
Introduction

Hypericin is a natural pigment, isolated from Hyperi-
cum, a genus of plants widely distributed throughout the
planet. Hypericin constitutes up to 0,05% of the plant sub-
stances. St. John’s Wort, Hypericum perforatum is probably
the richest source of hypericin (4). Chemically it is hydro-
xylated polycyclic quinon (7,14-dione-1,3,4,6,8,13-hexahyd-
roxy-10,11-dimethyl-phenanthrol(1,10,9,8-opgra)perylene).
Naturally occurring hypericin is often accompanied by
pseudohypericin. During the last years some interesting
properties of this compounds has been uncovered, which
bring them into the consideration as a potential therapeu-
tics in treatment of some types of tumour and viral disea-
ses.

Virucidal activities of hypericin are intensively studied
since 1988 (13). Mechanisms of antiviral action of hyperi-
cin are not sufficiently clarified yet. Hypericin effectively
inactivates enveloped viruses, but is inactive against nonen-
veloped viruses (8,16). This ability is enhanced by expositi-
on to the light (1,8,9). So far hypericin has been intensively
studied mainly for its antiretroviral activity (10,20).

Some studies show that growth and death of tumour
cells differs then these of normal cells. Whether the anti-
cancer agents (ionising radiation and cytostatic drugs with
various mechanisms of action) induce cell-cycle arrest, apo-
ptosis or necrosis depends on characteristic of the agent
(concentration, time of exposure, mechanism of cytotoxic
effect) and on biological status of target cells. Induction of

apoptosis is the main principle of antitumour effect of low
doses of ionising radiation or cytostatics. The decision
whether the cellular response will be mobilisation of repa-
rative proteins and stimulation of rescue mechanisms or in-
duction of programmed cell death is a result of complicated
pathways of cellular biochemistry. The damage of genetic
material is evaluated in the cells and suitable response is
then activated. Details of this deciding process remain unk-
nown. Hypericin has been found to induce apoptosis in se-
veral tumours: glioma (2,21), pituitary adenoma (6) retinal
pigment epithelial cells (7), malignant T lymphocytes(5).
Hypericin was shown to be potent inhibitor of protein ki-
nase C (PKC) (15) and ability to induce apoptosis is con-
tributed to the PKC inhibition (7). PKC is a family of
intracellular enzymes that transduce extracellular signals to
intracellular responses and specifically mediates signals le-
ading to cell proliferation/growth regulation. However, ef-
forts to define exact role of PKC in the induction of
apoptosis are complicated by conflicting reports and rema-
in to be elucidated. Unlike other potent PKC inhibitors
(such as staurosporin) hypericin acts on regulatory domain
of PKC and thus have higher specificity for inhibition of
this enzyme. Inhibition of PKC by hypericin is strongly de-
pendent on several factors, such as concentration, light and
membrane integrity. Hypericin also acts as inhibitor of mi-
togen-activated protein (MAP) kinase and epidermal
growth factor receptor tyrosine kinase (3) and inhibit mito-
chondrial hexokinase in HeLa cells in concentration and
light dependent manner (14).
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Hypericin is well-known photosenzitizer. In the study of
excited state of hypericin, the mean acidity of the hydroxyl
groups of the molecule was shown to be markedly raised
upon excitation into the singlet excited state. Since hyperi-
cin is relatively rigid polycyclic quinoid and thus the light-
induced change in dipole moment is expected to be small,
the likely mode of excited state relaxation is proton disso-
ciation as a result of lowering of the pKa. The possibility of
intramolecular proton transfers in hypericins could also be
supported by their local structures (the proximity of hydro-
xyl groups to carbonyl groups), which are very close to that
of 3-hydroxy flavone, a well-characterised prototype for
intramolecular proton transfer. Although it is generally
known that polarity, viscosity and hydrogen-bonding ability
of solvents have marked effects on the proton transfer, only
few solvent effects were observed for proton transfer of
hypericin.

Although most of the photosensitization processes cau-
sed by hypericin appear to be mediated predominantly by
1O2 (indicating type II mechanism) other oxygen radicals
were also detected in some photosensitization reactions of
hypericins. Model studies has demonstrated that the rela-
tive contribution of type I and type II in the photosensi-
tizitation of hypericin depends on a number of factors,
including photosensitizer concentration, substrate proper-
ties and concentration, light intensity and, as expected, con-
centration of oxygen in target tissue. Co-operations of type
I and II reactions and their transformation in synchronisa-
tion with oxygen consumption is advantageous since rapid
depletion of intracellular oxygen is common characteristic
of illumination during photodynamic therapy (PDT) and
the oxygen consumption can completely diminish type II
response. Hypericin has been studied for PDT responses on
several tumour cell lines. As in case of porphyrins, mem-
brane structures like microsomes and mitochondria seem
to be major targets for photosensitization. It has been found
that hypericin is preferentially localised in the cytoplasm
associated with the membrane fraction of subcelullar orga-
nelles. Interestingly, it appears that accumulation of hyperi-
cin in the nucleus is low.

In our previous studies (11,12,19) we demonstrated
apoptosis could be induced in human promyolcyte cell line
HL-60 following 6 h incubation with 2% ethanol, 50 nmol/l
idarubicin and irradiation by high doses of ionising radiati-
on (20 Gy). In this study we investigated the ability of pro-
tein kinase C inhibitor hypericin to induce apoptosis in
HL-60 cell line after photodynamic activation. We also
compared antiproliferative and proapoptotic effect of pho-
toactivated hypericin in promyelocyte leukemic cells HL-60
and pituitary adenoma cells AtT20/D16v-F2.

Materials and Methods

Cell culture and culture conditions
Human leukaemia HL-60 cells were obtained from the

European Collection of Animal Cell Cultures (Porton Down,

Salisbury, UK) and were cultured in Iscove’s medium
(Sigma Inc.) supplemented with 20% fetal calf serum
(FCS) in a humidified incubator at 37°C and controlled 5%
CO2 atmosphere. The cultures were divided every 3rd day
by dilution to a concentration of 2x105 cells/ml.

Mouse pituitary AtT20/D16v-F2 cells were obtained
from American Type Culture Collection (Manassas, VA,
USA) and were cultured in Dulbecco’s modified
Eagle’s medium (Sigma Inc.) supplemented with 10% hor-
se serum in a humidified incubator at 37°C and controlled
5% CO2 atmosphere. The cells were harvested every 5th day
and diluted to a concentration of 1x105 cells/ml.

Cell count was performed with a haemocytometer, cell
membrane integrity was determined using the Trypan blue
exclusion technique. HL-60 and AtT20/D16v-F2 cells in
the maximal range of 20 passages were used for this study.

Cell treatments
Exponentially growing HL-60 and AtT20/D16v-F2 cells

were suspended at a concentration of 2x105 and 1x105

cells/ml respectively in complete medium. 10 ml of aliquots
were plated into 25 cm2 flasks (Nunc) mixed with hyperi-
cin (Sigma Aldrich) at desired concentrations and photo-
sensitised where required. 1 mg of hypericin was dissolved
in 1.5 ml of solvent (ethanol 96% + glycerol 1:1) and dilu-
ted by 20% polyethylenglycol. At desired time the cells were
harvested, counted and cell viability determined with the
Trypan blue exclusion assay.

Photosensitization of hypericin
Because coherent laser light is not necessary for hyperi-

cin (5, 14), a simple wide emission spectrum light source
was used. Cell culture flasks were exposed to white light
from four fluorescent DULUX D G24d-2 18 W bulbs 15 cm
above the culture flasks. Photoactivation lasted for 18 minu-
tes and delivered the equivalent of 4.5 J/cm2. The culture
flasks were then incubated in dark at 37°C and controlled
5% CO2 atmosphere.

Cell morphology
For calculation of the percentage of cells showing

morphology of apoptosis, aliquots were removed from con-
trol and drug-treated cell cultures at various times of incu-
bation and usually 400 cells were counted on Diff-Quik
(Dade Behring) stained cytospin preparations. Apoptotic
cells were identified by the condensed and fragmented sta-
te of their nuclei and focal protrusions of the cell surface.

Cell surface markers and cell size analysis
Flow cytometry was used for cell surface antigen analy-

sis and for apoptosis monitoring. Cells were washed twice
with PBS containing 5% FCS. Then, 1x105 cells were sus-
pended in 0.5 ml PBS with 5% FCS and 0.02% NaN3 and
incubated with mAb APO2.7 for 30 min at 4°C.

For apoptosis detection the mouse phycoerythrin (PE)-
conjugated mAb APO2.7 (clone 2.7 A6A3) (obtained from
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Immunotech) for detecting 7A6 antigen expressed by cells
undergoing apoptosis has been used. We used method wit-
hout cell permeabilisation.

Flow cytometric analysis was performed on a Coulter
Epics XL flow cytometr. A minimum of 10 000 cells was
collected for each sample in a list mode file format. List
mode data were analysed using Epics XL System II softwa-
re colour eventing (Coulter Electronic, Hialeah, FL, USA).

Cell cycle analysis
Following 6 and 24 hours of incubation, the cells were

washed with cold PBS, fixed by 70% ethanol and stained
with propidium iodide (PI) in Vindelov’s solution for 30 mi-
nutes at 37°C. Fluorescence (DNA content) was measured
with Coulter Electronic, Hialeah, FL, USA apparatus.
A minimum of 10 000 cells analysed in each sample served
to determine the percentage of cells in each phase of cell
cycle, using Multicycle AV software.

Results

Cell growth and viability
Fig. 1 shows the effects of hypericin on the proliferative

rate of HL-60 cell line after 24h. Cultivation with 4-8
µmol/l hypericin activated by light induced high inhibition
of the rate of HL-60 cell growth. When hypericin treated
cells were not exposed to light growth inhibition was insig-
nificant. Fig. 2 shows the effects of hypericin on the proli-
ferative rate of AtT20/D16v-F2 cells after 72 and 144h.
Cultivation with 2-8 µmol/l hypericin did not significantly
affected proliferative rate of AtT20/D16v-F2 cells.
Cultivation with light activated hypericin in concentration
16 µmol/l slightly inhibited growth rate and the
AtT20/D16v-F2 cells did not proliferate in presence of light
activated 32 µmol/l hypericin.

Morphologic changes
HL-60 cells were incubated in the presence of 1; 2.5; 4

and 8 µmol/l hypericin for 24 hours. After 6 and 24 hours
cell morphology was examined. AtT20/D16v-F2 cells were
incubated in the presence of 1; 2.5; 4; 8; 16 and 32
µmol/l hypericin for 6 days. After 72 and 144 hours cell
morphology was examined. Cell morphology was examined
on Diff-Quik stained cytospin preparations. Morphologic
evidence of apoptosis was found in HL-60 cells treated with
1-8 µmol/l light activated hypericin. The increase in the
proportion of apoptotic cells was dose and light dependent
(fig. 3), with maximum of apoptotic cells detected after 8
µmol/l light activated hypericin (36.9% of live cells).

Analysis of cell-cycle and sub-diploid DNA content
We assessed DNA cleavage in the aforementioned hype-

ricin-treated tumour cells. We have observed that light acti-
vated hypericin induces both apoptosis and necrosis in dose
and time dependent manners in HL-60 cells (tab.1, fig. 4),
but causes only necrosis in AtT20/D16v-F2 cells (fig. 5).
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Fig. 1: Effect of hypericin on the proliferative rate of HL-60
cell line after 24 hours of incubation. HL-60 cells were expo-
sed to various hypericin concentrations (1-8 µmol/l). Num-
ber of viable cells was determined by Trypan blue staining.

Fig. 2: Kinetic of hypericin effect on the proliferative rate
of AtT20/D16v-F2 cells. AtT20/D16v-F2 cells were expo-
sed to various hypericin concentrations (2-32 µmol/l).

Fig. 3: Dose dependence of apoptosis in HL-60 cells expo-
sed to hypericin as determined by cell morphology exami-
ned on Diff-Quik stained cytospin preparations after
24h incubation. Data represent medium values from 3 in-
dependent experiments.
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6h dark

6h light

24h dark

24h light

Control 2,5 µmol/l 4 µmol/l 8 µmol/l

Fig. 4: Flow cytometric analysis of DNA content and cell-cycle after treatment of HL-60 cells with 2.5-8 µmol/l hypericin.
Apoptotic cells are identified as cells with subdiploid DNA content (lower DNA content than cells in G0/G1 phase), i.e.
subG1 peak. Representative results for single experiment are shown.

Tab. 1:

hypericin µmol/l % apoptotic cells % necrotic cells hypericin µmol/l % apoptotic cells % necrotic cells
6h light control 2,7 18,5 dark control 0,8 13,1

2,5 7,0 28,8 2,5 4,2 23,7
4 10,2 33,4 4 9,2 31,0
8 22,9 48,3 8 8,7 29,1

24h light control 5,2 20,6 dark control 0,0 3,5
2,5 14,4 31,3 2,5 2,9 13,5

4 30,3 31,2 4 10,0 18,1
8 48,7 50,5 8 9,7 26,9
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72h dark

72h light

Fig. 5: Flow cytometric analysis of DNA content and cell-cycle after treatment of AtT20/D16v-F2 cells with 32 µmol/l
hypericin. Apoptotic cells are identified as cells with subdiploid DNA content (lower DNA content than cells in G0/G1
phase), i.e. subG1 peak. Representative results for single experiment are shown.

Control 32 µmol/l

Fig. 6: Histograms for cell number versus APO2.7-PE fluorescence intensity of unprocessed HL-60 cells after treatment
with 2.5-8 µmol/l hypericin. Representative results for single experiment are shown.
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Light



Flow cytometric detection of apoptotic cells using monoclo-
nal antibody APO2.7

Since 7A6 antigen is selectively expressed on the mito-
chondrial membrane in cells undergoing apoptosis, we
attempted to detect apoptotic cells using APO2.7 mono-
clonal antibody after 2.5; 4 and 8 µmol/l hypericin treat-
ment of HL-60 cells for 24 hours. Fraction of cells stained
by APO2.7 antibody significantly increased from 4.4%
(control) to 35.9% (8 µmol/l light activated hypericin) at
24h after treatment while no increase of apoptotic cells was
detected on cells treated with lower hypericin concentra-
tions or in complete darkness (fig. 6).

Discussion and Conclusions

Cell death no longer can be considered solely in terms
of the catastrophic failure of homeostasis that typifies nec-
rosis. Cells and multicellular organisms share the ability to
activate an internal death program known as apoptosis.
One of generally accepted axioms about apoptosis is that it
is easier to induce apoptosis in cell populations undergoing
rapid turnover at physiological conditions. Therefore it is
difficult to inhibit cellular growth and induce apoptosis in
pituitary adenoma cells. AtT20/D16v-F2 pituitary cells are
resistant to ionising radiation and idarubicin treatment, in-
hibition of cellular growth is apparent only after high doses,
although these stimuli are good apoptosis inductors in leu-
kemic HL-60 cells (11, 19). In this study we evaluated effect
of hypericin, potent specific PKC inhibitor.

The PKC signal transduction system has been shown to
be involved in the regulation of cellular growth, differentia-
tion and gene transcription. In pituitary cells, this enzyme
is also believed to modulate hormone synthesis and secreti-
on. Differing from more classic PKC inhibitors, such as
staurosporin or tamoxifen, which competitively block the
ATP catalytic site, hypericin inhibits PKC by interacting
with regulatory domain of the enzyme and displays more
selectivity in its inhibitory effect. Direct interaction of hy-
pericin with PKC might be one of its potential cytotoxic
mechanisms. It is also possible that photoactivated hyperi-
cin may be acting indirectly, through the generation of sing-
let oxygen, to inhibit proliferation and induce apoptosis.

We show in this study, that hypericin causes both, apo-
ptosis and necrosis, in leukaemic HL-60 cells, but only cau-
ses necrosis in pituitary AtT20/D16v-F2 cells. Effect on
both types of cell lines is strongly dependent on photoacti-
vation of hypericin.

Hypericin induced apoptosis has been reported in stu-
dies dealing with its inhibitory effect on PKC (6,7,21).
Unfortunately, in these studies little attention was paid to
light and photosensitization conditions, although it has
been shown previously, that PKC inhibition by hypericin is
strongly dependent on light dose (17).

Molecular mechanisms underlying hypericin mediated
cell photokilling are yet unclear. Numerous studies have de-
monstrated the important role of mitochondria in apopto-

sis initiation and recently an effect of photoactivated hype-
ricin on mitochondrial structure and function has been stu-
died. Light activated hypericin induces spectrum of
degenerative changes in mitochondia, including loss of mat-
rix density, mitochondrial swelling and disorganised cristae
(14). Photoactivated hypericin triggers release of mito-
chondrial cytochrome c into cytosol of HeLa cells and in-
duces apoptosis of HeLa cells independently from the
pathway mediated by caspase-1 and caspase-8, while caspa-
se-3 was found to be a key mediator of hypericin induced
apoptosis in HeLa cells (18). APO2.7 (anti-7A6) is mo-
noclonal antibody which reacts preferentially with a 38-kDa
mitochondrial membrane protein in cells undergoing apo-
ptosis. The antigen identified by APO2.7 appears relati-
vely early in the apoptotic process and thus, when the cell
has become permeable as a result of events in late apopto-
sis/necrosis it is no longer necessary for the investigator to
use a permeabilisation agent, since the antigen is available
for staining (12). In our study photoactivated hypericin in-
duced significant apoptosis human promyelocyte leukemia
cells HL-60 despite the fact that these cells of do not have
TP53 gene, but only induced necrosis and inhibited prolife-
ration in slowly proliferating pituitary AtT20/D16v-F2
cells. Surprisingly, hypericin did not significantly affect pro-
gression of cells through cell cycle, suggesting that the cells
die by rapid interphase apoptosis, where the apoptosis is
triggered in all phases of cell cycle.
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