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Abstract: Objective To evaluate the therapeutic effect of a novel porphyrin-based photosensitizer, 5,10,15,20-tetra-{4-[(S)-2,6-
diaminohexanoylamino]phenyl} porphyrin (4i), mediated sonodynamic therapy (SDT) in a mouse model of acute pneumonia. Methods
4i was mixed with 2', 7'-Dichlorodihydrofluorescein diacetate (DCFH-DA) solution and then subjected to ultrasound to observe the

generation of reactive oxygen species (ROS). Human lung cancer alveolar basal epithelial cells A549 and human normal bronchial
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epithelial cell line BEAS-2B were cultured in vitro. After induction of inflammation with lipopolysaccharide (LPS, 500 ng-mL™"), 4i
(16, 32, 64 mg-mL™") was combined with ultrasound (1.0 MHz, 1 W-cm™2) treatment. Cell viability was detected by MTT assay and
propidium iodide (PI) staining, and the mRNA levels of p38, extracellular signal-regulated kinase (ERK) /2, and c-Jun N-terminal
kinase (JNK) 1/2 were detected by real-time fluorescence quantitative PCR (QRT-PCR). Mice were intratracheally instilled with 50 uLL
of 4i (60, 120, 180 mg-kg™") for 2 h, and then the animals were sacrificed and their internal organs were extracted to observe the
distribution of 4i. A mouse model of acute pneumonia was established by intranasal inhalation of 50 uL of 0.2 umol-L™! LPS solution
for 3 d. 4i was administered via intratracheal instillation at doses of 60, 90, and 120 mg-kg™! every other day, and ultrasound irradiation
(1.0 MHz, 10 min) was performed 2 h after 4i inhalation for a total of four treatments. Body weight changes were dynamically
monitored in each group. Pulmonary function was detected. Hematoxylin-eosin (HE) staining was used to observe the pathological
changes in lung tissue, and Wright-Giemsa staining was used to analyze the infiltration of inflammatory cells in bronchoalveolar lavage
fluid (BALF). The levels of pro-inflammatory factors tumor necrosis factor (TNF)-a, interleukin (IL)-6, and total protein in BALF
were detected by ELISA. Results With the increase of 4i concentration and sound intensity, the generation of ROS also showed an
increasing trend. The results of cell experiments indicated that compared with the model group, the red fluorescence of dead cells was
significantly enhanced after 4i combined with SDT treatment; the cell survival rate was significantly decreased (P <0.01, 0.001), and
the mRNA expression of JNK2, p38, and ERK1/2 was significantly decreased (P < 0.01, 0.001). The results of animal experiments
showed that intratracheal administration of 4i ensured its effective dispersion and distribution in the lungs. Two hours after inhalation,
the concentration of 41 in the lungs was positively correlated with the fluorescence intensity. Compared with the control group, the
body weight of model mice decreased from the third day and gradually improved with the administration of 4i-mediated SDT.
Compared with the model group, the forced vital capacity (FVC), the ratio of forced expiratory volume in one second to forced vital
capacity (FEV1/FVC), and peak expiratory flow rate (PEF) of mice treated with 4i-mediated SDT were significantly increased (P <
0.05, 0.01, 0.001), and the pathological changes in lung tissue were reversed to varying degrees, the inflammatory score was
significantly decreased (P < 0.001), the number of inflammatory cells in BALF was significantly reduced (P < 0.001), and the
concentrations of TNF-a, IL-6, and total protein in BALF were significantly decreased (P < 0.01, 0.001). Conclusion The novel
porphyrin derivative 4i can significantly mitigate pulmonary inflammatory responses through sonodynamic therapy (SDT), exhibiting
notable therapeutic effects on acute pneumonia by alleviating acute lung injury via modulation of the MAPK pathway.
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Table 1 Pathological scoring criteria for lung tissue injury
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Fig.2 ROS production under different ultrasonic intensities (A) and concentrations (B) ( X *£s, n=3)

35 FM@ALYIR HE &K BALF # Wright-
Giemsa &

5-A SR 7O B2 /N BRI /NI SE AR A5
FURRAE A2 Ml 6L s P G758 o 200 92 i R i
YRR . LPS Kb 5, BLAYLH R I ™ =1
SUMEN SR, B SRR AN MIR I v B R
S Y0 s oA S8 3 A OE VS L T O R R R K R,
KE T4 B N (P<<0.001), 2 B I5 A7 1 1)
AL, LPS HHEENTE /N BER A 51K
SERZUIR S B, R — B (R0, ST L
B, B 60, 90, 120 mg-kg ' 4i F110.75 W-cm™2
58 10 min Ab3E /)N BRI L S5 B AR 4 AN [F) FE
FERE, RIEVF B FRIK (P<<0.001), JLHZ
4i @4, Wright-Giemsa J+taBr (& 5-B),
50t HRZE LA, MR 4 S8 RE AN B B0 W I (<

0.001); SHIAIZH LA, 41 B4 SDT ZH 48 RE 24 %k
B FH /D (P<0.001),
3.6 BALF FEENRMELRNE

I 0 L 7 401 ok O T e i A o B A
PR R ) OGN R Y . A9 S 5T U TNF-o A IL-6 (1)
FEA AR TBO N, 3R T 4HM R T AN s T,
b, ) S RE LN AR I8 IR 5 R 1 s A R
B 1E i v b B 4 B TR A IR YT B A 4 9%
P 6 frw, 5 I ZH EE A, LPS &4/ f BALF
o TNF-o Fl IL-6 3K R E T+ (P<0.001); 5%
RIH L, 4 41 (90, 120mg-kg™!) -SDT Ji5 TNF-
o Fl TL-6 ¥R 3 2 P (P<<0.01. 0.001), M 4i
/5 SDT (120 mg-kg 1. 0.75 W-ecm2) 41 /)N i, BALF
HIOREA R B K, X —RICFET 41 A&
SDT AT R A R F /K% . BALF H



FE49EFE 28 2026F2 H

’Z;!ff"«iﬁ'tﬁt ER Drug Evaluation Research

Vol. 49 No. 2 February 2026 * 491 -

4i32 mg-mL™! 4i 64 mg-mL™!

4i32mg-mL ! 4i 64 mg-mL !

LOTOCRICAN, SETOLRIITHM,; SR AL

150
N
3 100+ H#
i
4116 mg-ml.’l '}& *% fkk
: 2
g 50
0= T T T T T
WHE fA 16 32 64 Dex
4i/(mg-mL™")
Dex
150
RS
¥ 100= .
"
4i 16 mg-mL ' & 4 .
& 50 ‘
T 1 1] T T
XHE MR 16 32 64 Dex
4i/(mg-mL ")

Dex

#P<0.01; SHETALE: “P<0.01 "P<0.001.

Red fluorescence represents dead cells and green fluorescence represents living cells; #P < 0.01 vs control group; P <0.01 **P<0.001 vs model

group.

3 4i X} LPS FHAY A549 (A) #1BEAS-2B (B) ZHPEAY calcein-AM/PI & FNLMBETEEREINE (X100, X *s5, n=3)

Fig.3 Calcein-AM/PI staining and cell viability of A549 (A) and BEAS-2B (B) cells stimulated with LPS by 4i (x100, X *
ss n=3)
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Fig. 4 In vivo distribution of different concentrations of 4i after endotracheal intubation (A) and changes in mouse weight
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Table 3 Pulmonary function assessment in mice ( X *s, n=3)
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