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Abstract: This study aims to investigate the effects and mechanisms of the effective-compounds of Jinshui
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202306012). The mouse model of pulmonary fibrosis was induced using bleomycin (BLM). Hematoxylin-eosin
(H&E) staining was used to detect the histopathological changes of lung tissues. Masson staining was used to
assess the degree of fibrosis in lung tissues. Immunofluorescence (IF) and real-time quantitative PCR (qPCR) were
performed to measure the expression of collagen type I (COL I), a-smooth muscle actin (a-SMA), fibronectin
(FN), interleukin (/L)-1p, IL-6, and tumor necrosis factor a (TNF-a) in lung tissues. Flow cytometry (FCM) was
employed to detect the proportion of M1 and M2 macrophages in the bronchoalveolar lavage fluid (BALF) of
mice. IF and qPCR were also used to detect the expression of lipase family member N (LI/PN) in lung tissues.
Free fatty acid assay kit was used to detect the level of free fatty acids in lung tissue. Bone marrow-derived
macrophages (BMDMs) were treated with interleukin-4 (IL-4) to induce M2 polarization. FCM was used to
measure the proportion of CD206" M2 macrophages. IF was utilized to detect LIPN expression and lipid droplet
decomposition. The results showed that in BLM-induced pulmonary fibrosis mice, ECC-JHF significantly
attenuated BLM-induced alveolar inflammation and collagen deposition, inhibited fibroblast activation in lung
tissues, and decreased the proportion of M2 macrophages in BALF. It also significantly suppressed LIPN
expression and free fatty acid level in lung tissues. In the IL-4 induced BMDMs M2 polarization model, ECC-JHF
significantly inhibited the proportion of CD206° M2 macrophages, down-regulated the expression of LIPN, and
blocked lipid droplet catabolism. These results suggest that ECC-JHF may alleviate bleomycin-induced pulmonary
fibrosis by inhibiting lipid droplet decomposition and M2 macrophage polarization.
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Table 1 Primer sequence. a-SMA: a-Smooth muscle actin; FN:
Fibronectin; COL I: Collagen type I; LIPN: Lipase family member
N; Arg-1: Arginase-1; CD206: Macrophage mannose receptor; /L:

Interleukin; TNF-a: Tumor necrosis factor a

Gene name Primer sequence (5'-3")
a-SMA Forward ~CCCAGACATCAGGGAGTAATGG
Reverse = TCTATCGGATACTTCAGCGTCA
FN Forward ~ATGTGGACCCCTCCTGATAGT
Reverse =~ GCCCAGTGATTTCAGCAAAGG
COL I Forward GCTCCTCTTAGGGGCCACT
Reverse =~ CCACGTCTCACCATTGGGG
LIPN Forward TTCACTCGGCACTACAATAGGA
Reverse ~ GCTTTTGGTTGCAGAATGTGAT
Arg-1 Forward CTCCAAGCCAAAGTCCTTAGAG
Reverse AGGAGCTGTCATTAGGGAGACATC
CD206 Forward AAGGCATGCGTTGCACATAC
Reverse ATTCTGCTCGATGTTGCCCA
IL-1B Forward ~GAAATGCCACCTTTTGACAGTG
Reverse ~ TGGATGCTCTCATCAGGACAG
1L-6 Forward CTGCAAGAGACTTCCATCCAG
Reverse AGTGGTATAGACAGGTCTGTTGG
TNF-o. Forward CAGGCGGTGCCTATGTCTC
Reverse ~ CGATCACCCCGAAGTTCAGTAG
f-actin Forward GTGACGTTGACATCCGTAAAGA
Reverse ~ GCCGGACTCATCGTACTCC
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B F 1 he )5, F DAPI A G414 10 min, 7E7%¢00 2
B T S

2 60 o 2 AR IO M RS IR S8 R, HI YA PBS
Ve¥ 3R, 4% % 5 H R [ 32 20 min, 0.1% Triton X-100
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0.05 NZERH G5B L.

R
SIKEFE S U R AR RIBR SRS M
— UME S TR BLM #2741 4 1k /N SRR Y, R
Yt ECC-JHF X /N Uil 21 4 A6 3 38 1) e 35 /E H . H&E
e i R EIR (B 1AB), 5 IE# A i, B4 /N R
Ji v 98 $P 2 S B T (P < 0.01). SR HL#E, ECC-
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LR YN S AL, D80 Il U SR DUAR VR F, HLBGE AR
F 5 FEYEZ) PFD AH .

3 SKEFES FUST L0/ B B L4 AR L 51
A1)

1 M T FA o3 BT R 4N BRI S S BALF 41 i
BH, VRS 2/ BRI 28 40 PR s Ol . AR TR
iR R (B 3A), 51E% i, HA 4N R BALF
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Figure 1 Effects of effective-compounds of Jinshui Huanxian formula (ECC-JHF) on lung inflammation and fibrosis in mice treated with

bleomycin (BLM). A: Lung pathologic abnormalities examined by hematoxylin and eosin (H&E) and Masson's trichrome staining (200x),

respectively. Scale bar, 100 um; B: Alveolitis was scored using Szapiel's method; C: The degree of fibrosis was scored using Ashcroft's

method. =6, x 5. P < 0.01 vs control group; P < 0.01 vs model group

Eb 451 2 2% B4 0 (P < 0.01), CD86" M1 % |5 14 28 fifo, Lb 451
WG 2 22 5 SRR A L &, ECC-THF Al PFD 41 /)N
B BALF 1 M2 &Y 5 Wi 40 g LE 5] 3 2 3% BRI (P <
0.01). LA 455K, ECC-THF R A% 3 12 4101 1] 28 2 o
R T I M2 BY S A A5, SR AR S BRI AT 4E A
4 £IKEFES HFIX BMDMs M2 iR L B 220

A T TL-4 5 5 1) BMDMs M2 # AL iy | 2 ¢
ECC-JHF X} 5 W 41 s M2 Ak i 52 o MTT 25 R
7~ (F 4A), ECC-JHF (15.31.30.63.61.25 pg-mL™") X}
BMDMs 41 il £ 35 6 2. 35 520 . qPCR 25 R 27w (B
4B), ECC-JHF (15.31.30.63.61.25 pg-mL™") #J & % F
A M2 O B AR ) CD206 F1 Argl mRNA 7K
(P <0.05, P<0.01)s FCM 4 £ &/~ (K 4C), ECC-
JHF (15.31.30.63.61.25 ug-mL™") ¥ & 3 &% CD206"
M2 %4 EL 0 40 i B 51l BMDMs CD206 2 [ 7K °F (P <
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5 R R
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TR . SRR (B 5A), 525 (A M, AL
LIPN [{J5R1A B3 T iy, 58420 AH E, ECC-JHF (30.63+
61.25 pg'mL™") 41 LIPN [ % i& & & % (P < 0.01).
% T kK 1 qPCR 6 1) ECC-JHF %t IL-4 % S (I M2 B
Wi 4H i LIPN mRNA (520 . 25 R 50K (K15B), 5%
FI4LAR B, IL-4 2 LIPN mRNA /K- &3 T (P < 0.01),
il ECC-JHF (15.31.30.63.61.25 pug-mL™") 41 3% %% 1
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0.01). 7 Bz /R 2 40 ¢ 14 2 #r 45 R = 7= (F 5D), LIPN
ML S EEEE 2 AAE0C. LRSS RN, ECC-
JHF #1540 i M2 W A6 1T 65 R 1 LIPN Rk B4
JUE T 53 AT K
6 ©KELFE S HF IR ATLEL LIPN RIEFHF S
AR ER 7K T B S0
TE 2 44k /N BRI 2 23w, 3k — 2P 36 1iF ECC-JHF
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Figure 2 Effect of ECC-JHF on lung fibroblast activation in BLM-treated mice. A: The relative mRNA expression of a-SMA, FN and COL [

was assessed by qPCR; B: The relative mRNA expression of /L-1f, IL-6 and TNF-o was assessed by qPCR; C: The protein expression of

a-SMA and COL I was visualized by immunofluorescence (400x). Scale bar, 50 pm. n = 6, x = 5. *P < 0.05, P < 0.01 vs control group; P <

0.05, P <0.01 vs model group
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Figure 3 Effect of ECC-JHF on the proportion of macrophages in BLM-treated mice. A: The number of cells in BALF was analyzed by
cell counter; B: The proportion of CD86" M1 macrophages and CD206" M2 macrophages in BALF was analyzed by flow cytometry. n = 5,

x+5."P<0.05,"P<0.01 vs control group; P < 0.01 vs model group
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Figure 4 Effect of ECC-JHF on M2 polarization of bone marrow-derived macrophages (BMDMs). A: The survival rate of BMDMs was
analyzed using MTT; B: The mRNA expression of CD206 and Argl was detected by qPCR; C: The proportion of CD206" M2 macrophages
and the mean fluorescence intensity (MFI) of CD206 were detected using flow cytometry. n =5 or 3, x £ 5. P < 0.01 vs control group; ‘P <
0.05, "P < 0.01 vs IL-4 group
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Figure 5 Effect of ECC-JHF on lipase family member N (LIPN) expression and lipid droplet breakdown in BMDMs cells. A: The protein
level of LIPN in BMDMs cells was detected by immunofluorescence (400x). Scale bar, 20 um; B: The mRNA expression of LIPN in

BMDMs cells was detected by qPCR; C: The lipid droplet decomposition was observed by Nile red staining and the number of lipid droplets

was counted (400x). Scale bar, 20 um; D: Lipid drop number/cells and fluorescence intensity/cells spearman correlation analysis results.

n=3,x+s “P<0.01 vs control group; 'P<0.05,"P<0.01 vs IL-4 group
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Figure 6 Effect of ECC-JHF on LIPN expression and fatty acid levels in lung tissues of BLM-treated mice. A, B: The protein level of

LPIN in lung tissues was detected by immunofluorescence (400%). Scale bar, 50 um; C: The mRNA expression of LIPN was detected by

qPCR; D: The fatty acid levels were detected using free fatty acid assay kit. n = 6, x = 5. "P < 0.05, P < 0.01 vs control group; "P < 0.05,

“P<0.01 vs model group
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