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WE. B¢ it % A4 Kk B -F C(Vascular endothelial growth factor — C, VEGFC) / 2% 1 & & ¥ B F % 4Kk 3( Vas-
cular endothelial growth factor receptor — 3, VEGFR3 ) i ¥4 %5 vé1 bk & 4 2 ax %} 3 Ak #5 4% A8 4 ( Atherosclerotic , AS) & 4 3k #2849
RAIE, BT RAERGHG TR . ik BIRR RIS ApoE TN A AS A CSTBL/6) R A T G, 5 h
O R AREBAARSFHERTZIEK T G L, A B AR B KgAK HE &R £
ik gmE S % ,qRT - PCR #= Western Blot A& /s & E ) Btk €% M % 4K — 1 ( Lymphatic Vessel Endothelial Recep-
tor—1,LYVE —1) \VEGFR3 ., f2%& P & £ ¥ B -F D( Vascular endothelial growth factor — D, VEGFD) . 2% A & £ K B F %
4k 2( Vascular endothelial growth factor receptor —2, VEGFR2) . -F 2 % & ( Podoplanin, PDPN) | %& & 1% # B( Protein kinase B,
AKT) | 48 B 9% 5 8 i85 ( Extracellular signal — regulated kinase 1/2,ERK1/2) \VEGFC A B mRNA & gK-F, &%
5o gt R, B A 20 ) R e il = 85 (Triacylglycerol, TG) | % A2 B] B2 ( Total cholesterol, TC) (1% 55 & fi§ % & 2 ]
B (Low — density lipoprotein cholesterol, LDL - C) /K-F 2 F A & (P <0.01) , £ IR EM 5, TR K BA 53, 3Bk
LYVE - 1 .VEGFD VEGFR2 . Podoplanin \VEGFR3 \VEGFC % I % & & & ik 2 ZFAL(P <0.05 %P <0.01) , AKT ERK1/2
E O RERFHR(P <0.01) s ZXAHREH TG, 5 700 VAT ABE, AR M 57 gz, A s R
34k LYVE - 1 \VEGFD \VEGFR2 \VEGFC & B % % & k& %% 7 & (P <0.05 3P <0.01) , £ 34k AKT.ERK1/2 & &
(i 2 FHFH(P<0.05 XL <0.01) , XK FH A FEH 57 F4 ) R 23k Podoplanin  VEGFR3 # B & & & £ %
R2FIF5H(P<0.05 %P<0.01), AP EHAFZSHNETAKRELANRR, &b FHKE D ThiEDHw VEGFC/
VEGF3 i@l B R it bk &% £ A5 AS X A R R A2 6y H 4%,

LG BH A7 AS; M & & & VEGFC/VEGFR3

i [E 4y 35 :R259. 435 XERFRERD A NXEHRS:1673-7717(2026)08-0067-07

Study on Molecular Mechanism of Linggui Zhugan Decoction( Z5EE AR H V%) Affecting
VEGFC/VEGFR3 Pathway to Promote Lymphangiogenesis and Prevent Atherosclerosis

CHEN Si,SONG Nan, WANG Qun,ZHU Jingxuan,CAO Yuan
(Key Laboratory of Education Ministry on Chinese Medicine Viscera Image Theory and Application,

Liaoning University of Traditional Chinese Medicine,Shenyang 110847 , Liaoning, China)

Abstract ; Objective To investigate the effect of vascular endothelial growth factor — C( VEGFC)/vascular endothelial growth
factor receptor —3( VEGFR3) pathway on the regulation of lymphangiogenesis on the occurrence of atherosclerosis( AS) , and to
reveal the intervention mechanism of Linggui Zhugan Decoction( ZAEARH ). Methods ApoE ™"~ mice fed with high — fat diet
were fed to construct an AS model, and C57BL/6J mice were used as the blank groups,which were blank control group, model
group, Linggui Zhugan Decoction low, medium and high dose groups. The blood lipid levels of mice in each group were checked
by automatic bioanalyzer,and the pathological changes of the mouse aorta were observed by HE staining,and the mRNA and pro-
tein levels of lymphatic vessel endothelial receptor — 1 (LYVE - 1), VEGFR3, vascular endothelial growth factor - D( VEGFD) ,
vascular endothelial growth factor receptor —2 ( VEGFR2) , podoplanin ( PDPN ) , protein kinase B ( AKT) , extracellular signal —
regulated kinase 1/2(ERK1/2) and VEGFC were detected by qRT — PCR and Western blot. Results Compared with those of the
control group,the serum levels of triglyceride (TG) ,total cholesterol( TC) and low — density lipoprotein cholesterol(LDL - C) in
the model group were significantly increased (P <0. 01) ,the structure of the aorta was abnormal ,the large atheroma plaques were
seen. The expressions of genes and proteins of LYVE -1, VEGFD,VEGFR2 ,PDPN, VEGFR3 and VEGFC in the aorta were sig-
nificantly decreased( P <0.05 or P <0.01) ,and the protein expressions of AKT and ERK1/2 were significantly decreased( P <
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0.01). After the intervention of Linggui Zhugan Decoction, dyslipidemia was improved, the structure of the aortic wall was re-
duced, the atheroma plaque was reduced, the expressions of genes and proteins of LYVE -1, VEGFD,VEGFR2 and VEGFC in
arteries were significantly increased( P <0. 05 or P <0. 01) ,the protein expressions of AKT and ERK1/2 in the aorta were signif-
icantly increased( P <0.05 or P <0.01) and the protein expressions of PDPN and VEGFR3 genes in the aortic of Linggui Zhu-

gan Decoction medium and high dose groups were significantly increased (P <0.05 or P <0.01). Among them,the improvement

of Linggui Zhugan Decoction high dose group was more obvious. Conclusion Linggui Zhugan Decoction may promote lymphangio-

genesis by affecting the VEGFC/VEGF3 pathway and participate in the regulation of the occurrence and development of AS.
Keywords: Linggui Zhugan Decoction( ZEEAR H %) ; AS;lymphangiogenesis ; VEGFC/ VEGFR3

Bk KA AL ( Atherosclerotic , AS ) J& — Ff Bt 2f) Jik I J5E R
SRS AP SREPESIR , T A2 O L8 5290 1Y) 32 & A0 L it
SEARRFESET IR 22— W L i A R S e A
A2023) #ESA, H BT IR E O 1 5 %% ( Cardiovascular diseases
CVD) BB ABLIE 3.3 ¢, BB FReE TR B, DI
AS ZE0 L PR LA

Rt 3% A% 58 5 2 0 AN & R, R X AS DA BUR B IR
Ao HEEENG AS JHTC BRE Mo B0 S TEE, (R
TEAG) - R AR, AR AR BB AR, o Z 7 A
Peuh ZESE K 2 AS KRR M LR . GERILAH) .
PR ZIRT . BN B AR, KA, BIEE
BB, BT B T i o 4 ok iz — B
AR - BRI AS B4R RMESHRIL, JLF ik
AL, PR e RO AR 34 Ty (4 B M ) 5 AR H A
VIVRYT , &7 RS HER R K H B A Ak, 222 R B AL
AR B I 22 BHAL, o 98 TR BEL s v 5 R 56 R IR A B i
SEURE . BURHESE B & BUS R AR H 3% AT i 8 1 K AR
WM AR A M R PR RS 2R RS SO m
PRI o UL A T IR AS A0 i P B
A WETITE.

BT TR R LA A X etk AS B kA R SR LA
BRI L R ARE IR ARG, B e R
LA AT R IR A S 2 S G B IR B s i s fy bl
FRFEEMMEAS . WA BRI NI A RS
BUBTIIE LA R, A AR ST SR AL, W LB AR AT g
AR TG O AR o R, A B 58 % B 2
PRz 40 B 3 40 e 59 4k Pt i 36 ( Cluster of differentiation 36,
CD36) (1367 T BT AT RE <> it 2 3 ks 2 487 26 ok, = BOIB [3 1t
NS IBRCRE B T B 0 b ASH L AT g T B A
WA AS AR, AT B A 2 38 I 2 M SRR
B P4 18 N B2 A K R F C( Vascular endothelial growth
factor — C, VEGFC) /145 N Fz 4= K R 52 {4 3 ( Vascular endo-
thelial growth factor receptor — 3, VEGFR3) 1 41 5 ik B2 4 A 1
WRTRES AS KA R BEVIFC, IR A Hm
BT EER.

1 #RITE

L1 st s REHE LI /NR:6 ~ 8 JAl, ik, (k&
(20 £5)¢g,C57BL/6] /NEL 8 H, ApoE ™"~ /NER 32 H, I TiT 5*
WA TR (R AR IR A IR A FF o), 82107
MEY RELEHWREHEERLSHE (&S5
21000042019090) , B4 ia1 5 F 1L T v BE 25 K 2 X3 sy s
[ SER B F TS : SCXK (1) 2020 - 0001 |, Bh¥asfbi: &
AR AN ApoE ™ /NG 12 IR EE AS /R, s BTl
Je , AS NRBENL 7 AR B FEAR H G P s A R AL
C57BL/6) /DA ZS FIM IRAL, Horp , SR Hm P RE o A
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SN R LRS00 S 50 45 25 0 & ARRI e A 3R &
B 172w AN SO R PR . BHEAR T A& R R4/
FUR H B AN RS ARG 1 IR HREE S 4 W ER A
FIERIZH /)N BRI ' S AR PR

1.2 #ypdl g BHAEG ARE 40 g, H4 30 ¢, HAR 20 ¢,
HH 20 g, ik 3K TILTHEZREW B ER . 259 %
LA E 4 BR A2 700 mL KR 30 min, i ACGE IS, SCK
% 20 min, {811 2590 . KA 400 mL KRR, KB )G,
SCKGE 20 min YR G 2TR , BT UE e A R A A

13 SBEERARME  WEHEZ I - 1 (Lymphatic
Vessel Endothelial Receptor —1,LYVE - 1) \VEGFR3 3¢ & %
(Podoplanin, PDPN ) | 4 Jifs #p 15 5 18 35 i B ( Extracellular
signal — regulated kinase 1/2,ERK1/2) .P — ERK1/2  |fil & N {2
H: K H-F D( Vascular endothelial growth factor — D, VEGFD) | [fil
BN B A K R F 524K 2 ( Vascular endothelial growth factor recep-
tor =2, VEGFR2) Hi /£ (ImmunoWay, YN2185 , YT5878 ., YT7965 .
YT1625 . YPO101 , YT4872 , YT1723 ) , VEGFC , GAPDH ( protein-
tech,22601 —1 — AP 10494 — 1 — AP) , 75 H % i B ( Protein ki-
nase B, AKT) . pAKT ( CST,9272S ,9271S) , HiFi — Script gDNA
Removal ¢cDNA Synthesis Kit,UltraSYBR Mixture ( 5y {20 2 4
BHEAT LA F ,CW2582 M .CW0957 M) ;12 ~230 kDa Wes Sep-
aration Module 8x25 capillary cartridges ( ProteinSimple, SM —
W004 ) ;4 A a4 AT (AR Z, TAB - 120FR) ; ¥ U5 5 3 5
DAL ANy 66 1 ( Thermo, ST 16R  Nanodrop 2000 ) 5 4= %
KA1 ( Molecular Devices , SpectraMax i3 ) , 3 38 J 2% o il 55
(Leica) ;#J8 PCR {3 SEAT 56 i PCR X (3£ [E Bio - Rad,
T100 ,CFX OPUS96) .,

L4 4 B 3h A AT BUR I /N B g ACE B SC5 /N BRURR R
J& I8 F Sk, #E S 4 CELL AL RIS, -
80 CIRAEF o HMEANASERAE VLI LA K it Jig A 2790 &5 15 1
FHATHAE, 4 8 3 A A3 A AR /N BRI 3 H b =16 ( Tria-
cylglycerol , TG) | & IH[# % ( Total cholesterol, TC) K% B g 25
AH[# % ( Low — density lipoprotein cholesterol , LDL — C) /5 25 EE iig
5 EIH & (High - density lipoprotein cholesterol ,HDL - C) & &,
1.5 HE fajhier O Je e AN R £ 30 ke BRI oL 458
B/ ERURBR S, PR AL PRI BT IO B E S IR 2, B - 80 C AR
AEHN W T HEA T8 BT 25 2 A I 1) /N BR 32 B Bk atE AT 4% 2 3
P [ 24 h DL 3R AT [ R RS , B TR ik, —H
B W, Sl A ORI A2 R AR PRI A
AUE] ARSI TE N, AW AEES RS . AT A R, B
5K R IR ARE S 0, TR 2K Bk ok B 0E PR S 0. 5% 7
LLOTRRAE Y K B G R A, BB AR

1.6 ¢RT - PCR #=# M /N # £ 30 ik LYVE — 1 ,VEGFD, VEG-
FR2 .PDPN , AKT ,VEGFR3 ,ERK1/2 .VEGFC mRNA % i )
FH RNA $2BGA S BONR 32 s ik B RNA B i 8400k
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SEEETHAGTN RNA #e B2 )5, vk BE 28— , MR ARE A A 226 18] 50
AT PCR T HE it , AR 9% HE MG 00 358 cDNA B 75 &, 4% 1R
HiFi — Script gDNA Removal ¢cDNA Synthesis Kit 3¢ B 45 #1712
FEZH DNA I 5 572 <DNA 5| R G , 2 I8 PCR 97351
PSR B TR R G E S BAE, B R SERT 98 8 i PCR X
HEATY 8, SCI B S R AP S It SIp s R 1,

#1 519F5
FEH 4 519 gl
LYVE -1 Forward primer ACATGCAGAATCATGGGCGT
Reverse primer CAACCCATCCATAGCTGCAA
VEGFR3 Forward primer CGGGCTACCTGTCCATCATC
Reverse primer CCTAGGACTCTCCCGAGGTG
PDPN Forward primer AACTGTCCACCTCAGCAACC
Reverse primer  ACTGGCAAGCCATCTCTATTG
AKT Forward primer CCGCCTGATCAAGTTCTCCT
Reverse primer  GATGATCCATGCGGGGCTT
ERK1/2 Forward primer CCTACGGCATGGTTTGCTCT
Reverse primer TTTGCTCAATGGTTGGTGCC
VEGF -D Forward primer CCTGGGACAGAAGACCACTC
Reverse primer TGAGATCTCCCGGACATGGT
VEGF - C Forward primer GCTTCTTGTCTCTGGCGTGT
Reverse primer TTTGCCTTCAAAAGCCTTGACC
VEGFR2 Forward primer GCCTCTGTGGGTTTGCCT
Reverse primer CCTCAGAATCACGCTGAGCA
GAPDH Forward primer CAGGAGAGTGTTTCCTCGTCC

Reverse primer TGCCGTGAGTGGAGTCATAC
1.7 Wes 2 8 30 & & Ji 80 38 € & 04T & S W/ B E 30 Ik
LYVE - 1, VEGFD , VEGFR2 , PDPN | AKT, VEGFR3 , ERK1/2 |
VEGFC & & k% $2BUNRENPKALE [, BCA AN £
KB WS B R E S — MR E 3 pg/pL, A Antibody
Diluent 1T, ¥ FEHUIA B BARBATEH) 10 ~ 20 f5# 1776 B —
B, #E#% ProteinSimple FEHLMY G318 4 H, HE& Wes {UEF K
AR R T B AR G U B 5 e i) DTT .5 x Master
Mix Ladder J % Y6, AR AEAR 5 e B2, 1158 4 FL AT 75 2 14 (R AR
DAC B 5, #2050 & AR N E AT A, 3% b 36 T, %51, 2500
r/minB0 5 min, FALETT, 85 RARAELE RIF b o
1.8 Zuit# SR Prism 6 TG0 HT , SUE LI
H = bRfEZE (v +5) Foom, Z41A] FLEECR A One — way ANOVA Jy
ZEAHT, AP LLECR F Tukeys K50, 24P <0.05 RoRnZER
Hail#E L.
2 #£R
2.1 A#/NE % TG . TC HDL - C.LDL - C A F 5 Il
T MRS SR R - 525 1 0 B 4L AR bE, A0 20 /s BRI 35 TG
TC.LDL - C /K V- ZEF4 & (P <0.01) ,HDL - C /K2 - FHi#a
PABTEG T X S L, 2SR A R R/ R
M3 TC /K- FEAK (P <0.05) , K EEAR H 7 il 2 4/ B
MLy TC LDL - C 7K i FFEAR (P <0.01) , B AR H % =
/N RUME TG TC \LDL - C 7K @ Z F& K (P <0.05 5P <
0.01) ,HDL - C /K -2 F R ARSI E L, WE 1,
2.2 AANREDRFEFEHLAKRET HE REOELEREIR:
235 0T R ZH /N B B0 ik A B 285 ) 2, P B A4 R RS- T JUL 4
HEF 48, ToomRE RS UTBUR A5 15 I 21 /)N B 32 2l ik o 48 BE 45
PS4, ] BRI B, LI 45 P BESE 5 RS 25 R
BT UG /N 3 S K4S BE 548 S W, R B /D
BB  o b NI 7R B il AN W e 1 R S L
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i #0523 X MR HL AR, P < 0.015 « SRERIA Lt P <
0.05; = = LifURIZH L4, P <0.01,
B 1 &L/ TG . TC HDL - C \LDL - C 7K 1% i

DABH BTNV & 2,
2.3 &4 /)NF E# fk LYVE - 1 VEGFD, VEGFR2 , PDPN |
AKT .ERK1/2 \VEGFR3 \VEGFC # F mRNA %3 qRT - PCR
SER R 525 A AU L, B AL/ E Bk LYVE -1,
VEGFD .VEGFR2 .PDPN . VEGFR3 . VEGFC #:[X mRNA ik @
EREAL(P <0.01) ,AKT \ERK1/2 k2 LT HL5
S, FHAH T, ApoE ™~ AS/NELLYVE -1 \VEG-
FD .VEGFR2 \VEGFC ik 8 2% 715 (P <0.05 8P <0.01) , H:
o ARG R R R s O, R, SRR A L
LA H 17 F 7 41 A R R 4/ B Bl ik PDPN | VEGFR3
JEK mRNA %35 257155 (P <0.01) ,AKT . ERK1/2 k2T
[ e (HIOGE I, WE 3,
2.4 A /NE E 3B LYVE - 1 \VEGFR3 , VEGFD VEGFR2 ,
PDPN VEGFC .ERK1/2 AKT & & %k Wes 45 R B/~ 52
T BB 4] A L, 45 7Y 41 /N /R 32 8l ik PDPN | AKT ,LYVE - 1,
VEGFD .VEGFR2 .VEGFR3 .VEGFC .ERK1/2 7 |9 %5 1% i Z %
flR(P<0.01) , XA H Y T HUG, ApoE ™~ AS /N E Bl ik
PDPN AKT .LYVE - 1 \VEGFD ,VEGFR2 ,VEGFC .ERK1/2 % [
FRWBETHR (P <0.05 %P <0.01), HEHEAHHREFEA
VAT W, SRR AR e, Z AR H I AR A 7
/N ESk VEGFR3 & 31k B THE (P <0.05 P <
0.01) , ZH:A H MR 41/ £ 3 ik VEGFR3 & 1 Ft-#
#OHLG#E L, WL 4,
3 itig

AS [ RAETRTAR AS V& 5 N8 B W R AE IR 85 , RAE S BT A7
SRAEAER T R A S AE | P RS R LA B o8 52 45347 , e 2408 1
HOREREALBEE 2 B AS R T R S T, A
S bl 22 b L T IR A A, 9 e I L 45 LA BBk 3 e 5 ]
AR, R BRI R E0 T K PR AS [ G B E0m R 3K
(R - ZBASRS)  “MAVF0, BRI . WERET,
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MBI, B N EIRRANKE , EBUKE 7 A,
JGE B, SIS AT A, T AT o i AT W, a7 i ik
IR 2 LIBT3 2 88 AL W, Wk N AR, £ i g
FHEERES IS . BURYT AS S8 i bose i 24 LLTE A fa B Ak 1R, AR 4
R BRI, A 9 35 FH 2L BE AR | e AR 1) 8 L 42 O
FEAR TGRS , S AT R R, AR T %] B
B RRARARTE RS PR 5 T AH 5 T 40 Mg 58N B3 TC TG A
LDL - C 7K, I HDL - C ZKE . BB e a4 m g 1
FPEH $ R H AT REIZ B 1A AS 2500 10 L& B A 50259
TR EL A 2 L AR AR IR B 2R 8 b bk 2 PN 2 40 D o 2 L 3
B BB FIE AT RSS2 Gtk CU s e i A7 . |

~

S5V TR, A GUIRAE MR R A B AR HE T S

IO A L A i 1S ?%E%Eﬁi%?%ﬁ%%ﬁﬁ%ﬂﬁ%
BT I — B , AT 90 AR 5 | 7 R G 938 4 s i = &
HFGERI, BV T/ RAE R T FAS &Iﬁ%ﬂlﬁlﬁﬁﬁﬁfi
PRI ELAS A T B AS BRAIAY IS Y o SRR, MBS S
AS Z RIS 6 R TR RIRIT AS PG — M EZA
o TR ELAE S A 06 (7] 538 | JOE PR B IR AE I HE 4
,A{Mlﬁﬁﬁﬁﬁ%_:ﬁ TE/IN B B R BE B P I T B o o R
HEEEM . CAUIE R I S0 3 kR [ 53
T REIE AT LA AD AS i AS 9T o T 9K 54 5 il o A
LT AS BEH R SR I G B Y L B TR S S
AS Z A IBE 2R, T B84 AR A B h ik B
iRy EALH, LI P AR I AR M A 5 ASZ R I B &R

1.5+ 1.5 L
b
i R #
% 1.0 x 3% 1.0 o & 101
111 *% < % ** :<Zt
E *% 5 ~4
% 0.5 w g 0.5- " E 0.5
a &
= 9 [
= 8 S
s g S
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R % R B F D DD o T g %\
0 4 N ] & .4’{\{9 @ & & %)\\ 0 %.
B PP 22 4 A 3 4
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T #4525 O BRZL LA, P < 0. 015 SHERIZH LUAR, P <0. 055 = SHIRILE AL, P <0. 01,
B3 %4/NRFESIK LYVE -1 ,VEGFD VEGFR2 ,PDPN ,AKT ,VEGFR3 ,ERK1/2 ,VEGFC mRNA %3k
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R ﬁ@@@*&%&*
V#1575 UV BRALHAE P <0, 01 5 S BURALILES, P <0. 055 % # SHUBALILE, P <0.015ns SEUMALLLE P >0.05,
4 &4/ IEFK LYVE -1, VEGFR3 VEGFD ,VEGFR2 .PDPN \VEGFC .ERK1/2 . AKT 7§ 432 ik
MEENHZ —. CH¥HREAREGHEEREEEAN e MHIEPFRIESE, R iF VEGFC/VEGFR3 3 f§ /1 5 1k LA
PREL A O 048 A 80 FT AT B F B M AR O LA e o AR S AE R S IR [ 506 1) 5 0 R T 2B LABR R AS iy
FEUCUE I it B A A BT R R B 9A AS A R R E . B, 7ERUA VEGFC Il R, VEGFR3 1 55 VEGFR2 J¥ i,

?‘E&O

KILIk , VEGFC/VEGFR3 12 2

e RN S L A

B BT MK S N R, VEGFC Ji i VEGFR3 75 T L8 A

[ VR SRR 0 S R SRR, 300G 2 A T S Sl L LS
AKT/ERK1/2™ %) | AR 57 45 5 & 7%, ApoE ™~ AS /N F 30
ik VEGFD .VEGFR2 .VEGFR3 .VEGFC L [H & % 14 #1315 8 %1%
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i, AKT \ERK1/2 25 |1 3R35 i 2 FEAR, Ul AS kA4 BF VEGFC/
VEGFR3 il B2 A LR UK T R AR H T U5,
/NERFE Bk VEGFD . VEGFR2 \VEGFC ,VEGFR3 £ [R & & H %
ke BT, 3K AKT ERK1/2 8 Rk 2 % Th i, il
WIS AR 17 W]l 3 52 . VEGFC/ VEGFR3 5 #4231k 12 48
A, B iR AS RATK

A A FEIE 53 SIS b E 45 PN B 20 M bR 3540 LY VE -

LRI PDPN 93351 o Hoep LYVE — 1 S 4 o0 S RO e 5%

BB R B EE A2, R RS Tk BB BE -, W] iz % W

JO TR 2 AR A8 P R AT g A 8 1 2 32 3000 O A fs o

PEEF™ o PDPN J2 T TR IR B5 RORE 2 11, 12030k Tk

B b ARk UL PN B AR A 55— SRR G, W] BRI LA

DK SE B, 7800 R T R DI BE , JF 7 bk B2 A8 A i rh & 4

BT AP R BR, ApoE T T AS /N E B LY-

VE -1 Il PDPN 2 [ K 2 9 438 5 WA, Uil AS 2 i
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