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A B S T R A C T   

Selenium has demonstrated effectiveness in the reduction of oxidative stress and inflammation in vitro and in vivo, 
both of which are key indicators of the pathogenesis of pulmonary fibrosis. Gefitinib, an FDA-approved EGFR 
inhibitor, effectively reverses the deterioration of bleomycin-induced pulmonary fibrosis. Based on this, we 
proposed introducing a selenium atom into the structure of gefitinib, resulting in the generation of selenogefi-
tinib. Compared to gefitinib, selenogefitinib was significantly less hepatotoxic and cytotoxic in cells. The results 
of the H&E staining of lung tissue validated that Selenogefitinib effectively protected the structure of the alveolar 
tissue and mitigated the infiltration of inflammatory cells in bleomycin-induced pulmonary fibrosis models. The 
reduction in the deposition of collagen fibers in lung tissue determined by Masson staining and hydroxyproline 
(HYP) content also corroborated the efficacy of selenogefitinib in the treatment of pulmonary fibrosis. 
Furthermore, Selenogefitinib decreased the levels of pro-inflammatory markers IL-4, IL-6, and TNF-α more 
significantly than gefitinib, which indicated that it exhibited a higher anti-inflammatory activity. In addition, the 
presence of selenium manifested a greater reduction in oxidative stress based on the decrease in the levels of 
MDA in mice blood. These results suggested that Selenogefitinib may be a potential candidate for the treatment 
of IPF.   

Idiopathic pulmonary fibrosis (IPF) is a progressive interstitial lung 
disease resulting from a variety of pathophysiological processes, 
including excessive inflammation, oxidative stress, and abnormal 
epithelial-mesenchymal transition (EMT).1,2 The sequela of IPF mainly 
constitute dyspnea, dry cough, and general fatigue due to impaired gas 
exchange caused by scarring of the lung tissue.3,4 It was previously re-
ported that IPF was associated with a numerical expansion of fibroblasts 
and myofibroblasts, leading to the excessive production and deposition 
of extracellular matrix (ECM) and the formation of fibroblastic foci.5,6 If 
not effectively managed, lung function will continue to be impaired after 
being diagnosed as pulmonary fibrosis, with approximately 50% of pa-
tients dying within 2–5 years.7 In 2014, Nintedanib (Fig. 1) and Pirfe-
nidone were approved by the Food and Drug Administration for the 
treatment of IPF, both of which were shown to slow down the pro-
gression of the disease.8,9 As an TGF-β inhibitor, pirfenidone inhibits the 
progression of pulmonary fibrosis by downregulating the levels of 
vascular endothelial growth factor (VEGF) and procollagen I and II.10,11 

VEGF, a powerful angiogenic factor, mediates fibrogenic responses in 
myofibroblasts.12 Nintedanib is a multi-target protein tyrosine kinase 
inhibitor that can block the autophosphorylation of VEGFR, FGFR, and 
PDGF, thereby slowing down the progression of IPF.13–15 Although these 
new therapies have manifested a better prognosis, IPF remains an 
incurable disease, which is partly the result of its complex and poorly 
understood etiology.16–18 A first-in-class selective autotaxin inhibitor, 
GLPG1690.19, demonstrated superior efficacy compared to Pirfenidone 
and similar efficacy to Nintedanib in reducing the Ashcroft fibrotic score 
and collagen content in a mouse bleomycin-induced pulmonary fibrosis 
model in preclinical studies. It is now currently being evaluated in phase 
III clinical trials (NCT 02738801). 

EGFR activation has been shown to stimulate fibroblast proliferation 
in animal models. Therefore, inhibition of EGFR could be advantageous 
in diminishing the progression of growth factor-α-induced pulmonary 
fibrosis. The EGFR inhibitor Gefitinib has been shown to significantly 
slow down the progression of IPF and partially reverses the fibrotic 
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lesions in mouse lung tissue models.20–22 Selenium is an essential 
component of glutathione peroxidase (GSH-px), which catalyzes the 
reduction of hydrogen peroxide by the concomitant oxidation of gluta-
thione (GSH) to form glutathione disulfide as a means to prevent 
oxidative damage. Administering an appropriate amount of selenium 
can objectively alleviate oxidative stress-related diseases.23,24 Studies 
have shown that selenium also exhibits potent anti-inflammatory 

properties.25 Considering the increases in oxidative stress and inflam-
mation in IPF patients, selenium was incorporated into the structure of 
gefitinib to develop a novel EGFR inhibitor, referred to as Selenogefiti-
nib, which was synthesized and evaluated for its activity against EGFR as 
a potential to treat the progression of bleomycin-induced pulmonary 
fibrosis (Fig. 2). 

The synthesis of selenogefitinib is shown in Scheme 1. First, 
commercially available 3-hydroxy-4-methoxybenzaldehyde was reacted 
with hydroxylamine hydrochloride in an acetate buffer solution to 
afford 7. After substituting the bromide in 1-bromo-3-chloropropane 
with 7, the resulting intermediate 8 was nitrated to introduce an aro-
matic NO2 group, which was then smoothly reduced to the corre-
sponding aniline using Zn/aq. NH4Cl to afford intermediate 10. After 
reacting the aniline with DMF-DMA, the resulting N,N-dimethylforma-
midine-protected aniline underwent subsequent cyclization with 3- 
chloro-4-fluoroaniline (Dimroth rearrangement) to generate the corre-
sponding quinazoline 12.26,27 Finally, the Cl atom in 12 was substituted 
with the secondary amine of 13 to generate the final compound 5. 

The inhibitory activity of selenogefitinib (5) against EGFR was 
evaluated using an ADP-GloTM kinase assay, with gefitinib as the posi-
tive control. The data in Table 1 showed that gefitinib and 5 both dis-
played strong inhibitory potencies against EGFR, with IC50 values of 
15.5 nM and 25.3 nM, respectively. The results indicated that the 
presence of the selenium atom did not cause the target compound to 

Fig. 1. Representative compounds for the treatment of pulmonary fibrosis.  

Fig. 2. Design of the title compound.  

Scheme 1. Synthesis of selenogefitinib.  

Table 1 
In vitro inhibition of kinase and cellular toxic assay of 5 and gefitinib.  

Compd. Enzymatic activity (IC50, nM)a Toxicity to L-02, HBE (IC50, μM)b 

EGFR L-02 HBE 

5 25.3 ± 1.26 13.79 ± 0.85 21.77 ± 2.10 
Gefitinib 15.5 ± 2.01 10.08 ± 1.20 18.40 ± 0.96 

a) Dose-response curves were determined at three concentrations. The IC50 
values are the concentrations in nanomolar needed to inhibit cell growth by 50% 
as determined from these curves. b) Dose-response curves were determined at 
five concentrations. The IC50 values are the concentrations in micromolar 
needed to inhibit cell growth by 50% as determined from these curves. 
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interfere with the binding of ATP to EGFR. The cytotoxicity of 5 in L-02 
and HBE cells was evaluated using the CCK-8 cell viability assay. 
Compared to gefitinib, substitution of the oxygen atom with selenium 
led to a significantly lower cytotoxicity in L-02 and HBE cells, with IC50 
values (corresponding to the inhibition of growth of the cells) of 13.79 
μM and 21.77 μM, respectively, which indicated that 5 was less hepa-
totoxic and cytotoxic than gefitinib. 

The therapeutic effects of 5 on the progression of BLM-induced 

pulmonary inflammation and pulmonary fibrosis model was investi-
gated in vivo using C57BL mice and compared to gefitinib, which has 
been shown to be efficacious in a lung fibrosis model. In general, higher 
lung coefficients corresponded to less efficacy of the inhibitor on reduce 
lung fibrosis and inflammation. As shown in Fig. 3, the color of the lung 
tissue had obviously darkened in the mice after being exposed to BLM, 
and the lung coefficient increased significantly. H&E staining (Fig. 4) 
demonstrated that treatment with BLM led to the accumulation of 

Fig. 3. The effects of gefitinib and 5 on the lung morphology and lung coefficient in the mouse model. Groups C and D were exposed to gefitinib and 5, respectively, 
once daily for 14 days after BLM exposure (n = 10). (A: control group; B: BLM-induced group; C: BLM-induced group plus gefitinib (60 mg/kg); D: BLM-induced 
group plus 5 (60 mg/kg); E and F: The lung coefficient of the mice) Data are reported as the mean ± SEM. *p < 0.05 vs. BLM group; **p < 0.01 vs. BLM group; 
##p < 0.01 vs. control group. 

Fig. 4. Representative histological lung sections stained with H&E (200 × ). (A: control group; B: BLM group; C: BLM group plus Gefitinib (60 mg/kg); D: BLM group 
plus 5 (60 mg/kg)). 
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inflammatory cells in the alveolar space, enhancing the thickness of the 
alveolar wall. These results indicated that the lung tissue had become 
significantly damaged in mice after being exposed to BLM. When the 
mice were administered 60 mg/kg of 5, H&E staining of the lung tissue 
showed that the lung coefficient decreased significantly, which sug-
gested that 5 protected the structure of the alveolar tissue and mitigated 
the infiltration of inflammatory cells. Therefore, replacing the oxygen 
atom in gefitinib with selenium appeared to manifest an enhanced anti- 
IPF efficacy. 

The deposition of a large amount of collagen in lung tissue is char-
acteristic of pulmonary fibrosis, and the amount of hydroxyproline 
(HYP) is an well-established indicator of the formation of collagen fi-
bers. Masson staining results (Fig. 5) showed that BLM increased the 
deposition of collagen in the lung tissue of the mice, while both 5 and 
gefitinib inhibited the deposition of collagen in the lung tissue. 
Accordingly, the HYP content in the lung tissue of the mice was 
measured using a HYP analysis kit (Fig. 6A). After administration of 
gefitinib or 5 to the mice at a dose of 60 mg/kg, the HYP content in the 
lung had significantly reduced compared to the untreated BLM group. In 
addition, compared to the gefitinib group, treatment with 5 more- 

significantly reduced the deposition of collagen and the content of 
HYP in the lung tissue (Table 2). 

Malondialdehyde (MDA) is a critical marker of oxidative stress, and 
the levels of MDA have been used as an indicator of the degree of 
oxidative damage to cells in various organisms. After the mice were 
treated with 5 at a dosage of 60 mg/kg for 14 days, the levels of MDA 
determined in the blood were lower than the gefitinib-treated mice 

Fig. 5. The effects of gefitinib and 5 on the changes in collagen disposition in the mouse model (200 × ). (A: control group; B: BLM group; C: BLM group plus gefitinib 
(60 mg/kg); D: BLM group plus 5 (60 mg/kg)). 

Fig. 6. A: HYP content in model mice lung tissue (n = 10); B: MDA content in model mice lung tissue (n = 10). Data are reported as the mean ± SEM. *p < 0.05 vs. 
BLM group; **p < 0.01 vs. BLM group; ##p < 0.01 vs. control group. 

Table 2 
The typical values of the evaluation of MDA, HYP and inflammatory factors.   

HYP (μg/ 
mg) 

MDA (nmol/ 
mL) 

IL-4 (pg/ 
mL) 

IL-6 (pg/ 
mL) 

TNF-α (pg/ 
mL) 

Control 1.09 ±
0.23 

5.38 ± 1.22 0.46 ±
0.17 

0.62 ±
0.11 

0.86 ±
0.20 

BLM 5.31 ±
0.79 

9.93 ± 1.41 2.72 ±
0.14 

2.36 ±
0.16 

3.12 ±
0.11 

Gefitinib 3.39 ±
1.11 

8.92 ± 0.86 2.17 ±
0.04 

1.77 ±
0.02 

2.39 ±
0.13 

5 3.01 ±
0.61 

6.13 ± 1.57 1.72 ±
0.18 

1.00 ±
0.01 

1.56 ±
0.09  
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group with the same dosage (Fig. 6B). IL-4, IL-6, and TNF-α are quin-
tessential pro-inflammatory mediators in various inflammatory dis-
eases. As such, the levels of IL-4, IL-6 and TNF-α in the blood of the BLM- 
induced mice were significantly upregulated based on flow cytometry 
analysis. As shown in Fig. 7, compared to the gefitinib-treated group, the 
expression of the inflammatory factors significantly decreased after 
administering 5 to the mice for 14 days, where the levels of IL-6 returned 
to baseline values (control group). The decreased expression of TNF-α in 
the mice treated with 5 was comparable to that of the gefitinib-treated 
group. These results clearly validated that the substitution of the oxy-
gen atom in gefitinib with selenium manifested significant alleviation of 
oxidative stress and a reduction in inflammation, thereby slowing down 
the progression of IPF (Table 2). 

Herein, a potential EGFR inhibitor, selenogefitinib, was synthesized 
based on the FDA-approved gefitinib, and the efficacy of selenogefitinib 
in reducing the progression of bleomycin-induced pulmonary fibrosis 
was evaluated in vitro and in vivo. Compared to gefitinib, selenogefitinib 
effectively reduced the deposition of collagen fibers in lung tissue, 
significantly reduced inflammation through a reduction in the expres-
sion of pro-inflammatory markers, and lowered the content of HYP and 
MDA in mice. These results supported the potential of Selenogefitinib to 
be further studied for the treatment of pulmonary fibrosis. Overall, this 
work provided a new insight into the treatment of IPF by mitigating the 
exacerbation of oxidative damage and inflammation by inhibiting EGFR 
and interfering in its signaling cascade. 
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