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ABSTRACT

St. John’s Wort (SJW), an over-the-counter antidepressant,
contains hypericin, which absorbs light in the UV and visible
ranges and is phototoxic to skin. To determine if it also could be
phototoxic to the eye, we exposed human lens epithelial cells to
0.1-10 pM hypericin and irradiated them with 4 J/cm” UV-A or
0.9 J/cm? visible light. Neither hypericin exposure alone nor
light exposure alone reduced cell viability. In contrast, cells
exposed to hypericin in combination with UV-A or visible light
underwent necrosis and apoptosis. The ocular antioxidants
lutein and N-acetyl cysteine did not prevent damage. Thus,
ingested SJW is potentially phototoxic to the eye and could
contribute to early cataractogenesis. Precautions should be
taken to protect the eye from intense sunlight while taking
SJW.

INTRODUCTION

The human eye is exposed to ambient radiation that serves the
fundamental biological functions of directing vision (1) and
circadian rhythm (2). Light damage to the eye is attenuated by
protective chromophores (i.e. 3-OH kynurenine glucoside) (3,4)
that absorb light but do no cause harm and by an efficient
antioxidant system (5). The cornea cuts off all light less than 295
nm. Long UV-B (280-315 nm) and UV-A (315400 nm) are
absorbed by the human lens (6). Any substance that absorbs light
greater than 295 nm and produces reactive oxygen species has the
potential to damage the human lens. If the substance absorbs light
in the visible range (above 400 nm), it can potentially damage both
the human lens and retina (7). Such damage is seen in patients
taking phototoxic prescription drugs or over-the-counter herbal
medications (7). This can lead to permanent or transient loss of
vision due to early cataract formation.

St. John’s Wort (SJW) is a dietary supplement that has
antidepressant properties (8,9) but has been associated with side
effects and drug interactions (10). One component of SJW,
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hypericin, produces significant reactive oxygen species upon
irradiation with either UV light or visible light (11). It is known
to induce photosensitized erythema in the skin (12,13). Hypericin
is so photoactive that it is currently being tested as a photodynamic
agent in the treatment of serious bacterial and viral infections and
tumors (12,14). Hypericin crosses blood ocular barriers whether
ingested or when given by introvitreal injection for treatment of
retinal neovascularization and has been detected in the retina in
concentrations from 1 to 100 pM (15). The common effective
dosage of SJW of 1000 mg produces a serum level of 43 ng/mL of
hypericin (16), which is equivalent to a concentration of
approximately 0.1 puM. In vitro studies have determined that
hypericin inhibits the growth of retinal pigment epithelial cells
(17). Our previous studies have shown that hypericin is taken up by
the intact lens (18), photooxidizes lens proteins (19) and distorts
the transmission of light through the lens (20). Therefore, hypericin
fulfills the criterion of a potential ocular phototoxic agent.

MATERIALS AND METHODS

Materials. Hypericin, lutein (21), N-acetyl cysteine (22) and buffering
materials were purchased from Sigma Chemical Co. (St. Louis, MO).

Cell lines. An extended life span human lens epithelial cell line (HLE B-
3) was used in these studies (23). Human lens epithelial cells were cultured
by isolating epithelium fragments from infant human lenses and from
patients who underwent treatment for retinopathy of prematurity and by
allowing epithelial cells to grow from explants. Cells were infected with an
adenovirus 12-SV40 hybrid virus to increase their ability to propagate in
culture.

Culture medium. Cells were grown in Eagle’s minimum essential
medium (Sigma) containing 50 pg/mL gentamycin and 20% fetal bovine
serum in an atmosphere of 5% CO, and air at 37°C. The pH of the medium
was adjusted to 6.8—7.0, before sterile filtration and addition of serum. Cells
were fed twice a week and after attaining confluence were passaged using
trypsin—ethylenediaminetetraacetic acid.

UV-A-visible light treatment. Hypericin was dissolved in dimethyl
sulfoxide (1 mg hypericin/100 pL) and then diluted into culture medium.
Human lens epithelial cells were then incubated in the dark with 0.1-10 pM
hypericin in the medium at 37°C for 1 h. The medium was removed, and
cells were washed twice with sterile phosphate-buffered saline (PBS)
(calcium/magnesium free). After the addition of sterile PBS, the cells were
irradiated with fluorescent lamps (Houvalite F20T12BL-HO PUVA,
National Biological Corp., Twinsburg, OH) with the dish lid on. The
UV-A dose was monitored with a Goldilux UV meter equipped with a UV-
A detector (Oriel Instruments, Stratford, CT). For visible light treatment,
cells were irradiated with cool-white visible light (Phillips F40 AXS50,
5000K Advantage) that was filtered to transmit only wavelengths greater
than 400 nm. The UV-A dose was measure to be 4 J/cm?, and the visible
light dose was measured to be 0.9 J/cm?. Neither the UV-A radiation nor
the visible light dosages had an effect on the viability of the human lens
epithelial cells. Control samples were kept in the dark under the same
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Figure 1. Hypericin effects on HLE B-3 cells. Cells at near confluence were incubated for 1 h in PBS with 0 uM (control) to 10 uM hypericin and then
exposed to 0.9 J/em? visible light. Natural hypericin fluorescence was used to image the cells (Zeiss CLSM 510) and determine subcellular distribution of the
naturally fluorescent compound and cell density. A,B: Cells exposed to 5 uM hypericin in the dark. The compound accumulates in surface and intracellular
membranes but not in the nucleus. C: Cells exposed to 5 uM hypericin plus visible light. Note the areas where cells have detached from the surface. D: Cell loss
as a function of hypericin exposure. For each treatment, 2.1 X 10° pm? of culture surface area was analyzed.

conditions. After treatment, the supernatant was removed, fresh medium
was added after exposure and the cells were incubated at 37°C. In selected
experiments, cells were pretreated with lutein (20 uM) or N-acetyl cysteine
(1 mM) at 37°C for 1 h before irradiation.

Analysis of cell death. Flow cytometric analysis was used to evaluate
apoptosis and necrosis (24,25). After incubation, control or treated cells
were harvested by trypsinization and collected by centrifugation at 300 g for
5 min at room temperature. Cells were washed with cold PBS and stained
with TACS™ Annexin V kits according to the manufacturer’s instructions
(Trevigen, Gaithersburg, MD). Cells positive for propidium iodide (PI),
Annexin V—fluorescein isothiocyanate or both were quantified by flow
cytometry using a Becton Dickinson FACSort (Becton Dickinson,
Mountain View, CA). In the dot plot histogram, the lower left quadrant
in the fluorescence dot plot of Annexin V-Pl-stained cells shows normal
viable cells that are negative for both Annexin V and PI, the lower right
quadrant shows early apoptotic cells that are positive for Annexin V, the
upper left quadrant shows necrotic cells that are positive for PI and the
upper right quadrant shows late apoptotic cells that are positive for both
Annexin V and PI (24,25).

RESULTS AND DISCUSSION

As part of a screening for ocular phototoxicity of psychoactive
agents (26), we report in this study the effects of hypericin on
human lens epithelial cells irradiated with UV-A and visible light.
We exposed human lens epithelial cells (HLE B-3 cells) to 0.1-10
puM hypericin for 1 h at 37°C and then irradiated the cells with
either 4 J/em® UV-A or 0.9 J/em® visible light. These levels of
illumination were chosen to simulate ambient UV-A exposure and
visible light exposure and they induced no detectable damage to
the human lens epithelial cells. This is the energy of light one
would expect on a bright sunny day (27-29). Hypericin absorbs
light both in the UV-A (A = 342 nm) and visible (A = 555
and 599 nm) regions and fluoresces in the visible region (19). In
initial experiments, we took advantage of the compound’s natural

fluorescence to determine its distribution within HLE B-3 cells and
to measure the effects of hypericin and visible light on cell
adhesion to the culture dish. Confocal microscopy showed that
hypericin accumulates within both surface and interior membranes
of the cells (Fig. 1A,B). In cells not exposed to hypericin, exposure
to light had no effect on cell density. In the dark, hypericin did
not increase cell loss from the monolayer (Fig. 1A,D). However,
exposure to hypericin and visible light caused concentration-
dependent loss of cells from the monolayer; with 5-10 pM
hypericin, about 40% of the dish surface was devoid of cells (Fig.
1C,D). Pretreatment of cells with the ocular antioxidants lutein and
N-acetyl cysteine reduced but did not prevent cell loss (Fig. 1D).

We used flow cytometry to quantify necrotic and apoptotic HLE
B-3 cells after exposure to hypericin and visible light or UV-A. In
the absence of light, hypericin concentrations up to 10 pM had no
effect on apoptosis or necrosis (data not shown). However, when
we pretreated cells with 5 or 10 pM hypericin and then exposed
them to visible light, apoptosis was found in 40% and 70% of the
cells, respectively (Fig. 2A). Similarly, cells exposed to 1, 2.5 and
10 uM hypericin plus UV-A exhibited a concentration-dependent
increase in apoptosis. Pretreatment of cells with lutein or N-acetyl
cysteine did not protect from hypericin-induced apoptosis on UV-
A or visible light exposure (Fig. 2). Exposure of HLE B-3 cells to
visible light (Fig. 1D) or UV-A (4 J/cm?) alone had no effect on
apoptosis or necrosis (Fig. 2C,D).

The results of this study demonstrate that hypericin, a component
of SJW, in combination with low levels of UV-A or visible light can
damage human lens epithelial cells. The endogenous antioxidant
lutein (30-32) and the glutathione mimic N-acetyl cysteine (21)
appear to provide little or no protection. Harris et al. (17) have also
shown that hypericin can cause phototoxic damage to human retinal
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Figure 2. Hypericin-induced apoptotic and necrotic cell death on visible (A) and UV-A (B) radiation. Cells were seeded in plastic petri dishes (100 cm?) and
pretreated with hypericin of different concentrations and then exposed to visible light (0.9 J/cmz) (A)or UV-A (4 J/cmz) (B). For lutein or N-acetyl cysteine
protection assay, cells were preincubated with lutein (20 uM) or N-acetyl cysteine (1 mM). After treatment, supernatant was replaced by fresh medium and
cells were cultured in the incubator for 15 h. After trypsinization, cells were collected, washed with cold PBS once and stained with Annexin V-PI (TACS
kit) according to the manufacturer’s instruction. Flow cytometry was used to determine the normal viable, early-apoptotic, late-apoptotic or necrotic cells.
(C) Visible light—induced hypericin dose-dependent apoptosis. (D) UV-A radiation—induced hypericin dose-dependent apoptosis.

pigment epithelial cells at these concentrations. Taken together,

these findings are particularly disturbing because they argue that
UV-A and UV-B sunglasses will not protect critical components of

the eye against damage by hypericin and visible light.

REFERENCES

1

2.

. Roberts, J. E. (2001) Ocular phototoxicity. J. Photochem. Photobiol. B:

Biol. 64, 136-143.
Roberts, J. E. (2000) Light and immunomodulation. Ann. N.Y. Acad.
Sci. 917, 435-445.

. Balasubramanian, D. (2000) Ultraviolet radiation and cataract. J. Ocul.

Pharmacol. Ther. 16, 285-297.

. Dillon, J. (1991) The photophysics and photobiology of the eye.

J. Photochem. Photobiol. B: Biol. 10, 23-40.

. Andley, U. P. (1987) Photodamage to the eye. Photochem. Photobiol.

46, 1057-1066.

. Barker, F. M., G. C. Brainard and P. Dayhaw-Barker (1991)

Transmission of the human lens as a function of age. Investig.
Ophthalmol. Vis. Sci. 328, 1083.

. Roberts, J. E. (2002) Screening for ocular phototoxicity. Int. J. Toxicol.
21, 491-500.
. Vitiello, B. (1999) Hypericum perforatum extracts as potential

antidepressants. J. Pharm. Pharmacol. 51, 513-517.

9.

10.

12.

15.

16.

Whiskey, E., U. Werneke and D. Taylor (2001) A systematic review
and meta-analysis of Hypericum perforatum in depression: a compre-
hensive clinical review. Int. Clin. Psychopharmacol. 16, 239-252.
Cosmetic Ingredient Review (2001) Final report on the safety
assessment of Hypericum perforatum extract and Hypericum perfo-
ratum oil. Int. J. Toxicol. 20(Suppl. 2), 31-39.

. Ehrenberg, B., J. L. Anderson and C. S. Foote (1998) Kinetics and yield

of singlet oxygen photosensitized by hypericin in organic and biological
media. Photochem. Photobiol. 68, 135-140.

Gulick, R. M., V. McAuliffe, J. Holden-Wiltse, C. Crumpacker, L.
Liebes, D. S. Stein, P. Meehan, S. Hussey, J. Forcht and F. T. Valentine
(1999) Phase I studies of hypericin, the active compound in St. John’s
Wort, as an antiretroviral agent in HIV-infected adults—AIDS clinical
trials group protocols 150 and 258. Ann. Intern. Med. 130, 510-514.

. Cotterill, J. A. (2001) Severe phototoxic reaction to laser treatment in

a patient taking St John’s Wort. J. Cosmet. Laser Ther. 3, 159-160.

. Lenard, J., A. Rabson and R. Vanderoef (1993) Photodynamic

inactivation of infectivity of human immunodeficiency virus and other
enveloped viruses using hypericin and rose bengal: inhibition of fusion
and syncytia formation. Proc. Natl. Acad. Sci. USA 90, 158—162.
Higuchi, A., H. Yamada, E. Yamada and M. Matsumura (2003)
Inhibitory effect of hypericin on retinal and choroidal neovasculariza-
tion. Investig. Ophthalmol. Vis. Sci. 44, 554.

Schempp, C. M., B. Winghofer, M. Langheinrich, E. Schopf and J. C.
Simon (1999) Hypericin levels in human serum and interstitial skin
blister fluid after oral single-dose and steady-state administration of



586 Yu-Ying He et al.

17.

18.

20.

21.

22.

23.

Hypericum perforatum extract (St. John’s wort). Skin Pharmacol. Appl.
Skin Physiol. 12, 299-304.

Harris, M. S., T. Sakamoto, H. Kimura, S. He, C. Spee, R.
Gopalakrishna, U. Gundimeda, J. S. Yoo, D. R. Hinton and S. J. Ryan
(1996) Hypericin inhibits cell growth and induces apoptosis in retinal
pigment epithelial cells: possible involvement of protein kinase C.
Curr. Eye Res. 15, 255-262.

Sgarbossa, A., N. Angelini, D. Gioffre, T. Youssef, F. Lenci and J. E.
Roberts (2000) The uptake, location and fluorescence of hypericin in
bovine intact lens. Curr. Eye Res. 21, 597-601.

. Schey, K. L., S. Patat, C. F. Chignell, M. Datillo, R. H. Wang and J. E.

Roberts (2000) Photooxidation of lens alpha-crystallin by hypericin
(active ingredient in St. John’s Wort). Photochem. Photobiol. T2,
200-203.

Wahlman, J., M. Hirst, J. E. Roberts, C. D. Prickett and J. R. Trevithick
(2003) Focal length variability and protein leakage as tools for
measuring photooxidative damage to the lens. Photochem. Photobiol.
78, 88-92.

Busch, E. M., T. G. Gorgels, J. E. Roberts and D. van Norren (1999)
The effects of two stereoisomers of N-acetylcysteine on photochemical
damage by UVA and blue light in rat retina. Photochem. Photobiol. 70,
353-358.

Roberts, J. E., B. M. Kukielczak, D. N. Hu, D. S. Miller, P. Bilski, R.
H. Sik, A. G. Motten and C. F. Chignell (2002) The role of A2E in
prevention or enhancement of light damage in human retinal pigment
epithelial cells. Photochem. Photobiol. 75, 184—190.

Andley, U. P, J. S. Rhim, L. T. Chylack Jr. and T. P. Fleming (1994)
Propagation and immortalization of human lens epithelial cells in
culture. Investig. Ophthalmol. Vis. Sci. 35, 3094-3102.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Martin, S. J., C. P. Reutelingsperger, A. J. McGahon, J. A. Rader, R. C.
van Schie, D. M. LaFace and D. R. Green (1995) Early redistribution of
plasma membrane phosphatidylserine is a general feature of apoptosis
regardless of the initiating stimulus: inhibition by overexpression of
Bcl-2 and Abl. J. Exp. Med. 182, 1545-1556.

Reno, F., S. Burattini, S. Rossi, F. Luchetti, M. Columbaro, S. Santi, S.
Papa and E. Falcieri (1998) Phospholipid rearrangement of apoptotic
membrane does not depend on nuclear activity. Histochem. Cell Biol.
110, 467-476.

Roberts, J. E., C. E. Reme, J. Dillon and M. Terman (1992) Exposure to
bright light and the concurrent use of photosensitizing drugs. N. Engl. J.
Med. 326, 1500-1501.

Sliney, D. H. (1987) Estimating the solar ultraviolet radiation exposure
to an intraocular lens implant. J. Cataract Refract. Surg. 13, 296-301.
Sliney, D. H. (1986) Physical factors in cataractogenesis: ambient
ultraviolet radiation and temperature. Investig. Ophthalmol. Vis. Sci. 27,
781-790.

Diffey, B. L. (1977) The calculation of the spectral distribution of
natural ultraviolet radiation under clear day conditions. Phys. Med. Biol.
22, 309-316.

Hammond Jr., B. R., B. R. Wooten and D. M. Snodderly (1997)
Density of the human crystalline lens is related to the macular pigment
carotenoids, lutein and zeaxanthin. Optom. Vis. Sci. 74, 499-504.
Yeum, K. J., A. Taylor, G. Tang and R. M. Russell (1995)
Measurement of carotenoids, retinoids, and tocopherols in human
lenses. Investig. Ophthalmol. Vis. Sci. 36, 2756-2761.

Hankinson, S. E., M. J. Stampfer, J. M. Seddon, G. A. Colditz, B.
Rosner, F. E. Speizer and W. C. Willett (1992) Nutrient intake and
cataract extraction in women: a prospective study. Br. Med. J. 305,
335-339.



