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We investigated the ability of Aloe barbadensis gel extract to
prevent suppression of contact hypersensitivity (CHS) and
delayed-type hypersensitivity (DTH) responses in mice by
ultraviolet (UV) irradiation. Local immune suppression was
induced in C3H mice by exposure to four daily doses of 400
J/m? UV-B (280- 320 nm) radiation from FS40 sunlamps,
followed by sensitization with 0.5% fluorescein isothiocyan-
ate (FITC) through the irradiated skin. Topical application
of 0.167—-1.67% Aloe gel after each irradiation significantly
reduced this suppression. Aloe treatment partially preserved
the number and morphology of Langerhans and Thy-1*
dendritic epidermal cells in skin, compared to those in the
skin of mice given only UVR or UVR plus the vehicle.
Experiments using a single (2 k] /m?) dose of UVR followed
by Aloe treatment showed that the effect of Aloe was not due
to screening of the UVR. Systemic suppression of DTH to

Candida albicans or CHS to FITC was induced in C3H mice
exposed to 5 or 10 k]/m? UV-B radiation, respectively, on
shaved dorsal skin and sensitized 3 d later with a subcutane-
ous injection of formalin-fixed Candida or FITC painted on
unirradiated, ventral skin. Treatment of the UV-irradiated
skin with Aloe immediately after irradiation prevented su

pression of both DTH to Candida and CHS to FITC. Aloe
treatment did not prevent the formation of cyclobutyl py-
rimidine dimers in the DNA of UV-irradiated skin or accel~
crate the repair of these lesions, These studies demonstrate
that topical application of Aloe barbadensis gel extract to the
skin of UV-irradiated mice ameliorates UV-induced immune
suppression by a mechanism that does not involve DNA
damage or repair. Key words: photo protection/Candida albi-
cans/iapten/UV-B. J Invest Dermatol 102:197-204, 1994

hronic exposure of the skin to ultraviolet radiation
(UVR) causes skin cancer in humans and laboratory
rodents [1 -3} Furthermore, exposing the skin of ex-
perimental animals to wavelengths of UVR in the
UV-B (280 - 320 nm) region of the spectrum impairs
their ability to develop immune responses to UV-induced skin
cancers, contact-sensitizing haptens, and a variety of infectious mi-
croorganisms {4 - 7). Several model systems have been developed to
study the mechanisms of UV-induced immune suppression. In the
local suppression model, exposing C3H mice to low doses of UV-B
radiation inhibits the induction of the contact hypersensitivicy
(CHS) response to haptens applied at the site of imadiation. The
depressed immune response 1s accompanied by a decrease in the
numbers of Langerhans and Thy-1* dendritic epidermal cells
(DETC)in the skin {8 - 10] and by the appearance of hapten-specific
suppressor T cells in the spleen [10- 13]. In the systemic suppression
model, higher doses of UV-B are used to suppress the induction of
CHS and delayed-type hypersensitivity (DTH) responses to anti-
gens introduced at a non - UV-irradiated site [5]. Systemic suppres-
sion of CHS and DTH is alse accompanied by the appearance of
antigen-specific suppressor T lymphocytes [5,6,1 1,141::
The precise mechanisms by which UVR induces immune sup-
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pression are unclear; however, a picture is emerging of the sequence
of events leading to the downregulation of immune responses,
Local suppression appears to be mediated by aiterations in the activ-
ity of cpirfcrmal Langerhans cells and involves the release of tumor
necrosis factor alpha (TNF-a) [15{ and perhaps the formation of
cis-urocanic acid (cis-UCA) [16,17} in UV-irradiated skin. Recent
cvidence suggests that DNA damage is the initial event that triggers
systemic suppression of DTH and CHS [18]. Cyrokines such as
TNFe [15], IL-10 [19], IL-1 {20), and other soluble factors pro-
duced by UV-irradiated keratinocytes {21] have been implicated as
mediators of systemic immune suppression and may occupy inter-
mediate steps in the cascade of events leading from DNA damage to
immune suppression.

Extracts from a number of Aloe species are purported to have
therapeutic properties and have been used to alleviate the pain of
sunbum ancr to aid in the healing of thermal burns [22]. Aloe ex-
tracts, derived primarily from commercially grown Aloe barbadents,
have made thetr way into a myriad of health and cosmetic products,
although scientific evidence for their cfhcacy is limired. Becanse of
its reported anti-inflammatory effects {23], we wanted to determine
whether application of an Aloe extract to UV-irradiated skin would
alter the induction of immune suppression. Therefore, we investi-
gated the ability of a standardized sample of Aloe gel extract to
medify the effects of UV irradiation in murine modeis of UV-in-
duced local and systemic immunosuppression.

MATERIALS AND METHODS

Mice Specific-pathogen-free female C3H/HeN (MTV™) mice were ob-
wined from the Animal Production Area of the National Cancer Insticute-
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Frederick Cancer Research Facilicy {Frederick, MD) and maincained in 2
pathogen-free barrier facility in accordance with National Instinutes of
Health and American Association for Accreditation of Laboratory Animal
Care guidelines. All procedures were approved by the Institutional Animal
Care and Usc Commirtee. Each cxpenment was performed with aged-
matched mice 10-12 weeks old. The mice were housed in flter-protected
cages. National Instirutes of Health open formula mouse chow and sterile
water were provided ad libitum.

Aloe Barbadensis Gel Exteact  The Alve barbadensis uscd in our study was
“Seandard Gel Sampie A for 1991" (ARFI1A), prepared by the Aloe Re-
search Foundation using the following procedure. Mature Aloe barbadensis
leaves were fillcted and depuliped by passage through a 250 gm screen. The
gel extract was lyophilized (Vertis SRC250) within 2 maximum of 6 h of
harvesting the leaves and 4 h of Alicting. A detailed description of the

roperties and chemical constituents of this material may be og,:m:d from
The Aloe Rescarch Foundation, Suite 500, 910 Houston St., Fort Worth,
TX.?GlO;Mhthhmwpmadmmh&mﬂmkm
s ia] equipment, it does not correspond to any commercial
product currently markeced by any company.

Compounding of Agent The lyophilized ARF91A Crude Gel was re-
coustituted by sprinkling the dried powder onto sdrred, chilled “high-per-
formance liquid chromatography (HPLC) grade™ water (Aldrich Chemical
Co., Milwaukee, WT) at 2 concentration of 5 gm/100 mil. After surring
overnighe at 4°C, the remaining hydrated lumps of gel were dispersed by
homogenizing for 60— 120 seconds in 2 chilled blender. The extract was
diluted with HPLC grade water to twice the final concentration and was
manually cmulsified into an equal volume of Aquaphor, using aspatulaand a
glass rh:: Aquaphor consists of petrolamm, mineral oil, and crude lanolin
{(wool wax) and 15 widely cmployed for the incorporation of experimental
compounds into creams for clinical testing. Three concentrations of Aloe in
Aquaphor were prepared for usc in this study. The highest concentration,
1.67% {w/v) Aloe extract, co to three times the concentration of
native gel (approximately 0.5% solids), In terms of materials commercially
availahf . the concentrations of Alee used in our study — 1.67%, 0.5%, and
0.167% {w/v) — would correspond to 300%, 100%, and 33% Alve on pack-
aging labels. A control cream was prepared that contained only water and
Aquaphor in 2 1:1 ratio. After compounding, creams were stored at 4°C.

UV Drradiation  Ultraviolet radiation was administered using 2 bank of
six unfifrered FS40 sunlamps (Natioral Biological Corp.. Twinsburg, OH).
Approximately 65% of the energy emitted from these lamps is within the
UV-B range (280-320 nm) and the peak emission is at 313 nm (7). The
average irradiance of the source was approximately 5 W/m? at 2 20-cm
distance, as measured by an IL700 radiometet with an SEE240 dececror firted
with an SES280 fiter and a W quarez diffuser (Enternational Light Inc.,
Newburyport, MA). For local suppression of CHS, the abdominal fur of the
mice was shaved using electric clippers, and the animals were sedated with
methoxyfluorane. The cars were protected from irradiation by covering the
Yeads of the mice with aiuminum foil. Their shaved ventral skin was ex-
posed to 400 §/m?* UV-B radiation daily for four consecutive days. In some
cxperiments, the mice were shaved and anesthetized as above and given 2
kJ/m? as a single (approximately §-min) cxposure.

Systemic suppression of DTH or CHS was induced using a single expo-
sure of UV.B as follows. The dorsal fur of mice was shaved with electric
clippers and the ears covercd with opaque tape. The animals were put into
cages with plexiglas dividers, one mouse per chamber, and the rage was
covered W‘itt a wire lid. The incident light reccived by the animals under
these conditions was reduced ro 2.6 W /m?, by the shielding from the wire
cage top. The 5 kJ/m? (for suppression of DTH) or 10 kf/m? dose of UV-B
radiation (for systemic suppression of CHS) was delivered in approximately
30 min or 1 h of exposure, respectively. Conaol mice were treated in an
identicat fashion, but were not UV irradiated,

Contact Sensitization Mice were sensirized on their shaved abdominal
skin with a solution of 0.5% fAuorescein isothiocyanate (FITC; isomer I,
Aldrich Chemical Co.} in acetone : dibutylphthalate (1:1 v/v). UV-itra-
diated mice were sensitized ¢ither 6 h after the last UV mrearment (4 X 400
]/m? protocol} or 3 d after the single dose of UVR. Five days after sensitiza-
tion, the mice were challenged by paincing 5 ul 0f 0.5% FITC in 50% (v:v)
acetone : dibutylphthalate (Aldrich Chemical Co.) on both the dorsal and
ventral surfaces of each ear. Ear thickness was measured using an engineers’
micrometer (Production Tools, Houston, TX} immediately hefore chal-
lenge and 24 h later. Specific car swelling was determined by subtracring
values obined from muce challenged but not sensitized. Each treatment
group contained five mice.
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Delayed Hypersemitivity to Casdide albicams  Groups of five mice were
injected subcutaneously in each flank with 107 formalin-fixed Candida albi-
cans cells. Ten days larer, the mice were challenged with 50 gl of commer-
cially prepared Candida ancigen, supplied as a 1: 100 dilution (Berkicy Bio-
logicais, Berkeley, CA) in each rear footpad. F thickness (dorsal to
planuar aspect) was measured immediately before challenge and 24 h later.
Controi mice were not sensitized with yeast cells but were chalienged in
both hind foorpads with the Candida antigen. Specific footpad swelling was
determined by subtracting the average values obtained from mice chalienged
but not sensitized.

Aloe Treatment Within 5 min after UV irradiation, the irradiated skin
was treated with Afoe in Aquaphor or Aquaphor vehicle alone. Unirradiated
control groups of mice were also shaved, anesthetized, and topically treated
with Aloe extracts in Aquaphor. Approximately 75 mg of vehicle or Aloe in
vehicle was applied to the shaved skin of each mouse.

Sunscreen Testing The ability of Aloe or vehicle o reduce the dose of
UV-B radiation received by the skin was tested asing the ear swelling
method of Cole et af [24]. Prior to irradistion, the thickness of each ear was
measured with 2 micrometer. Fiftcen minutes before irradiation, Aloe in
vehicle or vehicle alone was manuaily applied to both sides of each ear. The

amount applied to the ears (30 mg/mouse) ap ted the degree of
coating ined in CHS experiments in whicg the Aloe was applied to
abdominal skin. The mice were placed in cages with plexiglas dividers,
covered with a wire lid, and exposed to a single dose of 5 kJ/m? UV-B
radiation, as described above. The ear thickness for each animal was mea-
sured 24, 48, and 72 h later and changes in ear thickness calenlated by
subtracting the values at each time point from their initial values.

Identification of In*, ATPase*, and Thy-1* Dendritic Epidermal
Cells {DETC) Three mice from cach ¢experimental group and an un-
treated control group were killed and their ventrai skin was excised. The
connective tissue was removed and the skin was cut into 1-cm squares and
incubated in 3 20-mM ethylenediamine tetraacetic acid (EDTA)/phos-
phate-buffered saline solution at 37°C for 2 b, as described [8). The epider-
mis was scparated from the dermis and epi sheets were washed in
normal saline, fixed in 4% paraformaldchyde at 4°C for 24 h and stained for
ATPase activity according to the method of Mackenzic and Squier [25). Ia*
cells were detected by fixing epidermal sheets in acetone for 30 min and
incubatitg them with mousc anti-{a* antibody (Becton Dickinson, San Jose,
CA) DETC were decected in a similar manner using rat anti-Thy-1 antibody
and thodamine-labeled goat anti-rat (Fab’)? second antibody {Organon Tek-
nika Corp., West Chester, PA}. The ATPase™, Ia*, and Thy-17 ceils were
observed at 400 X using light and dual epifivorescence microscopes (Nikon
Inc., Garden City, N]) with an ocular grid of known area. The aumbers of
cells ed represent the mezn + the standard deviation of 20 randomly
sel fields in each group.

Statistical Analysis The significance of differences between oeatment
groups was analyzed using analyses of variance, as performed using STAT-
VIEW 512 software (Abacus Concepts, Berkeley, CA) on a Maclntosh SE
microcomputer. Each experiment was performed at least twice. p < 0.05 was
consi statistically significant.

Measurement of Pyrimidine Dimers The number of pyrimidine
dimens in epidermal DNA was kindly measured by Dr. Daniel Yarosh (Ap-
plied Genetics, Inc., Freeport, NY) using the endonuclesse sengitive-sitc
assay and alkaline agarose gels [26]. The treatment of murine epidermis and
derails of the assay have been published elsewhere [18]. Briefly, the dorsal
skin of groups of three C3H/HeIN mice was shaved with clectric clippers.
One day later the mice were exposed to 5 ot 10 kJ/m? UV-B. Control mice
were shaved but not irmadiated. Six hours later the mice were killed, theie
dorsal skin was removed, and the fur was completely removed with a razor,
The skins were placed into a 0.25% trypsin solution and sent on ice to Dr.
Yarosh for processing and analysis of the DNA. Briefly, the DNA was
purified by proteinase K digestion followed by chloroform extraction and
¢thanol preaipitation. The purified DINA was then treated with T4 endonu-
clease V w produce breaks at all dimer sices. The single strands were sepa-
rated by alkaline agarose gel electrophoresis, and che frequency of dimers in
DDNA was measured by the change in average single-stranded DNA length.

RESULTS

Effect of Aloe barbadensis Gel Extract on the CHS Response
and on UVR.- Induced Local Suppression of CHS to FITC
Vehicle alone or three concentrations of Aloe gei (1.67%, 0.5%, and
0.167%, w/v) compounded in vehicle were applied topically to the
shaved ventral skin of mice once per day for 4 consecutive days. Six
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Figure 1. Local effect of Aloe barbadensis gel extract on CHS to FITC. A)
The shaved veneral skin of C3H mice was treated daily for 4 consecutive days
with topical applications of three concentrations of Aloe barbadensis gel ex-
tract in vehicle or vehicle alone. Six hours after the lase rearment, the mice
were sensitized with 0.5% FITC on their ventral skin, Five days later their
CHES response was measured by painting 10 mi 0.5% FITC on each ezrand
measuring ear swelling 24 h later. B) C3H/HeN mice were exposed daily
for 4 consecutive days to 400 J/m® UV.B tadiation on their shaved venmal
skin. Immediately after each exposure, Alve barbadensis gel extract in vehicle
or vehicle alone was topically applied to the irradiated site. The mice were
sensitized with FITC and challenged as desctibed above. Numbers in paren-
theses represcnt percent reduction compared with the matching positive
control group. The data illustrated are pooied from two experiments. Statis-
tical analysis by two-way ANOVA (factorial design) indicated cthat chere was
no difference between experiments, thus allowing combining of the data.
The data are expressed as the mean * standard deviation from 10 mice,
Asyerisk, statistical significance {p < ¢.0125) berween UV-B - treated groups
and their matching, unirradiated controls.

hours after the final treatment, CHS was induced by painting 0.5%
FITC on the ventral skin. The animals were challenged on their ears
5 days later. Mice sensitized with FITC showed a strong ear swell-
ing response (Fig 14). Treatment with vehicle alone reduced the
CHS response by about 20%, but the reduction was not statistically
significant {p =0.12). The CHS response in the Aloe-treated groups
did not differ significantly from the vehicle control.

We next investigated the effece of Aloe on UV-B-induced sup-
pression of CHS. Groups of mice were cxfposcd to 400 J/m? UV-B
radiation on their shaved, ventral skin, followed immediately by
topical application of vehicle or Aloe, The treatment was repeated
daily for 4 consecutive days and was followed by sensitization with
FITC 6 h afeer the last UV irradiation. As shown in Fig 1B, UV
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irradiation suppressed the response by 60%. Aloe, but not vehicle,
prevented UV-B-induced suppression. With ARF91A gel, protec-
tion was observed even at the lowest (0.167g 4loe/100 ml eream)
dose. The response in the mice given UVR followed by Aloe was not
statistically different from the mice given Aloe or vehicle but no .
UV-B {p> 0.05). These data indicate that topicat application of Aloe
barbadensis gel extract does not suppress CHS in unirradiated mice
and prevents low-dose UV-B-induced suppression of CHS to the
hapten FITC.

Additional control experiments were performed to determine
whether vehicle alone suppressed CHS and whether Alos non-spe-
cifically increased the ear swelling response. Mice were treated with
vehicle or 0.5% Aloe in vehicle on theit shaved abdominal skin buc
were not sensitized. After 5 d, their ears were painted with FITC,
and ear swelling was measured 24 h later. Vehicle-treated mice
showed 1.2 £ 0.76 X 1072 mm car swelling, whereas the Aloe-
treated égr‘;up had 2 0.5 % 0.65 X 1072 mm response (not shown).
These show that neither vehicle nor Afoe had non-specific
suppressive or stimulatory effects on the ear swelling response by
themselves.

Effect of Aloe on ATPase*, la*, and Thy-1* Dendritic Epider-
mal Cells in Mouse Skin In C3H mice, reduced CHS respon-
siveness correlates with reduced numbers of dendritic cells in skin
following UV irradiation. Therefore, we examined the numbers
and morphology of Langerhans and Thy-1* dendritic epidermal T
cells (DETC) in skin treated with Aloe and low-dose UVR. Groups
of three C3H mice were treated as described above with four daily
doses of 400 J/m? UV-B radiation, foilowed within 5 min by topi-
cal application of Aloe or vehicle to the irradiated skin, Non-ima-
diated controi groups received vehicle or Aloe on their ventral skin,
The epidermal sheets were analyzed for numbers of ATPase*, Ia*,
and Thy-1* cells.

The resules from two experiments are presented in Table I Un-
irradiated mice treated witﬁc\rchiclc alone or Aloe had numbers of
ATPase™ cells similar to those in normal controls. UV-B irradiation
reduced the number of ATPase* cells in skin by 90% compared with
the untreated control group. Aloe treatment of UV-irradiated skin
increased the number of ATPase® cells by 77 to 112%, compared
with the UV-irradiated group. Vehicle alone failed to prevent the
loss of ATPase™ cells by UVR. The number of 1a* cells in epidermal
sheets was similar to that of ATPase* Langerhans cells (Table I).
Mice treated with vehicle alone or Aioe showed a similar number of
Ia* cells to that of untreated control skin. UV irradiation alone or
UVR followed by vehicle treatment reduced the number of 1a* cells
by approximately 80%. UV-irradiated skin treated with Ale had
approximateiy 2.5 times more Ia* ceils than UV-irradiated skin.

We also examined the effects of UVR on DETC. Treatment of
unirradiated skin with vehicle alone or Aloe in vehicle reduced the
numbers of Thy-1* DETC by 10 to 37% compared with naive
controls; however, this reduction was not statisticaily significant,
UV irradiation reduced the number of DETC celis by 78-90%
compared with that in normal skin. Aloe treatment following UV
irradpiation significantly increased the numbers of DETC cells com-

ared with that in the UV-irradiated control group in experiment 2,
Eut in experiment 1 the increase was not statistically significant.

The effect of these treatments on the morphology of the dendritic
epidermal cells was examined in whole mounts of epidermal sheets.
Untreated skin had numerous ATPase* cells evenly distributed
throughout the epidermis. The ATPase™ cells in untreated (Fig 24)
or Aloe-treated skin (Fig 2B) exhibited an intensely stained central
body, which had multiple, branching dendrites. The morphology
of the ATPasc* cells in vehicle-treated skin was indistinguishable
from that of cells in untreated epidermis {not shown}. UVR injury
greatly reduced the number of ATPase* Langerhans cells in skin
(Fig 2C). The few remaining cells stained poorly, and their den-
dritic processes were absent or blunted. In contrast, ATPase” cells
were more numerous in UV-irradiated skin treared with Aloe (Fig
2D). The ATPase* cell bodies were more intensely stained and
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Table I. Effect of Aloe Gel Extract on Numbers of Dendritic Epidermal Cells in Low-Dose UVR-Treated C3H Mice

Cell Ty Treatment Groops*
Detected in
Epidermal Sheets None Vehicle Aloe Uv-B UV-B + Vchicle UV-B + Alee
Expenment 1
ATPase* 797 + 64 1014 + 54 (127) 1059 + 79 (133) 148 + 30 (19} 146 + 17 (18) 314 % 10 {39)
Ia* 781 £ 98 700 + 27 (90) 780 + 57 (100) 145 + 44 (19} 179 35 (23} 359 + 27 {46}
Thyt* 632 + 48 566 = 18 (90) 534 x 53 (84) 142+ 12 (22)¢ 127 £ 39 (21) 179 + 39 (28)
Expenment 2
ATPase* 945 + 45 825 + 50 (87) 908 = 130 (96) 200 + 29 {200 190 + 5 (21) 355 + 45 (38)
fa* 834 74 780 = 72 {94) 794 + 6 (95) 140 + 38 (17p 211 + 26 (25) 345 = 44 (31F
Thy1* 727 £ 90 569 + 113 (78) 461 % 47 (63) 71 % 15 {10 84 % 39 (12) 210 % 37 (29

* Groups of three C3H mice received 400 ] /m? UV-B on shaved ventral skis each day for four consecutive days. 1.67% Aloe in vehicle or vehicle aione was appiied to the irradiaced

skin immmediately after rach
cpidermal sheens w
celly/nund from 20

} p < 0.001 versus un

irradiarion, Co

for

were shaved and sed

with an

fclds pes

group.

P d but not irradiated. Six hours sfter the last treatment tha mice were kiiled and their skins removed. and
g tibodies ta [a" and Thy-1, or for detection of ATPase. The numbers of ATPase*, 12", and Thy-1* cells represent the mean = 5D
{four differcne epidermal sheets, frve ficlds per sheet). The percene of the unkreated control value is shown in parenthesis.

¢ p < 0.0 versus UV-B + vehicie group and < 0.001 versas UV-B group.
4 p > 0.05 versus UV-B + vehicle or UV-B groups.

Eonasv:d multiple dendrites, although the dendrites were less
ranched and numerous than those of cells in normal skin. Similar
morphologic changes were observed in preparations stained for Ia
(not shown}.

"The effect of Aloe on the morphology of DETC was examined in
untreated and UV-irradiated ventral skin (Fig 3). Like the ATPase*
and Ia* cells, Thy-17 cells were numerous and evendy distributed
throughout normal and Aloe-treared skin (Fig 3A4,B). The Thy-1
marker was found predominantly on the plasma membranes of
itively stained cells. UV irmadiation greatly reduced the numbers of
DETCs and altered the a ce of the cell bodies to a rounded
shape that lacked dendrites (Fig 3C). Topical application of Aloe
following UV irradiation resuited in partial preservation of Thy-1*
cells. Unlike the ATPase* and Ia* cells, the remaining DETCs in
the skin still appeared rounded and lacking in dendrites (Fig 3D).
These resuits demonstrate that UV-B irradiation of ventral skin
reduced the numbers of ATPase*, Ia*, and Thy-17 cells and that
Aloe, but not vehicle alone, Yan'ially preserves the number and mor-
phology of the dendritic cells in skin receiving low doses of UVR.

Figure 2. Effect of Aloe barbadensis gel extract on the number of ATPase*
Langerhans cells in murine skin. A4) Untreated ventral skin of C3H/HeN
mice staincd for ATPase activicy: B 1.67% Alfoe in vehicle was applied daily
for four consecutive days; C) skin exposed to four daily doses of 400 J/m?
UV-B radiation; D) skin treated with Alor after each of the four daily
exposures to 400 J/m? UV-B radiation. Note depletion and loss of dendrites
in ATPase* Langerhans cells in UV-B —treated skin and partial preservation
of numbers and morphology of these cells in irradiated skin eated wich Aloe
(X 400).

Eflicacy of Aloe and Aquapbor Vehicle as Sunscreens The
ability of vehicle and Aloe 1o act as sunscreens was also tested directly
in miice by measuring their ability to reduce edema in UV-irradiated
cars. The ability of agents to prevent UV-induced edema has been
used by other investigators as a measure of sunscreen efficacy and
correlates well with SPF values for commercial sunscreens obtained
using human subjects {24]. To test whether Aloe or vehicle reduced
the irradiance received by skin, Aquaphor vehicie or 0.5% Aloe in
vehicle was applied to the ears of mice 15 min before exposure 102 5
kJ/m? dose of UV-B. The edema was quantitated by measuring the
change in ear thickness at 24-h intervals for three consecutive davs,
The data are presented in Table II. The maximum ear swelling
cccurred by 48 h after UV irradiation. Neither vehicle nor Aloe
significantly affected ear swelling in UV-irradiated mice. Non-irra-
diated control groups, included to determine whether vehicle or
Aloe by themselves affected ear thickness, also showed no effect.
These data demonstrate chat the effect on UV-induced reduction of
CHS was not due to sunscreening activity by the Aloe or vehicle.
One possible explanarion for the ability of Aloe’s application to
prevent suppression of CHS might be that it blocks UV-B penetra-
tion, thereby decreasing the effective dose of UVR received. To

Figure 3. Effect of Aloe barbadensis treatment on Thy-1" DETC in C3H/
HeN skin. 4) Normal C3H/HeN skin stained with rabbit anti- Thy-1 and
FITC-goat anti-rabbit second antibody. B} Alse-treated skin C) exposed to
four daily doses of 409 J/m? UV-B radiation: D) treated with Aloe after cach
of the four daily exposures to 400 J/m? UV-B radiation. Note the partial
preservation of cell numbers bur not morphology 1n the UV-Afor group
compared with UV alone (X 400).
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Table II. Effect of Aloe or Vehicle on UV-Induced Edema*
Change in Ear Thickness
(Mean £ SD)

Treatment 24h 48 h 72h
UV-B 07 =07 79+2.1 55+x1.4
UV-B + Vehicle 1.2+08 80X50 7636
UV-B + Adloe 29%17 66+15 60+22
Vehicle 000 0815 0.7x1.3
Aloe 0.1+0.2 0.2+03 00x0

h

' Aloe in Aquaphor vehicle or Aquaphor alone was applied to the cars of groups of 3
C3H/HeN mice 15 min before their exposars to 5 k) /m? UV-B. The change in ear
thicknes: was derermined by subtracting, the thickness of each carat 24, 48, a0d 72 1
after treatment from is value before wearment. Values are expressed as the mean + SD.
Mean = SD ear thickness of all groups before treatment was 25.4 2 1.1, Nestatistically
significant differences were found berween the d UV.irradiated group and
UV-irnadiawrd /vehicle o Aloe/vehicle-gested mice at any cimepoinx {p > 0.05 by
Scudent € texr).

determine whether Aloe was acting as a UV «reening or a therapeu-
tic agent, a single exposure to UV-B radiation was admini o
mice, followed by topical application of Alee in vehicle or vehicle
alone. The dose of UV-B used, 2000 J/m?, is approximately one
minimal erythemal dose for a C3H mouse. The comibsined results of
three experiments are presented in Fig 4. Vehicle alone slighdy
(29%) but significantly (p < 0.01) reduced the CHS response when
compared with sensitized controls. Aloe in vehicle also slighdy
(27%) reduced sensitization but the reduction was not statisticaily
significant, Aloe treatment after UV-B irradiation, but not vehicle
alone, restored the response to FITC o levels comparable to those in
mice given only Aloe application. There was no statistically signifi-
cant difference between the CHS response of mice treated with Aloe

Mean £ SO Ear Swalling
immx10?)

Vehicle  0.5% Alo#

None None Vetucles 05% Aos  None

— UV-B Irrsd!ated —|
k FITC Sansitized ——

Figare 4. Effects of Aloe treatmenc on UVB-induced local supErcssion of
CHS to FITC. Groups of five C3H/HeN mice were given 2 k] /m? in a
single exposure on their shaved ventral skin followed immediately by topical
application of 0.5% Aloe in vehicle or vehicle alone. Unirradiated concrol
groups were shaved and treated with Aloe or vehicle. Three days later the
mice were sensitized with 0.5% EITC through their ventral skin, Five days
after sensitization the mice were challenged on their ears with 0.5% FITC
and swelling measured 24 h later. These data are the mean & standard devia-
tion of 15 mice from three separate experiments. As in Fig 1, data were
analyzed by ANOVA. Experiment-to-cxperiment vaniability was not signif-
icant. thus permatting the pooling of dara. Percent suppression compared
with the appropriate sensitized group is given in parenthesis. Difference
berween vehicle and UV-B + vehicle: p = 0.001; difference berween Aloe
and UV-B + Aloe (N5); * p < 0.01 decermined by rwo-way ANOVA.
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alone and mice treated with UV-B plus Aloe, suggesting thac com-
plete restoration occurred. Because Aloe was applied only after ex-
posure to UVR, it could not have been acting by decreasing the
incideat dose of UV-B.

In the experiments measuring the effect of Aloe on CHS described
above, Aloe was always applied immediately afrer UV irradiation. In
the following experiment, we determined the efficacy of Aloe when
applied 1o skin 1 d before, or 1 -2 d after UV irradiation. The data,
from a single experiment, are presented in Table I11. Aloe was only
effective at preserving the CHS response to FITC when applied
after UV irradiation. The protective activity peaked at 24 h after
cxposure to UV and was absent after 48 h. Taken together, these
data demonserate that Aloe is not acting as a sunscreen but rather
prevents events occurring within the first 24 h after UV imradiation
that lead to the induction of immunosuppression.

Local versus Systemic Action of Alse Aloe, applied topically,
could be acting locally or it may have a systemic action. To distin-
guish between these two possibilitics, Aloe was applied to abdominal
skin after a single exposure ro 2 k] /m? UV-B or a non-irradiated site
on the animal’s back. Three days after exposure, the mice were
epicutancously sensitized on the abdominal skin. The data arc
presented in Table IV. UV irradiation snppressed the CHS response
to FITC by 53 - 59% compared with unirradiated matching control
groups. Treatment of UV-irradiated skin with Alor paraally pre-
served the CHS response (group V1 versus IV and V). This protec-
tion was highly significant (p = 0.001 versus UV-irradiated, vchi-
cle-treated group IV). In contrast, application of Aloe to 2 distant,
non-urradiated site faled to protect against UV-induced suppression
(groups VIII versus IV, p = NS; VIII versus VI, p = 0.03}. These
findings demonstrate that Aloe acts at the site of irradiation to block
induction of immune suppression.

The ability of Aloe to gﬁxk induction of systemic suppression of
the CHS response by UVR was examined. Higher doses of UVR
suppress CHS to hapten in C3H mice sensitized epicutaneously on
unirradiated skin. The effect of topical administration of Aloe on
systemic suppression was examined in mice given a singie dose of 10
k{(mz UV-B on their dorsal skin. Vehicle or 1.67% Aloe was topi-
cally applied to the dorsal skin immediately after irradiation. Three
days later, the imadiated mice and unitradiated control groups were
sensitized with 0.5% FITC on their unirradiated, ventral skin and
challenged on their ears 5 d after sensitization. The results from a
representative experiment are shown in Fig 5. Neicher the vehicle
nor Aloe alone significantly affected sensitization (p > 0.05). Treat-
ment with UVR suppressed CHS to FITC by 71%. UVR followed
by vehicle resulted in 55% suppression of CHS compared with the
muatching unirradiated vehicle control. The difference between the
untreated and vehicle-treated UV-irradiated groups was not statisti-
cally significant (p > 0.05). Treatment of UV-irradiated skin with
Aloe completeiy prevented suppression in these mice, compared to
both the unirradiated and vehicie conerol groups. These data indi-
cate that treatment of UV-irradiated skin with Aloe barbadensis gel
extract can prevent systermic as well as local suppression of CHS.

Effect of Aloe on UVR-Induced Systemic Suppression of
DTH to Candida albicans Ultraviolet-B irradiation of murine
skin has been shown to suppress systemically the induction of de-
layed type hypersensitivity {DTH) 1o Candida albicans [6]. We ex-
amined the effect of topical application of Aloe on systemic suppres-
sion of DTH in mice given a single 5-k]/m? dose of UV-B on their
dorsal skin. Alee (1.67%) in vehicle was topically applied to the
dorsal skin immediately after UV-B exposure. Three days fates che
mice were sensitized with 107 formalin-tixed Candida albicans cells,
injected subcutaneously into each flank. The data presented in Fig 6
show that UV irradiation suppressed the DTH response by 52%
{p < 0.01). In contrast, treatment of UV-irradiated skin with Afoe
compleeely prevented the UV-induced suppression. Therefore,
treatment of UV-itradiated skin with Aloe prevents the induction of
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Table III. Reiationship Berween Time of UV Iadiation and Efficacy of Alor barbadensis in Preserving CHS Responses

Specific Significance (p)*
Time of Ear Swelling gnibcance ()
Group UV-B Treatment Application* (Mean £ 5D) Suppression’ Versus Group | Versus Group il

1 - None 131+ 38
1 + None 5.4+19 599 0.004
m + Vehicle —24h 41£09 69% 0.002 NS
v + Vehicle oh JB+14 71% 0.006 NS
v + Aloe —24h 3.2%31 76% 0.006 NS
vl + Aloe oh 71+05 46% 0.02 NS
Vi + Aloe +24h Y417 28% N3 0.03
vin + Aloe +48 h ATE07 72% 0.004 NS

* 0.5% ARF93A lot of Aloe in Aquaphor vehicle or Aquaphor alone was app

lied to the abdomens of C3IH,/HeN mice 24 h before (—24), S min after (0 b), and 24 b or 48 b after
abdominal skin.

ofthnki.nmuingleducofzkj/m‘UV'-B_‘Tl;mdma&erUVimdialion.thunimzhmunsid:edwitho.S%PTeruwghlhc

ﬂw‘
Values are expressed as the mean & standard deviation of groups of frve mice.

* Suppression is caleulated as 1 = {ear swelling of test mice = swelling of no UV-B coamol group) X 100%.

4 5 value by Scudent t tese. NS, not signibcaot (p > 0.05).

systemic suppression of both the DTH response to Candida and
CHS to FITC, as shown above.

Measurement of DNA Damage DNA damage has been impli-
cared as the triggering event in the systemic suppression of CHS and
DTH in mice [18}. To determine whether Alor was acting by in-
creasing DNA repair, we examined the effect of 4loe on the number
of cyciobutyl pyrimidine dimers in UV-B-treated murine skin.
The dorsal fur was removed from the skin of groups of three C3H
mice using electric clippers. The mice were exposed to 5 or 10
k]/m? UV-B. Following exposure, the irradiated skins or an unirra-
diated control were immediately treated with either 1.67% Aloe in
vehicle or vehicle alone. No pyrimidine dimers were detectable in
normal or vehicle-treated skin. Irradiation with 5 kJ/m? UV-B
resuited in the formation of an average of 40 dimers per million bp
and 56 dimers per million bp in the skin of mice given 10 k]/m?
UV-B, Treatment of irradiated skin with Afoe in vchicle or vehicle
alone failed to reduce the numbers of pyrimidine dimers formed
{not shown) under conditions similar to those in which treatment of
skin with T4NS endonuclease-containing liposomes repaired 40—
50% of the dimers formed [18).

DISCUSSION

The major environmental source of UVR is the sun. Because of
reported decreases in the concentration of stratospheric ozone [1}
and the expected increases in ambient UV-B radiation, the impact o

UVR on Etcxamn health has become a matter of growing public
concern. There is a close association berween the development of
skin cancers and UV-induced immune suppression [3,4,27), and

UVR has been shown to decrease immunity to infectious diseases in
animal models (6,7]. Therefore, it is important to understand the
mechanisms by which UVR induces photos ion and
to provide new approaches for its prevention and treatment. The
development of probes that inhibit some portion of the UV-B~
triggered suppression pathway may assist in dissecting these mecha-
nisms.

In studies presented here, we found that 2 standardized extract of
Aloe barbadensis gel (ARF'91A and ARF'93A) ameliorated some of
the immunosuppressive effects of UVR. The rationale for wsing
Aloe was based on its reported anti-inflammatory and burn-healing
properties (22,23} and on its widespread empirical acceptance as a
palliacive treatment for sunburn. Two different protocols of low-
dose UV irradiation were used to explore the effects of Alee. UVR
administered over 4 consecutive days or given as a single dose of 2
k[/m? impairs the induction of the CHS response to hapten applied
through the UV-irradiated skin of susceptible mouse serains. Aloe
was equally effective in preventing immune suppression by both
regimens. Direct measurement of the efficacy of Aloe and Aquaphor
vehicle as sunscreens showed that neither agent reduced i -
tory edema following UV irradiation. Taken together, these data
demonstrate thar Aloe acts as a therapeutic agent rather than by
reducing the incident dose of UVR.

Langerhans cells have been shown to be imporrant for induction
of CHS to antigens encountered through skin and are depleted by
UV-B irradiation [8]. Applying Aloe to the skin immediately after
UYV irradiation partially preserved the numbers of dendritic epider-
mal cells. Not only were ATPase™ and [a* Langerhans cells more
numerous in Alse-treated, UV-irradiated skin, but their morphol-
ogy was nearly normal as well. Dendritic epidermal T-cell numbers

Table IV. Systemic Versus Local Action of Aloe: Efficacy of Alse Applied to UV-Irradiated or Non-Irradiated Skin

Specific
Site of Sire of Ear Swelling Suppression Versus
Gloup UV-B Exposure Trearment* Treatment (Mecan + SD)* Homologous Controlf
I None None None 13138
1 Abdomen MNone None 5.4+19 590
111 None Abdomen Vehicle g81+11
v Abdomen Abdomen Vehicle I8+ 14 53%
v None Abdomen Aloe 10.0+ 1.0
Vi Abdomen Abdemen Aloe 7.1+0.5 290%,
Vil None Back Aloe 11.6 £ 3.1
VI Abdomen Back Aloe 52+1.8 55%

“ 0.5% Aloe in Aquaphor vehicle or Aquapher alone was applied to the skin of normal or UV-imadiated mice (within 5 min after exposure of the skin o 2k]/m? UV-B).

* Groups of five aumaly,

+ Suppression is calculated as | — {specific car swelling of test mice — specihc swelling of the homolog

pon-irndiated control group) X 100%.

¢ Difference berween UV-Buirradiated, Ale-treated. and vehicie-treated animals (groups V1 versus iV} is significant (p = 0.001). Effect of site of ereacment {Aloe on back versus
Aloe o abdomen, groups VI versus VILI) after LUV-B inturv of abdominal skin is signuhcant (p = 0.03).
¢ Aloe of a site di from injury hay ne ngnifcane effect {p > 0.05, group VIII versus [V).
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Figure 5. Effects of Aloe treatment on UVB-induced systemic suppression
of CHS to FITC. C3H mice were toasingle dose of 10k} /m3UV-B
on their shaved dorsal skin fol immediately by topical application of
1.679% Aloe in wehicle or vehicle alone. Unirradiated control groups were
shaved and treaced with Aloe or vehicle. Three days later the mice were
sensitized with 0.5% FITC through their untreated ventral skin. Five days
after sensicization the mice were challenged on their ears with 0.5% FITC
and swelling measured 24 b later. These data are representative of three
separate experiments and are the mean X SD of groups of five mice. Percent
suppression compared with the matching, unirradiated control group is
given in parentheses. p = 0.26, unreated positive control versus vehicle
treatment; p = 0.1, UV versus UV + vehicle. * p < 0.01 determined by
two-way ANOVA. .

were also partially preserved by Aloe treatment following UV irra-
diation but their dendritic morphology was not preserved. How-
ever, treatment of UV-irradiated skin with Aloe preserved the level
of immune function beyond what would be expected by the Lan-
gerhans cell numbers in these mice [8]. It is well E:own that there is
not a perfect correlation between morphologic alterations in cpi-
dermal dendritic cells and immune function, a5 measured by CHS
{28]. This is probably due to the fact chat cells in the dermis can also
act as antigen-presenting cells for CHS, particularly when a high
dose of antigen is used [29). Alternatively, Aloe may be acting at a
later stage o%thc immune suppressive pathway and have little influ-
¢nce on the morphologic alterations of Langerhans cells.

Besides preserving local immune function in mice given less than
1 minimum erythemal dose of UVR, systemic suppression of DTH
and CHS by higher doses of UVR (5 and 10 k}/m?, respectively)
was also inhibited by treatment of the UV-irradiated skin with Alee.
Previous studies suggested that both effects of UVR are wriggered
primarily by the formation of cyclobutyl pyrimidine dimers in the
DNA of cells in the UV-irradiated skin [18]. In those experiments,
application of liE:nsomcs contzining T4 endonuclease V to UV-irna-
diated murine skin, 2 procedure that increases the repait of pyrimi-
dine dimers, prevented systemic hotoimmunosuppression. Al-
though Aloe treatment had a similar effect on systemic immune
suppression, it did not alter the number of ﬁyrimidinc dimers in
UV-irradiated skin under conditions in which liposome treatment
decreased the number of dimers by 40 - 50%. We thesefore propose
that Afoe influences a later step in the sequence of events leading to
immunc suppression. For exampie, soluble factors such as TNF-a,
IL-10, and cis-UCA, released by UV-irradiated skin, can mediate
suppression of different T-cell-mediated immune responses
{15,16,19,30). It is possible that Aloe acts by inhibiting the torma-
tion or release of onc or more of these factors.

Our experiments demonstrate that a crude Aloe extract can have
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potent and reproducible biologic activity. Unfortunately, previous
studies involving Aloe preparations have not produced consistent
resuits [22]. This problem can probably be attributed to variability in
the source of the Aloe plants, variability in the production process,
the presence in the preparations of multiple components with vary-
ing, and even opposing, biologic activities, and the use of different
vehicles for Aloe administration. Within the past year, the Aloe
Research Foundation has actempted to remedy some of these prob-
lems by preparing standard reference samples of Aloe barbadensis gel.
The materials used in this study (ARF'91A, ARF93A) have been
characterized extensively in terms of biolegic and physical proper-
ties, chemical constituents such as saits, proteins, polysaccharides,
and assorted small molecuies, and microbial contaminants.

The Aloc Research Foundation materials used in these studies do
not correspond to any currently available commetcial product. The
various processes involved in producing commercial “Aloe” have

the potential for significantly altering the chemical composition of

the type of Aloe extract we describe herein. The bacteriology of Aloe
extracts is complex and the macerial we used in these studies may be
considered somewhat atypical of commercially produced materials
in that the starting substance had an extremely low bacterial con-
tent. The Aloe bcr%dam‘.r gel extract content of most commercial
matetials may be highly variable, the nature of the processing may
not be indicated, :.ng the bacteriology of starting materials unspeci-
fied. These caveats are well described in the “trade” literarure [31-
33] but not in the scientific literature. Previous biologic investi-
gations have employed cither uncharacterized raw materials pre-
pared in the laboratory or undefined commercial material. It is
therefore not surprising that results from various investigators on
the noncathartin:rtiologic properties of various Aloe species do not
always agree. Needless to say, the results of our study cannot con-
stitute endorsement of any commercial product. Clearly, purifica-
tion of the component(s} responsible for ameiioration ot photo-
immunosuppression would be highly desitable and would permit
more detailed studies of the mechanism of action of Aloe in this

system.
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Figure 6. Effccts of Alor treacment on UVB-induced systemic suppression
of DTH to Candids albicans. C3H mice were exposed 10 a single dose of 5
kJ/m? UV-B on their shaved dorsal skin followed immediately by topical
application of 1.67% Aloe in vehicle or vehicle alone. Unirradiated control
groups were shaved and treated with Aloc or vehicle. Three days later the
mice were sensitized with 107 formalin-hxed C. albicans ityjected subcutane-
ously inte cach flank. Ten days after sensitization the mice were challenged
with 50 ut solubie Candida ancigen in each rear footpad and swelling mea-
sured 24 h later. These data are representanive of Two separate experiments
and are the mean x SD of groups of five mice. * p < 0.01 determined by
two-way ANOVA,
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