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[ Abstract] Objective: To investigate the effects of carnosol on pulmonary inflammation and fibrosis in a murine model of
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chronic obstructive pulmonary disease (COPD) and to elucidate whether these effects are mediated through the regulation of
TAKI1 activity. Methods: 30 male C57BL/6 mice were randomly allocated into five groups: normal control, COPD model.,
low-dose carnosol (2.5 mg/kg) ,high-dose carnosol (5 mg/kg) .and dexamethasone positive control (1 mg/kg) ,with 6 mice in
each group. The COPD model was established through intratracheal lipopolysaccharide (LPS) instillation combined with
cigarette smoke exposure and intraperitoneal injection of cigarette smoke extract (CSE). Modeling was accompanied by drug
intervention, which was administered over a consecutive 7-day period. 24 hours following the final administration, serum,
bronchoalveolar lavage fluid (BALF).and lung tissues were collected. Hematoxylin-eosin ( HE) staining was performed to
evaluate pulmonary histopathological changes, while Masson’s trichrome staining was utilized to assess collagen deposition.
Serum and BALF levels of tumor necrosis factor-a ( TNF-a) and interleukin-18 (IL-18) were quantified by enzyme-linked
immunosorbent assay (ELISA). Western blot analysis was conducted to determine the protein expression levels of
phosphorylated TAK1 (p-TAK1) .phosphorylated P38 (p-P38).phosphorylated P65 (p-P65) , phosphorylated c-Jun N-terminal
kinase (p-JNK) ,and inhibitor of NF-kB « (IkBa) in lung tissues. Real-time quantitative polymerase chain reaction (RT-qPCR)
was employed to measure TAK]I mRNA expression. Results: Compared with the normal control group,the COPD model group
exhibited severe pulmonary histopathological damage characterized by massive inflammatory cell infiltration and substantial
collagen fiber deposition,and an increase in mean linear intercept (MLI) (P <C0.001). Serum and BALF levels of TNF-a and
IL-1B3 were elevated (P<Z0. 001). Furthermore, the protein expression levels of p-TAKI1, p-P38,p-P65,and p-JNK, along with
the TAK1 mRNA expression in lung tissues, were upregulated (P <C0. 001). Meanwhile, the IkBa protein expression was
down-regulated (P<C0. 001). Compared with the model group,low-dose carnosol attenuated histopathological injury in lung
tissue, suppressed inflammatory cell infiltration, and mitigated collagen deposition (P <C0. 05), the MLI was reduced (P <<
0. 05). No significant differences were observed in the concentrations of TNF-a and 1L.-18 in serum or BALF (P >>0. 05). At the
protein level, p-TAK1 and p-P38 was downregulated (P <C0. 01), whereas IkBa expression was upregulated (P <C0. 01). In
contrast,no statistically significant changes were detected in the p-JNK or p-P65 (P >>0. 05),the mRNA expression level of
TAK1 was down-regulated (P <C0. 01). In the high-dose carnosol group, histopathological lung injury, inflammatory cell
infiltration,and collagen deposition were further attenuated (P<C0.001),and MLI was further decreased (P<C0. 001). TNF-a
and IL-18 levels in both serum and BALF were lowered (P<C0. 05). The levels of p-TAK1.p-JNK.p-P38,and p-P65 were all
downregulated (P<C0. 01), IxkBa protein expression was further enhanced (P <C0.001),and TAKI mRNA expression was
markedly suppressed (P<C0.001). Relative to the low-dose carnosol group,the high-dose group exhibited significantly milder
histopathological alterations,less pronounced inflammatory infiltration, and reduced collagen accumulation (P <C0. 01), along
with a shorter MLLI (P <C0. 05). No intergroup differences were observed in serum or BALF TNF-a and 11.-183 levels (P >
0. 05). The levels of p-TAK1,p-P38 and p-P65 were further diminished (P <C0.05) ,there was no difference in the expression
levels of p-JNK and total IkBa protein (P >0. 05). TAKI mRNA expression was also lower in the high-dose group (P <<
0.001). The dexamethasone group demonstrated therapeutic efficacy comparable to that of the high-dose carnosol group across
all major endpoints—including attenuation of lung histopathology, suppression of inflammation and fibrosis, reduction of
systemic and local pro-inflammatory cytokines, and inhibition of TAK1 activation and downstream NF-kB/MAPK signaling.
There was no statistically significant difference in the levels of MLI and TAK]1 mRNA between the two groups (P =>0. 05).
Conclusion: Carnosol dose-dependently attenuates pulmonary inflammation and fibrosis in COPD mice by inhibiting TAKI
transcription and phosphorylation, consequently blocking the downstream NF-kB/MAPK signaling cascade and ameliorating
pulmonary histopathological damage.
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BERIA] (n=6) 3.11+0.47% 1.9340. 24% 2.14+0. 33% 2.2240.16% 0.4040.06%
EH 2 BB R A (n=6) 2.3740.39% 1. 6470, 34 1.95+0. 44 1.8540.11% 0.78+0.11%
R R B A (n=6) 1.8640. 43%9 1.41+0. 25% 1.3340.28%9 1.4940.19%9 0.84+0.078%
HIZEKR A (n=16) 1.72+0.39%¢ 1.28+0. 25%9 1.3040.19%¢ 1.4740.31%9 0.8840.062%%
F {4 23.57 11.35 12.47 34.55 149.47

P i <<0.001 <<0. 001 <<0. 001 <0.001 <<0. 001

DOP<0.05,5 EF st Bataik; @P<0.05, 58 A A4k ;QP<C0.05, 54&H 2 REEBH AL,

2.5 RT-qPCR #&MAHL TAKI B mRNA K F

5IE R X B CZH A LG, A AR A /N B il 2 41
TAKI ) mRNA 7KFF 5 (P<<0. 001) ; 5HEARI 4
HH b A7) S B R R T 20 v ) R R 2 R b B
KANH /N B2 TAKL (9 mRNA K- [
(P<C0.01) ; 5% 7 4 B R 5 M 4 A b, 5 70 i B
Ty 2H R b S R A A1 /N B il 20 21 TAKL ) mR-
NA KR RECP <0, 01) 5 77 £ BLUR 7 B 21 A b
FEA 2 /N BRI 20 21 TAKD (9 mRNA K H
B ER LGB X (P>0.05), WWHE S,

4=

AHXT mRINA 3k 7K

B 5 &ANMRMAEAL TAKT mRNA KFE
DP<0.05, 5 E 4 2+ BB 848 16 ;@ P<0.05, 5 #
A 2a A8k ;BP<0.05, 5 &5 & KR E B AR,

3 Tt

P BE 21 i 5 055 (COPDY) (14 457 AF 1 it 348 46 i
5/ % 54 F RBEE ML, AW KRR
AN S5 S 4%, Hoh, TAKL BN A -
Ui I A5 5 5 R U I 4% 3 I Y A% 0 T S, BT H
22 H e E"Y, TAKL — H 9 80E . ) [\ B 5 30
NF-«B 1 MAPK {55 5%l , 98 8h 4 I 1 ekt 1,
AT WEGE 1 B WA L A S 45 475 R I g 4 i 48
BERY A, ] TAKL G878 R0 5 R IE KR 53X 48 7R
#E TAKL J& T 1 COPD e M, T Ik, A

W IRVT T KR A& 9 B ¥l (Carnosol) J& 75 18
R TAKL @ B X5 COPD 4#4E .

AHE5E 45 BE 5L, AR B A LPS i S W
COPD /)R A v, TAK {5 538 B 0% 0 3 0% . %
PRl ZH 4 TAK]D mRNA ik & p-TAK1 7K F T
L IEREBE R UiF INK ., P38 # B2 1k & NF-«B (p-P65
ThiE kB BEfEO S5 R0 . A, &0 R
JR& R T ) T A R e A P b e R AR b FOR
ILRRAR T TAKL % 56 516 b K7, @ 06 7 F Ui
p-JNK.p-P38 #ll p-P65 M55 4% T, - FL1E T IkBa
14 R A . 3 — ZR 80 A8 Ak 5 i 8 9 B 463 405 0 L G DR
ORI D F AR 498 I 7 ( TNF-a, TL-1B) 7K F F B iy 3
YR S8 A — B0, X s B I 0 4 R A eT BB A
F TAKL sCH: Fig, BT 25 80 2 8% 19 400 i 5% 5 4 6
4 T BEL BT T 9 A AE I 25

RIFFRAFAE— & R R, 558, ff A Y 0 28 Bk
A LPS 2EXh B M gE L4 COPD 1y 4 2tk
JERE R HE {0 5 A 2& COPD A9 18 e 33 J 5 A2 A1 77
FEZES . R IE I 754 (A B = B
PRSP A IE o 91 Gt A el T T A 45 S P 30 1 3]
PRI M 3 49 ok 5600 TIF B8 M ) A PR 2 A5 7 A A T
TAKIL, 45 =, AL B 5845 5 B8 7 38 (% 15 34 2 1, B
FEH 2 E LSS TAKL & M, 6 2 ok JH 4 3 -
WEfE 4 85 i TGF-B TG B 1 (MAP3K?) 454
A 1/2(TAB2) 35 e iz R Ak A& 1 45 1] 422 75 =X
KRR AW, e FR EERETRIER
B, W AR AL I S A COPD 26 8 LI R i B
A

Zi b A B 5 2 B o ) i BRR R BB AT AL R R
COPD £ 7 /]n B A i 38 4 i 523 L g Jie 0 FR B 2 &
PR B LR 5 b SR P AH 24 HLEL AT 5 AR M
P HAYFHLE S TAKL 5 53 5% 2% ) 6,
R R T TAKL By 5% 5 8 A R 4, i i
FELIST L F 3% TNK . P38 MAPK Fl NF-«B {Z 5 i@ %
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