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Currently, it is still a challenge to develop an organic photosensitizer (PS) with outstanding near-infrared
absorption, low O, dependence, precise tumor targeting and rapid clearance through the kidney to im-
prove the overall outcome of phototherapy. In this study, we have designed an organic PS (NcPB) with
an excellent near-infrared light absorption through a refined molecular strategy. Meanwhile, NcPB was
assembled into nanoparticles with different sizes (NanoNcPB-1 and NanoNcPB-0) by a supramolecular
modulation strategy. As the results, the nanoparticle with an ultra-small size (NanoNcPB-1) generated
a large number of superoxide anion (O,"~) in a low-O,-dependent manner and release plenty of heat.
Furthermore, the results of in vivo experiments demonstrated that NanoNcPB-1 actively accumulated in
tumor tissues and showed a 92% tumor inhibition after photodynamic and photothermal combination
therapy. More importantly, NanoNcPB-1 could be rapidly cleared from the body of mice via the renal
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pathway, which alleviates potential side effects of prolonged retention of PS in the circulation.

© 2025 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Cancer brings about severe and urgent threats to human be-
ings [1,2]. Unlike conventional treatment modalities, photother-
apy is considered a promising strategy for cancer treatment due
to its high selectivity, low side effects and non-invasiveness [3].
Photodynamic therapy (PDT) and photothermal therapy (PTT) are
two forms of phototherapy that use light-activated photosensitiz-
ers (PSs) to produce reactive oxygen species (ROS) or heat that
cause cell death [4,5]. In general, the combination treatment of
PDT and PTT can compensate for the shortcomings of each ther-
apy and maximize its advantages. For example, in addition to act-
ing as a trigger for the death of cancer cells, the thermal effect of
PTT stimulates blood circulation within the tumor, which increases
the amount of O, delivered to the hypoxic tumor tissues [6-9]. For
another, PDT-produced ROS can also enhance PTT efficiency by in-
hibiting hot shock proteins [10-12].

To date, the type-Il mechanism has been adopted for the major-
ity of PDT-related PSs linked to clinical or preclinical applications
[13,14]. In this process, singlet oxygen (10,) is produced by the PSs
in their triplet excited state (3PS*) transferring energy to the sur-
rounding O, [15-17]. The restricted O, supply significantly reduces
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the effectiveness of these PSs for PDT because of the aberrant pro-
liferation of tumor cells [18-22]. Conversely, in the type I mech-
anism of PDT, ROS are generated through a hydrogen or electron
transfer process between 3PS* and the biological substrate, greatly
reducing the degree of O, requirement [23-25]. The PSs that un-
dergo the type-I pathway are getting more and more attention
[26-28]. However, the absorption wavelength of PSs is mainly fo-
cused on the ultraviolet and visible region, which limits their clin-
ical translation due to the poor tissue penetration depth of the
light [29,30]. In contrast, the near-infrared (NIR) light has better
penetration depth and biocompatibility with the living organisms,
minimizing the scattering and attenuation of the irradiation in the
tissues [31-34]. Therefore, NIR PS which following the type-I mech-
anism is beneficial for improving the therapeutic efficiency of PDT
and PTT. Furthermore, controlling the ROS oxidation and heat re-
action to occur within the target sites is crucial to ensuring the
therapeutic outcomes [35,36]. Therefore, it is conceivable that NIR
PSs with the ability to target tumor tissues and undergo the type-I
pathway could offer more efficacious phototherapy. Currently, re-
port of these perfect agents is scarce.

In this work, we have achieved a strong NIR absorption and
active tumor targeting through an ingenious design of phthalo-
cyanine molecule by extending the m-conjugate system and
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Fig. 1. (a) Schematic representation of the novel naphthalocyanine molecule (NcPB) that has improved optical properties by reducing optical bandgap. (b) Schematic rep-
resentation of the supramolecular regulation of NcPB to generate nanostructured naphthalocyanine with different sizes. (¢) Schematic representation of in vivo fluorescence
and photothermal imaging, renal clearance pathway and tumor-targeted PDT of NanoNcPB-1. The graph was adapted from https://biorender.com/biorender-templates.

incorporating an actively targeted biotin unit. As can be seen
from Fig. 1, the synthesized naphthalocyanine (NcPB) exhibits
an excellent light absorption with a molar extinction coefficient
of 4.9 (x10°Lmol~!cm~1), which is 2.6-fold that of commercial
zinc(Il) phthalocyanine (ZnPc). More importantly, it is also much
higher than currently available small molecule organic dyes [37].
Additionally, NcPB has a significant Q-band absorption at 787 nm,
which is red-shifted by 119nm compared to ZnPc. Interestingly,
NcPB can be assembled into nanoparticles with different size
by adding surfactants in different ratios. It is found that the
nanoparticles (NanoNcPB-1) with ultra-small size demonstrated
an effective type-I photoreaction to produce a large amount of
superoxide anion (O,"~) and a notable vibrational relaxation to
produce a comparatively efficient photothermal conversion, unlike
the traditional PSs based on phthalocyanines that undergo a type-
II photosensitization. Therefore, this agent combines the action of
PDT and PTT, which improves the overall efficacy of phototherapy
significantly. Following an intravenous injection, NanoNcPB-1
demonstrated an outstanding tumor accumulation compared to
nanoparticles (NanoNcP-1) without biotin-targeting ability. More-
over, NanoNcPB-1 showed a 92% tumor inhibition after combina-
tion therapy of PDT and PTT. Excitingly, NanoNcPB-1 can be ex-
creted from the body of mice as raw drugs via the renal clearance
pathway. As a result, no obvious histopathological abnormality
was observed from normal organs by hematoxylin and eosin (H&E)
staining, verifying the excellent biocompatibility of NanoNcPB-1.
We selected the silicon phthalocyanine as the main molecular
scaffold for the design of novel PSs because of its following ad-
vantages: strong absorption, considerable ROS quantum yield, and
adaptable photochemical properties. Here, we adopted a conven-
tional strategy by extending the m-conjugated system to achieve
NIR absorption. However, the extension of the m-conjugated sys-
tem leads to some undesirable defects of this dye, such as large hy-
drophobic structure, poor water solubility, and severe intermolec-
ular aggregation. To address the side effects of the m-extension
strategy, we peripherally modified the naphthalocyanine with a
lipophilic long alkyl chain to improve its solubility, as well as
axially modified the naphthalocyanine with a polyethylene glycol
chain to increase its biocompatibility. On the other hand, due to
the abnormal growth and proliferation of cancer cells, the demand
for biotin in tumor is higher than that in normal tissues, result-
ing in the expression of biotin receptors in many cancer cells,
which makes it a prospective marker for cancer diagnosis and
specific therapy [38]. Ultimately, we modified the biotin unit at

the end of the polyethylene glycol to improve its ability to target
tumor tissues. The naphthalocyanine (NcPB) with the biotin unit
was synthesized through an eleven-step process. The naphthalo-
cyanine without biotin units (NcP) was also synthesized as a con-
trol. The detailed synthesis scheme and characterization are shown
in Figs. S1-S4 (Supporting information).

Firstly, we used an ultraviolet spectrophotometer to inves-
tigate the light absorption capacity of NcPB and NcP in N,N-
dimethylformamide (DMF). ZnPc was used as a control because it
typically exhibits strong light absorption and photodynamic activ-
ity in the optimal phototherapy window. As shown in Fig. 2a, NcPB
and NcP exhibit Q-band absorption peaks at 787 nm and 786 nm,
respectively. In addition, NcPB and NcP have strong light absorp-
tions, with molar extinction coefficients (¢) of 4.9 and 3.8 (x 10°
L mol! cm™), respectively. Light-absorbing capacities of NcPB and
NcP are 2.6- and 2.0-fold than that of the commercial ZnPc. Ac-
cording to the previous reports, the energy bandgap (Eg) is fre-
quently used to describe the minimum energy required for a sub-
stance to be able to absorb a photon and undergo a jump [39,40].
Therefore, we investigated the E; of NcPB and NcP using cyclic
voltammetry in order to determine the cause of the increased light
absorption. As shown in Fig. 2b and Table S1 (Supporting informa-
tion), the Eg of ZnPc, NcP and NcPB were calculated to be 1.15, 1.11
and 1.05eV, respectively. Based on the above results, we speculate
that a smaller Eg is favorable for enhanced light absorption. There-
fore, compared with ZnPc, NcPB not only achieved a NIR absorp-
tion by extending the m-conjugation system, but also enhanced
light-absorption capacity by reducing Eg (Fig. 2c). These superior
optical properties should open a new avenue for improving the
overall efficacy of PDT and PTT.

Next, we took a simple approach to prepare NcPB into a nano
agent. The solution of dimethyl sulfoxide (DMSO) involving NcPB
was added to phosphate buffered saline (PBS) solutions containing
Cremophor EL (CEL) in different volume percentages. As shown
in Fig. 3a, in PBS solutions containing 0% CEL, the hydrodynamic
diameter of NcPB was 122.6 nm and its polydispersity index (PDI)
was 22.4%. A consistent result was also obtained in the trans-
mission electron microscopy (TEM) detection. However, the NcPB
in PBS solutions containing CEL contents of 0.1% and 0.5% was
observed to be inhomogeneous from the dynamic light scattering
(DLS) assay (Fig. S5a in Supporting information). When the content
of CEL was increased to 1%, it showed a homogeneous dispersion
system of NcPB with a PDI of 15.1% and an ultra-small nano-size
of 12.3 nm, which is consistent with TEM imaging results (Fig. 3a).
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Fig. 2. (a) Electronic absorption spectra of ZnPc (left), NcP (middle) and NcPB (right) at different concentrations. The inset shows that the molar absorption coefficient
is in accordance with Lambert’s law. (b) Cyclic voltammogram of ZnPc (left), NcP (middle) and NcPB (right) in DMF using 0.1 mol/L (n-Bu);N*PF°~ as a supporting elec-
trolyte. Glassy carbon served as the working electrode, Ag/AgCl as a reference electrode, and Pt wire as the counter electrode. The scan rate was 100 mW/s. (c) Schematic
representation of the difference in absorption wavelengths and light absorption capacities of ZnPc and NcPB.
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Fig. 3. (a) DLS assay of NcPB in PBS solutions without CEL (left) and PBS solutions containing 1% CEL (right). The inset shows the TEM assay. (b) DHE was utilized as the
fluorescent probe to detect O,"~ generation of MB and NanoNcPB-1 under light irradiation. (c) DCFH was used as the fluorescent probe to detect ROS generation of MB and
NanoNcPB-1 under light irradiation. (d) SOSG was utilized as the fluorescent probe to detect '0, generation of MB and NanoNcPB-1 under light irradiation. Light condition:
A > 610nm, 1 mW/cm?. (e) Temperature variations over time of ICG, NanoNcPB-1 and NanoNcP-1 (all at 20 pmol/L) in PBS solutions using the 785 nm laser irradiation for
10 min at a power density of 0.5W/cm?. (f) Electronic absorption spectra of NanoNcPB-1 (left) and ICG (right) before and after 10 min of 785 nm laser irradiation (0.5 W/cm?).
The inset displays pictures of NanoNcPB-1 and ICG before (left) and after (right) laser irradiation.

In addition, NcPB in PBS solutions containing 1% CEL showed no
significant alteration in particle size over seven days (Fig. S5b in
Supporting information). Moreover, we also performed the same
method on NcP and used it as a control. The results show that
NcP fails to form a nanosystem with uniform particle size in PBS
solutions regardless of the adjustment of the CEL content (Fig. S6
in Supporting information). Here, we refer to the nanoparticles

formed by assembled NcPB and NcP in PBS solutions without
CEL as the NanoNcPB-0 and NanoNcP-0, respectively. Meanwhile,
we refer to the nanoparticles formed by assembled NcPB and
NcP in PBS solutions containing 1% CEL as the NanoNcPB-1 and
NanoNcP-1, respectively.

The above studies show that NanoNcPB-0 and NanoNcPB-1 have
different sizes. Herein, we separately studied the absorption spec-
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tra of NanoNcPB-0, NanoNcPB-1 in PBS solutions, and NcPB in
DMF. As shown in Fig. S7a (Supporting information), NcPB in DMF
has a sharp and narrow Q-band absorption peak, while NanoNcPB-
0 in PBS has a broad and low Q-band absorption peak. Inter-
estingly, the light absorption capacity of NanoNcPB-1 is weaker
than that of NcPB and stronger than that of NanoNcPB-0. In ad-
dition, the fluorescence emission intensity of NanoNcPB-1 is also
between that of NcPB and NanoNcPB-0 (Fig. S7b in Supporting
information). The electronic absorption and fluorescence emission
spectra of NanoNcP-1 without the biotin unit are similar to those
of NanoNcPB-1. We then investigated the ability of NanoNcPB-
0, NanoNcP-0, NanoNcPB-1 and NanoNcP-1 to produce O,'~ us-
ing the dihydroethidium (DHE) probe. As shown in Fig. 3b and
Fig. S8 (Supporting information), both NanoNcPB-1 and NanoNcP-
1 were able to produce higher amounts of 0,"~ and were 10-fold
and 8-fold to commercial methylene blue (MB), respectively. How-
ever, both NanoNcPB-0 and NanoNcP-0 were less capable of pro-
ducing O,'~ than MB. Therefore, NanoNcPB-1 and NanoNcP-1with
ultra-small particle size is more suitable than NanoNcPB-O and
NanoNcP-0 for type-1 photoreaction. In addition, we also exam-
ined the ROS and '0, production of NanoNcPB-1 and NanoNcP-
1 using the 2,7-dichlorodi-hydrofluorescein diacetate (DCFH) and
singlet oxygen sensor green (SOSG) probes, independently. The re-
sults showed that both NanoNcPB-1 and NanoNcP-1 were able to
produce more ROS than MB (Fig. 3¢ and Fig. S9a in Supporting in-
formation). However, both of them produce little 10, (Fig. 3d and
Fig. S9b in Supporting information). These results suggested that
NanoNcPB-1 and NanoNcP-1 should exert their photodynamic ef-
fects mainly through the type I pathway.

Besides, the photothermal conditions of NanoNcPB-1 and
NanoNcP-1 have been investigated. As shown in Fig. 3e, com-
pared to the commercially available photothermal agent indocya-
nine green (ICG), NanoNcPB-1 has a higher photothermal gener-
ation capacity, with temperature rising up to 52.5 °C under the
785 nm laser irradiation at a power density of 0.5W/cm?. In addi-
tion, the temperature of NanoNcP-1 is also consistent with that of
NanoNcPB-1. Notably, the temperature of ICG showed a tendency
to increase and then decrease when under continuous laser irra-
diation for 10min, whereas the temperature of NanoNcPB-1 in-
creased and then remained stable. This may be caused by the bet-
ter photostability of NanoNcPB-1 than ICG. Therefore, the PBS so-
lutions of ICG and NanoNcPB-1 after a continuous laser irradia-
tion for 10 min were subjected to investigate the electronic absorp-
tion spectra. As shown in Fig. 3f, the absorbance of ICG decreased
significantly after laser irradiation, whereas the absorbance of
NanoNcPB-1 remained consistent with that before laser irradiation.
This result indicates that NanoNcPB-1 has a better photothermal
stability than ICG. Moreover, the photothermal cycling concurrently
proved that NanoNcPB-1 can be stabilized in PBS solutions under
a sustained laser irradiation for 80min (Fig. S10a in Supporting
information). We then studied the photothermal performances of
NanoNcPB-1 at different concentrations and different light power
densities. The results showed a more pronounced increase in tem-
perature with increasing concentrations of NanoNcPB-1 (Fig. S10b
in Supporting information). When the concentration of NanoNcPB-
1 was 40pmol/L, the temperature could rise to 58.0 °C under a
laser irradiation at a power density of 0.5W/cm2. Moreover, the
photothermal capacity of NanoNcPB-1 also increased with increas-
ing laser power density. NanoNcPB-1 (20 umol/L) showed no sig-
nificant increase in temperature when exposed to a laser power
density of 0.1 W/cm?, whereas the temperature could increase up
to 52.3 and 63.8 °C when exposed to a laser power density of
0.5 and 1.0 W/cm?, respectively (Fig. S10c in Supporting informa-
tion). These results suggest that NanoNcPB-1 should exerts photo-
dynamic effects under a 785 nm laser irradiation at a power den-
sity equal to or less than 0.1 W/cm?2, whereas it may perform com-
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bined photothermal and photodynamic effects at a power density
equal to or greater than 0.5 W/cm?.

According to the aforementioned results, NanoNcPB-1 and
NanoNcP-1 show superior photodynamic and photothermal char-
acteristics, which have considerable potential for combination ther-
apy of hypoxic tumor. Next, we proceeded to study the tumor tar-
geting and phototherapy outcome of NanoNcPB-1 by building the
subcutaneous hepatocarcinoma (H22) tumor-bearing mice. All ani-
mal studies were carried out in compliance with guidelines of the
Animal Ethics Committee of Fuzhou University (No. 2023-SG-001),
and also approved by the committee. Firstly, the in vivo biodistri-
bution of NanoNcPB-1 was investigated by fluorescence imaging,
and NanoNcP-1 was used as a control. As shown in Fig. 4a, at
36h after intravenous injection, NanoNcPB-1 was significantly en-
riched in the tumor area. In contrast, NanoNcP-1 was rarely con-
centrated in the tumor tissues. Consequently, the fluorescence in-
tensity of NanoNcPB-1 was 2.8-fold higher than that of NanoNcP-
1 (Fig. 4b). In addition, to further validate that NanoNcPB-1 has
the ability to actively select tumor tissues, we also constructed
H22 tumor model at different locations in the trunk of ICR mice.
The result showed that NanoNcPB-1 intelligently selects H22 tu-
mor regardless of whether the tumor tissues are in the upper or
lower trunk of the mouse (Fig. 4a). Secondly, an evaluation of the
distribution of NanoNcPB-1 and NanoNcP-1 in the resected tumor
and primary organs was conducted by taking the ex vivo fluo-
rescence images at 72h after intravenous injection. The findings
demonstrated that NanoNcPB-1 has a significant fluorescent signal
in the resected tumor tissues compared to NanoNcP-1 (Fig. 4c). Ad-
ditionally, NanoNcPB-1 was taken up more in tumor tissues than
in normal tissues, and its fluorescence signal in the tumor tissue
was 6.1-fold higher than in liver and 4.7-fold more than in kidney
(Fig. 4d).

In addition, we explored the potential of NanoNcPB-1 as a pho-
tothermal therapeutic agent and used PBS-injected mice as a con-
trol. Tumor tissues were irradiated by 785nm laser with differ-
ent power densities for 8 min at 36h after intravenous injection
of NanoNcPB-1, and temperature profiles of the tumor were ob-
served using an infrared thermal imager. As shown in Figs. 4e and
f, under laser irradiation at a power density of 0.1 W/cm?, there
was no significant temperature trend in both the NanoNcPB-1 and
PBS groups. Notably, under the irradiation of a 785 laser with a
power density of 0.5W/cm?, the temperature of the tumor tissues
of mice injected with NanoNcPB-1 was significantly increased, ris-
ing to 58.0 °C. However, it was negligible temperature change of
PBS-injected mice at a power density of 0.5W/cm?. Therefore, it
is demonstrated that NanoNcPB-1 should perform both photody-
namic and photothermal roles under NIR laser illumination at a
power density of 0.5W/cm?.

The remarkable tumor accumulation capacity of NanoNcPB-1
inspired us to investigate its in vivo phototherapeutic efficacy in
mice bearing H22 tumor. Six groups of mice (five mice each)
were created: (1) handled with PBS in absence of laser irra-
diation (marked as PBS), (2) handled with PBS combined with
0.5W/cm? laser irradiation (marked as PBS +0.5W/cm?), (3) han-
dled with PBS combined with 0.1 W/cm? laser irradiation (marked
as PBS+0.1W/cm?), (4) handled with NanoNcPB-1 in absence
of laser irradiation (marked as NanoNcPB-1), (5) handled with
NanoNcPB-1 combined with 0.5W/cm? laser irradiation (marked
as NanoNcPB-1+0.5W/cm?), and (6) handled with NanoNcPB-1
combined with 0.1 W/cm? laser irradiation (marked as NanoNcPB-
1+ 0.1 W/cm?). Following various treatments, the body weight and
tumor volume of each mouse group were assessed every other
day. Throughout the course of the treatments, the mice’s body
weights increased steadily and did not significantly differ be-
tween different groups (Fig. 4g). Nonetheless, there was a notice-
able difference in the tumor volumes of the mice amongst the
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Fig. 4. (a) Typical fluorescence images of mice with H22 tumor before and after receiving an intravenous injection of NanoNcP-1 or NanoNcPB-1 (excited at 710nm and
received at 800nm) at various intervals. (b) Analyzing the fluorescence signal intensities at the tumor site in mice that received an intravenous injection of NanoNcP-1
or NanoNcPB-1 (dose: 200umol/L 100 pL) at various intervals (n=5). (c) Ex vivo fluorescence images of H22 tumor-bearing mice after receiving an intravenous injection
of NanoNcP-1 or NanoNcPB-1. (d) Fluorescence intensities of various organs and tumor tissues in mice with H22 tumor were quantified following intravenous injection of
NanoNcP-1 or NanoNcPB-1 (n=5). H, heart; Li, liver; Sp, spleen; Lu, lung; K, kidney; T, tumor; Sk, skin; Avg. F. 1., average fluorescence intensity. (e) In vivo photothermal
imaging of mice with H22 tumor at 36h after intravenous injection of NanoNcPB-1 under varying power levels of the 785nm laser irradiation for 8 min. The control
group consisted of mice injected with PBS. (f) Analyzing the photothermal signal of mice received an intravenous injection under varying power levels of the 785nm
laser irradiation (n=3). (g) Average body weight changes of mice receiving the indicated treatments (n=5). (h) Growth curve for tumor in H22-bearing mice following
different treatments (n=>5). Light condition:785 nm laser, 0.1 or 0.5 W/cm?, irradiation for 8 min. (i) Representative photos of isolated tumor in mice at 14 days after different

treatments (n=
t-test.

various groups. As shown in Fig. 4h, all of the control groups
(PBS, PBS+0.5W/cm?2, PBS+0.1W/cm?, and NanoNcPB-1) have
a clear level of tumor growth, while the groups of NanoNcPB-
1+0.1W/cm? and NanoNcPB-1+0.5W/cm? showed a significant
inhibition of tumor growth. After 14 days of treatment, NanoNcPB-
1+ 0.1 W/cm?2-treated mice’s tumors showed 65% growth suppres-
sion, which should owe to the type-I PDT effect. The tumor in-
hibition of the NanoNcPB-1+0.5W/cm? group was higher (92%)
than that of the NanoNcPB-1+0.1W/cm? group, indicating that
the combination of type-I PDT and PTT should be advantageous.
The exceptional antitumor efficaciousness of NanoNcPB-1 under
laser irradiation was further validated by the representative images
(Fig. 4i) and average tumor weights (Fig. 4j). In addition, patho-
logical examination by the H&E staining was performed to eval-
uate the biological safety of NanoNcPB-1 on primary organs. It
indicated that no obvious histopathological abnormality was ob-
served from normal organs, verifying the excellent biocompatibility
of NanoNcPB-1 (Fig. S11 in Supporting information).

5). (j) Average tumor weights of mice after different treatments (n=5). Data were expressed as mean =+ SD. **P < 0.01, ***P < 0.001. Analyzed using Student’s

Finally, we further studied the excretion of NanoNcPB-1 in the
mouse body using a small animal in vivo fluorescence imager
(Fig. S12 in Supporting information). As shown in Fig. S12a, at 24 h
after intravenous injection, supine mice showed a visible fluores-
cent signal in the bladder, indicating that NanoNcPB-1 can be uri-
nated out of the body. At the same time, we also monitored the
fluorescence signals in urine and feces of mice over a period of
72h (Fig. S12b). It was found that the fluorescence intensity of
urine from mice was strongest at 24 h, while the signal at 72h
was negligible (Fig. S12c) in Supporting information, which is con-
sistent with the results of in vivo imaging in supine mice. More-
over, fluorescent signal was also detected in mouse feces, but it
was weaker than that in the urine of mice. Meanwhile, the urine
is sent for high-resolution mass spectrometry to study the excre-
tion product (Fig. S13 in Supporting information). It was found that
the molecular ion peak of naphthalocyanine could be detected in
urine. The result indicates that NanoNcPB-1 is excreted from the
urine via the kidney in the original molecular manner. Next, we
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also performed fluorescence imaging of isolated organs and tumor
at 24 and 72h after injection, respectively (Fig. S12d). As shown
in Fig. S12e, both the dissected kidney and tumor had significant
fluorescent signals at 24 h, whereas there were no signals in the
heart, liver, spleen and lung. Notably, the fluorescent signal in the
kidney disappeared at 72h and remained evident only in the tu-
mor tissues. Taken together, NanoNcPB-1 was effectively cleared
by the kidneys and subsequently excreted through urine. This effi-
cient clearance mechanism helps prevent the prolonged accumula-
tion of nanoparticles in the body, contributing to the overall safety
of their in vivo applications. Eventually, we also performed fluores-
cence imaging of blood at different time after intravenous injection
of NanoNcPB-1 (Fig. S12f). It can undergo rapid in vivo blood circu-
lation, resulting in a strong fluorescent signal at 2 h. However, the
fluorescence signal in the blood gradually decreases as time goes
on, and it disappears until 72 h (Fig. S12g). This result also provides
further evidence that NanoNcPB-1 avoids the prolonged retention
in the body of mice. In conclusion, NanoNcPB-1 is a renally remov-
able PS that can be efficiently and rapidly excreted from the body.
In conclusion, a naphthalocyanine PS (NcPB) with an excel-
lent NIR absorption was achieved by a molecular design strat-
egy of extended conjugated units. Meanwhile, NcPB was formed
into nanoparticle with an ultra-small size (NanoNcPB-1) through a
supramolecular modulation strategy, which exhibited an effective
type-I photoreaction and thermal generation, making it suitable
for phototherapy of hypoxic tumor. As a result, assays reveal that
NanoNcPB-1 shows an efficient accumulation to the tumor tissues
and has a significant inhibition on solid tumor under the combined
treatment of PDT and PTT. More importantly, this agent is rapidly
excreted from mice as original medication via the renal clearance
pathway, which avoids prolonged retention of PS in the body’s cir-
culation. Therefore, this NIR naphthalocyanine PS with outstanding
light absorption, active targeting and renal clearance will encour-
age the continued exploration of clinical agents for phototherapy.
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