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Study Question Study Answer
Is micro-Magnetic Resonance Spectroscopy (micro-MRS) Micro-MRS effectively distinguishes lipid profiles
effective for assessing human oocyte quality through lipid ’ ’ = LA ‘ ‘ across oocyte maturation stages, offering
profile analysis? N IKQ\\\\ RESULTS (/9)11 | potential for improved oocyte and embryo quality

assessment in clinical settings.

The metabolic profiles of human oocytes at various maturation stages were successfully characterized using our micro-MRS-based -
Background P S . _ . e Micro-MRS
sensors. Oocyte-specific biomarkers were clearly distinguishable from the culture medium, underscoring the high sensitivity of the
Excess lipid accumulation, often caused by in vitro stress, technique. Notably, comparative analyses revealed significantly higher concentrations of biomarkers in oocyte compared to culture |
is inversely correlated with cell viability, highlighting the medium. These included saturated markers (p<0.0001), monounsaturated markers (p<0.05), and the proportional lipid component (PLC) A b MICRO
critical role of lipid balance in oocyte homeostasis. (p<0.0001). Furthermore, significant differences in key biomarkers were observed between in-vitro matured (MAT - M2) and immature Fibiil s OREA,N,',S\",MS

Emerging research underscores the importance of lipids in (IMMAT - GV or M1) oocytes, specifically in saturated markers (p = 0.015), monounsaturated markers (p = 0.0492), and proportional lipid
oocyte function and viability, suggesting they could serve component (PLC) (p = 0.0311).

as valuable biomarkers for oocyte quality in assisted |
reproduction technologies. Despite advancements in . |||‘|||. | .
assisted reproduction, current oocyte evaluations rely ’ , . )
solely on morphological criteria, which lack the metabolic METABOLIC FINGERPRINTING MICRO-TISSUES e \\_/j
insights needed to predict oocyte quality. This highlights & ORGANOIDS OOCYTES
the need for more comprehensive, non-invasive methods @
to assess oocyte viability. This study aims to characterize . \ ] | a
metabolic prof?lﬂes of donéted oocytesyusing micro-MRS. 1 A Oocytes B Saturated Lipids PLC T-Methyl \‘ \ '~ EMBRYOS
160 * %
: I % % % 400 1 * %k %k * 140 dkdk
Methods : :\fnencj 200 " 20| @z —EE . Figure 2: Annajda’s non-invasive_ solution fo_r emb_ryo and

_ - ‘ Mat ol ® %00 e 100} o oocyte screening. (A) 3D rendering of the microchip-based
Micro-MRS was performed on 87 donated oocytes (56 2 200 | ° 80 | . sensor, which includes a connector, printed circuit board,
immature, 31 in-vitro matured) collected during IVF cycles Eg S 100} - 5 * 3 &0 sample chamber, and detailed microsensor system.
at CPMA Fertility Center (Lausanne, Switzerland) under 2 < % 8 < 00| 401 @ (B) Photograph of the microsystem shown in (A), highlighting
ethical approval (CER-VD ID 2020-02107). Only oocytes | ‘ : 5! @ 1 @ | E$3 ¢ the various applications enabled by the Micro-MRS sensors.
non-suitable for fertilization were used. Immature oocytes 5 ol @ o : 2 201 o
(GV, MI) were cultured for 24 hours; presence of a polar o oo
body indicated maturation. Lipid profiles were analyzed % os 1 s 2 25 3 Vedum mmawre  etwre vedum  immaue airs Vedum mmare e o
using a 7T magnet with a 4-sample micro-MRS probe, 3 oo Study Limitations

hours post-thaw. Statistical analysis was conducted one-

way Welch ANOVA or Kruskal-Wallis, both with Tukey- This study is the first to successfully apply micro-MRS to

Figure 1: Non-invasive lipid metabolic fingerprinting of human oocyte maturation stages via Micro-MRS. (A) Averaged H NMR spectra of single-cell analysis, despite limitations with donated

Kramer correction (p < 0.05). human oocytes at different maturation stages: medium-only control, immature (MI-GV), and mature (MIl). Shaded areas indicate standard deviation samples. Further work in both clinical and research
across samples.(B) Boxplots of lipid spectral biomarkers showing significant differences between groups, including saturated, total proportional lipid settings is needed to build a metabolic fingerprint
content and terminal methyl. database to support its use in human ART
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