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A novel zinc(II) phthalocyanine bearing octa-sulphonates has 

been prepared, which is non-aggregated in water, highly 

photoactive and low dark-toxic. More interestingly, it exhibits 

specific affinity to macrophage via the scavenger receptor-A, 

and can selectively accumulate in tumour site.  

Macrophages are highly abundant in the stroma of a series of 
solid tumours including breast, ovarian, pancreatic and 
hepatocellular carcinomas.1,2 The macrophages in tumour tissue 
(named as tumour-associated macrophages, TAMs) have been 
shown to play a crucial role in the development and progression 
of cancer. In particular, they produce a plethora of cytokines to 
induce cancer cell migration, facilitate angiogenesis and reconcile 
immunosuppression.3-5 Therefore, TAMs have emerged as a 
promising target for cancer treatment.6,7 

Among kinds of therapeutic approaches focused on TAMs, 
macrophage-targeted photodynamic therapy exhibits especially 
fascinating prospect due to its special dual selectivity.8-10 
Photodynamic therapy (PDT) destroys target cells through the 
combined action of a photosensitiser and molecular oxygen upon 
irradiation with light to generate reactive oxygen species (ROS), 
particularly singlet oxygen.11,12 By means of macrophage-
targeting of a photosensitiser and selectively illuminating the 
tumour tissue, TAM-targeted PDT would result in a desirable 
therapeutic effect including enhancement of the potency of PDT 
as well as circumvention of the damage to the macrophages in 
normal tissues. The overall efficacy of this treatment depends 
greatly on the behaviour of photosensitisers, including its 
selectivity towards macrophages and efficiency to generate ROS. 

However, only a few functionalized photosensitisers have been 
reported so far which show specific affinity to TAMs.8,9,13-15 In 
particular, TAM-targeted photosensitisers without conjugation 
with biomacromolecules have scarcely been revealed.14 On the 
other hand, most of the photosensitisers with strong absorption in 
near infrared region are conjugated compounds, such as porphyin, 
porphin and phthalocyanine derivatives. They often showed 
strong aggregation in aqueous media and slow in vivo clearance 
(in particular, highly retained in the livers), which hence resulted 
in greatly reducing of the photosensitising efficiency and 
potential side-effects such as hepatic necroses.16-18 Thus,  
developing non-aggregated, rapidly eliminated and TAM-targeted 

photosensitisers for PDT is a very challenging and meaningful 
work. 

We herein display the synthesis and characterisation of a 
novel zinc(II) phthalocyanine tetra-substituted with 6,8-
disulphonate-2-naphthyloxy (ZnPcS8) (see in Fig. 1). Introduction 
of eight highly water-soluble and negative-charged sulphonates 
facilitates this phthalocyanine having favourable properties for 
PDT, including (1) non-aggregation and high singlet oxygen 
quantum yield in water; (2) low dark toxicity and high therapeutic 
index; (3) more importantly, specific affinity to the macrophage 
via the scavenger receptor-A (SR-A), and enhanced selectivity to 
tumour tissue; (4) fast excretion from body after PDT effect to 
minimise potential side-effects. 

 

Scheme 1. Synthetic route of ZnPcS8. (To simplify the scheme, 
here only the major C4h isomers were showed for tetra-substituted 
phthalocyanines, which likely present the other isomers) 
  
 

The octa-sulphonate ZnPcS8 was prepared as shown in 
Scheme 1. The precursor of disulphonate-substituted 
phthalonitrile 3 was first prepared by a nucleophilic substitution 
reaction between potassium 2-naphthol-6,8-disulphonate (1) and 
3-nitrophthalonitrile (2) in the presence of K2CO3 in dry DMSO. 
The precursor 3 was then treated with dodecyl trimethyl 
ammonium bromide (DTAB), followed by encountering a zinc 
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ion-mediated cyclotetramerisation using 1,8-diazabicyclo-
[5.4.0]undec-7-ene (DBU) as a catalyst in n-pentanol to afford 
the final product ZnPcS8, which was purified by silica gel column 
chromatography, cation-exchange resin and size-exclusion 
chromatography. It is worth to mention that ZnPcS8 could not be 
successfully obtained according to the general cyclisation 
procedure described previously,19 maybe due to the low solubility 
of 3 in n-pentanol and electrostatic repulsion interaction between 
the peripheral sulphonate anions. Thus, cationic surfactant DTAB 

was used in the reaction to form ion pairs with the sulphonate 
anions, and then circumvent these problems. The new compound 
ZnPcS8 was well characterised with IR, 1H NMR, HRMS and 
elemental analysis (see in ESI†).  

The spectroscopic properties of ZnPcS8 were measured in 
N,N-dimethyl formamide (DMF). As shown in Fig. 1a, the UV-
vis spectrum of ZnPcS8 is tipical for non-aggregated 
phthalocyanines with an intense and sharp Q-band at 696 nm. 
Upon excitation at 610 nm, ZnPcS8 shows a strong fluorescence 
emission at 705 nm with a fluorescence quantum yield (ΦF) of 
0.14 relative to unsubstituted zinc(II) phthalocyanine (ZnPc, ΦF = 
0.2820) (see Fig. 1b and Table 1). On the other hand, the octa-
anionic ZnPcS8 is readily soluble in water, giving simillar 
spectroscopic properties with that in DMF (Fig. 1 and Table 1). 
As shown in Fig S1 (ESI†), the Q-band of ZnPcS8 in water well 
obeys the Lambert-Beer law, indicating that ZnPcS8 essentially 
remains a monomer form in aqueous solution without any 
surfactant as a result of its extremely high hydrophilicity and 
electrostatic repulsion interaction of the highly negative charged 
substituents. Due to the strong hydrophobic interactions of 
macrocycle π systems, phthalocyanines generally tend to 
aggregate in aqueous media, leading to great reduction of 
photosensitising efficiency.21,22 Even for tetra-sulphonate 
phthalocyanines, the aggregated trends were also observed in 
water without surfactant or organic solvent.23,24 In fact, zinc(II) 
phthalocyanine remained a monomer form in aqueous solution in 
absence of disaggregating agents is rarely reported.14,25-27    Thus, 
the favourable non-aggregated property of ZnPcS8 in aqueous 
solutions makes it a good candidate as an ideal photosensitiser for 
PDT. 

 

300 400 500 600 700 800
0.0

0.4

0.8
(a)

A
bs

or
ba

nc
e

Wavelength (nm)

 DMF
 H2O

 
680 720 760 800

0

5

10

15

(*
10

4 a.
u.

)
F

lu
or

es
ce

nc
e 

In
te

ns
it

y 

Wavelength (nm)

 DMF
 H2O

(b)

 
Fig. 1 (a) UV-vis and (b) fluorescence spectra of ZnPcS8 (4 µM) 
in DMF or water. 

 
Table 1  Photophysical and photochemical data for ZnPcS8 

Solvent 
λmax 

(nm) 

λem 

(nm)a 

ε×10 5  

(M-1cm-1) 
ΦΦΦΦF

b ΦΦΦΦ∆∆∆∆ 

DMF 
Water 

696 
695 

705 
708 

2.17 
1.84 

0.14 
0.12 

0.82c 
0.62d 

 

a Excited at 610 nm. b Using ZnPc in DMF as the reference (ΦF = 
0.28). c Determined using DPBF as chemical quencher, and ZnPc 
in DMF as the reference (Φ∆ = 0.56). d Determined using DPBF 
as chemical quencher, and MB in D2O as the reference (Φ∆ = 
0.52). 

 As shown in Table 1, the singlet oxygen quantum yield (Ф∆) 
of ZnPcS8 was determined as 0.82 in DMF relative to ZnPc (Ф∆ = 
0.56) by a steady-state method using 1,3-diphenylisobenzofuran 
(DPBF) as the scavenger.28 This shows that ZnPcS8 is a high 
efficient singlet oxygen generator in DMF. Moreover, the Ф∆ of 
ZnPcS8 was also evaluated in aqueous solution as shown in Fig. 
S2 (ESI†). In contrast to methylene blue (MB) (Ф∆ = 0.5229), 
ZnPcS8 still shows a high Ф∆ of 0.62 in D2O, which can be 
attributed to its non-aggregated property in aqueous solution.  

The macrophage-targeting effects of ZnPcS8 were first 
investigated by in vitro cell studies. The dark toxicity and 
photodynamic activities of ZnPcS8 were examined against two 
different cell lines, namely mouse macrophages J774A.1 and 
human hepatocellular carcinoma HepG2 cells by a colorimetric 3-
(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide 
(MTT) assay.30 The J774A.1 cell line, which is able to highly 
express SR-A was used as a model for the study of SR-mediated 
endocytosis,31,32 while HepG2 cells, without expression of SR-A, 
are chosen as a negative control. It can be seen from Fig. S3 
(ESI†) that ZnPcS8 is essentially non-cytotoxic even at 600 µM 
towards both cell lines in the absence of light, with TC50 values, 
defined as the dye concentrations required to kill 50% of the cells 
in the dark, ranging from 1500 µM to more than 2000 µM (Table 
2). On the other hand, upon illumination with red light, ZnPcS8 
could induce a highly efficient photodynamic effect on J774A.1 
cells with an EC50 value, defined as the dye concentrations 
required to kill 50% of the cells with light, of 0.28 µM. It is 
noteworthy that the ratio of TC50/EC50 (“therapeutic index”) 
reached over 5000 for J774A.1 cells, which is an excellent 
prerequisite for a successful drug. However, the compound shows 
remarkably decreased photocytotoxicity against the SR-A-
negative HepG2 cells, having a more than 13-fold higher EC50 
value in contrast to that against J774A.1 cells (see Fig. 2 and 
Table 2).   

 
Table 2 EC50 and TC50 values for ZnPcS8 against HepG2 and 
J774A.1 cells  

Cell EC50 (µM) TC50 (µM) 

HepG2 
J774 A.1 

3.78  
0.28 

>2000 
1500 
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Fig. 2 Cytotoxic effects of ZnPcS8 on J774A.1 and  HepG2cells 
in the absence (open symbol) and presence (closed symbol) of 
light (λ > 610 nm) at a dose of 27 J⋅cm-2. Data are expressed as 
mean ± standard deviation (SD) (n = 3).   
 

To explain the different photocytotoxicity, the cellular uptake 
of ZnPcS8 by HepG2 and J774A.1 cells was compared by 
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confocal laser scanning microscopy (CLSM) analysis as shown in 
Fig. 3. It is clear that the intracellular fluorescence intensity of 
ZnPcS8 in J774A.1 cells is significantly stronger, which is about 
7-fold higher compared to that in HepG2 cells, suggesting a 
higher cellular uptake for J774A.1 cells. Hence, the higher 
photocytotoxicity of ZnPcS8 against J774A.1 cells can be 
attributed to its higher cellular uptake.  

It is known that SR-A could bind a wide range of polyanionic 
ligands, including polyribonucleotides, polysaccharides and 
glycated proteins.33,34 To confirm the cellular uptake of octa-
anionic ZnPcS8 by J774A.1 cells is through a SR-A-mediated 
process, a competitive assay of cellular uptake of J774A.1 cells 
was performed in the presence of polyinosinic acid (poly I), a 
specific ligand to SR-A.34 As shown in Fig. 4a and Fig. S4 (ESI†), 
the intracellular fluorescence intensity gradually decreased with 
the increase of poly I. After co-incubation with 100 µg⋅mL-1 of 
poly I, the fluorescence intensity was weakened to ca. 30% 
relative to that without poly I, suggesting that the cellular uptake 
of ZnPcS8 by J774A.1 cells was significantly inhibited by poly I. 
On the other hand, the inhibitory effect of poly I on 
photocytotoxicity was further confirmed by a MTT assay. It can 
be seen from Fig. 4b that the inhibitory effect also presents a 
dose-dependent result. The EC50 values change from 0.28 µM to 
2.22 µM after co-incubation with 100 µg⋅mL-1 of poly I. However, 
as shown in Fig. S5 (ESI†), for SR-A-negative HepG2 cells, both 
the intracellular fluorescence intensity and photocytotoxicity of 
ZnPcS8 are comparable with that in the presence of poly I, 
suggesting that both the cellular uptake and photodynamic 
activity of ZnPcS8 are not impeded by poly I. Thus, we can 
conclude that the SR-A is mainly responsible for the cellular 
uptake and subsequent photoinactivity towards J774A.1 cells.  

 
 

 
 

 

 

 

 

 

                                                        

 

Fig. 3 (a) Bright field (up row) and intracellular fluorescence 
(down row) images of HepG2 and J774A.1 cells after incubation 
with ZnPcS8 (1 µM) for 2 h. (b) Comparison of the corresponding 
average intracellular fluorescence intensities. Data are expressed 
as the mean ± SD (number of cells = 50). 
 

To test the effect of the number of negative charges of a 
photosensitser on the SR-A-mediated cellular uptake, a 
competitive assay was also performed on another zinc(II) 
phthalocyanine analogue containing only four sulphonates 
(ZnPcS4, see Fig. S6, ESI†).35 As shown in Fig. S7 (ESI†), the 
intracellular fluorescence intensities hardly change in the 
presence of poly I for both HepG2 and J774A.1 cells, meaning 
that the cellular uptakes of ZnPcS4 are not impeded by the poly I. 
The results suggest that, even for the SA-R-positive J774A.1 cells, 
the cellular uptake of the tetra-anionic ZnPcS4 should not be 
through a SR-A-mediated process. Therefore, in view of the 

different uptake processes of ZnPcS8 and ZnPcS4, we 
preliminarily conclude that it should need much more negative 
charges for phthalocyanine-based photosensitisers to trigger the 
SR-A-mediated endocytosis. 
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Fig. 4 (a) Comparison of the average intracellular fluorescence 
intensities of ZnPcS8 (1 µM) in J774A.1 cells in the absence and 
presence of poly I. Data are expressed as the mean ± SD (number 
of cells = 50). (b) The photocytotoxicities of ZnPcS8 against 
J774A.1 cells in the absence (■) and presence of 50 µg⋅mL-1 (●) 
or 100 µg⋅mL-1 (▲) poly I. Data are expressed as mean ± SD (n = 
3). 
    

The subcellular localisation of ZnPcS8 was also investigated 
on both cell lines by using fluorescence microscopy. The cells 
were first incubated with ZnPcS8, followed by being stained with 
Mito-Tracker Green and Lyso-Tracker Red. As shown in Fig. S8 
(ESI†), the fluorescence of ZnPcS8 in HepG2 cells was well 
overlapped with the fluorescence of Lyso-Tracker but not with 
that of Mito-Tracker, showing that ZnPcS8 is mainly localised in 
lysosomes. For J774A.1 cells, obviously superimposed 
fluorescence signals were observed for ZnPcS8 and the two 
probes, indicating that ZnPcS8 could accumulate in both 
lysosomes and mitochondria. 

Finally, the biodistribution of ZnPcS8 was demonstrated in 

vivo. Nude mice bearing a HepG2 tumour were treated with an 
intravenous dose of ZnPcS8 (~1 nmol⋅g-1). Their fluorescence 
images were monitored continuously up to 24 h (as shown in Fig. 
5a). Shortly after injection, ZnPcS8 spread throughout the whole 
body. After 10 min post-injection, most of the fluorescence 
signals in the body started to decline gradually in intensity, while 
the fluorescence intensity in tumour site kept strengthening and 
reached the maximum fluorescence at 4 h.  After 24 h, nearly no 
fluorescence signal was observed in the whole body except for 
the tumour site, suggesting that ZnPcS8 could be not only 
selectively localised in tumour site, but also metabolised and 
cleared from the body quickly. To further confirm the distribution 
of ZnPcS8 in different organs, the nude mice were sacrificed after 
24 h, and then the fluorescences of tumour and other organs, 
including heart, liver, kidney, lung and spleen were compared, as 
shown in Fig. 5b. It was clear that the fluorescence of ZnPcS8 can 
been seen only in tumour, liver and kidney. The quantitative 
analysis revealed that the average fluorescence intensity in the 
tumour region is about 6-fold and 3-fold higher than that in liver 
and kidney, respectively. It’s obvious that ZnPcS8 has a highly 
specific affinity to tumour over normal tissues.  

As aforementioned, TAMs are an abundant part of solid and 
haematological malignancies. Moreover, TAMs were found to be 
high expression of SR-A36,37 Thus, considering the affinity to 
J774A.1 cells via the SR-A, we speculate that the high tumour 
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specificity of ZnPcS8 may be though the TAM-mediated 
mechanism, but it need to be further investigated. 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Fig. 5 (a) Fluorescence images of tumour-bearing nude mice 
before and after intravenous injection of ZnPcS8. The red circles 
indicate tumor sites. (b) In vivo distribution of ZnPcS8 in tumour 
and different organs of the nude mice after 24 h post-injection. 

 
In summary, we have synthesised and characterised a novel 

octa-sulphonate-functionalised zinc(II) phthalocyanine (ZnPcS8) 
and evaluated its in vitro photodynamic activities against J774A.1 
and HepG2 cells. Apart from the excellent photophysical and 
non-aggregated features in water, ZnPcS8 with strongly negative 
charges is favorable for the specific affinity to macrophage cell 
via the SR-A. The in vivo studies confirm the specificity of 
ZnPcS8 to tumour tissues. In addition, the highly hydrophilic 
photosensitiser facilitates its rapid elimination from the body of 
nude mice. The overall results show that the macrophage-targeted 
ZnPcS8 is a highly promising photosensitiser, which may provide 
a novel strategy for targeted PDT. 
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