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Abstract: [Objective] To determine the efficacy of Cucurbita pepo cv Dayangua (CPD) in
alleviating hypoxia and explore the potential mechanisms involving the modulation of the gut
microbiota and its metabolites. [Methods] Male Kunming mice were randomly assigned into two
groups: a control group (normoxia ddH,O, ND) and a CPD intervention group (normoxia CPD,
CPD). The CPD group received a dose of 800 mg/(kg-d) of CPD, while the ND group received an
equal volume of ddH,O for 15 consecutive days. One hour after the final administration, mice from
each group were placed in wide-mouth bottles, and the survival time was observed and recorded.
Fecal samples collected prior to the last administration were subjected to 16S rRNA gene amplicon
sequencing and targeted metabolomics analysis. Correlation analysis between gut microbiota and
metabolites was subsequently performed. [Results] CPD intervention significantly prolonged the
survival time of mice under hypoxic conditions compared to the ND group. CPD altered the
structural composition of the gut microbiota in mice. Linear discriminant analysis effect size
(LEfSe) revealed significantly different bacterial taxa between the ND group and the CPD group,
with higher relative abundance of Bacillota, Lactobacillus, and Alistipes in the CPD group.
Microbial genera, including Paraprevotella and Lactobacillus, showed a positive correlation with
survival time. Targeted metabolomics identified 9 upregulated and 31 downregulated metabolites in
the CPD group. Notably, metabolites such as palmitoleic acid, glyoxylic acid, hendecanoic acid,
L-aspartic acid, O-succinylhomoserine, and allantoic acid were significantly enriched and
positively correlated with the survival time of mice after CPD intervention. Kyoto encyclopedia of
genes and genomes (KEGG) enrichment analysis of differential metabolites showed the highest
enrichment in the tryptophan metabolism and glycine, serine, and threonine metabolism pathways.
[Conclusion] CPD intervention significantly prolonged the survival time of hypoxic mice. CPD
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intervention enriched beneficial microorganisms, including Lactobacillus, and elevated the levels
of beneficial metabolites such as choline and allantoic acid. These findings suggest that modulating
the “gut microbiota-metabolite” axis may be one mechanism through which CPD enhances host

hypoxia tolerance,

providing a theoretical basis

and potential targets for developing

microecological intervention strategies against hypoxia-related diseases.
Keywords: hypoxia tolerance; Cucurbita pepo cv Dayangua; gut microbiota; mechanism of action
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Figure 1 The effect of CPD on body weight and anti-hypoxic capacity in mice. A: Body weight change trend of
mice over 15 days; B: Body weight difference between the two groups of mice at the experimental endpoint; C:

Survival time of mice in the acute normobaric hypoxia tolerance test. ns: Not statistically significant; **: P<0.01.
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Figure 2 The effect of CPD on the gut microbiota in mice. A: Top 10 species at the genus level by relative
abundance; B: Chaol index; C: Shannon index; D: Weighted UniFrac analysis; E: Principal coordinates analysis
(PCoA); F: LEfSe analysis of species with significant differences between groups; G: Phylogenetic tree diagram.
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Figure 3 The effect of CPD on fecal metabolites in mice. A: PLS-DA score plot; B: PLS-DA permutation test
plot; C: Volcano plot of differential metabolites; D: Clustering heatmap of differential metabolites; E: KEGG

enrichment bubble plot.
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4F), %1 R M 25 L9 (nucleosides, nucleotides
and analogues). AH i 2% (cholines). fg fijj i 2
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(fatty alcohols). i 4% JIg Jlij 2 2% (short chain fatty
acids)fHXf /> (8l 4B, 4D, 4E. 4L),
A5 I 22 5 AR Y KEGG & 4E 73 i
(B 3E) LRI, U 20 Sl Bl s 4R ik, Horp
BEESREYERERKZN 2 55826
12 X 3% 38 4% (tryptophan metabolism) F1 H 2 g
27 5 TR A I & IR A 1 38 % (glycine, serine and
threonine metabolism); [A] A, H 3 @ A5 A€ 151 18
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Figure 4 Differential metabolite comparison: ND vs. CPD. A: Fatty acids; B: Nucleosides, nucleotides, and
analogues; C: Amino acids; D: Cholines; E: Fatty alcohols; F: Benzenoids; G: Indoles; H: Organic acids; I:

Carbohydrates; J: Phenylpropanoic acids; K: Quinolines; L: Short chain fatty acids. **: P<0.01; *: P<0.05.
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(P<0.05). Ut4N, 5 CPD T 101 K A A7 ik ] £ AH
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85 (tryptophol) . L-li 22 (L-proline) . L-s&2 MR
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IiZ (beta-hyodeoxycholic acid), 1 JHFZ (lithocholic
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T — R (azelaic acid) . 2- ¥ 4t -2- 5 T &
(2-hydroxy-2-methylbutyric acid). & #k &
(mandelic acid), MW IE PR (quinaldic acid), 2-7T
J#i % (but-2-enoic acid) . 5+ C. R (isocaproic acid)2
B35 47 K O (P<0.05), 5 5 4 Il R (palmitoleic
acid), L MEMR . O-FEHIWE = 22 2 . IRER
(allantoic acid) g . & 1EAH X (P<0.05), il FRAFIR
W Bt (Muribaculaceae). ¥ & K K W
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RS R AH I o
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i 5 A v VAR kb XN R B, DN v
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T 25 A 1 I S A AT i 1) A 2 DA G o
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52 W] CPD /K& EUT BE Il WA & . —H
TN B 58 A ) 5 S Y R MR K P e 4h
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B0 A A BR A A0 A A B — g B R FEE
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B-4+ S I (B -sitosterol) . #H % b 4 (daucosterol)
BEHAMR (amber acid) 50, Horh B-45 5§ VR
& NP PR I LA R PR ST R
TP, (RS 3% B R A0 1l i AsE 7Y vt 2R B 40
R BBURAEPY,

BARFRATHEN CPD BTk . HriA L ER AT
RS R i MAFAE A G, (HU A sk
Y 18 TR AR AR 2501 EAH BAE F rh 47 T
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A, RN TSR RiaTT R,
RS CPD 44y AU 32 07 i ik B 75 i
R REAEH, AR Pearson #H5¢ £
B, IR/ NRAERTE . 225 2 R
AR 2 B A AR e
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