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Abstract
Corrole is a kind of new and promising photosensitizer (PS) in cancer photodynamic therapy (PDT). However, the protein
molecular mechanism of PDT activity for corrole under light irradiation is still not clear. In this paper, water-soluble cationic
sulfonated corrole (1) and its metal complexes (1-Fe, 1-Mn, and 1-Cu) were prepared, and the photodynamic anti-cancer activity
against various tumor cells was investigated by MTT assay. The potential molecular mechanism of PDT activity was elucidated
by fluorescence microscope, flow cytometry, molecular docking, and western blotting analysis. Besides, the potential PDT anti-
tumor effect of 1 in vivo was assessed in human tumor xenografts in mice. Quantitative analysis revealed that 1’s phototoxicity
triggered a significant generation of reactive oxygen species, causing disruption of mitochondrial membrane potential. The
results of western blotting (WB) assay shown in 1’s phototoxicity could induce cell apoptosis via ROS-mediated mitochondrial
caspase apoptosis pathway, in which SIRT1 protein degradation played a key role. PTD activity in vivo shown in 1 could
significantly reduce the growth of A549 xenografted tumor, without obvious loss of mice body weight. We clearly found that
cationic sulfonated corrole is a potential candidate of PS in vitro and in vivo. The phototoxicity of 1 could induce A549 cell
apoptosis by inducing ROS production increase, further to activate the mitochondrial apoptosis pathway. We concluded that
SIRT1 protein is a more appropriate target in this progress.
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Introduction

Corrole is a ring-contracted analogue of porphyrin [1, 2]. It
had been extensively applicated in synthesis, catalysis, elec-
trochemistry, and biological and medicinal studies [3–6]. In
the last decade, corroles had proved the potential applications
in various diseases [7–9], especially in cancer [10]. In 2003,
corrole was firstly reported in cancer therapeutic, which could
selectively damage MDA-MB-453 cancer cells [11]. The

metallocorroles exhibited efficient cytostasis and cytotoxicity
against SKMEL-28 cells by inducing late M phase arrest [12].
Besides, the cytotoxicity of doxorucibin against prostate can-
cer cell could improve threefold upon coadministration with
corrole [12]. Whereafter, the functionalization of
metallocorrole with carrier protein (HerGa) was prepared by
Cross et al., which could enhance its cell permeability and
showed a preferential accumulation in the tumors [13, 14].
The mechanistic study revealed that superoxide generation
can be induced by HerGa under light, which leads to cytoskel-
etal and mitochondrial damage [15].

On the other hand, corrole also shows good results in
PDT [4], due to their relatively intense absorption of long
visible wavelengths and efficient singlet oxygen generation
thereby [16]. In 2006, 10-(2-hydroxyphenyl)-5,15-
bis(pentafluorophenyl) corrole inhibits nasophaaryngeal
carcinoma cell (NPC) growth under light irradiation that
was firstly reported by our group [17]. Later, the cytotoxic-
ity of HerGa corrole was also found to be enhanced signif-
icantly under irradiation by augmenting mitochondrial dis-
ruption [18, 19]. 5,10,15-Tris(pentafluorophenyl)corrole
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conjugates with β-cyclodextrin moiety were found to be
efficiently accumulated in lysosome and exhibit highly
photosensitizing efficiency in HeLa cells [20]. In the last
2 years, we continuously reported two kinds of corroles in
the PDT application: hydrophobic and hydrophilic [21–27].
Both of them showed a better PDT activity against A549,
HeLa, and HepG2 cells. We found that the hydrophobic
corrole can penetrate cell membranes in the absence of car-
rier proteins [22, 23, 25, 26]. Of the derivatives studied so
far, gallium(III) corroles have been demonstrated as the
most promising anti-cancer drugs [26]. Interestingly, the
hydrophilic corrole had better PDT activity in cancer cells
than the normal cells [27]. However, to our best knowledge,
little information can be found on the cell protein mecha-
nism of corrole’s phototoxicity [26]. However, the mecha-
nism study plays a key role in designing and developing
new corroles [10, 15].

Inspired by these findings, and our continuous research of
photodynamic activity of corrole [21–33], we here wish to
report the proposed photocytoxicity signaling pathway of sol-
uble cationic sulfonated corrole in cancer cells. The soluble
cationic sulfonated corrole (1) and its iron (1-Fe), copper (1-
Cu), and manganese (1-Mn) were prepared according to our
early reports [29–33]. The photodynamic activity was mea-
sured by MTT assay. The potential molecular mechanism of
PDT activity was estimated by fluorescence microscope, flow
cytometry, molecular docking, and western blotting analysis
(Scheme 1).

Experimental section

Materials

HepG2, HeLa, and A549 cell lines were purchased from
American Type Culture Collection (ATCC, Manassas, VA).
All aqueous solutions were deionized water. MTT, pancreatin,
propidium iodide (PI), Dulbecco’s modified eagle medium
(DMEM), and bovine serum were purchased from
Guangzhou Masscre Biological Technology Co., Ltd.
(Guangzhou, China). JC-1 and DCFH-DA probe kits were

purchased from Beyotime (Beijing, China). Muse™
Annexin V & Dead Cell Kit was obtained from Merck
Millipore. Rabbit or antibody proteins PARP, P53, Bid, cas-
pase-3, caspase-9, SIRT1, and GAPDH were purchased from
Cell Signaling Technology, Inc. (BOC, USA). Irradiation was
performed with a LED light (0127, Huayu Photoelectric
Science&Technology Co. Ltd., China) with an emission peak
at 625 nm and a bandwidth at half maximum (BWHM) of ±
15 nm. The intensity of light at the site of irradiation was
5 mW/cm2, as measured with an M8 Spectrum Power
Energy meter (San Diego, CA). And the irradiation time is
60 min for the in vitro test and 10 min for the in vivo test.

In this paper, cationic sulfonated corrole and its metal com-
plexes were prepared according to our previous study
[29–33]. Briefly, a mixture of 1 and Cu(OAc)2/Mn(OAc)2/
FeCl2 was dissolved in 10 mL solvent (CH3OH for 1-Cu,
DMF for 1-Mn, pyridine for 1-Fe) and re-fluxed for 30 min,
followed by evaporation of the solvent. Metal corroles were
obtained after the inorganic salts were separated by column
chromatography on silica. The electronic spectrum of 1 in
Tris–KCl buffer solution exhibits characteristic Soret band at
414 and 431 nm and the Q band at 589 and 619 nm, respec-
tively. TheMS spectrum of 1 exhibits a characteristic ion peak
at m/z of 955.684 (100%), which is assigned to [M-2Na +
2H]−. The electronic spectrum of 1-Fe in Tris–KCl buffer
solution exhibits characteristic Soret band at 404 nm and the
Q band at 552 nm, respectively. The MS spectrum of 1-Fe
exhibits a characteristic ion peak at m/z of 503.492 (100%),
which is assigned to [(M-2Na)/2]−. The electronic spectrum of
1-Cu in Tris–KCl buffer solution exhibits characteristic Soret
band at 422 nm and the Q band at 537 and 583 nm, respec-
tively. The MS spectrum of 1-Cu exhibits a characteristic ion
peak at m/z of 1160.826 (100%), which is assigned to [M +
H]+. The electronic spectrum of 1-Mn in Tris–KCl buffer
solution exhibits characteristic Soret band at 421 and
480 nm and the Q band at 578 and 644 nm, respectively.
The MS spectrum of 1-Mn exhibits a characteristic ion peak
at m/z of 1007.934 (100%), which is assigned to [M-2Na +
2H]−.

Cytotoxic activity assays

Cells were seeded in 96-well tissue culture plates (5 × 103

cells/well) for 24 h. The methods for the cytotoxicity, photo-
toxicity of corroles, and holographic imaging were described
in our previous reports [27, 28].

Flow cytometry

A549 cells (1 × 106) were treated with 1 (1.25 and 2.5 μM)
and illuminated as above described. The abbreviation of 1-L
and 1-D mean 1 under light and in the dark, respectively, and
the same below. Cells were rinsed with phosphate-buffered
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Scheme 1 The scheme of molecular structure of cationic sulfonated
corrole and its metal complexes
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solution (PBS) twice, fixed with 70% ethanol overnight. After
rinsed with PBS, the cells were incubated with 5μL PI (50μg/
mL) for 10 min in the dark, and the cells without PI had also
been performed as a negative control. After rinsed with PBS,
cells were analyzed by a flow cytometer (Muse Cell Analyzer,
USA), and the percentage of cycle distribution cells was de-
termined. A549 cells (1 × 106) were treated with 1 (1.25 and
2.5 μM) and illuminated as previously described. After 24 h,
cells were dealt with dissociated; after rinsed with PBS,
100 μL cells were incubated with 100 μL Annexin V-7AAD
double labeling in the dark. After 30 min, cells were analyzed
by a flow cytometer (Muse Cell Analyzer, USA); the percent-
age of early and late phase of apoptosis cells was also
determined.

ROS level detection

A549 cells (1 × 106) were treated with 1 and illuminated as our
previous described [21, 26, 27]. Fluorescence intensity of
DCFH-DA was determined by microplate analyzer
(Varioskan Flash, Thermo, USA) with an excitation wave-
length of 488 nm and emission at 525 nm. The fluorescence
intensity is calculated by the determined fluorescence intensi-
ty minus the fluorescence intensity of 1 in the corresponding
concentration.

Mitochondrial membrane potential assay

Mitochondrial membrane potential (MMP) was assayed by
microplate analyzer (Varioskan Flash, Thermo, USA) using
JC-1. Untreated and treated A549 cells were harvested and
re-suspended in PBS; MMP was detected as described in
our previous study [21, 26, 27]. The degree of damage was
indicated by the percentage of the JC-1 monomer. The red and
green fluorescent intensity was calculated by the florescent
intensity minus the fluorescent intensity of 1 in the corre-
sponding concentration.

Western blotting assay

The A549 cells were treated with cell lysis buffer (pH 8.0) that
contained 50mMTris–HCl, 150 mMNaCl, 5 mMEDTA, 1%
NP40, 0.05% PMSF, 2 mg/mL aprotinin, and 2 mg/mL
leupeptin. Approximately 30 μg of protein/well was loaded
for each sample. The detailed protocols refer to our previous
publications [26, 34, 35].

Animals and implantation of cancer cells

The implantation of cancer cells was performed according to
our previous report [26]. Female BALB/c nude mice (6 weeks
old) were purchased and housed at Guangdong Medical
College Laboratory Animal Center (Zhanjiang, China).

Animal experiments were performed in accordance with pro-
tocols approved by the institutional ethics committee of
GuangdongMedical College (Zhanjiang, China). The volume
of the tumor mass was measured using an electronic caliper
and calculated as (length × width2) / 2 in mm3. In the A549
xenograft studies, when the size of a tumor reached about
100 mm3, the xenograft tumor-bearing nude mice were ran-
domly placed into six groups: (1) the vehicle-treated group in
the dark, (2) 0.5 mg/kg 1-treated group in the dark, (3)
1.0 mg/kg 1-treated group in the dark, (4) the light-treated
alone group, (5) 0.5 mg/kg 1-treated group in light, and (6)
1.0 mg/kg 1-treated group in light using three mice per group.
Ten microliters of corrole 1 was directly injected into the tu-
mor mass of groups 2, 3, 5, and 6, respectively. After drug
treatment, laser treatment was performed immediately. A sec-
ond dose of the PDT treatment described above was repeated
2 days after the first dose. At the end of the observation period,
the animals were euthanized by cervical dislocation.

Molecular docking analysis

Molecular docking was performed by using AutoDock 4.2
program. The crystal structure of SIRT1 (PDB ID 4ZZJ) was
downloaded from the protein data bank. The molecular struc-
ture of SIRT1 and 1 for the docking simulation was edited by
using AutoDockTools program. Cluster analysis was per-
formed on the results of docking by using a root mean square
(RMS) tolerance of 2.0 Å. The conformation with the lowest
binding energy of the most populated cluster was picked out
for further analysis. Molecular graphics and analyses were
performed with the UCSF Chimera package [27].

Statistical analysis

Data are presented as the means ± standard error of the mean
(SEM) from at least three independent experiments. Besides,
data are presented as the mean ± standard error of the mean,
n = 3. Statistical analysis was performed using one-way anal-
ysis of variance (ANOVA) followed by a Bonferroni post hoc
for multiple group comparison or Student’s unpaired t test for
two-group comparison where appropriate. The analyses were
performed using GraphPad Prism software version 6.0
(GraphPad Inc., La Jolla, CA, USA).

Results

Cytotoxic and phototoxic activities

The PDT effects of 1, 1-Mn, 1-Fe, and 1-Cu on A549, HeLa,
and HepG2 cells were evaluated by MTT assay. After illumi-
nation, the viability of post-PDT cultures was determined the
next day, and dose–response curves were obtained (Fig. 1a).
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Cells incubated with corroles without illumination (dark con-
trol) were also kept in parallel. The results showed that the
phototoxicity of corrole does not depend on the type of tumor
cell lines and the central metals in this study. Considering that
the gallium derivative corrole showed better PDTactivity [18,
23, 25, 26], we can find that the phototoxicity of corrole de-
pends on the central metals largely. Besides, the PDT activity
IC50 value of corrole 1 on A549 cells was (calculated for the
dose–response curve) 5.0 μM. Figure 1b shows the optical
images of A549 cells upon treatment with 1.

Induced A549 cell apoptotic though triggering generation
of ROS causing disruption of MMP

To further understand the underlying mechanisms of 1
photocytotoxicity against A549 cell, HoloMonitor™ M3
and flow cytometric analysis were carried out. In this study,
holographic and phase contrast images were recorded from
the A549 cells after treatment with irradiation alone or com-
bination with 1. As shown in Fig. 2a, there was no significant
change in 3D morphology of A549 cells after only receiving
irradiation. However, after coadministration with 1, the apo-
ptotic cells were found (incubation 1 h).With the increasing of
incubation time (no further illumination), the average cell vol-
ume decreased significantly.

Figure 3a shows the DNA content frequency histograms of
A549 cell after treatment with 1. Cells received 1, and light
showed a clear increasing of sub-G0/G1 peak, which is evi-
dence for the occurrence of apoptosis in the cells [36].

Besides, cells after treatment with 1 and light also caused an
increase of the G2/M phase population comparing to control
sample.

In addition, Annexin V-7AAD double labeling was also
used to detect cells’ phosphatidylserine externalization, a hall-
mark of the early phase of apoptosis (Fig. 3b).

As shown in Fig. 4a, the change ofMMPwas detected. The
reduction of values suggested that 1 induced the decrease of
MMP and caused mitochondrial dysfunction. To determine
whether 1 induces cell apoptosis and mitochondrial dysfunc-
tion through ROS, we evaluated the intracellular ROS gener-
ation in A549 cells (Fig. 4b). Altogether, these results indicat-
ed that 1 PDT activity induced apoptosis through the mito-
chondrial pathway via inducing ROS production in A549
cells.

Effect of 1 on apoptosis-related protein expression

The expression of apoptosis-related proteins in A549 cells
after 1 PDT treatment was measured by western blotting assay
(Fig. 5).

As shown in Fig. 5, after receiving 1 under illumination,
the cleavage PARP (89 kb) appeared in A549 cells. We also
find the increase expression of p53. The level of Bid was
decreased; the activities of caspase-9 and caspase-3 were sig-
nificantly enhanced, as indicated by their cleavage, as well as
by the cleavage of PARP [26]. Moreover, as shown in Fig. 6,
the expression level of anti-apoptotic protein SIRT1 was
downregulated significantly.

Fig. 1 Cytotoxic effects of 1, 1-Cu, 1-Fe, and 1-Mn on human cancer
cells with/without illumination. a Dose–response curves for a 24-h expo-
sure of human tumor cell lines, lung carcinoma (A549), hepatocellular
cancer (HepG2), and cervical cancer (HeLa). The viabilities of each

corrole-treated cell line are expressed as a percentage of untreated control
growth. A sigmoidal dose–response curve was fitted to the data. b The
optical images of A549 cells after incubation with/without 1 for 24 h
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Furthermore, molecular docking simulation was carried out
to investigate the binding behavior of 1 and SIRT1 protein. As
shown in Fig. 7, the binding mode and sites were simulated. 1
can bind in the surface of SIRT1 protein by π–π stacking and
hydrogen bond. The calculated binding energy of SIRT1 pro-
tein is − 8.79 kcal mol.

Anti-tumor effect of 1 in a xenograft model in vivo

The potential PDTanti-tumor effect of 1 in vivo was assessed in
human tumor xenografts inmice. A549 cells were subcutaneous-
ly injected of A549 cells into the right armpit of themice, and the
results for the entire period of observation are displayed in Fig. 8.

Fig. 3 a Cell cycle distribution of A549 cells. Cells were treated with 1
(0, 1.25, 2.5 μM) for 24 h with/without illumination by flow cytometry.
The cells were immediately fixated at 0 °C with ethanol and then stained
with PI; the DNA contents of each cell phase were analyzed by flow
cytometry. b 1 induced A549 cell apoptosis. Cells were treated with 1

(0, 1.25, 2.5 μM) for 24 h with/without illumination; then, the cells were
collected and analyzed by flow cytometry after being stained by Annexin
V-PE and 7-AAD. The abbreviation of 1-L means 1 under light; the
abbreviation of 1-D means 1 in the dark

Fig. 2 Representative images of morphology of A549 cells treated with/
without 1 under irradiation in 3D by HoloMonitor™ M3 (×200).
Holographic imaging A549 cells were firstly seeded (2 × 105/well) on a

6-well plate the day before chemical treatment, then treated with 1 and
illuminated as previously described (with 1 h). And then, the images were
recorded immediately with HoloMonitor™ M3 once an hour
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Compared with the control group, 1’s phototoxicity caused
a significant suppression in tumor growth. The average weight
of tumors in control group is 2.296 g. After being treated with
0.5 and 1.0 mg/kg of 1, PDT treatment group is 1.1153 and
0.3727 g (Fig. 8b), respectively. Compared with the control
vehicle group, neither 0.5 nor 1.0 mg/kg 1 caused no obvious
loss of mice body weight (Fig. 8c), which indicated that 1’s
phototoxicity displayed no signs of toxicity in these mice.

Discussion

Photodynamic therapy is an effective clinical therapeutic meth-
od for a variety of solid tumors and non-malignant lesions
[36–38], which has several advantages over other traditional
therapies. For example, PDT is more controllable and selective
though light irradiation [36]. Severe shortcomings of the first
clinical PS have stimulated intensive research interest in the

development ideal PS [39]. Hence, more and more efforts have
been devoted to get new porphyrins and their derivatives in
recent years [40–42]. As a kind of promising PS, corrole also
shows a good result in PDT treatment [19–27].

The cytotoxicity and phototoxicity of 1, 1-Mn, 1-Fe, and
1-Cu against A549, HeLa, and HepG2 cells were evaluated
by MTT assay. As shown in Fig. 1a, all the test cells are
resistant to the corrole treatment without irradiation in the
experiment condition. However, the phototoxicity of 1 in-
creased sharply in all the test cell lines, especially in A549
cells. The enhanced photocytotoxicity relative to the dark con-
trol is an essential property for a photochemotherapeutic agent
[27]. Besides, the metal corroles in this study showed little
photocytotoxicity in the test cell lines. Considering that the
gallium derivative corrole showed better PDT activity [18,
23, 25, 26], we can find that the phototoxicity of corrole de-
pends on the central metals largely (whichmay be the result of
paramagnetic effect).

Fig. 5 The effect of 1 photocytotoxicity on apoptosis-related proteins involved in mitochondria caspase-dependent signaling pathway in A549 cells. The
abbreviation of 1-L means 1 under light; the abbreviation of 1-D means 1 in the dark

Fig. 4 a Effect of 1 on MMP
decrease in A549 cells. b
Intracellular ROS detection in
A549 cells. *P < 0.05; #P < 0.05;
**P < 0.01, significantly different
compared with the control by t
test, n = 3. The abbreviation of 1-
L means 1 under light; the
abbreviation of 1-D means 1 in
the dark
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Apoptosis and cycle arrest, or a combination of the two,
can result in growth inhibition or cell death [43]. To further
study the underlying mechanism of 1 photocytotoxicity,
HoloMonitor™M3 and flow cytometric analysis were carried
out. The integrated image analysis of holographic microscopy
algorithm could measure various cell parameters (including
cell volume, cell thickness, cell shape convexity), which could
reflect the cytotoxicity of drug [44]. During apoptosis, cell
membrane permeability increases, and the optical density of
cells decreases. In this study, holographic and phase contrast
images were recorded. As shown in Fig. 2, there was no sig-
nificant change after only receiving irradiation in 3Dmorphol-
ogy of A549 cells. However, by coadministration with 1, the
apoptotic cells appeared in 1 h. The cells contracted; the area
decreased, and the thickness increased. With the increase of
time, the dead cells became very thin and large before it broke
down into apoptosis bodies. After 24 h, the average volume of
cells decreased significantly.

Here, the quantitative analysis of apoptosis was conducted
by evaluating the percentage of sub-G0-G1 peak after labeling
with PI. Figure 3a shows the DNA content frequency histo-
grams of A549 cell after treatment with 1. Cells received 1,
and light showed a clear increasing of sub-G0/G1 peak, which
is an evidence for the occurrence of apoptosis [27]. Besides,
A549 cells received 1, and light also caused an increase of the
G2/M phase population comparing to control sample. In ad-
dition, Annexin V-7AAD double labeling was also used to
detect apoptosis rate. The basal late apoptotic population in
the untreated and treated only light groups was less than 1.5%,
which increased to 57.5% at 1.25 μM 1 and 74.6% at 2.5 μM

1 under illumination (Fig. 3b). Moreover, the percentage of
early apoptotic cell after PDT treatment was also increased.
These results suggested that 1 is a good apoptosis inducer
under irradiation [26].

Mitochondria play an essential role in the progression of
apoptosis. Decreased mitochondrial membrane potential
(MMP) has been implicated as an early event of apoptotic
cells [25]. The change of MMP could be detected by the ratio
of the red and green fluorescent intensity. As shown in Fig. 4a,
in the control group, the ratio of red/green is 24.2; however in
A549 cells exposed to 1.25/2.5 μM of 1 PDT treatment, the
ratios are 13.68 and 6.09, respectively. The reduction of values
suggested that 1 caused mitochondrial dysfunction.
Furthermore, the reduction of MMP induced by corrole is
concentration-dependent [45]. Mitochondrial membrane po-
tential collapse is closely associated with the mitochondrial
production of ROS [46]. To determine whether 1 induced
the cell apoptosis by ROS, we evaluated the intracellular
ROS generation in A549 cells [47, 48]. As shown in Fig. 4b,
the DCF fluorescence intensity increased significantly when
the A549 cells were exposed to 1 PDT treatment, and the
fluorescence intensity also showed a concentration-
dependent effect. Altogether, these results indicated that 1
induced A549 cell apoptosis through the mitochondrial path-
way by inducing ROS production [26, 49].

The expression of apoptosis-related proteins in A549 cells
was alsomeasured. P53 plays a critical role in the execution of
apoptosis, and concomitant PARP (poly ADP-ribose polymer-
ase) cleavage occurs in a caspase-dependent manner [50]. The
p53-dependent apoptosis andmitochondrial caspase apoptosis
pathways are the most common models in the process of cell
apoptosis [48]. Generally, the emergence of cleavage PARP
protein is the marker of cell apoptosis [26, 51]. As shown in
Fig. 5, after receiving 1 and illumination, the cleavage PARP
(89 kb) appeared in the A549 cells; the increased expression
of p53 was also found. The level of Bid was decreased; the
activities of caspase-9 and caspase-3 were significantly

Fig. 7 Molecular docking
simulation between 1 and SIRT1
protein

Fig. 6 Expression of SIRT1 in A549 cells after treatment with 1 under
irradiation
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enhanced, as indicated by their cleavage. Therefore, those
results suggested that 1’s phototoxicity could inhibit the
growth of A549 cell by inducing apoptosis though activating
the mitochondrial caspase apoptosis pathway [26, 52].

SIRT1, a member of histone deacetylase protein family, is
widely expressed in various cells and helps tumor cell survival
and growth [53, 54]. The expression level of anti-apoptotic
protein [55, 56] SIRT1 was downregulated significantly in the
PDT activity (Fig. 6), resulting in mitochondrial dysfunction,
further to activate caspase apoptosis pathway [57, 58] (Fig. 9).

Furthermore, the potential anti-tumor effect of 1 in vivo
was assessed in human tumor xenografts in mice. All of these
data showed that 1 exhibited excellent anti-tumor ability in the

inhibition of lung tumor growth. As a PS in photodynamic
therapy, corrole has more potential for clinical application
[26], the low dose/irradiation (0.5 mg/kg, 10-min irradiation
and repeating only 2 days), and high toxicity (inhibitory rate
83.8%) comparing to porphyrin [59].

Conclusions

In summary, we can clearly found that cationic sulfonated
corrole is a potential candidate of PS. The phototoxicity of 1
could induce A549 cell apoptosis by ROS production, further
to activate the mitochondrial apoptosis pathway. We

Fig. 8 The photodynamic anti-tumor effect of corrole 1 in A549 xeno-
graft tumors. a The tumor volume from each group of mice at the end of
the observation period. b The weight of the tumors for each group. c The
bodyweight of mice from each group at the end of the observation period.

Data are presented as the mean ± SEM. The images of euthanized mice
and excised tumors from each group. Representative mice (d) and tumor
(e) images at 24 days post-PDT treatment. f Histology analysis by H&E
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concluded that SIRT1 protein is a more appropriate target in
this progress. In vivo PDT test showed that 1 is a promising
PS and worthy of further pre-clinical evaluation.
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