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Synergistic mechanism of hen oil-fried Panax notoginseng in Fuke Zaizao Pills for
treating syndrome of deficiency of both ¢i and blood based on untargeted
metabolomics

LIU Gang, JIANG lJiaxin, HAN Caiyao, MU Kailang, LIN Mingjin, HUANG Yun, LEI Yan, HOU Jinxin, SUI
Yi, LI Wei, FENG Guo
College of Pharmacy, Guizhou University of Traditional Chinese Medicine, Guiyang 550025, China

Abstract: Objective To explore the therapeutic mechanism of Fuke Zaizao Pills (FKW) for the syndrome of deficiency of both gi
and blood, and to reveal the synergistic mechanism of hen oil-fried Panax notoginseng on FKW. Methods Mice were randomly
divided into the control group, model group, Compound Ejiao Syrup (FFEJ, positive drug, 10 mL-kg™') group, and FKW (containing
hen oil-fried P. notoginseng), SFKW (containing raw P. notoginseng), and WFKW (without P. notoginseng) low, medium, and high-
dose (0.34, 0.67, 1.35 g'kg™") groups. Except for the control group, a mouse model of syndrome of deficiency of both gi and blood was
established by cyclophosphamide. The general state of mice, spleen and thymus indices, and blood routine indicators were observed.
The levels of albumin (ALB), interleukin-1 (IL-1), alanine aminotransferase (ALT), erythropoietin (EPO), and aspartate

aminotransferase (AST) in serum were detected by ELISA. The pathological changes of the spleen were observed by hematoxylin-
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eosin (HE) staining. The changes in metabolites and involved metabolic pathways in fecal samples were analyzed by non-targeted
metabolomics. Results Compared with the model group, all drug groups could improve the general state, spleen pathological damage,
organ indices, and blood routine abnormalities of mice with syndrome of deficiency of both ¢i and blood to varying degrees (P < 0.05,
0.01), and reduce the levels of ALB, ALT, AST, EPO, and IL-1 in serum (P < 0.05, 0.01). The therapeutic effect of FKW was superior
to that of SFKW and WFKW, and the enhancing effect of hen oil-fried P. notoginseng was most significant at the low dose (P < 0.05,
0.01). Metabolomics results showed that FKW could significantly regulate 28 differential metabolites related to syndrome of deficiency
of both ¢i and blood, mainly enriched in primary bile acid biosynthesis and purine metabolism pathways. Further screening between
FKW and SFKW groups identified 11 differential metabolites, mainly involved in primary bile acid biosynthesis, phenylalanine
metabolism, and vitamin B6 metabolism pathways. Conclusion FKW exerts a therapeutic effect on syndrome of deficiency of both
qi and blood, which may be related with regulating the primary bile acid biosynthesis and purine metabolism pathways. Hen oil-fried
P. notoginseng can enhance the therapeutic effect of FKW on treating syndrome of deficiency of both gi and blood, and its synergistic
mechanism may be associated with the regulation of multiple metabolic pathways, including primary bile acid biosynthesis,
phenylalanine metabolism, vitamin B6 metabolism, purine metabolism, and caffeine metabolism.
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Fig. 1 Body weight gain curves of mice in each group ( X x5, n=6)
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Table 1 Organ coefficients of rats in each group ( X s, n=6)

JERJEFE 20/ (mg-g ™)

Jla iR 48 50/ (mg- g7

1512 » HLA9EESH 202645 A
#z1
4151 /(g kg™
X HE —
LAY —
FFEJ 10 mL-kg!
FKW 0.34
0.67
1.35
SFKW 0.34
0.67
1.35
WFKW 0.34
0.67
1.35

1.5340+0.033 6
2.903 0+0.025 0
1.517 0£0.032 7
1.695 0+0.021 7*
1.587 0+£0.018 6*
1.767 0£0.031 9™
2.057 0£0.023 4"+
2.813 0£0.032 0™
2.155 0£0.038 9**#
2.667 0£0.022 5™
2.148 0£0.022 3"*##
2.090 0+0.043 4™*##

0.838 0+0.076 9
0.338 0+0.089 1°°
0.938 0+0.095 4™
0.617 0£0.064 7"
0.772 0£0.076 3**
0.663 0+0.074 2™
0.477 0£0.065 9*##
0.657 0+£0.054 3™
0.738 0£0.078 8**
0.427 0£0.037 8™##
0.593 0+£0.074 7
0.480 0£0.061 6™

5xHH R “ P<0.01; SERALE: P<0.05 “P<0.01; 5 FKW RFEHHERK: “P<0.05 #P<0.01.

AN

K72 K WFKW . 7720 RO R 5 5008
F K (P<0.01) .
34 MEMENER

Wk 2 o, SxHEEAAE, AN R
RBC. WBC. HGB. PLT. HCT /K- & 3 [&{%
(P<0.01) . HEEMMAML, FHMEZAHE FKW %
FIEH /N RBC FEEEFENE N (P<0.05. 0.01) ;
FHME 2541, FKW. WFKW %57 8241, SFKW &, fik
FE4H WBC /K REHIN (P<0.05. 0.01) ; FH

P <0.01 vs control group; "P<0.05 "P<0.01 vs model group; *P < 0.05

#P <0.01 vs same dose of FKW group.

PEZG2H, FKW %55 m4l, SFKW Al WFKW . &
A HGB & & EEN (P<0.01) 5 FHPEZGA,
FKW. SFKW & #& 4, WFKW . &7 PLT
K BERIN (P<0.05. 0.01) ; FATEZG4L, FKW
#iME4, SFKW H1. &7l g4, WFKW il a4l
HCT /K-F&EH#n (P<0.05. 0.01) .

5 FKW [FF AL, SFKW {71 &E 41/ R
RBC. HGB. HCT & & &% K (P<0.01) , H57|
w2 WBC /K353 £k (P<<0.05) ; WFKW H15)

#2 KWHE/NFE£ms RBC. WBC. HGB. PLT 1 HCT &8 (X *s, n=6)
Table 2 Contents of RBC, WBC, HGB, PLT and HCT in whole blood of mice in each group ( X s, n=6)

M FE/(gkg!) RBC/(X102L71) WBC/(X10°L™) HGB/(g L) PLT/(X10° L) HCT/%
POty — 9.62+1.13 12.00+0.49 142.33+7.00 2243.83+223.12 42.11+3.85
Y — 4.90+0.80"" 2.47+0.60"" 74.00+5.17"  1353.50+267.28""  19.51+£3.05""
FFEJ 10mL-kg!  7.50%£0.62" 7.04%0.30" 110.33+8.31"  2220.67+194.50™  36.12+3.61*
FKW 0.34 9.05+1.93" 8.16+2.23" 123.67+17.55"  2265.00+£278.82"  32.73+6.63"

0.67 8.05+2.38" 7.75+2.25™ 120.00+16.29™  2124.50+274.88"  37.00+£8.91*
1.35 8.34+1.96" 7.13+£1.57" 122.00+19.86™  2508.67+£299.62"  39.22+9.29*
SFKW 0.34 3.75+1.75% 6.81+1.83" 60.83+1528% 198233435445  19.07+8.71%
0.67 4.77+2.60 441+197* 125.00+18.60" 2 056.50+156.33""  29.36+9.79"
1.35 6.02+1.64 7.15+1.93" 110.00+14.58"  2439.67+191.86™  37.70+9.39"
WFKW 0.34 6.67+1.91 5.94+2.01" 98.83+26.24  1846.17+320.83 26.23+7.38
0.67 5.58+1.96 5.10+1.98"% 115.67+18.42™ 2015.50+282.57" 35.15+9.63"
1.35 5.75+1.95 6.65+1.66™ 123.17426.03"  2204.67+£212.04™#  29.63+12.90*

EXTHH R “AP<0.01; SHRALE: P<0.05 “P<0.01; 5 FKW REFEHILRK: *P<0.05 #P<0.01.

4P <0.01 vs control group; "P<0.05 **P<0.01 vs model group; *P < 0.05

#P <0.01 vs same dose of FKW group.
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B2 WBC /KT EERK (P<0.05) , mil&ELd/N
i PLT. HCT & &EEEFIL (P<0.05. 0.01) .
3.5 PBFINEEIERR (ALB. ALT. AST) #MLER
gEnR 3 fow, SR A, BN R I
& ALB. ALT. AST /K FRZET R (P<0.01) , $#2
AN RE AR N RAFAE D et . SBALZHAH
Lb, SR 25235 REAN [FIFL M I 3 PG B id R bR (P<
0.05. 0.01) , RFZKHLZHEXSHINRERH BA —EM
SEEEH . 5 FKW [FIFIE4AH, WFKW H7E4H
/N ALB 7K 2 FHE(P<<0.05), SFKW J2 WFKW
RN AST KR m (P<0.0D) .
3.6 “IYmREERRHEXIERR (EPO. IL-1) B9

% EPO K IL-1 K EEF & (P<0.01) , ##
TN R R AR 2R /)N B A TR 2120 P A R 4% 5
RRERNL . SIEETIHARL, Z4 25 H A FRFI RS R
AN i 55 2 B4k EPO A1 IL-1 /K°F (P<<0.05.
0.01) . 5 FKW [FF &AL, SFKW F1 WFKW
IR /N IL-1 KF 22 F 5 (P<0.05.0.01),
SFKW R E41R WFKW . K75I&E 4/ EPO
KFREHE (P<0.05)
3.7 XTRRLALARSHIE N

AU IS R 2, 0o TR 2 4 2R 4
SERE, FRESLLRE S FUE, R POk B2 g RS
WAL EARIER, ARESSMIEE, JoU] SRR e

SRR 3 P, SXTRAALE, BAAAL/N

*3 KENRIMFED ALB, IL-1, ALT. EPO F1 AST &8 (X *s, n=6)
Table 3 Contents of ALB, IL-1, ALT, EPO and AST in serum of mice in each group ( X s, n=6)

PERE . SXIRAAHEE, B AR 23 6 R

Hul  FlE(gke™)

ALB/(mg'mL™)

IL-1/(pg'mL™")

ALT/(ng'mL™")

EPO/(mIU-mL™")

AST/(pg'mL™)

tof e — 24.64+1.45 114.16£16.76
LT — 5245+2.83°"  251.57+23.66""
FFEJ 10mLkg!  30.88+£3.40" 157.21+£23.46"
FKW 0.34 40.42+2.80" 197.86+14.19*
0.67 45.84+2.70" 222.26+10.73"
1.35 38.66+4.46" 190.96+27.97*
SFKW 0.34 41.81+3.31" 236.80 = 15.66%
0.67 47.79+3.69 240.88+17.90
1.35 37.5142.88" 195.70+17.94*
WFKW 0.34 42.64+3.73" 235.14+15.45%
0.67 49.46+3.85% 238.05+22.62
1.35 40.23+2.86" 183.6119.44™

100.82£17.40

216.934+22.86""
130.65+10.38*

199.17£21.10
208.63t11.65

157.44+18.54™
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Fig. 5 Volcano plots of differential metabolites in fecal samples from each group in positive and negative ion modes

&4 FKWIRTTSMABREIEEEREEIIRSYNEESEE S
Table 4 Identification and trend analysis of potential fecal biomarkers for FKW treatment of syndrome of deficiency of ¢i and blood

=) HMDB ID R AR B oot B FKW vt 2
1 HMDBO0000671 | ok L R C11H11INO;: 1’ 1
2 HMDB0059655 2-FRHE R R CsH;sOs U 1#
3 HMDB0000138 H R C26H43NO6 1 1*
4 HMDB0000107 A R C6H 1406 1 1%
5 HMDB0001406 S0 P frz CsHsN20 1 1
6 HMDB0006344 R Ci13H16N204 1 1
7 HMDB0000784 F CoH1604 1 1#
8 HMDB0013609 D-tE R CiiH12N20; 1 ik
9 HMDB0000292 FE NS C5H4N402 o 1

10 HMDB0001847 TE(RPS] CsHioN4O:2 1 1
11 HMDB0000296 SR CoH12N206 1 1%
12 HMDB0000195 JIIINE; C10H12N40s 1 kd
13 HMDB0000239 N P I CsH11NO3 1" 1*
14 HMDB0000715 R R W R R C10H/NO; 1 1*
15 HMDB0031068 SRR Ci6H3,0: 1 1*
16 HMDB0006236 R LE CsHsO T 1t
17 HMDB0000157 IR CsH4N4O 1 1
18 HMDB0000824 ALK CioH19NO4 i 1
19 HMDB0000926 ik e CsHsN N 17
20 HMDB0000043 s, CsH12NO; 1 1*
21 HMDB0000857 BB C7H1204 U 1%
22 HMDB0000764 AL CoH1002 I 1
23 HMDB0000893 R L7 CsH1404 1 1*
24 HMDB0000826 +HpEIR Ci5H3002 1 1*
25 HMDB0002259 VS C17H340; L 17
26 HMDB0000951 T G Bt S RE R C26H4sNO6S U 1#
27 HMDB0000957 AR CeHs0: 1 1*
28 HMDB0000251 ZETHIR C2H7NO;S 1 1

S MBA LR "P<<0.05; SHAAE. P<0.05.
“P < 0.05 vs control group; *P <0.05 vs model group.
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Table 5 Identification and trend analysis of potential fecal biomarkers for synergistic effect of hen-oil processed P.

notoginseng on FKW treatment of syndrome of deficiency of ¢i and blood

Hie HMDB ID R R FKW vs SFEKW
1 HMDB0000138 HAHER C26H43NOg 1
2 HMDB0000067 JiE [] sz C27Ha60 1
3 HMDB0000870 2H i CsHoNs 1
4 HMDB0059655 2-FRIEL R CsHsOs 1
5 HMDB0000239 M % et CsH1NO; 1
6 HMDB0031068 FEFRHAR Ci6H3202 U
7 HMDB0006236 KBE CsHsO 1
8 HMDB0000296 JRFF CoH12N205 1
9 HMDB0001847 W ] CsH10N4O: 1

10 HMDB0000043 S CsH12NO> 1
11 HMDB0000929 Lt % C11H12N202 1
12 HMDB0000014 Jiie=y; iRes CoH13N304 1
13 HMDBO0000195 JIIINE; C10H12N4Os 1
14 HMDB0000696 ERR CsH11NO2S 1
15 HMDB0000518 36 e AU R C24H4004 1
16 HMDB0000857 PR C7H1204 1’
17 HMDB0011564 BB (16:0/0:0/0:0) C19H3504 1"
18 HMDB0000157 IR CsHaN4O 1
19 HMDB0000893 By CsH1404 1"

A AR R IR 396 A2 AE AR Y 20 5 0 I i 2 25 7 ELTE FKW 55 SFRW 2 ) 2 25 5

Metabolites listed in the table simultaneously meet the criteria of being significantly abnormal between the model group and the control group, as well as

between the FKW and SFKW groups.
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