* 334 - 2020 2 61 4 Journal of Traditional Chinese Medicine 2020 Vol. 61 No.4
DOT: 10. 13288 /. 112166 /r.2020. 04. 014
k
300 410208
o 20  Dahl/SS
3 . 6 20 7
20g (8% ) 20 .
( LVEF) . ( LVFS) ( NT-roBNP)
- (LCMS) .
LVEF. LVFS NT-proBNP (P<0.01),
LVEF. LVFS NT-proBNP (P<0.01), 3
4— N N N N V5 - 6
1
140 nTmHg 11
° SPF
’ Dahl/SS 20 6 (220 =
) 10) g
i ) SCXK () 2016-0006
> . 43004700037714
° SPF
23 ~25°C / 12h
1.2 N
( 753021720
. 20190801) ;
( NT-proBNP)
(ELISA) ( CSB-E08752r)
(18B-235) ; (81774208)(‘201%]50447) ; ABIO o L=2- (
( CX2018B486) 103616-89-3) :
* £ 515800272@ qq. com ( . CAEQ<4-003302-4000) . (



2020 2 61 4 Journal of Traditional Chinese Medicine 2020 Vol.61 No.4 * 335
CAEQ-4-00306-4000) . ( CAEQ+4- 24 h 4°C 2000 r/min 10 min
00303-0050) ( 8.26 cm) ~80C

© 10% ( T20070403) .
o 150 pl 10min ( 13000r/min 4°C
SonoScape-S2N 8.26 cm) 100 l 1.5ml
. CODA EP 10 ul 10;
Kent Scientific ; ACQUITY 100 pl - (V:V=2:1)
+ VIONIMSQ-Tof 1 min; 10 min; - 20°C
; TGLA6MS 30 min; 10min ( 13000r/min 4°C
; 8.26 cm) 160 !
SCAA104 0.22 pm
° LC -80°C -
1.3 ( LC-MS) .
6 -7 10
20 Dahl/SS ( (QC) QC
0.3% ) 1 .
6 14 B
° 20 o .
20g (8% ) . ACQUITY UPLC BEH CI8 ( 100 mm x
20 ! 2.1mm 1.7 pm)
140 mmHeg : 20 45°C 0. 4 ml /min 5l
’ ’ ’ ) ESI o
’ ’ ; 3kV
( LVEF) .
( LVFS) NT-proBNP 2KV 0V SOV,
14 120°C; 450°C;
7 . 800 L/h; 50 L/h; 50 ~
1000 amu; 0.1s; ( )
6; ( ) 20 ~ 35;
14 ’ MSEcentroid .
8 1.6
6.0 ml/kg UPLC-TOF/MS
ProgenesisQIv2. 3

1 15 & A A

1.5 :
1.5.1 10% g SIMCA
4ml/kg 14.0 ( UmetricsAB )
LVEF  LVFS, ( PLS-DA)
3 ) ( OPLS-DA)
1.5.2 NT-proBNP o OPLS-DA
20 min 3500 r/min (VIP) >1
10 min ( 8.26 cm) o
-80°C o ELISA KEGG Metaboanalyst
NT-proBNP o (‘http:  //www. metaboanalyst. ca/)

1.5.3



* 336 ¢ 2020 2 61 4 Journal of Traditional Chinese Medicine 2020 Vol.61 No.4
2 LVEF. LVFS
NT-proBNP P <0.01
2.1 LVEF. LVFS NT-proBNP P ( )
2.2 LCMS
BPC 1.
1 LVEF. ( )
2 N BPC
LVFS NT-proBNP (P<0.01) .
1 LVEF. LVFS
_ BPC
NT-proBNP (x£s) )
o 8 ~ 14 min
LVEF (%)  LVFS (%) NT-proBNP 3
( pg/ml)
91.36 £6.01 60.04 £11.13  310.29 +14.82 R
70.27 £6.50732.96 +5. 12" 455.20 +24.05" 2.3
82.01 £3.30%46.09 +3.90% 130.20 £28.05%
PCA
LVEF : LVFS : 3 PCA
NT-proBNP ; * P <0.01; °
AP <0.01 ;
= =
ﬁ 1245 H—' 3 T
= a9 1057 B
313 770 ose 435
050| 292 T 355419 b uﬁﬁj 28 507521
o i Wi, 'éjn N L A T o A
Exd B 1A (min) Ewa I 1E] (min)
% 1250 % 326
H_, r% - AB6
e LS
7532 : 313, [| 497 2@ - T 1383 osg | 0% T 0T 0o
L e Jb:sm{ J\ o 200 abo M 600 5.0 \ugu 200 mAun
Bl BT (nin) e LG
o M-
pia e
064 3733%407 789 05 39;”
081, 27 501 1383 8 250 523
37 v ; .
BEVEH WA WA (min) BALEN WA LI
2

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



2020 2 61 4 Journal of Traditional Chinese Medicine 2020 Vol. 61 No.4 * 337 .
o EHHA o EH4
g Eik| g bicke:!
A SFEEGHRA A A BFEESNA
. 1500005
1501 ]
siiod O IODOUD:
A ] [
50 = O e L 50000 PF
- Em © -~ s
g o0 ;‘ = " ®
50 A A -50000 “ A“ ¢ % ®
-100 . i O
~100000-
-150 AA ]
200 -150000-
-300 20 100 [3] 100 200000 150000 100000 50000 ([01] 50000 100000 150000
PCA 184> & PLS-DA 184+
3 PCA  PLS-DA
o 4- N .« L-
o PLS-DA PLS-DA N N 54— -
3 2o
o 2.5
2.4
OPLS-DA 6 KEGG
HMDB Metaboanalyst
(http:  //www. hmdb. ca/spectra/ms/search) . Metlin 10
( https: //metlin. scripps. edu/) D- D-
OPLS-DA B,
(VIP) >1 t P <0.05
6 tRNA
; P
2
( min) Vs vs
114. 1662 0.6112 C4HyN;0, ! 1
179. 0552 0. 6287 CeH 504 ! 1
172. 0399 3. 1064 C,oH;NO; ! 1
349. 2294 4.2745 CsH 4N, O, L- ! 1
253. 0492 4. 8287 C,;H|4N,048 54— - 1 !
184. 0604 1.5309 CyHyNO, 4- l 1 Bs
3
P
71 2 0.0139 0. 1579 KEGG SMP
D- D- 8 1 0.0198 <0. 0001 KEGG
20 1 0. 0489 <0. 0001 KEGG SMP
By 32 1 0.0772 0. 0604 KEGG SMP
39 1 0. 0935 0. 1370 KEGG SMP
41 1 0. 0980 <0.0001 KEGG SMP
45 1 0. 1071 <0. 0001 KEGG SMP
N 48 1 0.1139 <0.0001 KEGG
tRNA 75 1 0. 1731 <0. 0001 KEGG
79 1 0. 1816 <0. 0001 KEGG SMP




* 338 ¢ 2020 2 61 4 Journal of Traditional Chinese Medicine 2020 Vol.61 No.4

(Raw P) <0.05 ( Impact) >0.1 B, o
30
3 (CP) Cp
ATP o
o ( )
« CP °
. ATP
’ ( 4,5- 3- ( PI3K)
) B ’ 4,5- 3
0 TR, v PI3K/AKT
’ ’ 38 ( GSK3B)
o LC-MS
PI3K/AKT o 54— -
L- . 4= . v
N N V5 - 6
0 59—
L- ( NOS)
NOS (NO)
NO
1
L- 1
2, L- ’
IL—
I— NO 1 FOROUZANFAR MH LIU P ROTH GA et al. Global
2.3 burden of hypertension and systolic blood pressure ofat
’ least110 to 115 mmHg 19902015 J . JAMA 2017 317
(1D0) / (2):165482.

2 ZHOU Y HU Z. Comparison of the effects of Shenfu in—
jection and Shenmai injection on doxorubicin-induced chro—
nic heart failure in rats J . Inter J Clin Exper Med 2018
11(12) : 1316943179.

DO . 44— 3 SHIL XIEY LIAL X et al. Erratum to: Shenmai injec—
B B 4_ tion as an adjuvant treatment for chronic cor pulmonale
6 6

14 B heart failure: a systematic review and meta-analysis of ran—
° 6 X domized controlled trials J . BMC complement Altern

Bq Med 2015 15:429. doi: 10.1186/s12906-015-09534.

15
o 4— 4

J. 2016 1



2020 2 61 4 Journal of Traditional Chinese Medicine 2020 Vol. 61 No.4 * 339 .

(1):1345. J . Clin Cardiol 2000 23( 3) :205-210.
5 ZHANG Y WEI W SHILOVA V et al. Monoclonal antibod— 12 . L-
y to marinobufagenin downregulates TGFR profibrotic signa— J . 2003 18(2):55-57.
ling in left ventricle and kidney and reduces tissue remode— 13 . /
ling in salt-sensitive hypertension J . ] Am Heart Assoc J . 2012 20(5) : 433435.
2019 8(20) : e012138. doi: 10.1161/JAHA. 119.012138. 14 . B,
6 . D . ; 2019.
U 2017 37(3) : 245~ 15 UELAND PM ULVIK A RIOS-AVILA L et al. Direct
248. and functional biomarkers of vitamin By status J . Annu
7 WANG YC MA DF JIANG P et al. Guizhi decoction in- Rev Nutr 2015 35:3370. doi: 10. 1146 /annurev-nutr—
hibits cholinergic transdifferentiation by regulating imbal- 071714-034330.
ance of NGF and LIF in saltsensitive hypertensive heart 16 '
failure rats J . Chin J Integr Med 2019. doi: 10. 1007/ 7. 2004 16( 1) : 1446.
511655-019-2706-6. 17 HI YF WANG JH ZHONG RG. Advance in the relation—
8 ) M- ship between key genes in inositol metabolism and neural—
1996: 1103. . .
: ' tube defects J . Chin J Birth Health Hered 2014 22
(10) : 1-6.
ATP J.

18 HUANG CH MANDELKER D SCHMIDTKITTLER O et

2014 30(5) : 61-64.
al. The structure of a human pl10alpha / p85alpha com-

10 WU Z ZHAO X MIYAMOTO A et al. Effects of steroid—

. . . . . lex eluci-dates the effects of oncogenic PI3Kalpha muta—
al saponins extract from ophiopogon japonicus root amelio— P S P

tion J . Science 2007 318(5857) :17441748.

rates doxorubicin-induced chronic heart failure by inhibi-

ting oxidative stress and inflammatory response J . 19 - PI3K/AKT/GSK3
Pharm Biol 2019 57(1) : 176-183. / I
11 BOCCHI EA VILELLA DE MORAES AV ESTEVES- 2015 21(9) : 1571-4574.
FILHO A et al. L-arginine reduces heart rate and im- 20
proves hemodynamics in severe congestive heart failure ] 2010 28(5) :569-572.
Effects of Shenmai Injection ( ) on Urine Metabolomics of Hypertensive Heart Failure Model Rats

YANG Meng HU Zhixi LI Lin ZhONG Senjie YAO Tao CHENG Bin

Hunan University of Chinese Medicine Changsha 410208

ABSTRACT Objective To investigate the effects and possible mechanism of Shenmai Injection ( ) on
hypertensive heart failure. Methods A total of 20 Dahl/SS salt-sensitive male rats were randomly divided into
three groups: A normal group with 6 rats was given low-salt diet for 20 weeks; a model group (n=7) and a Shenmai
Injection group (n=7) were given 20 g high-salt diets ( 8% sodium chloride) for 20 weeks to establish a rat model of
hypertension heart failure. Left ventricular ejection fraction ( LVEF) and left ventricular shortening fraction ( LVFS)

were detected by echocardiography. Serum amino-terminal brain natriuretic peptide ( NT-proBNP) levels were meas—
ured. Rat urine was collected for liquid chromatography mass spectrometry ( LC-MS) combined with technical analysis
to screen differential metabolites and analyze related metabolic pathways. Results  Compared with the normal
group LVEF and LVFS in the model group decreased and serum NT-proBNP levels increased ( P < 0.01).

Compared with the model group the LVEF and LVFS in the Shenmai Injection group increased and the serum NT-
proBNP level decreased ( P <0.01) . The urine metabolic profile of the 3 groups of rats showed a clear trend of sepa—
ration. After intervention with Shenmai Injection the 6 differential metabolites of 4-pyridoxine kynuric acid L-
arginine creatine inositol 5-.-glutamyl-bovine sulfonic acid had significant changes and their metabolic pathways
involve arginine and proline metabolism.  Conclusion Shenmai Injection can normalize abnormal urine metabolism
in hypertensive heart failure rats and its mechanism may be related to regulating amino acid metabolism energy me—
tabolism and oxidative stress response.

Keywords hypertension; heart failure; Shenmai Injection ( ) ; metabonomics; ultra high performance

liquid chromatography-mass spectrometry
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