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Background:Monofunctional psoralens plus UVA radiation are not severely phototoxic
and have less mutagenic activity than bifunctional psoralens plus UVA radiation.-

Objective: The purpose of this study was to evaluate pigment producing effect using vari-
ous concentrations(0.02%, 0.1%, 0.5%) of monofunctional psoralens such as angelicin,
khellin and comparing it's effect with TMP in topical photochemotherapy.

Method: Ninty three C57BL mice were painted with either angelicin, khellin or TMP so-
lution in concentrations of 0.02%, 0.1% and 0.5% each and were UVA irradiated.

Skin biopsies were performed at 1,3,5 weeks after UVA irradiation. The pigment produc-
ing effects were measured by the number, area and perimeter of the melanocytes after topi-
cal PUVA.

Results: The comparison of melanocyte numbers between different psoralens after five
weeks of photochemotherapy showed a significant difference in decreasing order of TMP,
khellin and angelicin. The area and perimeter of melanocytes were larger in the TMP group
after five weeks photochemotherapy than the other group. However in the khellin and an-
gelicin group, the area and perimeter of melanocytes were not increased by increasing the
frequency of the UVA irradiation.

Conclusion: The number, area and perimeter of melanocytes after topical PUVA in-
creased in the TMP group compared to angelicin or khellin group. We expect the clinical
application of angelicin and khellin in vitiligo is possible considering the result of the study

of pigment producing effect with a higher concentration and higher dose of UVA.

(Ann Dermatol 6:(1) 1~8, 1994)
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Photochemotherapy was introduced into mod-
ern dermatology by EI-Mofty in 1948 and it took
another 30 years before photochemotherapy with
oral psoralen and UVA(PUVA) was used in the
treatment of vitiligo and psoriasis. Psoralens are
divided into bifunctional and monofunctional
psoralens. Monofunctional psoralen plus UVA
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radiation are not severely phototoxic and have
less mutagenic activity than bifunctional pso-
ralens plus UVA radiation’. For these reasons,
they have received considerable attention in re-
cent years as potential alternative therapeutic a-
gents for vitiligo and psoriasis.

Angelicin which is an angular monofunctional
furocoumarins has recently been proposed as an
alternative photochemotherapeutic agent’ and, in
general it is less phototoxic. Khellin has been
widely used in the 1940s and 1950s for long-term
treatment of angina pectoris and has some struc-
tural similarities to 8-methoxypsoralen. In 1982
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Abdel-Fattach et al’ reported encouraging results
using khellin as a new photochemotherapeutic
regimen. After oral administration of khellin fol-
lowed by exposure to sunlight, they observed
repigmentation of vitiliginous skin in an Egyptian
patient. 4,5,8-trimethylpsoralen(TMP) is a photo-
toxic drug most frequently used in systemic and
topical photochemotherapy along with 8-methoxyp-
soralen (8-MOP). It’s pigment producing effect is
well documented compared to 8-methoxypsoralen
and 5-methoxypsoralen.

The purpoe of this study was to evaluate the
pigment producing effect using various concentra-
tions(0.02%, 0.1%, 0.5%) of monofunctional pso-
ralens such as angelicin, khellin and comparing its
effect with TMP in topical photochemotherapy
(Fig. 1).

MATERIALS AND METHODS

Experimental animal

Ninty three mature black male mice of the C57
BL strain were divided into nine photochemother-
apy groups and a control group. The pho-
tochemotherapy groups of mice were painted with
angelicin, khellin or TMP solution in the order of
the concentrations of 0.02%, 0.1% or 0.5% each.
The control mice were painted with a base solu-
tion.

Light Source

UVA was irradiated on the dorsal surface of the
ears of the C57 BL mice at a distance of 14cm us-
ing Sellas UVA machine(Dr. Sellmeier Co.,Geve-
laberg, Germany). .

The wave length of the lamp ranged from 320
to 420 nm. The peak wave length being at 365
nm. The intensity was measured with 1L442 ra-
diometer(Ultralite Enterprises Inc., Lawrenceville,
Georgia). The obviate the effect of UVB, a mylar
sheath UVB filter was installed.

Phototoxic drugs

Pure powder of angelicin(Department of Der-
matology, Harvard Medical School, Boston, U.S.
A. Offer), khellin(Sigma Chemical Co.St Louis,
Missouri, U.S.A.) and TMP(Sigma Chemical Co,
St Louis, Missouri, U.S.A.) were each dissolved in
70% ethyl alcohol and were diluted to a 1% solu-
tion using distilled water. This solution was then
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diluted to concentrations of 0.02%, 0.1% and 0.
5%.

Topical application with phototoxic drugs

and UV irradiation

In the photochemotherapy group, 0.1ml of pho-
totoxic drugs in concentrations of 0.02%, 0.1%
and 0.5% was homogeneously applied to the dorsa
of both ears of the mice using a micropippet.
Three times weekly for five weeks the mice were
exposed to UVA radiation for 30minutes after
topical application. The amounts of UVA expo-
sure during each exposure were 300mJ/cm’ during
the first week, 350m]/cm’ in the second week and
400m]/cm’® in the third, fourth and fifth week. In
the control group only the base solution was ap-
plied and UVA radiation was performed in the
same manner.

Skin biopsy and split-dopa stain

After the first, third and fifth weeks of irradia-
tion, three mice from each photochemotherapy
group and control group were sacrificed under
anesthesia with chloral hydrate. Skin biopsies
were performed on both ears of the mice and the
biopsy specimens were washed in physiologic
saline for 1 minute. The specimens were immedi-
ately transferred to EDTA solution and incubated
for 2 hours at 37C° in a CO: incubator, and the
epidermis was separated. The epidermis was then
washed in isotonic saline solution for 1 minute,
fixed in 10% formalin and then transferred to a
dopa solution at 37C” for 1 hour. A fresh dopa so-
lution was used for an additional seven hours.
When the color of the epidermis changed to
brown, it was placed on a glass slide and mounted
in permount to be examined by light microscopy.

The measurement of the number, area and
perimeter of the melanocytes

The grid was inserted over the ocular lens in a
400 power light microscope and the number of
melanocytes per mm’ was counted in ten areas of
each sample.

The area and perimeter of five melanocytes on
each slide were measured using the Optomax V
program image analyzer (Analytical Measuring
System Co.,England). When the melanocytes were
observed under a 400 power light microscope at-
tached to a video camera, the image of the cells



The Study on the Effects of Psoralen Derivatives on Epidermal Melanocytes in C57 BL Mice after Topical Photochemotherapy 3

was seen on the monitor. After the selection of
proper gray level and correction of artifacts, the
area and perimeter of the melanocytes were mea-
sured.

The statistical analysis of the results between
the photochemotherapy groups were judged by
Duncan's multiple range test and the significances
of the results between the photochemotherapy
groups and the control group were judged by
Paired t-test.

RESULTS

The number of melanocytes

In the photochemotherapy groups there was a
marked increase in the number of melanocytes com-
pared with the control group. There was a positive
correlation between number of melanocytes and
frequency of UVA irradiation. Significantly more
melanocytes were seen in the TMP group after
five weeks of photochemotherapy but there was
no difference between concentrations. However,
there were significant differencés between con-
centrations in the angelicin and khellin group af-
ter three weeks of treatment.

The comparison of melanocyte numbers be-
tween different psoralens after five weeks of pho-
tochemotherapy showed a significant difference in
decreasing order at TMP, khellin, angelicin(Table
1, Fig. 2, 3).

The area of melanocytes

The area of melanocytes in the control group
increased after the first and third weeks of irradia-
tion and decreased after fifth week of irradiation.
Comparing the results between the pho-
tochemotherapy groups and control group, it was
shown that the area of melanocyte was signifi-
cantly increased in the angelicin group after one
and three weeks of photochemotherapy and the
TMP group after three and five weeks of pho-
tochemotherapy. The area of melanocytes was
larger in the TMP group after five weeks of pho-
tochemotherapy than any other group. The area
of melanocytes in khellin and angelicin groups
was not increased by increasing the frequency of
the UVA irradiation and increasing the concen-
tration of psoralens(Table 2).

The perimeter of melanocytes

The perimeter of melanocytes in the control
group was increased in the third week of irradia-
tion and decreased in the fifth week of irradiation.
After one week of photochemotherapy signifi-
cantly larger melanocytes were seen in the khellin
and angelicin group, but after the third and fifth
week of photochemotherapy the perimeter of
melanocytes had decreased or didn't change.

The perimeter of melanocytes was the largest in
the TMP group in all concentrations after three
and five weeks of photochemotherapy. The
perimeters of melanocytes in khellin and an-
gelicin groups were not increased by increasing
the frequency of UVA irradiation but they were
increased by increasing the concentration of pso-

ralens(Table 3).

DISCUSSION

The parent compound psoralen and many of its
derivatives are naturally occurring compounds
found in a large number of plants. 8-methoxypso-
ralen(8-MOP) is obtained from the seeds of a
plant that grows in the Nile Valley, called Ammi
majus, EI Mofty at the University of Cairo first
used a purified psoralen for the treatment of vitili-
go in 1947'. 4,58-trimethylpsoralen(TMP) is a
synthetic compound introduced in 1964 for thera-
py of vitiligo. 5-methoxypsoralen(5-MOP) is now
undergoing trials in the United States®. The study
to determine the efficacy of 5-MOP in the treat-
ment of vitiligo in Korean people showed that 5-
MOP PUVA therapy has been quite promising
and the side effects of this treatment was minimal
compared to 8-MOP or TMP PUVA therapy’.

There are two groups in furocoumarins, linear
furocoumarins and angular furocoumarins. Pho-
toactive psoralens intercalate between the bases of
DNA in the absence of radiation. Absorption of
photons by psoralen(furocoumarin 4',5' or 3,4
double bond) act on a pyrimidine molecule(5,6
double bond) to give a monofunctional adducts.
With some compounds, including 8-MOP and
TMP, a second photon can be absorbed, resulting
in a crosslink to a pyrimidine molecule on the sis-
ter strand of DNA. Such crosslinks are also called
bifunctional adducts. Cells can repair psoralen
photoadducts, but crosslinks are more difficult to
repair than are monofunctional adducts**®. The
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Table 1. Effects of various psoralens and their concentrations in topical photochemotherapy on the melanocyte num-
bers in C57 BL Mice. The comparison of melanocyte numbers between different psoralens after five weeks of pho-
tochemotherapy showed a significant difference in decreaseing order at TMP, khellin, angelicin.

Psoralens concentrations 1 week 3 week 5 week p value
(%)

Angelicin 0.02* 41.0+13.4" 53.8+12.8* 64.0+ 12.2* <0.001

- 0.1* 51.2+12.8* 60.8+11.5* 76.2+ 14.7* <0.001

0.5% 55.0t12.2* 70.4+12.2% 80.6+ 12.8" <0.001

Khellin 0.02* 56.3+13.4" 61.4+ 8.3* 96.0+ 12.8* <0.001

0.1* 65.3x11.5" 64.0£12.2% 99.8+ 12.8* <0.001

0.5* 65.9+12.2* 76.2+11.0* 90.9+ -9.6% <0.001

TMP 0.02* 771.9+22.47 80.6+ 8.3% 145.9+-39.7* <0.001

0.1* 88.3+23.0* 110.1+15.4* 147.8+-23.7 <0.001

0.5* 81.3+23.0* 87.0+11.5* 149.1+ 32.0* <0.001

UVA alone 31.4+12.27 40.3+£10.2% 51.8+ 10.9* <0.001

values are mean + SD(/mm?).
+ The significance of difference of the number of melanocytes among angelicin, khellin and TMP groups was calculat-
ed by Duncan's multiple range test. P<0.05

* The significance of difference of the number of melanocytes by weeks was calculated by Duncan's multiple range
test. P<0.05

Table 2. Effects of various psoralens and their concentrations in topical photochemotherapy on the melanocyte areas
in C57 BL Mice. The area of melanocytes was larger in the TMP group after five weeks of photochemotherapy. The
area of melanocytes in khellin and angelicin groups was not increased by increasing the frequency of the UVA irradia-
tion and increasing the concentration of psoralens.

Psoralens concentrations 1 week 3 week 5 week p value
(%)

Angelicin 0.02% 330.1£123.9* 175.3£71.4* 171.3+ 66.8" <0.001
0.1* 288.5+105.7F 173.3+52.1* 201.0+ 72.0* <0.001
0.5% 333.7+162.7* 179.2+76.2* 2139+ 71.4* <0.001

Khellin 0.02* 410.1x£132.1* 163.2+52.8" 197.6+ 55.1* <0.001
0.1* 401.7+128.4" 176.8+£69.1* 197.0+ 59.9* <0.001
0.5* 316.3% 66.9* 213.9+84.4* 195.7+ 64.8" <0.001

TMP 0.02* 216.5+ 98.6* 254.9+77.8* 314.4+ 93.3" <0.001
0.1 278.6+92.5% 251.9£92.2% 304.1+ 85.1% NS
0.5% 428.1+210.2* 278.2+95.2% 308.8+117.9* <0.001

UVA alone 176.2+ 62.3 217.4+65.9* 163.0+ 61.1°

Valuse are mean +SD(ymm’).

+ The significance of difference of the area of melanocytes among angelicin, Khellin and TMP groups was calculated
by Duncan's multiple range test. P<0.05

* The significance of difference of the area of melanocytes by weeks was calculated by Duncan's mulitiple range test.
P<0.05

NS means no significance.

PUVA reaction produces suppression of DNA
and RNA synthesis in cells through this mecha-
nism and this effect was originally considered to
be its mechanism of action in the treatment of p-
soriasis.

Angelicin, angular monofunctional furocoumarin,
due to their angular structure, only one of their two

photoreactive sites can be aligned with a pyrimi-
dine base of DNA. Thus they have less phototoxi-
city and less genotoxicity'®" and 4,4!, 6-trimethy-
langelicin show strong antiproliferative activity
without erythema*.

Khellin is a naturally occuring furochromne iso-
lated from Ammi visnaga. In 1982, Abdel-Fattah
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Table 3. Effects of various psoralens and their concentrations in topical photochemotherapy on the melanocyte
perimeter in C57 BL Mice. The perimeter of melanocytes were largest in the TMP group in all concentrations after
three and five weeks of photochemotherapy. The perimeter of melanocytes in the khellin and angelicin groups were
not increased by increasing the frequency of the UV radiation but they were increased by increasing the concentra-

tions of psoralens.

Psoralens concentrations 1 week 3 week 5 week p value
(%)

Angelicin . 0.02% 124.9+29.1* 89.0+ 24.2* 89.6+ 17.2% <0.001
0.1* 127.0+£35.6* 98.7+ 27.77 102.4+ 26.5 <0.001
0.5% 144.4£52.9 106.5¢ 38.5 109.5+ 25.5% <0.001

Khellin 0.02* 145.0+£28.9* 96.6+ 34.9* 103.1+ 26.17* <0.001
0.1* 163.4£48.2" 107.9+ 27.8 105.9+ 24.8 <0.001
0.5% 129.0+£28.7 109.5+ 28.0" 109.3+ 22.4% <0.001

T™MP 0.02 100.2+37.9* 113.6+ 28.1°" 116.4+ 32.0* NS
0.1 109.2430.6" 133.3+ 38.3% 146.1£154.2 NS
0.5 130.1+44.3 155.8+184.4 129.1+ 39.7* NS

UVA alone 77.4+£24.1 129.4+ 28.5 94.0+ 28.0

Values are mean+SD(mm)

+ The significance of difference of the area of melanocytes among angelicin, khellin and TMP groups was calculated

by Duncan's multiple range test. P<0.05

* The significance of difference of the area of melanocytes by weeks was calculated by Duncan's multiple range test.

P<0.05

NS means no significance.
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Fig. 1. Chemical structure of angelicin, khellin and trimethyl psoralen(TMP).

et al, presented a preliminary report on the sucess-
ful use of oral khellin followed by exposure to nat-
ural light in a patient with vitiligo’. Honigsmann
and Ortel” also reported that khellin plus artifi-
cial UVA was at least as effective as PUVA. The
major advantage of khellin photochemotherapy is
that it does not provoke phototoxic skin
reactions. The study of the pigment producing ef-
fect of khellin compared with TMP in Korea®
showed that khellin is slightly less effective than
TMP at the same effective dose, but is quite effec-
tive for pigment producing effect and that the de-
gree of the production is dose related.

This study compared the pigment producing ef-
fect of monofunctional psoralens like angelicin

and khellin and bifunctional ones like TMP by
measuring the number, area and perimeter of
melanocytes. We performed this experiment for
five weeks to judge the effect of topical PUVA on
melanocytes.

In the angelicin and khellin goup, there was an
increase in the number of melanocytes compared
with the control group. However there was no
change or a decrease in the area and peimeter of
melanocytes compared with the control group.
There was a positive correlation between the
number of melanocytes and the frequency of
UVA radiation in these groups. As the study pro-
gressed, pigment production of TMP was in-
creased. The comparison of melanocyte numbers
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Fig. 2 a. Epidermal melanocytes after 1 week of topi-
cal PUVA using khellin.{Dopa stain, x100):

4.5 R .

Fig. 2 b. Epidermal melanocytes after 1 week of topi-
cal PUVA in angelicin painted group (Dopa stain,
x100).

between different psoralens after five weeks of
photochemotherapy showed a significant differ-
ence in decreasing order of TMP, khellin and an-
gelicin. The comparison of melanocyte area and
perimeter after five weeks of photochemotherapy
showed that TMP was the most potent topical
photosensitising psoralen. However in 0.5% con-
centrations of TMP pigment production did not
change statistically at the fifth week of topical
PUVA compared to 0.1% concentration. This re-
sult is compatible with the study by Mitchelle in
1963", Park et al in 1985" and in 1991" showed
that over exposure with UV radiation decreased
the number of melanocytes and a higher concen-
tration of TMP did not always induced higher pig-
ment producing effects. In 0.5% concentrations of
angelicin and khellin numbers and perimeters of
melanocytes were increased at the fifth weeks of

Fig. 3 a. Epidemal melanocytes after 5 weeks of topi-
cal PUVA using khellin Melanocyes are increased in

number and dendrites are well developed (Dopa stain,
x100).

Fig. 3 b. Epidermal melanocytes after 5 weeks of topi-
cal PUVA using angelicin. Melanocytes are increased
in number and dendrites are well developed (Dopa
stain, x100).

photochemotherapy compared to 0.1% concen-
trations.

In the study of the effect of khellin on epider-
mal melanocytes in systemic photochemotherapy
with dosages of 5mg/kg and 20mg/kg injected in-
traperitoneally and irradiated with UVA dose of
4]/cm’ three times a week for 4weeks, there was a
marked increase in the number, area and perime-
ter of melanocytes compared with the control
group'. Our results show that in the khellin and
angelicin group, there was a positive correlation
between the number of melanocytes and frequen-
cy of UVA radiation, but no relation was ob-
served in area and perimeter of melanocytes.

In the view of present findings, it may be as-
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sumed that the skin concentration of psoralen ' was
enough to produce proliferation of melanocytes
but was not enough to produce any growth of
melanocytes in a short time. It may also be as-
sumed that oral administration is more effective
in rapidly raising the pharmacological skin con-
centration than topical application.

This study shows that TMP is the most potent
pigment producting psoralen, and angelicin and
khellin are less effective than TMP topically. It is
possible that the doses of khellin and angelicin
used in our experiment were not enough to pro-
duce changes and this is likely as it has been
shown that the khellin therapeutic dose is-100mg.
As monofunctional psoralens like angelicin and
khellin are less phototoxic and less genotoxic, we
think photochemotherapy with higher concentra-
tions and higher dose of UVA using these mono-
functional psoralens could increase the pigment
producing effect.

In conclusion, the number, area and perimeter
of melanocytes after topical PUVA increased
more in the TMP group compared to angelicin or
khellin group. We expect the clinical application
of angelicin and khellin in vitiligo is possible in
pigment producing effect with a higher concentra-
tion and higher dose of UVA.
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