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Phase separation of classic prescription Baoyuan Decoction and screening of
effective phases for alleviating exercise-induced fatigue in rats

LI Chunyu, CHAI Yuankun, HAN Xinran, HAO Xinyang, LI Junge, QIU Zhidong, JIA Ailing
College of Pharmacy, Changchun University of Chinese Medicine, Changchun 130117, China

Abstract: Objective To split the classic prescription Baoyuan Decoction ({&76i%) into different phases, study the relieving effects
of different phases on exercise fatigue in rats, and screen for their effective phases. Methods The gradient centrifugation dialysis
method was used to separate Baoyuan Decoction into the nano phase (BD nano phase, BD-N), precipitation phase (BD-P) and solution
phase (BD-S). The appearance was physically characterized and contents of main ingredients was determined. A rat swimming fatigue
model was established, control group, model group, positive control (Dazhu Hongjingtian Capsule) group, Baoyuan Decoction group,
BD-N group and BD-P group were set up, active phases was screened by measuring behavioral indicators, organ indices, serum
biochemical indicators, and pathological changes in liver and muscle tissues. Based on combined analysis of gut microbiome,
metabolomics and transcriptomics, the potential mechanism of Baoyuan Decoction and its effective phase in alleviating exercise fatigue
in rats was explored. Four differentially expressed genes (Gck, Ackr3, Pde4b, Ppplr3b) were randomly selected for qRT-PCR
validation. Results The particle morphology of BD-N was spherical and Tyndall effect was significant. The particle size was in the
order of BD-P > Baoyuan Decoction > BD-N. The polydispersity index (PDI) of each phase was in the order of Baoyuan Decoction >
BD-N > BD-P. The absolute value of zeta potential for each phase was BD-P > BD-N > Baoyuan Decoction. Ginsenoside Rbi,
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calycosin-7-O-B-D-glucoside, liquiritin, ammonium glycyrrhizinate, cinnamic acid, cinnamaldehyde and 6-gingerol were mainly

distributed in BD-N. The comprehensive efficacy ranking was Baoyuan Decoction = positive control drug > BD-N > BD-P. The ability

of BD-N in regulating the abundance of gut microbiota, increasing the level of Lactobacillus genus and regulating 45 differential

metabolites related to fatigue was similar to Baoyuan Decoction. The qRT-PCR results showed that the regulatory trends of BD-N and

Baoyuan Decoction on four genes were consistent with the transcriptome sequencing results. Conclusion From the perspective of

physics, chemistry and pharmacological effects, the effective phase of Baoyuan Decoction in relieving fatigue is screened, and BD-N

is the effective phase of Baoyuan Decoction in relieving fatigue.

Key words: Baoyuan Decoction; phase state; exercise-induced fatigue; gut microbiota; metabolomics; transcriptomics; ginsenoside

Rbi; calycosin-7-O-B-D-glucoside; liquiritin; ammonium glycyrrhizinate; cinnamic acid; cinnamaldehyde; 6-gingerol
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Z B Rby (L5 110704-202028, Jii & 4> ¥ N
93.1%). BEFIEE-7-O-M A FEF (ft'5 111920-
201606, Jii ErHh 97.6%). HEF (b5 111610-
201607, 5 B3 #0h 93.1%)  H Bfg s (45 110731-
202423, JFEHCN 93.2%) T H H E 5 25 5 e
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igal) I E KT R R TR T HER (it
5 20241008, fmifkal) WE VAR QLAD
HIRAF, HEE (itS 20231219, #rad) WHET
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B25643, sl M H _LEr AR A BR A
Agarose BEfEHEEEIATT (fL'5 75510-019) MYH %
[# Invitrogen /A ]; DL2000 Marker % [ [ 7= Takara
ol AN EALES (superoxide dismutase, SOD)
Ril& (k5 A001-1-2). 75 % (malondialdehyde,
MDA) {7 & (L5 A003-1-2). L-F8 (lactic acid,
LD) Ril& (k5 A019-2-1). FLEfi AR (lactate
dehydrogenase, LDH) iifil& (k5 A020-2-2). JR
Z % (blood urea nitrogen, BUN) 71 (#it5 C013-
2-1). LB (creatine kinase, CK) k7 & Git'S
A032-1-1). ATHEE Cliverglycogen, LG) i & &
JLkEIR (muscle glycogen, MG) {7 & (L5 A043-
1-1) W H AR AR A s s AES
4 Ccardiac troponin 1, c¢TnD) R{il& (5 MM-
0767R2) I [ B S MR A IR A F]
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HIRAF]; TGL-16M BB L CKyDHIACE Ll
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um fEGELE, PRAT .
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phase, BD-N). JTi€AHZs (BD precipitation phase,
BD-P) KEFWAZ (BD solution phase, BD-S),
28 AT TSI 25 R KSR TR, DRIk T
B R W% K& B 8% ( transmission electron
microscope, TEM) KA AP FEFR, FFAHE O
THFE BT B O IR BT B, LR TN
AR T7i5
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P, ¥ EIEBINNGENTS 172 &b, BEEDEEENT SN
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r/min #2% 30 min. PUHIENTRFHTHER, T
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S) HEATWIBR AL 73R AE . I BOCEMEE T I8 /K 3
B2s SRAPRAR DG E % FE ki AL 2 7B
¥ (polydispersity index, PDI); F|H TEM W%
WIS . R RIT LB ST TR, T
=20 CORAF&EM . KIRICIZ BRI U Lk
d K S S IER R, R A UHPLC-Q-TOF-
MS/MS BEATA 2B 0 TP, b Roe i 5 &S
LC-MS 25 R TR0 (cluster analysis, CA)-
F M1 (principal component analysis, PCA),
K FH 122 i B 7]y = 31 - 140 731l 43 #7 Corthogonal partial
least squares method-discriminant analysis, OPLS-
DA) Zyugtit b, fik 2 A fabs o 258 .

2 MR UR A B S SR S O 1% Chigh
performance liquid chromatography, HPLC) 5 &:illl
SETTERRTCI KA AS 2 Rbi. BE
S I-7-O- &I MET . HRE H R . W,
FE RS K 6-Z it AT &8I . SR Agilent 5 TC-
Cis iEFE (250mmX 4.6 mm, 5um), FHEAN 25 C;
RN 254, 203 290nm; WBIHHEIZNE (A -
0. 1%KL (B), BEEEBENL: 0~13 min, 90%~
79% B; 13~35min, 79%~78% B; 35~51 min,
78%~70% B; 51~71 min, 70%~67% B; 71~91
min, 67%~65% B; 91~101 min, 65%~62% B;
101~111 min, 62%~90% B; 111~136 min, 90%
B. & E 1.0 mL/min; #EFEE 10 pL.
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ig 4574, 1 Wd. TRocim% 257 & 2% IR AT I
AL RSB0 78 R B 25 24 B 20, AR HREA
H AR, #1588 1.51 ghkg. KARAFRIRES

257 BRI I R 24T H A 0.4 g/kg. BD-N. BD-P
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i) HESI &, Wi%5 s /% 3.5 kV/-3.0 kV,
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OpenGene/fastp) P7id i€, 3K1F Clean Data, FfHT
J& GG 0 . f# ] HISAT2 (v2.1.0, http://ccb.jhu.
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encyclopedia of genes and genomes, KEGG) H#f &
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2.9 RT-PCR ¥iERTARZELRHE R B EFRIL

P R B U W B AR U IR 24 & RNA JF
47 cDNA, #H4T qRT-PCR 447 SI¥IF 3 0LE 1.

&1 319575
Table 1 Primer sequences
HH 3 (5°-3)
Pde4b F: GGAACATTGCGACATCTT
R: CTTGGACATATCAGTTGCTAA
Ackr3 F: CAAGAATGTGCTGCTGTAT
R: ACGGAGTTGGCAATCATA
Gek F: TTGCAATTATTCCCCGCTGC
R: TTCATGTGCCCGTTGTGAGT
Ppplr3b F: TTCAGACAGGGACACATT
R: GTTACACTCGTAGCACAC
GAPDH F: AGGTCGGTGTGAACGGATTTG

R: GGGGTCGTTGATGGCAACA

2.10 St FESNH

LR A R B G TR . FIA
SIMCA 14.1 # A3 T LC-MS EE b3 5541, K
H GraphPad 10.1.2 i it-80F 73 A7 384k A0
Fro 44 Genescloud *F-& Chttps://www.genescloud.
cn/home) X FATE R AE YIRS AR 2 . FE SR 2l 24t
TG B2 00T . B0 2 A A0 B 2 1 R
Origin 2021 ¥ fF5E . SKIBARBILX £ s Ko, £
2 1] 25 P A R FH B DR 2K T 22 40 AT
3 #R
3.1 RILARESHEHSKIELER

TIEREN (B D BoR, Ao,
TSN, RAEBOCERS, Tk RN
BD-P RER#tE, WAREM, #EBEAUErAE;
BD-S #EE M, WO RS TC T ik R8N H I
BD-N R EEEE, HTIARMNRE. Fiff.
PDI K HLfTZ5 5 (R 2. B 2) £, ZMERZER
K/NHEFNSF A BD-P>14751% >BD-N (BD-S
KRN FRLE K PDUED, 5P MELER—5. PDI
KNHEB I AR 7677 >BD-N>BD-P, PDI {Hif
/N, R R N ERL T/ BB 5), BD-N 41 PDI
KPR, HAARN TR I 115
PR SAHZE ¢ AL SHE B AN HEF I A
BD-P>BD-N>{£70i7, ¢ AL Z4EXHERRK, AR T
FARLF TR, RSB E. L EgRAEE

RI6% BD-P BD-S BD-N

1 RITARFERSIRES (A) RTIERYE (B)
Fig. 1 Appearance (A) and Tyndall effect (B) of Baoyuan

Decoction and samples with different phase states

x2 RTAREES PDL. (BADUELSR
(Xts,n=3)
Table 2 PDI, {-potential measurement results for Baoyuan

Decoction and each phase state (X £ s,n=3)

FE i PDI HL A7 /mV
fRIT 0.54+0.01 -7.35+0.38
BD-S — —
BD-N 0.46+0.04 -10.28+0.53
BD-P 0.23+0.06 -25.10+£3.27

— R
— BD-N
— BD-P

i 16 160 1 (I)OO

Hi42/mm
B2 RTARSESHESS
Fig.2 Particle size distribution of Baoyuan Decoction and

each phase
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WKL, RIFEAE 100nm 45 ; BD-P AAFAE K AR
KEW K/ANFORIRAE . JHURL A 5 I R AR A
TRICIH ARG RS B AR LS (B3,

LC-MS R EIR, 1E. g Pl F It % et
336 MLEY), EEAFEEEZE. W AR,
B AR (K 4. 5), XELEYIEARRE



* 3836 «

F8 B 2026F5H $£57% B0 Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

DO pum~ &= oww Signat A= SE1 Date: 26 Nov 2024 ==
t WD = 1298 mm Mag= 393X Time: 15:09:50

WD= 16.02 mm

EHT= 10004V Signal A= SE1
Mag= 596X

100 im0k sgmra-ser te: 26 Now 202 =
Wo=1it6mm  Mage 153X Time: 181119

Date: 26 Nov 2024
Time: 1531:55

ENT= 10004V Signal A= SE1 Date: 26 Nov 2024 ==
WD = 1509 mm Mag= 765X Time: 15:03:53

0 UM er-io00kv  somaser
WD = 1585 mm Mag=

00 pm  m-rocow — sgmra=ser Dute: 26 ov 2024 remzm
Woe1298mm  age 133X Time: 150615

Date: 26 Nov 2024
Time: 153242

BD-N BD-P

B3 RITiaRZHES TEM B

Fig. 3 TEM images of Baoyuan Decoction and various phase states
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Fig. 4 Total ion chromatograms of Baoyuan Decoction
and its various phases in positive (A) and negative (B) ion

modes

HAt: 13.2%

S - MRS 7%
HFHEK: 1.0%

AT 29.5%

A

RS 18.6% ——

HE2: 10.3%
BENESS: 1.8%
EHIEZE: 8.5%
LR ES ® FAMK o KL A
% @ IEIEF

® MEESR ® iifi ¢ LES

T BAAAY: 8.6%

® LK L ENLESS ® ik
® h% ® Hfth

E5 RUAREBSHEDMAESE
Fig. 5 Baoyuan Decoction and proportion of its phase-

transition compounds

AR MAEES . P GRS A Dh
FKsr1E BD-P RS . RaF9R (i
W D RIEMZASEENREREZ —; AR,
A YIEAE BD-P S ST RS BRI BT % . CA &5
Brrsn, PERMARBCE N3, H1KNAI~A3 S
FEdh, 5 2 288 BI~B3 Al DI~D3 5S4, 2 3
FH C1~C3 SHEM, Uil BD-N 5{RciHENS
B0 FRBUREE, ARG EEAE R A
T BD-N 1. PCA 455 E MRt BD-P. BD-S,
BD-N AR 1E ¢ Fp0 S Hs, T AR R IX 45, 752



F8 B 2026F5H $£57% B10H  Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10

» 3837«

5 CA —%, RHRITH.
BD-N Hi7r BBEARL, 5 HABA A B o) 22 e 1
UK. OPLS-DA 25 R R ALEAE T A, AR

A4T o LA LA br 45 A H EDIE U B BD-N 5370
TEAA RS 200 B REUETE, fRITE H EZA SRR

A

Bl LR 730 3 2K,

BD-P
5 R E— LRSI
4 EBD-N
o
< 3 BD-S
=2
1
A2 Al A3B2 B1B3D1 D2D3C2 CI1C3
B
| BD-P
461 B {RIT
ol mBD-N
_ g Q8 BD-S
o 3
= 2 e @O
-4
-6
-3 | .
-10 8 6 4 2 0 2 4 6 8
t[1]
C
6 BD;P
= 4 L RUSTRY)
S 3 . N BD-N
-)lf\ 0 LE - BD-S
a2 ®,y
§_ 4

¥ I I -
10864 20 2 4 6 8
1.000 11t [1]

A-RICH FH A CA 455, B-PCA 540 E; C-OPLS-DA 1343 F; D-OPLS-DA B #uki 56 K;

34T BD-N 1 (B 6-A~D); AR E T
(variable importance projection, VIP) {H &R HEHLER
K RKNEE. EVWHENE A FER S 27K
7 (Kl 6-E). HPLC &R (3% 3) &£HI, ffocizmk
BD-N % /> & &MU, 5 UPLC-MS &5 R,

es}

VIP [3+0+0]
n o n o

S O = = N

oy == KR KK R K
& b E Y B I ER n
= ‘ﬁﬁ( =
fud

2y

@Hﬂﬁﬂﬁﬂﬂﬁﬁﬂmﬁm

3

#
&
=
®

tF%EUZ*
%\%H %

<5

ﬁﬁzﬂﬂ

E-4LAf5 04 VIP 4.

A-CA result of Baoyuan Decoction and its phase states; B-PCA score plot; C-OPLS-DA score plot; D-OPLS-DA permutation test plot; E-VIP values for

shared peaks.

Ele6 EFUEMFAESH
Fig. 6 Analysis of differentiated compound types

£3 {RTi%. BD-N ZBD-P BAEMBDEE (Xts,n=3)
Table 3 Component contents of Baoyuan Decoction, BD-N and BD-P (X + s, n=3)

. AZBHRbY  BEREEEEET  HE HRERY PR/ TR 1/ 6- LB E/
P -1 -1 -1 -1 -1 -1 -1
(mg-g™) (mg-g™) (mg-g™) (mg-g™) (mg-g™) (mg-g) (mg-g™)

fRI5i7 1.14£0.02 0.2740.16 5.09+0.13  621£0.07 0.59£0.05 0.13+0.01  0.8240.04
BD-N 1.054+0.25 0.2740.09 520+028  625%£0.06 0.68+£0.02 0.13+0.01  0.94%0.06
BD-P 0.04+0.21 0.0040.00 0.07+0.04  0.1840.06  0.01£0.00  0.000.00  0.01+£0.03

3.2 RITIAREHESIUE S ABOTEN FilfE B TR ECE E T (P<<0.001, B 7-E~G),

L550of FRAH b, B H KRR R BH SR 57 R A,
AFEREE, BAKH. M. 17N E RS2
Fatieh R EoR, BRI KRR & 678 e bk
lB). FFARFEEUS B K (P<<0.001, B 7-A~C),
PR ST FEUS R 1 K ThRE NI BRSO
WEFEE S TR E M ZR (K 7-D), {H454 LDH. CK
Ko cTnl $645/K°F (& 8-B. C. E), #4h2hdHIhE
[ P T S A TR R R o Th R S o A TR 2L R

M A A REAFIFERE IR REAE . FAE B4R 2L
AALFERR T RN, SR 25 RE B AR R
A A Re EARE R E (P<<0.05. 0.01. 0.001,

Kl 8-A. D\ F~D. #—P LI, 7ERFK MDA,
LD. BUN M#2% SOD. LG. MG /K FJ7TH, 175
#~BD-N>BD-P., UL L3R, {#6i%. BDN
A1 BD-P YJREA A FFIhRE . WA S
AR R ERH, H{R0%5 BD-N FUER &



- 3838 - F8 B 2026F5H $£57% B0 Chinese Traditional and Herbal Drugs 2026 May Vol. 57 No. 10
A 059 Bloooq  wm € 4q D o8-
T RREOREE
Hkok koK -
0 047 w0 & e, 8009 37 g I 0.6 T T -
= 03 ° £ 60 = . s
13 0.3 = b = =
e w iﬁ 2+ ﬁ 0.4
i o R 4 ]
= 02 = 400 § %
< e - 2
o014 = 200 1 0.2
0 - T T T T T 0= 0= L T T T T 0 - T T T T T
X AR R £R95% BD-N BD-P AL PR {767 BD-N BD-P X B BHME (R0 BDN BD-P X A5 P £R0% BD-N BD-P
papiss papiss Rasie i
E F G
0.6 1.0 * 1.5
i # o
sokk REE ook T 0-87] *k *:F i
:§ 0.4+ i B ES 0.6+ b T K3 1.0 - o . 'T'
= - =
0.2+ .E 0.4 ;E 0.5
0.2
(U T T T T T 0 - T T T T T 0 = T T T T T
R Y BEM: £R9GE BD-N BD-P e A% BHIE £RIG% BD-N BD-P R Y BH: £RoG7 BD-N BD-P
pajit ol i

AR R BRI SR ) C-FNESREG D-ONHESG E-MRNEIREG FINERGEL G-EMEAEEL SxTHAELE: #¥P<0.001; SHIAZA

te#g: *P<<0.05

*P<<0.01

"p<<0.001, Kl 8. 16 [d.

A-body weight gain; B-exhaustive swimming time; C-liver index; D-heart index; E-spleen index; F-lung index; G-kidney index; *#P < 0.001 vs control

group; "P < 0.05

ok

P <0.01

&7

P <0.001 vs model group, same as Figs. 8, 16.

ARERE. NBFEMAEEEINESER (X+s,n=6)
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Fig. 8 Measurement results of biochemical indicators in muscle, liver and serum of rats (X £ s, n =6)
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Fig. 10 Baoyuan Decoction and different phases alter gut microbiota composition of fatigued rats
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