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[ Abstract] Objective To investigate whether heparin has a beneficial effect on lipopolysaccharide (LPS) -
induced acute lung injury (ALI) in rats, and to explore the possible underlying mechanisms. Methods Thirty—
two adult Sprague—Dawley (SD) rats were randomly assigned into the control, heparin control, model, and heparin
treatment groups, with 8 in each group. ALI rat model was reproduced by intratracheal instillation of LPS at a dose of
1 mg/kg. The rats in the control and heparin control groups received an equal volume of normal saline at the same times.
The rats in the heparin control and heparin treatment groups were intravenously received 50 U/kg heparin every 1 hour
after the induction of ALL Animals were sacrificed 24 hours after LPS challenge. Bronchoalveolar lavage fluid (BALF )
and lung tissue samples were collected. Histopathological evaluation, lung wet/dry (W/D) ratio, malondialdehyde
(MDA), nitric oxide (NO ) and myeloperoxidase (MPO ) were analyzed. Enzyme-linked immunosorbent assay ( ELISA )

was used to measure the concentration of inflammatory factor in BALF. Expression of inducible nitric oxide synthase
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(iNOS) mRNA in the lung of rats was measured by reverse transcription—polymerase chain reaction (RT-PCR) .
Western Blot was used to determine the expression of transforming growth factor—B1(TGF-B1) and phosphorylation of
Smad in the lung tissues. The expression of iNOS in lung was determined by immunohistochemistry. Results In the
control and heparin control groups, lung tissue showed a normal structure and clear pulmonary alveoli under a light
microscope. In the model group, ALI characters such as extensive thickening of the alveolar wall, significant infiltration
of inflammatory cells, demolished structure of pulmonary alveoli, and hemorrhage were found. In the heparin treatment
group, heparin treatment markedly alleviated LPS—induced these pathological changes in lung. Compared with control
and heparin control groups, lung W/D ratio, lung MDA, NO and MPO levels, and tumor necrosis factor—- & (TNF-a )
and interleukin—6 (11.-6) in BALF in the model group were increased significantly. Compared with the model group,
lung W/D ratio, lung MDA, NO and MPO levels, and TNF- a and IL.—6 in BALF in the heparin treatment group were
significantly decreased [ W/D ratio : 7.54£0.17 vs. 10.69+0.15, MDA (mmol/mg) : 2.01+0.30 vs. 2.51£0.25, NO
(umol/L) : 3.07£0.21 vs. 3.89 +0.14, MPO (Ulg) : 1.9440.09 vs. 2.74+0.20, TNF-« (ug/L) : 201.80+0.27 vs.
297.53+0.34, IL-6 (ug/L) : 38.41+0.25 vs. 46.31+0.31, all P < 0.05). RT-PCR showed that the expression of
iNOS mRNA in the heparin treatment group was significantly lower than that in the model group (27**“ ; 3.04£0.18
vs. 4.37+£0.15, P < 0.05) . Western Blot showed that compared with control group, the protein expressions of iNOS
and TGF-B1, and phosphorylation of Smad2 and Smad3 were significantly increased, and the heparin could inhibit
the protein expressions compared with model group. Immunohistochemistry showed that positive expressions of iNOS
in alveolar epithelial cell and capillary endothelial cell in the heparin treatment group were significantly lower than

those in the model group. Conclusion Heparin significantly ameliorated the lung injury induced by LPS in rats via the
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inhibition of nitric oxide synthase expression and the TGF- 8 /Smad pathway.
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Transforming growth factor— 8 /Smad signaling pathway ;
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TULT s tof HR 2L 1T 25 0 B 4L 5 0 ) A4 VN g A 6
AFERK . FFE N BB AT R AT R RAEE RS N
TR R KL LPS 5 R /N 28 B i Ik S
% 50 Ulkg, BELZALSESIH S

S S BT A G S R B bR
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HLR G AT Bs 55 WO EE (A) {H.

1.3.6 ALK INOS 3k BG4 4 25 H
PV 5 A I AL IS AT 5 wm JEIESEYI R, WL
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2.4 BALF F1 TNF-« . IL-6 7K (1) XTI F0
FFZXT BEZH K B BALF A{UA /D& TNF- o Fl TL-6
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Py ext B B S BN (35 P<<0.05) 5 17 JF & ] 41 il
LPS FFEl TNF- o 1 IL-6 235880 (3 P<0.05).
2.5 Jiligh 41 iNOS A ik RT-PCR A& 45 5 R
(£ 1), 5 X B4 b A, #5020 fii 2H 21 iNOS mRNA
FIR B3I (P<0.05) ; HF 2 GE 0.3 #0 ) LPS fr
R U421 INOS mRNA FiEH I (P<0.05),

F 1 HFEX LPS S AN HG KRG ZT W/D ELfE . MDA ,NO , MPO,iNOS mRNA
LI BALF o TNF- o | IL—6 ZKER954M (X +5)

- R I 2E 2R PG 275 S BALF HGl 45 5

- (F) WD A MDA (mmolimg) NO (umol/LL) ~ MPO (Ulg)  iNOS mRNA (2%)  TNF-a (ug/L) 1L-6 (ug/L)
Xt B 8 498+0.09  1.52+0.15  2.52+0.08 1.33+0.10 0.99+0.10 97.15+0.14 21.45+0.17
PR 8 496+0.04  137+024  249+0.12 1.47+0.21 1.02+0.13 89.41+0.12 27.37+0.21
R 8 10.69+0.15° 2.51+025  3.89+0.14"  2.74+0.20° 4.37+0.15" 297.53+0.34" 4631+031°
fF&iGIrd 8 754+0.17"  2.01+030" 3.07+021"  1.94+0.09" 3.04+0.18" 201.80+0.27" 38.41+0.25"
FAY 24.794 38.549 38.563 27.376 24.389 77.473 27.879
PAE 0.001 0.000 0.000 0.000 0.001 0.000 0.000

M. LPS MIEZHE, W/D SR/ TR H(E, MDA NP [, NO bh—% L%, MPO Mg AL, iNOS NS — A LA G,
BALF 4 S MM VER, TNF- o IIWREIRIEH T -, TL-6 NAEN K -6; SXHIRALE, P < 0.05; SHEMALE, "P < 0.05
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