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[ Abstract)
fecal bile acid profiles in high-fat-diet-induced obese mice. Methods Twenty-four 6-week-old C57 BL/6 male mice were

Objective To investigate the effect of ethanolic extract of Cichorium glandulosum Boiss. et Huet. on

divided randomly into normal, model, drug-administration, and metformin groups. Mice in the normal group were fed a
regular diet and mice in the other three groups were given high-fat diets. The drug-administration group was gavaged with 10
ml/kg ethanol extract of Cichorium glandulosum Boiss. et Huet. daily, and the metformin group was gavaged with 10 mL/
kg metformin daily. After 10 weeks, livers were collected to measure hepatic total triglycerides (TG) , total cholesterol
(TC), low-density lipoprotein-cholesterol ( LDL-C), and high-density lipoprotein ( HDL)-C. Feces were collected and
analyzed. Results Body weight (P < 0.0001), liver TG (P < 0.05), and TC (P > 0.05) were all significantly higher
in model mice compared with normal mice, while LDL-C (P > 0.05) and HDL-C (P < 0.001) were significantly lower,
indicating abnormal weight gain and lipid metabolism. Alcoholic extract of Cichorium glandulosum Boiss. et Huet.
significantly reduced body weight (P < 0.0001) , liver TG (P < 0.0001) , serum TG (P < 0.05), TC (P < 0.01), and
LDL-C (P < 0.05) in mice. Methodsological validation showed that the current method could accurately quantify 52 bile
acids in feces. Analysis of the concentration of each type of bile acid revealed that alcoholic extract of Cichorium
glandulosum Boiss. et Huet. significantly increased the secondary/primary bile acid ratio (P < 0.05). Multivariate
analysis showed that the bile acid metabolic pattern was significantly altered in all groups. Eight differential bile acids were
screened in the drug-administration group relative to the model group using variable importance of projection > 1 and P <
0.05. A search of the Kyoto Encyclopedia of Genes and Genomes database revealed that the differential bile acids were
mainly involved in the secondary bile acid biosynthesis pathway. Correlation analysis showed that four differential bile
acids, deoxycholic acid (r,= 0.6445, P < 0.001), isolithocholic acid (r,= 0.5879, P < 0.01), 3B-deoxycholic acid
(r,=0.6649, P < 0.001), and w-rhamnoglutaric acid (r,= 0.5387, P < 0.01), in feces were strongly positively
correlated with body weight. Conclusions Cichorium glandulosum Boiss. et Huet. alcoholic extiract may play a role in
weight reduction and amelioration of dyslipidemia by modulating secondary bile acid biosynthesis and altering fecal bile acid
metabolic profiles.

[ Keywords)] Cichorium glandulosum Boiss. et Huet. ; obesity; bile acids; metabolomics
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2.1 mm, 1.7 wm, Waters) ¥ AH (2335 A % H brfb &
YT OGE S B, WAREIE A M8 5 mmol/L B9 2
FRECK IS WL, B AHR O IE, DER 45 F.0 ~ 8.5 min
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Note. A. Effect of C. glandulosum ethanol extract on the body weight of obese mice (n = 10). B. Effect of C. glandulosum ethanol extract on serum
triglycerides (TG) in obese mice (n = 6). C. Effect of C. glandulosum ethanol extract on serum total cholesterol (TC) in obese mice (n = 6). D.
Effect of C. glandulosum ethanol extract on serum low-density lipoprotein cholesterol (LDL-C) in obese mice (n = 6). E. Effect of C. glandulosum
ethanol extract on serum high-density lipoprotein cholesterol (HDL-C) in obese mice (n = 6). F. Effect of C. glandulosum ethanol extract on liver
TG in obese mice (n = 6). G. Effect of C. glandulosum ethanol extract on liver TC in obese mice (n = 6). H. Effect of C. glandulosum ethanol
extract on liver LDL-C in obese mice (n = 6). L. Effect of C. glandulosum ethanol extract on liver HDL-C in obese mice (n = 6). Compared with
normal group, P <0.05, ™P<0.001, P <0.0001. Compared with model group, * P < 0.05, P < 0.01, ™ P < 0.0001. (The same in
the following figures and tables)

Figure 1 Effects of C. glandulosum ethanol extract on body weight, serum and liver TC, TG, LDL-C and HDL-C in obese mice
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Figure 2 Effect of C. glandulosum ethanol extract on the histomorphology of liver ( HE staining)
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Figure 3 lon chromatograms of standard solutions and sample extracts
0.05) , isoLCA , ®-MCA | isoHDCA , MDCA , THDCA | T (P<0.05); BT 25 25200 Bk Horp

GLCA . T-0-MCA , HDCA . 38-DCA . DCA , DHCA | a-
MCA . HCA . isoUDCA . THCA . 6-ketoLCA . GCDCA-
3GIn ., apoCA , UDCA-3S ., TCA , TUDCA , CA-3S . T-a-
MCA .CDCA-24GIn . T-B-MCA Fl 12-ketoLCA 17K F-

isoLCA . 3B-DCA . DCA , 0-MCA , CA-3S I GCDCA-
3GIn6 AR R B K (P < 0.05) , [Al B F+ 5 LCA
1 23-norDCA /K- (P < 0.05) . —F XUIRZH f i
FE7 40 isoLCA . isoUDCA . MDCA 3B-DCA , DCA #il
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R JNEFBEL
Table 1 Results of methodological study

e i B/ E i f/ bR
RN iy i PSERB (nmol/L)  (nmol/L) by Il i 2% / %
Bile acids Regression equation R? LOD/ LOQ/ RSD Recovery/ %
(nmol/L) (nmol/L)
JBt A R _
Dehydrolithocholic acid Y = 0.0061X + 0. 0059 0.9993 1. 66 3.31 0.6 89.9
B S
.#EH :M . Y = 0.0073X + 0.0073 0. 9988 1. 69 3.38 0.7 87.0
Isolithocholic acid
Hii
. E}LM . Y = 0.0038X + 0.0032 0. 9995 0.87 1.74 0.9 86.3
Lithocholic acid
R EE i 4 AR G
23 JRIT R SR Y = 0.0075X + 0.0002  0.9998 1.65 3.29 3.5 82.7
23-nordeoxycholic acid
6-Mi 77 REAR _
6-ketolithocholic acid Y = 0.0049X + 0.0014 0. 9999 0.97 1.94 1.3 90. 8
_fii | H iR
! m%/ﬁ )Lm . Y = 0.0039X - 0.0002 0. 9999 0.93 1.85 2.5 83.2
7-ketolithocholic acid
12- B 17 R _
12-ketolithocholic acid Y = 0.0057X + 0.0115 0. 9998 0.43 0.85 2.7 82.2
i
E}Lﬁi . Y = 0.0028X + 0.0019 0.9981 1.96 3.92 0.9 84.0
Apocholic acid
B 5k 4 4 AL i
HIREE Y = 0.0063X +0.0092  0.9992 3.34 6. 68 11 82.3
Isoursodeoxycholic acid
U A IR
‘ﬁﬂjﬂ%llﬂ%ﬁa . Y = 0.0064X + 0.0078 0. 9996 1.62 3.24 1.5 85.4
Murideoxycholic acid
=1 -4 HE iR
#%Iﬂﬁim . Y = 0.0066X + 0.0037 0. 9996 1.92 3.83 1.7 81.3
Isohyodeoxycholic acid
1 4 TS
ﬁ%ﬂjﬂjﬂ‘ﬂiﬂa . Y = 0.0044X + 0. 0066 0. 9996 0.94 1.88 1.7 85.7
Ursodeoxycholic acid
v A5 HH %
%Eﬁﬂﬂfi& . Y = 0.0182X + 0. 0180 0. 9990 1.77 3.53 1.8 86.0
Hyodeoxycholic acid
I 4 BB
3B mﬂﬂﬂf@ﬁ . Y = 0.0043X + 0. 0236 0. 9998 0.83 1.67 3.0 85.3
3B-deoxycholic acid
i 53 4 HH ik
R M . Y = 0.0071X + 0. 0054 0. 9998 1. 10 2.19 1.1 86. 6
Chenodeoxycholic acid
i 48 IH R
M%Hf@( . Y = 0.0020X + 0.0026 0. 9999 0.88 1.75 1.4 85.6
Deoxycholic acid
B 4 iR
#H}Lﬂﬂfm& . Y = 0.0033X + 0. 0005 0. 9995 1.13 2.27 0.8 82.4
Isodeoxycholic acid
0
iEﬁHfﬁ& . Y = 0.0072X + 0. 0240 0.9993 0.85 1.70 1.3 82.2
Nor cholic acid
i U IE _
Dehydrocholic acid Y = 0.0081X - 0.0007 0. 9987 1.61 3.23 0.8 91.8
7, 12-Z A AR _
7 12-diketolithocholic acid Y = 0.0122X + 0.0018 0. 9988 0.94 1.88 3.3 85.8
- Fi A fH R
6’.7 #.ﬁﬂﬁﬂgiﬁi . Y = 0.0048X + 0.0032 0. 9994 3.41 6.81 3.9 84.9
6,7-diketolithocholic acid
Tl % 45 AH Wi
! Mﬂﬁﬂﬂf& . Y = 0.0054X + 0.0107 0.9993 3.91 7.82 1.4 82.6
7-ketodeoxycholic acid
12-Be
= 0. . . .53 . . .
12-dehydrocholic acid Y = 0.0042X + 0.0117 0.9993 3.5 7.07 1.2 82.0
3B AR _
3-dehydrocholic acid Y = 0.0024X + 0.0011 0.9991 3.52 7.05 3.8 90.0
5 LA i
SRR Y = 0.0060X + 0.0273 0. 9997 0.49 0.97 2.4 87.0

Ursocholic acid
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k1
ot BR/ FE R/ R
JETHRR LR PERE (nmol/L)  (nmol/L) Wiz %/ %
Bile acids Regression equation R* LOD/ LOQ/ RSD * Recovery/ %
(nmol/L) (nmol/L) -
g
3B H#@& . = 0.0041X + 0.0039 0.9983 1. 65 3.29 1.6 87.7
3B-cholic acid
B
o-RUMAL = 0.0030X + 0.0076  0.9995 1.73 3.46 4.3 85.3
w-muricholic acid
-FUIER
“ fﬂﬂ;?ﬁ& . = 0.0036X + 0.0144 0.9999 0. 89 1.77 1.4 83.5
a-muricholic acid
-FUIER
B fﬂﬂ;?ﬁ& . = 0.0039X + 0.0012 0. 9995 0. 85 1. 69 0.8 87.3
B-muricholic acid
i
%}LM . = 0.0061X + 0.0107 0.9995 7.14 14.29 1.0 85.3
Hyocholic acid
I D 7
%J}L.m . = 0.0056X + 0.0009 0.9998 0.44 0.87 3.5 84. 1
Allocholic acid
i3V _
oo = 0.0025X + 0.0120 0.9998 3.55 7.11 1.5 81.5
Cholic acid
= Hiig
ﬁﬂﬁﬂ#ﬁ& . = 0.0028X + 0.0046 0.9999 0.45 0.91 1.0 89.5
Glycolithocholic acid
AR FR-3-Hi R _
Lithocholic acid-3-sulfate = 0.0042X - 0. 0000 0. 9999 0.49 0.99 3.6 84.2
R AR _
Glycodehydrocholic acid = 0.0031X + 0.0032 0.9978 3.28 6.55 1.0 100. 0
Re 4 5 -3 7]
ﬁ%%\ﬂﬂm 3 B = 0.0033X + 0.0035 0. 9996 0. 88 1.76 3.0 84.2
Ursodeoxycholic acid 3-sulfate
i A IH iR
. L'F.EAE}L.EA( . = 0.0085X + 0.0053 0.9997 0.89 1.79 1.2 87.2
Taurolithocholic acid
3-AR AR _
Cholic acid-3-sulfate = 0.0013X + 0.0013 0. 9995 0.51 1.03 1.1 81.4
5 J A AL
FRURBLRER = 0.0063X - 0.0007  0.9999 2.07 415 1.4 87.5
Tauroursodeoxycholic acid
i i A2 IR S
t':ﬁh%ﬂjﬁgkﬂiM . = 0.0034X - 0. 0009 0.9993 6.90 13. 80 1.4 88.6
Taurohyodeoxycholic acid
5 %8 95 480 TH iR
ARG %L}L@a . = 0.0024X + 0.0250 0.9987 1.62 3.24 1.3 83.3
Taurochenodeoxycholic acid
it 1 4 1] i
B :ﬁ& . = 0.0061X + 0.0367 0.9989 6. 65 13.31 1.6 85.4
Taurodeoxycholic acid
H & A R R -3-FR R _
Glycolithocholic acid-3-sulfate = 0.0080X + 0.0066 0.9997 1. 69 3.38 1.0 87.5
i -oo- FUIH iR
. o LSLLJLE& . = 0.0061X + 0.0059 0.9997 0.43 0. 86 1.3 88.9
Tauro-w-muricholic acid
i - - U IH iR
o BUEE = 0.0073X + 0.0073  0.9988 0.84 1.68 3.3 92.8
Tauro-a-muricholic acid
i - B - B IH iR
R = 0.0038X + 0.0032  0.9993 0.90 1.80 0.7 89.7
Tauro-B-muricholic acid
R IR
th;,ﬁ%JL‘M . = 0.0075X + 0.0002 0. 9999 1. 05 2.09 0.8 81.7
Taurohyocholic acid
L1 5
tFﬁHHT@& . = 0.0049X + 0.0014 0.9999 0. 86 1.71 1.5 81.5
Taurocholic acid
ST AT 35 i
. Hﬁﬂfﬁ& .3 il = 0.0063X + 0.0092 0. 9988 6.48 12.95 1.4 86.0
Glycocholic acid-3-sulfate
T3 2 SRR -24 -k 2 - B- A M 1R _
Chenodeoxycholic acid-24-acyl-B-D-glucuronide Y = 0.0044X + 0.0066 0.9995 3.87 7.75 35 89.3
R U R -3-0-B - I i _
Glycochenodeoxycholic acid-3-0-B-glicuronide Y = 0.0072X + 0. 0240 0.9989 1.59 3.18 2.1 84.8
55 1 4 IH i
BRI = 0.0031X + 0. 0067 0. 9991 3.36 6.71 1.5 83.6

Glycodeoxycholic acid
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Fz2 52 FETERE EEER (nmol/g,n = 6)
Table 2 Quantitative results of 52 bile acids(nmol/g,n = 6)

fRytR 45 EHH HERIZH AT | ZHOBUIREH
Bile acids Abbreviations Normal group Model group CGE group MET group
-FUIARR
w_n:’:,.ii;i{jz&aci d -MCA 393.10 = 177.43  2841.94 + 931.18"  1625.99 + 703.76*  22.11 = 10.98
4
Denib;f}foﬁ;ﬁtci d DCA 228.76 + 128.02  1518.51 + 185.98"* 99597 + 336.80"  56.51 + 26.20"
-Hn) [ E %
. zﬂ?{ﬁgfﬂkcid 12-ketoLCA 161.98 + 63.64 283.72 + 91. 81" 388.19 + 133.40 0.76 + 0.41
BRI . . .
Cholie J:ﬁi_%ﬂfme CA-3S 149.17 £ 202.59  1656. 11 + 669.98"  601. 80 = 328.22 0.15+0.20"
-EUIER
B_mﬁri’ﬁ&m 4 B-MCA 146. 02 = 44.37 635.37 = 534.38 351.36 + 60.07 124.63 = 115.31
BB
a_m‘:‘mffﬂf&aci q a-MCA 43.67 + 18.96 174.06 = 70. 59" 124.15 + 53.09  1794.61 + 1420. 15
s S REL R
Hyoﬁffyiif“m 1 HDCA 22.85 + 12.48 123.46 = 69.91* 134.68 + 61.16 2.36 £ 1.29
ﬁ H %
Tauﬁ/h‘iftci J TCA 22.56 + 7.32 41.42 = 9. 61" 38.82 + 7.31 0.16 + 0.06
ilEl7
Cholic. acid CA 17.21 £ 5.81 30.30 = 20.87 40.18 + 21.35 3.05 + 1.25
1C acn
RS-,
Del Fﬁfﬁg% " DHLCA 15.67 + 9.24 19.19 + 7.37 28.45 + 15.79 19.62 + 9.29
ehydrolithocholic aci
ﬁﬁ_ IR
Taujﬁ_miﬂfoffacid T-B-MCA 14.65 = 5.52 36.28 + 17.89* 22.08 =+ 6. 89 3.74 + 0. 54
o 14 4 HH i
Chenﬁfiii;ﬁi wcid CDCA 12.58 + 9.93 74.90 = 58.05 73.27 = 16.71 39.00 + 35.39
3p-fl A 10. 4 116 124.24 11.2 0.11 2
3p-cholic acid 3B-C 0.49 + 3.93 .69 + 124. 36.37 = 11.25 11+ 0.27
_4 A HH i
. dlei %ﬁfﬂfmd 12-DHCA 9.89 + 3.73 18.01 + 8.24 22.90 + 8.77 9.26 + 3.06
-dehydrocholic ac
3B AR . .
3B_dgoifjfhficid 3B-DCA 8.32+5.35 77.30 + 10. 15" 41,25 + 19.59" 96.27 + 53.53
FUIERR
Apoﬁ’ih?&m d CA 6.81 £ 5.07 40.76 + 20. 05" 29.98 + 9. 43 225.03 + 61.76
iNIEG .
Allecholic acid ACA 6.43 = 3.75 9.21 + 10.38 17.79 + 19.97 15.91 = 12.29
T v AR IE iR
; k;j@?f L’i‘lfi&aci d 7-KDCA 5.37 + 1.86 8.93 = 4.17 12.86 + 2.50 0.71 £ 0.21
_ sycholic
A IR
G_kegff]hﬁﬁ;l% acid 6-ketoLCA 4.38 = 3.31 18.72 + 7. 13" 34.11 + 22.67 0.55 + 0.27
5 -oo- BN R
Taurﬁfm":rffﬁfad q T-0-MCA 4.36 £ 1.32 19.17 + 9.06" 10.91 = 4.07 0.07 + 0.09
(=i ST
lsol;;ﬁ%f‘aci d isoLCA 3.73+1.28 27.21 + 5.92" 16.96 + 5.34" 0.08 + 0.04 "
anh’; ffyiiﬂﬁm d isoHDCA 3.36 £ 1.97 29.29 + 11.26" 19.63 = 8.79 7.03 £ 2.58
E 72y
Hyoﬁiﬁ?&acid HCA 3.21 + 1.84 14.95 = 5.04* 11.06 = 4.25 235.25 + 100. 42
i - - FRUTH iR
- tF:z\m"‘ ﬁf}fﬁfdc,l T-a-MCA 3.10 £ 1.20 6.47 + 2.49* 413+ 1.16 10.29 = 4.47
auro-a-muricholic acid
=3 Hig 3K e
ﬂyii?;ﬂ:dzg'ﬁfm GCA-38 2.95 + 2.01 0.79 + 1.14 1,42+ 1.20 31.27 £ 9.26
SR G2 iR
Mujﬂiﬁ%m d MDCA 2.70 £ 0.72 13.63 = 6. 16" 10.50 = 3.04 2.45£0.99"
T e UL R .
Taumﬁlenféf’:ﬂiiﬁ acid TCDCA 2.45 + 0.89 2.30 + 0.37 1.75 = 0. 43 1.98 = 0. 66
i A AR AH i
BN TDCA 2.41 £ 0.92 5.76 + 3.22 3.68 + 1.43 1.51 = 0.43

Taurodeoxycholic acid
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gk2
JIE PR ] EH 4 LI B TR
Bile acids Abbreviations Normal group Model group CGE group MET group
LA A R
7 ;ﬂﬂthiahﬁfﬁ& " 7-ketoLCA 1.64 + 1.08 1.25 + 1.48 1.33 + 0.47 16.30 = 4.97
-Ketolithocholic acnu
&k 1 4 0 i
Urso‘i;ﬁ’fiﬁ%md UDCA 151+ 1.175 7.75 £ 7.60 6.07 + 2. 11 15.18 = 11.23
II:L\E o /:: E 2y
Taurﬂiiff;“}?ﬁ&m . TUDCA 1.47 £ 0.61 4.44 + 1.85" 4.00 + 1.61 867. 06 + 400.22
N BT
S_diy’iﬁiﬁ%md 3-DHCA 1.35+ 0.44 1.51 + 0.93 1.97 £ 0.79 14.90 + 4.79
& 25 U RR - 24- Bk J-B- A MY R
Chenodeoxycholic acid-24-acyl- CDCA-24Gln 1.21 £ 0.26 1.56 + 0. 12° 1.64 + 0. 15 0.48 + 0.62
B-D-glucuronide
= [ HiR
6 7_Z;zmlﬁﬂf£ffm J 6,7-diketoLCA 1.06 + 0. 49 1.05 + 0. 68 0.64 £ 0.15 0.54 + 0.52
L AE S 47 0 iR
Isouf;‘azoij;i‘hﬂj?aci d isoUDCA 0.99 + 0.64 7.15 = 3.90* 4.84 = 1.88 20.72 +9.56"
L= /f A%
ﬂwgiﬁi;fa% acid GDHCA 0.97 + 0.56 0.57 £ 0.21 0.38 +0.18 0.03 + 0.04
- H %
Noiilﬂ;%d d NCA 0.96 + 1.22 0.82 + 0.48 0.63 = 0.62 0.00 + 0.00
BE HL A %
Urf:i?;@i‘ci d UCA 0.84 + 0.40 2.68 +2.32 3.09 = 2.07 1.28 + 0.25
_ il A
71 27 ‘dlﬂimhﬂfﬁ%m J 7,12-diketoLCA 0.63 = 0.37 0.23 £ 0.07 1.02 £ 0.79 0.11 £ 0.19
b 8 T
Taujh%ﬁgfﬁh%‘aci d THDCA 0.59 + 0.24 2.94 + 1.20" 2.70 = 1.32 3.24 +0.77
ﬁg \/‘ H f:ﬁt 733
Urso d;ﬁiiﬁ Vii’(;“?sulfate UDCA-3S 0.36 + 0.20 0.10 + 0. 04" 0.09 = 0.03 0.30 + 0. 12
T FR B SRR
2;;’3?91@1?&%(1 23-norDCA 0.18 £ 0.17 0.28 £ 0.13 0.77 £ 0.36" 106. 10 + 34. 42
e
Dehﬂiifiﬁfacid DHCA 0.12 + 0. 10 0.00 = 0.00" 0.10 = 0.11 0.37 + 0.44
ydrocholic ac
Hi%_3- 7
Lithoﬁgﬁii ﬂy_ﬁfmﬁ " LCA-3S 0.10 = 0.07 0.06 = 0.04 0.07 = 0.02 0.12 £ 0.05
AR
Taujﬁﬁhﬂi%aci d TLCA 0.07 + 0.08 0.16 + 0. 12 0.07 = 0.04 0.08 + 0.04
Vo A% -3 %
Flycitiﬁgﬁiwijﬁ%nme GLCA-3S 0.06 = 0.07 0.15 = 0.06 0.12 £ 0.05 3.80 + 2.76
= Hiig
Glyﬂii“fh%%aci d GLCA 0.05 + 0.01 0.18 = 0.07* 0.17 = 0.08 14.69 + 4.25
B 4 H i
ISO(ﬂUi%iffici J isoDCA 0.03 £ 0.03 0.05 + 0.04 0.02 + 0.03 780.36 + 475.90°
H A AU R -3-0- B- T B BE iR
Glycochenodeoxycholic GCDCA-3GIn 0.02 £ 0.04 0.15 = 0. 05" 0.06 = 0.04" 1.54 +0.18"
acid-3-0-B-glucuronide
iR _
Lithffff‘aci d LCA 0.00 = 0.00 0.00 = 0.00 135.83 + 33.22™ 12.36 £ 5. 12™
B AR . .
Tauf:hyﬁﬂlf&aci d THCA 0.00 + 0.00 0.08 + 0.05" 0.13 +0.15 20.59 + 4.41°
= B 45 A %
Glyﬁffyifﬂ%ci q GDCA 0.00 = 0.00 0.21 = 0.04 0.22 + 0.05 0.28 + 0.07"
F\l’» E 7]
SR TR - 1322. 41 7877. 70 4816. 44" 4584.79"

Total bile acids

L SEFEMLL,"P < 0.01, (FER)

Note. Compared with the normal group, *P < 0.01. (The same in the following figures)
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Figure 4 Extracted ion chromatograms of the sample
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CA-3S 6 FIHYT R K F- (P < 0.05), Mok b AR
isoDCA ,GDHCA , TCDCA /K (P < 0.05), Jt &
LCA Fl THCA /KF(P < 0.05)

B AR R R BE S5 SR WL B 5, HIEH
AR BRI H AR (P < 0.0001) KA
R (P < 0.0001) Z5A&RIAHTTER (P < 0.001) IR
PERBIR (P < 0.0001) W EXI T & 5 T EHE L
P H U B 0. 2 A R A0 2 T v A R SR AL TR (P
< 0.05) Z5ERIARITER (P < 0. 01) KA AN
T BN R A TR ARSI # B L (P >
0.05) . 45T - HUSUNCRE B AR A 25 55 1990 9 IE
TTHR(P < 0.05) IRFHEITER(P < 0.01) FZh &

I T ZH Normal group
I £ 20 Model group

I 474 CGE group
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it

5 KA RFEIZEBIADTFRHEEE (nmol/g,n = 6)

Figure 5 Different bile acid concentrations in each group(nmol/g,n = 6)

JEIFER (P < 0.01) WF S R ERA R ka1
G2 ERE (P > 0.05)

F RPN R/ W NE BRI IR 6, 5 1E
WA L B AL LA B A RS (P >
0.05) , SHRIGI AL, A2 A% HUE B T (P <
0.05) , —H XU tUAE T+ B RG22 (P
> 0.05),

2.6 SISt HIT-REH B BEE ST

ARHFFE R PCA XFIE# 41 BRI 245 25 41
RSN 4 g/ BRI S AR T IR AR5 B E A T 4
Mr, R OPLS-DA Xt 4 41E17 W0 L8, IF %) 4 41
R PR B HEA T IR R 20T
2.6.1 PCA 4t

PCA 135 B B Hp ] LA Y, BEAR 23 Ab T
95% B AF X 1], AP 7 15 H LRSI 4 0 1S S B

I 1 53 B, U 25 37 e DR IR B0flE /D BRI 3 IR
TR AR A A0 A s 25 24 21 S5 B R A s 52 4 B
B I ) OB Ak SR A 7 — o DXl 106 B
BT B BRI G, /N B R R 4 A 3
BRI K A=Ak
2.6.2 OPLS-DA 43#r

sl 8 OPLS-DA 15430 I8 v, 1E 8 2 A A
A AR A AT, — Y OSURICZE R 750 2 )
PR 8 432, R A 2 ) B i R R R A, 3R
W IE & A RN R 21, 45 25 2 AR A 4, — B4
FISERIL 2 (] () S 4E R T PR AL I A e 22 57, Tl
b ELRG B B5 3 OPLS-DA #5114 2408, 2 1y [a]
LR AE AL bR b /N T 0, 2 BH A AR TG 1o
PIA G, B B0 1 v] T 1 AL B, AT o
AR K
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PLVIP > 1,P < 0.05 Ak 554, I 52 FiiHit
2.6.3 RN 1% rh 308 1 A 2H =2 TR A 22 S IR R, 45 R L3R 3,

X 4 AR R vk B AR R AT 2 R AT, O AN TR A, AR A A 22 A IR R K T B R
AR R E 9, M TIEH AL, A FiE kX TR, 525 W THE LCA (P <
T A2 FRETERER, TR 10 FPAE IR  AHES T AR A, 0.001) F11 23-norDCA (P < 0.05) /K, & & [ A%
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Note. A. Scatter plot of the OPLS-DA results comparing the normal group to the model group. B. Scatter plot of the OPLS-DA results comparing the
treated group to the model group. C. Scatter plot of the OPLS-DA results comparing the metformin group to the model group. D. Permutation test
results comparing the normal group to the model group. E. Permutation test results comparing the treated group to the model group. F. Permutation
test results comparing the metformin group to the model group.

Figure 8 Score scatter plot of OPLS-DA model and permutation test
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Table 3 Differential bile acid profile

A2 VS IEF A SREHH VS BRI XU VS AR
o Model group VS CGE group VS MET group VS 5 .
MR Normal group Model group Model group KEGG %i 5 R
Bile acid KEGG ID Metabolic pathways
PE VIP {H Pl VIP {4 PE VIP
P value VIP value P value VIP value P value VIP value
isoLCA 0.000 1 1. 489 1.705 | 0.017 1.527 ] 0. 001 - -
Yo 28 i - N
w-MCA 0.002 1 1.487 1.533 ] 0. 042 - - C17727 (}\'&Hfﬁﬁai% e .
Secondary bile acid biosynthesis
isoHDCA 0.003 1 1.480 - - - - - -
e 4% HH V- g
MDCA 0.010 1 1.452 - - 1.224 ] 0. 049 C15515 . D\'&Hfﬁﬁii% A .
Secondary bile acid biosynthesis
THDCA 0.007 1 1.441 - - - - - -
TLCA 0.011 1 1.425 - - - - - -
T-w-MCA 0.014 1 1.385 - - - - - -
a-MCA 0.008 1 1.381 - - - - - -
HDCA 0.005 1 1.381 - - - - - -
Ve 58 -6 A= 2
1soUDCA 0.016 1 1.362 - - 1.409 | 0.043 C17662 U\J](H#.#M?Ew o .
Secondary bile acid biosynthesis
THCA 0.024 1 1. 359 - - 1.139 1 0.032 C15516 -
6-ketoLCA 0.002 1 1. 340 - - - - - -
GDCA-3GIn 0.002 1 1.332 1.516 | 0.013 - - - -
CA 0.012 1 1.313 - - - - - -
UDCA-3S 0.028 | 1.270 - - - - - -
TCA 0.006 T 1.248 - - - - - -
TUDCA 0.014 1 1.220 - - - - - -
CA-3S 0.003 1 1.213 1.583 ] 0.010 1.086 | 0.043 - -
T-a-MCA 0.021 1 1.073 - - - - - -
CDCA-24GlIn 0.022 1 1. 044 - - - - - -
T-B-MCA 0.042 1 1. 044 - - - - - -
12-ketoLCA 0.035 1 1.024 - - - ~ - -
23-norDCA - - 1.3911 0. 027 - - - -
Vi 2% HH - e He b A
LCA - - 2.1871 0. 000 1.890 1 0. 001 C€03990 K& H‘Md‘:‘% o .
Secondary bile acid biosynthesis
Y 2 M H- 1% NS
DCA - - 1.780 | 0.013 1.338 ] 0. 006 04483 . RAMTREGHGH
Secondary bile acid biosynthesis
) ) . WA TR 4
3B-DCA 1.881 | 0. 004 1.355 ] 0. 045 20865 Secondary bile acid biosynthesis
1soDCA - - - - 1.504 | 0.030 C17661 -
WIGNATHFREE Y& BRI
Ve 28 -6 A= A
TCDCA - - - - 1.503 | 0. 009 C05465 . U\J.ULH“.E&J.“% o EE
Primary bile acid biosynthesis and
secondary bile acid biosynthesis
GDHCA - - - - 1.255 ] 0.030 - -
e T DT L AR TR,
Note. T. Rise of content. | . Decline of content.
B R AK - (P < 0.05); W XUARAL 3% Jh i R4 ADRUREMSERR MR AT (n = 24)

THCA 1 LCA /K F (P < 0.05) , B E AL isoLCA |
MDCA . isoUDCA , CA-3S. DCA ., 38-DCA . isoDCA .
TCDCA F1 GDHCA 7K (P < 0.05), #2540 —
OGR4 S5 A 78 2 2 ] ) 25 S R R An & 10,

T KEGG $HE 6 2R 45 25 4 A X AR 4 |
T UL AR X AR 2 4 22 SRR 2 5 0 A
YRR G5 R LEE 3, R BLAA 20 A 1Y 22 SR TR
FES HRENTTRA Y A& AR, = UK

Table 4 Correlation analysis of body weight and fecal

differential bile acids in mice(n = 24)

2 S Spearman HIX: F K P
Differential bile acids T, P value
LCA -0.2837 0.1792
DCA 0. 6445 0. 0007
isoLCA 0. 5879 0. 0025
23-norDCA -0. 0890 0. 6792
3B-DCA 0. 6649 0. 0004
w-MCA 0. 5387 0. 0066
CA-3S -0.3153 0. 1334
GCDCA-3GIn 0. 5692 0. 0037
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Figure 9 Hierarchical cluster analysis heatmap for different groups

A ZE SRR IR 25 GBI R A= W& LR
IR PRA W15 AR
2.8 BIERRERSERETERIXEK

i1 spearman ¢ Z2 %X ( spearman’ s correlation
coefficient, r, ) AHOCHE ST /DL (n = 24) (AT Y
LR 22 R TRVR JE Z [ AR OGE . S5 2R N5k 4
Jrn 268 H DCA(r,= 0.6445,P < 0.001) ,isoLCA
(r.= 0.5879,P < 0.01) .38-DCA(r.= 0.6649,P <
0.001) Fl 0-MCA(r, = 0.5387,P < 0.01)4 25
AR RS M E LA R B IR A G

3 it

AHEFE AR IR K175 T8 O e /D BB AR, 5
HAT T — MR TR R UPLC-MS/MS J7 346 /N [
Zefrh 52 AT RRIE T AT, B AR B E
OB A 2 A5 38 3k 9 1 A JHE /DN B IR T R AR S
et R BRI R IR 1 I TE A bR Y . HE
Pett e 25045 R BN B CBEER LY B 4E
NERE/NEUBE B AR AR I VE . 48 7 B4 15 L IR IR
Wy T el st HE R /0 BRI JHE A0 e A | k2 B T A
0, FEARIE N AR & | LT TG\ TC . LDL-C FiJH
TG .LDL-C 7K~  fHUR el AR HE kN B TC A HDL-C
KA, ZH ORI 2 FUBE R (type 2 diabetes

mellitus, T2DM) 1 — 23R 97 2549, 1E I IR bt 1
TRYTHEHEAR OGN , AL e 2 AU BRI | L) K 33 BT
JEBALG R B0 25 W 5 S IR L A5 R BA R
TR A 3 L I i A AR RS B A A Y o
HLA] - G0 = HE XUNGE 538 0 ob/ob /)N BRUA) 2 ik BE
S JHFR (tauroursodeoxycholic acid, TUDCA ) B3 7 i
A= W AR AR A A IO T80 48 e % 3R SRRk 5 3
o AR 2 B PR R85 i 2 5 4T B KO, =
Pk e i X %ﬁi( Farnesoid X receptor, FXR) ERE
FH & & & M R ( glycoursodeoxycholic acid,
GUDCA ) 4 8 I T e 192 &5 3R URert > PRt
AHFFE LA FOBUIR Sy B 245 X5 LE 6 4 1 1 24 3K
S5R 7R Z HOBUNCHE i 2 BTN JE /)N B B | il v
FIFF TG, TC, LDL-C 7K -, 2 Bt Ioll 5 A1 % A5 Y
YERL

ARG F IR W 4L A2 52 PP IR TR A0 8 7
W EWN, OF UL T 22 FOEVERR E L R
UDCA-3S #h,DCA ,isoLCA & 21 FhIH 12 /K 5 25
TheE . X 5 R HGE — 2 S IR R SR T
53U DA T g v 4 R TR B R 1) JIE 9 R il 78
MES TR G HAME AL 5(G protein-
coupled receptor 5, TGRS) ()3 P4 LA IMALAA 1) fiE it
HAENY , B E QBRI T WA, 52 Fhis
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YR 54 TR RN i B R AR 3 R K S AT 4 i R R
FHELF IE 5 4, 55 10 2 4% 2 3% A IR 7 1R /K °F- 35 T
T AR TSR 2 B 4 B B4R B ik I 3 ARG 28
A PRI TR AN 25 A5 R BR /K SF- , IR T R
FE B I R AR T R K 2 TR R g, ARTFRR Y &
B AR AR N 5 A L AL N i, TR) A R AE A
5500 FULS R 9 P b 2 B IR 32 4% B 2 1k FXR
AR Z K 6 HAMBATRZIK 1(6
protein-coupled bile acid receptor 1, GPBAR1)"'®
DAL AR 2 LA 98 1 0 i 3 A 56 52 2% 3 1 19
SRHRE A T, AR P AR R 2K P 1 S 6 AR
WA R E B, AW B E LR
W T T 2 P R G IR AR R LA, AR
TFANHRAAT TR, UK A - R DR B 6K A 5 A i e
B W, TT S BOMLIARTE 22 A0 BE A R, BT R
B 76 = M TR MR R 1 /0N U g I A8 1 v B 7
RGN IR B O G AR T 12 7= 1 B - 2L R T T R R 4
IR BEFT BRI, A R T AR A S MY
78 A B T 30 ek 48 s BRDURT B R A A X = B T
RN R S0 SRR TR 1 L 9], S = s A Y
K5 PRSI F 28 /INELI FXR B TGRS B2 AHF
FEHR 2 B I R R R T R KK, 1T YR G/ )
AR IR LB I, 26 B B 45 1 £ B AR IO FT R iE
TR AR 1R 7= 1 TR B AR T R IR R
PEA G 5 R R RS A s AR

Wit ZI0GE T o BT R 2 S I R O | S0
IR X T AR A ) 8 Fh 22 S AH VTR . LCA A
23-norDCA 7K & 3% FF 55, DCA |, 38-DCA | isoL.CA |
CA-3S .0-MCA H1 GCDCA-3GIn 7K - b &A%, Hrp
ZAT R BE W] B A — RO LE W) TPk, T REAE
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