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Abstract: Objective To holistically evaluate the protective effects of water and ethanol extracts of stems and leaves of
Chrysanthemum morifolium and its underlying mechanism. Methods Gut dysfunction model was established by injection of
liposaccharide in rabbits, and administrated with water and ethanol extracts of stems and leaves of C. morifolium to investigate the
treatment. Feces of rabbits in each group were collected and analyzed by '"H-NMR complemented with multivariate statistical methods
to evaluate the metabolic alteration. Results Compared with the control group, the levels of lactate and formate in liposaccharide
intoxicated model group were significantly increased, and the concentrations of propionate, glutamine, glutamate, aspartate were
notably decreased. Both the water and ethanol extracts of stems and leaves of C. morifolium ameliorated gut dysfunction of rabbits in a
similar manner, increased the decreased levels of aspartate, adenine, phenylalanine, tyrosine induced by liposaccharide, and reduced
the elevated content of formate. Conclusion Pathway analysis revealed that both the water and ethanol extracts of stems and leaves of

C. morifolium could regulate the disturbed phenylalanine, tyrosine and tryptophan biosynthesis; disordered alanine, aspartate and
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glutamate metabolism and imbalanced glycine, serine and threonine amino acid metabolism, exerting a holistic protective effect on gut

disorder. Thus, this study lays a scientific foundation for the resource utilization of stems and leaves of C. morifolium after the harvest

of the inflorescence.

Key words: Chrysanthemum morifolium Ramat.; stems and leaves of Chrysanthemum morifolium Ramat.; metabolomics; gut dysfunction;

resources utilization
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Table 1 Small metabolites identified in feces of rabbits
s Ny & A
1 AR (propionate) BCH3, aCH: 1.04(t, J=7.68 Hz), 2.17(q, J = 7.68 Hz)
2 FLRE: (lactate) BCH3, aCH 1.34(d, J=7.00 Hz), 4.11(q, J = 7.00 Hz)
3 HZM (threonine) yCH3, BCH, «CH 1.31(d, J= 6.59 Hz), 3.57(d, J = 4.87 Hz),
4.24(dq, J=6.59, 4.87 Hz)
4 NER (alanine) BCH3, aCH 1.49(d, J=7.14 Hz), 3.78(q, /= 7.14 Hz)
5 ZBR%: (acetate) CH3 1.93(s)
6 N-ZJEEMEER (N-acetylcysteine, NAC) COCH3;, CHNH, CH,-SH 2.07(s), 2.90(m), 4.38(m)
7 BEBE (glutamine) BCHz, yCH2, aCH 2.16(m), 2.46(m), 3.77(t, J = 6.18 Hz)
8 AHEME (glutamate) BCHa, yCHz, aCH 2.04(m), 2.12(m), 2.34(m), 3.75(dd, J=7.19,
4.72 Hz)
9 H % (methylamine, MA) CH3 2.59(s)
10 3-H3E 2- B THREL (3-methyl-2-oxobutanoic acid) yCH3, pCH 1.11(s), 3.01(m)
11 WIERR (sarcosine) aCHz, CH3 2.73(s), 3.60(s)
12 —HHZ (dimethylamine DMA) CH3 2.50(s)
13 RAZEEL (aspartate) BCH2, BCH2, aCH 2.66(dd, J=17.45, 8.85 Hz), 2.80(dd, J=17.45,
3.72 Hz), 3.89(dd, J = 8.82, 3.75 Hz)
14 HHRZEER (methionine) yCHa, S-CH3, yCHa, 8CHa, 2.16(m), 2.63(t, J = 7.59 Hz), 3.85(dd, J =
CH-NH; 7.10, 5.38 Hz)
15 =W (trimethylamine, TMA) N-CH3 2.88(s)
16 WLEZ (creatine) N-CH3, aCH: 3.02(s), 3.92(s)
17 WEEENLER (phosphocreatine, PC) N-CH3, aCH> 3.03(s), 3.94(s)
18  JLAEF (creatinine) CH3, CHz 3.04(s), 4.05(s)
19 5% (ornithine) yCHa, BCH2, 5CHz, aCH 1.74(m), 1.82(m), 1.93(m), 3.05(t, J="7.5
Hz), 3.78(t, J = 6.0 Hz)
20 W _R#EE (malonate) BCH: 3.12(s)
21 L (ethanolamine) CH:2-NHz, CH>-OH 3.14(t, J=5.21 Hz), 3.81(t, J = 5.29 Hz)
22 HilifERAEAR (glycerophosphocholine, GPC) N(CHs)s, N-CHz, N-CHz, OCH, 3.20(s), 3.63(m), 3.90(m), 4.30(m)
23 =HEEEMNY (timethylamine N-oxide, TMAO) N-CHj 3.26(s)
24 HEE (methanol) CH3 3.36(s)
25 Wil (myo-inositol) CHOH 3.27(t, J=9.34 Hz), 3.53(dd, J = 9.98, 2.86
Hz), 3.62(t,J=9.70 Hz), 4.05(t, J=2.84 Hz)
26 HA®R (glycine) CH; 3.55(s)
27 T HIEHE® (dimethylglycine, DMG) CH3, aCH; 2.91(s), 3.71(s)
28 JRMENE (uracil) CH=CH 5.79(d, J=7.69 Hz), 7.52(d, J=7.68 Hz)
29  FEFHERFRE: (fumarate) CH=CH 6.51(s)
30 FAZM (phenylalanine) CH=CH, CHz, CH-NH2 3.19(m), 3.99(dd, J = 7.88, 5.31 Hz), 7.34
(d, J=6.96 Hz), 7.38(m), 7.43(m)
31 ZZJFR (phenylacetate) BCH, CH=CH 3.53(s), 7.29(m), 7.36(m)
32 PBREER (tyrosine) CHa, NH.CH, CH 3.04(dd, J = 15.00, 7.80 Hz), 3.17(dd, J =
15.00, 5.40 Hz), 3.92(dd, J = 7.80, 5.40
Hz), 6.89(m), 7.19(m)
33 XA JREEE: (aminohippurate) oaCH, CH=CH 3.92(d, J=5.82 Hz), 6.86(d, J = 8.65 Hz),
7.67(d, J = 8.68 Hz)
34 JRMERS (adenine) NH-CH=N, N=CH-NH 8.17(s), 8.21(s)
35 WgEh (formate) H-COOH 8.44(s)
36  JHEREL (nicotinate) CH=CH 7.51(dd, J = 7.94, 4.96 Hz), 8.24(m), 8.60

(dd,J=4.98, 1.82 Hz), 8.93(d, J=2.17 Hz)
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