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Abstract
Background: Acute respiratory distress syndrome (ARDS), a common and critical disease, is clinically
characterized by uncontrolled in�ammation and alveolar-capillary barrier disruption. Estrogen can
reportedly alleviate ARDS caused by numerous insults in mice. Moreover, the estradiol receptors α, not
β,participated in E2-induced attenuation of ARDS. But the role of another estradiol receptor, G protein-
coupled estradiol receptor 1 (GPER1) in ARDS are not undertood. This study is aimed to investigate the
effect of GPER activation on LPS-induced ARDS in mice.

Methods: Female mice were randomly subjected to bilateral ovarectomy (OVX) or sham surgery two
weeks before lung injury. The GPER-selective agonist G1 or vehicle were intraperitoneally injected 0.5 h
before intratracheal administration of LPS or phosphate-buffered saline in male and female mice. After
24 h, mice were sacri�ced to collect blood, bronchoalveolar lavage �uid (BALF), and lung tissue.
Histological injury and in�ammatory cell in�ltration in lung tissue, as well as cytokine and protein
concentrations in BALF were determined. In vitro experiments were also performed on alveolar
macrophages (MH-S cells) to investigate the effect of GPER activation on LPS-induced in�ammatory
responses.

Results: Activation of GPER by G1 administration signi�cantly ameliorated lung pathological damage,
attenuated alveolar capillary barrier destruction, inhibited recruitment of in�ammatory cells into alveoli,
and decreased concentrations of the pro-in�ammatory factors tumor necrosis factor α (TNF-α) and
interleukin 6 (IL-6) in BALF of LPS-administered male and OVX female mice, but not intact female mice.
In vitro experiments demonstrated that G1 pretreatment signi�cantly inhibited LPS-mediated increases of
TNF-α, IL-6, and MIP2 in a dose-dependent manner.

Conclusions: These results demonstrated that GPER activation attenuated lung injury of male and OVX
female mice by inhibiting the in�ammatory response of alveolar macrophages.

Highlights
Intratracheal instillation of LPS induced more severe damage of lung in OVX female mice compared
to intact females.

Selective activation of the non-genomic estradiol receptor, GPER-1 signi�cantly attenuates LPS-
induced ARDS in male and OVX female mice, but not intact female mice.

GPER-1 activation attenuated LPS-induced ARDS at least in part by inhibiting alveolar macrophages
secretion of TNF-α, IL-6, and MIP2.

Background
Acute respiratory distress syndrome (ARDS), an acute in�ammatory lung disease caused by numerous
factors, has a mortality rate of approximately 40%[1]. Recent studies indicate that uncontrolled
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in�ammation and disruption of the alveolar-capillary barrier contribute to the development of ARDS and
its progression[2]. Current strategies to treat ARDS include �uid restriction for resuscitation and lung
protection for mechanical ventilation, with no well-recognized e�cient drugs thus far[3]. It is of great
signi�cance to clarify the pathogenesis of ARDS and �nd effective therapeutic targets. Although
epidemiological results were con�icted about the sex differences in ARDS, animal researches have
indicated a relative protection of females over males on ARDS[4–6]. Many factors contribute to such sex
bias, sex hormones are one of them that cannot be neglected. Increasing evidence suggested that female
hormones, especially estrogens, could alleviate ARDS. Administration of 17 beta-estradiol (E2) attenuated
lung injury by inhibiting the production of cytokines/chemokines such as interleukin 1 beta (IL-1β) and
interleukin 6 (IL-6), ameliorating pulmonary vascular permeability[7] and increasing alveolar �uid
clearance by upregulating expression of the α and γ subunits of epithelial Na(+) channels[8].

Although E2 can attenuate lung injury, it remains unclear which estrogen receptor (ER) types mediate
these salutary effects. E2 exert function mainly through three ERs: classical receptors ER-α and ER-β act
as both transcription factors to regulate protein production and direct modulators to activate secondary
messengers; in contrast, G protein-coupled estrogen receptor-1 (GPER1, also known as GPR30) acts
primarily in a non-genomic manner and uses existing proteins, which takes only seconds[9]. ER-α, but not
ER-β, is expressed in pulmonary vessel endothelial cells and alveolar macrophages[10]. Studies using ER-
knockout mice further con�rmed that ER-α, but not ER-β, mediates the effects of E2 on reducing
pulmonary in�ammatory responses[10]. But little is known about the effects of GPER-1 in ARDS.

GPER-1 has been revealed to play critical role in immune systems[11]. Previous studies demonstrated
that the GPER-selective agonist G1 effectively reduced macrophage accumulation in mice with
postmenopausal atherosclerosis and in�ammation was more severe in gper-de�cient mice, suggesting
that GPER may be a potential therapeutic target for the treatment of in�ammation[12, 13]. Activation of
GPER suppressed neuroin�ammation following brain injury in male and ovariectomized (OVX) female
rats, but not in intact females[14]. Thus, the anti-in�ammatory effect of GPER may also have a sex bias.
An ex vivo study also demonstrated that administration of G1 suppressed lipopolysaccharide (LPS)-
stimulated in�ammatory cytokine expression[15].

Given the crucial role of in�ammation in ARDS and effective anti-in�ammatory feature of GPER
activation, we hypothesized that activation of GPER could inhibit in�ammation of ARDS. The present
study was undertaken to investigate the effect of GPER activation on LPS-induced ARDS in mice, as well
as the sex dependence of any salutary effects.

Materials And Methods

Reagents and antibodies
LPS (Escherichia coli LPS serotype O111:B4) and sodium pentobarbital were acquired from Sigma
Aldrich (St. Louis, MO, USA). G1 and corn oil were purchased from MedChemExpress (Monmouth
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Junction, NJ, USA). Enzyme-linked immunosorbent assay (ELISA) kits for mouse tumor necrosis factor α
(TNF-α), IL-6, and macrophage in�ammatory protein 2 (MIP2) were purchased from R&D Systems
(Minneapolis, MN, USA). ELISA kits for albumin and estradiol were purchased from Cloud-Clone (Wuhan,
China). A Cell Counting Kit-8 (CCK-8) was purchased from Yeasen Biotechnology (Shanghai, China).

Animals and LPS-induced ARDS mouse model
Male and female BALB/c mice (22–27 g) were obtained from Vital River Laboratory Animal Technology
(Beijing, China). Mouse were housed with free access to food and water under speci�c pathogen-free
conditions in temperature-controlled rooms (25 ± 1°C) with a 12-h light/dark cycle at Peking University
Health Science Center.

The ARDS model was established using a modi�ed version of a previously reported method[16]. Brie�y,
30 min after injection of G1 (5 mg/kg) dissolved in 100 µL of corn oil or corn oil alone as a control, mice
were anesthetized via an intraperitoneal injection of sodium pentobarbital (20 mg/kg). Next, a small
midline incision on the ventral side of the neck was performed to expose the trachea and a 22-gauge
micro-syringe was inserted through the tracheal wall. Subsequently, 40 mL of sterile phosphate-buffered
saline (PBS) with or without LPS (2 mg/kg) was instilled into the lumen. After instillation, mice were
placed in a vertical position and rotated for about 1 min to ensure that the instillation distributed evenly
within the lung. Twenty-four hours after instillation, mice were anesthetized and sacri�ced by
exsanguination to collect lung tissue and bronchoalveolar lavage �uid (BALF). Blood of female mice was
also collected to isolate serum by centrifuging at 400 * g for 5 min at 4°C, and then stored at −80°C for
later usage.

Ovariectomy and con�rmation
Two weeks prior to lung injury, female mice were randomly divided into two groups that underwent
bilateral OVX or sham surgery, as previously described[17]. To further con�rm the success of each OVX
surgery, the uterus of each mouse was harvested and weighed at the time of sacri�ce to calculate the
uterus ratio (uterus ratio = uterus weight/ body weight), and serum levels of 17β-estradiol were evaluated
(see Additional �gure 1).

Preparation of BALF and cell counts
To collect BALF, 1 mL of ice-cold PBS was infused into lung tissues and aspirated three times with a 20-
gauge catheter. After collection, BALF was centrifuged at 400 * g for 5 min at 4°C. The resulting
supernatant was isolated and stored at −80°C for later determination of cytokines, total protein, and
albumin; whereas, the deposited cell pellet was suspended in PBS for total cell counts using a
hemocytometer and differential cell counts using Wright Giemsa staining (Nanjing Jiancheng
Bioengineering Institute, Nanjing, China).

Histopathology
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Harvested lung tissues were �xed in 4% paraformaldehyde for 48 h at room temperature, embedded in
para�n, cut into 5-mm-thick sections, and stained with hematoxylin and eosin (HE). Subsequently, slices
were imaged with a Hamamatsu Nano Zoomer digital pathology microscope (Hamamatsu City, Japan).

Cell culture and treatment
The murine alveolar macrophage cell line MH-S (Bio-Rad, Hercules, CA, USA) was cultured in RPMI 1640
medium supplemented with 10% fetal calf serum in a humidi�ed atmosphere with 5% CO2 at 37°C. First,
we measured the toxicity of G1 on MH-S cells by CCK-8 assay. MH-S cells were seeded in 96-well plates
(8000 cells/well). After treatment with G1 (�nal concentrations of 10−11M to 10−4M) for 24 h, 10 µL of
CCK-8 liquid was added to each well. After incubating the plates at 37°C for 2 h, the absorbance of each
well was measured at 450 nm with a Varioskan Flash Multimode Reader (Thermo Fisher Scienti�c,
Waltham, MA, USA). Second, we evaluated the viability of MH-S after exposure to both G1 and LPS. Cells
were pretreated with G1 (�nal concentrations of 10−8M to 10−5M) for 30 min before LPS (10 ng/mL) or
PBS administration. After 24 h, CCK-8 was added and the absorbance of each well was measured. Third,
we examined the effect of G1 on in�ammation by pretreating cells with G1 (�nal concentrations of 10−8M
to 10−5M) for 30 min, followed by an identical volume of LPS (10 ng/mL) or PBS. After LPS stimulation
for 6 h, cell culture supernatants were collected for cytokine detection.

Cytokine, albumin, and 17β-estradiol assays
Concentrations of TNF-α, IL‐6, and albumin in BALF samples, as well as TNF‐α, IL‐6, and MIP2 in cell
cultural supernatants were detected at the indicated time points using speci�c ELISA kits according to the
manufacturers’ instructions. Serum levels of 17β-estradiol were also measured using a speci�c ELISA kit
according to the manufacturer’s instructions.

Statistical analysis
All results are presented as the mean ± standard deviation (SD) of four or more repeated experiments and
were analyzed using Prism 8.0 software (GraphPad Software, San Diego, CA, USA). The statistical
signi�cance of one variable (males and cell experiments) were analyzed by one-way analysis of variance
(ANOVA) followed by Sidak’s post hoc test for the comparison of two groups. The statistical signi�cance
of two variables (females) were analyzed by two‐way ANOVA followed by Sidak’s post hoc test for the
comparison of two groups. Values of p < 0.05 were considered statistically signi�cant. The statistical
signi�cance of 17β-estradiol and uterus ratios were analyzed by unpaired t test.

Results

Sex-dependent effect of G1 alleviation of LPS-mediated
histopathological lung injury
HE staining was used to evaluate LPS-induced pulmonary pathological changes. As shown in Fig. 1A and
Fig. 1C, the LPS-treated group exhibited in�ltration of in�ammatory cells and erythrocytes in alveoli,
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accompanied by a thickened alveolar septum and atelectasis compared with the PBS-exposed group.
Fig. 1B and Fig. 1D show the calculated lung injury scores of males (Fig. 1B; F (3,20) = 89.97, p < 0.0001)
and females (Fig. 1D; F (1,40) = 5.699, p = 0.0218) according to the standard of the American Thoracic
Society[18]. In parallel with HE staining, higher lung injury scores were observed in the LPS-injected
versus PBS-injected groups of both male (p < 0.0001) and female mice (sham: p < 0.0001; OVX: p <
0.0001). In addition, lung injury was more severe in OVX females compared with intact females (p =
0.005). Intraperitoneal administration of the GPER agonist G1 decreased LPS-induced lung injury in
males (p < 0.0001) and OVX females (p = 0.0001), but had no effect on intact females (p = 0.9983).

Sex-dependent effect of G1 on reducing LPS-mediated
in�ammatory cell in�ltration of alveoli
In�ltration of in�ammatory cells into alveoli was evaluated by Wright Giemsa stain. As shown in Fig. 2A
and Fig. 2D, few in�ammatory cells were observed in the control group, most of which were
macrophages. LPS stimulation recruited large numbers of in�ammatory cells, especially neutrophils, into
alveoli. Consistent with Wright Giemsa staining, total numbers of in�ammatory cells were higher in both
males (Fig. 2B; F (3,20) = 53.39, p < 0.0001; PBS vs. LPS, p < 0.0001) and females (Fig. 2E; F (1,40) =
3.832, p = 0.0573; sham PBS vs. sham LPS, p < 0.0001; OVX PBS vs. OVX LPS, p < 0.0001) after LPS
stimulation. As shown in Fig. 2C and Fig. 2F, similar results were observed for numbers of neutrophils in
the BALF of males (Fig. 2C; F (3,20) = 50.76, p < 0.0001; PBS vs. LPS, p < 0.0001) and females (Fig. 2F; F
(1,40) = 6.471, p = 0.0149; sham PBS vs. sham LPS, p < 0.0001; OVX PBS vs. OVX LPS, p < 0.0001). In
particular, numbers of total cells and neutrophils were higher in OVX females compared with intact
females (Fig. 2E, total cells: p = 0.007; Fig. 2F, neutrophils: p = 0.002). Treatment with G1 reduced LPS-
induced in�ltration of in�ammatory cells in males (Fig. 2B, total cells: p < 0.0001; Fig. 2C, neutrophils: p <
0.0001) and OVX females (Fig. 2E, total cells: p < 0.0001; Fig. 2F, neutrophils: p < 0.0001), but not intact
females (Fig. 2E, total cells: p = 0.9993; Fig. 2F, neutrophils: p > 0.9999).

Sex-dependent effect of G1 attenuation of LPS-mediated
in�ammatory cytokine production
As shown in Fig. 3, statistical analysis revealed signi�cant increases of TNF-α in the BALF of male
(Fig. 3A; F (3,20) = 197, p < 0.0001; PBS vs. LPS, p < 0.0001) and female (Fig. 3B; F (1,40) = 1.138, p =
0.2925; sham PBS vs. sham LPS, p < 0.0001; OVX PBS vs. OVX LPS, p < 0.0001) mice following LPS
challenge compared with the control group. Similar results were observed for IL-6 in males (Fig. 3C; F
(3,20) = 48.82, p < 0.0001; PBS vs. LPS, p < 0.0001) and females (Fig. 3D; F (1,40) = 4.45, p = 0.0412;
sham PBS vs. sham LPS, p = 0.0012; OVX PBS vs. OVX LPS, p < 0.0001). Moreover, TNF-α (Fig. 3Bb; TNF-
α, p = 0.0246) and IL-6 levels (Fig. 3D; IL-6, p = 0.0015) were signi�cantly higher in OVX female mice
compared intact female mice after LPS instillation. We also observed sex-speci�c changes following G1
administration. Speci�cally, G1 treatment signi�cantly inhibited increases of TNF-α and IL-6 in males
(Fig. 3A, TNF-α, p < 0.0001; Fig. 3C, IL-6, p = 0.0002) and OVX females (Fig. 3B, TNF-α, p = 0.0040; Fig. 3D,
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IL-6, p = 0.0033). However, no such protective effect on cytokine levels was observed in G1-treated intact
females (Fig. 3B, TNF-α, p = 0.9980; Fig. 3D, IL-6, p = 0.9981).

Sex-dependent effect of G1 amelioration of LPS-mediated
alveolar capillary barrier disruption
Disruption of the alveolar capillary barrier, a hallmark of ARDS, leads to in�ammatory cell recruitment and
pulmonary edema. Total protein and albumin levels in BALF re�ect alveolar capillary permeability
because they re�ect the levels of total protein and albumin exudated from the vasculature into alveoli. As
shown in Fig. 4, compared with PBS- or G1-treated groups, LPS instillation signi�cantly increased total
protein contents the in BALF of males (Fig. 4A; F (3,20) = 25.74, p < 0.0001; PBS vs. LPS, p < 0.0001) and
females (Fig. 4B; F (1,40) = 0.7701, p = 0.3854; sham PBS vs. sham LPS, p < 0.0001; OVX PBS vs. OVX
LPS, p < 0.0001). Furthermore, total protein levels in OVX females were increased compared with sham
females (Fig. 4B, p = 0.0403). In addition, LPS injection increased albumin concentrations in the BALF of
males (Fig. 4C; F (3,20) = 57.6, p < 0.0001; PBS vs. LPS, p < 0.0001) and OVX females (Fig. 4D; F (1,40) =
1.085, p = 0.3038; OVX PBS vs. OVX LPS, p < 0.0001), but not in sham mice (Fig. 4D, p = 0.0832);
although, a trend of elevation was observed. Additionally, no signi�cance was observed in albumin levels
between sham and OVX female mice after LPS injection (Fig. 4D, p = 0.2817). G1 administration
signi�cantly ameliorated increases in total protein (Fig. 4A, p < 0.0001) and albumin contents (Fig. 4C, p <
0.0001) in males, as well as total protein contents in OVX females (Fig. 4B, p = 0.0151).

G1 inhibited LPS-induced in�ammatory responses in
alveolar macrophages without decreasing their viability in
vitro
Activated alveolar macrophages are the primary immune cells that initiate in�ammation in ARDS caused
by pulmonary insults[19]. Thus, we detected the effect of G1 on in�ammatory responses in alveolar
macrophages (MH-S cells) in vitro. The viability of MH-S cells after G1 administration was measured by
CCK-8 assay. A slight increase of cell viability was detected at a dosage of 10−8M G1 (Fig. 5A; F (7,40) =
2.573, p = 0.0275; control vs. 10−8, p = 0.0236; 10−8 vs. 10−11, p = 0.0195). As shown in Fig. 5B, G1
administration had no toxic effect below a concentration of 10−5M when MH-S cells were simultaneously
stimulated with LPS (10 ng/mL; F (6,35) = 4.451, p = 0.0019). Pretreatment with G1 inhibited LPS-
mediated production of TNF-α (Fig. 5C; F (6,21) = 158.6, p < 0.0001), IL-6 (Fig. 5D; F (6,21) = 67.05, p <
0.0001), and CXCL2/MIP2 (Fig. 5E; F (6,21) = 68.91, p < 0.0001) in a dose-dependent manner.

Discussion
In the present study, we successfully established a mouse model of ARDS by intratracheal instillation of
LPS in vivo and investigated sex differences in the effects of GPER activation on acute in�ammatory
responses in lung. In parallel, we used a cell line (MH-S) derived from a murine alveolar macrophage cell
to explore related molecular mechanisms in vitro. Our results indicate that pretreatment with the GPER-
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speci�c agonist G1 protected mouse lung injury in a sex-speci�c manner. G1 administration signi�cantly
ameliorated LPS-induced pathological lung damage and alveolar capillary barrier destruction in male and
OVX female mice. Administration of G1 also inhibited the recruitment of in�ammatory cells into alveoli
and decreased concentrations of pro-in�ammatory factors TNF-α and IL-6 in BALF of male and OVX
female mice. However, such salutary effects of GPER activation were not observed in intact female mice.
In vitro experiments demonstrated that G1 pretreatment signi�cantly inhibited LPS-mediated MH-S
changes in expression of TNF-α, IL-6, and MIP2.

Overactivated in�ammation is believed to be the major pathophysiological driver of ARDS[20], and sex
differences in the in�ammatory responsiveness of lung have been reported[10, 21]. In addition, the anti-
in�ammatory effect of E2 was reported in an animal model of ARDS. Use of knockout mice and receptor
blockers revealed that ER-α, but not ER-β, plays a key role in mediating the anti-in�ammatory effects of
estrogen in lung[10, 22]. The current study, for the �rst time, found that pretreatment with the GPER-
selective agonist G1 alleviated histopathological lung injury, inhibited in�ammatory cell in�ltration, and
decreased IL-6 and TNF-α levels in BALF of male and OVX female mice following LPS injection. However,
no such anti-in�ammatory effects were observed in intact female mice. These sex-speci�c effects of G1
administration are consistent with a study of traumatic brain injury in which G1 treatment signi�cantly
attenuated IL-1β, IL-6, and TNF-α production in males and OVX females, but induced pro-in�ammatory
effects in intact females[14].

In addition, we observed sex-dependent reductions of total protein and albumin concentrations in BALF,
which re�ect alveolar capillary barrier function during ARDS. Previous reports showed sex differences in
alveolar capillary barrier disruption within the lung. In these studies, males and OVX females exhibited
higher albumin contents in BALF compared with intact females, and estrogen administration reversed
LPS-induced leakage of albumin into alveoli in OVX female mice[21]. In the present study, albumin levels
in BALF did not differ between sham and OVX females administered LPS, although a slight trend was
noticed. We considered the possibility that these differences resulted from differential dosages and
routes of LPS administration, as well as differences in sample numbers. In addition, we observed a
similar trend of albumin decrease following G1 administration, but no signi�cant difference was detected
between G1-treated and vehicle-treated OVX females after LPS stimulation. In a previous study, estrogen
exerted a lung-protective effect on the alveolar capillary barrier in male rats exposed to paraquat or the
glutamate agonist N-methyl-d-aspartate, indicating that infusion of estrogen into the pulmonary
circulation signi�cantly attenuated albumin leakage[23]. Consistent with this �nding, our results also
demonstrated attenuation of albumin after G1 administration in males. Few studies have attempted to
identify the speci�c receptor mediating the bene�cial effects of E2 on alveolar capillary barrier function.
Here, we provide the �rst evidence that GPER mediates such effects.

As a crucial mediator of pulmonary in�ammation during ARDS, alveolar macrophages are a promising
cell target to regulate processes involved in the in�ammatory response[19]. Upon injury by pulmonary
insult (e.g., intratracheal LPS injection), activated macrophages recruit neutrophils into the lung by
secreting chemokines and cytokines[24]. Evidence indicate that inhibiting activation of alveolar
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macrophages can alleviate lung injury by inhibiting in�ammatory cytokine expression and neutrophil
recruitment[25]. We selected the MH-S cell line to simulate alveolar macrophage responses to G1 in vitro.
Our results show that pretreatment with G1 inhibited LPS-mediated production of IL-6, TNF-α, and
CXCL2/MIP2 in a dose-dependent manner. These results are consistent with previous studies in which
inhibition of TNF-α and IL-6 secretion was observed in primary human macrophages and RAW 264.7
(mouse macrophage) cells via GPER signaling[26, 27].

The current study had several limitations. First, we did not explore the mechanism by which G1 is
engaged. A previous study indicated a role for Akt in mediating G1-inhibited in�ammation of males and
OVX females with brain injury[14]. Moreover, in vitro studies demonstrated that G1 administration
downregulated expression of Toll-like receptor 4 and nuclear factor κB p65 in macrophages following
LPS exposure[15, 27]. Therefore, additional in vivo study is necessary to uncover the signaling pathway
involved in attenuation of lung in�ammation by G1. Furthermore, a binding study revealed that the anti-
in�ammatory activity of estrogen on human monocytes is mediated by ERa36 (a 36-kDa splice variant of
ER-a) together with GPER, demonstrating crosstalk between ERa36 and GPER[28]. Thus, investigating the
role of ERa36 on G1-mediated anti-in�ammatory processed during ARDS is necessary. Another limitation
is that we did not monitor circulating estradiol levels in female mice at the time of injury, although
previous studies showed that hormonal cycling plays a crucial role in pulmonary in�ammation[29]. In this
study, we monitored the estradiol levels in female 24h after lung injury, which may partly represent the
estradiol states in females. Nonetheless, it is still necessary to further investigate the effects of G1 in
females during various estrous cycles by using cycling female mice, whose estrus cycle can be
determined by vaginal smear.

Perspectives and signi�cance

Although numerous studies have attempted to identify e�cient drugs to treat ARDS owing to its high
mortality, no major breakthroughs have been achieved so far[3]. Previous studies demonstrated a
protective role of estrogen in ARDS, but it remains unclear which receptor mediates such salutary
effects[21]. This study demonstrated a lung-protective role of the GPER-selective antagonist G1 against
LPS-induced ARDS in male and OVX female mice, but not in gonadally intact females. To the best of our
knowledge, this is the �rst report showing a sex-speci�c role of GPER in ARDS. Although further efforts
are required to fully evaluate the e�cacy and mechanisms of GPER activation following pulmonary
in�ammation, our �ndings may provide novel perspectives for gender in�uence in ARDS.
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Figure 1

Sex-dependent effects of G1 on LPS-mediated injury of lung. G1 (5mg/kg in 100 μL) or corn oil was
administered intraperitoneally 30 min prior to LPS injection. Mice were sacri�ced at 24h after LPS
administration and lung tissues was harvested to perform H&E staining. Representative images of males
(A) and females (C) were showed at 200X. (B)&(D) Lung injury score of different groups. n = 6 for each
group. Data were plotted as the mean ± SD for each group. Data of male group were analyzed by one-
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way ANOVA and female group were analyzed by two-way ANOVA. **p<0.01, ***p < 0.001 and ****p <
0.0001.

 

Figure 2
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Sex-dependent effects of G1 on LPS-mediated in�ammatory cell in�ltration to the alveoli.

Bronchoalveolar lavage �uid (BALF) were collected 24h after LPS administration for total cell count using
hemocytometer and for differential cell count using Wright Giemsa stain. Wright Giemsa stain of male (A)
and female (D) group were showed. (B)&(C) Total cells and neutrophil count of male group in BALF. (E)&
(F) Total cells and neutrophil count of female group. n = 6 for each group. Data were plotted as the mean
± SD for each group. Data of male group were analyzed by one-way ANOVA and female group were
analyzed by two-way ANOVA. *p < 0.05, **p<0.01, ***p < 0.001 and ****p < 0.0001.

 

Figure 3
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Sex-dependent effects of G1 on LPS-induced in�ammatory cytokines in BALF.

BALF were collected 24h after LPS administration for in�ammatory cytokine measurement using speci�c
ELISA kit. The concentration of TNF-α of male and female were showed in (A) and (B) separately. (C) and
(D) showed the level of IL-6 in males and females separately. n = 6 for each group. Data were plotted as
the mean ± SD for each group. Data of male group were analyzed by one-way ANOVA and female group
were analyzed by two-way ANOVA. *p < 0.05, **p<0.01, and ****p < 0.0001.

Figure 4

Sex-dependent effects of G1 on LPS-induced alveolar capillary barrier disruption.



Page 17/18

BALF were collected 24h after LPS administration to measure the concentration of total protein and
albumin. The level of total protein of male and female were showed in (A) and (B) separately. (C) and (D)
showed the level of albumin in males and females separately. n = 6 for each group. Data were plotted as
the mean ± SD for each group. Data of male group were analyzed by one-way ANOVA and female group
were analyzed by two-way ANOVA. **p<0.01, ***p < 0.001 and ****p < 0.0001.

Figure 5
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G1 inhibited LPS-induced in�ammatory responses in alveolar macrophages without decreasing their
viability in vitro. Cell viability of MH-S cells intervened with LPS or G1 or both for 24h were measured
through CCK-8 assay (A-B). The level of TNF-α, IL-6 and MIP-2 were determined at 6h after LPS
administration in MH-S cells (C-E). n = 4-6 for each group. Data were plotted as the mean ± SD for each
group. Data were analyzed by one-way ANOVA. *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001.
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