ETHBFMNHAFMR LT A =B Mm%
R ARAMER

BoR 23, ERIF, RBE
KEa L AR K KT, EEAY KM

VHA BRI R 2R TR R A R E A A L O BUREE S S EE T AR R, 22 7300005 422
IRBEAERHEBR AR, 224 7300002; 5 &1 i e By K& oty JETIHEEZGRF SR JE I T RIRZI M0 70 5 HF K =
LR, 17361008
W OB SRR AR S, TR TN M2 B0 a1 22 A P 7 G B Ay AL R M Wistar KRR
56 WBEHLZ 9 74, HIYIE® %4 (normal control group, NC) . M 4H (model group, MOD) . BH %} B 26
(positive control group, PC) + 4 NMHIHAMNMZ IR 2540 : KIZWH (water extract group, WE) . 70%EE 12 4H
(70% alcohol extract group, AE) . /KIREEYL L& R4 (water extraction and alcohol precipitation supernatant extract
group, WASE) MIZK$ZEEIT4H (water extraction and alcohol precipitation group, WEAP) . 7 40 1 & 45 24 40 i S 5t 2%
LK (acetylphenylhydrazine, APH) FSZVAMUMEFT MRS, @@ M H MARAR A (R A QM A % (erythropoietin,
EPO) & EIPN AR 5 PUH METT MR RS A R - FUS B I (gas chromatography-mass spectrometer, GC-MS)

HARE & 2 0G0 S AR, HLB T &5 44 25 AR RE B0 e 22 S A b 6, SRR g FARIS I % . R AR Al s
AR BRI 5 B R JRE DR 7 A0 I I VA 4% A G TR 7 K7, P ARSHE 6 1 A= 0 ThRE HEAT B0 E . i L Ase oy
HRLARPRAT EPO & &, UEWIRIRLGI & T, LR G VRN R W WASE 440 M 3T M BCR By AR 45 R B oR B A 5
TE 6 IR LA A BT A 2 43 B8, WASE AU 46 56 5 ) T 16 % 0 HR AR MR B0 . 5 IE B 6 RR LA B, 9 ot 28 1t A BRUABE
Toes Je e, IR BERIR TR AR UHE G 6 A ARUHEEKR Z 2158, iff WASE 4Ll {45 6 ZARUHE R . SR
5, B PCASN, HAZAZHHIIRE 5 M BARIME 7 — % (malondialdehyde, MDA) (P<0.01 8, P<0.05) . 40
%6 (interleukin-6, IL-6) (P<0.018 P<0.05) « MIRIFIE F-a (tumor necrosis factor-a, TNF-a) (P <0.01 8 P <
0.05) FMIH4HMIA%-2 (interleukin-2, IL-2) && (P<0.01 8 P<0.05) , RESEHEANYEANE (superoxide dismutase,
SOD) (P<0.01 B, P<0.05) FLHEMABH L (glutathione, GSH) 7KF (P<0.01 B, P<0.05) , JfH WASE 4 KR I
7HEH MDA (P <0.01) il TNF-a & SE AL A B ZEEIC (P<0.01 5 P<0.05) . H_ERA WASE 477 i k7T
M R BT, BRI 6 AR A VLA R RS PUEAL. PRI AN S RETE T, SO VA L 2T AR K
B 2L, IRBVRYT I T AR A

REEH: MM IR MR s AR oL

HESHEE: R285  SCERARIRED: A

Effects of different extracts of Danggui Buxue Decoction on hemolytic

anemia rats based on pharmacodynamics and metabolomics
FAN Qin"?3, WANG Ya-qiong', ZHAO Cai-xia!, ZHANG Zhi-rui!, ZHANG Hong-mei!, SONG
Bing!", YAN Jiao-ke?*, QI Huan-yang’

'Gansu University of Chinese Medicine ; *Research Center of Traditional Chinese Medicine, Gansu University of Chinese Medicine;

3Key Laboratory of Dunhuang Medicine, Ministry of Education, Lanzhou 730000, China, *Lanzhou Meierkang Biotechnology Co.,



Ltd., Lanzhou 730000, China, 3Xiamen Health and Medical Big Data Center (Xiamen Medicine Research Institute), Xiamen Key

Laboratory of Natural Medicine Research and Development, Xiamen 361008, China
Abstract: The effective parts and molecular mechanism of Danggui Buxue decoction in anti-hemolytic anemia were studied with
animal model and plasma metabolomics. Fifty-six male wistar rats were randomly divided into seven groups: normal control group
(NC), model group (MOD), positive control group (PC), and four Danggui Buxue decoction extract administration group, including
water extract group (WE), 70% alcohol extract group (AE), water extraction and alcohol precipitation supernatant extract group
(WASE) and water extraction and alcohol precipitation group (WEAP). The model group and each treatment group were
subcutaneously injected with 2% acetylphenylhydrazine (APH) to establish a hemolytic anemia model. The anti-hemolytic anemia
effect of treatment group was evaluated by measuring blood routine indexes and erythropoietin (EPO) content. The significant
different metabolites between groups were identified by gas chromatography-mass spectrometer (GC-MS) combined with
multivariate statistical analysis, and their metabolic pathways were constructed. The levels of factors related to oxidative stress,
inflammatory factors and hematopoietic regulation in serum of rats in each group were measured with kits. The comprehensive
evaluation of pharmacodynamics showed that WASE group had the best anti-hemolytic anemia effect. Compared with the K group, 6
metabolic pathways related to the metabolism of energy, amino acid, sugar and fatty acid were affected in the hemolytic anemia rat
model, and these 6 metabolic pathways could be regulated in the WASE group. Compared with model group, except group PC, in the
serum of other administration groups, the content of malondialdehyde (MDA), interleukin-6 (IL-6), tumor necrosis factor-o (TNF-a)
and interleukin-2 (IL-2) were all significantly decreased (P < 0.01 or P < 0.05), and the levels of superoxide dismutase (SOD) and
glutathione (GSH) were all significantly increased (P < 0.01 or P < 0.05). However, the content of MDA (P< 0.01 ) and TNF-a (P <
0.01 or P < 0.05) in serum of WASE group were significantly lower than those of other groups . All these showed that WASE group
has the best effect for hemolytic anemia, which mainly regulated the body's energy metabolism, antioxidant, anti-inflammatory and
hematopoietic cell function by affecting six metabolic pathways, and improved the metabolic disorders of hemolytic anemia model
rats, so as to treat hemolytic anemia.

Key words: extracts of danggui buxue decoction; hemolytic anemia; metabolic pathway; molecular mechanism

VAL BT I o T A R AR A, R R I AR RE T AR AR R . AR SE 2 ) BRI I
PEZL A BRI RBOR, BRI & 5G] B R AE R T FRARIRGT AiE RA EBLAE . 24
T M BT I 5 TR AT R SR TN R R0 DRI T R 206 S R ST A A AL
HA T Z BN AT

PRSIy, PRSI AR LS R RS, BE7), RIAS e, Lt 5=
Az AR T (ALY » ANEREFFRERS, AGENEKE () - H5 GE,
A L, KRR, T RE SN, B2 A IS L, PYZAECH, an KM, RN, FER
NHEEAT . RIS, TR BB 5 e 552 R BART SR W], 2 4h i ol ARG
7 AICSE A A ST M ALAE B PRI, SRERVESTIN . SEURFTML. ¥ M 2T 0 A AR R R SR A2 B, (H
RN A E R B, A RERALA IR, BUERI & T2 mRs A RE, MR E AT R
) A v B 2 A0S ) L AT A 5 RIS 249 VA I L i ¥ 7 9 AP I PR 245 50400 Jo Bt B HL v I P 24
I (¥ B LR AR ST AL REAT 3 — DBk T+ i 2L

AR AL 2 A H v e P T R G 5 A A O 0 AR AR S R AR AL, 424V LR
T LT R ARHE RS, WA AR AL, D725 O AR IR ZRIR I7 B 1) S — AN S TR
o RIS 22 T U URRAR A ) R GO AT TN R 5 v B 25 AR T VR T WS AR AT, AE TR R 2GS SR T
Q2 NS FEARHH A AR T, A - FUE B X (gas chromatography-mass spectrometer, GC-



MS) & — P AT R AR T R R, B e, RS s, e MRS SRR, A
KA Tz B T 2= 2 T R,

AHFFEIE 20 IR T GC-MS HR IR 70k, o B 2 R M L 76 7 V4 I 28100 P G0
PR SR FC RS R AR RS, DR VA L9 24 A0 TR R 7, S HOR B AR OR, SR B IRR &
NLF, FEAROBZ), R bR R A BRI
1 R 55%

1.1 1288

XS-900i MAHAESHTIX (HZA Sysmex AF]) ; Agilent 5975C-7890A 4 GC-MS (Z[H Agilent 24
A]) ; BIO-RAD 2Kl X (3£E Thermo AR ; FDU-2110 ATl (H AR EAL S bk
Xt 5 MG-2200 RUAAMR T (HAR T B LB R st .
1.23K%%

LA E Cacetylphenylhydrazine, APH) (k5 : DF290118, BERLZEHAR (B ARAFD ;
“hZke (b5 CHB190222, AR weidFAEMBIHEA R AR D 5 N-FHHE-N-= F IR e e 2 - = 9 S Bk iz
( N-methyl-N-(trimethylsily)-trifluoroacetamide, MSTFA) (flt*5: LK30T55) . O-FHEZ IR L (O-
methylhydroxylamine hydrochloride, MOA) #t5: LD30P35) ¥ H b H R BT AR AR, N 8
( malondialdehyde, MDA) . it JR 4 bt H K (glutathione, GSH) Al & ALY B {b B (superoxide
dismutase, SOD) RF &I H FE 5 A TRERE 7O RL4iEAE &R (erythropoietin, EPO) . [
Y M /% -2 Cinterleukin-2, IL-2) « H#A ML/ % -6 Cinterleukin-6, IL-6) FIH& IR FEH F-a (tumor
necrosis factor-a, TNF-o) ELISA {75 &304 FL IR SE WAV R A R AR IRk B0k (Rt : 20 g/
45, 5. 202212030, LZEBBARLAFD .

RN RO S0 R A2 AT IR A T, SR R B2 K 2 i AR L s N TR
9 Angelica sinensis (Oliv.) Diels 4 B ) il 2 v 1 G RHE Y 5 14 58 6 Astragalus membranaceus (Fisch.)
Bge. var. Mongholicus (Bge.) Hsiao TRARMIVIHI v, AR 556 (h NRILAIEZ8L) 2020 /R
AP RLE o
1.3 {38 zh¥

SPF 2 Wistar KB 56 H, Hetk, R R 250~300 g, W HR P EE 2K shrh, s shdfi
PFAES: SYXK (H) 2015-0005, sKIGZNP &G HAIEVFATIES: SCXK (H) 2015-002 A S258 77 247
EHM PR R LI A PR R A AR, R FL S U S . 2019-218.

1.4 HYI4p AR ERAHI &

MFRBEIRA (1:05) , AAmaithsK 10 52 8 A= BRI 2 I, FHK 1 h, AIFFIRIERK
AR THE, 33024 94N M7 KR4 (water extract group, WE) ;5 $REUAFIA 70% 2.8, HAa# ik
BeAE, B2 %MLZ T0%EEEY AL (70% alcohol extract group, AE) ; % WE J5 i /K2R IMA 2
BEfl SRR RILE] 70%, FE 24 h, #IERUOE, BT, BHEMLZ KR4 (water extraction and



alcohol precipitation group, WEAP) , FIGIHIETREEIRAE, AR, 13535z KR mEdT BiGiR
B4 (water extraction and alcohol precipitation supernatant extract group, WASE) o 4 Fh$g B £ BA X
Her SRR 1

R I4MRIYEEFRRSI TR (x5, n=3)

Table 1 The content of main active components of 4 extracts (x+s, n=3)

& Content (mg/g)

“ B T
R SRR el 2L . - o 111 o i S it
iE PN AR FE)IE S H TR ESUEYi-FS
Exact Chlorogenic Ferulic
. . Calycosin-7-O-f-D-  Senkyunolide I~ Senkyunolide H Ononin Medicarpin
acid acid
glucoside
WE 0.037+0.00 0.164+0.00 0.574+0.01 0.157+0.01 0.014 £ 0.00 0.228 £0.01 0.027 £ 0.00
AE 0.058+£0.00 0.258 +£0.00 0.620 +0.02 0.430+0.01 0.017 +0.00 0.300 +0.01 0.054 +£0.00
WEAP 0.039+0.00 0.240+0.00 0.969 +0.02 0.197 £0.01 0.021 +0.00 0.423 +0.01 0.015+0.00
WASE 0.037+0.00 0.031+0.00 0.059 + 0.00 0.022 +0.00 0.004 +0.00 0.017+0.00  0.007 +0.00

1.5 534, EEMBE

HEME Wistar K5 56 RAeE4 8 K, 44 (model group, MOD) FI45 254045 F 520658 1 d FIZH 4
d 7 A R F S 2% APH 100 mg/kg AT 50 mg/kg, 1E#H XFHEZL (normal control group, NC) JEH S5 {AFR
(AR R K. FH 0.9%42 R /K O 3P AN DR A4S BH 0 B2 (Tvjiao buxue granule, positive control
group, PC) . M4 4d )5, PCAHEB YY) 3.6 g/kgld, A1 WE. AE. WASE Al WEAP 143413445
T 36 g/kg, IR IR ZE 73 0 HE B SRRV AE B UK, S 12 d.
1.6 ZyRUERIRNE

RIRZGH) 24 h J5, 3% 24 (30 mg/kg) MEMETE SRR R B, 18 6 h ik B B R 1
FH I 40 53 A ASCORSE I 25 25K BR 40 8] I+ 4T 41 i %2 (red blood cell, RBC) . IfL4LE 1 (hemoglobin,
HGB) . IMi/MRiH# (platelets, PLT)  ZL4HMEA (hematokrit, HCT) FIFIJ M40 HIKE (mean
corpusular hemoglobin concerntration, MCHC) & . A& HE ELISA W7 & EAE Ui B 2 EPO. IL-6+
TNF-ofll IL-2 & &, 4% BB AL TR G B U B 2 MDA GSH M1 SOD & & . LK 73 B ORAFAE -
80 °CUKFE, HT GC-MS HIMIE .
1.7 ¥R R GC-MS ME &4

HUE-4 KB 100 pl I 2R AN 75% 2.0 450 pL #wiiE 30's, 12 000 r/min, 4 °C, #5.0» 10 min, HUFE 5
ERT 1.5 mL BOEF, 2T, 1A 20 mg/mL ) MOA MEREETR 50 L, 7E 25 °C44F FA54k 24 h,
P MSTFA 100 uL, 60 °CATAAL 2h, ZJEMAFF =+ =% (0.5mg/mL) 50 L, W€ 30sf5, 12
000 r/min, 4°C, E5.» 10 min, B EIEBRET GC-MS Ml . g4 GikkE A Agilent HP-5MS 1
FEMEH (025mm x30m, 025um) , BFFEE: 1pl. S SAR<. B TFHEE N 230°C, 3R
FHR Y 280 °C, W In#4 DX BE Tl 280 °Co WIAAAEIR 70 °C, fR#F 4 min, LL 8 °C/min 1) Z St /5 2



125 °C, #RJ5 LA 6 °C/min (3EZTHE %] 200 °C, FELA 4 °C/min A THEF] 300 °C, fRFF 5 min. FEEK
FAVEA 3 mL/min. FUGHEEHEE: 70eV, 7. 28, m/z35~800. AR 5 min.

TE M HAE AL PRI R, [RIES 1] 2% Bl 451 (quality control, QC) Ff i, % M8 54 5 i 2% AH [H] (1) 72
Jp BUSE R IR REA MR SR A K il % QC BER, LEFP 3 o BT F 06 2 R SE 8 /MFE AT IE 1> QC FE e
1.8 LA MM B M IAREEE

K F NIST 17 $df 2 5t K BRI A R = b AT R R0 e, e HE TG B > 80% ARt 47, [RI
St LG AH 9€ SCHRFT R Human Metabolome Database i#F— 5 % @ AR Ui . i % @ S0 X 70 1 — LAk S
W %5 e A ) D46 U8 A B N SIMAC 14,1 3R 33 AT 15 22 i B 7y —3fe ) 1) Corthogonal partial least
squares - discriminant analysis, OPLS-DA) 7347, ##is OPLS-DA #& 5Y £53 2| %X 1 9 4% & B % 5

(variable importance projection, VIP) fH, #/RE¥) VIPH > 1, HH (K5 P < 0.05 M4 &2 4 2 54R

WAE, g R 25 2 AR i\ MetaboAnalyst 5.0 24 1 & #EATQETIE S & 4£ 70 M, W% Impact
B > 0.1 H P <0.05 AR m
1.9 it i

Bl P8 + b2 (x+s5) For, K SPSS 22.0 HHT AN &R 7 £ /0 il e 1656, it
SPSSAU HHE R 7011 G 5% 2 VA KM Lz AN [R] 2 B 5 4L F AR A5 A EPO & B 3EAT Ji§EL-TOPSIS
B o, o % LA RGHAT SR G VAN
2GR
2.1 HYA% A A EH2 B XA MM 2 I K R AR f F2 0

HIEW XA b, BRI K R I3 F HGB (P<0.01) « RBC (P<0.01) . HCT (P<0.05) .
PLT (P<0.01) « MCHC (P<0.01) FI EPO /K P¥JREEML (P<0.05) , K ZBEARMER NS Ak
BUHE VA I 2T MRS, BRI T, HRIRI A LLAL, #4254 K HGB (P<0.01) « RBC (P<
0.01) « HCT (P<0.058¢{ P<0.01) « PLT (P<0.01) « MCHC (P<0.01) 1 EPO (P<0.058¢ P<0.01)
KPBIRET &, RPSEAENE MR M ERITER, SGRIE 2.

R 2 RTINS I K SR AR L I AR AR L A BRI (x5, n=8)

Table 2 Effects of drug administration group on blood routine indexes and erythropoietin in hemolytic

anemia rat model (x*s,n=28)

Fillk=ss
RBC
2 Dose HGB (g/L) HCT (%)  PLT (x10°4/L) MCHC (pg/L) EPO (ng/L)
(x10"24>L)

Group  (g/kg)

NC - 154.00 £ 6.78"™  8.04+0.39™ 4826+ 1.55° 84538+ 64.06" 331.21+11.78" 3433 +4.32"
MOD - 136.50 £ 10.13%  5.49+0.44%  4502+247%  594.00+42.09% 287.25+1533%  2472+283*

PC 3.6 158.50 £3.42"  6.63+0.37"  49.94+335" 828.00+109.52" 326.00 +5.55** 37.76 + 7.69*

WE 36 15338 £4.07"  6.27+0.39" 50.34+3.22"  828.88+96.72" 311.75+10.10"  52.11+11.92"



AE 36 158.50 £5.66™  6.39+0.46™  51.66+3.07"  821.13+9546™ 31238+ 10.74"  42.48+7.29™

WEAP 36 15438 528"  6.51 045"  48.18+1.70° 873.38 £78.87"  318.75+£9.54™ 5233+ 13.68"

WASE 36 159.38£3.29"  6.25+0.19" 48.14 + 1.62"  709.13 +47.38"  32825+3.37" 33.42 +3.81"

E: 5 NCHLEE, *P < 0.05, #P<0.01; 5MODAHLLHE, "P<0.05, "P<0.01. Note: Compared with NC group, *P <
0.05, #P < 0.01; Compared with MOD group, "P < 0.05, P < 0.01.

2.2 fi§i-TOPSIS R B T AR LA 4R & A3
HE 5 25 41 25200 L H TR bR AT EPO & &, FIFH SPSSAU udi Bl 24 70 41 °F & #E47 I AL-TOPSIS 7Y
ST, FTIRAFHOALE REEE RN 3 FioR, (EUksEah b, FIRRIALE AU B S 2E 4T TOPSIS 4347,
B REGH S RN T EIEE (the distance of the optimal solution, D*) . 5% EMIIEE (the
distance of the worst solution, D) K AL #E K BR IR T Ceuclidean closeness of optimal solution, Ci)
(£3) o DN DR Gk, NIRRT ROBRAL . FHER 4 FTAN,  AS[RI 45 25 20 2 380 H R 1 4%
AR B KB NFIRFE N WASE > WE > AE > PC > WEAP.

R 3 MEETTENERBLER
Table 3 Results of weight calculation by entropy method
EizE 5 EH5MEH e EEANE ER e
Index Information entropy value e Information utility value d Weight coefficient w
EPO 0.990 5 0.009 5 83.18%
HGB 0.9999 0.000 1 0.67%
RBC 0.999 8 0.000 2 1.43%
HCT 0.999 8 0.000 2 2.00%
PLT 0.998 6 0.001 4 12.72%
# 4 TOPSIS TP R LR
Table 4 TOPSIS evaluation results
415 _ HER 45
D+ D- Ci
Goup Sort result
WASE 0.077 26.157 0.997 1
WE 5.664 21.770 0.794 2
AE 10.551 16.121 0.604 3
PC 13.423 15.549 0.537 4
WEAP 26.157 0.040 0.002 5

23 ZRNFEUBENH

F R RS FE i A4 GC-MS WsE, FL%eth 69 MEGY, & (Lilbidfe 78 4 7 B ] DLAR
AT € s (B 1) o 1 OPLS-DA BAL/-Hra) WL, MOD 201 NC X AR 5E 4270 B, 452454
R ARITFE B AL A 1) NC Ak E s, HaH 558 480 45 KA —5, WASE Al T NC 41
(LB 2A. 2B) o BEAh, QCHEARZEERI, W GC-MSIE RSGikE, ME ik A RIFMESHERM



FaE M. OPLS-DA 34 B 2B A, AR ZH AN IE &% A 52 200 B, 2 B W 41 2 1) I 2 AR St 12 4
LEZEF, 0°=0.883, R EA KL FIREFFUNEE /7. %7 OPLS-DA B8 E4T 200 R B ks is (I
K 2C) , O*FI R 514 0.582 F10.901, ATl R2AT QXA T A RIGME, R\ E T EE.

| 1 M AP
AR 1 1Y — ! PRIV N R | IO — WASE

| .]L L. k‘ JJML_ AE

i Al \. .l l X v ] —— L&____; WE

]..J.I ) i A | .JUL—‘-L—A—JJK“ JJ e
ol i ‘ AL T M i MOD
Lol it 1l AR L e e b e
.73 1547 2320 3093 38.67 4640 413

5[] Time (min)
B 1GC-MS BEETHRE

Fig. 1 GC-MS total ion chromatogram

: T .. &
i MC ———
e i ! el
& W 0.5 I -
2 2 @ e
> - = 0 = o
1 g s
g IE) 0.5
. = 0 i
= =
p § 5 ‘ & 1 i s
2 - ]
0 ® 2.
2 =10 2.5
i 15 ] n
@ 4 15 10 -5 0 5 10 0.2 0 0.2 0.4 0.6 0.8 1
108642 0-2-4-6-8-106 1.00027 * 1[1]

B2 Z gt R Rl
Fig. 2 Plot of multivariate statistical variables
TE: A. %% OPLS-DA 3D 737y ; B. IEW X A AKITZE OPLS-DA #3473 |&; C. AR
Note: A. OPLS-DA 3D score chart of each group; B. OPLS-DA scores chart of normal control group and model group; C.

Permutation test diagram.
24 AR MEEMERKRHINEE
FR¥5 OPLS-DA =7 0 #r, K4EAREH VIP{H > 1, P<0.05 5, MOD #15 NC 41 b 3 ik i 22
MR EMZERAUEY . H PC. WE. AE. WASE #l WEAP ZH A8 70 il W3 I 15 Ko 134 144 17, 15H
14D ZRARWY (WES .
R 5 LA T A BB E 1 R AR IR

Table 5 Effect of drug administration group on significantly different metabolites in rats with hemolytic anemia



95 ZFA VIP{§ PE MOD/NC PC WE AE WASE WEAP
No. Different metabolite VIP value P value /MOD /MOD /MOD /MOD /MOD
M1 AFR Lactic acid 1.31 0.02 1.34 1" 1.311™ 1.607™ 1.53 1™ 1.05 1 1.29 1"
M2 22 5 ’% Serine 1.55 0.00 1.64 1™ 1.20 1" 1.371" 1.29 1" 1.20 1" 1.23 1"
M3 BEIAWZ Succinic acid 1.43 0.01 1.72 1% 0.85 | 1.07 1 1.511 0.75 | 0.94 |
M4 & ¥R Fumaric acid 1.57 0.00 0.68 |™ 1.81 1™ 2.19 1™ 1.851™ 1.46 1* 1.851™
2,3- TR -
M5 1.41 0.01 1.64 1 0.71] .11 1 095 0.73 ] 0.81]
2,3-Dihydroxybutyric acid
M6 B-NE R p-Alanine 1.17 0.04 1.40 1" 1.06 1.22 1 1.69 1™ 0.74 | 1.351"
M7 3 RR Malic acid 1.23 0.03 1.421" 091} 1.09 1 1.13 1 091} 1.09 1
1-FF 34 S S B - T H- K -
Z'Hg_i *ok
M8 1.97 0.00 029 ] 1.83 1 1.13 1 0.96 | 2.90 1 2.80 1
1-Methyl-4-hydroxyl-1H-
imidazole-2-amine
=RETR . . .
M9 1.87 0.00 1.75 1 0.84 0.72} 0.74 | 095 0.88 ]
Trihydroxybutyric acid
o-li% 1% o-Ketoglutaric
M10 2.13 0.00 223 1™ 0.88 ] 0.99 |* 1.00 1* 0.82] 0.87]
acid
CEELR ) . . . )
Ml11 1.26 0.03 045 ] 2241 1.17 1 1911 1.84 1 1.93 1
Arabinofuranose
MI12 AKFEEE Xylitol 1.71 0.00 054" 1.38 1% 1.43 1" 1.60 1™ 1.251* 1.08 1
M13 H il Glycerophosphate  1.53 001 051" 1.151 1.64 1% 1.67 1% 1.75 1™ L1117
Ml14 FHEIR Citric acid 1.63 0.02 1.53 1" 0.54 |™ 0.31 ™ 0.34 |™ 0.71 |™ 0.71 |™*
MI15 HLEE Inositol 1.64 0.00 1.30 1™ 0.70 | 1.01 1 1.051 0.78 | 0.88 |"
M16 fifl iR Stearic acid 1.75 0.00 1.22 1™ 0.77 |™* 0.99 | 0.90 | 0.84 |* 0.85 ™
1E4E VU Y% R Arachidonic
M17 1.24 0.03 1.321" 0.63 |™* 045" 0.54 |™ 0.73 | 0.55 1™
acid
2-FR R R B H i
MI18 2-Palmitoic acid 1.40 0.01 1.331™ 0.56 |™* 0.68 | 0.62 |™ 0.53 | 0.73 |™
monoglyceride
- AR . . . . : .
MI19 1.72 0.00 1.40 1 0.64 | 0.56 | 0.63 ] 0.81] 0.81]
Monoglyceride palmitate
)\ R B ik
M20 Octadecanoic acid 1.66 0.00 1.79 1™ 0.56 |™* 0.63 | 0.69 | 0.51 ™ 0.55 1™
monoglyceride
fill 52 H i85 Stearin
M21 1.72 0.00 1.59 1™ 0.53 |™ 0.40 |™ 0.52 |™ 0.76 | 0.68 |™*

glyceride



M22  JH[EEE Cholesterol 173 000  1.661™ 058" 041" 0.63 |* 0.70 |** 0.51 |

E: 1RRAKF BT | RRAKFE TR "P<0.05, P <0.01. Note:? indicates that the level increases; | indicates that the level
decreases; "P < 0.05, P < 0.01.

2.5 BREMIETHRIEER S

KEGG B/ HT45 FK B, MOD 4+ Z R E MR 6 & RGHHEE: () g-WERRW,. (b 4k
VIR (o) =HRMEH. () HEAMR, LEMRMBERICH . (e TR %5 9 RS iR 2 1A B 341k
O RIS (LK 3A) . WASE A7 Bk 6 2ARtimes (WL 3E) ; PC 41F1 WE 4137 i
W4 GARGE R SREREIN . AEAEVUSER . OWE R A B R (R O AE LA R R, 2 R AR
AR (WK 3B, 3C) ; AE Al WEAP (UL 3D, 3F) A¥nl i~ =RIRIGH . 1eEDGIR. HZER,
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Fig. 3 Bubble diagram of rat plasma metabolic pathway
7£: A.MOD; B.PC; C.WE; D.AE; E. WASE; F.WEAP.
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k6 fizn, 5 NCHULE, MOD 41K RIME+H MDA IL-2. IL-6 fil TNF-a/K- P& T+ m (P<
0.01) , SOD Al GSH /K- ZE#K (P<0.01) . 5 MOD 4ltb%:, Bk PC 41 KR IME+H MDA, IL-6 I
TNF-o G ETLREEZRI, HREHAHREEEFICME T MDA, IL-2, IL-6 il TNF-a & & (P<
0.01 5% P<0.05) , & Tt SOD Al GSH /K°F (P<0.01 8t P<0.05) , FfH WASE 41k K%+ MDA
A TNF-o & R H A 25205 B2 PR (P<0.01 8 P<0.05)
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Table 6 Effect of drug administration group on oxidative stress, inflammatory factors and hematopoietic regulatory factor of

hemolytic anemia rats (x £ s, n =8)

IL-6
(pg/mL)

TNF-a
(pg/mL)

IL-2
(ng/L)

Pl
45 MDA SOD GSH
Dose
Group (ke) (nmol/mL) (U/mL) (umol/L)
g/kg
MOD - 32.99 + 2.09% 107.94 + 5.23# 15.28 £ 2.51%
NC - 11.64 £3.22" 124.73 £ 8.93 30.75 £ 5.37
PC 3.6 30.53 +4.14%  117.66+11.80**  29.25+9.10"
AE 36 17.55 £3.23"4 128.51 + 8.69* 24.56 + 6.87"
WE 36 2921 +£331""  136.53+9.19""  28.50+6.29"
WEAP 36 15.60 £ 2.67°* 120.46 + 5.99* 2241 +7.68"
WASE 36 7.26 + 1.86™ 127.92 + 4.18* 24.58 + 4.65™

543.70 + 37.33%
496.25 + 36.34
516.10 = 26.55°*
488.65 + 40.34™
500.55 +30.39"*
447.92 + 13.75™

463.96 £ 39.56™

292.42 + 4125
184.04 + 34.55
283.92 + 45.47°°
247.04 +37.25™
243.09 +27.92*°
242.14 +30.32""

200.48 £ 46.14™

901.75 + 154.05%
722.06 +52.17
749.28 £101.06"
707.35 £ 145.90™
760.66 +121.97"
764.63 + 146.41"

754.04 £ 54.39"

H: 5 NCAHLE, *P<0.05, #P<0.01; 5 MOD AL, "P<0.05,

¥P<0.0l; 5 WASE 4ltb#, “P<0.05, **P<

0.01,

Note: Compared with NC group, *P < 0.05, #P < 0.01; Compared with MOD group, "P < 0.05, *P < 0.01; Compared with WASE
group, “P < 0.05, “*P < 0.01.
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Fig. 4 Correlation analysis
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FEARTFLF, T GC-MS BARBEAT A ALA BT 7 A BL-5 #  AE T af  RRS AR AH S A QB AT 6
%, LEEREE. W RERMBNRAMA R, b IS4 E R R 3 FAABHEE N =R
T HERR, RN RAAEE DGR A, AR =B HAHE AR IRBNERK . p-N
SRRACHIERG . WUREBER ACETE R . OR8] 7 e R 1P AH EL % A E B AR B
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BRI A IR . RG> fE S B =M EEE IR AR AL, ATP S s seE N ANE
BRAFHEUE MT4HM (hematopoietic stem cells, HSCs) ZH B T000,  [0pH 07 %7 5 % 8 AH FLA% A0 & 4208
Ferg AR AR, AWE B 78 T A0 &) BB R AH B AL BB v, X Sl AR 25 L 7T e 3 B0 R e AN
S U, SCRRIRGE 24 VA 40 97 BE A 2t H AL PR B2 0 K BB = A2 ATP, FHAEARBRR 2021, A Sean 45 g,
ZRBEA SR AR AR UL PHEHIR . SRR IR Ma-Bik —R¥YE%E B, e SREE
T, WASE @254 E BRI . ATERIR R TR, W DRRKCT S35 1R, SR N 4 B P R A LA LR
A8 TR AR I 7T P LA K SRS I S o (2 25 BRI, WASE ZH 8 25 [ml i HK-F- . 3R B WASE A g5t
VA I B L A SR AR P =R TR AR P RS A ] R R R A L AL A DR ZE AL, TR LA e
A ACHS -

M EIETES (reactive oxygen species, ROS) JK-F-5& HSCs 33 FUARYRI, SCERIRE H 2K 220K
AMIFEPRAC@ R = MR IR T AL, JF 5 B B2RE R R, p-TN 2R ASHE B P - N IR AE AL
A A IR PR A P RTACB O LR AN e A, LI RE RS G s HLIA TS R B 2RI RE 0, ORFFHLAA HSCs /1
FasE A E BEEH, LB A ATfe LR RE EACHINEE ATP (2B feBENLAR HSCs (13 5H ). Hua 5%
TF 72 W] 24 VA L3 P U 49 IR K BRH 2R 2R A5 R AU, BRI 1 ROSI®L, ASsLis o APH
FITESOR B I B2 A AR o 22 SR AN B- N R IR KT 0 IS R 25 B, RUTHEIR . 2R AR = R4 QI
HA- N A A U@ I AL, WASE LT SR A A1 A 22 IR AN B- N R KT 20l 2 B IR AT T
W, I HLAE 35 B K BRI i B S 4R B MDA 195 &, BE IR R A H A5 FRfE 45 SOD
A GSH /Ko &H] WASE il i HE MR . LZRNTER, p-NRRRULER, 1RehUAERE T
SEUIRRE I SRR I BT AECAR o
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U RE TR URE = BERR N 28 A5 T 2 5% PIK/AKt 5 5@ B 15, AKT /& P13K FEZE 1 Tk
Ri7yF,  AKT AMYAERZ MG 20 RS AN A 7, [RD I tho B R 19 B st 40 M AR D e, 38 T o) 3 1 R e i A
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PUVE AR BT A0 A P A PR B2 SE N AR, WT AL & T NS e, e L RAR BT AT AL, D TR
A VSRR Ly €T3 1 P )7 = R L VRS W E RSP W& 3 Wk



Zi Bprk, WASE fRHUYpE L 5200 6 2 AlHE RS, R T LR se ARG i - AR B

AFTRAE, B I Ak ST AR AR SR AL, & B A ST AR o ARHIE 5208 24 VA4 L3 i
PRI b 8 2T 5 B8 5 BB kAt
SE MK

1

10

11

12

13

14

15

16

17

18

Lee HY,Gao X,Barrasa Ml,et al.PPAR-a and glucocorticoid receptor synergize to promote erythroid progenitor self-
renewal[J].Nature,2015,522:474-477.

Ma YC,et al.Research progress of Danggui Buxue Decoction[J].J Liaoning Univ Tradit Chin Med(iL 7° /1 [& 2§ K %
12),2023,25:10-13.

2

~HI~

Li XL,Zhang XY,Zhao H,et al.Historical evolution and textual research on classic prescription Danggui Buxuetang[J].Chin J
Exp Tradit Med Form(H [ 5256 77 771 5 44 7%),2023,29:38-45.

Fan QR,et al.Mechanism of blood-activating and mass-dissipating Chinese patent medicine against hyperplasia of mammary
glands and use with other medicine: a review[J].China J Chin Mater Med(F [E 24 2% £),2023,48:292-299.

Yao MX,Ran S,Sun FF,et al.Mechanism of processing-compatibility of ginger in treating cold asthma rat by gas
chromatography-mass spectrometry based on metabolomics[J].Chin Tradit Herb Drugs(* %.%4),2020,51:669-681.

Yang XJ,Deng Y,Wu GX,et al.Enriching blood function of different medicinal part in Angelica sinensis on the hemolytic blood
deficiency in rats[J].Chin J Clin Pharmacol(H [E Iffi /R 25 3 52 4% i£),2018,34:539-543.

Yan R,Jiang H,Gu S,et al.Fecal metabolites were altered, identified as biomarkers and correlated with disease activity in
patients with systemic lupus erythematosus in a GC-MS-based metabolomics study[J].Front Immunol,2020,11:2138.

Tian G,Li C,Zhai YY et al. GC-MS based metabolomic profiling of lung tissue couple with network pharmacology revealed the
possible protection mechanism of Pudilan Xiaoyan oral liquid in LPS-induced lung injury of mice[J].Biomed
pharmacothera,2020,124:109833.

Zhang Y,Fei QQ,Wang J.et al.Study on blood enrichment mechanism of steamed notoginseng based on metabolomics
method[J].Chin J Chin Mater Med(H [F #1224 7£),2019,44:2139-2148.

Zhou Y,Qin D Q,Zhang W.et al.Integrated LC-MS and GC-MS-based untargeted metabolomics studies of the effect of
azadirachtin on bactrocera dorsalis larvae[J].Sci Rep,2020,10:2036.

Zhong YH,WangLL,Qiu ZC,et al.The antitussive and expectorant mechanisms of deapio-platycodin D as determined by
metabolomics[J].Acta Pharm Sin(%%%%5:4)%),2022,57:3186-3194.

Shi XQ,Zhu ZH,Yue SJ.et al.Integration of organ metabolomics and proteomics in exploring the blood enriching mechanism of
Danggui Buxue Decoction in hemorrhagic anemia rats[J].J Ethnopharmacol,2020,261:113000.

Naka K,Muraguchi T,Hoshii T,et al.Regulation of reactive oxygen species and genomic stability in hematopoietic stem
cells[J].Antioxid Redox Signal,2008,10:1883-1894.

Chen R,Wang J,Liao C,et al.Exploring the biomarkers and therapeutic mechanism of kidney-yang deficiency syndrome treated
by You-gui pill using systems pharmacology and serum metabonomics[J].RSC Adv.2018,8:1098-1115.

Dong S.Effect and mechanism of inositol and d-chiro-inositol on alcoholic fatty liver rats[D].Tianjin:Tianjin University of
Science and Technology (RERIHY K),2015.

Hua YL,Ma Q,Yuan ZW.et al.A novel approach based on metabolomics coupled with network pharmacology to explain the
effect mechanisms of Danggui Buxue Tang in anaemia[J].Chin J Nat Med,2019,17:275-290.

Liu Y,Li X,Li A,et al. UHPLC Q-Exactive MS-based spleen metabolomics and lipidomics to explore the effect mechanisms of
Danggui Buxue Decoction in anemia mice[J].J Pharmaceut Biomed.2020,185:113234.
Zotes TM,Spada R,Mulens Vet al.PI3K p1100 is expressed by gp38CD31" and gp38*CD31" spleen stromal cells and regulates
their CCL19, CCL21, and LTSR mRNA levels[J].PLoS One,2013,8:¢72960.



19 Liu J,Shan LJ,Xie R.Experimental study on effect of aplastic anemia the model rat's regulation factors treated with tonifying
kidney and replenishing essence method[J].Guangming J Chin Med(Ot# /1 %),2012,27:1310-1312.

20 Shen SH,Wang HN,Ruan JC,et al.Effects of IL-2, IFN-a and TNF-a on hematopoietic progenitor and hematopoietic
environment[J].J Wenzhou Medical Univ(i& 25 5Bt 2% 4% ),2000,30:121-123.

R HHH: 2024-07-26  #5Z HHH: xxxx-xx-xx

FEETIH: HRE @S ARSI E (2022A-073) ; ZMNHAACHENLITH (2022-RC-44) ; FUEEEES5HALH
BEE RS EIH (DHYX21-09) 5 EITHRHER SR HIIE (3502220224004)

HMIH/ER . Tel: 18194192558; E-mail: songbing@gszy.edu.cn



	参考文献

