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DISTRrBUTIO OF TRITIUM-LABELLED 8-METHOXYPSORALE IN 

THE RAT. STUDIED BY WHOLE BODY AUTORADIOGRAPHY 

Hans Chri�tian Wulf 1 and James Hart2 
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Abotract. The distribution of 'H-8-mcthoxyp,omlen ha, 
been s1udied in rats b> "hole.body autoradiograph}. The 
highe,1 organ concentration were scen I hour <1fter do,ing. 
The 1110s1 pronounced accumulation was found ccntrilobu­
lar in the livcr. corticomcdullary in thc kidneys. and in the 
corte\ of the adrenals. The concen1ra1ions in 1he,e organs 
wcre appro.xima1ely si� limes higher than in the blood. 
Other organ, ,howe.<l conccntration, similar 10 bloo<l 
levets. Illumination with UVA ( 10 J/cm') increa,ed the 
concentrntion, in the ,ubcutis. 

Key 11·ord.,: 8-MOP; Ultraviolet light: Autora<liography; 
Organ distribution: Rat c,perimenh 

Psoriasis has been treated for scveral years by using 

a combination of long wave ultrnviolet light (UVA) 

and 8-methoxypsoralcn 18-MOP). (PUVA treat­

mcnt) ( 19). 8-MOP ha� also hecn used for many 

ycar:-, in thc trcatment of vitiligo ( 12. 25). 

The toxicology and mutagenicity of thi,; com­

pound ha, recently been reviewed (24). but less i, 
known of it, pllarmacokinetics aml organ Ji,tribu­

tion (20). 
We have earlier de,cribed how 8-MOP i, distri­

buted in thc rat eye (30). In the present article wc 

de,cribe the organ distribution of tritium-labelled 

8- \IOP in albino and pigmented rats u�ing whole

body autoradiograph>.

\IETHODS 

Tritium-labclled 8-MOP (,pec.act. 378 mCi/mmol) was 
obtained from the Radiochemical Centre. Amer,ham. Eng­
land. dissolved in benLene. The 8-MOP was tran,ferred 
in10 an aqueou, solution of 20'> Crcmophor EL• after 
cvaporation of the benzcne \>.ith N,. 

The radiochemical purity of the ,olution wa, chccked 
by cxtraction with bcnzcne. followed by chromatography 
on Silica gel (benzene/acetone 9: I). Only one ,pot could 
be detec:te<l b> examination of the plate under UV light 
(254 & 366 nm) and by autoradiography. 

Five adult male brown Norwegian rats wcighing about 
160 g and 2 adull male Wistar ral\ (Wistar/Af/Han/Mol/ 

(han 67)) -.eighing 1.30 g \\ere u,ed in thi, ,tud�. The 
animals \>.Cre fasted ovemight before do�ing with 3H­
S-MOP. 

The compound wa, admini,tered orally by gast1ic gav­
age. or intmvenously via the tail vein (without anae,­
thesia). The animab \\ere killed at the time intervab 
,hown in Table I. 

Two of the pigmcnted rats wcre shaven without use of 
chemical, and irradiated with 10 J/cm2 UVA I hour after 
adminis1ra11on of 8 mg/kg. and killed 2 and .i hour, after 
dosing. 

The animal, were prcparcd for whole body a11-
1oradiography using Ullberg's technique (28). The animal, 
\\ere killcd by ether anaesthesia. placed on a microtome 
\lage. emhedded in an aqueou, gel of carbo,ymethylcel­
lulo�e. and frozen in a mixture of ,olid carbon dioxide and 
hcxane. Sagittal sections 20 µ,m thick werc cut 01110 3M 
810 tape. 

Some additional ,ections "ere cut onto 3M 688 tape. 
fixed in buffered formalin. and the sections suspended in 
�uccessivc 30 ml portions of ethanol for 30 min (8-MOP is 
,oluble in cthanol). 2 ml aliqu0h of the e1hanol washe, 
,\ere taken for liquid ,cintillation counting. and wa�hing 
"as continued until le,, than 5 "I or the initial levels -.ere 
obtaincd ( 10 washes). 

The sections were then freeze-dried and applied in thc 
<lark to Agfa Osray M-3 film. The films ,,cre e:-:posed at 
-20"C for limes rangmg from 20 10 :!60 da>, arter "hich
the tape and sections were removed. and the films dc­
veloped. The section, were rctained for comparison with 
the developed autoradiogram,. Sec1ions from an animal
dosed \\ith unlabellcd 11-MOP \\Crc proce,�ed ,imilarly 10
e:>.clude thc presence of positive or negative chemo­
graphy.

Semi-quantitative mcasuremenh of the relative organ 
concentrntion� \\Cre c\limated u,ing a den,itometer (5). 
The dcgrce of blackcning on the autoradiogram produced 
hy the radioactivity within an organ wa, compared with 
the blackcning produced by a standard tritium "stairca,e" 
e,posed on the same film. 

Organ concentration, -.ere e�timated relm,ve 10 blood 
concentrations. mea,ured wi 1hin the hcart. 

RESULTS 

Fig. I is an autoradiogram ofa pigmentcd rat I hour 

after oral admini,tration of �H-8-MOP. High eon-



98 H. C. W11/fa11dJ. Hor!

.. b C 

Fig. I. Autoradiogram of a pigmentet! rat 2 hours after 
oral administration of 3H-8-MOP and I hour after illumina­
tion with UVA-light (exposure time 274 d) (x 1.2). Black 

centrations of radioactivity can be scen in the I iver. 
kidney. adrenal cortex. the stomach and the in­
tcstines. A qualicacively similar picture is seen in 

pigmented and albino rats 2 hours afcer administra­

tion. although che highe c concentrations of 

raclioactivity are now present in the small intestine. 

<,ome have reached the caecum. and little remain:. in 
the stomach. 

Four hours after oral administration. most of the 

radioactivity has reached the caecum. 
Organ concentrations werc highest in animals kil­

led after I hour (Table Il). UVA had no effect on 

the general distribution. 

The distribution I hour afler intravenous 

administration was very similar to the distribution 

Table I. Schec/11/e oj' 1rca1111e11f 

UVA 
Route of Killcd J/cm2 

'H·8-MOP admini,- after I h after 
Strain (mg/kg) tration (hour�J 8-MOP 

Albino 3 lntra\enous 0 
Albino 3 Oral 2 0 

Pigmented 3 Oral 0 
3 Oral 2 0 
3 Oral 4 0 

Pigmented 8 Oral � 10 
8 Oral 4 10 
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grains represent radioactivity. ". bonc marrow: h. kidney: 
c. adrenal: d. stomach: e. skin: f. connective tissue: f/.
�alivary gland: /r. lung: i. !iver: I-. intestinc; /, muscle. 

after oral administration. with thc exception of 
lower amount:, of radioactivity present in the gul 
content�. 

Accumulation within the !iver was unevenly dis-

1ributed. There was a centrilobular accumulation of 

Table Il. Co11cemra1io11 of3H-8-:vtOP in rat organs 
I, 2, a11d 4 h aji(·r peroral ad111i11i.rirario11 relative JO 

tlie blood co11ce111rlllio11 4 /i after administration 

(=I J 

The figurc, in parenthe�es show the organ concentrations 
relative to the corresponding blood concentrations 

Organ l h 2 h 4 h  

Blood 4 (I) 1.5 (I) I 

Brain 2 (0.5) 0.5 (0.5) 0.5 
Lung 6 ( 1.5) 2 (I) I 

Liver 
Centrilobular 24 (6) 12 (8) 10 
Peripheral 12 (3) 6 (4) 3.5 

Adrenal 
Cortex 12 (3) 6 (4) 6 
Medulla 2 (I) 1.5 

Kidney 
Corte\ 16 (4) 
Conicomedullary 

6 (4) 3 

region 20 (5) 8 (6) 5

Peh is-urine 18 (12) 

Spleen 3 (0.5) 2 (I) 0.5 
Tcstis 2 (0.5) 1.5 ( I) 0.5 
Muscle 3 (0.5) 0.5 (0.5) 0.5 
Skin 6 (1.5) I (0.5) I 



Fig. 2. Autoradiogram of the livcr 2 hours after oral 
adminhtration of 3H-8-MOP. Note the spotted appear­
ance. The dark spots (high concentraiions) are cen­
trilobulary arranged ( x 3). 

radioactivity (Fig. 2). which was most evident after 

4 hours. Centrilobular concentrations are estimated 

to be three times the concentrations in the rest of 

the !iver. and up to I0x blood concenirations (Ta­
ble Il). 

Sections from this animal were washed with 

ethanol in an attcmpt to extract unchangcd 3H-8-

MOP. The centrilobular accumulation was even 

more evident. although it was not possible to esti­

matc relative concentrations. since the washing 

procedure impaired the quality of the sections. 

Some evidence of biliary excretion could be de­

duced from the presence of radioactivity in the in­

testinal contents after intravenous administration, 

although the apparent amounts were not great. 

There was no cvidence of accumulation in bile 

ducts in the )iver. 

Kid11ey 

The highest concentrations in the kidney were seen 

in the corticomedullary region (6x blood level) and 

in the pelvis (up to 12x blood concentration) (Fig. 

3: Table Il).

a b 
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Fi.r:. 3. Autoradiogram of the kidney 2 hours after oral 
administration of 3H-8-MOP (X5). Black grains represent 
radioactivity. High concentration is secn in: 11. cortico­
medullary region: b, pelvis: c. spleen: d. stomach. 

Adrenal 

Radioactivity was accumulated in the adrenal 

conex (Fig. I. Table Il). Four hours after adminis­

tration, conex concentrations were six times higher 

than blood and roughly four times medullary con­

centrations. Ethanol-extracted sections retain con­

siderable concentrations in the cortex. 

Eye and associated orw111s 

Distribution in the rat eye has been described in 
detail elsewhere (30). In both albino and pigmentcd 
rat!'> low concentrations of radioactivity were seen 

in the cornea. and lower concentrations in the lens. 

High conccntn11ions wcre present in the melanin 

layer in pigmented rats. Virtually no radioactivity 

"as present in other structures within the eye. Thi 

distribution was not atTected by illumination with 10 

J/cm2 UVA. 

S/...i11 

Both albino and pigmented rats showed accumula­

tion of radioactivity in thc hair folliclcs and in con­

nective tissue (Fig. 4a and 4b). Accumulation in 

the hair follicles was more evident in dorsal than in 

ventral skin. Distribution throughout the differcnt 

�kin layers was relativcly even. and there was no 

suggestion of highcr concentrations in the 
epidermis. There was an apparent increase in the 

amount of radioactivity in the subcuti after illumi­
nation with UVA (Fig. 4h). 

Ac·ta Vermmo\ <'llt.'t ( SrocJ..lwlmi 5Y 
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Fig. 4 a. Autoradiogram of rat skin 2 hours after oral 
administration of 8-MOP ( x6). Equal distribution can 
be seen through the skin. Black grains in the subcutis cor­
respond to higher concentration, around the hair follicles. 
Fi�. 4 b Autoradiogram of pigmented rat skin 2 hours 
aftcr oral administrdtion of 'H-8-MOP and I hour after 
UVA illumination ( ><6). Notc the incrcascd conccntration 
in subcutis compared with 4a. The highest concentration� 
are seen around the hair folliclcs. x. epidcrmis-dermis: y. 
subcutis: �- connectivc tissue. 

O!l1c-r organs 

Radioactivity wa., relatively evenly distributed 
throughout the remaining organs. Concentrations in 
the brain. muscle� and restes were half that of blood 
(Table Il). The concentrations in bone marrow. 
�pleen. pancreas. lymph glands. salivary glands and 
fat were close to the blood leve!. 

DISCUSSION 

8-MOP has been u<;ed for many years in Ihe treat­
ment of vitiligo. and in combination with UVA in the
treatment of psoriasis (PUVA). 8-MOP alone is
usually described as atoxic (17. 23). but dose­
dependant inhibition of cell division has been de­
�cribed (3 I). If this is applicable in vivo. thcn a
�tudy of the distribution·of 8-MOP will show which
organs contain the highest concentrations and might
therefore be most ar risk.

Pathak et al. (21) have reported that the di-,tribu­
tion of 8-MOP was very similar in difTerent organs. 
but another article (20) describes particularly high 

..\('111 Dl"rmatm·,•11er 15tod,lwl110 5� 

concentrations in mouse (iver. skin and blood. and 
very low concentrations in other organs. 

We have examined the distribution in the rat up to 
4 hours after oral administration of 8-MOP by whole 
body autoradiography. It is not po�sible 10 distin­
guish bctween 8-MOP and any possible metabolites 
containing the t1itium label when uc;ing thic; techni­
que. 

The total radioactivity present in the ml organs 
has been estimated semiquantitatively (Table Il). 

Rcsults of a quantitative study will be reported 
shortly. The findings in the various organs and the 
possible toxicological implications are discusscd be­
low . 

/_frer 

Accumulation within the !iver is of particular in­
terest. since 8-MOP is metabolised in the liver with 
the formation of hydroxides or glucuronidc conju­
gates (20. 21 ). The relativcly high conccntrations 
(up to 10 time� blood levet) seen in this study 
empha�ize the importance of this organ. 

lncreasc in se-ASA T and se-A LAT havc been 
described in individual patients treated with PUY A 
(6, 26. 29). These increases were seen only in pa­
tients with daily alcohol consumption. Howcver. 
Juhlin ( 14) has described increased serum liver en­
zyme concentrations in :! patients who werc not 
exposcd tO any othcr liver toxic compounds. The 
numben, of case� reported a few. and Labby et al. 
( 15) found no !iver roxic efTects aftcr administering
psoralen to healthy students. High se-ASAT levels
(present before PUVA therapy was started) have
been reported Lo fall when alcohol consumption was
reduced during treatmenl (27).

Melski et al. ( 19) found no increase in mean se­
ASA T levels in a group of I 308 patient:. treated 
with PUVA. but they do not discuss the possibility 
that individual cases may have reacted as the pa­
tients de�cribed above. 

An increase in se-ASAT was found in geese 
treated with PUVA. but not when psoralen is given 
alone ( I 0). The author suggests that this could be 
due Lo thc formation of a toxin du ring PUV A treat­
mcnt. although none ha:. been dcmonstrated. We 
have scen no effect of UV A on the distribution of 
radioactivity in our animals. lf any toxin is pro­
duced. then it must either be pre�cnt in very small 
amounts. or its formation must involve the loss of 
the tritium atom. 



The uneven distribution of radioactivity within 

the I iver could suggest a localized binding of8-MOP 

or its metabolites. Fixing of sections in formalin. 

followed by extensive washing in ethanol, would be 
expected to removc both any free 8-MOP as well as 
any free polar metabolites. Whilst there was some 

loss of radioactivity from the !iver, the same 
centrilobular accumulation was still present in these 

sections. A similar distribution has been seen for 
non-extractable chloroform metabolites in the !iver 

(I) as well as for other !iver toxic compounds.

Carbon tetrachloride also shows centrilobular ac­

cumulation (2) and is known to produce centrilobu­
lar necrosis.

Zachariae et al. (32) carried out a preliminary 

study on liver biopsies taken from patients before 
and after I year of treatment with PUVA. The 
histological change seen was a possible slight 

fibrosis in occasional cases. 
All these reports would seem to suggest that 

8-MOP can have a slight !iver toxic effect. which
may be additive in the presence of other com­
pounds. No serious cases of liver toxicity have been

described, and the incidence of liver complications

must be low.

Biliary excretion of 8-MOP was examined after 
administration of 8-MOP intravenously. Rats have 

no gall bladder. and it is difficult to estimate biliary 

excretion from intestinal concentrations after oral 
administration. Relatively little radioactivity was 
seen in the intestinal contents after intravenous 
administration, and thcrc was no sign of high 
radioactive concentrations in bile ducts within the 
!iver. Biliary excretion is unlikely to be a major

route of elimination.

Kidne_,. 

The highest radioactive concentrations within the 

kidney were found in the corticomedullary region. 
and in the urine in the pelvis. 8-MOP is excreted 
predominantly either hydroxylated or as glu­

curonides (20). The urine concentrations ( 12 times 
blood leveL Table [I) can be compared with the 

result of Pathak et al. (21) of 80% excretion in 

t.he first 8 hours after administration. and 90 % after 

12 hours. In man. only 60% is excreted in the urine 

in 24 hours (18). and this suggests the possibility of 
accumulation. 

In a clinical study on I 308 PUY A-treated pa­

tients ( 19), an increase in the mean serum creatinine 
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leve! was seen after treatment, although this was 

not significant at the 5 0: leve! (p<0.1 ). 

Adrenal 

There is considerable accumulation of radioactivity 
in the adrenal cortex, which cannot be removed by 
washing in buffered formalin and ethanol. The ac­
curnulation was similar in pigmented and albino 

rats. No accumulation was seen in the hypophysis. 
It is <lifficult to evaluate the significance of this 

accumulation. No changes in 17-keto or 17-

ketogenic steroid excretion have been seen in 

PUY A-treated patients, or after administration of 
psoralen alone (11 ). 

Skin 

There are a number of differences between human 
and rnt skin which are important when relating 

these results in rats to man. Rat epidermis is pro­
portionately thinner than that of man (33). and this 

means that more UV A can penetrate the deeper 

layers, when the animals are shaved. Melanocytes 

are present in both pigmented and albino animals, 

though only the former contain melanin ( 16). Unlike 
man, the melanocytes are mostly concentrated 

around the hair follicles, and only few are present in 
the skin as such (22). Pigment formation is largely 

complete within the first 3 weeks of life, and 

tyrosinase activities in adult pigmented rat skin are 
as Iow as in albinos (4). Rats have no sweat glands 
but sebaceous glands are present around the hair 
follicles. 

The distribution of radioactivity in the skin of 
both albino and pigmented rats is very similar. Skin 

concentrations are comparable to blood levels, but 

higher concentrations are present in the loose con­

nective tissue layers under the skin and in the hair 
foll icles, particularly in dorsal regions. 

The lack of difference between albino and 

pigmented rats is surprising in view of the melanin 

binding found in the rat eye (30). It is possible that 
the compound has an affinity for the melanocytes 
around the hair follicles, irrespective of their 
pigmentation. Pigment is often seen lo spread from 

around hair follicles in patients treated for vitiligo 

( 13. 25). Accumulation in other parts of the hair 
follicle cannot be excluded. The resolution of whole 
body sections is inadequate to distinguish mi­
croscopic details. 

UV A treatment produces an apparent increase in 
concentrations in the subcutis. It is possible that 

Acta Derillfllm'ener ( Stoc�lw/mJ 59 
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this is a rcsult of stronger binding. resulting from 
the cross-linking of 8-MOP and DNA after UV A (3. 
7. 8). Thi� cross-linking is thought to be respon\ible
for the reduced cell turnover in psoriasis and for the
photosensitizing effect (8). The subcutis accumula­
tion is seen after a high, single 8-MOP and light
dose. The dose is so high that patients can onl:r
tolerate this after intcn�ive therapy wi1h increased

pigrnentation of the skin.

Test is 

Concenlrations in the testis were half those of 

blood. Whilst no effect on mo1ility or the numbcr of 
abnorma! spermatozoa is seen in man after PUV A 
treatment (Dahl. personal communication). massive 
changes have been seen in toads and in rats (9). with 

decreased spermatogencsis. thickening of the 
tunica albuginea and increased cholesterol in the 

Leydig cells. 

Other organs 

Concentrations within other organs were very sirni­

lar to blood levels. Side effects of PUVA treatment 
such as nausea. headache and dizziness are seen 
after treatmenc with many other compounds. and a 

study of the distribution of 8-MOP is not likely to 

contribute to an understanding of these side effects. 

CONCLUSIO 

The results show that in the rat three organs. the 
I iver. the kidney, and adrenals are exposed to high 

concentrations of 8-MOP after oral administration. 
Whilst there rnay be differences of distribution 

between man and ml. it would seem advisable to 

check patients treated with PUV A for side effects 

produced in these organs. as is already the ca e for 
oculotoxic effects. 
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