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W = E=581: SEMCHENS (CRT) ROk S8 R8I REZ —, Bl CRT MIEYT 2 bt
BE . OWRRIAYT o IR 0V ARG T 0 K A 0 N 2 O T L, R N IR S O RRE I R A R TS .
WFE R, ML FEIERE-1 (HO-1) 78U K AR T Bl 5 A4 ik 14 1 gt 73 ol F vh R 4 BAE T, (R
HAE CRT "h e G AT ST . B, AR ST 76 K B CRT B v 855 HO-1 X6 i 4 5 i 1) 7 FH B2 AR S HIL
il A RIAYT CRT 42457 8 % A F AR 4 .

Foik s 5 72 U 7~8 JE A e R O PR SD R BRI B DK B 10 d B CRT A AL S, B ALY 20 g BRI 4
HO-1 3 sh 720 . HO-1 #5041, A AU L AS AT ol T 300, 5 190 200 0 0310 I s 3 St HLO-1 8 0 30 6l & s ol
(CoPP) 5 HO-1 40l 514 BEArmk (SnPP), FIEI0 5 mgke. G, TEE 1. 7. 14, 28 KA 40l L
6 HUKEL, HEEZhHCR I, F ELISA K iy HO-1, TL-6., TL-10 ¢ ; Bz Bimdy, I HE e @ Uigs i
e s 00, VO MR s A e, e A AR I 4 N R AR AR CD31 &3k, FH qPCR A2 HO-1 mRNA
ik,

R HE Y g B R, B IR A3 I, 45 4L AR A V5 A 35 320 8 0, HO-1 3843 370 4145 5F T A5 it
VS A R 1) g TASE LA, HO-1 40 1] 700 4L 2% BoF [ 50 M A 5 g R AR A A2 (34 P<0.05) 5 7E55 28 K,
HO-1 38 8l 700 4 B30 56 4= P, 1 HO-1 30034 00 0380 0 P o B e 8k ap e 85 R R, 45 1 T A
HO-1 #3541 CD31 3k FHALAL, 1 HO-1 5 241 CD31 Fab L FHIAIZ (35 P<0.05) . ELISA %
RRY, A 0FE A S BRI . HO-1 38l A 4L i3 o HO-1 5 1IL-10 & &k Jh & . 1IL-6 & s FE AR, 1
HO-1 #0070 2 v 3 6 58 b5 U 52 2 ) A2 4k (3 P<0.05) o qPCR 45 2R o, A& B[] i HO-1 383l 750 4 10 7 2
21 HO-1 mRNA #3555 T CRT X IR4L, HO-1 9l AR i (35 P<0.05) .

£58 : HO-1 BB K B CRT (3 i 138, JCHL T B 5 L o) S0 S vy, 1 1l A7 A6 i DR A % .
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Abstract

Key words

Background and Aims: Catheter-related thrombosis (CRT) is one of the main complications of central
venous catheterization. At present, the treatment of CRT is mainly based on anticoagulant and
thrombolytic therapies. Clot dissolution is of great importance for restoring patency of the affected
vessel, and directly affects the occurrence of post-thrombotic complications and the prognosis of
patients. Studies have demonstrated that heme oxygenase 1 (HO-1) plays an important role in the process
of thrombolysis and recanalization after the formation of deep venous thrombosis. However, its effects in
CRT have rarely been reported. Therefore, this study was conducted to investigate the effect of HO-1 in
clot dissolution and recanalization in rat model of CRT and the relevant mechanism, so as to provide new
ideas and theoretical basis for clinical treatment of CRT.

Methods: A total of 72 healthy male SD rats aged 7-8 weeks underwent superior vena cava
catheterization for 10 d to induce CRT models. Then, rats were equally randomized into model group,
HO-1 agonist group and HO-1 inhibitor group. Rats in model control group did not receive any
intervention, and those in the latter two groups received abdominal injection of HO-1 agonist cobalt
protoporphyrin (CoPP) and inhibitor tin protoporphyrin (SnPP), respectively. Both treatment doses were
5 mg/kg. On the Ist, 7th, 14th and 28th d after that, 6 rats in each group were sacrificed, the blood was
collected from the abdominal aorta, and the serum levels of HO-1, IL-6 and IL-10 were determined by
ELISA assay; the affected vessels were harvested to observe the thrombolysis and calculate the
thrombolysis rate by HE staining, to examine the expression of endothelial mark CD31 by
immunohistochemical staining, and to detect the HO-1 mRNA expression by qPCR.

Results: The results of HE staining showed that thrombolysis was increased with time elapsed in each
group, the thrombolysis rate was higher in HO-1 agonist group was lower in HO-1 inhibitor group than
that in model group at each defined time point (all P<0.05), and on the 28th d, the vessels presented
nearly complete recanalization in HO-1 agonist group, while only partial recanalization in HO-1
inhibitor group. The results of immunohistochemical staining showed that the expression of CD31 was
higher in HO-1 agonist group and was lower in HO-1 inhibitor group than that in model group at each
defined time point (all P<0.05). The results of ELISA assay showed that the serum levels of HO-1 and
IL-10 were increased and the serum level of IL-6 was decreased in HO-1 agonist group compared with
model group at each defined time point, while the opposite changes in these variables were observed in
HO-1 inhibitor group (all P<0.05). The results of gPCR showed that the HO-1 mRNA expression in the
vascular tissue in HO-1 agonist group was higher than that in model group at each defined time point,
while the opposite view occurred in HO-1 inhibitor group (all £<0.05).

Conclusion: HO-1 can promote the clot dissolution and recanalization of CRT in rats, and its
mechanism may be related to its inhibiting inflammatory response and promoting angiogenesis.
Thrombosis; Catheterization; Heme Oxygenase-1; Fibrinolysis

CLC number: R654.3

ol # ik § 4% (central venous catheter, CVC)
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AT, SLAEA AR IE B, HO-1 78 IR 9 1 fife 13-4 1
(EREal & A (SR R E 190 R 11K 3 DR O S N 2
A T U R K IR T AR (deep venous thrombosis ,
DVT) PV, i X F CRT f ¥% fifk £ 38 o 72 09 0F 5% 428
D, PROHA B 58 i # R B CRT R AL, 3 o 7
S HO-1 BEh 7 5 150, W5 HO-1 7 I A4 75 Ak FF
AR FBOR LU I R CRT ¥ A 71538 1o 72
LRI S BEAR A

1 RS

1.1 SKIEENY

SPF g v SD KB 72 B, JE it 7~8 &, 1Kk
it 200~250 g, W TP BE R K A S W S5 ol
(SCXK #E 2020-0003) , A< 5L 55 /™ 4% 385 91 55 55 2 )
3RFEN], Jf3E O 7Y B R R A S0 2h ) 40 B 2 B
2 (LS. 202008006 ) .
1.2 FENFERIRAF

Z e B AR 1 (Synergy H1, EE) . U A #L
(Leica, fE[) . SEBFZE50%E & PCR L (Bio-Rad,
Kl . HE Ik SE L CERLE B AR A
BRAE, HE) . KE HO-1, 1L-6. IL-10 ELISA iz
fa (LA A RAR, hE) . &5
nh Mk (Sigma, 3 ) . B JEIh sk (Senta Cruz
Biotechnology , ¢ ) . HE P ikl & (db @ &3
ERHEHRAFR, FE) . RPLP1 X HO-15]4% (&
WA TAY TERERNARAAR, 1 E). CD3I1 i
& (AF6191, Affinity Biosciences, 5[ ) . i ] —
R & (P EEmEYHARARAA) .
1.3 REHE
1.8.1 #47% SIS T s ke, R
FH 3% 1% U e 240 (50 me/kg)  F K BLUIEAT I8 6 1
SERREE, FERRBRWE RS, A OB, H RN
LA, WRAEAMO0.5 em PP 1~2 em, T
BE Lk, 500, wHEE.
1.3.2 @i TR REHAAAMR ZHEE 7d
Je R &, 10 dJF IR sk e, Bk, ASHE
e BUE A 5 10 d 24 BB A2 1A T LAY K B CRT
BEARIAE AR TSR G, >R 3l W0 Bl B 23 20 51 R
SUBEHL /2 WSR2 . HO-1 3 3h 7 41 . HO-1 417 ) 7
M, B 24 5o Bshi AR A AR E A 10d
Ji 43 ) W 1 54l JEL PR Ik ( protoporphyrin IX cobalt
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chloride, CoPP) Fl1% JiL ANk (tin protoporphyrin IX,
SnPP) 5 mg/kg #EAT T, AR A5 .
1.83.3 #HARE TETHEMHFL. 7. 14, 285K,
B[R] S BE LI 6 R B, R BURRES 5 547 16 &
kR, B0 YR I T S CE T -80 CYkAE, H
T J5 &L ELISA £ I 1 ¥ HO-1, 1L-6, IL-10 % J&¥ .
BYTF R BRUCE AR R, WA A AL = A0 T
B, —# s TR e S —
#4314 H T qPCR R
1.4 iFIEER
1.41 wir@Ealnt MEHNKaEY R g
)5, EJGCE T OULEE I A8 T A R O, N
Image J I8 53 0 54 o0 A, (DA A X0 H 5%
MRV AR . WA ARR = GRS IR T AR - Il A T
B/ bk A e T AR ] x 1009
1.4.2 CD31 faaib e MEHALY A . LR
BEE, IMA—$H. =¥, DABRM . HAKEE
POIFTE N2 WA TS, T I
1.4.3 {235 HO-1.IL-6.1L-10 &% W J ELISA £ 4
WA FLHO-1, TL-6, TL-10 & &, %44 Bl &
Ui A5 HEA T A
1.4.4 qPCR # ) f2 & 20 22 HO-1 mRNA &5 f#i
TRIzol 4& HU & RNA, i % 5% 25 ¢DNA J5, J SYBR
Green L #EAT PCR Y"1, WEH B L, LR REL
3. HO-1J¥ 4. LEUE5I¥: 5-TCT GCA GGG
GAG AAT CTT GC-3', FiE5I¥: 5-TTG GTG AGG
GAA ATG TGC CA-3'. K N2 RPLPLJFFI: L 5]
¥l : 5'-AAA GCA GCT GGT GTC AAT GTT-3', T iif
1¥1: 5-GCA GAT GAG GCT TCC AAT GT-3'., fii [
2742Ct 1L 43 BT qPCR 45
1.5 Zit=z4biE

K SPSS 24.0 8 A 47 $dlm b B . i BB
B+ drifE 2 (+s) ik, ASFEAZ R R
R R 7 200 B e, 507 22 5%, WS ] LSD
AT LB, A 22 K57, Wl Tamhane T2
K. P<0.05 hZEFAGIFE L.

2 & B
2.1 KRBREREFERECRTHRELS
KEARFREHCRE R, FIEEN100%, &

ERIR N 100%, FEEEMEICFER L. T
i1 d 5 AT WSR3 & 4 CRT R s TR e, ke i
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Moo T8 dJE, TR MR A SR RHT Y i A

EAPN

5
=
=
=
2
)

HO-1 #7520

LW E A B ZE A I S a0 i
HHO-1 82l 77 4 4530 56 42 PaE ,  HO-1 #5041 v
EIENA LA, (GRFE (E 1)

BEl1 &AFHARRELXRLERMSHERE (x50)

Figure 1 HE staining of thrombosis in the blood vessel in rats in each group at different time points (x50)

22 HEAMBAMBE
A I M Y A R B R ) K A i, Hod
HO-1 38 3 5770 26 45 /1~ B[R] p5 i A4 25 i R v TR AU 4

I HO-1 410l 57 2 YA FAL AL 41, 22 390 Giit2#
& (P<0.055% P<0.01) (£1),

F1 BATEMERMEEBEE (%, ©+5)

Table 1 Comparison of thrombolysis rates in each group at different time points (%, ¥ + s)

2051 FIR IR 14K H28 K
HRERIZH 13.827+0.002 22.902+0.017 43.042+0.017 69.830+0.016
HO-1 #zh24 19.903+0.014% 42.105+0.017" 69.389+0.026>’ 88.132+0.019%
HO-1 #3552 10.421+0.010" 17.883+0.019” 35.697+0.021" 48.186+0.021%

F 39.938 103.329 128.011 221.516
P <0.001 <0.001 <0.001 <0.001

D) S A, P<0.0552) ST HEE, P<0.01
Note: 1) P<0.05 vs. model group; 2) P<0.01 vs. model group

2.3 MEFHLCD31WREANLE

G AL SE B Bk, CD31 35 T M4 N fZ A
B, SRR LA, TS A ] AL HO-1 Bl R
2 v CD31 1Y 3R ik W] e 4 &, il HO-1 410 i 500 21 oh

CD31 fy £ KW, 2
0.05) (K2) (%£2),

24 LAALRRFEEAEHO-1.IL-6.IL-10& 27
T 5 4 WA A, HO-1 3 8h 740 HO-1 .

FA G (3 P

IL-10
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GRYETHMMA, W IL-6 & & % T H b A, I-6Fmym PR, 2RHE5T%E X
4, ZRIASITEE X (¥ P<0.05). HO-1 #iji] (i’aP<o.05) (K 3),
FI 41 T S 4% BF 1] 25 HO-1 . TL-10 2 5 P T 45 75U

EAPN BIR H14K 28R

TRIEH

HO-1 i%fz?jﬁfuzﬂ

HO-1 712

&2 %éﬁzilﬂﬂﬂlﬁl,..\EuMCDﬂﬁf HALZFLREE (x100)

Figure 2 Immunohistochemical staining of CD31 at different time points in each group (x100)

®2 BAFRFERIERCD3I FHRAFEENENLG + 5)
Table 2 Changes in CD31 average optical density at different time points in each group (x =+ s)

HIRIL 0.008+0.001 0.016+0.001 0.031+0.001 0.047+0.001
HO- 1335120 0.014=0.001" 0.025+0.001" 0.048+0.001" 0.067+0.001"
HO-1 #3552 0.003+0.001" 0.010+0.001" 0.018+0.001" 0.033+0.002"
F 121.525 114.515 274.039 240319
P <0.001 <0.001 <0.001 <0.001

TE: 1) SR LA, P<0.01
Note: 1) P<0.01 vs. model group

LR eiti]
W HO-1 #8741
W HO- L 4L

(S0 00} S

B HO- LRI
P<0.05
—

B3 &HAARFMESHO-1, IL-6. IL-108E%

Figure 3 Changes of HO-1, IL-6 and IL-10 content in each group at different time points
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[ ety
W HO-1 a4l
B HO- LRI

P<0.05 P<0.05
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2.5 FHANRERE R HO-1 mRNARIEIER

HO-1 3 2l 77 25 T 1 J5 45 B J) 010 1l 45 2 41
HO-1 mRNA KA ¥ T HAM WA, 257451
B (#P<0.05) 5 HO-1 40500 41 T Wi 4% i )
HO-1 mRNA SRR 88 FHALBI A, 2257 A 43t
B (#P<005) (E4).

G MR
P<0.05 HO-1 384
— HO- 14
2 61 | P<0.05
€ I
o 44
3
®
Eﬂ 24 P<0.05 P<0.05
0 T - T I r
IR HIR 4R H8EK

4 FHEXRE AT E SR HO-1 mRNA Rk &R EN
Figure 4 Changes in HO-1mRNA expression in each group
at different time points

3 i #

HI 0 © s 2 B CRT B R, I ELii 3 B
e BRY) A Y {0 % WL%E CRT & 4= & i #, %F CRT
e BT T ah MY . KK E A CVCJE
1~4 d }y CRT BYJE LB Bt 5 7~10 d Ry CRT JE J e &
i Be; 10~14 d 2 CRT HLAL A& SR By Bt , 14 d 1 # FF
UHIRT, R, S R E 10 d 2 %K CRT IR I
B — KRR R . AR EA FERE 1045
I H T R 5 19 K B CRT RS &Y, 75 1 8 BF 9% S Al
b 2D I IR A P E o R L A AR R
PR BT S # IDk IM0 BY) EAR i A A o R R B
B, L SR R AR o R S A S AR A

HO-1 J& —Fifs S, o] fi 4k il 21 R Ak R
—& bk (CO) . ZMIHLEE (BV), Xe=ynf
53 )38 5 AN R 38 AR R 35T 98 RE B 1 RN BT Ak N I
WA A M RN 42, HO-1 483 P9 Bz 40
Ml 32 45 A0 s S, FE R AES . i E
i R R AR AT, B S R AR R
L4538 AR T RENS [, HO-1 78 56 4R 30 bk o8 F i
b, 20Tk G AR BT A5 R e E I A AR b B B A A
U S E SN AP Y TL-6 & — 48 0E S N A
¥, RERE AR R AE SN 1T IL-10 4 S — R bt & A
T, BERE I AL R K BRI, DT A R AR RE
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MM, HO-1 9% 10-6 15 BE 5, 1 HO-1 L 8 45 11-6 ,
X W] HO-1 Fl IL-6 2 [ A7 75 7 R W08 26 5 1 IL-10
FHO-1 3 3 1E RO PR AR B R R, IL-10 375 5 ] 42 itk
HO-1 @463k, M Al & # Hopt e /E M. Fa Il
I AEPORIE 5 K B HO-1 BE % 14 0 fie 75 4 K BB 0k o
M85 % [ (thrombomodulin, TM) ik, &%
PUBE I S AT R AE T, DA 35 e 25 0 K LY DR
Drhe. [, 8ok 2 0 3E 4 32 55 HO-1 15 5 7E 1
B PLLEAE R, 7 DVTJE R3], HO-1
CIBTEORT R =R AR QN 11| N WA N N R Uy
iEE 52 7 25 B > SEEL R0 ) DVT B9 ™ . e /N B
ik I A B R ) 28 HO-1 FEPRIEE YL IR, I i 2 0
A, LT S HO-1 b 38t AR 1 1 35 e B il
FEF 0 g R 0E Pl (PAL) KOF, R B
HO-1 A fig 38 & H 4 fif 7= W) B3k 35 0 i kAR
AU ewr A R R B, B R HO- m R,
DVT HL A2 B 1 i 8 B2 0] g ohnple, #0 HO-1 3%
KRG, HOPL AR B R R I g Y X
AHEIE 0 5 AL, TEAHE ST, AS R R R
HO-1 38 20 70 20 1l #5583 e TR AL AL, HO-1 417
il 550 28 i A v i R AR T ARLAY A, Uk B HO-1
RE f2 2 1A 1 3 A P 3

KO A P Y AR R I R A g G
Hod BEMFE®G O A, & EFgE
FIVA R B KRR R . AR RN I A8 A= 1 i) P 98
FEHI™ AT B, I RE RN A0 B A Y
PR T E A AR LA A L B, A R
RO B WAk 4T 3, R AR R A AER
RN B8 5 K2 7 R I 2 () 4 A AR, TR AR
HE I 7R IR 2 T BE [, AT ZE SR DVT A9 i
SR 3 ot 480 Ak BE 7 RN 28 1T B HO-1 RS > A
5% &K B HO-1 {2 #F CRT ¥ ik 2 v, ROGE A 1L-6
I AR, i 48 I 7 IL-10 Jh e, 6 ] HO-1
(L 98 B 0L AT RE AT B I RV A R R I AR
B AR I VA PR OE Y G BE, mA ALAR T,
A4S BE T 457, 7 I AR 3 AR R Ik R P R
] JE B PR 400 i PN A ) 1 AR RE R LB A, T A
B0 I I O A B RS PTG I
ARAS, (35 2 0 # KK &2 i ™. CD31 A Sy —F
R B P O RN B, 7E PN R A A L v R
K, R AE bR R, AR 4ERE P B A
e o8 Bk, SCREAE 42 E s A T LS R i 45
i 5k BE R A A8 Y A B Y A X I A A 21
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19 CD31 FEAT A IF 434, & B HO-1 B0 3h 57 2 il A%
BEfgom, H CD31 RikFhE, RUFE R HO-1 Rk
Al HE CRT % ff 7R 30 ,  HHL 1 v] BB 5 HL A8 F B 2E
MBI EH K. — W & it 2595 %
HO-1 3% 7K 1 35 (5] 46 1 #45 we 42 2 /)N BRL.Co LA B8 5 1Y
O U AR A A B, R DR D LR A, R L
DIRER", I A WF s R BT, HO-1 ml e F ) 2 41
i jE (EPCs) M¥GFE N0 ik, JFREZWM
D3 1 B A B A0 M A Ak, DN AR 2F I 4 18
Al 3 o g ) Kb AR N R i RE ), X AT RE 2
HO-1 {2 3 148 57 A2 A DG BEHL 1™, it , HO-1 RE
P 3E CRT (4 %5 fft 3, 0] BB 5 300 o 28 R 2 G, i
i B A I T RE A G .

25 FTR, HO-1 2 2H 23 40 f 1 o 3 495 7 o) 35
(4 — o 9 IR M B AR A O X, H 2 ORI 5 2 I 5
HO-1 76 2 F 1 4% %5 f Fom vh LA 2R, vl iE
i 22 B ad A2 RN ML AR U AR v i, H b R AL
il J& HO-1 B H 3 % 7y 0% 400 i 98 0 )2 o7 B A ol 4
BAEVER . 15T HO-1 Rk B &2 4, 30l &
JiE 2N B 7E AN [F) B9 o % 80 HL I R N M L, —
T 9 % PR OK AR H B ol ok R HO-1 Rk, 2
LR (A A IR TR AR € IR R =N KEE TR (T
T 5 7 00 T B2 5 Wou 2500 3 B 4 A I 2 B )
Al 75 5 HO-1 3% 35 08X 22 35 3 s 1l 4 48 520 v ke G
YER s Zheng 555" & 37 1ML 45 6 4 v ) PU A5 RE N Jin
AKMRE, AI¥HE HO-1, HA MM f a4, M
il 98 RE B W 1 o PRI 4K S TR B 5T HO-1 7E IR 7
fiff P RO O LA A R, A R B4 HIL I
R, AL AE 4 o RO I E HO-1 18 O 1M 4% 15 &2 FTH
SRR BV TE IR U7 ORI G 25 B A BRI 1
IR LA
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