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ABSTRACT-The number of adverse responses considered to be drug 
photosensitivity reactions account for only an exceedingly small per­

centage of the total undesirable effects from environmental chemicals. 

However, the rising incidence of and severe disability resulting from 

drug photosensitivity, especially when the photosensitivity is of the 

persistent light reactor type, indicate that increased photobiologic 

research and development efforts are required. Predictive tests are an 

obvious approach to minimize or eliminate those chemicals showing a 
risk-benefit ratio that is undesirable to society in general or to an 

unknowing individual in particular. Animal models with predictive value 

for determining the risk of photoallergic contact dermatitis in humans 

have undergone considerable modification during the past decade. 

This study reports an improved experimental guinea pig model for 
inducing photoallergic contact dermatitis to musk ambrette. In contrast 

to previously described models that used Freund's adjuvant, this model 

does not require nuchal stripping with cellophane tape. Control studies 

for primary irritancy, phototoxicity, allergic contact dermatitis, and 
"angry back" syndrome were included in the experimental design. 

Only photoallergic contact dermatitis was observed. Although the tech­

nique used to demonstrate this phenomenon is conducive to standard­
ization, additional studies are required to ascertain whether or not 

other chemicals known to be photoallergic in humans can also be 
demonstrated with this animal model.-JNCI 1982; 69:237-244 

The public in general and the scientific community in 
particular recognize that the introduction of innumerable 
new chemicals into our environment has been associated 
with both benefits and risks. Although these agents !lave 
been designed to aid the public, some have clearly entailed 
hazards of varying degree, as exemplified by hepatotoxic 
effects of vinyl chloride (1) and the oncogenic effects of 
diethylstilbestrol on vaginal tissue (2). 

A subset of adverse reactions to environmental chemicals 
is photosensitivity reactions involving the skin. The term 
"drug photosensitivity" has been used to describe adverse 
reactions associated with patients exposed to sunlight after 
they have received particular medications. Although origi­
nally used in this limited clinically therapeutic sense, the 
term has been expanded in recent years to include reactions 
to chemicals used in cosmetics (3), food preservatives (4), 
household cleaners (5), fragrances (6), agricultural materials 
(7), and industrial by-products (8). 

While the incidence of drug photosensitivity reactions has 
been quite low, it appears to be increasing. There is evidence 
in the literature of tens of thousands of persons affected with 
drug photosensitivity reactions during recent decades. In 
addition, there is a particular type of photosensitivity known 
as a persistent light reaction (9) that can be totally disabling. 
The increasing incidence and severity of this type of pho­
tosensitivity problem have served to illustrate the need for 
further photobiologic research efforts. It would be particu­
larly desirable to have an animal model that could predict 

the potential of chemicals or drugs for producing the full 
range of adverse photosensitivity reactions. 

Several models have been described and modifications 
continue to be developed. This paper is restricted solely to 
the subjects of development and evaluation of animal 
models for the induction of photoallergic contact dermatitis 
and for the assessment of their correlation with clinical 
events and photosensitivity tests in humans. 

GENERAL REVIEW 

A number of chemicals have been reported to cause 
photocontact dermatitis. These reactions are mediated by 
two broad mechanisms of action, phototoxic and photoal­
lergic pathways. Their salient features are noted in table 1 
and text-figure 1. 

The mechanism involved in photo allergic contact der­
matitis is immunologic and of the delayed hypersensitivity 
type.· The role of light is restricted to photochemically 
altering the hapten or facilitating its combination with 
carrier protein (10). Following formation of this complete 
"photoantigen," it is believed that this unit is further proc­
essed by macro phages and comes in contact with T-Iympho­
cytes in a manner similar to that of antigens associated with 
an ordinary delayed hypersensitivity immunologic response 
(11). The complete photoantigen is recognized as foreign on 
subsequent environmental exposure when sensitized T-lym­
phocytes are now present. An immunologic response is then 
initiated which results in erythema in labor~tory animals 
and a papulovesicular, eczematous response in humans (12). 
This hypothesis has been supported by both in vitro and in 
vivo studies. The following are representative examples: 

In Vitro Studies 

The photoadducts of TCSA and Jadit (buclosamide) in 
combination with protein, when assayed with models such 

ABBREVIATIONS USED: TC SA = 3,3',4' ,5-tetrachlorosalicylanilide; 

UVA=UV, 320-400 nm; UVB=UV, 280-320 nm. 

1 Presented at the Seventh Food and Drug Administration Science Sym­
posium ("Photochemical Toxicity: Toxic, Allergic, and Carcinogenic As­
pects With Emphasis on Predicting Effects in Humans") held at the 
Uniformed Services University of the Health Sciences, Bethesda, Md., 

March 16-17, 1981. 
2Supported in part by Public Health Service (PHS) grant ES-01D41-08 

from the National Institute of Environmental Health Sciences, by PHS 
grant RR-00645 from the Division of Research Resources (National Insli­

tutes of Health), and by the Shiseido Co., Ltd., Tokyo, Japan. 
3 Department of Dermatology, College of Physicians and Surgeons, Co­

lumbia University, 630 West 168th St., New York, N.Y. 10032. 
'Laboratory of Dermatology and Toxicology, Shiseido Laboratories, 

Yokohama, Japan. 
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TABLE I.-Mechanisms of drug-induced photosensitivity: 
Comparison of phototoxic and photo allergic reactions in test models 

Reaction 
Mechanism 

Phototoxic Photoallergic 

Incidence Usually relatively high Usually lower 
(theoretically 100%) 

Reaction possible on first Yes No 
exposure 

Incubation period 
necessary after first 
exposure 

Persistent light reaction 
possible 

Cross-reactions to 
structurally related 
agents 

Passive transfer 
Lymphocyte stimulation 

test 
Macrophage migration 

inhibition test 

No 

No 

No 

No 
No 

No 

A-lOTOSENSITIZER + LIGHT 
~ 

ENERGY ABSORPTION 
t 

EXCITATION 

-------------A-K)lDlDXIC f'l-()TOALLERGIC 
j j 

Yes 

Yes 

Frequent 

Possible 
Possible 

Possible 

ENERGY 
TRANSFER IWlIOR 

FREE RAOCAL FORMATION 
AND / OR OXIDATION 

I 
FREE RAIlCAL. 
PEROXIlE AND 

j 

I\EW HAPTENE FORMATION 

HEAT FORMATION HAPTENE' PROTEIN COVIlNATION 
j j 

N.X:LEAR SENSITIZATION VIA IMMJIIO-
CYTOPLASM OR COMPETENT CELLS (ICC) 

CELL 1v'E/JBRAt£ j 
ALTERATION PHOTOANTIGEN - ICC I'JTERACTl()Il 

~CELL DAMAGE/ 

TEXT-FIGURE i.-Mechanism of phototoxic and photoallergic reactions. 

as the macrophage inhibition and lymphocyte stimulation 
tests, have demonstrated positive results (13, 14). 

In Vivo Studies 

Passive transfer of photosensitivity to TCSA with the use 
of peritoneal mononuclear cells from photosensitized guinea 
pigs has been demonstrated (15, 16). The most comprehen­
sive data in laboratory animals concerning induction of 
photoallergy to halogenated salicylanilides and its deriva­
tives were those of Morikawa et al. (17). Recent studies by 
M. Takagawa and Y. Myochi (University of Kyoto, Kyoto, 
Japan) indicate the feasibility of using inbred strains of mice 
(BALB/c, DBA/2, C3H, and C57BL) for the induction of 
photoallergic contact dermatitis to TCSA, tribromsalan, 
and bithionol. 

The first induction of experiqtental photoallergic contact 
dermatitis in guinea pigs was reported by Schwarz and 
Schwarz-Speck (18) in 1957. Their demonstration used sul­
fanilamide as a test model. Following this, Vinson and 
Borselli (19) induced contact photoallergic reactions with 
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TCSA Their technique has been considerably modified but 
basically confirmed by several other groups (20-22). More 
recently, contact photoallergies to musk ambrette (22, 23) 
and 6-methylcoumarin (24, 25) have been induced. 

The guinea pig is presently the only experimental animal 
used to demonstrate photosensitivity of the delayed hyper­
sensitivity type in all of the reported photoimmunologic 
animal studies. Hartley strain albino guinea pigs (375-425 
g) are routinely used. Females appear to be preferable 
because there is likely to be less scratching of phototest sites. 

Table 2 lists the techniques of inducing contact photoal­
lergy in guinea pig models. In all the reported models, after 
induction and a suitable incubation period, elicitation is 
accomplished by topical application. These techniques are 
remarkably similar to those reported for inducing reactions 
in humans (26). 

Clinical reports of photosensitivity in humans include 
reports on chlorpromazine (27), bithionol (28), Jadit (29), 
and promethazine (30). Table 3 presents a comprehensive 
list of agents reported to induce photoallergic contact der­
matitis in humans. 

Because of the risk and hazards of injury of test subjects 
by photosensitization (31), the following data in laboratory 
animals are stressed, indicating our preference for the use of 
a predictive animal-screening test model for photo allergic 
contact dermatitis before tests are initiated in humans. 

Induction Techniques in Guinea Pigs 

The typical induction procedure consists of the topical 
application of a relatively high concentration (10-100 times 
more than the lowest eliciting concentration) of the photo­
sensitizer followed by DV irradiation. The entire induction 
procedure involves solely the nuchal region and is repeated 
five times during a 7- to lO-day period (table 2). Elicitation 
of photo allergic contact dermatitis is restricted to the depi­
lated surface of the back. 

Induction with UVB irradiation.-This model, introduced by 
Vinson and Borselli (19), has undergone numerous modifi­
cations and is an excellent one for inducing photosensitivity 
to halogenated salicylanilides. It uses both UV A and UVB 
radiations during the induction phase. As mentioned, al­
though it has undergone extensive modification, this widely 
established model has been duplicated in several laborato­
ries (20-22). However, it is ineffective in inducing photoal­
lergy to 6-methylcoumarin and musk ambrette. A possible 
hazard involves corneal burns from DVB radiation expo-

TABLE 2.-Techniques used to increase index of photo allergic 
contact dermatitis in guinea pigs 

Nuchal technique" 

UVB radiation 
Sodium lauryl sulfate 
Skin "stripping" with cellophane 

tape 
Stripping plus intradermal injection 

of Freund's adjuvant 
Intradermal injection of Freund's 

adjuvant without stripping 

Example of photosensitizer 

Halogenated salicylanilides 
Halogenated salicylanilides 
Musk ambrette 

Musk ambrette 
6-Methylcoumarin 
Musk ambrette 

"These procedures precede irradiation of topically applied chemical 
with UV A radiation. 
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TABLE 3.-Agents reported to induce photoallergic contact 
dermatitis in humans 

Agenta 

TCSA 
3' ,5' -Dibromosalicylanilide 
4' ,5' -Dibromosalicylanilide 
Bithionol 
Jadit 
3,4',5-Tribromosalicylanilide 
Promethazine 
Chlorpromazine 
Dowicide 32 
6-Methylcoumarin 
Musk ambrette 
Sulfonilamide 
p-Aminobenzoic acid 
2-Ethoxyethyl p-methoxycinnamate 
Isoamyl dimethylaminobenzoate 

a Petrolatum was used as a vehicle. 

Suggested con­
centration, %, 

for photo­
patch test 

0.1 
1 
1 
1 
1 
1 
1 
1 
1 
5 
5 
1 
1 
1 
5 

sure; therefore, the investigator's eyes must be protected 
with goggles. 

Induction with sodium lauryl sulfate.-This model, introduced 
by Horio (32), offers promise and should be further evalu­
ated. The induction procedure consists of the topical appli­
cation of a 20% aqueous solution of sodium lauryl sulfate to 
the nuchal area. One hour later the photosensitizer is ap­
plied to the same site and immediately thereafter the site is 
exposed to UVA radiation. The procedure is repeated five 
to ten times during a 1O-day period. The technique appears 
simple and effective. It is reported to produce a high index 
of photosensitization to halogenated sal icy Ian iii des and bi­
thionol. Unfortunately, there are only limited reports of 
usage by photobiologists. 

Induction with skin stripping with cellophane tape.-The in­
duction phase consists of the repeated application of cello­
phane Scotch tape to the nuchal site until glistening is 
noted. The photosensitizer is then applied to this area, after 
which the site receives UV A radiation. The procedure is 
repeated three to five times during a 7-day period on the 
nuchal area. The rationale of stripping is presumed to 
involve increased percutaneous absorption of the photosen­
sitizer, but the effectiveness of the model may also be related 
to the inflammatory response. This induction procedure 
appears analogous to the maximization test in humans and 
was successful for induction of musk ambrette photosensitiv­
ity in guinea pigs (22). However, in our studies, it was 
ineffective in inducing photoallergy to 6-methylcoumarin. 
A disadvantage of the technique is that a thick crust often 
forms on the nuchal induction site and impedes absorption. 

Induction with Freund's complete adjuvant and cellophane strip­
ping.-Freund's complete adjuvant, injected intradermally, 
has been demonstrated to increase the incidence of photo­
sensitization to musk ambrette and 6-methylcoumarin in 
the guinea pig (23). This technique involves injecting 
Freund's adjuvant into four sites at the periphery of the 
depilated nuchal area, stripping with cellophane tape, ap­
plying the test substance, and exposing the region to UV A 
radiation. During the entire photosensitizing procedure, the 
adjuvant is injected only once, but the remainder of the 
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induction steps are performed a total of five times (fig. 1). 
After 2 weeks, photosensitivity is assessed after depilation of 
the back for the first time, application of the test material to 
the back, and exposure of the back to UV A radiation (fig. 
2). These experiments pose the disadvantage of variations 
in the manner by which and the extent to which cellophane 
tape stripping are accomplished and they make it difficult 
for other investigators to reproduce accurately and uni­
formly, in a controlled manner, the stripping procedures. 
Accordingly, the following studies were designed to test 
whether or not stripping was necessary for induction of 
photoallergic contact photosensitivity to musk ambrette. 

MATERIALS AND METHODS 

Experimental animals.-Twenty-three Hartley strain female 
albino guinea pigs weighing 375-450 g were tested. Musk 
ambrette (2-methoxy-3,5-dinitro-4-methylbutylbenzene) 
was used as a test agent. The purity of musk ambrette was 
assayed by high-pressure liquid chromatography and thin­
layer chromatography. 

Light sources.-Black light fluorescent tubes (General Elec­
tric Co.) emitting radiation in the 320- to 400-nm range 
were employed. The fluence rate measured at 12.5 cm 
through 3 mm of window glass was 2.85 mW.cm-2

. All 
black light irradiation (10.2 J .cm-2

) is nonerythrogenic in 
the absence of the photosensitizer. 

Induction of photosensitivity in nonstripped nuchal skin. -The 
nuchal area (2.5X2.5 cm) of 11 guinea pigs was shaved and 
depilated with Nair, and 0.1 ml of a 10% solution of musk 
ambrette in acetone was applied. Before this procedure, 0.1 
ml Freund's adjuvant (fig. 1) had been injected into four 
nuchal sites. Five treatments were given during a period of 
10-11 days. Each treatment was followed by irradiation 
with black light fluorescent tubes as previously described. 

Induction of photosensitivity in stripped nuchal skin (control).­
The nuchal area of 12 guinea pigs was shaved, depilated 
with Nair, and stripped with cellophane tape for three or 
four of the five treatments. Freund's adjuvant was injected 
into four sectors. Musk ambrette (0.1 ml of a 10% solution 
in acetone) was applied within 15 minutes after stripping. 
The animals were irradiated with the same doses of light as 
were used for the nons tripped animals. The sensitization 
treatment of both the cellophane tape-stripped and non­
stripped groups was performed five times during a period of 
10-11 days. 

Tests for elicitation of contact photosensitivity to musk ambrette.­
The guinea pigs were challenged 17-22 days after the last 
nuchal sensitization exposure. The shaven and depilated 
lumbar area which had received no previous exposure to 
musk ambrette or light was demarcated into six sites 
(2.5X3.5 cm) with masking tape. The animals previously 
exposed to 10% musk ambrette in their nuchal region were 
challenged with 10, 1, and 0.1% concentrations of musk 
ambrette in ethanol on their dorsal lumbar skin (fig. 2). 
Each concentration (0.1 ml) was applied to symmetrical 
sites on the left and right sides of the animal. The right side 
was shielded with light-opaque material. A nonerythrogenic 
dose (10.2 J.cm-2

) from black light fluorescent tubes was 
administered 30 minutes after application of the challenge 
solutions. 

JNCI, VOL. 69, NO.1, JULY 1982 

 at G
eorgetow

n U
niversity on Septem

ber 10, 2013
http://jnci.oxfordjournals.org/

D
ow

nloaded from
 

http://jnci.oxfordjournals.org/


240 Harber, Armstrong, and Ichikawa 

TABLE 4.-Induction of photo allergic contact dermatitis to musk ambrette with the use of Freund's complete adjuvant, with and without 
cellophane tape stripping 

No. of irradiated animals reacting/total No. of ani­
mals irradiateda 

Procedure 

Nonstripping 

Stripping 

Concentration of musk 
ambrette, % 

0.1 
1.0 

10 
0.1 
1.0 

10 
, 

1+ 

4/11 
5/11 
5/11 
4/12 
6/12 
6/12 

2+ 

0/11 
1/11 
1/11 
2/12 
4/12 
4/12 

Total No. of ir­
radiated animals 

reacting/total 
No. of animals 

irradiated 

4/11 
6/11 
6/11 
6/12 

10/12 
10/12 

No. of unirradiated 
animals reacting/total 

No. of unirradiated 
animals 

0/11 
0/11 
0/11 
0/12 
0/12 
0/12 

a Grading of reaction: 1 +=mild erythema without edema; 2+=moderate to strong erythema without edema. 

TABLE 5.-Control studies for photoallergic contact dermatitis 
to musk ambrette 

Mechanisms 
No. of 

evaluated Chemicala ani- Result 
mals 

Phototoxicity 100% musk 20 No primary irritant or 
ambrette phototoxic reaction 

noted on first 
exposure 

Allergic vs. NiSO. 12 Contact allergy but no 
photoallergic photocontact allergy 
contact induced with Freund's 
dermatitis adjuvant 
related to 
humans 

Allergic reactivity CuSO. 12 No induction of allergic 
unrelated to or photoallergic 
humans contact dermatitis 

Nonspecific TCSA, CuSO., 12 No reaction to CuSO. 
reactivity, and musk and musk ambrette in 
angry back ambrette animals photosensi-
syndrome tized to TCSA and 

challenged with 
TCSA, CuSO., and 
musk ambrette 

Evaluation of test results.-Erythema on the test sites was 
evaluated at 24 hours after irradiation with the use of a 
scoring system ranging from 0 to 3. A score of 1 or higher 
was considered a positive response. 

RESULTS AND CONTROLS 

Contact photoallergy to musk ambrette.-As noted in table 4, 
photosensitization to musk ambrette was induced with both 
the stripping and nonstripping procedures (fig. 3). The 
incidence of photosensitization and magnitude of response 
were greater in the stripped group. 

Controls of photoallergy (table 5).-So that false-positive pho­
tosensitivity responses of a nonspecific nature could be ruled 
out, attempts were made to photosensitize guinea pigs to 
nickel sulfate, a known ordinary contact allergen in humans 
which has induced no cases of photoallergy in humans to 
date, and to cupric sulfate, a nonallergic agent in humans. 
Allergic contact but not photoallergic contact dermatitis 
was induced to nickel sulfate by use of Freund's adjuvant 
technique (Ichikawa H: Personal communication). Neither 

JNCI, VOL. 69, NO.1, JULY 1982 

allergic nor photoallergic dermatitis was induced with cu­
pric sulfate. 

Controls for nonspecifi·c reactivity ("angry back" syndrome).­
Animals photosensitized to TCSA were challenged with 
TCSA and cupric sulfate. Reactions were noted only at 
TCSA-treated sites. 

Control studies of phototoxicity: Phototoxicity to musk ambrette, 
anthracene, and 8-methoxypsoralen.-As previously described, 20 
guinea pigs with no previous nuchal sensitization to musk 
ambrette were challenged with 50, 20, 10, 5, 3, and 1 % 
concentrations of musk ambrette in acetone (32). With the 
use of radiation identical to that which elicited photoallergy, 
none of this group showed any visible reaction. 

CONCLUSION 

This modified experimental model for inducing photoal­
lergic contact dermatitis in guinea pigs demonstrates the 
successful induction of photo allergic contact dermatitis to 
musk ambrette. In contrast to previously described models 
using Freund's adjuvant, this model did not require strip­
ping with cellophane Scotch tape. Additional studies are 
needed to further demonstrate the correlation of the results 
seen with this model with events found in humans. 
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Freund*s adjuvant 
O.lml 

1 

UVA 

FIGURE I.-Induction of photosensitivity in the nuchal area with the use of Freund's adjuvant. 
FIGURE 2.-Elicitation of photoallergic contact dermatitis to musk ambrette. 
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FREUND'S ADJUVANT 
NO STRIPPING 
MUSK AMBRETTE 
UVA, 10 J o cm- 2 

ELICITATION 
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FIGURE 3.-Erythema elicited 24 hr after exposure to 10, 1.0, and 0.1 % musk ambrette and UVA radiation. Similar sites that were unirradiated showed 
no erythema. 
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DISCUSSION 

J. Middleton: I have a question with regard to the control 
animals used in your studies. I have had considerable ex­
perience with the Magnusson guinea pig maximization test, 
which we use in Europe. In this test, if you inject with 
adjuvant, you can show that you increase the susceptibility 
not only to sensitization, but also to irritation. 

My question is, in the studies you showed us, did you use 
adjuvant-pretreated animals as your controls? Ifnot, do you 
think there is a possibility that some of the reactions may be 
photoirritation rather than photoallergy? 

L. C. Harber: Our findings in patch test studies with 
humans regarding the "angry back" syndrome or "non­
specific" positive patch tests are in accord with those de­
scribed by Dr. Mitchell. In terms of guinea pigs, however, 
we have not observed this phenomenon. Unfortunately, I 
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have no direct experience with the Magnusson test, but our 
photobiology group has assessed in guinea pigs the angry 
back syndrome in regard to two photosensitizing fragrance 
materials, musk ambrette and 6-methylcoumarin. Specifi­
cally, relevant control studies concerning induction of pho­
tosensitization with the use of the Freund's adjuvant tech­
nique presented here involved an innocuous agent, cupric 
sulfate (CUS04). This compound has no known primary 
irritant or allergic properties in humans and thus was chosen 
for our control studies. Two weeks after attempted induction 
with CUS04, the animals were challenged simultaneously 
with 10% CUS04, 10% musk ambrette, and 10% 6-methyl­
coumarin. Each animal was assessed in the presence and 
absence of UV A light; 6 test sites were evaluated in each of 
6 guinea pigs. No reactions were seen at any of the 36 sites. 
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