://www.ncbi.nlm.nih.gov/pubmed/22201910?dopt=Abstract
http://dx.doi.org/10.2741/e415
http://www.ncbi.nlm.nih.gov/pubmed/11747454?dopt=Abstract
http://dx.doi.org/10.1021/bi0155899
http://www.ncbi.nlm.nih.gov/pubmed/23462173?dopt=Abstract
http://dx.doi.org/10.3168/jds.2012-6153
http://www.ncbi.nlm.nih.gov/pubmed/8269366?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/29214770?dopt=Abstract
http://dx.doi.org/10.3349/ymj.2018.59.1.4
http://www.ncbi.nlm.nih.gov/pubmed/19933194?dopt=Abstract
http://dx.doi.org/10.1167/iovs.09-4330

