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Abstract: The purpose of this study was to explore the mechanism of Sanzi Yangqin decoction (SYD) from
the perspective of hypothalamic metabonomics to prevent the development of prehypertension (PHT) and exces-

sive phlegm-dampness syndrome in rats. WKY rats were randomly divided into a normal group, a model group and
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a SYD group. The high-fat + high-salt method was used to induce PHT and excessive phlegm-dampness syndrome
in the model and SYD rats. Different doses of SYD were used as an intervention over 8§ weeks. Food consumption,
weight, height, blood lipid and blood pressure were recorded for each group. The results show that, compared with
the model group, the diet, weight and blood pressure of rats in SYD group decreased. Metabolites in the hypothala-
mus which differed in their expression between the three groups were identified and analyzed by LC-MS and the
metabolic pathways were then determined. Fourteen metabolites in the hypothalamus were down-regulated and
were mainly related to amino acid metabolism, glutathione metabolism, sphingolipid metabolism and glyceride
metabolism, suggesting that SYD might alter hypothalamic dietary behavior, thereby affecting amino acid metabolism
and energy metabolism. This study was approved by the Animal Ethics Review Committee of Shandong University
of Traditional Chinese Medicine (approval number: SDUTCM?20211103001).
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Table 1 Diet quantity and weight of after modeling in various
groups. C: n = 10, x+s; M: n =50, x + 5. C: Control group; M:

Model group. “P < 0.01 vs control group

Group Diet quantity/g Weight/g Lee's
C 114.20 +2.67 252.67 +6.73 0.30 +0.01
M 128.00 + 1.60™ 319.17+8.33"  037+0.04"

3 SYD X KR IMAEIE#RFRIA K FHIF 0
5CHME, M4 KK TG.CHOL.LDL-C 4 & %
FHE (P <0.01), HDL-C /KF &3 T % (P <0.01), 58]
R ORI, WK 3 Fix. 5 MU, SYD THiE,
TG.CHOL.LDL-C /K ¥ & 3 [& ik (P < 0.01), SYD-H
VT C 4, £W SYD-H UK ER R &I, NF4
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Table 2 Diet quantity and weight of after intervention in various
groups. n = 10, x £ s. V: Valsartan-treated group (0.03 g-kg");
SYD-L: Sanzi Yangqin decoction (SYD)-treated group (1.755 gkg™);
SYD-M: SYD-treated group (3.51 g-kg'); SYD-H: SYD-treated
group (7.02 g'kg™). P <0.01 vs control group; “*P < 0.01 vs model

group

Group Diet quantity/g Weight/g Lee's

C 113.70 +2.42 302.33 + 12.49 0.29 +0.01

M 130.20 £2.12° 377.70 = 13.04™ 0.39 £0.03"
\Y% 124.50 + .90 246.53 + 15.80™*  0.32£0.017
SYD-L  125.00£1.72"**  344.11+13.93™* 0.38+0.03"*
SYD-M  123.80 £ 1.46™*  346.14+17.177** 0.35+0.01"*
SYD-H  122.60 + 1.48™**  340.77 +18.17"* 0.33 £0.05™*

Table 3 Expression levels of serum lipid indexes of rats in each
group after modeling. C: n =6, x + 5; M: n = 30, x + 5. TG: Triglyc-
eride; CHOL: Cholesterin; HDL-C: High-density lipoprotein cho-
lesterol; LDL-C: Low-density lipoprotein cholesterol. "P < 0.05,

“P<0.01 vs control group

Group TG CHOL HDL-C LDL-C
/mmol-L" /mmol-L" /mmol-L" /mmol-L"
C 0.96+0.22 2.51+0.20 1.64 +0.08 0.45+0.03
M 125030 2.68+0.27" 1.50+0.09" 0.58+0.02"
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Table 4 Expression levels of serum lipid indexes of rat in each group after SYD intervention. n = 6, x £ 5. ~P < 0.01 vs control group;

*AP <0.01 vs model group

Group TG/mmol-L"! CHOL/mmol-L" HDL-C/mmol-L" LDL-C/mmol-L"
C 0.90 = 0.34 2.69 +0.29 1.69 £ 0.43 0.48 £0.17
M 1.39 +0.43" 2.99+021" 1.54+036™ 0.62 +0.227
Y 0.76 £0.227* 2.72 £ 0.45" 1.65+0.30™ 0.44 +0.16™*
SYD-L 1.00 £0.277 2.87+0.29™ 1.54£0.417 0.54 +0.217
SYD-M 1.57£0.26™ 2.96+0.12" 1.56 £ 0.44™ 0.57£0.37"
SYD-H 0.89 +0.67"* 2,67+ 125" 1.71+£0.36™ 0.43 +0.40™*
B 100
150
mc . mc
o0 M = 80 AN 2AAA M
::E 100 v E 60 il [ Y%
E W SYD-L E M SYD-L
& 5o W SYD-M & 40 M sYD-M
n M SYD-H a g Il SYD-H
0 0
| 2 3 1 2 3;

Figure 1 The systolic blood pressure (SBP, A) and diastolic blood pressure (DBP, B) of rats in various group. 1: Before modeling; 2: After
modeling; 3: After SYD intervention. The rats in treatment group were administered with SYD while the rats in other three groups were

treated with the same amount of sterilized saline solution and valsartan. n =6, x £ 5. P < 0.01 vs control group; **P < 0.01 vs model group
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Figure 2 Total ion current diagram of positive ion mode or nega-
tive ion mode from three groups. A: The control group (+); B: The . _J_ i

control group (-); C: The model group (+); D: The model group ol e e . s ‘
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Figure 3 Principal components analysis and permutations test of various group. A, C: Positive ion mode; B, D: Negative ion mode
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Figure 4 partial least squares discriminant analysis of positive ion mode (A) and negative ion mode (B) score plots of hypothalamus

tissues metabolites from the control group, model group and SYD-H group
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Table 5 Differential metabolite in hypothalamus in various groups. FC: Fold change; RT: Retention time; | Means that the relative peak

area of group is lowered; T Means that the relative peak area is raised; "P < 0.05, "P < 0.01

. . Practical Error Myvs C SYD-H vs M
Metabolite Formula RT/min P-value
mlz (ppm) Log,FC Trend Log,FC  Trend
Dodecanedioylcarnitine C,H,NO 1929  374.2473 ~1.446 0004 -1.18 | -1.57 [
trans-Tetradec-2-enoic acid C, H,0, 13.03 227.200 1 -1.790 0.021 1.17 1 5.76 1
Palmitoylethanolamide C,H,NO, 1207  300.2890 -2351 0.045 496 1 2.16 1
Dihomo-gamma-linolenoylethanolamide C,,H,,NO, 17.73 350.304 2 -3.260 0.003 -3.15 ' 3.11 T
Palmitoylcarnitine C,,H,NO, 1328 4003415 -1.587  <0.001  -1.49 ! -1.88 !
L-Carnitine C,H,,NO, 0.80  144.101 8 -1.070  <0.001 -1.09 | -2.39 |
Stearoylethanolamide C,,H,,NO 18.69 3103093 -3.678 0047 -226 | -2.26 !
LysoPE(P-16:0/0:0) C,H,NOP 1456 4382970 -2.056 0034 -1.74 | -3.57 !
Lysylglycine C,,H,,NO 1443 204.1379 -1.914  <0.001 2.24 1 1.13 1
Capryloylcholine C,H,NO, 1275 2302111 -1.545 0030 111 l° 1.46 T
Valylalanine C,H,\N,0, 083  189.1230 -1.951 0004 -121 " 3.16 T
Adrenoylethanolamide C,H, NO, 19.25 376.320 0 -2.673 0.007 -2.37 1 2.70 T
N-Heptanoylglycine C,H,,NO, 7.17 188.127 6 -1.546 0.026 1.16 T -1.46 L
Neuraminicacid C,H,N.0, 0.83  268.1043 -2.315 <0.001  -3.61 | -2.05 !
Diethylphosphate CH,0,P 848  155.0464 -2.398 <0.001  -1.55 ! -2.56 !
Lysylleucine C,,H,.NO 1443 260.200 4 -1.880  <0.001 2.66 T -3.06 1
MG(22:6(42,77,10Z,137,167,192)/0:0/0:0)  C,.H, 0, 1649 385.2737 -0.040  <0.001 -2.58 |7 5.08 T
Alphalinolenoylethanolamide C,,H,,NO 16.52 304.262 6 -3.060 <0.001  -1.56 1T 1.34 ™
Gamma-glutamylcysteine CH,N,,58 0.82  251.06838 -3.270 0.009  -1.75 1 2.23 T
Palmiticamide C,H,NO 17.68  256.2626 -3.520  <0.001 -415 | -1.52 !
Asparaginyl-phenylalanine C;H N0, 8.48 262.143 1 -2.670 <0.001 -2.16 1 3.45 T
Threonylarginine CH,NO, 1501  276.1663 -0.180  <0.001 234 7 1.90 1
Lysylthreonine C,H,NO, 1436  248.1637 -1610  <0.001 312 1 3.83 1
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Figure 5 Metabolic pathway analysis of the altered metabolic R AT =2 P 2 TR el P T e IR st 2 T e

network generated by MetaboAnalyst software. A: The model
group vs the control group; B: The SYD-H group vs the model
group. 1: Sphingolipid metabolism; 2: Glycine, serine and threo-
nine metabolism; 3: Glycerophospholipid metabolism; 4: Valine,
leucine and isoleucine biosynthesis; 5: Aminoacyl-tRNA biosyn-
thesis; 6: Retinol metabolism; 7: Cysteine and methionine metabo-
lism; 8: Glyoxylate and dicarboxylate metabolism; 9: Valine, leu-
cine and isoleucine degradation; 10: Purine metabolism; 11: Ste-
roid hormone biosynthesis; 12: Glutathione metabolism; 13: Fatty

acid degradation
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Figure 6 The metabolic network of the altered biomarkers in three groups. The blue arrows represent the expression of differential metabo-
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model group
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