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17 B, TER NF-xB 5 1L-17 I8 B 1) IE R BUBCK RIS, A B ERE A TNF. IL-6. STRBAHLE, HE §vta
gL IR, HDAE mJJk#2 LPS i Sl Hifh; HDAE KR IL-18 /K FEE TR (P<0.05), IL-10 K FEER R (P<
0.05), HHZHZRA IL-6. TNF-a. IL-17. NF-xB p65 S HFFREHE FE (P<0.01). £5if HDAE #1745 IL-17. NF-«B
p65 5 TilHE, WM IL-6. TNF-o IIFIE, XF LPS 53 1W ALl KERIERIFEH.
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Abstract: Objective To explore the ameliorative effect and molecular mechanism of Hedyotis diffusa water extract (HDAE) on
lipopolysaccharide (LPS)-induced acute lung injury (ALI) in rats. Methods ALI-related differentially expressed genes were screened
through the high-throughput gene expression database (GEO), and the differentially expressed genes were verified by receiver operating
characteristic curve (ROC). SD rats were randomly divided into the control group, the model (LPS, 5 mg-kg™') group, the
dexamethasone (positive drug, 2.5 mg-kg™") group, and the HDAE high-, medium-, and low-dose (300, 200, 100 mg-kg™") groups.
Except for the control group, ALI rat models were induced by LPS (5 mg-kg ). Hematoxylin-eosin (HE) staining was used to observe
the pathological changes in lung tissue; enzyme-linked immunosorbent assay (ELISA) was used to detect the changes in interleukin
(IL)-10 and IL-1B in rat serum; immunohistochemistry was used to detect the levels of IL-6 and TNF-a in lung tissue; and
immunofluorescence was used to detect the protein levels of IL-17 and NF-kB p65. Results Through interaction and pathway
analysis, it was found that NF-xB, TNF, IL6, etc. were the hub genes of ALI differentially expressed genes. Pro-inflammatory factors
(IL1B, TNF-a) exerted their effects by activating the NF-kB pathway. On the other hand, they upregulated the key molecules of the IL-
17 pathway, forming a positive feedback amplification loop between the NF-kB and IL-17 pathways, with TNF and IL-6 as the key
characteristic genes. Compared with the model group, HE staining results showed that HDAE could alleviate LPS-induced lung injury;
the IL-1f level in the HDAE group was significantly decreased (P < 0.05), and the IL-10 level was significantly increased (P < 0.05).
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The expression of IL-6, TNF-a, IL-17, and NF-kB p65 proteins in lung tissue was significantly downregulated (P < 0.01). Conclusion

HDAE targets the regulation of the IL-17 and NF-kB p65 signaling pathways, thereby interfering with the expression of IL-6 and TNF-

o, and exerts a protective effect on LPS-induced ALI in rats.
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Table 1 HE staining scoring criteria
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Table 2 Scoring criteria for immunohistochemical staining results
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Fig. 1 Interaction Analysis
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Fig. 2 Pathway analysis

J P9 R LR JOREVS HE L HIm & B B ARk
X RRZH AR EL, SR i 20 2 AT 0 R R 4T A S H
iy B 3 A 5 s ST AR L, FEKAA A AN
HDAE &1« H KT S 40 20 2R 98 R 40 v He 98D
iy BE S SR . 45K B HDAE nly§% LPS 75
SRR, WK 4. % 3.

3% K FELRARE FKF

W 4 Fon, SRR, AR R i
W IL-10 /K22 R (P<<0.05. 0.01), IL-1p KK
iR E I (P<0.05), $ERiEBinl); AL
B, HWZEKIAZLR HDAE A 7 gl ok SR i
[ IL-10 7KT-2E THE (P<<0.05), HDAE {5 &4

34



« 1194 « FOEEIH 2026 F4 8

‘é-’fﬁ«?ﬂ‘yﬂ. ER Drug Evaluation Research

Vol. 49 No. 4 April 2026

6
5.0
S4
g 5
2, 225
Z (5]
= ©
=
-
0 . 0
1.0 —
0.8 -
> 206 -
= =
E= AUC: 0.924 5 AUC: 0.950
2 g4 | 95% Cl: 0.880-0.961 S04 95% CI: 0.913-0.978
5o 30
0.2 - 0.2
0 - 0 -
T T T T T T T T T T T T
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
1- Sensitivity 1- Sensitivity

3 HHEEEZRIEKR ROC 24
Fig. 3 ROC analysis of characteristic genes

HDAE/(mg-kg™)

E 4 BhALLRIBSZME (X200)
Fig. 4 Histopathology observed of lung (%200)
#*3 HEZRBIFNER =3)
Table 3 HE staining score results (n=3)

%Ui/ Naks] pare P -

A (gkg™) Hmzsz;zigij”d IR B TR IR e
of R — 0 0 0 0
R — 1 2 0 0
HhFEKAR 2.5 1 0 0 0
HDAE 300 1 0 0 0

200 1 0 0 0
100 1 1 0 0

STt EBFATG 2 s HIFEKAAZH AT HDAE 15

WL R IL-18 KA B FBE (P<<0.01).

3.5 BRIEENAEN IL-6. TNF-0 EAMNKRIEHER
xR b, BRI K RGAELF IL-6.

TNF-a [HHERIERZEW® I (P<0.01); SHRILL
5, HFEKIAAF HDAE /. . (R4LK SRUIZLZY
W IL-6. TNF-a FHMERIEEZ FIC (P<0.01). 45
R 5 FE S5, 6.
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x4 KRIUEPRERFKTE (X x5, n=3)
Table 4 Serum levels of inflammatory factors in rats ( X £s, n=3)
A5 Fill&E/(mg-kg™) IL-10/(pg'mL ") IL-1B/(pgmL ")
X et — 444138 172422
R — 30.1+5.0" 20.9+1.3°
Hh FEAKFA 2.5 41.2+7.8% 10.4+2.2%
HDAE 300 24.0+2.7% 10.441.9%
200 39.61+9.2% 9.342.5%
100 36.9+2.9 11.6+3.8%
EXSHALER: "P<0.05 "P<0.01; SHEALE: *P<0.05 *P<0.0l1.
*P<0.05 "P<0.01 vs control group; *P<0.05 #P<0.01 vs model group.
#*5 IL-6. TNF-a [RMEZERITHR RBHELTS S MIE, n=3)
Table 5 Counts of IL-6 and TNF-a positive cells and immunohistochemical scoring (5 fields, n=3)
45 AE/(mgkg™) 1L-6/% IL-6 ¥F43 TNF-0/% TNF-a ¥4
Xof HEE — 5.7+3.1 1 73425 1
Y — 44.0+3.0" 3 43.0+2.6" 3
HFERFA 2.5 26.7+2.1% 2 26.0+3.6* 2
HDAE 300 17.3£2.1% 1 17.7+1.5% 1
200 28.7+2.5% 2 253£3.1% 2
100 35.7+3.1% 3 32.742.5% 3

XA P<0.01; SHEMAILE: #P<0.01.
P <0.01 vs control group; *P < 0.01 vs model group.

HDAE/(mg-kg™)

5 SRBHEUERNAKRAMELD IL-6 HIFRIE (X 400)

Fig.5 Expression of IL-6 in rat lung tissue was detected by immunohistochemistry (x400)
¢ T I Y &%

Wil
-
¥ s &

5

200 100
HDAE/(mg-kg™?)

B 6 HEANENKFMEL S TNF-0 FIFRIE (X400)

Fig. 6 Expression of TNF-a in rat lung tissue was detected by immunohistochemistry (x400)

3.6  TIETAEN IL-17. NF-kB p65 HIFRIX
6 MK 7. 8 AREIR, HXTRRZAAL, A
R IATZHZ IL-17. NF-«B p65 & AFIEHE T
(P<0.01); ST, HIFEKFAAF HDAE %
FIEA RIS IL-17. NF-xB p65 HARIEE
FIEE (P<0.01).

4 g
AL ENIRIR G ERE, & B AR Bk P Y5 B

BRI TR, RPN IL-1B. IL-6. IL-8. TNF-a %
RN T SN T AP AMS S L, W
1) 2R 4 1 R E S A HAZ VIR T L i 04151, LPS AE
N2 B B A OGBS, T R A S 98 E
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6 1IL-17. NF-kB p65 RBEXAXEGHXBE S (5 MIEF, n=3)
Table 6 Optical density analysis of IL-17 and NF-kB p65 on immunofluorescence staining images (5 fields, n=3)

2o 78/ (mgkg™") NF-xB p65 % Y5mfE IL-17 ¢t
pagii - 2391.414+277.30 2700.99+260.89
R - 15 462.41 £422.55™ 16 431.97 +664.48™
HiFEK AR 2.5 8 423.00+223.08" 9486.10+426.32%
HDAE 300 5 602.53 +346.60* 6 753.75+£311.64%

200 8 662.31+406.58% 10 438.65 +289.36"
100 12 329.19+935.86" 13 037.42+410.68 *

SxfR R P<0.01; SERALE: #P<0.01,

**P <0.01 vs control group; #P < 0.01 vs model group.

DAPI NF-kB p65 Merge

HEORAL

IIDAE 300 mg-kg !

HDAE 200 mg-kg™

HDAE 100 mg-kg !

7 SERHEMALALE T NF-xB p65 RIFRIE

Fig. 7 Immunofluorescence was used to detect expression of NF-kB p6S5 in lung tissue

05, Rciet: ALL % FS B 70617, KRS HE % ALL BB S Z a7, ZEF| LPS Sk
Yuft 5 ELISA #: 5o~ , HDAE AEVRER itiZH 207 7 fALLI BAF GBS 24~72 h ik RAEAE, (HffiZ
Wit BRILEIE K R F /KIS IL-10 R, HRFEHE SBE AT EREE 7~14 dUs-191, HImK
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%
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HDAE 300 mgkg !

HDAE 200 mg-kg™'

HDAE 100 mg-kg™

IL-17 Merge

B8 BRAAMATLAL P IL-17 BIFTIE

Fig. 8 Immunofluorescence was used to detect expression of IL-17 in lung tissue.
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NF-«B 38 8% 0] T2 B OE SABUROR B #% . TL-17 7] 3558
NF-kB #% #6107 5 1 56 351, TS LRI NF-«xB X ] it
— BRI IL-17 R ZARSRE, ILFEHER) R IE RS
HE R, AR TGt — i e % A Ak K S G

WM&, HDAE A2 il ZH 4% IL-17,
NF-kB p65 K HIKF, H T TN T
IL-6. TNF-o &ik, $&78% HDAE #J fig il if FH W
IL-17/NF-kB 15 5%« 4T Wi 2ORE IR SABIARE, IR
HEZR A ZRRPR R .

KW FAAFAE — € R IR, X Y)E T
HDAE 1 ALI ) 3 2 5oy %O FE U5 (5 518K,
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