
Z. Naturforsch. 2017; 72(3-4)c: 123–128

Mimi Remichkova, Luchia Mukova, Lubomira Nikolaeva-Glomb, Nadya Nikolova,  
Lubka Doumanova, Vanya Mantareva, Ivan Angelov, Veselin Kussovski and Angel S. Galabov*

Virus inactivation under the photodynamic effect 
of phthalocyanine zinc(II) complexes
DOI 10.1515/znc-2016-0119
Received June 7, 2016; revised October 14, 2016; accepted October 
14, 2016

Abstract: Various metal phthalocyanines have been stud-
ied for their capacity for photodynamic effects on viruses. 
Two newly synthesized water-soluble phthalocyanine 
Zn(II) complexes with different charges, cationic methyl-
pyridyloxy-substituted Zn(II)- phthalocyanine (ZnPcMe) 
and anionic sulfophenoxy-substituted Zn(II)-phthalo-
cyanine (ZnPcS), were used for photoinactivation of two 
DNA-containing enveloped viruses (herpes simplex virus 
type 1 and vaccinia virus), two RNA-containing enveloped 
viruses (bovine viral diarrhea virus and Newcastle disease 
virus) and two nude viruses (the enterovirus Coxsackie 
B1, a RNA-containing virus, and human adenovirus 5, a 
DNA virus). These two differently charged phthalocyanine 
complexes showed an identical marked virucidal effect 
against herpes simplex virus type 1, which was one and 
the same at an irradiation lasting 5 or 20 min (Δlog = 3.0 
and 4.0, respectively). Towards vaccinia virus this effect 
was lower, Δlog = 1.8 under the effect of ZnPcMe and 2.0 
for ZnPcS. Bovine viral diarrhea virus manifested a mod-
erate sensitivity to ZnPcMe (Δlog = 1.8) and a pronounced 
one to ZnPcS at 5- and 20-min irradiation (Δlog = 5.8 and 
5.3, respectively). The complexes were unable to inactivate 
Newcastle disease virus, Coxsackievirus B1 and human 
adenovirus type 5.
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1  Introduction
The photodynamic process utilizes visible light which 
is absorbed by a photosensitizer, which converts it into 
an excited state. The excited state of photosensitizers 
undergoes intersystem crossing to the long-live triplet 
state which reacts with the molecular oxygen inducing 
singlet oxygen, superoxide and free radicals. They can 
oxidize proteins, nucleic acids and lipids, thus leading to 
damages of bioorganic molecules [1, 2]. The photosensitiz-
ing activity of different dyes has been extensively studied 
for their capability to inactivate bacteria, fungi and viruses 
[3–7]. Many compounds with photoactive properties have 
been synthesized since the first positive results about the 
bactericidal effect of acridine hydrochloride, published a 
century ago. Phenothiazine dyes such as methylene blue 
and toluidine blue, several cyanine dyes, porphyrins, 
phthalocyanines and their metal complexes are known 
as photosensitive compounds. At present, it is known that 
the photodynamic effect depends on the charge of the 
photosensitizer, its lipophylicity, the molecular extinction 
coefficient, the redox potential of the triplet excited state, 
the spin state and the metal bond in metal chelate photo-
sensitizers [8, 9].

Various phthalocyanines, porphyrin-like synthetic 
pigments, were studied for their capacity for photo
dynamic inactivation (PDI) of viruses (vesicular stomatitis 
virus, VSV), either intracellular or free virions [3]. Cationic 
phthalocyanines with aluminum as a central metal dem-
onstrated a marked capacity to inactivate Sindbis virus, 
VSV, and human immunodeficiency virus type 1 (HIV-1) in 
red blood concentrates [10]. An analogous photodynamic 
effect towards bovine viral diarrhea virus (BVDV), VSV, 
HIV-1 and the pseudorabies virus in in vitro red cells was 
established by the cationic porphyrin Tri-P(4), structur-
ally closed to the cationic phthalocyanines [11].

The aim of this paper is to study the effect of two dif-
ferently charged phthalocyanine Zn(II) complexes on 
viruses belonging to different taxonomic families.
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2  �Materials and methods

2.1  �Photosensitizers

Phthalocyanine zinc(II) complexes: 2,9,16,23-tetrakis(3-
methylpyrydyloxy) phtalocyanine-Zn(II) (ZnPcMe) was 
synthesized by [12], and 2,9,16,23-tetrakis(4-sulfophe-
noxy)phthalocyanine-Zn(II) (ZnPcS) ZnPcS as described 
in previous papers [12, 13].

Stock solutions of the phthalocyanines (1 mM) were 
prepared in DMSO and stored frozen in the dark at –20 °C.

2.2  �Viruses, embryonated eggs and cell 
cultures

Herpes simplex virus (HSV-1, DA strain) was cultivated in 
Madin-Darbey bovine kidney (MDBK) cells. BVDV (TVM 
strain) was propagated in the calf trachea cell line. New-
castle disease virus (NDV, Russeff strain) was grown in 
primary culture of chick embryo fibroblasts (CEF). Vaccinia 
virus (VV, Bratislava strain) was cultivated on the chorio-
allantoic membrane of 11-day-old chick embryos (200 cell 
culture infective doses 50%, CCID50/0.2 mL). The embryo-
nated eggs were incubated at 37 °C for 5 days. After several 
passages in the chick embryos, the VV strain underwent 
two passages in Vero cells. Coxsackievirus B1 and human 
adenovirus type 5 were cultivated in HEp-2 cells. The virus 
assay was done in cell monolayers in 96-well microplates 
according to the end-point dilution method [14] and the 
infectious virus titer was evaluated in CCID50 on the basis 
of cytopathic effect (CPE) determined microscopically.

2.3  �Media

Dulbecco’s modification of Eagle’s medium (DMEM) 
(Gibco BRL, Paisley, Scotland, UK) supplemented 
with 10% fetal bovine serum (FBS), 10  mM HEPES 

[4-(2-hydroxyethyl)-1-piperazine-ethansulphonic acid] 
and antibiotics (100 IU/mL penicillin, 100 μg/mL strepto-
mycin) was used as a growth medium for the cultivation 
of all cell lines in a CO2 incubator (5% CO2, HeraCell 150, 
Heraeus, Hanau, Germany) at 37 °C. Maintenance media 
for cultivation of the viruses and the virus assay contained 
DMEM supplemented with 2% FBS.

2.4  �Photoinactivation procedure

Aliquots of 0.1 mL stock virus were mixed with 0.1 mL solu-
tion containing 0.58 μM ZnPcMe or 0.64 μM ZnPcS. They 
were irradiated for 20  min with light from a diode laser 
at 635 nm (Lumileads, USA) at a fluence rate of 100 mW/
cm2 and a light dose of 50 J/cm2. The fluence rates were 
controlled with photometer equipment (Spectra Physics, 
USA). Light doses of 18 and 72 J/cm2 were reached through 
5- and 20-min irradiation, respectively, at a fluence rate 
of 60 mW/cm2 to obtain a PDI effect on viruses. Three 
types of controls were used: (i) untreated by phthalocya-
nines not irradiated virus, (ii) untreated irradiated virus 
and (iii) phthalocyanines treated but not irradiated virus. 
Following the exposure period the residual infectivity in 
the samples and in the controls samples was determined 
by microscopic evaluation of the virus-induced CPE and 
a modification of the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT assay) method [15]. 
The virucidal activity was expressed as the difference 
(Δlog) between the infectious virus titer of the test sample 
and the control (untreated by phthalocyanines). No influ-
ence of the photoinactivation procedure on the cell culture 
media was recorded.

2.5  �Statistical analysis

Experiments were performed in triplicate. Data were 
expressed as mean values ± standard deviation (SD). 
Student’s t-test was used to compare photodynamic irra-
diation values obtained with the dark and/or light control 
without a photosensitizer.

3  �Results
The phthalocyanines ZnPcMe and ZnPcS at the concentra-
tions applied did not show any cytotoxic effect on all cell 
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cultures used in the experiments: MDBK, CT, Vero, HEp-2 
and CEF.

3.1  �Effect of phthalocyanine Zn(II) complexes 
on herpes simplex virus type 1

As seen in Table 1, HSV-1 (DA strain) manifested a high 
sensitivity to photoinactivation in the presence of the two 
photosensitizers; the infectious virus titer was decreased 
by 3.00 logs after a 5-min irradiation and by 4.00 logs after 
a 20-min irradiation. In dark the compounds were inactive 
during these time intervals.

3.2  �Effect of phthalocyanine Zn(II) 
complexes on vaccinia virus

The activity of phthalocyanines on VV is presented in 
Table  2. A moderate effect, a decrease of the infectious 
virus content of 2 logs by ZnPcS and 1.8 logs by ZnPcMe 
following irradiation in the presence of the compounds, 
was registered. In dark an inactivation effect of 2.4 logs 

was registered by ZnPcMe after 20 min and of 2.2 logs by 
ZnPcS after 5 min.

3.3  �Effect of phthalocyanine Zn(II) 
complexes on bovine viral diarrhea virus

As seen in Table 3, the cationic phthalocyanine ZnPcMe 
inactivated BVDV only following the irradiation. This 
effect was a moderate one, not exceeding 2 logs. The other 
photosensitizer, the anionic ZnPcS, was far more effective: 
the infectious virus titer was decrease by 5–6 logs. ZnPcS 
was also capable of inactivating the virus in dark, but this 
effect did not exceed 2 logs.

3.4  �Effect of phthalocyanine Zn(II) 
complexes on Newcastle disease virus

Results of the experiments with NDV are presented in 
Table 4. As seen, this virus is completely insensitive to 
photoinactivation effects of the phthalocyanine Zn(II) 
complexes, both in dark and following the irradiation.

Table 1: Effects of ZnPcMe and ZnPcS on HSV-1.

Experimental group Virus titer, CCID50/0.1 mLa Δlogb Virus titer CCID50/0.1 mLa Δlogb

Without ZnPcMe With ZnPcMe Without ZnPcS With ZnPcS

No irradiation 6.5 ± 0.92 6.5 ± 0.64 0 5.5 ± 0.35 5.5 ± 0.7 0
5-min irradiation 6.5 ± 0.4 3.5 ± 0.58* 3.0 5.5 ± 0.8 2.5 ± 0.64* 3.0
No irradiation 6.5 ± 0.86 6.5 ± 0.9 0 5.5 ± 0.67 5.5 ± 0.2 0
20-min irradiation 6.5 ± 0.35 2.5 ± 0.72** 4.0 5.5 ± 0.55 1.5 ± 0.7** 4.0

aReduction of virus titers after treatment with a photosensitizer. Data are expressed as mean values ± SD; *p < 0.05; **p < 0.01; ***p < 0.001 
as compared with the dark/or light control without a photosensitizer.
bDifference between the infectious virus titers of the virus sample with a photosensitizer and the respective control without a 
photosensitizer.

Table 2: Effects of ZnPcMe and ZnPcS on VV.

Experimental group Virus titer CCID50/0.1 mLa Δlogb Virus titer CCID50/0.1 mLa Δlogb

Without ZnPcMe With ZnPcMe Without ZnPcS With ZnPcS

Dark control 5.5 ± 0.86 5.5 ± 0.52 0 5.7 ± 0.78 3.5 ± 0.95* 2.2
Light control 5.5 ± 0.91 3.3 ± 0.96* 2.2 5.7 ± 0.85 3.3 ± 0.92* 2.4
5-min irradiation 5.3 ± 0.68 3.5 ± 0.77 1.8 5.5 ± 0.82 3.5 ± 0.36* 2.0
No irradiation 4.7 ± 0.44 2.3 ± 0.65* 2.4 4.7 ± 0.55 2.5 ± 0.65* 2.2

aReduction of virus titers after treatment with a photosensitizer. Data are expressed as mean values ± SD; *p < 0.05, **p < 0.01, ***p < 0.001 
as compared with the dark/or light control without a photosensitizer.
bDifference between the infectious virus titers of the virus sample with a photosensitizer and the respective control without a 
photosensitizer.
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3.5  �Effect of the phthalocyanine Zn(II) 
complex ZnPcMe on Coxsackievirus B1

Coxsackievirus B1 was insusceptible to the photo
inactivation effects of the phthalocyanine Zn(II) complex 
ZnPcMe, both in dark and following the irradiation 
(Table 5).

3.6  �Effect of the phthalocyanine Zn(II) 
complex ZnPcMe on human adenovirus 
type 5

The phthalocyanine Zn(II) complex ZnPcMe did not show 
a marked inactivating effect against human adenovirus 
type 5 (Table 6).

Table 5: Effects of ZnPcMe on Coxsackievirus B1.

Experimental group Virus titer, CCID50/0.1 mLa Δlogb

Without ZnPcMe With ZnPcMe

No irradiation 7.0 ± 0.17 6.50 ± 0.33 0.5
5-min irradiation 6.78 ± 0.25 6.67 ± 0.44 0.11
No irradiation 7.0 ± 0.17 7.0 ± 0.17 0
20-min irradiation 6.83 ± 0.34 6.5 ± 0.33 0.33

aReduction of virus titers after treatment with a photosensitizer. 
Data are expressed as mean values ± SD; *p < 0.05; **p < 0.01; 
***p < 0.001 as compared with the dark/or light control without a 
photosensitizer.
bDifference between the infectious virus titers of the virus sample 
with a photosensitizer and the respective control without a 
photosensitizer.

Table 6: Effects of ZnPcMe on human adenovirus type 5.

Experimental group Virus titer, CCID50/0.1 mLa Δlogb

Without ZnPcMe With ZnPcMe

No irradiation 3.58 ± 0.4 3.47 ± 0.34 0.11
5-min irradiation 3.65 ± 0.47 2.79 ± 0.26 0.86
No irradiation 3.58 ± 0.4 1.81 ± 0.24 1.77
20-min irradiation 2.85 ± 0.1 1.94 ± 0.13 0.91

aReduction of virus titers after treatment with a photosensitizer. 
Data are expressed as mean values ± SD; *p < 0.05; **p < 0.01; 
***p < 0.001 as compared with the dark/or light control without a 
photosensitizer.
bDifference between the infectious virus titers of the virus sample 
with a photosensitizer and the respective control without a 
photosensitizer.

Table 4: Effects of ZnPcMe and ZnPcS on NDV.

Experimental group Virus titer CCID50/0.1 mLa Δlogb Virus titer CCID50/0.1 mLa Δlogb

Without ZnPcMe With ZnPcMe Without ZnPcS With ZnPcS

No irradiation 5.75 ± 0.45 6.0 ± 0.87 0 6.75 ± 0.68 6.5 ± 0.91 0.25
5-min irradiation 5.75 ± 0.83 5.5 ± 0.66 0.25 6.75 ± 0.88 5.5 ± 0.89 1.25
No irradiation 5.75 ± 0.96 6.0 ± 0.40 0 7.5 ± 0.55 7.25 ± 0.64 0.25
20-min irradiation 5.5 ± 0.56 5.5 ± 0.38 0 6.75 ± 0.71 5.5 ± 0.22 1.25

aReduction of virus titers after treatment with a photosensitizer. Data are expressed as mean values ± SD; *p < 0.05, **p < 0.01, ***p < 0.001 
as compared with the dark/or light control without a photosensitizer.
bDifference between the infectious virus titers of the virus sample with a photosensitizer and the respective control without a 
photosensitizer.

Table 3: Effects of ZnPcMe and ZnPcS on BVDV.

Experimental group Virus titer CCID50/0.1 mLa Δlogb Virus titer CCID50/0.1 mLa Δlogb

Without ZnPcMe With ZnPcMe Without ZnPcS With ZnPcS

No irradiation 6.5 ± 0.65 6.5 ± 0.72 0 6.3 ± 0.56 4.5 ± 0.84 1.8
5-min irradiation 5.3 ± 0.50 3.5 ± 0.86 1.8 6.5 ± 0.98 1.7 ± 0.76** 5.8
No irradiation 6.5 ± 0.44 6.5 ± 0.94 0 6.7 ± 0.93 4.5 ± 0.77* 2.2
20-min irradiation 5.3 ± 0.25 3.5 ± 0.74 1.8 5.3 ± 0.65 0*** 5.3

aReduction of virus titers after treatment with a photosensitizer. Data are expressed as mean values ± SD; *p < 0.05, **p < 0.01, ***p < 0.001 
as compared with the dark/or light control without a photosensitizer.
bDifference between the infectious virus titers of the virus sample with a photosensitizer and the respective control without a 
photosensitizer.
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4  �Discussion
Our study on the photodynamic activity of a cationic 
(ZnPcMe) and an anionic (ZnPcS) phthalocyanine Zn(II) 
complexes manifested a marked effect against viruses 
belonging to different taxonomic groups (BVDV, HSV-1 
and VV). As seen, all mentioned viruses possess a lipid 
containing envelope. Ben-Hur et al. [3] found that the effi-
cacy of the virus inactivation depends on the substituents 
on the Pc macrocycle. However, the structure-activity and 
the charge-activity relationship in the photosensitizing 
inactivation of the studied viruses have not been clearly 
established. The non-enveloped (nude) viruses tested, 
Coxsackievirus B1 and human adenovirus type 5, were 
insensitive to the photodynamic action of ZnPcMe.

Previous investigations of ours [13] showed that the 
phthalocyanine Zn(II) complexes ZnPcMe and ZnPcS 
possess (i) absorption properties with a strong Q-bond in 
the far-red range (670–690 nm), (ii) a high photosensitiz-
ing efficiency due to the generation of singlet oxygen, and 
(iii) an appropriate values of fluorescence quantum yield. 
The phototreatment data indicate that both singlet oxygen 
(type II reaction) and hydroxyl radical (type I reaction) 
play a role in viral inactivation [16–18].

Our data showed that lipid-enveloped viruses differ 
in their sensitivity to phthalocyanine photosensitization. 
The phthalocyanine Zn(II) complexes tested demon-
strated a marked virucidal activity against HSV-1, even fol-
lowing an irradiation of 5 min. Smetana et al. [19] carried 
out profound investigations manifesting a marked anti-
herpesvirus effect of 11 different phthalocyanine deriva-
tives. Their ultrastructural examinations on the mode of 
the photosensitization capacity of phthalocyanine deriva-
tives against HSV-1, HSV-2 and varicella zoster virus dem-
onstrated a damage of the viral envelope which prevented 
viral adsorption and/or penetration.

Vaccinia virus was the only virus that was sensitive 
to the ZnPcMe and ZnPcS complexes in the dark. These 
results are in line with the data of [20], which show that 
sulfonated phthalocyanine classes are light-independent 
inhibitors of VV infection in cell culture.

The difference between the two photosensitizers was 
demonstrated especially in the treatment of BVDV. The 
anionic ZnPcS was twice more active than the cationic 
ZnPcMe. It was suggested by [3] that the efficacy of viral 
inactivation of this virus by phthalocyanines depends on 
the extent of sulfonation.

The inability of NDV to be inactivated by photody-
namic treatment and the diverse effect of the phthalocya-
nine complexes against various enveloped viruses are in 
accordance with the difference in the viral envelope and 

composition of the studied viruses. The insusceptibility of 
the uncoated (nude) viruses to the effect of the phthalo-
cyanine complexes excludes the protein capsid and the 
viral genome as targets of the photodynamic activity. Evi-
dently, lipid envelopes could be considered as the poten-
tial targets for photosensitizer binding.

In conclusion, phthalocyanine Zn(II) complexes 
could be used as virus-inactivating agents in the hospital 
hygiene strategies for photodynamic disinfection of sur-
faces, instruments and biological fluids.
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