

[image: image1]
Uridine affects amino acid metabolism in sow-piglets model and increases viability of pTr2 cells













	 
	

	TYPE Original Research
PUBLISHED 20 October 2022
DOI 10.3389/fnut.2022.1018349





Uridine affects amino acid metabolism in sow-piglets model and increases viability of pTr2 cells

Hong-ling Wang1, Yilin Liu2,3†, Tiantian Zhou3†, Lumin Gao3, Jianxi Li4, Xin Wu1,3* and Yu-long Yin1,3

1Hunan Co-Innovation Center of Safety Animal Production, College of Animal Science and Technology, Hunan Agricultural University, Changsha, China

2Henan Key Laboratory of Zhang Zhongjing Formulae and Herbs for Immunoregulation, Zhang Zhongjing College of Chinese Medicine, Nanyang Institute of Technology, Nanyang, China

3CAS Key Laboratory of Agro-Ecological Processes in Subtropical Region, National Engineering Laboratory for Pollution Control and Waste Utilization in Livestock and Poultry Production, Hunan Provincial Engineering Research Center for Healthy Livestock and Poultry Production, Institute of Subtropical Agriculture, Chinese Academy of Sciences, Changsha, China

4Jiangxi Agricultural Engineering College, Zhangshu, China

[image: image]

OPEN ACCESS

EDITED BY
Blanca Hernandez-Ledesma, Spanish National Research Council (CSIC), Spain

REVIEWED BY
Leonardo Fonseca, Universidade Federal dos Vales do Jequitinhonha e Mucuri (UFVJM), Brazil
Shourong Shi, Poultry Institute (CAAS), China

*CORRESPONDENCE
Xin Wu, wuxin@isa.ac.cn

†These authors have contributed equally to this work

SPECIALTY SECTION
This article was submitted to Nutrition and Food Science Technology, a section of the journal Frontiers in Nutrition

RECEIVED 13 August 2022
ACCEPTED 22 September 2022
PUBLISHED 20 October 2022

CITATION
Wang H-l, Liu Y, Zhou T, Gao L, Li J, Wu X and Yin Y-l (2022) Uridine affects amino acid metabolism in sow-piglets model and increases viability of pTr2 cells.
Front. Nutr. 9:1018349.
doi: 10.3389/fnut.2022.1018349

COPYRIGHT
© 2022 Wang, Liu, Zhou, Gao, Li, Wu and Yin. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

Background: As an important nucleoside precursor in salvage synthesis pathway of uridine monophosphate, uridine (UR) is the most abundant nucleotide in sow milk. This study aimed to investigate the effects of maternal UR supplementation during second trimester of gestation on reproductive performance and amino acid metabolism of Sows.

Results: Results showed that compared to CON group, the average number of stillborn piglets per litter was significantly reduced (P < 0.05) with higher average piglet weight at birth in UR group (P = 0.083). Besides, dietary UR supplementation significantly increased TP in sow serum, BUN content in cord serum, and TP and ALB in newborn piglet serum (P < 0.05); but decreased AST level in sow serum and BUN level in piglet serum (P < 0.05). Importantly, free amino acids profile in sow serum newborn piglet serum and colostrum was changed by maternal UR supplementation during day 60 of pregnancy, as well as the expression of amino acids transporter (P < 0.05). In addition, from 100 to 2,000 μM UR can increased the viability of pTr2 cells. The UR exhibited higher distribution of G1/M phase of cell cycle at 400 μM compared with 0 μM, and reduced S-phases of cell cycle compared with 0 and 100μM (P < 0.05).

Conclusion: Supplementation of uridine during day 60 of pregnancy can improve reproductive performance, regulate amino acid metabolism of sows and their offspring, and increase the viability of pTr2 cells.
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Introduction

The gastrointestinal tract and visceral organ and skeletal muscle protein synthesis of piglet are influenced by sow milk (1). Interestingly, in milk from various mammals, soluble nucleotides contribute to as much as 20% of its non-protein fraction (2). Exogenous nucleotides would increase nucleic acid and protein synthesis, promoting cell growth and proliferation under pathological conditions (3).

Attractively, the most abundant nucleotide is uridine monophosphate (UMP), which accounts for 86–98% of total 5′ nucleotides and has the highest content in sow’ colostrum (4). Therefore, UMP may be the most needful nucleotide not only for piglets but also for sows due to excessive secretion. UMP can be synthesized in vivo, but the synthesis of endogenous nucleotides from amino acids requires a great deal of energy (5). UR is an important nucleoside precursor in salvage synthesis pathway of UMP and most normal tissues rely on it for the recovery synthesis of pyrimidine nucleotides (6). Tissues could not synthesize uridine, therefore plasma uridine is used to maintain basic cellular functions in tissues (7). It was shown in our previous study that dietary UR bettered to improve the intestinal barrier and nucleotide transport in weaned piglets more than UMP (8).

A restricted feeding program is currently adopted by the swine industry to prevent excess weight gain during gestation, which can ease farrowing difficulties in gilts and sows, as well as appetite reduction of sows during lactation (9). However, sows need sufficient nutrients to support optimal fetal growth during gestation. Thus, accurate nutrition supply is very important for sows. In addition, the placenta regulates and supplies nutrient composition from mother to fetus and controls the source of hormonal signals that affect maternal and fetal metabolism (10). Consequently, the capacity of the placenta to transport nutrients is crucial to fetal growth. The specific transporter proteins in the plasma membrane of the syncytiotrophoblast are vital to the capacity of the placenta to transport nutrients (1). Our previous study showed that cytokine secretion and intestinal mucosal barrier function in suckling piglets could be regulated by maternal dietary supplementation with UR, leading to reduced incidence of diarrhea (11).

Therefore, the objectives of the present study were to explore the effects of maternal UR supplementation on reproductive performance of sows, serum biochemical parameters, serum amino acids profile of sow and piglet, placental amino acids transporter, and the growth of porcine trophectoderm cell.



Materials and methods


Ethics statement

The animal experiments were approved by the Institutional Animal Care and Use Committee of the Institute of Subtropical Agriculture, Chinese Academy of Sciences (2013020).



Animals and experimental treatments

60 multiparous crossbred sows (Landrace × Yorkshire) were selected according to parity (parity 4–6), expected delivery and body shape, and divided into two groups which fed a basal diet (CON) or a basal diet with UR supplementation (120 g/t) from 60th day of pregnancy to delivery. All sows were fed twice daily at 06:30 and 15:00 h and had free access to water during the experiment period. Each sow was fed 2.5–3.0 kg/d from days 60 to 107 of pregnancy and approximately 1.8 kg/d on day 5 before delivery. Farrowing was not induced and was constantly supervised. Sows were identified by ear tags and the reproductive performance of sow was recorded at delivery. Newborn piglets were individually weighed, and IUGR piglet weigh approximately 618–869 g, defined as weighing approximately 65% of the birth weight of the largest littermate in each litter (12).



Sample collection

After delivery, eight sows were randomly selected to collect blood sample in each group by the way of ear border vein in 5 ml vacuum tubes with one of them containing heparin lithium. The blood samples of eight neonatal piglets were collected (0800 h) before eating colostrum from jugular vein (13), and centrifuged for 15 min at 3,000 × g, 4°C, to obtain serum and plasma, and then stored at −20°C until analysis.

One allantochorion tissue sample (n = 8 sows/group) in the similar place of placenta (great vessels were avoided) of piglets with BW about 1.5 kg were obtained immediately after farrowing. Part of placenta was stored in liquid nitrogen for RT-qPCR analyses (14).

A total of 16 sows (Yorkshire × Landrace, n = 8 sows/group) were randomly selected to collect colostrum (30–40 mL/sow) from the 4–6th mammary glands of each sow within 12 h postpartum by massaging breasts (15). Colostrum was aliquoted and frozen at −70°C for 5 min, then stored at −20°C until it was assayed.



Biochemical analyses

Automated Biochemistry Analyzer (Synchron CX Pro, Beckman Coulter, Fullerton, CA, USA) was used for analyze the concentrations of serum triglycerides (TG), total cholesterol (TC), high density lipoprotein (HDL), and low-density lipoprotein (LDL) according to the commercial kits and manufacturer’s instructions which was purchased from Beijing Chemlin Biotech Co., Ltd. (Beijing, China).



Cell culture and treatment

The porcine trophectoderm cell line-2 (pTr2), which has been previously characterized and used for functional studies of porcine trophectoderm cell line, was originally isolated from the elongated porcine blastocysts, and collected on day 12 of pregnancy in this study (16). The cells (passages 30–35) were grown in 75 cm 2 flasks containing medium with 15 ml DMEM/F-12 with 5% FBS, 1% P/S, and 0.05% insulin, which was changed every 2 days. At confluence, the cells were collected using 0.125% trypsin solution (1.25 ml of 2.5% trypsin in 23.75 ml of 0.02% EDTA). After counting the number of cells, they were diluted to 4 × 104 cells/ml in DMEM/F-12 containing 5% FBS, 1% P/S, and 0.05% insulin.



Cell counting kit-8

The pTr2 cells were subcultured in 96-well plates (30% confluence) in growth medium until the monolayer confluence reached 40% and then switched to custom medium free of serum and insulin. After starvation for 24 h, cells were added uridine (0, 50, 100, 200, 400, 600, 1,000, 1,500, and 2,000 μM) for 48 h to each well (n = 6 wells/treatment). Cells were treated with 10% CCK-8 (Dojindo; Kumamoto, Japan), diluted in normal culture medium at 37°C until visual color conversion occurred. OD (absorbance) values for each well were converted to relative cell number using standard curves.



Cell cycle assay

The pTr2 cells were subcultured in 6-well plates (30% confluence) in medium until the monolayer confluence reached 40% and then switched to customized medium free of serum and insulin. After starvation for 24 h, cells were added uridine (0, 50, 100, 200, and 400 μM) for 48 h to each well (n = 3 wells/treatment). The cultured pTr2 cells were trypsinized and fixed in 75% cold alcohol overnight. The fixed cells were stained by propidium iodide (PI), and analyzed by flow cytometer (FACSCallbur, Becton-Dickinson). ModiFit software was used to analyze the proportion of cells in G0/G1, S, or G2/M phase.



Ribonucleic acid extraction, reverse transcription and real-time PCR analysis

Total ribonucleic acid (RNA) was extracted from liver tissue using Trizol reagent (Beyotime Biotechnology, Shanghai, China). The total RNA was reverse transcribed into cDNA using reverse transcription kit from Takara Biomedical Technology, Japan. All primers were designed using Primer-BLAST on the National Center for Biotechnology Information (NCBI) website (Table 1). Using SYBR Green I Dye (Thermo fisher scientific, New York USA) according to the manufacturer’s instructions, Quantitative real-time RT-PCR (qRT-PCR) was performed using the lightcycler 480II real-time PCR system (Roche, Basel, Switzerland). The PCR cycling conditions were as follows: 95°C for 5 min, 98°C for 2min, followed by 40 cycles of 5 s at 98°C, 5 s at 60°C, 10 s at 95°C, and a final step of 1 s at 65°C. Gene expression analysis was performed by relative PCR amplification analysis (2–ΔΔCt).


TABLE 1    Primer used for real-time PCR.
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Statistical analysis

Data are expressed as the mean ± standard deviation of at least three independent experiments. The statistical significance between the two groups was assessed by the student’s t-test. In the cell experiment, Statistical significance was assessed by the one-way analysis of variance (ANOVA) followed by the Duncan test for multiple comparisons. Differences were considered statistically significant at P < 0.05. The IBM SPSS Statistics for Windows software, Version 22.0 (IBM Corp., Armonk, NY, USA), was used for statistical analyses.




Results


Effect of uridine on reproductive performance of sows

The reproduction performance of the sows was summarized in Table 2. The average number of born, live born, mummification, healthy, and IUGR piglets per litter was not affected by maternal UR supplement. Interestingly, the average number of stillborn piglets per litter was significantly reduced in UR group compared with CON group (P < 0.05). In addition, the average piglet weight at birth was higher in UR group than CON group (P = 0.083).


TABLE 2    Effect of UR on reproductive performance of sows.
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Effects of uridine on serum biochemical parameters in sow serum, cord serum and piglet serum

The serum biochemical parameters in sow serum, cord serum and piglet serum were summarized in Table 3. Dietary UR supplementation significantly increased serum TP in sow serum (P < 0.05), but decreased AST level (P < 0.05). The BUN content in cord serum was significantly higher by maternal UR supplementation (P < 0.05). Meanwhile, the serum TP and ALB was significant increased, but the BUN level was decreased in piglet serum by UR administration during pregnancy (P < 0.05).


TABLE 3    Effect of UR on serum biochemical parameters in sow serum, cord serum and piglet serum.
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Effects of uridine on free amino acids profile in sow and piglet serum and colostrum

Sows that were fed the UR-supplemented diet had lower serum contents of Ser and greater serum contents of Cys (P < 0.05, Table 4). Meanwhile, in piglets serum, the level of urea was significant decreased, but the Ile and Met level was increased by maternal UR administration during pregnancy (P < 0.05, Table 5). However, dietary UR supplementation significantly decreased Asp, Ser, Val, Leu, βAla, and His content in colostrum of sows (P < 0.05, Table 6).


TABLE 4    Effects of UR on free amino acids profile in sow serum.
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TABLE 5    Effects of UR on free amino acids profile in piglet serum.
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TABLE 6    Effects of UR on free amino acids profile in colostrum.
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Effects of uridine on amino acids transporter in the placenta of sows

The expression of amino acids transporters in the placenta of sows was shown in Figure 1. Supplementing the maternal diet with additional UR significantly increased the mRNA expression of Glut4 and EAAT3 transporters in sow placentas (P < 0.05). In addition, a significant enhanced in VEGFR2 was also detected in sow placentas (P < 0.05).


[image: image]

FIGURE 1
Effects of UR on amino acids transporter in the placenta of sows. The data was presented as mean ± SEM, significantly different was considered when P < 0.05, n = 6 replicates.




Effects of uridine on cell viability in the pTr2 cells

Cell viability was assessed by CCK8 assay. Figure 2 showed that UR at the concentration of 100–2,000 μM increased cell viability of pTr2 cells (P < 0.05). Importantly, cell viability is the highest at 200, 400, 600, and 1,000 μM of UR.
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FIGURE 2
Effects of UR on cell viability in pTr2 cells. The a,b means columns with different letters are significantly different (P < 0.05), and columns with the same letters or no superscript are considered when P > 0.05. n = 6 replicates.




Effects of uridine on cell cycle assay in the pTr2 cells

Since cell cycle progression is also an important regulator of cell proliferation, we next explore whether UR regulated cell cycle (Figure 3). The results suggested that UR at 400 μM cells exhibited higher distribution of G1/M phase of cell cycle compared with 0 μM, and reduced S-phases of cell cycle compared with 0 and 100μM (P < 0.05, Table 7).
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FIGURE 3
Effects of UR on cell cycle in pTr2 cells. Representative flow-cytometry diagrams of cells treated with 0 μM (A), 100 μM (B), 200 μM (C), and 400 μM (D) UR for a 48-h 4-days period after starvation for 24 h.



TABLE 7    Effects of UR on the distribution of cell cycle in pTr2 cells.
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Discussion

Maternal nutrient supply may act as an inducer of fetal development and can permanently affects anatomy, physiology, and metabolism of fetus (17). Meanwhile, dietary nucleotides are non-protein nitrogenous compounds that modulate protein synthesis and is important for growth, repair, and differentiation of body tissue, including liver and small intestine (18). Dietary nucleotides supplement increased ADFI of weaned pigs and ADG, ADFI, and G: F of nursery pigs (19, 20). Consistently, our previous studies also showed UR supplement promoted nucleotide transport in weaned piglets and improved the growth performance in early weaned piglets (8, 21). Attractively, IUGR pig had improved nutrients utilization, intestinal function and immunity as a result of dietary nucleotides supplementation (22). Pregnancy is a critical period for fetal growth and development, however, there no research about dietary nucleotides supplement in sows that restricted feeding during gestation and excessive secreted milk during gestation. The results from the present study showed that UR

supplement in sow diet during pregnant period decreased the number of stillborn piglets per litter and enhanced piglet weight at birth by 9.09%.

Maximizing placental protein synthesis and placental growth (including vascular growth) is related to maternal amino acid metabolism (23). Nucleotides modulate protein synthesis in the liver, and improve nutrients utilization (18, 22). TP indicates the body’s nutritional status, protein absorption, and metabolism, while BUN indicates protein degradation (24). In the present study, the results showed that UR supplementation during the gestation period increased serum TP content of both sows and piglets and deceased serum BUN content, which may suggest UR improved the protein metabolism. Similarly, nucleotide-supplemented augmented the process of protein synthesis in liver injury rats (3). Piglets receiving diet with nucleotides additives experienced an accelerated carbon turnover during the post-weaning period (25). In addition, one-carbon metabolism is an essential material for the synthesis of purines, dTMP, and methionine (26). Addition of yeast RNA contributed to significantly reversing the effects of folate/methyl deficiency (27). In present study, UR supplement significantly affected the profile of serine and cysteine in sow serum, as well as the profile of methionine in piglet serum. It demonstrated that UR can improve methionine by affecting one-carbon metabolism both in sows and piglets mediated by placenta transmission. Moreover, nucleotides can alleviate the decrease of leucine concentration in the liver caused by alcoholic liver injury (28). However, our results showed no effect on the leucine content which may due to the different animal model. Moreover, maternal amino acid metabolism plays an important role in maximizing placental protein synthesis and placental growth (including vascular growth) (23). The insulin independent 1 (GLUT1) and insulin-dependent 4 (GLUT4) glucose transporters could regulate the entry of glucose into the adipocyte for de novo fatty acid and triglyceride synthesis, vital for the lipogenesis (29). It indicates the changes of glucose metabolism in sow’s placenta. In this experiment, EATT3 gene expression also changed, which is the excitatory amino acid transporters family, but the content of glutamate in sow and piglet serum and colostrum did not change. It may due to the glutamate transporter EAAT3 regulates extracellular glutamate levels, but its contribution to glutamate uptake is much lower than that of the astrocytic transporters EAAT1 and EAAT2 (30).

The size, morphology, and nutrient transfer capacity of placenta plays a direct decision role to the prenatal growth trajectory of the fetus, which further influence the birth weight (31), because of placenta acting as the key organ for the exchange of oxygen, nutrients, and wastes between the maternal-fetal circulations (32). Vasculogenesis is de novo formation of blood vessels from mesoderm precursor cells, and angiogenesis is creation of new vessels from a preexisting blood supply, which is very important for the maternal-fetal exchange (31). In the Yorkshire pig, fetal growth from mid to late gestation is associated with an increase in area of endometrial attachment (placental exchange area) (10). In present study, uridine can increase the relative mRNA expression of VEGFR gene in placenta, so as to increase the birth weight of piglets. In pigs, the elongation of placenta is the main factor determining the size of placenta. Around the 13th day of pregnancy, the pig toe nail began to attach to the uterine epithelium, more stable adhesion was carried out on the 15th–16th day, and formal implantation was carried out on the 18th–30th day (33). The blastocyst is composed of two distinct cell layers, with the trophectoderm accounting for two thirds of the cells (16, 34). The in vitro experiments also showed that uridine at an appropriate concentration can improve cell viability and cell cycle of pTr2 cells, which suggested the vital role of uridine in pTr2 cell proliferation.



Conclusion

The supplement of uridine at day 60 of pregnancy reduced the average number of stillborn piglets per litter with higher average piglet weight at birth, and UR may affect the growth of placental tissue by increasing the viability of pTr2 cells, and the amino acid metabolism both of sows and piglets.



Data availability statement

The datasets used during the study are available in the figshare repository, accession numbers doi: 10.6084/m9.figshare.21324357; doi: 10.6084/m9.figshare.21324366; and doi: 10.6084/m9.figshare.21324384.



Ethics statement

This animal study was reviewed and approved by the Institutional Animal Care and Use Committee of the Institute of Subtropical Agriculture, Chinese Academy of Sciences (2013020).



Author contributions

XW and Y-LY: conceptualization. YL: data curation and writing—original draft. H-LW, LG, and TZ: formal analysis. H-LW and YL: project administration. JL: resources. H-LW, LG, TZ, and XW: writing—review and editing. All authors contributed to the article and approved the submitted version.



Funding

This paper was jointly supported by grants from the NSFC (32272905) and China Agriculture Research System of MOF and MARA (CARS-35).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Jansson T, Myatt L, Powell TL. The role of trophoblast nutrient and ion transporters in the development of pregnancy complications and adult disease. Curr Vasc Pharmacol. (2009) 7:521–33. doi: 10.2174/157016109789043982

2. Sauer N, Mosenthin R, Bauer E. The role of dietary nucleotides in single-stomached animals. Nutr Res Rev. (2011) 24:46–59.

3. Perez MJ, Sanchez-Medina F, Torres M, Gil A, Suarez A. Dietary nucleotides enhance the liver redox state and protein synthesis in cirrhotic rats. J Nutr. (2004) 134:2504–8. doi: 10.1093/jn/134.10.2504

4. Mateo CD, Peters DN, Stein HH. In sow colostrum and milk at different stages of lactation. J Animal Sci. (2004) 82:1339–42.

5. Michaelidou AM. Factors influencing nutritional and health profile of milk and milk products. Small Rum Res. (2008) 79:42–50. doi: 10.1016/j.smallrumres.2008.07.007

6. Cao D, Leffert JJ, McCabe J, Kim B, Pizzorno G. Abnormalities in uridine homeostatic regulation and pyrimidine nucleotide metabolism as a consequence of the deletion of the uridine phosphorylase gene. J Biol Chem. (2005) 280:21169–75. doi: 10.1074/jbc.M412343200

7. Zhang Y, Guo S, Xie C, Fang J. Uridine metabolism and its role in glucose, lipid, and amino acid homeostasis. Biomed Res Int. (2020) 2020:7091718. doi: 10.1155/2020/7091718

8. Xie CY, Wang Q, Li G, Fan Z, Wang H, Wu X. Dietary supplement with nucleotides in the form of uridine monophosphate or uridine stimulate intestinal development and promote nucleotide transport in weaned piglets. J Sci Food Agric. (2019) 99:6108–13. doi: 10.1002/jsfa.9850

9. Wu G, Bazer FW, Johnson GA, Herring C, Seo H, Dai Z, et al. Functional amino acids in the development of the pig placenta. Mol Reprod Dev. (2017) 84:870–82. doi: 10.1002/mrd.22809

10. Myatt L. Placental adaptive responses and fetal programming. J Physiol. (2006) 572:25–30. doi: 10.1113/jphysiol.2006.104968

11. Wu X, Gao LM, Liu YL, Xie C, Cai L, Xu K, et al. Maternal dietary uridine supplementation reduces diarrhea incidence in piglets by regulating the intestinal mucosal barrier and cytokine profiles. J Sci Food Agric. (2020) 100:3709–18. doi: 10.1002/jsfa.10410

12. Myrie SB, Mackay DS, Van Vliet BN, Bertolo RF. Early programming of adult blood pressure in the low birth weight yucatan miniature pig is exacerbated by a post-weaning high-salt-fat-sugar diet. Br J Nutr. (2012) 108:1218–25. doi: 10.1017/S0007114511006696

13. Rezaei R, Knabe DA, Tekwe CD, Dahanayaka S, Ficken MD, Fielder SE, et al. Dietary supplementation with monosodium glutamate is safe and improves growth performance in postweaning pigs. Amino Acids. (2013) 44:911–23. doi: 10.1007/s00726-012-1420-x

14. Xie C, Wu X, Long C, Wang Q, Fan Z, Li S, et al. Chitosan oligosaccharide affects antioxidant defense capacity and placental amino acids transport of sows. BMC Veterinary Res. (2016) 12:243. doi: 10.1186/s12917-016-0872-8

15. Wu X, Yin YL, Liu YQ, Liu XD, Liu ZQ, Li TJ, et al. Effect of dietary arginine and n -carbamoylglutamate supplementation on reproduction and gene expression of enos, vegfa and plgf1 in placenta in late pregnancy of sows. Animal Reproduct Sci. (2012) 132:187. doi: 10.1016/j.anireprosci.2012.05.002

16. Kong X, Tan B, Yin Y, Gao H, Li X, Jaeger LA, et al. L-arginine stimulates the mtor signaling pathway and protein synthesis in porcine trophectoderm cells. J Nutr Biochem. (2012) 23:1178–83. doi: 10.1016/j.jnutbio.2011.06.012

17. Zhang S, Heng J, Song H, Zhang Y, Lin X, Tian M, et al. Role of maternal dietary protein and amino acids on fetal programming, early neonatal development, and lactation in swine. Animals Open Access J MDPI. (2019) 9:10019. doi: 10.3390/ani9010019

18. Lopez-Navarro AT, Ortega MA, Peragon J, Bueno JD, Gil A, Sanchez-Pozo A. Deprivation of dietary nucleotides decreases protein synthesis in the liver and small intestine in rats. Gastroenterology. (1996) 110:1760–9. doi: 10.1053/gast.1996.v110.pm8964401

19. Sauer N, Eklund M, Bauer E, Ganzle MG, Field CJ, Zijlstra RT, et al. The effects of pure nucleotides on performance, humoral immunity, gut structure and numbers of intestinal bacteria of newly weaned pigs. J Animal Sci. (2012) 90:3126–34. doi: 10.2527/jas.2011-4417

20. Weaver AC, Kim SW. Supplemental nucleotides high in inosine 5′-monophosphate to improve the growth and health of nursery pigs. J Animal Sci. (2014) 92:645–51. doi: 10.2527/jas.2013-6564

21. Li G, Xie C, Wang Q, Wan D, Zhang Y, Wu X, et al. Uridine/ump metabolism and their function on the gut in segregated early weaned piglets. Food Funct. (2019) 10:4081–9. doi: 10.1039/c9fo00360f

22. Che L, Hu L, Liu Y, Yan C, Peng X, Xu Q, et al. Dietary nucleotides supplementation improves the intestinal development and immune function of neonates with intra-uterine growth restriction in a pig model. PLoS One. (2016) 11:e0157314. doi: 10.1371/journal.pone.0157314

23. Broutier L, Andersson-Rolf A, Hindley CJ, Boj SF, Clevers H, Koo BK, et al. Culture and establishment of self-renewing human and mouse adult liver and pancreas 3d organoids and their genetic manipulation. Nat Protoc. (2016) 11:1724–43. doi: 10.1038/nprot.2016.097

24. Gu XL, Song ZH, Li H, Wu S, Wu SS, Ding YN, et al. Effects of dietary isomaltooligosaccharide and bacillus spp. supplementation during perinatal period on lactational performance, blood metabolites, and milk composition of sows. J Sci Food Agric. (2019) 99:5646–53. doi: 10.1002/jsfa.9821

25. Amorim AB, Berto DA, Saleh MAD, Miassi GM, Ducatti C. Dietary glutamine, glutamic acid and nucleotides increase the carbon turnover (delta 13c) on the intestinal mucosa of weaned piglets. Animal Int J Animal Biosci. (2017) 11:1472–81. doi: 10.1017/s1751731117000192

26. Martiniova L, Field MS, Finkelstein JL, Perry CA, Stover PJ. Maternal dietary uridine causes, and deoxyuridine prevents, neural tube closure defects in a mouse model of folate-responsive neural tube defects. Am J Clin Nutr. (2015) 101:860–9. doi: 10.3945/ajcn.114.097279

27. Jackson CD, Weis C, Miller BJ, James SJ. Dietary nucleotides: effects on cell proliferation following partial hepatectomy in rats fed nih-31, ain-76a, or folate/methyl-deficient diets. J Nutr. (1997) 12:834S–7S. doi: 10.1093/jn/127.5.834S

28. Cai X, Bao L, Wang N, Xu M, Mao R, Li Y. Dietary nucleotides supplementation and liver injury in alcohol-treated rats: a metabolomics investigation. Molecules. (2016) 21:435. doi: 10.3390/molecules21040435

29. Nguyen LT, Muhlhausler BS, Botting KJ, Morrison JL. Maternal undernutrition alters fat cell size distribution, but not lipogenic gene expression, in the visceral fat of the late gestation guinea pig fetus. Placenta. (2010) 31:902–9. doi: 10.1016/j.placenta.2010.07.014

30. Escobar AP, Wendland JR, Chávez AE, Moya PR. The neuronal glutamate transporter eaat3 in obsessive-compulsive disorder. Front Pharmacol. (2019) 10:1362. doi: 10.3389/fphar.2019.01362

31. Belkacemi L, Nelson DM, Desai M, Ross MG. Maternal undernutrition influences placental-fetal development. Biol Reprod. (2010) 83:325–31. doi: 10.1095/biolreprod.110.084517

32. Wu X, Xie CY, Zhang YZ, Fan ZY, Yin YL, Blachier F. Glutamate-glutamine cycle and exchange in the placenta-fetus unit during late pregnancy. Amino Acids. (2015) 47:45–53. doi: 10.1007/s00726-014-1861-5

33. Blitek A, Szymanska M. Expression and role of peroxisome proliferator-activated receptors in the porcine early placenta trophoblast. Domestic Animal Endocrinol. (2018) 67:42–53. doi: 10.1016/j.domaniend.2018.12.001

34. Kong X, Wang X, Yin Y, Li X, Gao H, Bazer FW, et al. Putrescine stimulates the mtor signaling pathway and protein synthesis in porcine trophectoderm cells. Biol Reproduc. (2014) 91:106. doi: 10.1095/biolreprod.113.113977


OPS/xhtml/Nav.xhtml




Contents





		Cover



		Uridine affects amino acid metabolism in sow-piglets model and increases viability of pTr2 cells



		Introduction



		Materials and methods



		Ethics statement



		Animals and experimental treatments



		Sample collection



		Biochemical analyses



		Cell culture and treatment



		Cell counting kit-8



		Cell cycle assay



		Ribonucleic acid extraction, reverse transcription and real-time PCR analysis



		Statistical analysis







		Results



		Effect of uridine on reproductive performance of sows



		Effects of uridine on serum biochemical parameters in sow serum, cord serum and piglet serum



		Effects of uridine on free amino acids profile in sow and piglet serum and colostrum



		Effects of uridine on amino acids transporter in the placenta of sows



		Effects of uridine on cell viability in the pTr2 cells



		Effects of uridine on cell cycle assay in the pTr2 cells







		Discussion



		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References

















OPS/images/cover.jpg
& frontiers | Frontiers in Nutrition

Uridine affects amino acid
metabolism in sow-piglets
model and increases viability
of pTr2 cells





OPS/images/fnut-09-1018349-t002.jpg
Items

Total born piglets per litter, n

Live born piglets per litter, n
Stillborn piglets per litter, n
Mummification piglets per litter, n
Healthy piglets per litter, n

TUGR piglets per litter, n

Average weight of piglets at birth, kg

CON

12.93
11.30
1412
0.26
10.63
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1.54

UR

12.56
11.89
0.50
0.22
11.39
0.56
1.68
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0.149
0.101
0.312
0.152
0.039

P-value

0.558
0.348
0.002
0.860
0.238
0.480
0.083

The a,b means columns with different letters are significantly different (P < 0.05), and

columns with the same letters or no superscript are considered when P > 0.05. n = 8

replicates. The same below.
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Forward sequence (5'-3")

GGCCATCGTCATTGGCATTC
TTTGTTATGCGGAACTGG
TCTCCATCCCACTGGTCACA
AAGAACCTGGGCTATCTCGG
TACTTGGTTCTGCTGGTGTCC
GGTTGGACTACGCCAGGTACT
GCTGTGGCAATCCTGTCACT
GCCTTGCTGCTCTACCTCCA
GAGTGGCTCTGAGGAACGAG
GATGGGACCGCCCTCTAT
GGCTGCTGGACAGGATGA

ATAGAAGTTGAAGACTGGGAAAT

TGTGGACTTCTTCCTGATTGTC
TGCCCATACTTCCCGTCC
CATCGCCATACCCTTCTG
GTCTGGAGAAACCTGCCAAA

Reverse sequence (5'-3')

GTCAGGCGCTTCAGACTCTT
AAAGGTGATGGCAATGAC
CGCTTCACATGGATCATGGC
TGTTGCGTTAGGACTCGTTG
GTTGTGGGCTGTGTAAAGGTG
GAGGGACTCGATGTTGGTGG
CCATCCAAATGCTTTTTCACCCA
TGGCGATGTTGAACTCCTCAGT
ACACAACTCCATGCTGGTCA
CGTGGCTGTGATGCTGATG
TAAATGGACTGGGTCTTGGT
GTGTTGCTGAACTGGAGGAG
CATTGTTGTGGCAGTTATTGGT
GGTCCAGGTTACCGTCAG
TTCCCATCCATCGTGACATT
CCCTGTTGCTGTAGCCAAAT
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Items (%) opM 100 pM 200 pM 400 nM P-value

G1 53.8 4 0.28%0 53.4 4 0.26° 55.02 + 1.05% 55.72 4 0.22 0.066
G2 20.46 = 0.36 20.92 = 0.64 21.1 £ 0.62 21.91 + 0.42 0.326
S 25.75 + 0.57° 25.67 £ 0.71% 23.89 = 1.39 2237 £0.61° 0.077

The a,b means columns with different letters are significantly different (P < 0.05), and columns with the same letters or no superscript are considered when P > 0.05. n = 3 replicates.
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Tau 242.87 +£17.15 270.51 4 27.99 0.427
Asp 34.68 + 1.35 30.84 +3.79 0.364
Thr 296.56 + 29.83 395.01 4 46.45 0.094
Ser 210.06 & 10.19* 180.21 + 8.48° 0.042
Glu 603.63 & 53.12 527.31 +47.78 0.301
Gly 999.69 4 23.14 929.07 4 78.74 0.411
Ala 1031.02 + 60.45 957.57 =99 0.536
Val 416.13 £27.97 429.3 £19.63 0.705
Cys 51.04 + 525 98.94 + 16.74* 0.022
Met 63.34 + 4.56 73.52 £ 8.79 0.325
Tle 237.28 & 16.55 227.51 +12.28 0.642
Leu 284.19 4 23.78 276.9 + 15.48 0.796
Tyr 357.08 4 22.87 321.41 4 19.63 0.254
Phe 263.07 & 17.72 240.89 4 10.57 0.298
Lys 373.84 4 39.13 329.3 + 36.21 0.416
His 178.28 £ 12.34 187.43 £ 12.63 0.611
Arg 411.95 £ 44.23 349.99 4 27.55 0.267

Pro 570.23 4= 44.84 576.92 & 66.45 0.935
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group  group group  group group  group
TP (g/L) 71.91° 78.75% 1.70 0.039 22.65 23.86 1.63 0.725 24.00° 27.34% 0.87 0.050
ALB (g/L) 47.08 47.33 0.98 0.901 5.67 5.49 0.46 0.852 563 6.87° 0.26 0.012
ALT (U/L) 34.67 354 1.58 0.824 6.51 6.18 0.65 0.807 15.51 18.67 1.24 0.216
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BUN mmol/L 4.29 3.81 0.24 0.335 5.79b 7.77% 0.39 0.007 424 3.50 0.16 0.018

GLU (mmol/L) 6.26 6.00 0.20 0.520 0.50 0.55 0.11 0.831 3.66 429 0.20 0.119
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