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Abstract: To investigate the therapeutic effects of ellagic acid (EA) on allergic rhinitis (AR) and its potential mechanisms of
metabolic regulation, different doses of EA (4, 8, and 16 mg-kg") were administered to ovalbumen-induced AR rats. Pathological
changes in nasal mucosa and lung tissue were observed, levels of IgE, histamine, IL-4, and IL-6 in serum were measured, and
metabolite changes along with their correlations with allergic inflammation markers were analyzed using untargeted metabolomics.
The results showed that EA interventions reduced the number of mast cells in the nasal mucosa and lung tissue and decreased the
levels of IgE, histamine, IL-4, and IL-6 in the serum, with the high-dose group showing the most significant improvements (reductions
of 26.40%, 23.79%, 21.65%, and 35.00% in the abovementioned indicators, respectively). Untargeted metabolomics identified 43
differential metabolites, among which 22 were significantly restored after intervention (P<0.05), including 19 metabolites positively
correlated and 3 negatively correlated with allergic inflammation markers. Enrichment analysis revealed that the restored metabolites

were significantly enriched in three pathways: arachidonic acid metabolism, primary bile acid biosynthesis, and porphyrin
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metabolism. In conclusion, EA alleviates AR by improving pathological tissue conditions, reducing allergic inflammation markers,

and regulating key metabolic pathways. These findings provide new insights into the application of EA and related polyphenols in

the development of anti-allergic functional foods.
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Fig.1 Timeline of AR rat model establishment and intervention process
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Fig.2 Toluidine blue staining of nasal mucosa and lung pathological tissues in rats
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iE Z BB 507.27  578.1 C,oH,N50,;P3 1.11 2.03e-03 5.36
iE JRePok IX 56327  619.9 Cy,HyuN,0, 1.23 1.66e-04 3.12
iE fetr i 58528  570.1 Cy3HyN, O 1.04 5.76e-03 2.65
iE B 2B 133.1 43.8 CsH;,N,0, 1.39 7.45¢-12 222
iE FERNE AR 51629  370.8 C1H,sNO,S 1.34 5.82e-07 2.18
iE g3 28522 5323 C1H,50 1.36 6.69¢-08 2.20
iE R AR 285.08 73.8 CoH,N,O4 1.38 1.98¢-09 0.40
iE Ea 153.04 73.8 CsH,N,0, 1.40 9.14e-14 0.39
iE P B 228.19 6689 CoH,,N,05 1.20 3.68¢-04 0.35
iE T AR AR 337.17 44.9 C,sH,;N;0, 1.36 1.42¢-07 0.30
iE 5(S)-id AALTE A v i L 31923 420.6 CyoH;,0, 1.37 1.03¢-08 2.48
iE A7 A& D2 33522 3289 CyoH;,05 1.31 5.64e-06 2.46
iE Sa-345%.-3,20- =) 31725  584.8 C,H;,0, 1.38 1.85¢-09 2.43
iE B 345.2 382 CyH;,0;5 1.38 2.38¢-09 2.40
iE 7-H AN E] B 384.34  685.1 C,,H,,0 1.03 6.55¢-03 2.35
iE N- Bt ik & 219.11 2465 C,H.,N,0, 1.39 5.14e-11 2.66
iE 8-# k= + B W BR 30323 5323 CyoH;,0, 1.39 6.66e-12 2.17
iE 3-B7-54-Re ke BR 37428 4258 CyH350, 1.38 3.25¢-10 2.16
iE 11Z- =+ a3 M R 20328 6843 CyoH;50, 1.37 1.17¢-08 2.02
iE N2-3E 34 Bh-L- 2 &L 232,12 2424 CoH,(N,O5 1.36 2.13e-07 0.42
iE YA AT B 334.29 396 C, H sN,OP 1.25 8.83e-05 2.78
i A& AP ER 393.21 251.5 C,,Hy0, 1.23 1.28e-04 3.39
iE P-R Iy RUL T B 129.07 51.2 CsHN,0, 1.40 1.13¢-14 3.19
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&R

BT 1ot 4 AR m/z RT/s 2T VIP 14 PAa FC 14
i NS 203.11 369.3 CH;3N;0 1.10 1.67e-03 34.44
i 5-F R+ B B 317.21 521.5 CyoH;00; 1.18 3.02e-04 10.10
i #E A2 391.28 425 C,H,00,4 1.13 7.01e-04 6.87
I 12-BA- & =4 B4 333.21 405.1 CyoH;00, 1.25 1.55¢-05 4.06
I & =4 D4 49627 3319 C1sH, N, O,S 1.30 8.87¢-07 3.81
il 11,12,15- Z & K =+ s v Hir i 33522 3487 CyoH;,04 121 9.25¢-05 2.89
% R UBLH R 192.07 136.9 C,oH,,NO, 135 4.20e-15 2.86
i Jk R 137.04 73.6 CeHN,0, 1.29 1.76e-06 236
il N- ZBE-L- R A2 R 174.04 45.4 CHoNO; 1.35 1.20e-13 2.36
i 19(S)-# A& =+ 2K v Hi 81 301.22  498.9 CyoH;,0, 1.33 4.10e-08 2.17
i 16(R)-#2 2k =+ % v i 31923 4989 CyH;,0, 133 1.39¢-08 2.15
il H A ER 464.3 328.2 C1H,;sNO, 1.25 1.67¢-05 2.13
il 3-HEF AR =R 161.05 43.7 CsH 405 1.02 4.32¢-03 0.47
% H R B AR 187.11 479 CH (N0, 1.31 2.43e-07 0.43
I 9,10- 3R A+ N\ ML 20523 531.1 C,sH;,0, 121 8.72e-05 0.42
i FMRT B 160.04 176.4 C¢H;0; 1.25 1.36e-05 0.38
i D-# %4 161.05 60.6 C¢H ;04 1.24 3.02e-05 0.29
i A4k BRI A, 181.09 2822 C,H,(NO,-Cl 1.35 2.41e-16 0.11

i 2 EAHSMGAEE L EERM MR ER EER
Table 2 Endogenous metabolites regulated by EAH compared to the MG group

BFHEKX Ao 4 AR m/z RT/s 2K VIP 14 P14 FC 14
iE T ARHE AR 337.17 44.9 C,sHy;N;0, 1.44 1.74e-06 7.38
iE feirE 585.28 570.1 Cy3H3N,O4 1.04 0.02 0.49
iE A Ef e B 516.29 370.8 C1H,sNO,S 1.32 2.07e-04 0.44
iE 5(S)-1iE BALTE A v b EL 319.23 420.6 CyoH;,0, 1.37 3.69¢-05 0.36
iE E i 285.22 532.3 CyHy0 1.38 3.14e-05 0.35
i 8-F =+ AW ik 303.23 5323 CyoH;,04 1.37 3.66e-05 0.35
iE y-RI - AR T B 129.07 51.2 CsHN,0, 1.49 1.12e-09 0.34
iE B 2B 133.1 43.8 CsH N0, 1.46 1.20e-07 0.28
iE A7) I E D2 335.22 328.9 CyoH3,05 1.46 431e-07 0.19
iE 38,50 = B A 43231 385.7 CyH,,0, 1.37 2.85e-05 0.19
iE N- Bt k& 219.11 246.5 C,H,,N,0, 1.50 291e-10 0.16
iE J ek IX 563.27 619.9 C,,Hy,N,0, 1.42 6.80e-06 0.14
i 11,12,15- =% K =+ v s iy 335.22 348.7 CyoH;,05 1.28 5.76e-05 0.37
i 12-B- & = ¥ B4 333.21 405.1 CyoH;00, 1.21 4.20e-04 0.46
i 16(R)-# A =+ 3 v i B 319.23 498.9 CyoH;,0; 1.34 2.76e-06 0.28
il 19(S)-# 2 =+ 8 w b 8% 301.22 498.9 CyoH;,0, 133 5.10e-06 0.29
i #3 FfEg 391.28 425 CH,00, 1.08 4.32¢-03 0.27
% RapiRid 464.3 328.2 C,HyNO; 1.02 7.63e-03 0.34
I H R BT R 187.11 479 C:H,(N,0, 1.27 6.26e-05 2.82
% & =¥ D4 496.27 331.9 CysHyoN,O4S 1.31 2.06e-05 0.28
i N- TB:-L- R AR B 174.04 454 C¢H,NO; 1.40 1.28¢-09 0.39
il FMR OB, 160.04 176.4 C¢H;05 1.15 1.23e-03 3.71
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Fig.6 Enrichment analysis plot of recalled endogenous

metabolites after ellagic acid intervention
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Table 3 Metabolic pathway enrichment information

T84 v BRAX 44 6 2.18¢-06 0.1
BRI B A B AR, 46 3 0.01  0.02
whob AR 3 31 2 0.04  0.14

& R B 41 2 0.06  0.04
BB e R 2F BB AR 8 1 0.08  0.00
AR A B 14 1 0.13  0.06
A B XA 17 1 0.16 0.4
PR ARAR 5 28 1 025  0.00
BB 28 1 025  0.00
ﬁﬁ%ﬁgiiﬁiﬁ 28 1 0.25  0.09
R BRI R 30 1 ----- 027  0.12

A BB A R ERAR 36 1 031 0.6
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Fig.7 Heatmap of the correlation between ellagic acid-regulated

endogenous metabolites and allergy inflammation markers
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