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Abstract: Objective To investigate the function variation and potential biomarkers of the cold accumulation-caused blood stasis
model (CABS model) via differential gene expression of the liver, and explore the pharmacological mechanism of Epimedii Folium
polysaccharide (EFPS) on the CABS model. Methods Totally 30 male SD rats were randomly divided into three groups: control
group, model group and EFPS group. The rat in model group was induced by 15 d ice-water bath, 1 h/d; The rat in EFPS group were
ig administered with dose of 38.7 mg/kg and volume of 10 mL/kg, meanwhile the rat in control group and model group were given
the same amount of distilled water. After the liver RNA-seq of each group, GOBP and KEGG networks based on the differential
expressed genes (DEGs) were constructed to analyze the liver function variation among the three groups, combined with GSEA
parallelly. Results Compared with the control group, liver of rats in model group mainly presented down regulation of lipid
metabolism, negative regulation of cell growth, immunoreaction and temperature homeostasis; compared with model group, liver of
rats in EFPS group presented immune call-back and regulation of hormone levels and gene transcription. Three biomarkers for EFPS
intervening the CABS model were preliminarily established by recognition of equivalent DEGs co-expression (synchronized call-
back of Ccl5, Cxcll3 and Jund).Conclusion Rat CABS model presented depression of lipid metabolism and cellular growth along
with immunoreaction at liver; EFPS performed potential regulating efficacy on the CABS model at the level of immune and hormone.

Key words: cold coagulation and blood stasis; Epimedii Folium polysaccharide; differentially expressed genes; GOBP;

coexpression; lipid metabolism; cell growth; immune; hormone

Weks BEA: 2021-02-08

BEEWB . FHKE SRR TR RI“97371THRIIR B (2013CB531804)

F—1EE: RS 1990—), I3, W5 J5 AN R 25 R W15 B R G2 . E-mail : 706061583@qq.com
BEEE XM (1963—), Y3, 2%, 0707 1n0 g Hh 21 R 24 300 S 2tk &% 25 PEPE S . E-mail:keji-liu@163.com



$F44% FEH 202191 %K"‘iﬂ'{ﬁti Drug Evaluation Research

Vol. 44 No.9 September 2021 - 1863 -

FE I ML P78 2 v = 2 AUE A R R L R IE 2 PR 9
AR MR T 5144 P9 I AT R g it ik AS 3 I ¥
P S B AR H AR SERE AL Y ) DL AR
AR AR N 2 R Cln KRR B0 R B L AR I R KR
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2 W5 S F A N D AR R I R A% TR LA
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FTHAZ 5 R A DU LA S B 20 i 18] 45 5 1 4% 3
FIVERSZ 1) S DN 7, DRk LA 2R W 1 1) 22 AT 9
H 7 52 2 81 W5 . 3% 2E & £ W (Epimedii Folium
polysaccharide , EFPS) x& /)N B B E ¥ V% F 8 1) 3 %
WYY 2 — o 25 FE AW SRR, EFPS B A HU0m
BEDUMOE CBUEAG VI S B R R 2 P E
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oAt 55 414) , EFPS Xif FE 5k ifiL i 4 700 47 ok i 1 A Qg
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7N AE - S 3t i s A5 2 N EFPS 5 % 2 3 A il
A 2 3 R IEFE K (DEGs) X HAB 44 #e %,
EFPS 7] i i ok 1 A ) 0 05 (R R 4% 5 7 = 8 A
U265 3% SRtk — 25 TR N HIF 90 € Sk I 958 (¥ AR Jiig LA
J% EFPS % - FEUE [ 245 28, AWt 7o 45 B R 3k 2 i
VE g T R BT B g B R B O Th 66 AR AL, I R
EFPS i A (1 25 B A S LA -
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1.1 KGR

30 R SD KL, SPF 2%, R i 5 (220 £20) g,
FH SRV B 25 K 2 S IR Zh b D AR 3L, SEBR B
A PR YR AE S SCXK (H)2013-2014. {545 17 75 30
BEIR B 22 °C , X 40% /£ 45,8100 ] 20:00 A
T e, AR v oK BRI 2%, B B AROK, 7R AR
FEIE RN 1A G TSz, Azt il s R &
4 B4R BEREAE , HEE S5 2920190921
1.2 IHRHMEEERF

EEEAMGA M — SR M AERAR S
130916, 7= b H iy, 28 J8 e T v 15 25 K 57 vh 245 51 U
W E FARH B S w NN R Y R R
Epimedium brevicomu Maxim. [f] T J§ M, £ & 2020
SERRCH 25 4L) B2 . EFPS F 1) 4 3 7 2 R 15
YA HARE U R AR AR AR N 15 A = 2R TR K R
FEEL2 W, B h, A 3 2 B2V, D8 iR 45 AR
BN 2 5 EARF95% L, AW 5l , i BB
J& €, UUUE N EFPS, & HU % H 4.3%. % XL
R 7 922045 EFPS & Bl 36.7%.

2100 A=W F 43 Mt & g s il 55 (At 5 5067-
1511 Z 546 & R B DNA A & (it 5 5067-
4626) , ¥ B % HE A6 B A R A A 5 Quant-iT
PicoGreen dsDNA £ Il 15t 771 & (o [E 28 2R K it R &L
FH R A A, #t5 P7589) ; microTUBE AFA fiber
Snap-Cap ( it 5 520045) ; TruSeq Nano DNA LT
Sample Prep Kit-Set A/B ( #t 5 FC-121-4001/2) ;
TruSeq Stranded mRNA LT Sample Prep Kit-Set A/
B ( flt % RS-122-2101/2) ; Agencourt AMPure XP
Beads ( #It 5 A63881) ; NextSeq™500 High Output
Kit (300 cycles) ($lt*5 FC-404-1004) .

1.3 FEMHE

Covaris™ i 7 I DNA B #E4X \Picol 7 Tl & & 5\
B0 AL O B ZEER R RBHECA R & 7)) 1 RS232G
AN O (R AR E PR S AR A F]D
UV-1000 & 3L 40 0 BT A C R s A 8 A IR A
A BEIR AR RS (R0 SR AE R A PR A
") s AR M P P & NextSeq™500 High Output
Kit(Illumina A &) »

2 FEk
2.1 SEGERFSGH

30 HOK B BEAL 2 A 3 4H - o R4 L A Y 41 A
EFPS(38.7 mg/kg, HR#E NARSE &5 & & 4 7 h &
HMfwE W, A 10 R RO ESETETY, K
LR 2 A EFPS 4 K B B K 14100 I & T 0K K
W1 h, E LR 15 do AR R AU A AT AE OC o
Feo, SR £ U7 TV B L SRR R R RUE AR
A [F IR R 4R 25 1 IR, 45 25 4R B 9 10 mL/kg ,
Xof RIS TR 2H 45 T SRR AR ZE AR K .

22 RNARBSE=NE

A2 fE BRI 3 RS K 50~100 mg H7
i T AT 5 V2 T4 B B R B R, SRS NN 1 mL
Trizol WA H £ 3  F I 0.2 mL & 45 , Bl Z13E &
15 s, SIRACE 3 min. 4°C.10000 X g B> 15 min, 3t /K
FHA ZPHE L 0 0.5 mL 5 B, % iR CE 10 min.
BRELERE LE SERITE. H1mL75% 4
S P DTTE »4 °C 7 500X g B0 5 min, 7 FiF. %
TR B 9% 5 N 50 pL JC RNase 7K % i, WREL 1 L,
FHERAM I ETHE 260280230 nm A A WA & W
FE CADH , T 4% BU RNA 300~500 ng, 7E 135 V | i
AT 1.2% B W 5% 2 LUK
2.3 cDNAXEMESINF

22 RNA 75 Bl e i€ FF & B AR E IS (A /A 0>
1.8, FF 5 JoR B BE =20 ng/ulL , Bt Fig 4 H vk % 775 b
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B.—), >k A lllumina f¥J TruSeq Stranded mRNA LT
Sample Prep Kit 347 RNA 4fifk . /i Bt AL Fl cDNA X
PERY 3 . SR JE B 1 uL X , /& Agilent Bioanalyzer
2100 HL#% I H Agilent High Sensitivity DNA Kit %
SCEARL 2100 JFi A o % 5 k& B SCPE (7 B — W L Jo 4
3k ), £ NextSeq #l 2% I F Fl NextSeq™500 High
Output Kit 3E1T 2 X 150 bp 00 I 57 -

2.4 FFRENFHIBSH

241 Moo RH MO 4 . Rattus_
norvegicus. Rnor 6.0. dna. toplevel. fa (ftp://ftp.
ensembl. org/pub/release-80/fasta/rattus_norvegicus/
dna/) ; 73 BT A+ : bowtie2/tophat2 Chttp : //tophat.cbeb.
umd.edu/) »

2.4.2 DEGs 7 2t 53k 22 293 A %7 41
f'] RPKM (reads per kilo bases per million reads) {f
Ja »ia RS 5 AL B> M Hdls o S BUEEZH RPKM 3
RE R FIR P EE , R BRI RERIE (RPKM<1)
B D5, P FH biomaRt " 44 i R ID % 4 Jy 3o 82 (K
S R 44, B JE F edgeR'™ 11 £ (fold change>2.
adjust P<<0.05) 3k 13 % 411 DEGs. [AIIf , K AR 2Bk
Ik 2 ik 2 I8 (% 24 23 47 GSEA™ 43 BT (gene set
enrichment analysis, v4.0.2) , fT 5 2 535 & N ER A
8, 451 5 DEGs HAZ .

24.3 JEFDIEEM L 3 i 18 H Cytoscape (v3.5)
H1) ClueGO™'(v2.5.5) 73 #T DEGs it i % 2 5 1)
Al A4k (GOD H A= Wit 72 (BP) 5 357 5 3k DR R 26k PR 4
B R4 4 (KEGG) M 45 . B & Z 5B, $04s i ik
#“without IEA”, Zi 1+ J7 V5L #“BH, P<<0.05”. H
44 DEGs DI Re 70t EE S 5 H i, [t 5
GSEA T3 Dh e 7> M4 R XS

3 R

3.1 HERESHER

3.1.1 DEGs7h#réiR M BRI AN EFPS 24
3 ZH ) P 1 LT, A5 B (C_MD A R A /45
EFPS(M_E)# . %} f8/EFPS 41 (C_E)3 41 DEGs. %
A DEGs R XAZWE 1R, K C M5M E4
VINRAR R, C BH IR, C MM EXXER
Ccl5.Cxcll3 Jund 34 FEH, £ C_M 43 F i, 72
M EF 4T, HfEC EFR R ZERRIE, AT I
3N ERFEAE C_M 5 M_E & E LR IA R, /Y
5t BULLL 2, Cel5 Cxell3 Jund 3 A H R 1 A5 A
Hrp ks Bl SRR LLE, EFPS 45 24 J5 55 &
=3

312 GSEAZMrai R 3881 MENEE H

cM CE

M _E
E1 34DEGsFEE
Fig.1 Venn diagram of three DEGs groups
e C_MALH2 619 MEEIRIA B, 1262 12
PRI T, 2RI gi 1t 3L 543 MERE 2% 72 7 3R
5 M_EHH 3 138 MR R0k i, 743 MR 3R
KT, R g A 2R B R R RIA .
RE GOBP S & PEVE 73 45 2R, 73 39l VA 40 Py 4 o
RiE ERE TR KL IIRE . BUHEY AT 20 (1
CMEZEFFERDGEGE D, o5k zA
AR R, 9N S RN B MR C_ M T IHEFILE
HZ 517U CGR2), b 14402 5 g AR AR
Ko M_EHP A 24 % DEGs, £ GOBP 2 # 1
PR aE R, TE AT I RE BT 5 A8
F1 C_MALREREINRES# (HEZHT20)
Table 1 Function of C_M up-regulated genes (top 20)

S ) Fos
‘regulation of cholesterol biosynthetic process 0.000
‘regulation of alcohol biosynthetic process 0.001

“humoral immune response mediated by circulating ~ 0.002
immunoglobulin

"humoral immune response 0.001
“regulation of humoral immune response 0.001
amyloid beta clearance 0.001
‘complement activation 0.001
sterol biosynthetic process 0.006
‘regulation of steroid biosynthetic process 0.006
“regulation of myeloid leukocyte mediated immunity ~ 0.007
'mRNA transcription 0.010
“response to interferon gamma 0.010
“toll like receptor signaling pathway 0.011
"'mRNA transcription by RNA polymerase I1 0.014
"positive regulation of response to cytokine stimulus ~ 0.015
isoprenoid biosynthetic process 0.014
‘regulation of odontogenesis 0.015
vascular endothelial growth factor production 0.015
response to muscle stretch 0.015
“response to interferon beta 0.016

"L SRV PEAR G 5 755 S 25 RE

“related to transcription and regulation ; *related to immune
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Fz2 C_MUATREREINEDH
Table 2 Function of C_M down-regulated genes

FRfg FDR ¢ 1{#
“fatty acid catabolic process 0.000
"monocarboxylic acid catabolic process 0.000
“cellular lipid catabolic process 0.000
“lipid oxidation 0.000
“fatty acid beta oxidation 0.000
synaptonemol complex organization 0.006
‘peroxisomal transport 0.006
“glycerolipid catabolic process 0.006
‘peroxisome organization 0.007
"neutral lipid catabolic process 0.006
“triglyceride catabolic process 0.008
regulation of response to food 0.013
“lipid catabolic process 0.017
“fatty acid metabolic process 0.025
“long chain fatty acid metabolic process 0.028
regulation of response to extracellular stimulus 0.037
“linoleic acid metabolic process 0.036

"5 lgIAH R
“related to lipid

3.2 DEGsINREME 4R

321 C M4 DEGsIig WK 2-AFiR,C M4
DEGs . % 2 5 JIg Jit AC U 40 i A K A m) 45 55 1)
fto o Acotl Acot6.Oxsm.Socs6 Fl Midlipl & %
Z 5 g B AC ¥ i 2 (cellular lipid metabolic
process) ; Ccl5Cxcll3Bmp3 Fl Adipor2 il id &1k
TH5HRKETFNFWNETEEREBNHE
F| (cytokine-mediated signaling pathway) A & %} F
IR AR A 2 A B A2 A PR /E H (temperature
homeostasis) , 3 5 JundHrg .Rgs2 . Socs6 3L [d| = 5
4 o A= 4 4% (negative regulation of cell growth) .
322 M EZIDEGsYjfit WK 2-Bfi~,M_EF
HLIh e R IR 250 7 42 [ 8 (response to drug) P
PP R K E 1 15 (regulation of hormone levels) o
Horfr Cels .\ Cxell3 BT AL T 5 4L 7 /v 31
B R BAER 5 Jund 1 Cypla2 L7 2
5259 ) i ; IR, Jund F1 Hes3 25 1 7[R 3R 18 1
% (negative regulation of transcription) .

4 itig

B X 5 g I 455 284 1) 61 gt ANV 5 = S DA

AR AR R SRR T R R R KPR LA )
S SORUR AL B FEAT AR R kD20 AR FLAE
HOABTE F0 M BE Al 2 b, 20 B 1 DR BRI A5 23 i

JE 1) 22 S AL R 3R , HF [FI i 32 H DEGs $2 HURT GSEA
PR OT V%, B0 7 A A PRI RS B . B DR
WX 2% 43 #T 45 & GSEA T 45 3, &5 45 % 24H DEGs )
ReanF .

C_M 41 DEGs J e M 4% 4> T 55 GSEA 73 #r 45
YA . C MERIE FERERFEES S5HEHRN
TR, 2 BH DR B o I AR B A S T IR K BT
JFF R £ P9 5 i o A U R A R . T T R AR
W UIAE DG, G AR IE A, DR 0 R R R 0 2
i1 51 (0 N 5T AR U O3k 55 RT RR A b ASE 2 7 52 5 94 3R
BEsom R R AU P AE RIS 1 — A BARRAE X
550 58 A2 S5 S 9 DA R AR TR R 4 i 2 4 A
T 90 &5 S RS 20 11 8 1k 8 5 AR 1 sk 55, DA B S R0 i
ARG R N AR S A, WERVEA
R 2 J7 67 BDIE T b S Sk ifn AR B 7E g = AR T
T of 4 B PR V4 Joh i il ) AR B R B2 s C_ M 55—
335 T RE AR A A B AR K A7 ) 1 A R G N
71 HH KRR FE % I S R 2ot R 2 A K%, I AR
RIE R P ol RGN, 5 T FILED LI W5
AT Ko CelS . Cxel13 335 1) F R 52 I G 9% B 2
(A% ORI, Cel5 5 Cxell3 B ¥tk R 7 5% i ik
R, FES 5HUE RN IR, AR A RS
R AT AE R JORE SN [ BR P L IR R AL
K, 45 R BRI A1) Cel5 5 Cxell3 .3 %
SRk, IR 7 38 2 SR AR R U A 19 B 8 43 bR
s AR AT I RIETLH DEGs 2 5 1 X T
I PR H RS, HARRI MR MR D6,
FEWY 15 d Ta] BCPE 2 V8 36 5 3 UK B O 3 B KK Vs
I8, 5 I I A5 R R AT A R 5 A — B, BRI 2
BRI Rk 2 T A B OK BRIE B s A 8, v T 5
Sy AT RIS

M _E 41 Cel5 . Cxcll3 . Jund.Cypla2 25 %)
SN R BT . o, Cels\ Cxell 3 Jund RIE T
W, HARX T C M 2052 B , % B EFPS X 7€
I ASE TR 7= A 24 R, S 3] 93 [ 3 R I8 3R KT T
MIVER . DAAEWE M 2 5 3d EFPS X AL A4 1) 4 928 385
s A T AR 1R A 2H BT B A ORI T R I S
ZHEHF KB A MR H S AERERZ
T3 THT B A 17 B % R 15 A S A ST EIE T EFPS (1)
G 3% [ AR 4R 5 i R R T 5 T R 7 2 LT
TESE R W EFPS B4 W 9 E F 1 4aE , A0t
FUHE R I EFPS A @ i 3 R 2 08 1 3 R # 3 R
TR o JE I KBRS I A Y 5 24 S T E
B R R IE A 43 M1 AHE FE AN ENAE T EFPS 4
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Fig. 2 DEGs function network analysis

ST R D Re, Rk — PR BRI R R Z R T
X FE B LAY A LB . [F] IR, 22 Dl e Y 2%
ST BB A HAE ST R, Cel5 5 Cxel 13 5% %
WK, 1M Jund 5 — 38 To BLHORBE , 2 W I A& FERAE (1)
WL K EFPS KFEEH &0t 1 R — 1) 7
P o Uk Ah, X TR 2 OB 7 AR ) L (response to
lipopolysaccharide) /& EFPS 20 DEGs Ijj ¢ 1 I 3% P
. BEWAREEDRIY P TS EREZ
BECT, {H EFPS W2 1 & A M A B . IR 2 hE T
AL FIRETEOS A2 28 1 4 B DXL 7 A1 A o, e 51 iR 22
T i) 7 JF A Ak AT 5] e A A0 N B B B A
Ja Y XK ORI 7 R B EFPS AR 22 T4k A 2 il B
A FHACL I B % PR A, T A2 4 K WL EFPS JH 28 P

RE , °] T EFPS 78 K 8 E 51 A& 1938 43 43 73
I 55 15 i 22 W S 1) I % 2R AL

AT FEAE 5 R 0k 2 T LR A48 T OK R
158 I ASE B 1 7T 10 ) e A8 4K DA S EFPS X - il f:
RS TERERARH A KR B RS T  E NE
S5 22 77 T BPE T AT N BOAR PRV A G AL, FEE IR
RILEFPS B A B A ATE A, 7845 3% BH 98 &k if
P JFAS Jo R A B R AE 1T BE 65 T 3 R 2 1 Rk, IF
ALEE AT T BB T — PR R R R E
THT VR N IF 5 4 0 R AIE DA B 7 35 PR B A R AR R 24
YRR T 1. R, ASHIF 7830 MR 40 45 24 A1 Jig A 78
SH (1 PR SRR AR A 4 BT VA 90 HY EFPS 10K B JE
I AR R E AL 7 7E 1 43 T b id, B Cel5 .\ Cxel13
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