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Analysis of metabolites and related mechanisms of hypertensive

patients in Yunnan Yi nationality area’
LI Wenjun,JI Yanmei s YANG Yunhong , TIAN Haitao ,SUN Yuan ,ZHOU Dan ,
LI Jisheng .GUO Ni ,MENG Ni,JIN Xingfang”
(Department of Cardiovascular Surgery ,Af filiated Yan’an Hospital , Kunming Medical
University , Kunming ,Yunnan 650051,China)

[Abstract] Objective To explore the relationship between essential hypertension and metabolites in Yi
nationality and its related mechanism. Methods The serum metabolites of 20 patients with essential hyper-
tension (the hypertension group) and 10 healthy persons (the control group) in the Yi nationality area of
Yunnan were analyzed by ultra-high performance liquid chromatography-time-of-flight tandem mass spec-
trometry (UHPLC-QE-MS) from November 2018 to October 2020. The differential metabolites and metabolic
pathways related to essential hypertension in Yi nationality were found,and the metabolic markers related to
essential hypertension in Yunnan Yi area were obtained. Results The relative contents of four serum metabo-
lites in Yi nationality patients with hypertension were screened to be significantly increased.including Pyrocat-
echol, Hippuric acid, N-Acetylarylamine, Synephrine acetonide, the difference was statistically significant (P <
0. 05). Compared with the control group,the differential metabolic pathways of Yi hypertensive patients in-
cluded glycerophospholipid metabolism, sphingolipid metabolism, phenylalanine metabolism, alanine, aspartic
acid and glutamic acid metabolism. Conclusion The above four differential metabolites and four differential
metabolic pathways are closely related to the occurrence and development of essential hypertension in Yi na-
tionality.
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RE 08 WP IR 20 55 ) 5 (4) & HBR AT e R 30 ik s 4 4k
PO IS AR PR B L R R I R SR (12
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1.2.1 Mmxtkd

AR Y 2 0ok s SR IR AR G A K S B A B
K, (1) — B o0 345 & & K & F (waist
circumference, WC) . & [ (hip circumference, HC) ,
W BRI R LD A, (2) LI E AR bR 2SI B
(glucose, GLU) | Ifil B8 [ £ 45 & fH [& B (total choles-
terol, TC) . H il = BE (triglyceride, TG) .k %8 FE ig &
1 JH [& % (low density lipoprotein cholesterol, LDL-
C). = % B 5 & M JH [# B Chigh density lipoprotein
cholesterol, HDL-C) ], AR BRI A8 L il 5 FLAE . (3)[7]
IR A R I S 2 b T % T 9 8] B A2 3K
1~2 2 N GUHEAT 0] 4 8 A, 523038 AN B B 1) %%
U T 790, o 17 p G I A R o N B AR 0 UL [ A
SR 5305 Kb 751 ] 25 1) Tl L, fh A2 38 2 3 2%
PEN LA B
1.2.2 XA EE

FEGH PR O SRR E K. LR
Vanquish #8530 #H (22 [E Thermo Fisher Scientific
NHED ., Q Exactive HFX & 43 ¥t i 3% (35 [E Thermo
Fisher Scientific /A 7)) , Heraeus Frescol7 &Ll (3
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[ Thermo Fisher Scientific 22 A)) , K ({2 [H Sarto-
rius A ) WA K AL (32 [E Millipore 23 ) . i A5 AL
CGRYNTT HEI B AR A D .

1.2.3 HARH &

FECRAS T R AT FR IR I 3 mL & TR
PUBEE S BVT 4 CURFR AR AE. RILJE 2 h WT
Z T 3000 r/min #.0 10 min, B EJZ IME 100 pL
(HAT —80 CUKAHRLD) .

1.2.4 BE>HEHIELE
1.2.4.1 Ri#fthRKR

FEHL 100 pL FE 5L & EP 45 . A 400 pL $2HL
WLHEE : CHE=1: 1(V/V) . &L R ARl W AR TR
EW ] IRTEIR AT 30 s; A 10 min(PKIKIE) 5 —40 °C
FE 1 hoB AR T 4 °CL12 000 r/min B.0 15 min;
BT R B LA I 5 i AR ) ISR
T RTR B ST & 45 A & B AL,
1.2.4.2 LEauen

* M Waters ACQUITY UPLC BEH Amide
(2.1 mm>100.0 mm,1.7 pm) A @35 4% H ARk
G HEAT O > B, WAR G A M KA, & 25
mmol/L Z %M 25 mmol/L B/K.BHKINIE., *
FHAL B BRI . 0~ <C0. 5 min, 95% B3 0. 5~7. 0 min,
95%B—>65%DB;7.0~8. 0 min,65%B—>40%B;8. 0~
9.0 min,40%B;9.0~9. 1 min,40%B—>95%B;9. 1~
12.0 min, 95% B, ¥ #H i # : 0. 5 mL/min, #F i
25 CREMEIRIE 4 °C LRI 3 1L,
1.2.4.3 #3EH=
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AR G| W RO, U X SR ORI AR 4> S AL R R RS
BiotreeDB(V2, 1) F B — 2 i i £ 96 7% DT Bic JE 479 i
TR AT 701 Cut-off HIX N 0.3, RITA B
s B¢ /N 3% ) 51 43 B (partial least squares discrimi-
nant analysis, PLS-DA) #4748 2CiR 51,

1.3 %itsam

K HI SPSS 24. 0 Ge it 2 B AF #4773 B, IE 284341
T BORN L & 5 3RoR, AR IE S 40 A 1Y 1 i B8 R L
M(Q, Q) F7R Il B IEAS A Iy 2255 M 1T Rk 4l
) L3 R A S FEAS ¢ R 30, ATl 2 5 R FHAE S 808k
RS 35 5 I 2E AR5 7 W R 1 3 A8 A T AT X4y, R
FHBCRT ¢ A6 50 %5 W9 25 1M 3 A o 00 A 35 B o3 #E 4T 3
THECRORE LG R B A 4 e 3RoR , ] LLBCR T X° A
. L P<<0.05 AZESASIEE L.
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HDL-C 4 & . &F 3k & . GLU {2 AR IR % (thyroid
stimulating hormone, TSH) [t , 2 R K& ITH E X
(P=>0.05) ; fa i & 41 W 46 Fe L &7 5K 7R e T % B2, 22
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ZR AWy, EEFEATA 12500, 45 5
HERR W (Pyrocatechol) . & JR 8 ( Hippuric acid) |
N-Z, Bt 75 it (N-Acetylarylamine) . % 35 #K 75 il ( Syne-
phrine acetonide) , /L3 2.3,

2.2 BUERYHH #1  FABKAMLE
KA B/ PLS-DA #4780 5 & BLZE IE | 2R XL
0 T F AR 0 BBk BRI A R S )
AT BE S $8 80030 BB A Y BhOT BB AY 2 i on) 0.650
FUBRBER(R®Y) = 0. 900, #L 8 1) Z R0 4 (Q°) = 9 10(50. 0) 5(50.0)
0.390; 1B T R'Y=0.933,Q"=0. 373, WA 1, # 4 10(50.0) 5(50.0)
T Y5 UE 45 2 7 o 1E 52 M #5e /1> — 3 H 51 73 BT (Orthog- A T s %) 55.244.9 54.2+3.8 0.594
onal PLS-DA, OPLS-DA) KA HLAT ¢ 5 #4 n] 54 BMI(z 4 .kg/m?) 25.944.2 24.244.0 0274
2.3 FZhERHARED L WC(E s ,cm) 87.0+10.6 8L534+9.4  0.177
FEARG I A 8 470 A, HPIEBE F 5 055 s Hegts.em 95.6410. 1 92.046.8  0.314
THBUEE TR TR B R A PRI 421 MG oG+ ammol/L) 6.141.2 5.6+41.1 0206
B 3415 Fh ,:JUﬁ GEMEVC I TR B A PR oM@, ., »mmol /1] L7CL1,37  L6(L1.2.8)  0.538
MA 190 B, PAAZ B8 52 82 E (variable impor- b ety mmol/L) 3.7+1.3 5.640.9  0.827
tance in projection, VIP) =1, P<C0. 05 fER ML X mpLoiM@,.Qummol/L] L5218 L4316 064
PF 3B 80 A2 AN =4, Hoh i TR A e 4ii 1 (= £ s ,mmHg) 164.1426.0 135.3+19.9 0. 005
38 2 S AUH IR B THGUR e 42 PRSI grpmcoommig O7.851.4  BLATISA  0.005
P L VIP =1, P <<0. 05, 22 5 i £ (fold change, GLUIM(Q,.Qy).mmol/L]  5.2(4.9.6.2)  5.0(4.8,5.4)  0.146
FO =2 di<0. 5 fENFE A IR I 4 2B simQ@oummol/t] 2710 260780 0367
P ORTER EY bR EYD b R TR TR 3 A4
50
30 ’5
% 0 :z:::ron % 0 :Z:::ro”
30 -25
-50 -25 0 25 50 % =20 : 0 20 40
A t[11P B t[1]P
AT R & AR 9 1 1E B T OPLS-DA PE43 I8 B: B FE & 135 RIS 7= 40 9 125 F OPLS-DA 43,
B 1 FANFRFENIFLVERGFESE
x2 EBTERREY
T HE AR 4 B2 ] ] (min) B VIP P FC
L-F i & 2 102.519 150. 058 360 2. 089 0. 006 1.361
L 1 28 I e 208. 955 862. 622 644 1.993 0.002 0.688
W i v 207. 271 129. 065 839 1.955 0.008 0.834
DR~ 7,1 207. 248 111. 055 427 1.745 0.008 0.804
JIEL 287.396 104. 107 145 1.674 0.041 0.917
g e 29.982 118. 065 241 1.433 0.014 0.775
2- & P 3~ 1-Jo¢ e -sn-H- It - 3 1% AEL 213. 458 524.370 888 1.405 0.032 0. 830
¥ S AR R 213.316 208.132 988 1.020 0.018 1.656
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AT A WA B3 DL, B 2t 22 S Al % AL 4% . IR B T
£ B A H ek A O L T A L R A
e R AN L-H o = R A s i A L (5 2R A3 5
B TR AR N &R ACH . W& TR KA ZA TR M4 AR
AR D-25 A BE I A D-4 2R AU, T IR ACHE HTak i
2 RN AR AT 2 R I 2 IR OB A A R 10 R
CTCA G bl 1 firp SOWY 5 28 L 0OHE W R o 42, 4 A=
2 B6 AR PR AR QI e JUL A il e

%3 HnBEFERKEY

R AR 4 B2 ] (min) JB A L vIP P FC

R 47,032 253.216 647 1.710 0.007 1.599

VYR iR 245,113 87.007 824 2.103 0.010 1.211

JUL e 407.732 179.055 113 2. 240 0. 005 1.169

Lt 2R 319. 989 180. 065 352 2.087 0.001 1.572

N-Z Bk~ L-2E T & R 200. 360 206. 081 439 1.684 0.032 1.284

L- AR 413.262 146. 044 934 2.517 0.011 1.526

AR 384. 445 145.013 278 2.796 0. 004 1.931

2-FRIL N TR 66. 797 243.195 709 1.877 0.031 1.351

B T 24,358 109. 028 507 2. 658 0. 004 2.819

N-Z Bk 2 5 210. 688 134.060 233 2.147 0.003 3.171

O JRTR 210. 851 178.049 965 2.121 0.003 2. 865

I T
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FgE LG
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BMI. i F 2 5046 45 )5 » 76 12 479 1] &5 1 & A8 3 i
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H i 5 e i 25 50 A 5 1 A8 7 22 ok S A
5B (short chain fat acids, SCFA) , Un it iz £ . 78 B2 £h
MTERE L T R E a4 .5 W Mas i b R i
1) B KAk B 00 388 3 B T A ) R TR A A R LR S
SRS RY ep Rl BEAIC M R . ASHFF ST IV 2 SR
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FA WO R AR . il Uk Y 53 SCFA 2
500 I P 5 B A B AR TR R 5 I T Rk A
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FEBEAR AN BT P A G, BEMAEYRSS
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