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Photodynamic therapy (PDT) has been increasingly used in the clinical treatment of neoplastic,
in°ammatory and infectious skin diseases. However, the generation of reactive oxygen species
(ROS)may induce undesired side e®ects in normal tissue surrounding the treatment lesion, which is
a big challenge for the clinical application of PDT. To date, (–)-Epigallocatechin gallate (EGCG)
has been widely proposed as an antiangiogenic and antitumor agent for the protection of normal
tissue from ROS-mediated oxidative damage. This study evaluates the regulation ability of EGCG
for photodynamic damage of blood vessels during hematoporphyrin monomethyl ether (Hemo-
por¯n)-mediated PDT. The quenching rate constants of EGCG for the triplet-state Hemopor¯n
and photosensitized 1O2 generation are determined to be 6:8� 108 M�1S�1 and 1:5� 108 M�1S�1,
respectively. The vasoconstriction of blood vessels in the protected region treated with EGCG
hydrogel after PDT is lower than that of the control region treated with pure hydrogel, suggesting
an e±ciently reduced photodamage ofHemopor¯n for blood vessels treatedwithEGCG.This study
indicates thatEGCG is an e±cient quencher for triplet-stateHemopor¯n and 1O2, andEGCGcould
be potentially used to reduce the undesired photodamage of normal tissue in clinical PDT.
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1. Introduction

Photodynamic therapy (PDT) has been widely
regarded as a safe and e®ective therapeutic method
for malignant and benign skin diseases. An ideal
PDT process is expected to completely eradicate
lesions while preserving the functionally important
structures of surrounding normal tissue. However,
the generation of reactive oxygen species (ROS)
during PDT, particularly singlet oxygen (1O2) in
the surrounding normal tissue may induce early or
late-onset side e®ects, which include erythema,
burns, edema and itching.1 An e®ective strategy to
address this issue is to develop the third-generation
photosensitizer (PS) with di®erence targeting
agents.2–4 Nevertheless, the clinically approved PSs,
such as Foscan, Visudyne and Hematoporphyrin
monomethyl ether (Hemopor¯n), do not have the
targeted ability for speci¯c subcellular localization.
Therefore, taking advantage of natural antioxidants
as a 1O2 quencher could be an important strategy to
prevent surrounding normal tissue from undesired
damages.

As a well-known natural antioxidant, (–)-Epi-
gallocatechin gallate (EGCG) possesses versatile
biological functions, including free radical scaveng-
ing ability, regulation of gene expression and mo-
lecular signaling pathways.5–8 Speci¯cally, the
regulatory function of EGCG to quench the ROS
during photosensitization, has been intensively in-
vestigated.9–12 Choi et al. studied the impact of
EGCG structure on 1O2 quenching activity in
methanol. The quenching rate of EGCG for 1O2 was
determined to be 1:31� 108 M�1s�1, which was
further demonstrated to be a®ected by the pyro-
gallol ring structure of EGCG.13 Okazaki et al.
reported that EGCG and �-Tocopherol could
signi¯cantly scavenge �OH and 1O2, and EGCG
appear to be more e±cient to quench O�

2 and H2O2

than �-Tocopherol.14 In another study, we evalu-
ated the quenching e®ects of di®erent natural
antioxidants including EGCG, Procyanidins,
L-carnosine and Vitamin C in air-statured phos-
phate bu®ered saline (PBS) during photosensitiza-
tion.15 The obtained results indicated that EGCG
possessed the strongest quenching ability as com-
pared to the others, and a signi¯cantly reduced
oxidative damage for NIH/3T3 cells was observed
after Ce6-mediated PDT. Most recently, based on
the self-assembly of methyl-pheophorbide, a deriv-
ative MPa-TEG (MT), and EGCG, Yang et al.

constructed a J-aggregated nano-porphyrin which is
termed as MTE, showing that MTE could e®ec-
tively avoid undesired side e®ects of phototoxicity
due to the scavenging ability of ROS.16 Although
fruitful achievements had been reported, the actual
role and fundamental mechanisms of EGCG against
photodynamic damage are not fully clari¯ed yet.

In this study, the regulation ability of EGCG,
which reduces the photodynamic damage of blood
vessels in the dorsal skinfold window chamber
(DSWC) of ICR mice after PDT, was quantita-
tively evaluated. For the PDT treatment, Hemo-
por¯n, a clinically approved PS for port wine stain
treatment in P. R. China, was employed as a PS
model. First, the quenching e®ects of EGCG for 1O2

during photosensitization were investigated
through the analysis of absorption, °uorescence and
time-resolved 1O2 luminescence spectra of Hemo-
por¯n in air-statured PBS at 1270 nm. In addition,
a self-built multi-modal imaging system was utilized
to simultaneously monitor the °uorescence intensity
of Hemopor¯n, blood °ow velocity, as well as va-
soconstriction (i.e., reduction in vascular diameter)
of blood vessels during EGCG-involved and
Hemopor¯n-mediated PDT. Furthermore, EGCG
hydrogel was prepared and topically administered
on blood vessels in the DSWC model before PDT to
evaluate the regulation ability of EGCG.

2. Materials and Methods

2.1. Chemicals

Hemopor¯n@ was purchased from Shanghai Fudan-
Zhangjiang Bio-Pharmaceutical Co., Ltd. (Shang-
hai, China). EGCG and calcium chloride (CaCl2)
were obtained from Sigma-Aldrich (St. Louis, MO,
USA). Sodium alginate and agar powder were pro-
vided by Beijing Solarbio Science & Technology
Co., Ltd. (Beijing, China). Hemopor¯n stock solu-
tion of 100mg/kg was prepared using air-saturation
sterilized saline and stored at 4�C in darkness, fol-
lowed by dilution of Hemopor¯n stock solution to
3.75mg/mL before use.

2.2. Absorption and °uorescence
spectra measurement

The UV/Vis/NIR spectrophotometer (Lambda 950,
Perkin Elmer, Waltham, MA, USA) and spectro-
°uorometer (FLS920, Edinburgh Instruments Ltd.,
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Livingston, UK) were utilized to measure the ab-
sorption and °uorescence spectra of Hemopor¯n,
EGCG and the mixture of Hemopor¯n and EGCG
in PBS (pH ¼ 7:2) at room temperature, respec-
tively. For all measurements, samples were placed
in a standard 10mm path length quartz cuvette
(101-QS, Hellma, Müllheim, GER).

2.3. Time-resolved1 O2 luminescence
measurement

The time-resolved 1O2 luminescence spectra were
obtained using a highly sensitive detection system,
which has been previously described.15,17 In order to
excite Hemopor¯n, a 523 nm diode-pumped, Q-swit-
ched, frequency-doubledNd: YLF laser (QG-523-500,
CrystaLaser Inc.) with a pulse width of 25 nswas used
as the excitation source. All spectral data were pro-
cessed and graphed using Origin Pro 8.5 (OriginLab
Corp.), and the integrated 1O2 luminescence intensity
I at 1270nm was calculated according to Eq. (1).17,18

I ¼ ðI S
1270 � I C

1270Þ

� ðI S
1230 � I C

1230Þ þ ðI S
1310 � I C

1310Þ
2

; ð1Þ

where I S
1270, I

S
1230 and I S

1310 represent the integrated
intensity ofHemopor¯n in the absence andpresence of
EGCGat1270, 1230and1310nm, and I C

1270, I
C
1230 and

I C
1310 stand for the integrated intensity of the control

group.
Furthermore, the lifetimes of triplet state

Hemopor¯n (�T ) and 1O2 (��) were obtained by
¯tting the time-resolved 1O2 luminescence decay
curves using Eq. (2).17,18

IðtÞ ¼ A
��

�� � �T
½expð�t=��Þ � expð�t=�T Þ� þ I0;

ð2Þ

where IðtÞ denotes the time-dependent photon
counts captured by the near-infrared photon mul-
tiplier tube (PMT), and the amplitude parameter
and o®set derived from the PMT noise were de¯ned
as A and I0, respectively.

2.4. Preparation of EGCG hydrogel

Initially, 1.5wt.% sodium alginate solution was
prepared by dissolving 1.5 g solidium alginate in
100mL of deionized water at 40�C. The prepared

solution was sterilized by ¯ltration through 220 nm
¯lter and stored in 4�C before processing. 1.1wt.%
CaCl2 solution containing 1.1wt.% agar powder
after autoclave sterilization was prepared and
poured into 6-well petri culture dishes to form pre-
gel solution. Afterward, various concentrations of
EGCG (0, 10, 20, 30mg/mL) were prepared by
dispersing 0, 4, 8 and 12mg of EGCG into 400�L of
1.5wt.% sodium alginate solution. By incorporating
the EGCG solution into the pre-gel solution, hy-
drogel alone or hydrogel with EGCG was formed
after cross-linking reaction between Ca(II) and
sodium alginate for 0.5 h.18,19 The time needed
for cross-linking was veri¯ed by tilting petri
culture dishes until the °ow of solution was
unobservable.

2.5. Blood vessels in DSWC model for
PDT

A total of 30 ICR male mice (25–30 g) used in this
study were obtained from Shanghai SLAC Experi-
mental Animals Co., LTD. For visualizing the blood
vessels, a pair of titanium frames (APJ Trading Co.,
Ventura, CA, USA) was surgically implanted on
both sides of DSWC based on a well-established
protocol.20 21 ICR mice were randomly assigned
into seven groups (n ¼ 3), with groups of 2–7 used
for verifying the antioxidation e®ects of EGCG so-
lution in vivo. Considering the potential instability
of EGCG molecules,21 the 0.2mL mixed agents
consisting of 3.75mg/mL Hemopor¯n and various
EGCG concentrations were injected into the tail
vein of mice immediately after being prepared with
sterilized saline. For PDT studies, the administered
dose of Hemopor¯n is 25mg/kg b.w. for each ICR
mouse, while the doses for EGCG ranged from 0 to
80mg/kg b.w., as listed in Table 1. For the Hemo-
por¯n-mediated PDT, the blood vessels of the
DSWC model were uniformly irradiated by the
532 nm semiconductor laser 1.0 min after adminis-
tration of the mixed agent. The power density of
irradiation was 50mW/cm2 and the total light dose
for each PDT treatment was 22.5 J/cm2.

In addition, the other 9 ICR mice were randomly
assigned into three groups (n ¼ 3) to con¯rm the
potential of EGCG hydrogel in the application of
healthy tissue protection during PDT. To achieve
this purpose, hydrogels with various EGCG con-
centrations were prepared, as shown in Table 2.
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Two kinds of hydrogels in the absence and
presence of EGCG were simultaneously applied
topically on blood vessels in the DSWC model for
1.0 h, as presented in Fig. 1, prior to the Hemopor¯n
injection through tail veins of the ICR mice. In the
application process of hydrogel, the interval be-
tween the glass window and the titanium frame was
sealed with an adhesive bandage to minimize the
oxidation of EGCG. During PDT, the mouse was
anesthetized and ventilated with 2% iso°urane
mixed in oxygen, and the O2 °ow meter was set to
1.0 L/min. All protocols in this study were approved
by the Institutional Animal Care and Use Com-
mittee of the Fujian Normal University, and the

ICR mice were treated in accordance with the NIH
Guide for the Care and Use of Laboratory Animals.

2.6. Image processing and data analysis

Images of blood vessels in the DSWC model were
captured using a self-built multi-modal system
which consists of narrow band imaging (NBI),
°uorescence imaging (FI) and laser speckle contrast
imaging (LSCI).22 The captured multi-modal ima-
ges were processed by MATLAB-based custom al-
gorithm which ¯rst executed an area extraction of
artery and vein mainly based on NBI, followed by
image registration between FI and LSCI.23,24

Afterwards, °uorescence intensity of Hemopor¯n,
relative blood °ow velocity and vasoconstriction of
blood vessels were quanti¯ed for analysis, respec-
tively. Among these, the vasoconstriction V was
de¯ned as in Eq. (3):18

V ¼ 1� Dt

Do

� �
� 100%; ð3Þ

where D0 and Dt represent the targeted vascular
area before and after Hemopor¯n-mediated PDT,
respectively.

3. Results

3.1. Absorption and °uorescence

spectra of EGCG

As shown in Fig. 2(a), the absorption spectrum of
Hemopor¯n in air-statured PBS has a maximal
absorbance peaking at 391 nm. The absorption
spectrum is nearly unchanged for the mixture of
Hemopor¯n+EGCG in PBS, suggesting no chemi-
cal reaction between EGCG and Hemopor¯n. As
presented in Fig. 2(b), the red °uorescence peaks of
Hemopor¯n located at 612 nm and 674 nm, while no
apparent EGCG °uorescence was detected in the
spectral region from 560 nm to 750 nm. As com-
pared to the pure Hemopor¯n, the °uorescence in-
tensity peaks of the Hemopor¯n added with EGCG
of various concentrations (0.1, 0.4, 0.8mM) in PBS
were decreased by 13.85% and 12.97%, respectively.

3.2. Quenching rate constant of EGCG
for photosensitized1 O2 generation

The quenching ability of EGCG was evaluated for
Hemopor¯n-mediated photosensitized 1O2 genera-
tion. As shown in Fig. 3(a), the time-resolved 1O2

Table 1. Various EGCG concentrations for Hemopor¯n-
mediated PDT in vivo.

Group Drug delivery

Hemopor¯n
concentration
(mg/kg b.w.)

EGCG
concentration
(mg/kg b.w.)

1 EGCG 0 80
2 Hemopor¯n 25 0
3 Hemopor¯n + EGCG 25 10
4 Hemopor¯n + EGCG 25 20
5 Hemopor¯n + EGCG 25 40
6 Hemopor¯n + EGCG 25 60
7 Hemopor¯n + EGCG 25 80

Table 2. Hydrogel with various EGCG concentrations for
Hemopor¯n-mediated PDT in vivo.

Group Drug delivery

EGCG
concentration
(mg/mL)

1 Hemopor¯n + pure hydrogel 0
Hemopor¯n + EGCG hydrogel 10

2 Hemopor¯n + pure hydrogel 0
Hemopor¯n + EGCG hydrogel 20

3 Hemopor¯n + pure hydrogel 0
Hemopor¯n + EGCG hydrogel 30

Glass window

Pure
hydrogel

Fixing ring

Titanium frame

EGCG
hydrogel

Barrier
tape

Fig. 1. Schematic diagram of hydrogel in absence and
presence of EGCG applied in DSWC model for PDT.
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luminescence curves and the corresponding inte-
grated intensity are signi¯cantly decreased with the
increase of EGCG concentrations (control, 0.2, 0.4,
0.6, 0.8mM). Notably, the rising edge of 1O2 lumi-
nescence of the EGCG+Hemopor¯n mixture shows
a gradual blue shift in comparison with that of the
pure Hemopor¯n. In addition, the lifetimes of
triplet-state Hemopor¯n (�T ) and 1O2ð��Þ are in-
directly derived by ¯tting the 1O2 luminescence
curves in Fig. 3(a) using Eq. (2). The Stern–Volmer
plots in the absence and presence of EGCG are
presented in Fig. 3(b). According to the slope of the
Stern–Volmer plot, the EGCG quenching rate
constants for triplet-state Hemopor¯n and 1O2 are
determined to be (6:8� 0:4) �108 M�1s�1 and
(1:5� 0:1) �108 M�1s�1, respectively. The
quenching rate constant of 1O2 for Hemopor¯n is
comparable to the previously reported value of
(1:70� 0:02) �108 M�1s�1 for Hipor¯n.15

3.3. Dynamic monitoring of photody-
namic-induced vascular damage

during PDT

During PDT, the photodynamic damage to blood
vessels in the DSWC model with various EGCG
concentrations was dynamically monitored by NBI
and LSCI. All images were captured every 15.0 s for
a total period of 449.5 s, while an exposure time of
0.5 s was used for NBI. Dynamic changes of NBI, FI
and LSCI of blood vessels in the DSWC model be-
fore and after PDT (i.e., total treatment time for
77.5 s) are shown in Fig. 4. For the EGCG group, no
evident °uorescence was observed in blood vessels
while the °uorescence intensity of group 2 was
slightly higher than that of groups 3–7. Further-
more, all the arteries became invisible after PDT for
group 2 in comparison with the veins, as indicated
in the LSCI images in Fig. 4. For groups 3–7, the

(a) (b)

Fig. 2. Absorption spectra (a) and °uorescence spectra (b) of Hemopor¯n, EGCG and Hemopor¯n+EGCG. The concentrations of
Hemopor¯n for all measured samples are 20�M.

(a) (b)

Fig. 3. Time-resolved 1O2 luminescence decay traces at 1270 nm of Hemopor¯n with EGCG at various concentrations (Inset: the
integrated intensity of 1O2 luminescence versus the EGCG concentration) (a). Ratios of lifetimes of triplet-state Hemopor¯n and
1O2 versus the EGCG concentration, and �0 and � refer to the lifetimes in the absence and presence of EGCG (b).
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blood °ow in arteries remained observable even
when the arteries and veins were partially
constricted.

To evaluate the regulation ability of EGCG for
photodynamic damage of blood vessels, eight
random ROI images of arteries and veins in the
DSWC model were manually extracted from Fig. 4.
The vasoconstriction was quanti¯ed with Eq. (3)
and the vasoconstriction of arteries and veins versus
treatment time during PDT were plotted in Fig. 5.

As illustrated in Fig. 5(a), slight constriction was
observed for both arteries and veins for group 1. It is
obvious that the arteries of group 2 were fully
constricted after PDT for 77.5 s, while the arteries

began to recover from the constriction when the
treatment time was 217.0 s, as indicated in Fig. 5
(b). In contrast to the arteries, the veins were
gradually constricted with increasing treatment
time, and no vascular recovery was found in the
following observation. In this case, the vasocon-
strictions of arteries and veins were determined to
be 87:93� 19:11% and 44:02� 5:95%, respectively.

In contrast with Figs. 5(a) and 5(b), the regula-
tion ability of EGCG for Hemopor¯n-mediated
PDT could be clearly seen from Fig. 5(c) to Fig. 5
(g), which show less vasoconstriction in groups 3–7
than that of group 2 after PDT. As shown in
Fig. 5(h), signi¯cant di®erences in arterial

0s 77.5 s

NBI                                        FI LSCI NBI FI LSCI  
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Fig. 4. Dynamic changes of NBI, FI and LSCI of blood vessels in the DSWC model before and after PDT (n ¼ 3). The color bar
and color scale applied to LSCI images show the relative blood °ow values.
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vasoconstriction among group 2, group 6 (*p <
0.05) and group 7 (**p < 0.01) were observed.

To further con¯rm the potential of EGCG for
healthy tissue protection, hydrogels with various
EGCG concentrations were topically applied on
blood vessels in the DSWC model 1.0 h before
Hemopor¯n-mediated PDT. As shown in Fig. 6, the
DSWC model was divided into the regions of
control and protection areas by various
EGCG-containing hydrogels for comparison during

PDT, and the smooth blood circulation was ob-
served after PDT for blood vessels pre-treated by
the hydrogel with EGCG.

As illustrated in Fig. 7, the vasoconstriction of
arteries and veins for both the control region with
hydrogel alone and the protected region with
EGCG hydrogel in the same DSWC model were
quantitatively analyzed. Vasoconstrictions of ar-
teries and veins after PDT for 77.5 s are listed in
Table 3. In general, blood vessels in the protected

(a) (b) (c)

(d) (e) (f)

(g) (h)

Fig. 5. Vasoconstriction of arteries and veins in DSWC model versus treatment time after PDT treated with (a) group 1, (b) group
2, (c) group 3, (d) group 4, (e) group 5, (f) group 6 and (g) group 7. (h) Vasoconstriction of arteries and veins in DSWC model after
PDT with the light dose of 3.875 J/cm2.
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Fig. 6. Dynamic changes of the NBI, FI and LSCI of blood vessels in the DSWC model after topically applied hydrogel in
the absence and presence of EGCG during PDT. The color bar and color scale applied to LSCI images show the relative blood °ow
values.

Artery

(a)

(b)

(c)

Vein

Fig. 7. Vasoconstriction of arteries and veins treated with hydrogels in the absence and presence of (a) 10mg/mL, (b) 20mg/mL
and (c) 30mg/mL EGCG in the same DSWC model.
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region with EGCG hydrogel show less vasocon-
striction than that of the control region with
hydrogel alone.

4. Discussion

The °uorescence intensity of Hemopor¯n in PBS
was decreased by the additional EGCG. A possible
explanation for this is that the Hemopor¯n °uo-
rescence was quenched by EGCG based on energy
transfer between Hemopor¯n at the excited state
and EGCG molecules, which is similar to supposi-
tion in the previous study.25 As illustrated in Fig. 8,
both the °uorescence spectrum and the time-re-
solved NIR luminescence decay traces could be
quenched by EGCG. The EGCG in arteries and
vein might directly quench °uorescence, triplet-
state Hemopor¯n and 1O2 luminescence through
photodynamic processes, and thus reduce the

quantum yield of 1O2 production.15 It can be as-
sumed that the vasoconstriction of arteries and
veins may be regulated through control of 1O2

generation by EGCG. In contrast with groups 3–7,
the higher °uorescence intensity of group 2 could be
explained by the quenching e®ect of EGCG on
Hemopor¯n °uorescence. More importantly, the
observable blood °ow in arteries implied that
EGCG could e®ectively reduce the PDT-induced
damage to blood vessels.

In Fig. 5(a), the slight vascular constriction for
group 1 could be attributed to the hyperthermia
from laser irradiation during PDT. As shown in
Fig. 5, the antioxidative e®ect of EGCG for arteries
was more obvious than that of veins, which could be
explained by the richer elastic ¯bers in arteries
allowing higher elasticity.26 In addition, the di®er-
ence of platelet aggregation between arteries and
veins induces the di®erences in EGCG-regulated
vasoconstriction.27 The highest vasoconstriction
was achieved by group 4, implying that an appro-
priate EGCG concentration could increase vascular
constriction through angiogenesis inhibition.28 For
this, the photodynamic damage of blood vessels for
PDT is reduced by EGCG in a dose-dependent regu-
latory strategy. This ¯nding agrees well with the pre-
vious observations by Sekowski et al. They
demonstrated that UVB irradiation of bovine serum
albumin induced S-S disruption and SH-group for-
mation,which could be prevented byEGCG in a dose-
dependent manner.29 Therefore, the EGCG concen-
tration needs to be optimized to maximally prevent
PDT-induced oxidative damages to blood vessels.

Table 3. Vasoconstriction of arteries and veins for
both the control region with hydrogel alone and the
protected region with EGCG-containing hydrogel after
PDT for 77.5 s.

Vasoconstriction (%)

Group Region Arteries Veins

1 Control 90.60 �1.57
EGCG hydrogel 74.00 �6.99

2 Control 98.42 0.56
EGCG hydrogel 59.13 7.96

3 Control 73.93 1.71
EGCG hydrogel 35.93 �0.52

Fig. 8. Energy level diagram for 1O2 generation and EGCG quenching processes in blood vessels (S0, S1 and T1 stand for ground
state, singlet state and triplet PS, respectively).
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For the experimental studies involving hydrogels,
smooth blood circulation was observed after PDT for
blood vessels pre-treated by the hydrogel withEGCG,
suggesting that thePDT-inducedoxidativedamage to
blood vessels could be e®ectively reduced by the per-
meation of EGCG hydrogel. In addition, signi¯cantly
di®erent vasoconstrictions of blood vessels pre-treated
by the hydrogel alone and by the EGCG-containing
hydrogel were apparently detected, as expected.

As illustrated in Table 3, the arteries pre-treated
with hydrogel alone were more rapidly constricted
than that of the arteries pre-treated with EGCG
hydrogel with the increasing PDT treatment time.
Moreover, vasoconstrictions of veins in the region
with EGCG hydrogel were lower than that of ar-
teries, which is in good accordance with the previ-
ous observation in Fig. 5. Due to the higher oxygen
content in arteries, the arteries have a faster re-
sponse in the early stages of treatment, as compared
to the veins. Consequently, EGCG possesses a
greater impact on the arteries with the increase of
its concentration. In particular, the arteries in group
3 demonstrate a lower vasoconstriction as compared
to groups 1 and 2, and a slower shrinkage rate was
achieved with the increasing EGCG concentration,
as expected. In addition, the arteries in the EGCG-
protected region of group 3 indicate more obvious
vascular constriction after PDT for 77.5 s, as com-
pared to the control region. One reason may be that
the intervention of EGCG reduces oxygen con-
sumption, thereby enhancing the therapeutic e±-
ciency of PDT.30 For this, it should be noted that
the optimal protocol for the use of EGCG needs to
be further explored for clinical PDT application.

5. Conclusions

TheEGCGquenching rate constants for triplet-state
Hemopor¯n and photosensitization-generated 1O2

are determined to be 6:8� 108M�1S�1 and 1:5� 108

M�1S�1, respectively. The vasoconstriction of blood
vessels in the protected region with EGCG-contain-
ing hydrogel is lower than that of the control region
with hydrogel alone after Hemopor¯n-mediated
PDT, suggesting that the photodamage of Hemo-
por¯n could be e±ciently reduced with EGCG for
blood vessels of the protected region. This study
demonstrates that EGCG is an e±cient quencher
for triplet-state Hemopor¯n and 1O2, and EGCG
could be potentially used to reduce the undesired

photodamage of normal tissue in clinical PDT.
However, the practical applications of EGCG are
limited by several factors, including temperature,
light, pH and oxygen, which may signi¯cantly ac-
celerate its decomposition. Although conjugating
EGCG with gel has the potential to retard its deg-
radation, accurately determining the concentration
of EGCG that penetrates in real scenarios remains
challenging. In order to achieve the optimal regula-
tory function realization, it is crucial to optimize the
concentration of EGCG through quanti¯cation of
ROS level during PDT in future studies.
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