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Bioavailabiiity of a New Oral
Methoxsalen Formulation

A Serum Concentration and Photosensitivity Response Study

Timothy J. Sullivan, PhD; John L. Walter; R. F. Kouba, PhD: Diane C. Maiwald, MD

@ A new enczosulsted licuid preparation of methoxsas-
len (soft gelatin capsule) was compared with the currents
ly - marketed hard gelstin capsule form and with an oral
solution of methoxsaien in & random crossover design.
Serlal serum semples waere coliected from 25 heaithy
adult subjects and assayed by a high-performsnce liquid
chromatography technique. Additionally, photosensitivity
was. determinec by serial testing in 12 subjects. The
soft-capsule formulation resulted In 3 59% increase In
extent of absor>tion and i a greater rate of absorption
of methoxsalen than trom the hard capsule. ‘This was
demonstrated by consistently higher peak serum concen-
trations (225 v~ 199 ng/mLl), which eccurred at earlier
times (1.8 vs. 3.0 hours) foliowing administration of the
soft capsule. Fhotosensitivity testing confirmed these
resuits, as pholosensitivity was grester (9.53 vs 12.68
J/cm’) and reachied 8 maxitium earlier (1.5 vs 4.25 hours)
tollowing admiristration of the soft capsule. The soft
capsule can be considered squivalent to the oral solution
in both serum concentrations (peak concentration, 231
vs 225 ng/mL. and time of peak, 1.6 vs 1.8 hours) and
photosensitivit: responsc (maximum photosensitivity,
9.24 v8 9.53 J cm’, and time of maximum photosensitiv-
ty, 1.32 v§ 1.5) hours).

(Arch Derme ol 1986;122:768-771)

-Aiministration of me:thoxsalen (8-methoxypsora-

len) followed by irradiation with long-wave
ultraviolet light in the A-range (UV-A) is an estab-
lished method of dermatologic treatment with wide
interpatient variability. Numerous studies have doc-
umented differences in oral absorption among
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methoxsalen products. Stolk et al' observed greater
absorption of methoxsalen when it was administered

- as a hydroaleoholic soluzion than when it was admin-

istered as powder in a gelatin capsule. Herfst and De
Wolfl* observed differeaces in absorption between

For editorial comment see p 763.

two methoxsalen products marketed in the Nether-
lands. Menne et al’ observed large variations in
plasma concentrations of methoxsalen among seven
brands of methoxsalen. Higher plasma concentra-
tions of methoxsalen have been observed when the
drug is micronized* or in solution* prior to encapsu-
lation. Recently, it has been suggested that more
attention be given to the form of administration of
methoxsalen as a means of improving therapy with
this drug.’

This study examines the bioavailability of a new
encapsulated liquid preparation of methoxsalen (soft
gelatin capsule) through serial serum concentrations
of drug and serial determinations of photosensitivity
to UV-A. The new preparation is compared with the

currently marketed capsule form of methoxsalen and
with an oral solution.

SUBJECTS AND METHODS
Subjects

Twenty-five healthy adult volunteers, weighing between
59 and 116 kg and betwees the ages of 19 and 37 years, were
selected to participate in this study; five were women and
20 were men. All subjects received a physical examination
and lsboratory screening before participation. Subjects
were taking no other medications at the time of the study.
Informed consent was obtained.

Drug Administration and Serum Sampling

Each subject received three different methoxsalen prep-
arations as 2 single dose according to-a randomized
crossover design. Treatment A was an aleoholic solution of
methoxsalen (20% ethanol/water); treatment B was crys-
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talline methoxsaler in a hard relatin capsule (Oxsoralen

(10 mg], Elder Pharmaceuticals. Bryan. Ohio): and treat-

ment C was a liqui¢ preparatios of methoxsalen encapsu-

lated ir 2 soft ge'atin eapsuis (10 mpscapsuler. Each

subject ingested a ‘dose of 0. mp/kg of methoxsaier.

rounded to the near :st whole cansule (10 mg). Each phase
{ the study was se:arated by t.ne week.

Subjects were instructed to :ast overnight from 10 Py
and for four hours after administration of ‘eich dose of
methoxszlen. On th- mornings that drug was to be admin-
istered, each subje:: was instracted to drink 240 mL of
water on arising z2nd 240 mL of low-fat milk (0.5%
butterfat) with the medication. No other food or beverage
was allowed until four liours after dosing: then. food and
beverage were allovwed ad libitum.

Blood sampies were collected irom a forearm vein at the
following times relative to methoxsaien administration: 0,
05,1.1.5,2,25,3, 2.6, 6, and 12 hours after dosing. After
ample time for clot:ing. the samples were centrifuged and
the serum was colie=ted. Serum samples were frozen until
assay.

Analytical hMethods

Serum samples ‘vere assayed for methoxsalen using
Eschbach’s high-rerformance liquid chromatographic
(HPLC) method (J. Zschbach. MS, written communication,
1978).- Briefly, this ‘method roquired extraction of the

deproteinized serum sample with benzene:ethyl acetate .

(90:10). The organiz layer was evaporated to dryness and
reconstituted with methylene chloride. An aliquot was
chromatographed cn a silica column with methylene chlo-
ride:acetonitrile (93:3) as the mobile phase. Detection was
by ultraviolet absorbance at 254 nrn. Trioxalen (trimeth-
ylpsoralen) was used as an internal standard. The mini-

mum detectable cuacentration of methoxsalen using this
method was 4 ng/r:L.

Bic availabiiity Estimation

The area under the serum concentration-time curve
(AUC) was estimated using the trapezoidal rule’ Peak
serum concentraticns and tim= of peak serum concentra-
tions were based ¢n observed values. Half.life was esti-
mated from the tesminal rate constant of the best-fitting
polyexponential egaation for each set of serum concentra-
tion data. The bes:-fitting po‘vexponential equation was
determined using . computer program (ESTRIP).

The AUC and the peak serum concentration are func-
tions of the dose ¢ drug administered. Since the subjects

received doses of methoxsaler. based on body weight, the .

AUC and the peak serum concentration were normalized to
a totel dose of 40 n:iz. This aliowed for a better comparison

of biopharmaceutic parameters between individual sub-
jects. :

Photosensitivity Determinations

Twelve male volunteers arreed to participate in this
phase of the study. Each subject received a series of
exposures of UV-A equivalent to 1.4, 20, 2.8, 3.9, 5.4, 7.6,
10.7, 15, and 21 J‘cm’ at the following times relative to
administration of the methoxsalen preparations: 0.5, 1; 1.5,
2 3,4, and 6 hours after dosing, according to & previously
described method.” The source of ultraviolet radiation was
six lamps (F36T12BLHO) powered by a solid-state ballast,
using dosimetry {or control of exposure. The intensity of
erythemia was determined 72 hours after dosing.

The dose of UV-A radiation necessary to induce a 14
erythemia (pink crythemis filing exposure site) 72 hours
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Time.
Mesn serum concentration of methoxsalen (0.6 mo/kg) toliow-
ing administration of three formuiations. Solid line indicates oral
solution (treatment A); dashed line; hard-capsule formulation

(treatment B); and dotted line, new soft-capsule formulation
(treatment C).

after ingestion of methoxsalen and exposure to UV-A was
called the minimum ervthemic dose. Maximum photosensi-
tivity was. defined as the oczurrence of the lowest mini-
mum erythemic dose.

Statistical Anaiysis

Results of the serum concentration phase of the study
were analyzed using the analysis of variance for 3 random-
ized block design. Four missing values were estimated by
Yates' method." When significant differences were
observed among treatment means, Tukey's method was
used for pairwise comparisons. Friedmann's test was used
to analyze the photosensitivity data.* : :

RESULTS
Serum Concentrations

Mean methoxsalen serum econcentrations after
administration of the oral solution, the hard gelatin
capsule, and the soft gelatin eapsule are illustrated
in the Figure. Mean values of important bioavailabil-
ity parameters and results of statistical analysis are
given in Table 1.

Statistical analysis indicates no significant differ-
ences in mean half-life of methoxsalen following
administration of the three treatments (P> .05).
Statistically significant differences exist among
treatment means for AUC, normalized AUC, peak
serum concentration, normalized peak serum con-
centration, and time of peak serum concentration.
Pairwise comparisons of treatment means indicate
significant differences between the solution and the
hard capsule and between the hard-capsule and
soft-capsule formulations. Such differences occur for
each of the bioavailability parameters. When the
oral solution and the soft-capsule formulation are

compared, no significant differences between treat--

ment means are observed. G
The mean AUCs, when normalized for dose, indi-
cate that approximately 59% of the dose is absorbed
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Tasle 1.—Summary of Resutis of Serum Concentration Phase*

]
+
Treatmentt Tukey's Methoz !
Analysis H
Paramete- A B C of Variance Avs B BvsC Avs O '
AUC. ne'n mL 321 (2 €20) 52: (=378} 705 {=352) PO S s NI
Peak conceniration: =3 mi 288 (=174) 125 {=94:9) 23202128 EL.0 S < N :
Time of pesk concer:rstion. h 1.6 (=0.98) 3.0 (=0.93) .8 (=0.67) PLO S S NS
Halt-lte, K 218 (=C.77) 2.38 (= 1.1} .15 (=C T8 NS
Normaiized AUC, ng - n/mli 835 (= 509) 492 (= 345) 726 (=.354) FC.O S & NS
Normaiized peak conzentraton,
ng/mL . 231 (=137 189 (= 81.0) 225 (=105) PO S $ NS

*AUC mdicates srea under concent-ation-time curve: S, significant (P < .05): and NS, not significant (£ > .05).
tTreatmen: means (= SDs) for tree-ment A (alconolic solution). treatment B (hard capsule), and treatmert C (so% caosule).

Table 2.—Summar: 5! Results »! Photosensitivity Phase

Treatment*

Parameter A B [

Mean maximum

photosensitivity,

Jiem? 9.24 (=5.54) 12.68 (=4.17) 9.53 (=5.61)
Median maximum

photosensitivity,

Jrem? 10.7 15 7.6
Range maximum

photosensitivity,

Jrem? 2:21

7.6->21 3.9-21

Mean time of
maximum
photosensitivity,
[ 332 (=0.51) 4.25 (=1.91) 1.50(=0.50)

Megian ume of
maximum
photosensitivity,
h 1.5 6.0 1.5

Range trme of
maximum
photosensitivity,
h

0.5-2 2->6 0.5-2

" Treatment means = SDs) for troatment A (sicoholic solution),
treatment B (hard capsi e), and treatment C (soft capsule).

from the hard capsule relativ2 to that absorbed from
2n oral solution. The observe I peak serum concentra-
tions, when norm:iized for cose, were higher for the
solution and the soft capsule sompared with the hard
capsule. They alsy occurred at earlier times for the
solution and the soft capsule compared with the hard
capsule. The later paramete- indicates a faster rate
of absorption of <rug from the solution or the soft
capsule than from the hard capsule.

Photosencitivity

A summary of the results of the photosensitivity
phase is presented in Table 2. The maximum photo-
sensitivities procuced by the oral solution and the
soft-capsule formulation were at lower light levels
than that of the Lard capsule. Maximum photosensi-
tivity occurred at earlier times relative to dosing for
the solution and the soft-capsule formulation than
for the hard czpsule. These differences between
formulations appear even more dramatic when the
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individual values are considered. The oral solution
and the soft capsule both produced maximum photo-
sensitivity within one-half to two hours after dosing
in all 12 subjects. The hard capsule produced maxi-
mum photosensitivity from two to more than six
hours after dosing. Three of 11 subjects did not
respond to methoxsalen in the hard-capsule formula-
tion at 21 J/em*® for up to six hours after dosing.
While maximum photosensitivity varies widely
within the study panel, tie soluzion and the soft-
capsule formulation consistently require lower levels
of light intensity to produce a respcnse when com-
pared with the hard capsule.

Statistical analysis of the results indicates signifi-
cant differences among treatments in both maxi-
mum_ photosensitivity (.01 < P <.018) and time of
maximum photosensitivity (.006 < P <.008).

COMIMENT

The results of this study are similar to those of
many investigations reported previoucly. Stolk et al'
observed faster absorption of an aqueous solution
compared with a hard-capsule preparation. Herfst
and De Wolff* observed delaved absorption from a
kard-capsule formulation, with peak serum concen-
trations occurring between one and four hours
(mean, 2.4 hours). Honigsmann et al,* in a study that
compared a hard capsule and a soft capsule manufac-
tured in Europe, observed almost identical results to
those reported here. Levins et al* independently
compared the identical hard- and soft-capsule for-
mulations and obtained results that are similar to

those from the photosensitivity phase of this study. -

Herfst and De Wolff” report a half-life of 1.1 hours
for methoxsalen after oral doses of 0.5 to 0.7 mg/kg;
however, their study sampled blood for only five
hours after dosing. Goldstein et al" report a half-life
of 2.1 hours, which is very similar to our findings.
Both Goldstein et al* and Ehrsson et al" note the
biphasic nature of the elimination phase of the
serum concentration time curve, which could result
in underestimation of the half-life if blood samples
are not taken for a long enough period of time after
dosing.

Significant intersubject variability in the mea-
sured biopharmaceutic parameters was observed
during this study. This variability was generally

Methoxaalen~— Sullivan et al
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consistent amonr the different formulations and was
similar in magnitude to th.at observed in previous
studies with methoxsalen.':'* Considerable intersub-
ject variability in- maximum photosensitivity was
also observed. I would 2ppear that intersubject
variability in abr arption, dizposition. and response is
an inherent prot.em with riethoxsalen. Of practical
interest is the <oservation of reduced intersubject
variability in th: time of maximum photosensizivity
with the solutics and the soft gelatin capsule, as
described above. The data indicate tha: maximum
response is achieved within a much tighter time
frame following administration of the solution or the
soft gelatin carsule. This may result in greater
assurance that the period of maximum phozosensi-
tivity coincides ith the perioc of UV-A irradiation
in the clinizal s¢:ng.

In conclusion, the results of this s:udv irdicase

that the liquid formulation encapsulzated ir 2 eq:
gelatin capsule is a significant improvemen: is
methoxsalen dosage form comparecd with the crvstal-
line drug formulated ir a hard gelz:in capsuie. It ne:
only resulis in more drug beinz absorbed into the

“ body. but also at 2 faster rate. This produces highes

serurm concentrations of crug and a concomitans
increase iri photosensizivity to UV:A. Use of the

soft-capsule formulation will result in more reliable

absorption of drug and may result in a lowering of
the methoxsalen dose and/or the intensity of UV-A
niecessary to treat dermatologic disorders.

We: would like to acknowiedirr thiv invaluable assistance of
James Marshall, PhD; in the-desion ¢f this study. We aiso thark
Paula Rempi and othe? members of the technicai r2af for their
laboratory assistance.
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8-Methoxypsoralen Serum Levels in Poor
Responders to Phdtochemotherapy
Importance of Drug Formulation and Individual Factors

Thomas Walther, M.D., and Uwe-Frithjof Haustein, M.D.

Abstract: 8-Methoxypsoralen (8-MOP) serum levels of psori-
atic patients poorly responsive to photochemotherapy (PUVA)
treatment (problem cases) were determined by the HPLC
method with 11 single blood probes over 8 hours. Abnormally
low or deviated serum levels were found in 7 of 11 PUVA prob-
lem patients. There was a great interindividually different first-
pass effect for 8-MOP in dependence on the galenic formula-
tion of the 8-MOP brand: therefore, the change to another 8-
MOP brand with a modem galenic formulation led only to a

cautious at this point because patients may show an unpropor-
tional increase of 8-MOP serum levels-due to the individually
limited capacity of biotransformation. The studies of the au-
thors reafiirm. the necessity of the determination of 8-MOP
serum levels in problem cases of PUVA therapy.

The efficiency of systemic photochcmotherapy (PUVA)
depends on two main factors, the light source {wave-
length and dose) and the photosensitizer (the com-
pound, its formulation, and its concentration in the
dermis). A correlation has been reported between the
concentration of 8-methoxypsoralen (8-MOP) reach-
ing the dermis and the serum levels,'? which can be

measured by several methods* including high-pressure -

liquid chromatography. s 8-Methoxypsoralen serum
levels exhibit a great interindividual variation,™!! ‘de-
pending on the limited biotransformation of the §-
MOP by the first-pass effect in the liver 12-14

Therefore, individual serum levels are of interestin

therapy of PUVA problem cases,' and in research ¢ to
correlate the therapeutic results with the actual serum
level of the photosensitizer. -

From the Department of Dermatology, University Leipzig, Lapz:g.
Germany.

Address comrespondence to: Uwe-Frithjof Haustein, M.D,
Department of Dermatology, School of Medicine, University
Leipzig, Liebigstrafe 21, 0-7010 Leipzig, Germany.
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The aim of this study was to determine serum lev-
els of poor responders in PUVA therapy, and to investi-
gate the influence of various 8-MOP brands, as well as
the increase of their dosage, on individual serum
curves.

Materials and Methods

~ @ Each patient (n = 11) took one of the 8-MOP brands
Geroxalen® or Mopsoralen® without any food or other
drugs in therapeutic doses from 0.36 to | mg/kg body
weight, depending on the brand. At 12 time points after
oral administration, 5:m] samples of venous blood were
drawn and 8-MOP was extracted from the serum probes
on the same day. '

The determination was carried out by means of
high-pressure liquid chromatography,® with a lowest
limit of detection of 10 ng/ml

From the determined 8-MOP values we calculated
Cunas 85 the highest serum concentration at the time t,,,
and the area under the curve (AUC) as a variable of
bioavailability.

Results and Discussion

~ We found abnormally low (c,,, < 160 ng/ml) or de-

]

viated serum levels in 7 of 1] poor responders, which
might be the reason for the ineffective PUVA therapy
(Table 1).

One patient (G1) reached a serum concentration

below 50 ng of 8-MOP/ml, one (G2) below 100 ng of -

8-MOP/ml, and another (M7) had his maximum be-
tween the third and fourth hour after application and a
scrum concentration of only 18 ng at the time of irra-
diation. The amount of 8-MOP in the dermis would be
even lower, as reported in the literature 316

In the past, the 8-MOP brands were often changed
in such cases of PUVA nonresponders, for example
from Mopsoralen to the liquid capsule form Geroxalen
with 2 modern galenic formulation. Therefore, we de-
termined the intraindividual serum levels in two
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wre 1, and investigated the relative bioavailability. all three brands, and patient B had the lowest ones
- every time, Patient B had AUC values after Geroxalen

:71 S-MOP-Serum Concentration (ng/ml) from 11 Nonresponders to PUVA: after a Single Administration of
i or Mopsoralen in Therapeutic Doses and the Calculated AUC,_, (,.sHour) Values; c,..,*
| ) t Post application (k) : :
| Dosis . AUC,,
i UM (mgikg™h) 025 0.5 1 L5 2 2.5 3 4 h) 6 8  (ng-ml’-h)
»
{ 1 0,36 13 31 ar a6 37 16 8 0 0 0 0 88
‘ 2 0,50 0 T2 18 10 0 0 0 0 0 0 0 38
3 0,39 0 119 166* 136 131 89 50 33 16 8 0 39%6
4 0,46 133 322+ 177 131 112 87 58 31 24 1810 526
£
1 0,62 18 12 18 59 135* 86 60 21 14 0 O 229
-2 1,0 0 8 9 26 144 152* 108 68 3521 11 395
| 3 0,69 0 180 272 275% - 191 185 95 , 68  -38-:-32 39 793
-4 0,72 87 113 118 153* 126 105 137 YA 0 - - 442 .
-5 0,72 41 32 62 167 273 197 129 113 129 87 39 875
‘ 6 0,71 0 110 147 156* 95 45 35 11 0 0 0 294
-7 0,76 0 0 0 15 18 93 160* - 158 95 - 35 o 518
}aMOP: 8-methoxypsoralen; PUVA: photochemotherapy; AUC: area under the curve; G: deroxalen; M: Mopsoralen.
ealthy volunteers after intake of 30 mg of 8-MOP in The three brands exhibit different serum profiles, i
quivalent doses of Oxsoralen®, Geroxalen (three cap-  depending on their galenic formulation. e
ules), and Mopsoralen (two tablets), as shown in Fig- - - Interestingly, patient A had the highest values after i ;
% \

(& (58 ng-ml™' - h) similar to those for Mopsoralen (37

{ ‘MOP/ml Serum ng-mi~! - h) and Oxsoralen (49 ng-ml~'-h), but the
2501 maximal serum levels differed from-61 ng/ml (Geroxa-
len) to 26 ng/ml (Mopsoralen). These results show that
the change in patient B to another 8-MOP brand witha
better galenic formulation (ie, Oxsoralen to Geroxa-
len), led to higher serum values of the photosensitizer
in blood and probably also in the dermis, but in rela-
tion to other volunteers, the same patient had charac-
teristically lower curves.

This is in agreement with the individually deter-
mined biotransformation capacity of the liver,!!!37
Therefore, the change to another 8-MOP brand with a
better galenic formulation is only one step to higher
blood values, and it is also necessary to increase the
doses given in the single case.

It is necessary to exercise caution at this point, how-
ever, because patients may show an unproportional in-
crease of 8-MOP serum levels due to individually lim-
ited biotransformation. Thus, we found an unpropor-
tional rise in the serum level by a factor of 5 in patient
G| after intake of 30 mg of Geroxalen (c,.,, 47 ng/ml) -
-t ; ' ' and after doubling the amount of 8-MOP (c.., 260

0 1 2 3 ¢4 5 L) og/ml). Ourresultsemphasize the advantage of evaluat-

= 1. Individual serum levels after application of Oxsoralen (0), 108 8-MOP serum levels in PUVA problem cases to

[~ en(®),and Mopsoralen (x) with 30 mg of 8-MOP equivalent ma%ce this excellent treatment more efficient in these
( wo patients (A:—; B:=). patients.
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The Use of Stable Isotopes to Prove the
Saturable First-pass Effect of Methoxsalen

Jochen Schmid,' Axel Prox, Horst Zipp and F. W. Koss
Dr. Karl Thomae Research Laboratories, D-7950 Biberach/Riss, Postfach 720, FRG

Methoxsalen, administered orally shows a strong, albeit saturable first-pass effect, as demonstrated by classical -
dose linearity testing and by a new method, using stable isotopes and gas chromatographic mass spectrometric
analysis. The therapeutic consequences of the first-pass effect are discussed.

INTRODUCTION

Methoxsalen, (8-methoxypsoralen, 8-MOP) is being
used increasingly in the treatment of psoriasis, together
with ultraviolet (UV) irradiation ‘PUVA-therapy'.!?
Only limited kinetic data are available about §-MOP:
i.v. kinetic studies in man have never been undertaken
for toxicological reasons and because of the very low
solubility of 8-MOP in plasma and suitable solvents. The
latter problem was also manifest in i.v. kinetic studies in
rats.’  Plasma level evaluations were performed above
all to improve therapeutic efficacy. It was shown that
crystal size*” is of importance for bioavailability.
Recently the influence of food-intake on the kinetics of
8-MOP was reported.’ It is the aim of this paper, to
demonstrate the first-pass effect of methoxsalen,
to discuss the therapeutic consequences of this effect and
to demonstrate its influence on bioavailability studies
with stable isotopes.

EXPERIMENTAL

Three healthy male volunteers were used: R.G. 37 yr, -

66 kg: E.H.S. 39 yr, 76 kg; F.B. 43 yr, 59 kg. No other
drugs were taken during the test.

Substances

8-MOP was used in tablet form, Meladinine®, Baso-
therm Biberach (GFR).

(8, 8, 8-’H;Methoxsalen (=[?H,}-8-MOP):the
synthesis was performed by methylation of 8-hy-
droxypsoralen with CD,l. The isotopic purity was
greater than 99%. :

The internal standard was 8-cthoxypsoralen (8-EOP),
synthesized from 8-hydroxypsoralen by ethylation.

Details of the study

The study was performed on the following dates with
formulations as indicated: 04.04.79 (L 10); 21.03.79

Abbreviations: 8-MOP = 8.methoxypsoralen: 8-EOP = 8-cthoxyp-
soralen; PUVA = psoralen and long-wave ultraviolet light.
t Author to whom correspondence should be addressed.
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(L 20); 04.04.78 (L 40); 28.11.78 (LS 40); 08.12.78
(LF 40); 07.03.79 (LT 40). L 10, L 20 and L 40 were
solutions of 10, 20 and 40 mg 8-MOP per person. LS 40
was a mixture of the solutions of 20 mg 8-MOP and
20 mg [*H,)-8-MOP. LT 40 was a solution of 20 mg
8-MOP, followed 37.5 min later by a solution of 20 mg
[*Hs)-8-MOP. LF 40 was a solution of 20 mg [*H,)-8-
MOP and simultaneous 20 mg as tablets. .
The formulations were prepared by dissolving 32, 64,
or 128 mg of 8-MOP or H::J-&MOP in 30 ml of
ethanol and 30 ml of Solketal® (2, 2-dimethyl-1, 3-
dioxalane-4-methanol (Givaudan, CH)) and dilution
with water to 160 ml. Each volunteer was given 50 m] of
the appropriate formulation, followed by 50 ml of water
to rinse down all the substance. Two hours later the
volunteers received a standard breakfast (tea and white

bread with ham). Four hours later a normal lunch was’
consumed.

Samples

At each time interval 10 m! blood samples were collec-
ted in heparinized tubes. Centrifugation was performed
in glass tubes. The plasma samples were stored at =25 °C
also in glass tubes.

Analytical procedures

Instrumentation Gas chromatograph: Hewlett Packard
type 5840, with electron capture é@c{}@vie:} 8803 B
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ana aulosampier, type /0/4. AimMUV L1/ calumn,

temperature 220 °C, injector 250 °C, detector 250°C,

carrier gas Ar/CH, 95:5.

Gas chromatograph mass spectrometer Finnigan
3300, with 6015 data system. The gas chromatograph
was equipped with a 12m capillary column SP 2100
(Bebjak, Kissing GFR), and helium was used as carrier
8as (0.6 bar). Injector 260 °C, splitless injection, column
temperature initially 70 °C, after 45 s programmed to
230°C at 10°C min .

Chemicals: All solvents used were from Byk-
Mallinkrodt, and were nanograde, (Wesel, GFR). All
other chemicals were from Merck (Darmstadt, GFR).

Extraction procedures

Our simple electron capture detection procedure® was
used for all formulations containing only 8-MOP. For
the gas chromatographic mass spectrometric (GCMS)
simultaneous detection of 8-MOP and [*H,}-8-MOP
variations of the more complicated procedure of
Ehrsson'® to remove cholesterol had to be employed.
To 1 ml plasma, diluted with 1 m! water, 5 m! toluene
containing the internal standard 8-EOP (20 ngml™' =
100 ng) was added. After extraction and phase separa-
tion the toluene was evaporated, and redissolved with
100 ul of methanol. After adding 1 ml of 0.1 N NaOH, it
was left for 20 min until the opening of the lactone ring
was completed. The water phase was extracted once

~with Sml CH,Cl; and twice with 5 ml toluene. The

organic phases (containing cholesterol, for example)
were discarded. Then 0.5 ml of 1 N HCI was added to
form the lactone ring again. After extraction with 4 m!
toluene, the toluene was evaporated, redissolved in
100 1 CHCl;y and 1 ul injected into the gas chromato-
graph mass spectrometer.

The extractions were performed by shaking for
10 min with a shaking machine. Phase separation was
carried out by centrifuging and freezing out the water
phase (when toluene was used). All evaporation steps

were performed with a Vortex™ evaporator. The cali- -

bration curves were constructed by adding the appro-
priate amounts of 8-MOP and [*H3}-8-MOP to drug
free plasma.

RESULTS

Analytical details

In Fig. 1 the mass spectra of 8-MOP, [2H,]-8-MOP and
8-EOP are shown. Starting with the elimination of a

“methyl radical from the 8-methoxy group, 8-MOP

exhibits a rather simple fragmentation, and a series of
consecutive CO losses follows. In the case of [*H,)-8-
MOP the corresponding elimination of 18 mass units
from the molecular ion was observed. In contrast to
8-EOP the molecular ion was not the base peak in the
spectrum and fragments by the elimination of 28 mass
units corresponding to the loss of C;H, and CO. In Fig. 2
selected ion monitoring (SIM) traces of 8-MOP, [*H;)-
8-MOP and 8-EOP for about 100 pg pure substance are
shown. They demonstrate the good performance of the

© Heyden & Son Lid. 1980
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Figure 1. Electron impact mass spectra of: (a) 8-MOP; (b) [*K.
MOP; (c) B-EOP.

gas chromatograph mass spectrometer. The analyt
methods applied for estimating 8-MOP and [*H:
MOP correspond to the International Federation
Clinical Chemistry recommendations'' concerr

Figure 2. SIM
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precision, accuracy, specificity and sensitivity.™°
Blanks are very low (<3 ngml™ , and the variation of
these blanks is small. The detection limir of the assay is
about 5ngm!™', and the detection limit of the pure
substance about 20 pg.

Linear calibration curves (Fig. 3) in the range 25~
500 ng 8-MOP ml™"! (the range after therapeutic doses)
were obtained. They are expressed by the following
equations:y =5 - x + 4. 8-MOP: g = 0.049; 5 =0.0214;
B = 0.9989. ["H,]-8-MOP: a = 0.023; 5 = 0.0208; B =
0.995.

The reproducibility of the assay was studied by pre-
paring plasma samples containing different amounts of
8-MOP and [*H,]-8-MOP and analysing them on
different days. The results are shown in Table 1.

By liquid scintillation counting, the recovery of 'C
labelled 8-MOP was 91.1% +2.4 (n =5) at a conten-
tration of 200 ng ml~". N

The selectivity of the method is revealed by the very
low blanks in the range of 1-3 ng m!I™". As the metabolic
pattern and the metabolites from human plasma are
known*'*'* we are sure that no metabolites interfere
with the quantification of the parent compound. The
complicated extraction procedure is strongly recom-
mended, since our first experiments were performed
with a single extraction step using toluene without
further clean-up and after three injections into the gas
chromatograph we had strong interferences 'from
cholesterol.

Studies in humans

The advantages of the simultaneous administration of

labelled and unlabelled compounds were demonstrated

by Strong et al.,' and Sullivan and McMahon,'* They
compared the i.v. and oral routes of administration.

However, we dosed oral 8-MOP tablets and a solution
simultaneously for the following reasons: first, our toxi-
cological experiences were not sufficient for iv.
administration; second, the US Food and Drug
Administration proposes to check the bioavailability of
a formulation by comparing it with a solution. Surpris-
ingly, the 8-MOP tablets exhibited a greater bioavaila-
bility than the solution in two out of three volunteers
(Fig. 4). This result has three theoretical explanations:
isotopic effects,'* the content uniformity of the solid
formulation or a saturable first-pass effect.'*!®

First, we ruled out isotopic effects in the metabolism
of 8-MOP and [*H,}-8-MOP by administering the
substances simultaneously- as a solution. Both levels
were identical. In Fig. 5 the regression line of 8-MOP
and [*H,}-8-MOP levels of all three volunteers is shown,

Table 1. Reprodudiblility of 8-MOP and [*H,)-8-MOP
determinations on one day (A) and between days (B)

[ ] Mean pesk ratio No. of (=4 3
gmi™') - BMOP [Ny} geterminstions  S-MOP *K,)-
&-MOP S-MOP
A 25 053 0.54 4 55 s
100 2227209 4 0.7 0.9
400 8.62 835 4 4.2 23
B 100 - 2mn 6 — 2.1
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Figure 3. Calibration curves for [*Hy)-8-MOP with BeEOP ag
internal standard from human plasma. n =4 for sach valuya,

The regression coefficient, the intercept and the slope
are 0.9995, 1.9 and 0.97 respectively. The latter cor-
responds exactly to the quotient of the slopes of the
calibration curves of [*H;]-8-MOP and 8-MOP. Second,
we rechecked the content uniformity of the tablets
employed. It was suggested® that the poor content uni-
formity of other 8-MOP formulations was responsible
for differences in plasma levels. The weight (n = 10) of
our 10 mg tablets was 9.906 mg; the variation coefficient
1.43%. This is an excellent result. ‘

To check the first-pass effect, we administered 20 mg-
8-MOP and 20 mg [*H,]-8-MOP with a time interval of
37.5 min. The result is depicted in Fig. 6. The second
dosing shows a two to threefold higher plasma level.
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Figure 4. Plasma levels of 8-MOP and [*H,]-8-MOP of three
volunteers after administration of 8. (20 mg) and
[?H,)-8-MOP (20 mg) as a solution. NBPUv?e7 g ..
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Figure 5. Regression line of 8-MOP and [*Hy]-8-MOP plasma
levelis after simuitaneous administration of both substances as a
solution.
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Two further points are worth mentioning. The small
humps in the 8-MOP plasma level after administration
of the [*H,}-8-MOP are caused presumably by dis-
placement of the 8-MOP in some compartments.

Second, if we compare the two initial levels, we notice a’

sigmoid shape in the 8-MOP curve. This is an indication
that certain processes do not follow first-order kinetics.

Apart from the saturable first-pass effect, these results
could also be explained by the influence of the first dose

4001 M R.G.
1 1% *8-MOP
3009 1\ *8-MOP-d,
J ! LN
200 {N\!
100 1
C.parpt -2 '3 4. 85 & T 8
€ a0 It ENS. :
< .1 1y s 8-Mop [
s 3004 % * 8-MOP-dy
oot N
]
£ !
Y
°
© 400 1 " 8.
b ,. \ ."'“o’
300 4 i ’\\ © 8-MOP ~¢, -
200 4 ’o-o \
9 I'\\\.\\
. o L) \.~
w-A l‘ — - b
Cart 2 3 4 8 6 T @
Time (h)

Figure 8. Plasma levels of 8-MOP and {*H,}-8-MOP of the three
voluntesrs after administration of both substances ss s solution
but with 8 time intarval At of 37.5 min.
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Figure 7. Piasma ievels of 8-MOP after sdministration of 40, 20,
10 mg of 8-MOP a8 a solution to three volunteers: mean values =
standard devistion of the mean. :

on the absorption of the second. This does not pertain,
however, since time-dependent kinetics'® were ruled
out by a classical dose linearity testing procedure. The
plasma levels of 8-MOP after administration of 40 mg,
20 mg or 10 mg, respectively are shown in Fig. 7. A plot
of the AUC values against the dose yields a threshold
dose'” of about 0.23 mg kg™".

DISCUSSION

Employing a classical method, involving the adminis-
tration of differznt doses at different times as well as a
new method with stable isotopes, we demonstrated a
saturable first-pass effect'®'” for 8-MOP. We did not
establish whether it is a gut or a hepatic first-pass
effect.’® Since 8-MOP js metabolized in man mainly
by oxidative processes,'? the latter is much more likely.
Our results suggest that the low plasma levels in rabbi

and dog™’ after oral doses were not caused exclusively
by the low solubility of 8-MOP in the solid formu-
lations employed. In analogy to the calculations of
Gibaldi er al.'* we compute that about 60-80% of the
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administration of 40, 20, 10 mg of 8-MOP to three volunteers: the

threshold dose is about 0.23 mg kg™~'.
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administered 40mg of 8-MOP as a solution are
systemically available.

This saturable first-pass effect means that small varia-
tions in the dose administered, as well as the absolute
levels or rate of absorption, cause greatdifferencesin the
systemic bioavailability. This effect has consequences
for the therapy and the method.

Consequences for therapy

Sound PUVA therapy can be attained only with a
formulation which avoids the influence of the first-pass
effect. From this point of view we suggest the adminis-
tration of 8-MOP by infusion or orally, as a solution,
since 8-MOP is absorbed from a solution very rapidly.
Consequently, high quantities can pass the liver without
being metabolized. The topical application is even more
reasonable. It avoids the first-pass effects as well as the
systemic effects which can be observed at high plasma
levels.

Insufficient, low 8-MOP plasma levels during therapy
should be compensated initially by higher 8-MOP doses
rather than by higher irradiation doses.

Consequences for the method

The use of stable isotopes for bioavailability studies
rules out—as known—individual variations. - How.
ever, the non-existence of any isotope effect must be
demonstrated by simultaneous administration of
labelled and non-labelled compounds both in the
same formulation. Dose linearity testing must be
performed. We suggest the administration of
labelled and non-labelled compounds = with - a
small time interval in between. ,

If we observe non-linear kinetic processes, the
co-administration of a labelled drug influences the
kinetics of the unlabelled drug. In such a case this
design of the experiment cannot be used for
bioavailability studies.
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