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Summary

The photostability of menatetrenone in rape seed oil as a solvent was investigated under irradiation with a fluorescent lamp to
obtain basic information on encapsulation of the drug. The drug was susceptible to degradation by visible light below 480 nm and
was most strongly degraded at around 430 nm, showing wavelength dependency. The degradation followed apparently first-order
kinetics for a given initial concentration and exhibited a concentration dependency. The greater the initial concentration, the
smaller was the degradation rate constant. Semilogarithmic plots of the apparent degradation rate constant against the reciprocal
of illuminance demonstrated a linear relationship similar to that of Arrhenius-type behavior, and prediction of photostability under
ordinary illumination conditions was suggested to be possible from the data obtained under conditions of accelerated illumination.
Geometrical scale factors relating to the dosage form were also investigated, and it was found that round capsules were the most

favorable shape from the viewpoint of stability.

Introduction

Menatetrenone (vitamin K,; 2-methyl-3-all-
trans-tetraprenyl-1,4-naphthoquinone) was origi-
nally developed in Japan and has been used as
injections for the treatment of hypoprothrom-
binemia due to a lack of vitamin K in newborns.
Because the drug is very photolabile, it is neces-
sary to protect the commercial dosage form from
light. The photostabilities of the drug in several
kinds of injections or infusions have been investi-
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gated from the viewpoint of quality assurance
(Yamaji et al., 1978, 1979; Yamano et al., 1978;
Mori et al., 1979, 1980; Ishibashi et al., 1980).
Recently, it has been reported that accidental
deaths were caused by anaphylactic shock owing
to a solubilizing agent added to the drug in injec-
tions, and therefore the development of oral
dosage forms is desirable in place of such injec-
tions.

Soft gelatin capsules may be recommended as
the most suitable dosage form, since the drug has
a low melting point (34-38°C) and is fat-soluble.
However, there exist neither extensive studies on
the kinetic evaluation of the stability of photola-
bile drug in this dosage form nor a detailed
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examination of conditions that might affect the
photodegradation kinetics.

The purposes of the present preformulation
study were to obtain basic information to facili-
tate the photostabilization of encapsulated
menatetrenone under irradiation with a fluores-
cent lamp and to investigate the possibility of
predicting the degree of photostability through
data obtained under conditions of accelerated
irradiation. Consequently, an interpretation of the
photodegradation mechanism is beyond the scope
of the present investigation. A solution to this
problem may indicate ways of improving photola-
bile solid dosage forms.

Materials and Methods

Materials

Menatetrenone (lot no. KK6102CB, Nisshin
Chemicals Co., Japan) and rape seed oil (Nacalai
Tesque Co., Japan) as a solvent were purchased
from the manufacturers. The commercial solvents
for HPLC analysis and tocopherol acetate as an
internal standard were used without further pu-
rification.

Methods

Accurately weighed menatetrenone was dis-
solved in rape seed oil and the solution was
thoroughly stirred by a magnetic stirrer in a 200
ml flask to prepare eight kinds of solutions rang-
ing in drug concentrations from 0.125 to 12
mg/ml. Unless otherwise specified, only one con-
centration (1 mg/ml) was used for irradiation
tests. A fixed amount of each solution was placed
in a plastic dish (35 mm i.d., 10 mm in depth)
with a quartz glass cover so that a constant depth
(7 mm) could be maintained.

Irradiation tests

To study the effect of specific wavelength of
light on the photostability of menatetrenone, the
same grating monochromator as described in our
previous paper (Matsuda et al., 1989) was used
within the wavelength range of 290-537 nm.
Samples were exposed to light at each wavelength
until the intensity level of the irradiation reached
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Fig. 1. Spectral irradiation intensity curve of the fluorescent
lamp at an illuminance of 2000 Ix.

the same value (1.1 X 10° J/m?). In the ordinary
stability tests a white fluorescent lamp (type
FL20SW, Toshiba Co., Japan) was used as a light
source. The illuminance and irradiation intensity
on the surface of the sample solution were mea-
sured with a portable spectroradiometer (model
LI-1800, LI-COR Inc., NE, U.S.A.), and these
parameters were varied by adjusting the distance
between the light source and sample. Fig. 1 shows
the spectral irradiation intensity curve of this
lamp, as measured on the surface of sample solu-
tion under irradiation conditions.

To investigate the effects of volume and ex-
posed area of solution on the photostability, sam-
ple solutions (0.5 mg/ml) were placed in cylindri-
cal plastic bottles with flat-faced bottoms of 2.4,
3.3, 4.0, 4.8 and 5.4 cm in diameter up to depths
of 0.4, 0.8, 1.2, and 3.2 cm. The outer walls of
these bottles were covered with aluminum foil to
shield the incidence of scattered light so that the
solution could be exposed only to a parallel beam
of incident irradiation with a lamp. Unless other-
wise specified, the irradiation tests were carried
out at 25°C. As for irradiation tests with the
fluorescent lamp at different temperatures, plas-
tic dishes with a transparent quartz glass cover, in
which a constant amount of sample solution was
placed, were fixed in a thermostated jacket main-
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with a magnetic stirrer to ensure homogeneity of
photodegradation.

HPLC analysis

Residual menatetrenone after irradiation was
determined by on a HPLC system (Waters Co.)
equipped with a UV detection (270 nm); the
prepacked column (Lichrospher Si60, 125 mm X
4.0 mm i.d., Merck) was operated at 27°C at a
flow rate of 1.4 ml/min. The mobile phase con-
sisted of a solvent system of n-hexane-ether
(95:5). A chloroformic solution of tocopherol
acetate (2 mg/ml) was used as an internal stan-
dard. After irradiation, an accurately weighed
sample solution (approx. 30 mg) was mixed with

chlaraform in a flack 40 10 of the internal ctan-
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dard solution was added, and the mixture was
evaporated to dryness under vacuum. The residue
was then dissolved in 1 ml of a mixed solvent of
n-hexane-ether (4:1) and the concentration of
unchanged menatetrenone was determined chro-
matographically by using 6 wl of this solution.
The mean of values determined in triplicate was
used. The calibration curve for menatetrenone
showed good linearity (r > 0.999; n = 5), and the
reproducibility of the data was invariably good.
All procedures were carried out in the dark.

Results and Discussion

Effect of irradiation wavelength on photostability
For satisfactory stabilization of any photolabile
drug in soft gelatin capsules it is essential to
examine its photosensitivity to light over a wide
range of wavelengths. Fig. 2 shows the effect of
the wavelength of light on photodegradation in
rape seed oil under irradiation of constant inten-
sity (1.1 X 10° J /m?). No degradation occurred at
wavelengths above 480 nm. However, a significant
decrease in the percentage remaining was ob-
served below 480 nm, showing a minimum at
around 430 nm followed by a further increase at
lower wavelengths. This result suggests that, due
to menatetrenone being so readily decomposed
even by visible light, the drug must be stored
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Fig. 2. Effect of wavelength on the photodegradation of
menatetrenone after irradiation at a light intensity of 1.1x 10°
IT/m?,
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Photostability under fluorescent lamp

Fig. 3 shows typical semilogarithmic plots of
the percentage remaining of menatetrenone vs
time at different initial concentrations under irra-
diation with a fluorescent lamp (2000 1x). The
plots show good linearity (r < —0.995; n = 8) over
a wide range of concentrations investigated, sug-
gesting that the photodegradation followed ap-
parently first-order kinetics for a given concentra-
tion. However, as was evident from the difference
of slope of each degradation curve, a clear de-
pendency of degradation rate on the initial con-
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Fig. 3. Semilogarithmic plot for degradation of menatetrenone
at different concentrations under irradiation by the fluores-
cent lamp. Concentration (mg/ml): (v) 0.125, (0) 0.25; (a)
0.5,(0)1.0,(v)2.0;(9)49,(a)80(m)12.0.
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Fig. 4. Effect of initial concentration on the amount of mena-
tetrenone degraded after cumulative irradiation at 10000 Ix h,

centration, where photodegradation was appar-
ently much more strongly inhibited with an in-
crease in initial r‘nnr'Pnfrahnn was observed in

contrast to the general rule of flrst-order kinetics;
the percentage remaining after 8 h irradiation
was 81% at the highest concentration (12 mg /ml),
whereas it decreased to 34% at the lowest con-
centration (0.125 mg/ml). Similar dependencies
have been reported for photodegradation of Ir-

1 10 1\ A it
gasan DP300 (}v’latsumot\} et al., 1981) and vita-

min A (Allwood and Plane, 1986). However, no
quantitative interpretation, including our investi-
gation, has been made since the apparent kinetics
of those degradation processes changed with con-
centration of parent drug. The effect of concen-
tration on photodegradation by constant irradia-
tion energy (5 h irradiation, 10000 Ix h) is illus-
trated in Fig. 4. At lower concentrations, the
amount of menatetrenone undergoing degrada-
tion increased considerably with increase in con-
centration, however, at higher concentrations, the
amount degraded levelled off and was likely to be
constant irrespective of the concentration. From
the results shown in Figs 3 and 4, the concentra-
tion-dependent degradation in this study might
be due to the fact that although the total amount
of photolytic energy emitted by the lamp re-
mained unchanged, the energy absorbed by a
molecule present in the solution decreased rela-
tive to an increase in the initial concentration.
The ucgl adation rate constants calculated from
the slopes of the regression lines in Fig. 3 are
plotted in Fig. 5 vs initial concentration. The
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Fig. 5. Effect of concentration on the apparent degradation
rate constant of menatetrenone irradiated with the fluores-
cent lamp.
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egradation rate constant.

As mentioned in Materials and Methods, it is
possible to carry out accelerated irradiation tests
with the same light source by varying the distance
between the light source and sample. In this case,
the relationship between illuminance and irradia-
tion muenSily on the surface of a Sampw solution
must be confirmed beforehand. Fig. 6 shows the
effect of illuminance on the total irradiation in-
tensity in the wavelength range (300-480 nm)
which strongly affected the degradation. A clear
proportional relationship was established be-
tween both parameters, suggesting that illumi-
namnce COUIU UC UbCU as a measure 0[ lI'rd(lla[lOn
intensity. Semilogarithmic plots of the percentage
remaining vs time at different illumin
sulted in linear traces resembling those in Fig. 3,
their slopes becoming steeper with increasing il-

luminance. Thus the effect of illuminance on the

mances re-
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Fig. 6. Relationship between illuminance and irradiation in-
tensity (300480 nm) of the fluorescent lamp.
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Fig. 7. Semilogarithmic plots of apparent degradation rate
constant vs reciprocal of illuminance.

degradation rate constant is illustrated in Fig. 7.
Semilogarithmic plots of the apparent degrada-
tion rate constant against the reciprocal of illumi-
nance conformed closely to a linear relationship,
as well as the results obtained by Mendenhall
(1984) and Tokunaga et al. (1985), similar to that
of Arrhenius-type behavior. This result suggests
that photostability under ordinary illumination
condition can readily be predicted from the data
obtained under conditions of accelerated illumi-
nation. Although the physical meaning of the
apparent activation energy for photodegradation
calculated from the slope of the line is unclear
from the results of these investigations, it should
be useful as an important measure for evaluating
the photosensitivity of a drug.

Table 1 summarizes the temperature depen-
dency of the degradation rate constant deter-
mined under irradiation with a fluorescent lamp.
A slight increase in degradation rate constant was
found as the temperature rose. The value of the

TABLE 1

Apparent first-order degradation rate constants at various tem-
peratures obtained under the fluorescent lamp

Temperature Degradation rate constant
O Y

25 920x1072

35 100 x1072

45 9.68x 1072

55 103 x1072
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Fig. 8. Effects of exposure area and depth of sample solution

on the apparent degradation rate constant under irradiation

by the fluorescent lamp. Depth (cm): (0) 04,(4)08,(0) 1.2,
(v)3.2

activation energy (2.46 kJ/mol) obtained from
the Arrhenius plots was very small. This suggests
that the activation energy was not correlated with
the degradation kinetics, in contrast to the data
of Matsumoto et al. (1981).

Effect of geometric scale factor of dosage form on
the photostability

In designing soft gelatin capsules of menate-
trenone, it is also tmportant to investigate the
scale effect of this dosage form on photostability.
Therefore, the degradation rate constants ob-
tained by varying both the inner diameter of the
bottle and the depth of the sample solution at an
illuminance of 2000 Ix are summarized in Fig. 8.
Although the degradation rate constant increased
with either increasing exposure area or decreas-
ing depth of solution it was more strongly af-
fected by the depth of the solution than by the
exposure area. If all light beams radiating from
the fluorescent lamp are parallel, the degradation
rate constant should be constant, irrespective of
the exposure area. However, a significant effect
of exposure area was observed, in contrast to
expectations. This phenomenon might be due to
scattered light straying into the sample solution,
the contribution of which may be significant. In
cases where the intensity of incident light was
kept constant, the reason why the drug was ap-
parently stabilized with increasing depth of solu-
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Fig. 9. Relationship between apparent degradation rate con-
stant and exposure area per unit volume of sample solution.

tion was attributable to a lowering of the relative
absorption efficiency of light energy per molecule
with increasing number of drug molecules, in
addition to the supply of light energy to the lower
parts of the solution being insufficient.

It is possible to envisage various volumes of
soft gelatin capsules by arbitrarily combining the
data for both exposure area and depth of solution
in Fig. 8. Fig. 9 shows the relationship between
the degradation rate constant and exposure area
per unit volume of sample solution on a semiloga-
rithmic scale. Irrespective of the exposure area
and depth of solution, a good linear relationship
was established between both parameters, sug-
gesting that the larger the exposure area per unit
volume, the lower was the photostability. It is
conceivable from this result that the photostabi-
lizing design of encapsulated menatetrenone
should be more satisfactorily achieved by using
round capsules rather than oval, oblong, tube-
shape forms, since the solid having the minimum
surface area per unit volume is a sphere.

In conclusion, the dosage form design of pho-
tolabile drugs should carefully be carried out by

considering the irradiation conditions and the
effects of both geometric and formulation factors.
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