Low-dose glyphosate alters NK1R expression and substance P innervation in porcine uterus
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Introduction. Glyphosate-based herbicides (GBHs) are widespread environmental contaminants suspected of endocrine-disrupting effects on reproductive tissues. Although GBH exposure has been linked to uterine structural changes, its impact on the uterine tachykinin system—particularly substance P (SP) and neurokinin-1 receptor (NK1R)—remains unclear in pigs.

Aims. This study aimed to determine whether oral exposure to glyphosate modifies the localization and expression of NK1R and the density of SP-immunoreactive nerve fibres in the uterine wall of sexually immature pigs.

Methods. Fifteen sexually immature gilts were randomly assigned to three groups (n = 5 per group): control (placebo), E1 (0.05 mg/kg of glyphosate per day; theoretical maximum daily intake (TMDI) in Europe), and E2 (0.5 mg/kg of glyphosate per day; acceptable daily intake (ADI) in Europe). Treatments were administered orally in gelatine capsules for 28 days during morning feeding. NK1R localization and SP-IR nerve fibre density was assessed by immunofluorescence, and NK1R protein levels were measured by Western blot.

Results. NK1R immunoreactivity was detected in the endometrium, including the luminal epithelium, lamina propria and uterine glands, as well as in the myometrium in both the circular and longitudinal muscle layers in all groups. Glyphosate exposure increased NK1R protein expression, particularly at the higher dose. Elevated NK1R levels were observed in the uterine body at both doses and in the horns only at the higher dose. The density of SP-immunoreactive nerve fibres per microscopic field of view was higher in glyphosate-exposed animals than in controls. This increase was observed in both uterine regions and was most pronounced in the E2 group.

Discussion. Oral exposure to environmentally relevant glyphosate doses enhances NK1R expression and sensory innervation in the porcine uterus, indicating activation of the uterine tachykinin system. These changes may represent local stress or inflammatory responses and could contribute to previously reported uterine dysfunction following GBH exposure.

