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Topical D-vitainins: multiparametric comparison
of the irritant potential of calcipotriol, tacalcitol

and calcitriol in a hairless guinea pig model
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The irrititnl potential of calcipotriol. lcE.24-dihydroxyvitamin D3 (tacalcitol) atid 1 «.25-dihydroxy-
vitamin D-, (calcitriol) was compared in a hairless guinea pig model. Randotnized. occlusive patch
testing for 2 days was used. Each group of 8 animals was tested simuitaneously with the 3 sub-
stances and a placebo vehicle. 3 dose levels i.e. 500 /(g/ml, 50 /(g/ml and 5 //g/ml were used. Test
sites were evaluated al day 2 (2 h after removal of the patches) and again at day 3, Evaluation was
blinded and based on a multiple parameter assessment of skin irrilancy. comparing clinical scoring.
skin perfusion using high resolution laser Doppler image scanning, skin colour («*. Minolta
ChromaMeter) and skin thickening (20 MHz ultrasound) indicating oedema. Skin biopsies were
taken for histological preparation and assessment of epidermal hyperplasia. No difference was
observed between the irritant potential of calcipotriol. tacalcitol and caicitriol based on clinical
scoring as well as objective non-invasive measuring techniques. All 3 subslances showed a dose-
dependent and equal increase in clinical irritation score, cutaneous blood flow, skin colour and
epidermal hyperplasia. The cutaneous innammatory reaction was dominated by vasodilation and
increased cutaneous perfusion. Oedema formation was only seen at the highest dosages tested.
Skin barrier damage was not induced as TEWL remained unaffected. The hairless guinea pig
appears a valid model to test irritancy of topical D-vitamins siticc the same profile of irritancy
was previously established in humans for 2 ofthe compounds tested, calcitriol and calcipotriol.
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Ia,25-dihydroxyvitamin D^ (calcitriol) atid its 2
synthetic analogues calcipotriol and la,24-di-
hydroxyvitamin D^ (tacalcitol) have been intro-
duced for topical use in psoriasis. Both calcipotriol
and tacalcitol are found equipotent with calcitrioi
in their affinity for the vitamin D receptor and in
their effects on keratinocyte gtowth in vitro (1-5).
The dose inducing hypercalcemia in rats is similar
for lacalcitol and calcitriol (5), Compared with cal-
citriol, calcipotriol is 100 to 200X less potent in
producing hypercalcemia and hypercalciuria in
rats (1. 6). probably due to fast elimination and
biotransformation into inactive metabolites after
reaching the systemic circulation (7, 8). Thus, cal-
cipotriol has an especially favourable therapeutic
index. The aim of the present study was to com-
pare the irritative potential of the three substances
in a hairless guinea pig model developed in our
laboratory. The guinea pigs are hairless except for

continuou.s hair growth at the nose and feet. One
ofthe advantages of using a hairless species model
is that injuries caused by shaving atid depilation
can be avoided. Assessment of skin irritation was
based on a multiple paratneter assessment includ-
ing both clinical scoring, non-invasive measuring
techniques and studies of induction of epidertiial
hyper pi a si a.

Material and Methods
Animals

24 female hr/hr guinea pigs (Charles Rivers Lab-
oratories. Germany) weighing about 4-500 g were
used in the study. The guinea pigs were placed
singly in Macrolon* cages with free access to a
commercial rodent diet (Altromin®) and to tap
water with added ascorbic acid. The animals were
acclimatized for 1 week before initiation of the
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Study. A 12 h light/I2 h dark cycle was maintained
and temperature and humidity in the animal room
was recorded by a thermohygrograph.

Test solutions

mCalcipotriol. la.24 (OH).D3. lcf,25
concentrations 5 //g/tiil, 50 //g/ml and 500
were prepared in isopropanol buffered with citrate
to pH=8.5. A vehicle solution without added drug
was also iticiudcd as placebo.

Pateh testing proeedure

The animals were divided into 3 groups each con-
sisting of 8 animals. The guitiea pigs in each test
group were tested sitnultaneously with all 3 test
substances in a defined concentration and with the
solution vehicle. 2 test sites were marked on each
dorsal flank ofthe animals. In order to remove the
influence of an effect caused by location of treat-
ment, the treatments were ratidomly assigned to
locations in an as much as possible balanced way.
For each group of 8 atiimals 2 different 4x4 latin
squares were used.

60 //I of each tesl preparation was applied on a
filter disc fitted into a large Finn Chatnber* (Epit-
est. Helsinki, Finland) and placed on the skin. Fix-
ation of the chamber was done with Scanpor"^ tape
and a final dressing consisting o\: lube gauze
covered with Betid-A-Rele" (an elastic, tubular nel
bandage). Test chambers were removed at day 2
and readings of lest sites were done 2 hours after
removal of the patches and again at day 3.

Test evaluation was blinded and included clinical
scoring of erythema end edetna and objective
measurement of cutaneous blood flow, skin colour,
skin thickness and transepidermal water loss. De-
tails about each method is given in the following
text.

Tahlf y.Clitiical evaltiation of skin ruiictions according to
Drai/e ct al. (9)

A. Ervilictna ttnd e.schar forma lion
No erythema
Very slight erythema (barely perceptible)
Well defined erythetiia
Moderate to severe erythema
Severe erythema (beet redness) to slight esi;har

formation
Total possible erythema score

B. Edema formation
No edema
Very slight edema (barely perceptible)
Slight edema (edge of area well defitied by definite

raising) -
Moderate edema (area raised approximately 1 mm) 3
Severe edema (raised more than 1 mm and extending

beyond area of exposure) •*
Total possible edema score j_

Total possible score for primary irritation S

laser beam move step by step over an area of inter-
est making a two dimensional horizontal scanning
of the tissue without touch. At each measurement
site the He-Ne laser beam penetrates the skin to a
median depth of a few hundred niictometers. The
Doppler shift of the reflected light depends on the
flux of red blood cells. Precautions and more de-
tails about the equipment have been described else-
where (10, 11).

3 scans were made within each test area using
this method and the tnean perfusion
valueistandard deviation was subsequently tneas-
ured based on a total of 224 individual measure-
ment points. Ambient light was switched off dur-
ing scanning. The parameter settings during meas-
urements were: Image format: 32 sitesX32 sites;
Resolution: high; Distance to test site; 16.5 cm.

The spatial resolution based on this set-up was
0.73 mm' being 0.94 mm in the .v-axis and 0.78
tiim in the v-axis.

Clitn'cal .scoring

Clinical scoring of erythetna and edema of test
sites was done according to Draize et al. (9) The
scoring scale is shown in Table 1. The reactions
were assessed visually and palpably. A final mean
score for each formulation was obtaitied by divid-
ing the total score for the group by the number of
animals in the group.

Laser Doppler image scatming

The blood flow in the skin was measured using a
laser Doppler perfusion imager^ (LDI system. Lis-
ca Development. Sweden). The equipment uses a
low power He- Ne laser to scan the tissue. The

Skin colour

Skin erythema was measured by chromametry
(Minolta ChromaMeter CR-300. Osaka. Japan)
with tristimulus analysis of the colour of the skin
according to the CIF system. Equipment and
measuring principles has picviously been described
(12). 3 measuretnents were carried out within the
individual sites. The colour of the skin was meas-
ured by the parameter a* and expressed as the me-
dian of 3 observations.

Transepidermal water loss (TEWL)

An Evaporimeter EP-l^ (Servo-Med. Kinna,
Sweden) with protection cover (screen and grid)
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was used. Measurements were done with pre-
cautions laken according to Pinnagoda el al (13).
Measurements were performed with the animal
placed in an incubator for air convection control.
3 measurements were carried out on each lest site
using printer registration. The mean TEWL value
and standard deviation was calculated.

Skin ihiekness

Measurement of skin edema was done by ultra-
sound scanning of ihe skin using the Dermascan-
C® (Cortex Technology. Hadsund, Denmark). The
scanner is a 20 MHz high frequency scanner. The
method is described in delails elsewhere (14).
Measurements were made using the C-probe and a
-Standard set-up with a linear gain setting at 23. 1
scan was taken within each site. Image analysis of
scans comprised measurement of skin thickness
using the A-scan mode of the Dermascan-C stan-
dard software. 3 measurements were carried out

O

5 -

4 -

3 -

2 -

1 -

D Calcipotriol
^ 1.24-t3ihydroxyVitamin Dj
o 1,25-dihvdroxy\ritamin D,

Day 2

5 Mfl/rril 50 Mg/ml 500

within each scan and the mean value and standard
deviation was calculated.

Histology (epidermal thiekness)

At day 3. immediately after sacrifice, an 8 mm
punch biopsy was taken from the central location
of each site. Biopsies were fixed in 10"/;. neutral
phosphate buffered formalin, embedded in paraf-
Hn wax, sectioned in 5 //m thick slices and stained
wilh haematoxylin and eosin (H&E). A Nikon LA-
BOPHOT 2 microscope was used at magnificatioti
400X. Epidermal thickness on 6 slices from each
biopsy was measured and ihe mean thickness and
standard deviation calculated.

Statistieal analysis

The comparison between ihe treatments in each
group was made using a test for paired data, i.e.
repeated measures analysis of variance. Signifi-
cance level was/7<0.05.

Q.

3.0

2.5 -

2.0 -

1.5 -

5 '-"^

0.5 -

• Calciootriol
A 1.24-dihydroxyvitamin Dj
o 1,25-dihydroxyvitamir Di

Day 2

50 pg/ml 500

5 -|

(0 3 -

I

O

2 -

1 -

• Calcipotriol
A 1.24-dihydrDXyvitamin D,
o 1,25-dlhydroxyviiamin Dj

Day 3

5 pg/ml 50 pg/ml 500 pg/ml

Fi^. IA Clinical mean score of irritatioti as a functioti of con-
centrations of substances applied (;; = 8 for each concentration).

E
5

I.3W

0.00 -

-0.35 -

o

CalclDotnol
1.24-dihydroxyvHamln 0
1,25-dihydroxyvftamin D

a' Day 3

50 M3/ml 500

Fig. 2. A LDI mean blood perfusion as a function of concen-
trations of substances applied (H = 8 for each concentration).
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o 1,25-dihydroxyvitamin
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A 1.24-dihydroxyvltamin D3
o l,Z5-diHydroxyvitamin D,

Day 3

50 500

/̂ ;g. 3. A a* value {Minolta ChromaMeter) as a fimction of
concentrations of substances applied (n=H for each concen-
tration).
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D Caiclpotriol
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Fig. 4. A skin thickness (ultr;isouiid) as a function of concen-
trations of substances applied ('i=f̂  for each concentration).

Results

The results of clinical scoring, measurement o( cu-
taneous blood flow, skin colour and skin thickness
on day 2 and day 3 are shown in Figs. 1^ , respec-
tively. The A in the figures indicate increase com-
pared with the value found for the placebo vehicle.
A linear increase in cliniea! irritation seore by

log(concentration) was found for the 3 concen-
trations used (5. 50 and 500 /fg/ml). No statistically
significant difference in response was observed be-
tween any of the 3 substances. Thus, the 3 sub-
stances showed a dose-dependent and equal in-
crease in irritancy. The results of measurement o\'
skin cohmr and skin perfusion arc in accordance
with the clinical scoring. Increase of perfusion is

Table 2./.TEWL (g/nr h) measured by the Evaporimeter EPI* on day 2 (2 h after patch removal); mean±s.d. for «-8 hairless

Test group

Group 1 (500//g/ml)
Group 2 (50/;g/ml)
Group 3 (5 /ig/ml)

rtj/i/c 2/7. TEWL (g/nr h) measured by

Test group

Group I (500/(g/ml)
Group 2 (50 /tp'm\)
Group 3 (5 /(g,ml)

Placebo
vehicle

7±3
7±1

the Evaporimeter EPI'

Placebo
vehicle

4±3
4±1
4±2

MC 9U3
(calcipotriol)

5±2
S±2
6±2

® on day 3: mean

MC 903
(caleipotriol)

3±3
5±2
5 + 2

I».24(OH).D,
(tacalcito!)

6±2
7±l
6±2

1«.25(OH)>D_,
(calcitriol)

6±2
6-1
7±3

±s.d. tor «^8 hairless guinea in each test group

la.24(OH):Di
(tacalcitol)

3±2
5±2

1«.25(OH):D,
(calcitriol)

5 ±2
5±2
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. J. 4 >eqiiL-]iljiil la^cr Doppier image scan^ ol a test ^ite
exposed to 500//g/ml of l.25(OH).D.i. Scans were taken at day
2. For statistical evaluation a region of interest is selected in the
image. LDI mean blood perfusion value±SD within this region
is shown in the fiirure.

illuslraled iti Fig. 5. which shows 4 sequential laser
Doppler image scans of a test site exposed to 500
;/g/ml on.25(OH):D,. Note the circular hyperper-
fused area in the centre of each scan corresponding
to the site of application.

Based on itltra.sotind seanning. only minor edema
could be found after testing wilh the 2 lower con-
centrations, while extensive edema formation was
seen at the highest dose level tested, Fig. 6 repre-
sents an example of a cross-sectional ultrasound
image of a test site exposed to 500 //g/ml of
1.25(OH)2D3. The echolucent area in the dermis is
caused by edema formation.

In Tables 2a. b the results of measurement of
transepidermal water loss are given. This parameter
was not affected by the substances either on day 2
or on day 3. Thus the TEWL values were normal
within the concentration range tested.

Epidermal thickness measured on histologieal
slides taken at day 3 are shown in Fig. 7, in which
the % increase compared with the thickness meas-
ured for epidermis treated with placebo vehicle is
shown. Epidermal thickness was found to increase
in a dose-dependent way. The epidermal thickness
was about 200"/. of the placebo control for the
highest concentration i.e., 500 //g/ml.

Discussion
In the present study, the irritant potential of calci-
potriol, la,24-dihydroxyvitamin D, and Io:,25-di-
hydioxyvitamin D3 was compared in a hairless
guinea pig model. The evaluation of irritancy was
based on a multiple parameter assessment of irri-
tancy, using both subjective clinical scoring and a
number of relevant and objective non-invasive
measuring techniques.

The results obtained show that the cutaneous re-
action is dominated by vasodilation and increase
in cutaneous blood flow, while oedema formation

hig. ft. tross-scL-tional iiltiusoLiiid image (vertically oricnied) o^
a tesl site exposed to 500 //g^ml of 1.25(OHl:,D,.' Image taken
at &^y 2. M; probe membrane: E: epidermal surface: I: i'literface
between dermis and subdernial tissue.

o 250

c:

225 -

200 -

175 -

.Si 1 5 0 -

125 -

:2 100 H
a
UJ

• Calcipotriol
* 1.24-d[hydroxyvitamjn Dj
O 1.25-dlhydroxyvitamin D3

Day 3

5 pg/m) 50 500

Fii;- 1. Epidermal thickness (^, of control) as a function of con-
centrations of substances applied {n = % for each concentration).
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is only observed in advanced reactions. The effect
on skin colour and blood flow observed in the
present study is in close accordance with the results
of a clinical patch test sludy with calcipotriol and
la.25(OH)2Di performed by us (15).

Evaporimetry is a method for measurement of
transepidermal water loss (TEWL). TEWL has
been used in ihe assessment of damage lo the skin
water barrier caused by corrosive irritants such as
detergents (13). This parameter was not affecled
by the vitamin D analogues either on day 2 or tin
day 3. since TEWL values were normal in the full
concentration range {3 500 //g/ml) tested. Thus.
Ihe vilamin D analogues do not affecl ihe skin bar-
rier properties, but cause only mild and non-caus-
tic rciiclions. This special profile of irrilancy again
closely corresponds lo our resent results obiained
with calcitriol and calcipotriol in a clinical patch
test study in 42 heallhy volunteers (15). In ihis
study il was additionally found ihat the vitamin D
analogues, in contrast to an irritant like sodium
lauryl sulfate (SLS). do not induce skin water bar-
rier damage as a pan of iheir irritancy mechanism
(15), Increased TEWL has been reported after
patch testing 12 subjects with calcipotriol (16).
This patch tesl sludy was done with ointment for-
mulations of ealcipotriol. The oinlmeni vehicle il-
self has. however, been found to increase TEWL
and corrosive irritation elicited by the vehicle may
easily explain this finding (17).

In the present study, test evaluations were per-
formed both on days 2 and 3. Kor all parameters,
the irritancy response was less pronounced on day
3 compared with day 2 recordings. The irritant ef-
fect of Ihe 3 substances was similar on both days
and lor the 3 concentrations considered. Thus the
study demonstrates that the irritation is iransienl,
wilh reduction in all parameters from day 2 to day
3. However, clinical scores made a minor excep-
tion. The high value on day 2 for the 500 //g/ml
solution did not decrease on day 3. as the values
obtained for the 2 lower concentrations did.

Epidermal thicknes.s as an index of irrilancy has
previously been used in the assessment of anti-in-
flammatory effeet of topically applied agents (IS.
19) and for the assessment of irritancy of different
substances (20). Measurement of epidermal thick-
ness showed that the D-vitamin analogues in a
dose-dependent way ga\e rise to a marked increase
in epidermal ihiekness due to induction of epider-
mal cell proliferation (hyperplasia). Thus induc-
tion of hyperplasia is a part of the irrilancy re-
sponse of the vitamin D analogues, parallel lo
many other local irritants but in contrast to what
is observed when the D-vilamins are used in the
treatment of psoriasis. Stimulation of keratino-
cytes and basal eells with hyperproliferalion and

hyperplasia resulting from irritation has been sug-
gested to be a part of a repair mechanism (21, 22).
Little is known about this regulatory process. Hy-
perplasia of human skin induced by ultraviolet
radiation and retinoid application is associated
with increase of acid phosphatase. This increase
has been studied as a lesl for weak irrilancy (23.
24). Mild irrilalion of rai skin results in an increase
of acid phosphalase coinciding with acanlhosis
and thickening of slralum granulosum (25).

in conclusion, this sludy demonstrates that cal-
cipotriol. ltf,24(OH):D;, and 1«.25(OH).D3 are
equally irritatit when applied in similar concen-
tralions. A dose-dependent and parallel increase in
clinical irritation score was found for the 3 sub-
stances. The irritani teaclion was dominated by
vasodilation and increased blood flow, while no in-
fluence on skin water barrier was found. The vil-
amin D analogues induced epidermal hyperplasia
as a part o\' their irrilancy mechanism, while in-
crease in total skin thickness due lo edema forma-
tion was only observed in advanced reactions. The
hairless guinea pig model with multiparametric as-
sessment to lest irritancy lo D-viiamins appear lo
be a valid model, because a similar protile o\' D-
vitamin irritancy was previously found in humans
for 2 of the compounds investigated.
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