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Abstract: Phosphorus-containing metabolites occupy a prominent position in cell pathways. The
phosphorometabolomic approach in human sperm samples will deliver valuable information as new
male fertility biomarkers could emerge. This study analyzed, by 3IP-NMR, seminal plasma and
whole semen from asthenozoospermic and normozoospermic samples (71% vs. 27% and 45% vs.
17%, total and progressive sperm motility, respectively), and also ejaculates from healthy donors. At
least 16 phosphorus-containing metabolites involved in central energy metabolism and phospholipid,
nucleotide, and nicotinamide metabolic pathways were assigned and different abundances between
the samples with distinct sperm quality was detected. Specifically, higher levels of phosphocholine,
glucose-1-phosphate, and to a lesser degree, acetyl phosphate were found in the asthenozoospermic
seminal plasma. Notably, the phosphorometabolites implicated in lipid metabolism were highlighted
in the seminal plasma, while those associated with carbohydrate metabolism were more abundant in
the spermatozoa. Higher levels of phosphocholine, glucose-1-phosphate, and acetyl phosphate in the
seminal plasma with poor quality suggest their crucial role in supporting sperm motility through
energy metabolic pathways. In the seminal plasma, phosphorometabolites related to lipid metabolism
were prominent; however, spermatozoa metabolism is more dependent on carbohydrate-related
energy pathways. Understanding the presence and function of sperm phosphorylated metabolites
will enhance our knowledge of the metabolic profile of healthy human sperm, improving assessment
and differential diagnosis.
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1. Introduction

The spermatozoon is a highly specialized cell with exceptional DNA compaction and
is almost devoid of cytoplasm, in which there appears to be an absence of protein trans-
lation. In this context, where their transcriptional and translational activities are almost
silenced, metabolites present in spermatozoa are particularly important in providing a
direct snapshot of the male gamete’s cellular activity or physiological state. Mass spec-
trometry (MS) and nuclear magnetic resonance (NMR) spectroscopy are the analytical and
complementary tools of choice in metabolomics research today [1-3]. These technologies
applied in the field of male reproduction in humans are used to explore the patterns of
metabolites in seminal plasma [4-13] and spermatozoa [14-16] to identify possible associ-
ated biomarkers to different conditions related to male infertility. Furthermore, the interest
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lated metabolites in human sperm is expected to increase scientific knowledge about the
metabolic profile of healthy human sperm, identifying potential molecular biomarkers of
human sperm health, which in turn will upgrade the evaluation and differential diagnosis
of infertile men and could ultimately simplify the selection of the best in vitro treatment to
overcome infertility.
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