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[ Abstract] Objective To explore the effect of octanoic acid diet on improving the
health status and reducing the risk of metabolic syndrome in mice, and to lay a theoretical
foundation for the application of octanoic acid in the prevention and treatment of metabolic
syndrome. Methods Sixty SPF-grade C57BL/6] mice were randomly divided into a low-
fat group (10 female and 10 male mice) and a high-fat group (20 female and 20 male mice).
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The high-fat group was induced to establish a mouse model of metabolic syndrome. After the model was
established, the mice were randomly divided into high-fat (HF) control group (10 female and 10 male
mice) and octanoic acid intervention (HF-OC) group (10 female and 10 male mice). The metabolites and
related metabolic pathways of octanoic acid in mice with metabolic syndrome were identified by 'H nuclear
magnetic resonance spectroscopy (‘H NMR), and the mechanism of octanoic acid diet in mice with metabolic
syndrome was systematically and comprehensively explained. Results In terms of metabolism, octanoic acid
intervention significantly reduced the concentrations of B-glucose, leucine, a-glucose, oxidized glutathione,
glutamine, and aspartate in the livers of mice with metabolic syndrome, while increasing the level of glycine.
Octanoic acid intervention on metabolic syndrome primarily significantly affected four metabolic pathways:
ethoxycarbonylation and dicarboxylation metabolism; glutathione metabolism; glycine, serine, and threonine
metabolism; alanine, aspartate, and glutamate metabolism. Conclusion The intervention effect of octanoic
acid on metabolic syndrome may be attributed to its ability to inhibit liver fat deposition, alleviate the burden

of lipid metabolism in the liver, and improve disorders in lipid metabolism, amino acid metabolism, and

energy metabolism.

[Keywords ] Metabolic syndrome; Octanoic acid; Metabonomics; 'H nuclear magnetic resonance

spectroscopy; Liver metabolites; Mice
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7E: LF, fkAg4; HF, FHfs4; HF-OC, FmTM4u,

> 10 min BUETEW 500 pl 2 5 mm ZREE FRE.
1.4 1ZREHIRER

¥ H Bruker 600 MHz Avance ISR ( Hpg
WA 600.13 MHz ), {#H{l—4E NOESYGPPRID
ok P 50 2 A R S ("H nuclear magnetic
resonance spectroscopy, 'HNMR ) [&li%. it fiife
Rt (RD) FHRARE (tm) BIEISET, RD
H2s, tm H100ms, t1 K4 ps, 90° ki TE AL
910 ps, HHEURPEERCN32 K, H59E 4920 ppm, R
FEENNER64 Ko
1.5 Gitorth

K Origin 2021 A HATEAR /-8, FFEIE
BT ORIEARIE L (x+5 ) FUR,
PIZALIA] AR ST AR AR ¢ K36, DA P < 0.05 2K

SHAGFE X

'"H NMR % 4% i Ji] MestReNova 14 % {4 3 17
AR AR IE RN LR AL IE, DL TSP 356 5 7 11 £k 2%
fid HZ%, L 0.004 ppm HY TE B X 1513 43 Be B
g7, PGS ES X T LB LoKIESELL
P, 0L (center scaling, Ctr) . DA%
FEAL (pareto scaling, Par) F1H Z#%{L (unit
variance scaling, UV ) FriEAL J7 X0 r A B0 %4
PEAEAT WAL B . b PR AR S A SIMCA 14.1 %K
AT 43538 ( principal component analysis,
PCA) Fili iz /) — 3¢ [B1 7 1 (partial least squares

https://slyyx.whuznhmedj.com/



HIBEAZAE 2025 F£2 B 38 &% 28 J.Math.Med. Feb. 2025, Vol. 38, No.2 101

regression, PLS) Z)#r, iR 28 07 (B
MR ) 5 R (BRI A TE ) ITARRAY Y
Ft, EHAGR (EHE =200 ) PPAGREL A T
PERE. MEBI ST R BERT |, SRIUE B EE
P4 (variable importance in projection, VIP) . DA
VIP> 1 Hl P < 0.05 i 5 H4Rih B2 22 A0
W, K H MetaboAnalyst A B A ( http://
www.metaboanalyst.ca ) F1ELARFE R 5 K 20 H B}
445 ( Kyoto Encyclopedia of Genes and Genomes,
KEGG ) £t¥8 % (hitps://www.kegg.jp/kegg/ ) Xf 7%
SRR I T b, AR B A
AR A AR AR T 0.1,

2 #R

2.1 RSEEIERERET
210 D RRK I e = IR

meE 2w, Gl A, 3 Hik LF 4
A HF 41/ B & R R & 2E 54, MEF LF
41, HF 4N HBEARER . PR A2s 7 i
WEETLF4 (P<0.05), W HF4/MRD

HH AR PR AT AR S O RECAR
212 DRE H¥EAE XI5

W1 BT 7R, HE 20 8 BR7E 25 A i ] B i
I A B 24 T LF 2 B, 0 2 7E 0 min,
60 min, 90 min. 120 min iX 4 N A] 25 A7 B 2% 22
5 (P < 0.05) ; HF 21/ & 7€ 0 min, 30 min,
90 min. 120 min JX 4 /> E) A5 A0 1B BE L 1 25
T LF 4iER (P < 0.05) . UiEH HF 4/ B
V1 B S AR T e a7 PR G, e R ol A
W B U Bl T RRCIRAS, AR T 2 B2
(B 22 55, AR LA IR R 22 S TR, i
A HF 2H A BROGTHRE it i A2 P01 O LU e BRU™ 2
2.1.3 fiFAIEAT

/NEBSH I =l (triglyceride, TG ) |
1= % B BR B [ B (high—density lipoprotein
cholesterol, HDL-C ) . X% B S 25 FHIH & (low—
density lipoprotein cholesterol, LDIL-C ) B E 4
RULER, 5 LF 4/NRARLEG, HF 4708 TG Al
LDL-C 7ZK-F- 35 3 F 8 (P < 0.05) o AHER T M
fl, HF 414 U HDL-C /K0 8 5 T LF 410 R

F2 LFAFMHFA/NRARKIERM=HELNE (x+5 )
Table 2. Growth index and fasting glucose of mice in LF group and HF group (x +s)

Fatn
LF4H HF4H PlH LF4H HF4 Pl
WILRIAE (g) 16.53 +0.76 17.00 + 0.85 0.209 17.92 + 0.65 18.02 + 0.87 0.660
HEaE (g) 2.87 +0.05 3.01 +0.26 0.127 3.14+0.13 2.95+0.19 0.129
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Figure 1. Oral glucose tolerance test curves of mice in LF group and HF group
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Figure 2. Blood lipid changes in mice in LF group and HF group
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3 HFAFMHF-OCA/MRIIRKIEHFI=HME ( x+5 )
Table 3. Growth index and fasting glucose of mice in HF group and HF-OC group (x + s)

o JfE R i B
?El 1‘/]‘
HF4 HF-0CZH P HF4 HF-0CZH PIE

WA IAE (g) 23.75 +2.09 23.84+1.13 0.867 32.51+£3.33 32.58 +3.67 0.950
HEw (g) 2.83+£0.24 2.68 £0.34 0.115 2.52+022 2.52+£0.26 >0.999
PEARER (keal - g = d™) 14.82 +1.28 13.78 £ 1.74 0.038 1322+ 1.14 12.95+1.32 0.493
& (g) 28.04 +3.34 22.82+3.42 <0.001 4120+5.52 33.06 + 1.56 <0.001
AR IMBE (mmol «+ L) 53+0.73 5.3+1.37 >0.999 624 +1.24 6.18 +0.87 0.860

E: HF, Z§4; HF-OC, Fii-Fs,

F4 NRIFBEREMIESHE

Table 4. The signaling assignment of metabolite in mice livers

i AR 4 R AR S48 B 8'H (ppm) FIZ

1 Isoleucine oK 0.944(1), 1.274(m), 1.472(m), 1.014(d), 1.985(m), 3.675(d)

2 Leucine Sea R 0.96(d), 0.97(d), 1.718(m), 1.69(m), 3.74(1)

3 Valine EEANA 0.995(d), 1.046(d), 2.274(m), 3.621(d)

4 Threonine INRTR 1.33(d), 4.256(q), 3.6(d)

5 Lactate FLR 1.33(d), 4.12(q)

6 Alanine AR 1.485(d), 3.786(q)

7 Lysine Wiz 3.03(1), 1.738(m), 1.475(m), 1.519(m), 1.92(m), 3.77(1)

8 Acetate [IfiveaN 1.923(s)

9 Glutamine R AN 2.43(m), 2.168(m), 3.78(1)

10 B-Hydroxybutyrate B T RN 1.205(d), 4.169(m), 2.31(m), 2.415(m)

11 Succinate BEHMRER 2.408(s), 2.408(s)

12 Methanol FH 3.36(s)

13 Oxidized glutathione AT AR 3.781(1), 2.168(m), 2.537(m), 4.761(q), 3.767(m), 2.978(dd), 3.314(dd)
14 Uracil PRIENE 5.81(d), 7.54(d)

15 Uridine PRAY 3.861(dd), 3.925(dd), 4.12(m), 4.238(m), 4.36(m), 5.923(d), 5.907(d), 7.883(d)
16 Fumaric acid TR 6.524(s)

17 Histidine HEIR 7.104(s), 7.907(s)

18 Hypoxanthine UCE IS 8.20(s), 8.218(s)

19 Inosine WU 8.246(s), 8.354(s), 6.105(d), 4.778(m), 4.447(m), 4.287(m), 3.871(dd), 3.985(dd)
20 Nicotinate JRRER 8.946(t), 8.72(dd), 7.602(dd), 8.261(m)

21 Tryptophan k1] 7.33(s), 7.548(d), 7.739(d), 7.199(1), 7.291(1)

22 Glycogen B 5.423(m), 3.596(m)

23 Glycine HER 3.566(s)

24 Pantothenic acid ZR 0.84(s)

25 Uridine 5'-monophosphate R —5'—BARETR 5.993(d), 8.11(d), 5.982(d), 4.41(m)

26 Inosine diphosphate WU —Wiig 8.55(s)

27 Inosine triphosphate WU =iz 8.51(s)

28 Choline JIE 3.20(s), 3.51(m), 4.06(m)

29 Phosphocholine TR DK 3.21(s), 3.59(m), 4.16(m)

30 Glycerophosphocholine H I R 3.22(s), 3.63(m), 4.30(m)

31 B-glucose [kl 4.64(d), 3.24(dd), 3.49(1), 3.40(dd), 3.46(ddd), 3.72(dd), 3.89(dd)
32 a—glucose o~ 2 A 5.23(d), 3.53(dd), 3.71(dd ) 3.41(dd), 3.83(m), 3.76(dd), 3.84(dd)
33 Adenosine 5 4.45(1), 6.10(d), 8.24(s), 8.35(s)

34 Creatine I[Nz 3.03(s), 3.93(s)

35 Tyrosine R 6.90(d), 7.19(d)

36 Phenylalanine RN 7.32(m), 7.37(m), 7.42(m)

37 Formate F R ER 8.46(s)

38 Trimethylamine — 2.88(s)
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Sigea

e TR S R AR SR 8'H (ppm) MIZ E
39 N-acetyl-aspartate N- R AR 2.02(s)

40 B-alanine BTN 2R 2.61(1), 3.12(1)

41 Arginine bigali 1.68(m), 1.92(m), 3.23(1), 3.78(1)

42 Aspartate REE R 2.68(dd), 2.79(dd), 3.89(dd)

43 Butyrate TR 0.90(t), 1.55(m), 2.18(t),

44 Cholesterol B Jica 0.66(m), 0.7(m), 0.84(m)

45 Guanine 19, [ [ 7.70(s)

46 Guanosine IRASS 8.21(s), 6.65(d)

47 D-3-hydroxybutyrate D-3-FRHE TR 1.259(d), 2.34(dd), 2.39(dd), 4.15(dt)

48 Lipid JiEo 0.89(m), 1.27(m), 2.0(m), 2.3(m), 2.78(m), 5.3(m)
49 Orotate FLIRER 6.24(s)

50 Taurine AR R 3.27(1), 3.43(t)

51 Triglycerides Hih = e 0.87(t), 1.29(m)

52 Trimethylamine—N—oxide = -N-SF 4 3.27(s)

Eros, ¥ d, WEE; o, 28 g, W m, S8 dd, W= ddd, == E; dt, REE0%,
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Figure 3. "H 1D NMR mapping of liver metabolites in the HF—~OC group of mice
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