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Protective effects of perfluorocarbon combined with ligustrazine against lung

ischemia-reperfusion injury in rats

ZHENG Zhixiong', PENG Xuemei', XI Lu’, HU Donghua', LU Chunying'
'Department of Anesthesiology, First Affiliated Hospital of Jinan University, Guangzhou 510630, China; *Department of Anesthesiology,
Third Affiliated Hospital of Guangzhou Medical University, Guangzhou 510150, China

Abstract: Objective To investigate the effects of perfluorocarbon and ligustrazine in protecting the lungs against
ischemia-reperfusion injury in rats. Methds Forty SD rats with ischemia-reperfusion lung injury were randomized equally into
control, ligustrazine, perfluorocarbon, and perfluorocarbon plus ligustrazine groups and received the corresponding treatment
via the tail vein 5 min before reperfusion. The lung tissues were harvested and the levels of malondialdehyde (MDA),
myeloperoxidase (MPO), superoxide dismutase (SOD) and tumor necrosis factor-a (TNF-a) were detected 3 h after
reperfusion. The pathological changes and pathological scores of the lung tissues were analyzed. Results MDA and MPO
levels were significantly lower and SOD activities significantly higher in the lung tissues in the 3 treatment groups than in the
control group (P<0.05). The rats in the combined treatment group showed a significantly lower MPO level and a significantly
higher SOD activity than those treated with ligustrazine or perfluorocarbon alone (P<0.05). No significant difference was
found in TNF-a levels in the lung tissues among the 4 groups (P>0.05). The lung tissues in the control group showed obvious
edema and exudation, and the tissues in ligustrazine and perfluorocarbon groups showed no edema but with a few red blood
cells and exudation; no edema was found in the combined treatment group with only a small amount of exudation. The
pathological scores differed significantly among the 4 groups. Conclusion Perfluorocarbon and ligustrazine, especially in
combined use, can promote endogenous oxygen free radical scavenging, decrease peripheral blood proinflammatory
cytokines, and inhibit neutrophils filtration in the lungs of rats with ischemia/reperfusion lung injury.
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Tab.1 Levels of MDA, MPO, SOD, and TNF-a in the lung tissues of the 4 groups (Mean+SD, n=10)

Group MDA (umoL/mg) MPO (U/g) SOD (U/mL) TNF-o (pg/mL)
C 6.34+1.27 0.47+0.09 11.39+1.87 215.94+38.49
T 5.37+1.12* 0.39+0.10* 14.47+1.70* 195.60+26.26
P 5.26+0.89* 0.41+0.13* 15.03+1.32* 200.31+19.37
TP 5.04+1.02* 0.31+0.08**" 17.59+4.33**" 184.65+41.58

C: Control group; T: Ligustrazine group; P: Perfluorocarbon group; TP: Perfluorocarbon combined with

ligustrazine group. *P<0.05 vs C group; *P<0.05 »s T group; *P<0.05 vs P group.
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Fig.1 Histopathological changes in the lung tissues in the 4 groups (HE staining, Original
magnification: x200). A: Control group. Obvious edema and exudation can be seen; B, C:
Ligustrazine and perfluorocarbon groups, respectively, where a few red blood cells and
exudation can be seen without edema; D: Combined treatment group, where a small

amount of exudation was seen without edema.
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Tab.2 Pathological scores of lung tissues in the 4 groups
(Mean+SD, n=10)

Group Pathological score
C 12.70+1.06

T 7.40+0.52*

P 7.35+0.49*
TP 6.30+0.48**"

*P<0.05 vs C group; “P<0.05 vs T group; “P<0.05 vs P group.

MDA & &I AR TR K S ; )1 = e Sk
1 S LA SRS, B )1 2R s SOD 5 i I d iy 124
PRERIK A, FUAL SRS 5 )15 R 2H 34 SOD 7 &t B f
e TS RS2 S LA SRR S B 558 R 3,
gt T LA A B AR, i RS BR AR A FR SR
RSy | T H A RN B

MPO J2& 2 BUARZ KL AR ) —Fhbm i Pl , s P
AP PR AN AR AR AL L, 2 R k2
MR B T SRR AR . 32 TS O AR SR AL AL SR AN
JIEGRE A I FHAEA T PN E 1 T LA st b g
IR, 05 S 1 40 i NF-xB A 335 £k Fn 48 i 1R 1
TNF-05 IFN-y3RIE , I 2R G 1E A RS A 16 T
ARG DR . ARSCIREF RV A 3L
M HIRAH S A IR A 5 )25 2 1 MPO 5 i 1]
WART A HERK A, FLAL RS G N E R H sy
MPO % 5t B AT 2 W2l e LAk Gt , BiRH )1 =5
W K LA Ul ] D D G M AR ) TS Sk b Hp ey £
JLAE Rl BRI B P I I AR Dl ZH 4 5 i
R BB A AR

TNF-o 3252 80 0 EL VA0 | N 2 20 |
I K B IR EL AR 5300 , B A\ k2 | il A e B A
TR AR 22— BN TNF-ofF
PG 12 hak 24 h 24 BT H s ek sl s, ARSEEG
Pl e I PR T 4% 2 B TNF-a i B ESE T2 2 5
S TR 5 R TNF-a F A Bt s , (BASHE
G I PR R A T) (<8 h) 308, TNF-o % b 78 T
191, FUARUR N S R AP VR AR AR R 73X
AR5

ABIFSE HP L2 R B AR Ak 5 S A IS AR s S
B —gt, T4 .PA4L R TP4LS CA4IM L, Mg
LGS P TR VT e Iy T o S ks ] e 140 P i
K s IR TP L HE T 41 P ZHL A s AT S /D A £ 4
KB R R B . URHFL AR B ) 1255
IRl 22 s/ D it B P 4% , P R
AP R T 5

AR, AV LA B 1 SR T4

BRI AT B Ao e B SN g7 , Yo
R EARTER™ 2 IEGES LT s
JE A B R L A - (D2 TR BR A A 3
MIRETT 7 AR AR 5 (2) TR P 2 D™, Hoa
SR A A P B 43405 , BT I A58 37 , o] v
AL AT P SRR 5 (3) ]t AR A i A e 4t [
TR A0 IL-8 TNF-a5 , M4 i 21 21 G 5
REFHHUGER . FLERIRIRL N B SRS
e 2 R N T ARAUA, TR 2% i A VR
FEFRINAE : (D FUAC TR Rl A A e, i
T£LEE A, EABRG N, O M1 1) 1/70~80, 1)
HEABAMIMAS AR5 B ZEA A, TR R AL T 4N
N EE AN ST TR s i A EAEP A= R
(2) FUA SRR AT B BT ARAIN, , w] B s 4T A
EWEANIEREE , BRI RAE =) S 2 S
R W D4R H SRR, A 2o AU S 0 ™
(3) LAk SURH T 050 21 40 L 2 I/ IR B SR A, A i
I A FITYBASHAU ™ (4) LA FBA 5 A
TERAy , P AN BRI BORIEA rsis b s (5) ZLAL S
AIAEBR M AR P AR 4R ATP K222

25 LA ZUA RIS 155 T i o PRV TR A
A BHEERIRETT, A B AR, R IR AR 4%
g S v e 413 R ey v R Y S B <5 S e
(R GRERBEIR , XAt i iy P AR B 007 0 RIS, A
TR R LTI ZA 25 7T LA 2 Sk 25 A
A FRERIERED ER 33X A AR B R RS T R T
MAFRYIERY (HSE TR E 2 PR
55 ) ISR AH B R v N BHEA 1250 B LA St it
HAR A FF T EIRANBIZ

S

[1] Den Hengst WA, Gielis JF, Lin JY, et al. Lung ischemia-reperfusion
injury: a molecular and clinical view on a complex pathophysiologi-
cal process [J]. Am J Physiol Heart Circ Physiol, 2010, 299(5):
H1283-99.

[2] Draenert A, Marquardt K, Inci 1, et al. Ischaemia-reperfusion injury
in orthotopic mouse lung transplants- a scanning electron
microscopy study[J]. Int J Exp Pathol, 2011, 92(1): 18-25.

[3] Weyker PD, Webb CA, Kiamanesh D, et al. Lung ischemia
reperfusion injury: a bench-to-bedside review [J]. Semin Cardiothorac
Vasc Anesth, 2013, 17(1): 28-43.

[4] Ng CS, Wan S, Arifi AA, et al. Inflammatory response to pulmonary
ischemia-reperfusion injury[J]. Surg Today, 2006, 36(3): 205-14.

[5] 226, Sy, Bl 52, 5. M Ry P50 SR o8
R[], PR B, 2006, 22(6): 1147-51.

(6] Sty AR, I I, 55, IR S5 AU AR b P2 | 2 eify T
il 493 1 I 3 g 2 e A SO BRI O[], e R R R 2= 2= 3,
2011, 31(8): 1382-6.

[7] Eppinger MJ, Deeb GM, Bolling SF, et al. Mediators of



- 254 - J South Med Univ, 2016, 36(2): 250-254

http://www.j-smu.com

ischemia-reperfusion injury of rat lung[J]. Am J Pathol, 1997, 150
(5): 1773-84.

(8] Mt £ T, F 16, 45 KRGS FE R A iy 5
VA (30 R 23], 2013, 15(5): 858-9.

(9] fE ., ¥R 2, BIF5. d (R K RUIM G 0 AT i e
AT (Y], BT BERIRA244L, 2010, 30(8): 1864-7.

[10] Hertz MI, Mohacsi PJ, Boucek MM, et al. The registry of the
International Society for Heart and Lung Transplantation: Past,
present and future[J]. J Heart Lung Transplant, 2002, 21(9): 945-9.

(11] s25Hg, i 6%, A=, 4. LTS & ) 5w ISR S AR IR
HEL Bl T ARSI S AE A B FAILRIRIFFE (3], v Pl A B,
2010, 26(1): 112-5.

[12] JERIAE, B 2. IR St FRE s BRI . X
Kl PRAARR, 2010, 31(5): 616-8.

[1B]REIER, v B HAR, RS, &5, ) ES AT Lol A o st i - P 45
iV ERIL ). S EELs & 2 gk, 2003, 10(5): 299-301.

[14] ET7K, EWeAs, ETT8E, 5. R - A O s B 258
Hgi[J]. rhE 4RHEESE, 2007, 10(16): 1337-9.

(151 BRI, TE 5, ST I RRHASMIEER PN - IL-8 TNF-af
s ], INZREE2Y, 2007, 47(19): 108-9.

[16]Gao S, Chen ZW, Zheng H, et al. Ligustrazine attenuates acute
myocardium injury after thermal trauma [J]. Burns, 2007, 33(3):
321-7.

[17] Hosgood SA, Nicholson ML. The role of perfluorocarbon in organ
preservation[J]. Transplantation, 2010, 89(10): 1169-75.

[18] Forgiarini LA, Forgiarini LF, Da Rosa DP, et al. Endobronchial

perfluorocarbon administration decreases lung injury in an
experimental model of ischemia and reperfusion [J]. J Surg Res,
2013, 183(2): 835-40.

[19] Xu SF, Wang P, Wei K, et al. Cytoprotection of perfluorocarbon on
PMVECs in vitro[ J]. Inflammation, 2013, 36(2): 512-20.

[20] Ntinas A, Iliadis S, Achparaki AA, et al. The protective effect of
oxygenated perfluorocarbons (PFCs) on intestinal ischemia
reperfusion injury (I/R) in rabbits [J]. Vasc Endovascular Surg,
2010, 44(2): 81-8.

[21] Hindryckx P, Devisscher L, Laukens D, et al. Intrarectal administra-
tion of oxygenated perfluorodecalin promotes healing of murine
colitis by targeting inflammatory hypoxia[J]. Lab Invest, 2011, 91
(9): 1266-76.

[22] Burkhardt W, Koehne P, Wissel H, et al. Intratracheal perfluorocar-
bons diminish LPS-induced increase in systemic TNF-alphal[J]. Am
J Physiol Lung Cell Mol Physiol, 2008, 294(6): L1043-8.

[23] 1saka M, Sakuma I, Shiiya N, et al. Experimental study of the
relationship between perfluoro-octyl bromide emulsion and
norepinephrine release in reperfusion arrhythmia: isolated Guinea
pig heart model [J]. Ann Thorac Cardiovasc Surg, 2008, 14(6):
363-8.

[24] 553, W1 B, E354E, 55 KEUMZHAGIRRB N ARETT /S AQP-5,
NF-kB . TNF-o 5 B S5 06 3R (3], iBURSA2A4 BEAARR,
2014, 35(2): 193-7.

[25] 10 ¥k, ik 82, MoraL, 25 KEURSR I FRET S TNF-a 2 ICAM-11
ARSHESIHTI]. A3 “A B i, 2005, 25(2): 110-4.

(il : 28 19%)



