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Abstract: The study aims to interpret the formula-syndrome correspondence of pacifying liver-subduing Yang
and liver Yang hyperactivity from formulas containing Uncaria rhynchophylla based on metabolomics technology,
and establish an efficacy evaluation method for these formulas. The rat model of hypertension with liver Yang
hyperactivity syndrome was established by intragastrically administering Fuzi Decoction to spontaneously
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Decoction, and Qingnao Jiangya Tablets were respectively administered. The blood pressure, appearance, pain
threshold, facial temperature, level of irritability, and 24-hour water intake of the rats were observed. Ultra-high
performance liquid chromatography-quadrupole-exactive orbitrap mass spectrometry and metabolomics were used
to analyze differential metabolic markers in the serum of rats treated with formulas containing Uncaria
rhynchophylla, and metabolic pathway analysis was carried out. Meanwhile the intervention effects of formulas
containing Uncaria rhynchophylla were judged according to the changes in the ion intensity of differential
metabolites combined with macroscopic data, and partial least squares (PLS) regression analysis was applied to
screen significantly differential metabolites. The identified common differential metabolites were regarded as the
core metabolic phenotypes of hypertension with liver Yang hyperactivity syndrome. By integrating macroscopic
data and metabolic phenotypes, an evaluation method for the syndrome efficacy of Uncaria-based prescriptions
was constructed. A total of 35 common differential metabolic markers were identified in this experiment. Among
them, 24 differential metabolites decreased in the model group and increased after the intervention of formulas
containing Uncaria rhynchophylla, while 11 differential metabolites showed the opposite trend. Metabolic pathway
enrichment analysis showed that the intervention pathways were mainly associated with arachidonic acid
metabolism, biosynthesis of unsaturated fatty acids, primary bile acid biosynthesis, and glycerophospholipid
metabolism. Through PLS regression analysis, 14 significant differential metabolites were obtained, mainly
involving three metabolic pathways: arachidonic acid metabolism, biosynthesis of unsaturated fatty acids and
glycerophospholipid metabolism. The established efficacy evaluation method indicated that Tianma Gouteng
Decoction showed the most significant intervention effect, which was consistent with the theory of traditional
Chinese medicine. This study discovered the common factors of formulas containing Uncaria rhynchophylla in
intervening hypertension with liver Yang hyperactivity syndrome, and revealed the metabolic basis of the
correspondence between these formulas and liver Yang hyperactivity syndrome. The efficacy evaluation method
was built to objectively quantify formulas containing Uncaria rhynchophylla, and offers evidence for clinical
research.
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Figure 4 Principal component analysis (PCA) scores (A, B), orthogonal partial least squares discriminant analysis (OPLS-DA) scores (C,

D), and permutation test plots (E, F). A, C, E: Positive ion mode; B, D, F: Negative ion mode. QC: Quality control sample
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Table 1 Common differential metabolites. T : Upregulated; | : Downregulated
MX ™ LJ group QN group
. Molecular
Compound m/z t/min formula HMDB Ion mode groupvs groupvs vs MX vs MX
ZC group MX group  group group
3-Oxohexanoic acid 129.0545  5.69 C.H, 0, HMDBO0010717 [M-H]" 1 ! ! !
3-Ethylphenyl sulfate 201.0220 836 C.H,0,S HMDB0062721  [M-H] 1 ! ! !
Chenodeoxycholic acid 4372912 13.08 C,H,O, HMDB0000518 [M+FA-H]" 1 ! l !
3-Oxododecanoic acid 213.1490 1334 C,H,0, HMDB0010727 [M-H] } 1 1 i
5-Hydroperoxyicosatetraenoic  335.2225 13.39 C,H,,0, HMDBO0011135 [M-H]" l 1 i 1
acid (5-HPETE)
Hymenin 261.1133 1346 C H,O, HMDBO0253304 [M-H] 1 ! ! !
Haloxyfop-P 360.0258 13.64 C, H, CIF,NO, HMDB0253047 [M-H] 1 ! ! !
8-Hydroxytetradeca-10,12- 239.1650 13.75 C,H,,0, HMDBO0340811 [M-H]" J 1 1 1
dienoic acid
Oleic acid 281.2484 1507 C,H,0, HMDBO0000207 [M-H] l 1 1 1
LysoP1(0:0/18:0) 599.3209 17.98 C,H,O,P HMDBO0061704 [M-H] ! 1 1 1
Docosahexaenoic acid 3272329 19.02 C,H,,0, HMDB0002183 [M-H] } 1 i 1
3292473 19.15 C,H,,0, HMDB0002183  [M+H]' ! T 1 1
Arachidonic acid 303.2328 19.65 C,H,,0, HMDB0001043  [M-H]" ! T 1 1
L(-)-Carnitine 162.1125 096 C.H,NO, HMDB0000062 [M+H]" 1 ! ! |
L-Tyrosine 182.0814  1.04 C,H,NO, HMDB0000158 [M+H] 1 ! ! !
trans-2-Dodecenoylcarnitine ~ 342.2638 12.90 C,,H,NO, HMDB0013326 [M+H] 1 l ! !
Tetracosahexaenoic acid, n-3 357278 7 13.10 C,H,0, HMDBO0060117 [M+H]" 1 l ! !
Tetracosahexaenoic acid 357.2789 13.77 C,H,O, HMDB0002007 [M+H] 1 } ! 1
Oleamide 2822793 13.51 C,H,NO HMDB0002117 [M+H]+ ! 1 1 1
Sphingosine 300.2898 13.51 C H,NO, HMDB0000252 [M+H]+ ! 1 T 1
LysoPC(14:0/0:0) 4683089 13.73 C,H,NOP  HMDB0010379 [M+H]+ ! 1 1 1
LysoPC(22:6(42,72,10Z,13Z, 5683398 14.15 C,H,NO.P  HMDB0010404 [M+H]' ! 1 1 1
162,192)/0:0)
LysoPC(15:0/0:0) 4823241 1419 C,H,NOP  HMDB0010381 [M+H] ! 1 1 1
Phosphorylcholine 184.0733 1427 CH,NO,}P HMDBO0001565 [M+H]' ! T 1 1
LysoPC(22:5(7Z,10Z,13Z,16Z, 570.3555 14.46 C,H,NOP  HMDBO0010403 [M-+H]" ! 1 1 1
192)/0:0)
LysoPE(16:0/0:0) 4542932 1470 C,H,NOP  HMDBO0011503 [M+H]" ! T T 1
LysoPC(20:3(82,11Z,142)/0:0) 5463558 14.72 C,H,NO.P  HMDB0010394 [M+H] ! 1 1 1
LysoPC(18:1(92)/0:0) 5223555 1519 C,H,NO.P  HMDB0002815 [M+H]" ! 1 1 1
LysoPC(22:4(7Z,10Z,13Z, 5723708 1529 C,H,NO.P  HMDB0010401 [M+H]" ! 1 1 1
162)/0:0)
LysoPC(14:0/0:0) 4683086 1549 C,H,NOP  HMDB0010379 [M+H] ! 1 1 1
LysoPC(20:2(11Z,142)/0:0) 5483713 1563 C,H/,NO.P  HMDB0010392 [M+H]' ! T 1 1
LysoPC(18:3(9Z,127,152)/0:0) 5183222 1527 C,H,/NO,P  HMDBO0010388 [M+H] l 1 1 1
Phosphorylcholine 184.0733 16.75 C.H,NO,P HMDB0001565 [M-+H]" ! 1 1 1
LysoPC(15:0/0:0) 4823242 1652 C,H,NOP  HMDB0010381 [M+H]' ! 1 1 1
Choline 104.1074 16.78 C.H,NO HMDBO0000097 [M+H]" 1 ! ! !
Docosapentaenoic acid 3312630 21.61 C,H,,0, HMDBO0006528 [M+H] } 1 I I

Bk TLM R (eicosapentaenoic acid, EPA) Al AAM,
EPA 7£ 25 16 1 fig A1 42 K B 1) 7 FH T 2E B DPA, DPA 5
I i 2% VR R g 45 ¥ /E H %% 4. DHA. DPA.DHA Al
EPA B &7 5k ifil % 235 K I T g e RORE AR H,
oI ) T v LA R AR A AA R AT DUOE i
CYP450 4k R g i 31 840 &9, AF 9 N R AT A 1)
QAR N = S a2 & 25 I N e o
I 1E A B[ ML 75 DPA DHA L AA % 1E 3 4%, =07
FITFHUe BT R, R0 =AN 05 753 2 5 A8 g
B2 A= W6 B AR A2 SR R 19 IR

T8 I T R i A — 268 B B2 1) H U B IR, Cho 1E N H

T Tt T AU ) O B A B, A M 3 T REAE T T
28 1ol I Tt L 5 A W6 0% 12 5 A0 v = W ig N-S AL )
(trimethylamine N-oxide, TMAO)!"" I IR £ ¥5 3= 1A, 1.
K TMAO I 5 40 ML 45 95 95 I 6 18 I A7 7 2R 5% &R,
R e g v I i S TE AR S, AR AL 9 TMAO
I8 i 0% PERK/ROS/CaMKII/PLCA3 {55 5 i 1%, 4 5
I3 5 5K 2% 11 (angiotensin 11, Ang II) 1% 5 A0 I & Wi 45
RONE, AT A 12E v I s F) R 26 8 e, BTG, 7 Cho 7K ~F
N A AR S B R IE 4H K SR Cho 7K i,
28 =M 75 70 T L7 B DA B 2 PR AT, 3 ) Tk
&5 W e 8 1o T H B R A4 B, A7 RW | Cho
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Figure 5 Changes in relative intensity of selected differential metabolites in the serum of rats in each group before and after drug adminis-

tration
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Figure 6 Analysis of differential metabolite pathways in the serum of rats. A: MX group vs ZC group; B: TM group vs MX group; C: LJ

group vs MX group; D: QN group vs MX group. a: Arachidonic acid metabolism; b: Primary bile acid biosynthesis; c: Biosyntehesis of

unsaturated fatty acids; d: Glycerophospholipid metabolism; e: Taurine and hypotaurine metabolism; f: Phenylalanine, tyrosine and trypto-

phan biosynthesis

s T T T T T e —— T T T T .
Arachidonic acid / Biosynthesis of unsaturated \\
metabolism [ fatty acids ]
| (11Z,147)- (71Z.10Z,13Z,16Z,192)-  _, Docosapentaenoic |
AA “ : Icosadienoyl-CoA Docosapentaenoyl-CoA acid |
l | 8.11,14- (4Z2,72.,10Z,13Z,16Z,19Z) ]
5-HPETE | | Eicosatrienoyl-CoA -Docosahexaenoyl-CoA Oleoyl-CoA :
/ \ | - ‘ l |
Arachidonyl-CoA PCoS I sRacn O Oleic acid [+ |
Leukotriene A4 5-HETE \ acid 2
_____________________ -

g e

Leukotriene C4 Leukotriene B4

| |

. 12-Keto-
L oriene leukotriene B4

Acetylcholine

Glycerophospholipid
metabolism

Cholinet] <—»  Phosphocholine o

|

Phosphatidylch CDP-choline

oline

Figure 7 Potential metabolic pathways of network diagram related to common differential metabolites and its components. Red or green

arrows: Potential biomarkers of upregulated or downregulated. Dotted frame: Metabolic pathway; solid black arrow: Metabolic directions
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