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Abstract: Objective To investigate the pharmacodynamic effect and possible metabolic pathway of Yiqi Fumai Lyophilized
Injection (YQFM) on rats with heart failure and hypertension. Methods Heart failure with hypertension rats induced by ligation of
abdominal aorta and renal artery were constructed. According to the blood pressure values were randomly divided into model group

and YQFM group; another rats were taken as the sham-operated group for the same operation without ligation. The drug was given
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once a day for 14 days by tail iv. The cardiac function of rats was detected by ultrasonic diagnostic apparatus and the blood pressure
of rats was detected by eight-channel non-invasive blood pressure meter before and after administration. Serum CK-MB, ¢TnT, BNP,
NT-proANP, LDH, Renin, Ang II, ACE1 and aGT level were detected by ELISA. LC-MS was used to analyze the differential
metabolites in rat serum to find differential metabolites and metabolic pathways. Results Compared with sham-operated group, the
LVEF and LVFS of the model group were significantly decreased (P < 0.001), the SBP of the model group increased significantly
after modeling (P < 0.001), and the levels of NT-proANP, BNP, CK-MB, ¢TnT, LDH, Renin, aGT, ACE1 and Angll in the model
group were significantly increased (P < 0.001). Compared with the model group, the LVEF and LVFS of YQFM group were
significantly increased (P < 0.001 ), SBP was significantly decreased after administration of YQFM (P < 0.001), the levels of
NT-proANP, BNP, CK-MB, ¢TnT, LDH, Renin, aGT, ACE1 and Angll in serum were significantly decreased after YQFM
administration (P < 0.001). The possible action pathway of YQFM pathway may be pentose, glucuronate interconversions, ether
lipid metabolism, glycerophospholipid metabolism, purine metabolism and tryptophan metabolism. Conclusion YQFM can improve
the heart function,blood pressure level and related biochemical indexes of rats with heart failure and hypertension. The metabolic

pathways may be pentose, glucuronate interconversions, ether lipid metabolism, glycerophospholipid metabolism, purine

metabolism and tryptophan metabolism.

Key words: Yiqi Fumai Lyophilized Injection; heart failure with hypertension; metabolomics; pentose, glucuronate

interconversions; ether lipid metabolism; glycerophospholipid metabolism; purine metabolism; tryptophan metabolism
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il SBP/mmHg
21531
(mg-kg™) e Nl )
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YQFM 464.3 151.25+9.63"" 116.25+9 35"

5B ARE B TTP<0.001 5 5 R4 LB 7P<<0.001
1 mmHg=0.133 kPa
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group; | mmHg=0.133 kPa
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0.001); 5HER A L, B iv s T YQFM J& , i
Renin. aGT.ACEl 1 Angll /K *F ¥ & # B % (P<
0.001). ZEHREH, YQFM X T K- K5k K &
G(RAS) BA —EMBGEEH
35 EERPCAURRGREMER

Wl 2 frs , B A — AN EURARER — AR Bl
RIBEMTEIR B R AR 7 H . FEARS AL T
95% BAS XM, I H QCHE i BB HEVIE—ike, &
BRI
3.6 MEZTLHITTH
3.6.1 PCA WK 3w, BEAH S EF AR
REERGET 95% BAGIX N H &N AIFE A EH
BIR, T B — 547 OPLS-DA /3 #T. HBiAI4]
5 YQFM A M FEAR R FE4b T 95% BEAS X (8] A, I B
FEAT] DAL L X 53 T
3.6.2 OPLS-DA 4w, BFARHAEGHAHA,
B 5 YQFM 4L AL A A E 4k T 95% B A5 X [A],

£3 KBAKXRRMBZNT-proANP . BNP.CK-MB.cTnT LDH 7K (z+s,n=7)
Table3 NT-proANP, BNP, CK-MB, ¢TnT and LDH levels of rats in each group (r+s, n=7)

7/ NT-proANP/ CK-MB/
2 BNP/(ng-mL™) ¢TnT/(pg'mL™")  LDH/(ng'mL™)
(mg-kg™) (pg-mL™) (ng-mL™)
BRFEAR — 217.38+51.08 3.19+0.83 1.4440.22 80.39+10.76 3.85+1.41
T — 792.57+113.79"™ 10.45+0.98™ 5.40+0.86"" 214.96£27.91" 17.09+2.53"*
YQFM 464.3 444.12+110.62" 5.94+0.87" 2.49+0.56" 129.58+25.79 9.40+2.32"

HEFARALE:"P<0.001; 5B 4 H L #P<0.001
P <0.001 vs sham-operated group; “*P < 0.001 vs model group
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Table 4 Renin, aGT, ACE1 and AngllI levels of rats in each group (z+s, n=7)

2H ) 7/ (mg-kg™ Renin/(pg-mL™") aGT/(pg-mL™") ACE1/(ng-mL™) Angll/(pg-mL™")
(EEEVN — 3.22+0.77 26.23+5.76 23.81+4.68 115.53+25.17

T — 13.27+1.24™ 96.97+4.23"" 68.83+6.71"" 328.59+33.70™"
YQFM 464.3 6.66+1.37"" 58.42+10.42"" 41.93+7.44% 210.68+46.18"

HEFARULLE " P<0.001; 5HAA L #P<0.001
""P <0.001 vs sham-operated group; “*P < 0.001 vs model group
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Table S Potential differential metabolites in serum of rats in each group
AR tr/s m/z - e
B vs T ARA YQFM 4 vs 14 20
DL-tryptophan 223.729  205.096 6 v A
indole-3-carboxaldehyde 223.729  146.059 7 v A
LPC(14:0) 460.856  468.307 5 A v
2-indolecarboxylic acid 321.215 160.040 4 A v
2, 8-dihydroxyquinoline-beta-D-glucuronide 219.999  338.086 0 A v
LPC(16:1) 477.674  494.3239 A v
LPA(17:0) 572.071  423.250 3 A v
lysoPC(0-18:0) 671.735  510.389 9 4 v
6-hydroxy-5-methoxyindole glucuronide 230.746  340.102 6 A v
1H-Indole-2, 3-dione 295.827  146.024 7 v A
naphthalene-2-sulfonic acid 287.567 207.0120 A v
6-hydroxynicotinic acid 75.666 136.047 6 A v
4-hydroxy-2H-pyran-3-carboxaldehyde 373.081 127.038 6 v A
endomorphin-2 489.773  572.2973 v A
quinoline-4, 8-diol 300.576  162.054 8 A v
DOPA sulfate 192.034  278.030 8 v 0
myricetin 223732 319.036 6 v A
semilepidinoside B 184.233  367.1499 A v
3-methylbutyl 2-furanbutanoate 278.155  225.1479 A v

A BTy AR T

“ A ”_content increases, “ v ”-content decreases
127 ‘ ?

| @
|

09405

074"

(J_(IJ(J 0_5‘0 0,10 (J_iS
Pathway Impact
1= JSCE 380 T M T TR e 4« 2T I AT 5 3- Tl B IR AR 5 4- T nd AR
s S- = BRI

1-pentose, glucuronate interconversions;2-ether lipid metabolism; 3-

glycerophospholipid metabolism ; 4-purine metabolism ; 5-tryptophan
metabolism
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Fig. 7 Differential metabolite pathway enrichment analysis
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