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Abstract:

[ Objective ] To explore the effect of lymphatic transportation on the pathogenesis of silicosis in rats by promoting the intrapulmonary
lymphatic transportation by Ginkgo biloba extract.

[ Methods ] Wistar male rats were randomly divided into normal control, treatment control, silicosis model, and treatment groups.
Each group was further divided into five subgroups according to sampling time of 7, 14, 28, 42, and 56 d, respectively, with six rats in
each subgroup. The rats in the silicosis model group and the treatment group were injected with 1 mL silica suspension (50 mg/mL) by
intratracheal instillation. The treatment group was injected with Ginkgo biloba extract suspension (100 mg/kg) everyday by gavage. The
normal control was given saline at the same volume, and the treatment control group was given Ginkgo biloba extract suspension at the
same volume. The levels of hydroxyproline (HYP) and vascular endothelial growth factor receptor-3 (VEGFR-3) in lung and silicon in

lymph were measured for each group.

[ Results ] Compared with the control group, both the VEGFR-3 and silicon in lymph rose up and peaked on day 14, while the

HYP level continuously increased over time in both the silicosis model group and the treatment group. Compared with the silicosis
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model group, the level of VEGFR-3 in the treatment group significantly increased from day 28 to day 56 (P <0.05), the level of
silicon in lymph also increased from day 7 to day 28 (P<0.05), and the level of HYP decreased at all time points (P<0.05). The level

of silicon in lymph was positively correlated with the level of VEGRF-3 in lung in the model group and the treatment group (=0.651,
P<0.01; 7=0.613, P<0.01), and negatively correlated with the level of HYP (r=—0.786, P<0.01; =—0.899, P<0.01), according to

the results of Pearson correlation analysis.

[ Conclusion | Ginkgo biloba extract could promote lymphatic circulation and accelerate lymphatic transport of silica in lung.
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Citation: CHEN Zi-ying, HOU Xiao-min, CUI Jie, et al. Effects of promoting pulmonary lymphatic transportation by Ginkgo biloba extract
on the pathogenesis of silicosis in rats[J]. Journal of Environmental and Occupational Medicine, 2018, 35(4): 366-370. DOI: 10.13213/j.cnki.

jeom.2018.17559

7 it 2 [ 2 s P P 24 i 7™ B A — A
FLRIRHL v AR BB . AT WFTE 2B, Mlibk B2 R GEnl g
Z 5 lR K A AN R SRR, B il
K FRUTZH UMk LA A 123 ) 4R s A Ik B G B A il
(14) g ot A P ke T A FH . ASBIFTE LA I Sy DUAR
A5 PR E AL SRS it B R A, 3 s b £ A
N B2 B ARG ) VEGFR-3 B UF VR, DL il 2 2
S R 2 2R D e AR A, XL A A R PR I A
IR i R A5, R TSF A P I A 2 7 A i ¢
HVER, oAy Il TR R 6 7 SR — i e IR

1 MREFE
L1 SEgedtpt

SPF 9% B 4F M 1 Wistar & B 120 H, {4 5 180~
220g, W H At 4EE A RSB HARA R A E 5 G
2 AR 2R (BT e B AR 5 2 A
g E PR ), 45 SR R AR A AE B i 99%, RiAR
0.5~10.0 um, 80% FiARFLFHEITE 1.0~5.0 pm, 48 ALAERY
ARFEr TR i LAAE BEER K IC T 8 50 mg/mL TR
W FEKEES N RZTRESURIMNAE N AE K
+ 5% {K -3 (vascular endothelial growth factor receptor-3,
VEGFR-3 )( Abcam, SE[%] ); Ffii 2 M) & ( fg atid
WA T ARG, HE ); Masson e 3450 & (bt
s ARG AL A PR A W], ;AR -SRI (i
VLA R DL 25 e AT FRA W), Al ), TR ( 10%
IR ) TCREAL AL PRRE M AR Sk | EP A | BOAESEFER o
1.2 shih AR AR & 5

Wistar HEPE K B FE A FEAIL 20y 1E B XS IR | Ak
PR B CHR AT 2 ) ), g2 ( R AiE Ry b )
FAEPRAH ( A ARER 2D + AT B ). BRAHEA
[ RAT I TA) A3 55 7 R B 14K 28 K V42K
%56 KSAWA, Hdl6 K. e M Ab FRA K LA

FAEREEEN—UEREE, A ITmL EAR AR
FEREIR B Jeag)a, AP A H 2 il e A
FEHUYIR B (100 mgrkg )5 1F 0 HE 2L 7 A 5655
AEFRERK, AT REZH B H E A S5 SR AR A 4R L)
TR
1.3 AYH A REL AR

R BV IS T 5 7K S BRI, T AR BTV R B
W ZATIT IS G, 258 W FREALER , #6305 R E
KA TR Ik A A T, DU R A R
SRR LR, ISR TR] K220 30 ming i 328 kR
i, #0300 x g, 10min ) J&5 43 25 M7, 4% FIohE
fRAb PR ) EP & rh s IO It KR AR Ak fiti 2 2 LA
4% Z T PEENE o I AT -80 CIRAF
1.4 A FEARA T %
141 JRIE WA HE L0 5 Masson 4 (0 WL T4
SRR AR, [E 5 A It SR B K | A
WO YIF, A7 HE Y (5 Masson Y0, A0 N WL
AU L
1.42 MiEpak B & B A AN Western blot I8 1
K 45 2 K B4 R il VEGFR-3 28 1 1 ik K F-, LU
GAPDHAERNZ
143 MRERFRETEATIE HEBHEEE A
J5t1% (inductively coupled plasma mass spectrometry , ICP-MS )
VAR L R TT R K, HERR BRI R e
144 MAZRRMARZENE B&KREEGT
it 2 H LT B A 0 A h Tk B, hSZH
A1, TR RGN SR E U B AR
L5 SRitF 5

A Excel 2007 82454 %, SPSS 17.0 G 45t
THaHT, BAEBHLL (x5 ) EAFOR, 400 HECR
FHEAIR 2 5 22570, PO LLECR B LSD A 35 AH G 43
Bk Pearson FHC ST o K3 /K 2=0.05



+ 368 -

www.jeom.org  FREE SO EE4 (] Environ Occup Med ) 2018, 35(4)

2 R
2.1 FHLALARA R RRILEE

MAMUL T, K REZH 25 K BRI ZHZUREOE &, B
O, YR 55 7 KA, Ml 40 H BK I | 55
S 55 14 KRB, W2 nT DL ap ke ek Ar , fififhk
TR, FF B AR s 55 28 KA, K45y
BE 0 A T I LY 5 42 RIE, I 4530 IR R K
JEHB AR 5 5 56 K, A4 2SS, o R A
A K U 2022 5 2Z AR RL, FOR R b4l
EEN R

[ ]JA: HE% % ; B: Mass
14K; 7: AHEAFK; 8 ALHEUHAES6K,

A S

22 KEAMALRREAE

HE e 25 0L (B 1) BoR: 2% B 454 LA
IEH o YR 25 14 R RIAT WL b Mok A . B 2R
BMEERIE ;55 28 K] UL W AN B R A, N ZE
LEIERL; 55 56 R EFYEPEZE TR A

Masson Je (25 (K1) EoR: W (00 M I R AT 4,
IR LI . AILEF4E . 2 5% REZE S5 04 JEAR IR
e A 5 14 KA A eI TR 58 28 KAl il
NI RE B SRS T R S AR A s, TR A 5 AR
56 KB i 2l 214 S AL AR R N

00 e an® RSN 2. 700 \ $h & 3
onZet 1 EHXEM; 2. FAUFI4K; 3. FALUEFKR; 4 LLUES6KR; 5. AFEXEH,; 6. LHEAE

B1 FAXRMARKEFEL

Ab A 45 BsF [ K U A 2005 A8 55 e 2 21 AR Ak
TEFRARAL, (HRR R LA 2 AT TR
2.3 ARSRMEE 3G A L

Western blot Kl &5 5 (F2 1, K 2) Bon, Yeagi il
REFRZE R BUIZH 4 VEGFR-3 2235 7K -2 i B Se i w s
REAR a3, PR T4 14 KRR R, Yebdl 5
WEFXT REZ | AbBHZH S A PN BRAHAH LU B, 55 7~42 K
2121 VEGFR-3 £ 135 7/K P 3438 (3 P<0.05 );
YL gl P, IR 5 28~56 K414 VEGFR-3 4K

P12 IR 7K B3 = (1 P<0.05 ),

F1 KRMELS VEGFR-3 BT RIEER (n=6)

i I 1EH TR LB 2] Y] PLBLIEE|
EABS 0.38 +0.04 0.40 +0.02 0.71£0.02°  0.73£0.01"
HI14K 0.41 +0.02 0.42 +0.01 0.90£0.01*  0.92+0.01"
28 K 0.40 +0.03 0.40 £ 0.04 0.81£0.01*  0.86+0.02"
E VLR 0.36 +0.03 0.35 +0.02 0.52+0.01*  0.63+0.02
%556 K 0.41 +0.01 0.37 £0.01 0.35 +0.04 0.44+0.01"

[ Ja: SHRAHRAILE, P<0.05; b: 504 hE, P<0.05,



www.jeom.org  FRIESHMY BE2% (] Environ Occup Med ) 2018, 35(4)

+ 369 -

1RO R 2 Yerrof]
HS6R TR F14K FE28 K FA K FS6K

VEGFR-3 |+

GAPDH | e s o o— m——

ALPRXT REZH AbFRZE
HS6R TR 14K HF2K K 56K
VEGFR-3 [ st D S a—

GAPDH | s - - S

B2 Western blot #ill kK FRATZHZ} VEGFR-3 BI3RiA

2.4 MBIR AT E KT8 B

2% 2 AT, Yesb 2] 5 A0 AR R B A bk L ik T
R BB S R R R, T8 14 KTk
FIIEEAE . BRES 56 Kb, Yerb 2l H A3 45 i [A] 5 0 ik B
T 70 A F IR R X R (P<0.05 ), S
FLB, 55 7~28 R ADFZH KRRk B Ak 0 2 K- 3 A
f (P<0.05),

F2 KEMHBEEETEKE(mgL, n=6)

s ] g5 NapoyiEl AbFEXT R Yerp gy pOBLIEE|
EADS 0.63 +0.02 0.65 + 0.06 1.37 +0.22° 1.65 + 0.45"
14K 0.66 = 0.05 0.70 +0.11 1.43 +0.04* 1.66 + 0.08%
%528 K 0.64 +0.02 0.65 +0.03 0.86 + 0.06" 0.98 = 0.04™
AR 0.61 +0.07 0.63 = 0.09 0.84+0.09°  0.89+0.08"
HS56K 0.64 +0.04 0.67 +0.02 0.78 +0.07 0.83 +0.02°

[ Ja: SAER A4S, P<0.05; b: 53 A4 %, P<0.05,

2.5 AR EMMABRNG ST

P 2% 3 AT, Gua> 2l FAb B2 il 2 SRR i e
ARSI SN X PR FedsE, WA A% B ] A
AR 5 B E (P<0.05); S dl g, b
FREH 25 I [0 s AR i 2R & s IR ( P<0.05 ),

®3 ARMARPEHEERIE (mg/g, n=6)

FIsF ] sk 1EH T A Ak P HEZH Her gl pUSLE:]
HTR 0.50 + 0.03 0.52 +0.02 0.84 +0.04* 0.73 +0.03"
H14K 0.54 + 0.06 0.54 +0.02 1.26 +0.04* 1.04 +0.04™
Hi28 K 0.52+0.05 0.51 0.06 1.58 +0.04" 1.35 £ 0.06"
HaR 0.57 £0.02 0.52 +0.03 1.74 + 0.06° 1.49 + 0.06™
FS56K 0.55+0.01 0.55 +0.05 1.90 £ 0.26° 1.73 £ 0.05%

[ Ja: GAIR A E4LE, P<0.05; b: 54 i, P<0.05,

2.6 AT EKTFE VEGFR-3 B % M 258 04 48 % 547
R B P A T R K S5 4 21 VEGFR-3 M 2 il
R 1Y) Pearson A MHTLE R R, YeP LR

5 VEGFR-3 S 1EAH2 (7=0.651, P<0.01 ); AbFRLHAEIC
5 VEGFR-3 IR 2 1EM 5 (1=0.613, P<0.01 ), Yezbed
TR SR IR S A (=-0.786, P<0.01 ), 4b3H
ke R SR ERR IR 2 A (7=-0.899, P<0.01 ),

3 iTFig

W RGN AR E IR R, RikE A
21 bR T R R A LR AL, A SR TR
B EAR S | e B AR A5 A BRI RE o T AF Ok it 2 Tk 0 4
RS HAR BRI LB, K S IR A IY EUE SR EL A Y
Az RS MUY | R E A | IR e s L R L R A g
R YIS

AWFFE R, LA A P R . RS, AT
{67 il 6 3 Bl SR IR A B A 0L, 2 R it ]
Je PTG ELAE T Bl 5 130, 5 RS Dbk B 25 % 1 A
bk B BHZE , SR IK BB PR AERY il A8 il — e A
o BV T R 3 2 Fp R s, Hidp VEGFR-3
SRR BV TN R A0 R S e BR R Y, VEGFR-3 5 Hifd
RIS B AR K R -C R S R 25 T T A a0 bk b A
A i VEGFR-3 sl A8 P Rz A K R T -C g 5
ik, ATAE—EFEE AN EL A g A R AR
AR EMEDAR AT 0Tt AR A O s
IRIIVEF ), A IE VAR iR U VE I T — Ak
REY LKA, 45w, Yo gl 5 A B K U 2 2
VEGFR-3 S ik B3 Ak o0 2 7K - 2 5 e 3 5 Jim PR AR Y
s T SR I AR SRR T o A SR AT
2R BIR, VEGFR-3 5k B RE T R IK P IE A,
FRIH 2R S5k R T 2R B TR G HEIAY 2R iE AR
R PR 335 A5 477, 38 it P e E A A e 3
Az, TR AT P9 — S ARk Bk B 5632, R P e
JTCRAVEREZ T (AR Yo i R E K, 5 2R AN
FERT N E R, M T Rl bk A R AR T, Bl
ZIVEGFR-3 bk LB i T 2K TRl 2 FRAIG, SRR
ST, KRR AT g L B I AL FRZH K
A9 ERS , itk PR 2] k0%, ik
EEL A5S80S A S, e T il N AR A ik
ELHERR , MliZH 40 VEGFR-3 Stk LR RE TG R K 4k
LI ARV RR B TR, DT A 32 45 e [ s M 2
FRK V- e, SR T W Il fe 2 J

AR AR R AR e, (R E R Py AT
BT R R IR, Gl iR R AR BT R P Ak T R K
ST, B 2R S e R Pt 2 B ST o IR LR



+ 370 -

www.jeom.org ISV EE2E (] Environ Oceup Med ) 2018, 35(4)

1) SRR I YR R S B DRI, DRI il 24 T Ik EX A A A F
5% o AHIFGE T RAE A UK B8R W R R EL Y, SR Ty
AR o I BV R A Ak DT R — M R R R R
Yy, HE BT B XT IRA, w] RUHIE e 4K B
I BV I B G 3 R R e AR B, ARSI A B UE
TR EIEALERY Bl AR . ARSI N — 2R
FA W S5 R TR SR T TR — A SR i 174 58
IR EL A IR ) IS B 1 ASBIE 5 LAAR A i SR IR 1
TR, 7E—E R Rk TR iR RE A ik
A PRI bR T GE R PR AE RS, i AT
% PUEACSEZGEERY, HENH T gE i i 2R s iR
TR Jili 27 4 Ak o AR 78 30 2 K VEGFR-3 WLEE K
ST PR AR EL A5 A3 A TR O, T T e % it K U Ay
ELIG PR S AT AR — AL RE O HERR , i — e T
i PR B R S AE R il gk R A, B i i
Pk EL R R T AT B — I PRIGY T 1% il 9 8 - B

Sk

[ 1 JTAEGER D, BRUNING T, PESCH B, et al. Association
between lymph node silicosis and lung silicosis in 4384
German uranium miners with lung cancer[ J ]. Arch Environ
Occup Health, 2011, 66( 1): 34-42.

[ 2 J4HfE, F25m0, /NG, 55 . Tk I /8 A AE s iR BRUR
St B VERLT ). P E Tl B2k, 2013, 26(4):
250-252, 321.

[ 3 IX0Gk, XUFNSE, skF5u, S5 . fig il K Ui ok T 4 g 2 5
SRR OC R [ ], B 5L EE=, 2016, 33(8):
753-757.

4 JXHEEL, A0, BCE NI, 45 RREER U7 bk OGRS
1] EsR2egeas, 2000, 10(1): 4-6.

[ 5 JBRESLIN J W. Mechanical forces and lymphatic transport[ J ].
Microvasc Res, 2014, 96: 46-54.

[ 6 ]STACKER SA, Williams SP, Karnezis T, et al. Lymphangiogenesis
and lymphatic vessel remodelling in cancer[ J ]. Nat Rev
Cancer, 2014, 14(3): 159-172.

[ 7 IBRESTOFF JR, KIM BS, SAENZ SA, et al. Group 2 innate
lymphoid cells promote beiging of white adipose tissue and
limit obesity[ J 1. Nature, 2015, 519( 7542 ) 242-246.

[ 8 IRAGHU G, COLLARD HR, EGAN JJ, et al. An official ATS/
ERS/JRS/ALAT statement: idiopathic pulmonary fibrosis:
evidence-based guidelines for diagnosis and management[ J .
Am J Respir Crit Care Med, 2011, 183(6): 788-824.

[ 9 IBADESCH DB, ABMAN SH, SIMONNEAU G, et al. Medical
therapy for pulmonary arterial hypertension: updated ACCP
evidence-based clinical practice guidelines[ J ]. Chest, 2007,
131(6): 1917-1928.

[10]GAJE PN, STOIA-DJESKA I, CIMPEAN A M, et al.
Lymphangiogenesis as a prerequisite in the pathogenesis of
lung fibrosis[ J ]. In Vivo, 2014, 28(3): 367-373.

[11]KIM H, KATARU RP, KOH G Y. Regulation and implications
of inflammatory lymphangiogenesis[ J ]. Trends Immunol,
2012, 33(7): 350-356.

[12]BZOWSKA M, MEZYK-KOPEC R, PROCHNICKI T, et
al. Antibody-based antiangiogenic and antilymphangiogenic
therapies to prevent tumor growth and progression[ J ]. Acta
Biochim Pol, 2013, 60(3): 263-275.

[13]CHANG YW, SU CM, SU YH, et al. Novel peptides
suppress VEGFR-3 activity and antagonize VEGFR-3-mediated
oncogenic effects| J ]. Oncotarget, 2014, 5( 11 ): 3823-3835.

(14 15KM8 %, BIEAH , XSHi, 55 . BA M- S2 IO Y 25 BRI K
JCG RN AT FEHE LY ). AL T B, 2017, 44(2):
426-429.

(RSB H: 2017-09-07; RABH: 2018-01-16)
(BESCHAR: R il EWET; Roxt. FERgN)



