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Acute lung injury (ALl) is a diffuse inflammatory pulmonary damage caused by excessive ROS that break
the coordination of normal physiological structures and functions. Hypochlorous acid (HOCI), one kind
of ROS, is a hopeful biological marker for inflammation-related diseases. Therefore, the excessive
generation of HOCl might be a significant reason for oxidative injury in ALI. Herein, we developed a
fluorescent probe, namely BCy-HOCI, for quantitatively monitoring and visualizing HOCIL in living cells
and in vivo. The probe BCy-HOCI displayed a significant fluorescence signal enhancement towards
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HOCL with excellent selectivity and sensitivity. The variation of HOCLl in the ALl cell model and ALl
mouse model was evaluated with BCy-HOCI! to clarify the relationship between ALl and HOCL Our
results verified that the HOCIL levels conspicuously increased with the severity of the ALl Thus, HOCL is
likely to play a crucial part in the process of ALI, which will probably provide a new strategy for its
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1. Introduction

Acute lung injury (ALI), an inflammation-related disease in pul-
monary tissue, is caused by multiple etiological factors in vitro and
in vivo," of which the most serious form is acute respiratory
distress syndrome (ARDS). The inflammation-induced injury to
the alveolar capillary endothelial and epithelial cells causes lung
hemorrhage and edema that are the major pathological charac-
teristics of ALL” Despite extensive research, the pathogenesis and
treatment of ALI reports a mortality rate of 22-58%, which
justifies the need of studying this disease in depth.’ Previous
studies have indicated that excessive inflammation was the most
detrimental reason for ALI, and oxidative stress played a crucial
role in the progression of ALI including its transition to ARDS.*
Therefore, it is currently widely accepted that reducing inflam-
mation is the most useful therapy for ALL’> As a result, ROS
excessively generated in the lungs can cause the occurrence and
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aggravation of ALL ROS, as essential signaling molecules, are
well known as important players in numerous physiological
processes and stress responses. Under the catalysis of myelo-
peroxidase (MPO), hypochlorous acid (HOCI), a type of ROS,
is produced in immune cells by an effective reaction between
chloride ions and hydrogen peroxide.® HOCI participates in
various physiological processes of the immune system, which
includes regulating cellular apoptosis, inhibiting inflammatory
responses and antagonizing pathogens.””® More importantly,
the correlation between the amount of HOCI and the
inflammation-associated disorder has been illustrated,’ but
the connection between ALI and HOCI has not been fully
revealed so far. We believe that the fluctuation in the cellular
HOCI level is one of the major causes for ALI damage. There-
fore, it is still necessary to establish a desirable method for
detecting HOCI levels as well as exploring the correlation
between ALI and HOCI.

Further studies on the oxidation function of HOCI have been
limited vastly due to the handicap of detecting accurately
such a small molecule in complex biological organisms,
prompting researchers to design methods with high sensitivity
and selectivity for monitoring HOCI, to afford accurate and
effective HOCI signal changes, both in living cells and in vivo.'°
Fluorescence imaging has become a crucial approach for
sensing biological molecules in biological systems owing to
its capability of real-time analysis and excellent selectivity and
sensitivity. Previously, multiple fluorescent probes to detect
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HOCI have been synthesized, most of which were designed in
the light of the combination of a HOCl-recognizing moiety and
an organic fluorophore, including thiol, dibenzoyl hydrazine,
hydroxamic acid, N-heterocyclic carbene borane, ferrocene and
137 In recent years, we have committed to
developing new fluorescent probes for bioimaging HOCI in
complex biological environments, particularly those used to
detect the HOCI produced under hypoxic stress.*® As a part of
our ongoing study, we recently centered our efforts on a
fluorescent probe that is simple to synthesize in high yield,
provides high sensitivity and a good selectivity for evaluating
the detailed function of HOCI in the ALI process.

Herein, we developed a probe BCy-HOCI for detecting HOCI
in living cells and in vivo. The probe contains two moieties: a
dimethylthiocarbamate group as the response unit and a
benzoindocyanine fluorophore as the fluorescence modulator.
The treatment of the benzoindocyanine fluorophore with
dimethylthiocarbamoyl chloride afforded the BCy-HOCI probe
in good yield. With high selectivity and sensitivity, BCy-HOCI
displays specific fluorescence enhancement towards HOCI. By
monitoring HOCI in living cells, the potential of BCy-HOCI as a
HOCI biosensor was demonstrated. Furthermore, BCy-HOCI
was successfully utilized for the specific bioimaging of HOCI
in vivo. The results confirmed that the HOCI levels were
obviously increased in two types of ALI cell models and two
corresponding ALI animal models. The potential connection
between the HOCI level and the degrees of ALI was validated.
HOCI might play a significant part in the process of ALI. For all
we know, BCy-HOCI was the first fluorescent tool for the
investigation of the correlation between the HOCI level and
ALI in living cells and living mice. We anticipated that our
BCy-HOCI probe will serve as a powerful fluorescent tool for
studying the biological role of HOCI in biological systems.

oxime derivatives.

2. Experimental
2.1 Synthesis of the BCy-HOCI probe

Cesium carbonate (0.326 g, 1 mmol) and compound BCy (0.469 g,
1 mmol) were dissolved in dichloromethane. Under nitrogen at
room temperature, we stirred the mixture. After 30 min, we added
dimethylthiocarbamoyl chloride to the mixture (210 pL). The
dimethylthiocarbamoyl chloride (200 pL) was added twice a day
during the next 3 days of stirring. Using CH,Cl,/CH3;0H (9: 1, v/v)
as an eluent, the crude product was purified via silica gel
chromatography. Finally, we get a yellow product BCy-HOCI
(0.333 g, 60% yield). "H NMR (500 MHz, CD;0D-D,) § (ppm):
8.55 (d, 1H), 8.43-8.41 (d, 1H), 8.26-8.19 (m, 4H), 8.04-8.02
(m, 1H), 7.94-7.91 (m, 1H), 7.84-7.81 (m, 1H), 7.73-7.70 (m, 1H),
7.38-7.29 (m, 2H), 3.39-3.32 (m, 2H), 3.16-3.04 (m, 6H), 2.10
(s, 6H), 1.68-1.65 (t, 3H). *C NMR (125 MHz, CD;OD-D,)
6 (ppm): 191.92, 191.85, 186.48, 182.56, 158.05, 155.58, 154.43,
152.59, 152.56, 139.19, 137.85, 134.00, 131.57, 131.26, 129.97,
128.34, 127.37, 127.23, 123.89, 122.89, 122.54, 112.34, 54.28,
42.76, 42.24, 37.85, 35.67, 35.55, 25.03, 13.10. MS (ESI): m/z calcd
for C,;H,oN,0S8" [M]" 429.20, found 429.42.
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2.2 Cytotoxicity of BCy-HOCI

Using the MTT assay, we checked the cytotoxicity of BCy-HOCI.
A549 cells (human alveolar epithelial cells) and RLE-6TN cells
(rat type two alveolar epithelial cells) were carefully seeded to
a 96-well cell culture plate at an end density of 8 x 10° cells
each well. We added various concentrations of BCy-HOCI
(0.1, 1, 10 and 100 mM) to each wells separately. The A549
cells and RLE-6TN cells were treated at 37 °C for 24 h. Subse-
quently, we added MTT to each well (final concentration
5 mg mL ") for 4 h. Next, formazan crystals formed, which
were adequately dissolved in DMSO (150 mL). Via a microplate
reader, the MTT formazan was directly quantified by absor-
bance (OD) at 570 nm. According to Huber and Koella, the
calculation of ICs, values were finished. The experimental data are
the average standard deviation of six independent measurements.

2.3 ALI cell models

For the establishment of ALI cell models stimulated by LPS, A549
cells were stimulated with lipopolysaccharide (LPS 500 uM) for
24 h. Before imaging, the control cells and ALI cell models were
treated with BCy-HOCI at 37 °C for 30 min. For the establishment
of ALI cell models induced by hyperoxia, RLE-6TN cells were
treated with H,O, (500 mM) for 24 h. Then, before imaging, the
control cells and ALI cell models were treated with BCy-HOCI at
37 °C for 30 min.

2.4 ALI mouse models

For the establishment of LPS-induced ALI mouse models,
C57BL/6 mice were given LPS (1 mg kg ') for 24 h through
intranasal administration. For the establishment of hyperoxia-
induced ALI mouse models, C57BL/6 mice were adequately
exposed to high levels of oxygen for 48 h, which were carried
out in an airtight plastic chamber with oxygen flow rates of
around 5.0 L min~' to maintain the oxygen concentration
(=95%); granular soda lime was applied in the chamber to
reduce the CO, level (<5%). BCy-HOCl was administered
intratracheally 1 h before taking the imaging in vivo. After-
wards, all C57BL/6 mice in this study were killed. For further
experiments, the collected tissue sections were rapidly frozen in
liquid nitrogen. All experimental procedures were conducted in
conformity with institutional guidelines for the care and use of
laboratory animals, and the protocols were approved by the
Institutional Animal Care and Use Committee in Binzhou Medical
University, Yantai, China. Approval number: no. BZ2014-102R.

3. Results and discussion
3.1 Design strategies for the BCy-HOCI probe

The design approach of the BCy-HOCI probe is shown in
Scheme 1. In the experimental part, the specific steps for the
synthesis of all compounds are displayed. The mechanism for
the BCy-HOCI synthesis is exhibited in Scheme 2. All the
compounds were characterized via '"H NMR, "*C NMR and
MS. A benzoindocyanine dye (BCy), as the fluorophore unit,
was applied for emitting the signal at the emission wavelength

This journal is © The Royal Society of Chemistry 2020
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Scheme 1 Synthetic approach of BCy-HOCL. (1) Benzoiodoethane, acetonitrile, refluxed, 12 h, 90%; (2) 4-hydroxybenzaldehyde, ethanol, reflux, 48 h,
84%; (3) dimethylthiocarbamoyl chloride, cesium carbonate, CH,Cl,, room temperature, 3 d, 60%.
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Scheme 2 Proposed detection mechanism of probes against HOCL.

of 630 nm. To get the BCy-HOCI probe for detecting HOCI, we
incorporated the specific recognition moiety of the
dimethylthiocarbamoyl group into the fluorophore unit. In
particular, the dimethylthiocarbamoyl group as the response
unit of HOCI shows specific response and high sensitivity.*® For
the construction of the target probe, the emission of BCy was

quenched by the dimethylthiocarbamoyl group due to the photo-
induced electron-transfer (PET) mechanism, so the BCy-HOCI
probe was almost non-fluorescent. When HOCI recognizes
dimethylthiocarbamoyl in BCy-HOCI, the sulfite bond is
cleaved leading to BCy, which in turn results in a fluorescence
enhancement. With BCy-HOCI, we would monitor the changes
of HOCI in biological environment in real-time. Furthermore,
the physiological function of HOCI in the development process
of ALI would be excavated.

3.2 Spectroscopic properties

Under a simulated physiological environment (10 mM HEPES
buffer, pH = 7.4), the spectral response of BCy-HOCI to HOCI
was checked. The maximum absorption wavelength for BCy-
HOCI is located at 450 nm. BCy-HOCI displays an obvious red
shift at 500 nm upon the addition of HOCI (Fig. 1a). Next, for
testing the fluorescence response of BCy-HOCI towards HOCI,
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Fig. 1 Spectral properties of BCy-HOCL. (a) Absorption spectral changes of BCy-HOCIL (5 pM) in the presence of NaClO (40 uM). (b) Fluorescence
emission spectral variation of BCy-HOCI (5 uM); spectra displays distinct added concentrations of NaClO (0-40 uM). (c) The plot of the linear relationship
between the fluorescence intensities and NaClO concentrations (0—-40 pM). (d) Plot of the fluorescence intensity of BCy-HOC (5 pM) vs. the reaction
time with NaClO (30 uM). (e) Fluorescence responses of BCy-HOCI (5 pM), to various metal ions and anions: (1) blank; (2) Na* (1.0 mM); (3) Ca* (1.0 mM);
(4) Mg?* (1.0 mM); (5) Zn?* (1.0 mM); (6) Cu?* (1.0 mM); (7) CL™ (1.0 mM); (8) Br™ (1.0 mM); (9) HSO3~ (100 uM); (10) SO4>~ (100 uM); (1) SOs>~ (100 uM);
(12) S,052~ (100 uM); (13) COz2~ (100 pM); (14) H,PO,2~ (100 pM); (15) NaClO (30 pM). (f) Fluorescence response of BCy-HOC (5 uM) towards various
biospecies. (1) Blank, (2) S-nitrosoglutathione (GSNO) (100 puM), (3) ONOO™ (100 uM), (4) NO (NOC-5) (100 pM), (5) NO,~ (100 pM), (6) tocopherols
(100 uM), (7) H,O, (100 puM), (8) O, (100 uM), (9) methyl linoleate hydroperoxide (100 uM), (10) Na,S,4 (@ donor of H,S,,) (100 puM), (11) L-cysteine (L-cys)
(100 uM), (12) glutathione (GSH) (100 uM), (13) NaHS (100 uM), (14) ascorbic acid (100 pM), (15) L-arginine (L-arg) (100 uM), (16) tyrosine (100 pM), (17)
hydroxylamine (HA) (100 uM), (18) NaClO (30 puM). Data were gathered at Jex = 500 Nnm, Zem = 630 NMm.
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we examined the fluorescence spectra of BCy-HOCI. In Fig. 1b,
an increase in the fluorescence emission at 630 nm occurred
after the addition of HOCI (from 0 to 40 uM) at the excitation
wavelength of 500 nm. Thus, we chose emission at 630 nm for
quantifying the fluorescence response of BCy-HOCI towards
HOCI. Fig. 1c displays the calibration curve, which shows
a great linearity towards HOCI (from 0 to 40 pM), being the
regression equation Fg3onm = 17.7910 x [HOCI] (uM) + 91.9013
(r=0.9934). The minimum concentration of HOCI in the linear
correlation is 0.2 pM. The limit of detection (3 s per slope)
towards HOCIl was 17 nM under the simulated conditions. The
data revealed that BCy-HOCI was able to monitor HOCI with
excellent sensitivity. BCy-HOCI has a great application potential
in biological samples.

3.3 Kinetic investigation of BCy-HOCI towards HOCI

Considering the unstable properties and rapid metabolic char-
acteristics of HOCI in biologically relevant systems, a rapid
response provides the feasibility of its real-time detection in
living cells and in vivo. The activity of HOCI towards BCy-HOCI
was subsequently evaluated. In Fig. 1d, we show the fluores-
cence kinetic curves of BCy-HOCI (5 pM) with HOCI (30 uM) for
200 s, where BCy-HOCI displayed a rapid response rate and
obvious fluorescence increase. The fluorescence intensity in
this experiment reached a plateau in about 80 s. These results
indicate that BCy-HOCI had the capability of rapidly and
successively responding to HOCI.

3.4 Selectivity of BCy-HOCI towards HOCI

Next, the fluorescence response of BCy-HOCI towards other
biologically related species was investigated. As indicated in
Fig. 1le, BCy-HOCI was incubated with a variety of metal ions
and anions: (1) blank; (2) Na* (1.0 mM); (3) Ca** (1.0 mM);
(4) Mg>" (1.0 mM); (5) Zn>" (1.0 mM); (6) Cu** (1.0 mM); (7) C1~
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(1.0 mM); (8) Br~ (1.0 mM); (9) HSO;~ (100 pM); (10) SO,>~
(100 uM); (11) SO5>~ (100 uM); (12) S,05>~ (100 uM); (13) CO5>~
(100 uM); (14) H,PO,>~ (100 uM); (15) NaClO (30 mM). As
indicated in Fig. 1f, the BCy-HOCI probe was incubated with
a variety of biospecies: (1) blank, (2) S-nitrosoglutathione
(GSNO) (100 pM), (3) ONOO~ (100 uM), (4) NO (NOC-5)
(100 pM), (5) NO,~ (100 uM), (6) tocopherols (100 uM), (7)
H,0, (100 pM), (8) O,*~ (100 uM), (9) methyl linoleate hydro-
peroxide (100 uM), (10) Na,S, (a donor of H,S,) (100 uM), (11)
L-cysteine (L-cys) (100 uM), (12) glutathione (GSH) (100 uM), (13)
NaHS (100 pM), (14) ascorbic acid (100 uM), (15) r-arginine
(t-arg) (100 uM), (16) tyrosine (100 pM), (17) hydroxylamine
(HA) (100 pM), (18) NaClO (30 puM). The results clearly disclose
that only in the presence of HOCI, a large increase in the
fluorescence signal could be observed. Under complex physio-
logical conditions, BCy-HOCI exhibited an outstanding selectivity
towards HOCI rather than other biological species.

3.5 Imaging of HOCI in living cells

Considering the excellent capability of BCy-HOCI to sense HOCI
in simulated physiological environments, we then evaluated
whether BCy-HOCI can sensitively detect the physiological level
of HOCI in different living cells. Before the cell experiments, we
first evaluated the probe biocompatibility. In the MTT assays,
BCy-HOCI displayed low cytotoxicity towards A549 cells and
RLE-6TN cells (Fig. S2, ESIT), which illustrated that BCy-HOCI
was capable of being utilized in cell environments. BCy-HOCI
was employed to evaluate the fluctuation of HOCI in living cells.
All tested cells in this study were incubated with BCy-HOCI for
30 min before imaging. A faint fluorescence signal was
observed in Fig. 2a, disclosing that the HOCI level in this group
of cells was very low. The fluorescence intensity was much
stronger when these two cell lines were stimulated with NaClO
to provide exogenous HOCI (Fig. 2b). The ability of BCy-HOCI to
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Fig. 2 Confocal microscopy images and flow cytometry assay of A549 and RLE-6TN cells for detecting the variation of HOCl in living cells. (a) Real-time
HOCI detection with BCy-HOCIL (5 pM) in A549 and RLE-6TN cells at different times: 0, 10, 20, and 30 min as the control. (b) Before being processed, as
described in the control, A549 cells and RLE-6TN cells were treated with NaClO (50 mM) for another 15 min, respectively. (c) Flow cytometry analysis of (a
and b). (d) Mean fluorescence intensity of A549 cells. (e) Mean fluorescence intensity of RLE-6TN cells. (Red channel: 1ex = 543 M, Jepm = 600-700 nm.)

The data are displayed as mean (s.d.).
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clearly monitor exogenous HOCI in living cells is confirmed by
the above results. We further confirm the cell imaging results
via flow cytometry (Fig. 2c). The mean fluorescence intensity of
A549 cells and RLE-6TN cells is displayed in Fig. 2d and e.
These above results confirm that BCy-HOCI is a credible tool
and adequate to directly detect HOCI changes in living cells.

3.6 Imaging of HOCI in ALI cell models

Currently, there are a wide range of models available for the
research of ALI. Because the most common cause of ALI
in patients is still sepsis, researchers have conducted extensive
research on the LPS-induced ALI model to solve the pathogen-
esis. It is generally considered that LPS might damage
the lungs by directly affecting the cells and their capability of
inducing the release of various host-derived inflammatory
mediators.*>*! Therefore, we applied the probe BCy-HOCI to
monitor the variation of HOCI levels in LPS-induced ALI cell
models. For the establishment of ALI cell models stimulated by
LPS, A549 cells were stimulated with LPS (500 uM) for 24 h. The
A549 cells were treated with BCy-HOCI for 30 min before
imaging. As expected, the fluorescence of the tested cells in
the LPS-induced group was much stronger than that in the
control, indicating the higher HOCI levels in these cells
(Fig. 3a). Using flow cytometry, we further checked the results
from laser scanning confocal microscopy (Fig. 3b). Previous
researches have demonstrated that the variation in the HOCI
levels could be causally correlated with apoptosis.**** For this
reason, we accessed the apoptosis degree of A549 cells in the
two different groups via flow cytometry, and the apoptosis
degree of the LPS-induced group increased with the rate of
apoptosis from almost 0.0% increased up to 42.3%, certifying
that the degrees of apoptosis were positively correlated to the
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levels of HOCI (Fig. 3c). The mean fluorescence intensity of cell
imaging is displayed in Fig. 3g.

Hyperoxia-induced ALI, as an iatrogenic lung dysfunction, is
triggered by long-term exposure to hyperoxia and commonly
occurs during the treatment of refractory hypoxemia. Hyperoxia-
induced ALI models have been mostly utilized as a feasible tool to
induce excessive production of oxidants in lungs.** Prolonged
exposure to hyperoxia results in the building up of ROS, thus
decreasing the cell viability.** For the establishment of ALI cell
models induced by hyperoxia, RLE-6TN cells were treated with
500 mM H,O0, for 8 h, 16 h, and 24 h to induce the hyperoxia
exposure. Then, before imaging, the control cells and hyperoxia-
induced ALI cell models were treated with BCy-HOCI for 30 min.
The much stronger fluorescence of the tested cells in the
hyperoxia-induced group than in the controls illustrated the
higher HOCI levels in the RLE-6TN cells (Fig. 3d). The flow
cytometry analysis exhibited the same trend as laser scanning
confocal microscopy (Fig. 3e). The apoptosis degree of the
hyperoxia-induced group has increased. The apoptosis rate of
the cells in the control group was almost 0.0%, and after
stimulation with H,0, for 8 h, 16 h, and 24 h, the apoptosis
rate of the cells increased up to 30.8%, 38.7%, and 66.4%,
respectively (Fig. 3f). Fig. 3h shows the mean fluorescence inten-
sities of cell imaging. These data certified that the HOCI level in
the two types of ALI cell models obviously increased, and the
intracellular HOCI level has a close correlation with ALL

3.7 Imaging of HOCI in ALI mouse models

Since the fluctuations of HOCI in ALI cell models were demon-
strated, we next disclosed the concentration changes of HOCI in
the ALI mice models. The LPS-induced ALI mouse models were
established via LPS stimulation for 0 h, 8 h, 16 h and 24 h through
intranasal administration. BCy-HOCI was intratracheal administered
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Fig. 3 The fluctuation of HOCLlin ALI cell models. (a) HOCI imaging of A549 cells using BCy-HOCIL (5 uM) as the control. Prior to the treatment described
in the control group, in order to establish the ALl cell model, A549 cells were treated with LPS (500 puM) for 24 h. (b) Flow cytometry assay of cells in (a).
(c) Apoptosis analysis of the cells in (a). (d) HOCI imaging of RLE-6TN cells using BCy-HOCIL (5 pM) as the control. Prior to the treatment described in the
control group, in order to induce the hyperoxia exposure, RLE-6TN cells were treated with 500 mM H,O, for 24 h. (e) Flow cytometry assay of the cells in
(d). (f) Apoptosis analysis of the cells in (d). (g) Mean fluorescence intensity of A549 cells. (h) Mean fluorescence intensity of RLE-6TN cells. (Red channel:

Jex = 543 Nnm, lem = 600-700 nm.) The data are displayed as mean (s.d.).
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Fig. 4 The fluctuation of HOCL in ALl mouse models. (a) Real-time HOCI imaging in various mouse groups with multiple stimulating times by LPS: O h,
12 h and 24 h. (b) Imaging of isolated organs in (a). (c) Real-time HOCI imaging in various mouse groups exposed to high level of oxygen at multiple times:
0 h, 24 h and 48 h. (d) Imaging of the isolated lung in (e). (e) Mean fluorescence intensity of (a). (f) Mean fluorescence intensity of imaging (c).
Fluorescence imaging channel: Aex = 543 Nnm, ey = 600-700 nm. Data are presented as mean + SD (n = 5).

1 h before in vivo imaging. As the stimulus time increased, the
fluorescence of the LPS-stimulated mice was stronger, verifying
that the HOCI levels conspicuously increased with the aggravation
of ALI (Fig. 4a). The fluorescence images of the isolated lung
were in conformity with those assays from the in vivo imaging
(Fig. 4b). The mean fluorescence intensities are shown in Fig. 4e.
The hyperoxia-induced ALI mouse models were constructed via
exposure to high levels of oxygen for 0 h, 24 h and 48 h. BCy-HOCI
was intratracheal administered 1 h before in vivo imaging. With
the extension of the stimulation time, the fluorescence of
hyperoxia-stimulated mice increased, indicating that the HOCI
level increased with the severity of ALI (Fig. 4c). The fluorescence
imaging of the isolated lung clarified the change in the HOCI level
(Fig. 4d). The mean fluorescence intensities are shown in Fig. 4f.
The above results confirm the potential connection between the
HOCI level and the degrees of ALL. HOCI may play a crucial part in
the development process of ALI

4. Conclusions

In conclusion, we have described the fluorescent probe BCy-
HOCI for the evaluation of the HOCI level fluctuation in living

9904 | J. Mater. Chem. B, 2020, 8, 9899-9905

cells and in vivo. BCy-HOCI was utilized to measure HOCI in two
types of ALI cell models as well as for the real-time tracking of
the HOCI fluctuation in two corresponding ALI animal models.
With the help of BCy-HOCI, we found that the HOCI level has
increased with the severity of ALL The potential correlation
between the HOCI level and the degrees of ALI are indicated.
Our research provides evidence that HOCI may be a vital factor
in the development process of ALI. BCy-HOCI provides a
promising tool for the better detection of the physiological
and pathological HOCI level in cells and in vivo.
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