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Research on property of Yin-tonifying herbs based on metabolomics
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Key Laboratory of Basis and Application Research of North Medicine, Ministry of Education, Heilongjiang University of Chinese
Medicine, Harbin 150040, China

Abstract: Objective To investigate the effect of yin-tonifying herbs (Lilii Bulbus, Asparagi Radix, and Ophiopogonis Radix) on
energy metabolism and expression of metabolites in normal rats. Methods SD rats were ig Lilii Bulbus decoction, Asparagi Radix
decoction and Ophiopogonis Radix decoction, once a day for 21 d, urine and liver were collected. Each group data of urine samples
was collected by UHPLC-Orbitrap-MS. The high-throughput metabolome data of the urine of rats based on statistical analysis
methods such as principal component analysis (PCA) and orthogonal partial least squares-discriminant analysis (OPLS-DA) was
obtained to discover the differential metabolites and metabolic pathways through Compound Discoverer 3.1 software with standards
and databases such as mzCloud, human metabolome database (HMDB) and Kyoto encyclopedia of genes and genomes (KEGG).
Key enzymes related to material metabolism and energy metabolism were selected for verification based on results of pathway
analysis. Results Compared with control group, a total of 26 differential metabolites including 16 metabolites with the same
expression trend were identified and 15 metabolites were significantly down-regulated, which inhibited 11 metabolic pathways such
as glucose metabolism, fatty acid metabolism, amino acid metabolism, and nucleotide metabolism. Yin-tonifying herbs inhibited
material metabolism and energy metabolism through down-regulating expression of enzymes related to glucose metabolism and
energy metabolism in liver, and up-regulating expression of enzymes related to lipid metabolism. Conclusion Yin-tonifying herbs
show a tendency to inhibit substance metabolism and energy metabolism of normal rats through down-regulating related biomarkers.
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HANHEEGFREYAEF Lilium lancifolium
Thunb.. 4 L. brownii F. E. Brown var. viridulum
Baker B{ZHH 754 L. pumilum DC. FTF-4 P iR -,
RENE EGRHEYI KA Asparagus cochinchinensis
(Lour.) Merr. [ i, 4 NAGFHEYZ %4
Ophiopogon japonicus (L. f) Ker -Gawl. ) F-/#HR . 3
FORH L W (B, M (S, ¥WNEAFRHE
W, PIEA BN 2 Thaml. B it 3 Rk 2
(R 70 A R AR AL o 681, 2GR -1 &
T, 6 3 FH A A RS .
I, AHIE T AR ZE 7 A B2 BEDRE T # B 24 € 2 1
PIRFE PR, O 2525 1 A DGR FU S AL
1wt
1.1 h)

SPF ¢ SD MM KR 36 X, 6~8 J&lY, fRiAE
(2004+20) g, MHIL TKAEEVHEAREGR A, 3
YIVFAIIES SCXK (L) 2020-0001. Zh#iaZE Tk
¥ 18~22 C. 1BS¥ 40%~60% . ZEHE/EFA N
12 h BB ER S5, HHERYTOK. shfstiis
MOIL R EE RS PR S (HtUE S
2019121101),

1.2 #h#t

AU (b5 20041207, 7RI, K&
W (k5 20010702, FEF BN AR i
“5 20030101, 1001 W H FAZ S 2500 A IR
THEAT], &RV R 2R A R 2R 8
SN E A REYEST L. lancifolium Thunb. )1
W i ik . H & RHE YR 4 AL cochinchinensis
(Lour) Merr. [ LR, HEREMEL O
japonicus (L. f) Ker -Gawl. ] TR .

1.3 AR5

X 4-NERER (Hib5 B24354, iEnH=
98%). 5-FSLfEmEnE (fit'S B21826, FiE /%=
98%). AW (LS B65459, JiE/>EN 99%).
D-AMz (iS5 B21899, JFi&E5r4(=98%). Wik
g (45 B20660, /it & sr%0=98%). a-filHfE (It
5 B21974, iE 4> $=>98%). N-Z Bt &k (it
5 B50728, JHEH=98%). ThERMEIE (LS
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ARAR; RS RA-2-BERNER (HtS
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({5 H137616, i/ %=93%). | ki~ (it
5 D109484, JlE N 99%) T H iR R T A
TR B A PR A A s BEE =R (S
CDAA-281387, Jiit/r#y 99.5%) M H b5 &}
R ARG IR AT s NEAEE IS (pyruvate
dehydrogenase , PDH ) ELISA i 7| & (it 5
MM-20844R2). ARG (pyruvate kinase, PK)
ELISA i{7& (5 MM-70147R2). %% ¥ il
( glucokinase , GCK ) ELISA & 7 & (#t 5
MM-20489R2) . FLI& I & (lactate dehydrogenase,
LDH) ELISA {#& (k5 MM-0605R2). FLHEfk
4 (phosphofructokinase, PFK) ELISA &7 &
(#it'5 MM-70551R2). BEIHIMR L&l (succinate
dehydrogenase , SDH ) ELISA i #| & (it 5
MM-20910R2). ZMEt4#Mlg A (acetyl coenzyme A,
Ac-CoA) ELISA {7 (fit'5 MM-70207R20). Jig
i H il =&l (adipose triglyceride lipase, ATGL)
ELISA R7l& ('S MM-70549R2). Na* K*-=f
TR J#EF (adenosine triphosphate, ATP) ELISA iR
& Uit'5 MM-43903R2) I H VL7 e Sl A TR 2
Al BB £ BRI H 32 [E Thermo Fisher
Scientific A F]; 4K H3EE Milli-Q system 1] %
HoAhARFII A b4l
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8 = O a1 5 DU AR - FL 3 3 P2
AP =& — 45 i (UHPLC-Orbitrap-MS,
5% [ Thermo Fisher Scientific 2] ); Rk =i 5.0
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Breda A #]); KQ-500DB Zi# Ay iE A (Bl
FEFE AR ATy REAREIE (TR 3T X R SE 58 5)
YIgER] ) BebrA (e EHEIE AR TR A R]D; AL204
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R (MR- R R 2 AEA R AFD; TH-Mini
FHR A AU AR AR AFD.
1.5 BUBE KRR

N AR H 2= %085 B Chuman  metabolome
database, HMDB, https://www.hmdb.ca); 5t#S3E A
LR 5 RH4:1 (Kyoto encyclopedia of genes and
genomes, KEGG) #i#i/Z%E (https://www.genome.jp/
kegg/ligand.html); mzCloud %{#E 7 Chttps://www.
mzcloud.org/); MetaboAnalyst 5.0 ¥#E 7% Chttps:/
www.metaboanalyst.ca/); Compound Discoverer 3.1
At ([ Thermo Fisher Scientific A% ); SIMCA
14.1 # A4 (Umetrics AB); R Giit-#fH6L RX 64 3.2.4
Chttp://cran.r-project.org); SPSS 24.0 #kfH
2 FHE
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PR 2K 38 (RLAEZG &) RIS, SISOk
V5 BA6-81, SR R A3 N B TR AR €T v
Chigh performance liquid chromatography, HPLC) il
BEAKEBT A2, WRR. 285 st
% 57 2 43 $ 53 ) 25.119 5%. 0.003 5%. 0.001 4%,
0.002 4%, RAKZHHREZHE, JREHEH T
BB N 31.735 6%, 0.177 1%, ZHZ KR+
A& Z WU HOR 23.977 3%.
2.2 THERERY

HVNENPERTE T d 5, BN RATRRA. T
G (5.2 glkg) 4. RASEE (5.2 glkg)
HRNF ALY (5.2 glkg) 2219201, &40 9 W,
77 9: 00 B4 2520 ig A2 (10 mL/kg), X
MR ig S RFRZRIRK, 1 kd, 1ES:21d.
23 KEHAWESLE
231 JRIBFEARDIRE MM Rikgda, Wk
FAHRE 12~24 h BREEA, B0, B100 pL _E3E
W IIN 200 pL FREE, 35375 2 min, 4 “C .13 000 r/min
20 15 min, B ETEW, £ 0.22 pm JEMEET .
ANPRFEREL 50 pL T [FA—= 08, JWHE 2 min JE
G I5) 0 H I bR FRAFEAE i A Ak B T v ) 4% 5 4%
(quality control, QC) JRFfFEA, HF UHPLC-
Orbitrap-MS 73 #7.
232 FHIERRE  Kik&2 24 h 5, KR BHE
WbBE, RAERFAE, CAAERER/KIEVE, FHIE4R T/

R AR Z RIKy, T -80 CUKFTRAEA .
2.4 UHPLC-Orbitrap-MS #
241 @ik Z&fF ACQUITY UPLC® CSH™ Cgs
(100 mmX 2.1 mm, 1.7 um) %4, AN 0.1%
FIRKEI (A -2 BE (B), BAEEYEH: 0~5 min,
2%~17% B; 5~11 min, 17%~30% B; 11~15 min,
30%~46% B; 15~18 min, 46%~79% B; 18~22
min, 79%~98% B; 22~24 min, 98% B; &
#4903 mU/min, #iEAN 40 C, #FEEREN
4 Co. NHFRRGHIFEMEMELE, 075
H, & 4~5 DMFEATIA 14 QC FEA.
242 JRiEs%t:  SF Orbitrap Fusion Lumos Jii i
0, KRR A H W% B Cheated electrospray
ionization, HESD J7ik: IEf & F U REM,
#7720 Full Scan/dd-MS2; 15555 Hi [T 1E B4 43 731)
4 3500, 2500 V; EBAEHIEN 325 C; AN
&N 50 arb; FHEN AR 10 arb; 3HFFE N
120 000; 4 it (HRMS) 5% )18l 2.0 X 10%
HRMS2 34 = REREL 1 fif 25y 20%. 35%. 50%, 77
#7930 000; MAE 75 T A% R 15%. 30%. 45%,
73 ¥HE%7y 30 000; REETEHE Y m/z 100~800; HEAE
NS uL.
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“K-FH] Compound Discoverer 3.1 B4 H#E1T 4 itk g
Pl XI55 H—AH, B2ISH miz, fREEE ()
SOETRAR S a5 N SIMCA 14.1 %
Ak BB, SR M 3 RS 43 i Cprincipal
component analysis, PCA) F1EA i fie /s —3fe-H) 51
¥k Corthogonal partial least squares discriminant
analysis, OPLS-DA) X & 2H K iR AU ik 47
I3HT. AR B EEME (variable importance in
the project, VIP) >1 H P<<0.05 FtA5 w8 20 A1k
G R RPRIBACEYD, T H 5 S G AR SR T
FEAEIBRICAD o ARHEAHXS 73 B R e TR o 15 &5
LxriE . mzCloud #d B k47 il 5 EULAC, %
JE Al BEFITE ERR W
2.6 FHAKBRATIRALFHRENKE . sEEXHFAEX
1 HE S B E M RO

FREUFAEZHZA 50 mg, fHA 1.5 mL T4 PBS
WL FEAWEEE, 4 °C. 2000 r/min &0 20 min,
i ELISA 127 & it I F ke I 25 2K BRUHF IR 24
PDH. PK. GCK. LDH. PFK. SDH. Ac-CoA.
ATGL #1 Na*,K*-ATP B .
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SEIGHHE DA X £ SRR, K SPSS 24.0 kit E Fran, o HEZHLARURN B 24 2 REAS 4 5 N e R
ITHRIRNETTZ 2T (ANOVA). OPLS-DA 8 i [ & #e A 30 il 2-C. F A,
3 #R FrEHEBI R2 A0 QA T4k 5, H Q2 [RlHZk A
31 KRG RSEF T AR, RPTA LG OPLS-DA B 34

311 KEURMFE AN *RAMSEAHRR  3.1.2 wrEWIHE IR ARR B 24 24K BRI
FRIGRE A FRIERLE 1, K0 PCABFFLANHZ  BES: S-Plot B 3, ARE 4% 4118 & B8 1 A A
PR RPKBARIE 2, i 2-A. D Bos, 5 i, ikl P<<0.05 H VIP>1 FAHHY; I
R ELEL, FNAZAUR R A R B A (IE XTI AL AN mzCloud i e s e AR 4 i L3k 1,
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Fig. 1 Urine total ion maps of rats in control group and yin-tonifying herbs in positive ion mode (A), urine total ion maps of
rats in control group and yin-tonifying herbs in negative ion mode (B)
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Fig. 2 PCA score (A), OPLS-DA score (B), and permutation test (C) of control group and yin-tonifying herbs in positive ion
mode and PCA score (D), OPLS-DA score (E) and permutation test (F) of control group and yin-tonifying herbs in negative
ion mode
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Fig. 3 S-Plot of control and yin-tonifying herbs group in positive ion mode (A) and negative ion mode (B)
F 1 HWAZESHRENESFNKEY
Table 1 Different metabolites between yin-tonifying herbs and control group
: ; - 2 o e & % %
b 4 wmin omh o EFEA k¥R Bk % R
1 TRMFLER 121 157.0611 [MA4H] CsHsN203 1.91  mzCloud ¥#E | | }
2 2-RAWER 9.03 1650561 [M+H]" CoHsOs 9.09 MM | | }
3 UneERR 574 1790366 [M—H] CoHsO4 894 IR | | |
4 D-HmREE-3-BEE 125 1689910 [M—H]” C3H706P 1.78  mzCloud % | | }
5  5-HAfmng 123 1260665 [M+H]" CsHiNzO 238 HHHEH | | }
6 KL 921 1190504 [M—H] CsHeO 168 SR | | }
7 N-ZBH#AE 122 3080993 [M—H]” Cu1H19NOg 195 N, | | }
8 MMM 054 1600976 [M+H] CsH12N20, 237 MR | | }
9 4-AFIR 969 1840607 [M+H] CsHsNO4 163 WS | | }
10 3REIFHE R 141 1610456 [M—H]” CeH100s 062 MM | | }
1 7R 258 2981153 [M+H] CuiHisNsOs 235  mzCloud % i | | }
12 EME 595 2450079 [M+H] CuHiN20sS 1020 ¥R | | }
13 +tRIE 1546 2311592  [M+H]" CioH2204 043  HHEH | | }
4 FHR 722 2111333 [MHH] CioH1s0s 1.89  mzCloud % i | | }
15 fufhm 1664 2431019 [M+H] CisHuOs 123 HEE, | | }
16 A4RIERFE 944 1210296 [M—H] CrHs02 083 mzCloud ¥ i t t !
17 ()R 1060 2651437 [M+H]" CisH204 113 mzCloud % & | f }
18 LHIERER 262 1810368 [M—H] CeHsN4Os 055  mzCloud ¥ i | ! !
19  2-BEDKEK 474 1940473  [M—H] CoHoNO4 7.21  mzCloud 43 | ! }
20 FOENE 1206 3512170 [M+H] CaoHz00s 114 R E ! | t
21 WEE 105 1970789  [M+H] CioH1204 -0.64 WS ! | }
2 TER 119 1910204 [M—H]® CeHsOr 366  mzCloud ¥ i | ! !
23 famEng 128 1120508 [M+H] CaHsNzO 268 mzCloud % i ! | !
4 AT 686 3312278 [M+H] Ca1H300s 302 mzCloud ¥ i t | }
25 IR 819 3652336 [M+H] Ca1Hz205 356 mzCloud % i ! | }
26 B-HF 791 3492382 [M+H—H0]" CauHaOs 0.86  mzCloud ¥ i ! | }
“r7 For ki, “)” TR T
“1” means up-regulation, “|” means down-regulation
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Fig. 4 Hierarchical cluster analysis heat map of metabolites with significant differences
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Fig. 5 Metabolic pathway analysis
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Table 2 Main information of related metabolic pathway analysis

Eihel JE % Kt A P& —IgP FDR KA )

1 A FAR 8 1 0.061 2 1.2132 1.00 0.25

2 4iE % B6 1L 20 2 0.1271 0.896 0 1.00 0

3 o- P R ER A 15 17 1 0.1429 0.8451 1.00 0.04

4 BH AR 25 1 0.1161 0.7796 1.00 0

5 TR LA 1 26 1 0.1813 0.7417 1.00 0.01

6 RN AR 28 1 0.2036 0.6913 1.00 0

7 TR R bl & 12 29 1 0.2182 0.661 2 1.00 0.07

8 SEWEFIH # A 32 1 0.225 4 0.647 2 1.00 0

9 P 35 2 0.2396 0.620 6 1.00 0.07
10 AR AT IR A 33 1 0.246 6 0.6080 1.00 0.09
11 I g X Y 59 1 0.3929 0.405 7 1.00 0.03

3.2 #BAZAXTKRRATELAHHERS . sE2RIBFBE  ATP AKMALEE, RSO T40BE M Natfll K32

KRG X BEE MR

PK. GCK. PFK. PDH. Ac-CoA. SDH £ 5
2 B SRR I 3 N B, B B AR AR B
MR P9 R R A AL B PR A Bl Ac-CoA. = FRIRTE IR
AR, WEA S AN RNUA RIS RE R M E T
P22, LDH & —FibEme e, Fod it B4 ma Lk
PRERACHE. W 6 Frs, SXTIALE, aé
HABAFIEG PK. GCK. PFK. PDH. Ac-CoA.
SDH. LDH 5% &3& #IC (P<<0.05. 0.01), X
KA KEBAFFES PK. GCK. PFK. PDH. SDH ¥
PR L (P<<0.05. 0.01), ZF&ZH K FUHIE
GCK. PFK. PDH. Ac-CoA i % i % [#{ik (P<<0.05.
0.0, KHHSE. KA. &ALl T % % %
AU AR IS B RIEE, AT B4 Qs

Na* K*-ATP 2 5 fe m AR AH CIIBERY, 2
LT BEAR BB F 2 R — M B i 4, nlfiEdl

e, HEFFRRHAL, HABEER, YRR S
JyEs0l it R LB, A% 4 25 4R RO E
Na*, K*-ATP fig i 1 2 2 FE Ik (P<<0.01), K H A
KA FARIMGIRERICT . ATGL 241 P fefiE
b H = VR T T R 1Y) A g 27281, ) R
HELE, A ELXHRRINE ATGL i1 52 T+
i (P<<0.05. 0.01), RHEG. FAREWETH
1l A 8 M i 0 | R AR
4 e

BT ERFHER B R, B <25t (50
S NE A FIS R, UL ER A LA ) AE A
Y ARHEARHIE . SR TR A GETEE, Hm]
S 250097 BORIE S A R R SR A R — 284
YIZEONE, ARENLRRE R . WA 2 B A
PEEGIRTE, IRIVLRRER . MRACH T 2h B 5E
PSR, BRI O e il T 3 T AR 4 2 ML Y i
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Fig. 6 Effect of yin-tonifying drugs on activities of enzymes related to carbohydrate metabolism, energy metabolism and

lipid metabolism in liver tissues of rats (X + s, n=9)
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