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Characterization of Cutaneous Phototoxicity
Induced by Topical Alpha-Terthienyl

and Ultraviolet A Radiation*

William M. Rampone, M.D., Jerry L. McCullough, Ph.D., Gerald D. Weinstein, M.D.,
G. H. Neil Towers, Ph.D., Michael W. Berns, Ph.D., and Brian Abeysekera, Ph.D.

Departments of Dermatology (WMR, JLMcC, GDW) and Surgery (MWB), University of California, Irvine, California, U.S.A.,
and Department of Botany (GHNT, BA), University of British Columbia, Vancouver, British Columbia, Canada

Alpha-terthienyl (@-T), a phototoxic thiophene compound
isolated from marigolds (Tagetes species), affects cell mem-
branes and does not appear to induce cytogenetic damage.
This study was undertaken to investigate topical delivery
of a-T and characterize its cutaneous phototoxicity in com-
bination with long-wave UV radiation (UVA) in com-
parison with locally (intradermal) administered a-T.
Percutaneous penetration (PC) of 0.1% and 1% «-T in
a 3% Azone gel vehicle was studied in guinea pig skin in
vitro and quantitated by UV fluorescence microscopy. Dose-
dependent PC of epidermis, adnexae, and superficial der-
mis was demonstrated in vitro. Alpha-terthienyl (0.1% and
1%) in this vehicle was applied topically in vivo and ir-
radiated with 30 J/cm* UVA at intervals of 10 min-24 h.

Maximum sensitization was achieved with irradiation 1 h
following drug application. The clinical response was dose-
dependent consisting of erythema, edema, crusting, ero-
sion, and inhibition of hair growth and was observed 72
h to 7 days postirradiation. A comparable dose-de-
pendent phototoxic response was observed when 5-500
mg a-T were injected intradermally and irradiated with
UVA. These results indicated that low-dose topical @-T in
a nonirritating vehicle can rapidly produce cutaneous pho-
tosensitization. Topical @-T/UV A may provide a selective
and safer alternative approach for the photochemotherapy

of psoriasis and other cutaneous diseases. J Invest Dermatol
87:354-357, 1986

rugs now used for photochemotherapy of psoriasis

are weak photosensitizers (tars), or are carcinogenic

(psoralens). Other classes of drugs that would have

a photodynamic action on cells without involving

DNA structure and function might be useful for

psoriasis without future carcinogenic potential. Hematopor-
phyrin derivative (HPD) is a drug that has been used in the pho-
tochemotherapy of various malignant neoplasms [1]. It may avoid
the carcinogenic and mutagenic potential of psoralen but it produces
a prolonged photosensitivity which makes its clinical use difficult.
Various photosensitizing polyacetylenes and acetylenic thio-
phenes are synthesized by many plant species including members
of the Asteraceaec (Compositae) family. Alpha-terthienyl (a-T)
(Fig 1) is a phototoxic thiophene compound which has been iso-
lated from many of these plants, including marigolds (Tagetes
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PC: percutaneous penetration

TPA: 12-O-tetradecanoyl-phorbol-13-acetate

species) [2]. Alpha-terthienyl plus UVA has demonstrated pho-
totoxicity toward several prokaryotic and eukaryotic organisms
including human skin in vivo [3]. The mechanism of action ap-
pears to involve generation of singlet oxygen with resultant dis-
ruption of cell membranes and does not appear to interact with
DNA structure or function. With these properties, photoacti-
vation of a-T with UVA would be a potential candidate for
therapy of psoriasis and other photoresponsive diseases such as
myecosis fungoides and atopic dermatitis.

In this study we have investigated topical delivery of a-T to
characterize its cutaneous phototoxicity in combination with UVA
in comparison with locally (intradermal) administered a-T.

MATERIALS AND METHODS

Alpha-terthienyl was chemically synthesized [4], then purified
using high-performance liquid chromatography (HPLC) and
characterized by UV, infrared and mass spectroscopy, and stored
in the dark. The compound has an absorbance maximum at 353
nm and fluoresces blue under UVA or UVB radiation. Topical
formulations were prepared by reconstituting a-T in the selected
vehicle in the dark. Vehicles were commercially obtained. Azone
(1-dodecylazacycloheptan-2-one) was from Nelson Research, Ir-
vine, California; isopropanol, propylene glycol, dimethylsulf-
oxide, acetone, and n-decylmethylsulfoxide were from Mallinck-
rodt, Inc.

In Vitro Percutaneous Penetration Full-thickness skin ex-
cised from the backs of guinea pigs (Charles River Co.) was used
for these studies. Neet, a commercial hair depilatory preparation
(Whitehall Laboratories), was used as directed to depilate the
backs of the guinea pigs prior to excision. Alpha-terthienyl at
concentrations of 0.1% and 1.0% in 3% Azone gel was applied
to the epidermal surface as a single application or as 3 applications
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Figure 1. Alpha-terthienyl.

during a 12-h period (0.015 ml/cm?/application). Forty-eight hours
after the first application of a-T, skin specimens were frozen.
Cryostat sections of the full-thickness skin specimens were ex-
amined for a-T fluorescence with a fluorescence microscope (ex-
citation, BP 515-560, mirror FT 580, LP 590).

In Vivo Animal Studies Mature female white guinea pigs
were housed individually and had free access to food and water.
They were kept under natural light and dark conditions until
administration of the @-T, at which time they were placed in the
dark. Neet was used as directed to depilate the backs of the guinea
pigs prior to the administration of a-T.

Radiation Source The UVA radiation source was provided by
a bank of Derma Control F73T12 UV A (National Biological Co.)
lamps (peak emission level 360-365 nm). The intensity measured
by a IL442 light meter (International Light) was 5.5 mW/cm? at
the treatment sites. A dose of 30 J/cm? represented an exposure
time of 91 min. During exposures, animals were lightly anes-
thetized with xylazine and ketamine.

Alpha-Terthienyl Administration Alpha-terthienyl in quan-
tities of 0.05-500 ug was administered intradermally in 0.1 ml
dimethylsulfoxide:normal saline (4:1) 3 h before irradiation. Var-
jous topical a-T preparations or vehicle control solutions (0.05
ml) were applied to the back skin (3 cm? area) one or more times
before irradiation. Both the upper and lower back was used in
these studies, with treatment and control sites localized to similar
anatomic regions.

12-O-Tetradecanoyl-phorbol-13-acetate ~Administration
12-O-Tetradecanoyl-phorbol-13-acetate (TPA) (Consolidated
Midland Corporation) was reconstituted in acetone to make a 1
mg/ml solution. Twelve microliters (20 nmol TPA) were applied
to the dorsal aspect of each ear. After 21 h, topical a-T prepa-
rations or vehicle control solution (0.15 ml) were applied to the
dorsal aspect of each ear 3 h before irradiation.

Erythema Evaluation Photosensitization by a-T as mani-
fested by delayed erythema was evaluated at various time intervals
after irradiation using the following scale: 0, no reaction; 1+,
minimal erythema with sharp borders; 2+, more pronounced,
bright erythema without edema; 3 +, marked erythema with edema;
4+, violaceous erythema with vesiculation.

Autoradiographic Studies Autoradiographic techniques were
used to study the effects of topical a-T, TPA, and UVA on
epidermal DNA synthesis in vivo. At various times after radiation
exposure, animals were injected intradermally into separate treated
sites with 0.1 ml containing 10 uCi of [methyl-*H]thymidine (25
Ci/mmol, Amersham). One hour after isotope administration the
injected sites were punch biopsied (4 mm), the biopsies fixed in
Mirsky’s solution and prepared histologically for autoradiography
[5]. The slides were coated with Kodak NTB-2 liquid nuclear
track emulsion for 6 weeks, developed, and stained with hema-
toxylin and eosin. The labeling index was determined as a measure
of DNA synthesis by counting the number of labeled basal cells
per 1000 interfollicular basal cells.

RESULTS

In Vitro Percutaneous Penetration Percutaneous penetration
of a-T was obtained with a 3% Azone gel vehicle. Maximum
tissue fluorescence indicating effective penetration through epi-
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Figure 2. Ultraviolet fluorescence photomicrograph of a-T-treated guinea
pig skin in vitro demonstrating penetration of @-T into epidermis, su-
perficial dermis, and adnexae (X 250).

dermis, adnexae, and superficial dermis was achieved with 3 ap-
plications of 1% a-T (Fig 2). Fewer applications of drug and/or
lower concentrations showed a corresponding decrease in fluo-
rescence intensity.

In Vivo Phototoxicity Cutancous phototoxicity in vivo was
obtained with topical application of 1% a-T in 3% Azone gel
and in vehicles containing propylene glycol: water: Azone (57:38:5)
with 2,5% n-decylmethyl sulfoxide or isopropanol:water:Azone
(45:45:10). However, a strong primary irritant effect was seen
clinically with the 2 latter vehicles. There was enhanced cutaneous
phototoxicity with multiple applications (3 applications during
the 24 h prior to irradiation) vs a single application. The optimal
interval between single drug application and irradiation was be-
tween 1-6 h to achieve maximum photosensitization. Clinical
changes included mild erythema and inhibition of hair regrowth
during the first 72 h after irradiation, with increasing erythema
and edema progressing to erosion and crusting at 1 week. Clinical
changes remained localized to the a@-T-treated sites. Histopath-
ologic changes at 72 h after irradiation paralleled macroscopic
changes with crusting, subepidermal and intraepidermal edema
and vesiculation, presence of “sunburn” cells in the epidermis,
and epidermal erosion ranging to complete epidermal degener-
ation (Fig 3).

Figure 3. Autoradiographs of normal guinea pig skin treated with (a)
1% a-T in 3% Azone gel or (b) vehicle only; followed by UVA irradiation
(30 J/em?). Skin biopsied 72 h postirradiation. Labeling index: (a) 0%;
(b) 8.7 + 2.8%. Arrow denotes labeled cell in (b) (X 400). Note crusting,
subepidermal and intraepidermal edema and vesiculation, “‘sunburn” cells
in the epidermis, and epidermal erosion in (a) indicative of phototoxic
response.
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Clinical changes in hyperproliferative TPA-treated guinea pig
skin treated with topical 1% a-T plus UVA were not seen until
1 week after irradiation when erythema, erosion, edema, and
crusting were noted. A prominent acanthosis was observed in
histologic sections of TPA-treated skin which was absent in TPA-
treated skin that was then treated with 1% a-T plus UVA
(Fig 4).

Autoradiographic results from both normal (Figs 3, 5) and
hyperproliferative TP A-treated (Figs 4, 6) guinea pig skin treated
with topical 1% a-T plus UVA demonstrated a selective inhi-
bition of epidermal synthesis without affecting DNA synthesis
in the structures in the superficial dermis. Although there was no
clinical evidence of irritation with the Azone gel vehicle, there
was a significant stimulation of epidermal DNA synthesis 24 h
after topical vehicle application which returned to baseline by
48-72 h.

A dose-dependent clinical response with similar histopathologic
changes was seen after intradermal injection of 5-500 pug a-T
followed by UVA. Doses of a-T less than 5 pg produced no
significant effect.

DISCUSSION

Records detailing the use of several species of Tagetes for medicinal
purposes date back many centuries [6]. Tagetes has been used
topically in Asia, Europe, and South America for various skin
conditions. Eclipta alba, a related species which contains a-T, has
been used for the treatment of vitiligo, dermatophytosis, and
other chronic skin diseases [3].

Alpha-terthienyl has demonstrated phototoxicity toward var-
ious bacteria and yeasts [2,6-11]. Nematicidal activity of a-T in
combination with UVA has also been demonstrated [4,12-14].
Topical preparations of 1% «-T in petrolatum and in ethanol
have also produced phototoxicity in human skin [3,15].

The mechanism of action of the cytotoxicity induced by a-T
appears to result from the intracellular formation of singlet ox-
ygen (a short-lived, highly reactive state of the oxygen molecule)
when cells containing «-T are exposed to UVA radiation
[8,9,13,16-19]. MacRae et al [20] found that a-T/UVA did not

induce sister chromatid exchange or chromosomal aberrations in

Figure 4. Autoradiographs of TPA-treated (hyperproliferative) guinea
pig ear skin with (a) 1% a-T in 3% Azone gel or (b) vehicle only; followed
by UVA irradiation (30 J/cm?). Skin biopsied 72 h postirradiation. La-
beling index: (a) 0%; (b) 17.6 = 1.8%. Arrow denotes labeled cell in (b)

(X 400). Note prominent acanthosis in (b) indicative of hyperproliferative
state which is not seen in (a).
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Figure 5. Effect of time interval between a-T application and UVA
irradiation (30 J/cm?) on epidermal DNA synthesis in normal guinea pig
skin. Time interval: triangle, 10 min; circle, 1 h; square, 6 h. 3% Azone
Gel: ( ) vehicle control; (----) 1% a-T.

cultured Syrian hamster cells, in contrast to 8-methoxypsora-
len/UVA. Downum et al [9] found no evidence of DNA damage
using recombination deficient mutants of Escherichia coli K12 ir-
radiated in the presence of a-T.

Effective penetration of a-T through the epidermis and super-
ficial dermis using Azone vehicle systems has been demonstrated
in the present investigation. These studies show that low-dose
topical a-T in a nonirritating vehicle can produce dose-dependent
cutaneous photosensitization with UVA comparable to that of
locally (intradermal) administered a-T. A phototoxic response is
also obtained by topical a-T and UVA using the hyperprolifer-
ative TPA-treated guinea pig ear model. Phototoxicity is accom-
panied by a corresponding inhibition of epidermal DNA synthesis
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Figure 6. Effect of topical 1% a — T in 3% Azone gel vehicle and UVA
irradiation (30 J/cm?®) on epidermal DNA synthesis in TPA-treated (hy-
perproliferative) guinea pig skin.
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in both normal and hyperproliferative skin models. The cytotoxic
effect of photoactivated @-T does not appear to involve direct
interaction with DNA structure, thus reducing the potential for
carcinogenesis and mutagenesis. Topical @-T and UVA irradia-
tion may therefore provide a selective and safer alternative ap-
proach for the photochemotherapy of psoriasis and other pho-
toresponsive cutaneous diseases.

We wish to acknowledge the excellent technical assistance of Ms. Jennifer Jenkins.
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