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Improvement of photostability of ubidecarenone 
in the formulation of a novel powdered dosage form 

termed redispersible dry emulsion 

Kg UW&: Emulsion; Powdered form; Dry emulsion: Ubidecar~none~ Photost~~bility; Oily carrier; 
Redispersibility 

Sunmary 

Uhidecarrnone. which has low photostability and is poorly absorbed in the intrhtinc, was formulated into a IIOVL’I powdered 

dosage form designated as a rrdispersible dry emulsion. In preparing the system, an oily solution containing the drug iArId a 

colorant cmulsifird in an aqueous solution of a surfactant (Pluronic F-68) were spray-dried with a suitable excipient. The resultant 

dry emulsion particles have good flow properties and readily release the oily droplets to form stable emulsions on rehydration. The 

redispersibility. i.e., the conversion to the original emulsion from the dry rmulsion form, was found to he closely related to the 

viscosity of the oily carrier. The photostahility of the drug disolved in the oily carriers was much improved in thr: presence of 

colorants. The kinetics data for photolytic degradation of the drug in the dt); emulsion particle were analyzed to clarify the effect ot 

the amount of excipient and colorant on the ph~t~~st~Ihility of the drug m the particle. 

--- 

Introduction 

lihidecarenone (2,3-dimethoxy-S-methyl-h-de- 
caprenyl benzoquinone) is a widely used cardio- 
vascular agent formulated into oral dosage form. 
One of the unfavorable characteristics of the 

-- 
(b~~c,sf~r)~ifLtlc.(’ 10: Y. Kawashima. Gifu ~‘h~rrn~~c~~~tic~~l Uni- 

Laity. 5-h-l Mit~h~~r~i-Ili~~shi. Gifu 502. Japan. 

drugs is photolability, which has been confirmed 
at ordinary and elevated temperatures under high 
intensity ultraviolet light by Matsuda and Masa- 
hara (1983). T’hey attempted to improve the pho- 
tostability of the drug by means of the competi- 
tive degradation of fat-soiubk vitamins incorpo- 
rated with the drug in microcapsule form 
(Matsuda and Masahara, 1985). Ubidecarent)ne is 
also poorly water-soIuble and thus hardly ab- 
sorbed from the gastrointestinal tract. It has been 
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reported that the plasma lcvcl of the drug is very 
low after oral administration (Kishi et al., IOSI 1. 
One method for improving the bioavailability ot 
poorly absorbable drugs is the USC of an oil) 
carrier. It has been reported that ccxdminis~ra- 
tion of an oil-in-water emulsion (C’arrigan and 
Bates, 1073: Bates and Scqucira, 1975) or of 

lipophiiic carriers (Palin et al.. IW?; Kxiir ct al., 
19X6) incrcascs drug absorption from the gas- 

trointcstinal tract. There is also a patent (Eisai 

Co., IWl 1 claiming the use of an oily formulation 
to improve the hioavaiiability of ubidccarenonc. 

Although various dosage forms of oily ingrctii- 
ents such as soft gelatin capsules, powders and 

tablets are available. the manufacturing generally 

involves several great difficulties. A solid dosage 

t’orm. which is prefcrablc for handling and dos- 
ing. should exhibit the property of rcicasing the 
drug at ;i sufficiently rapid rate on irehydralion in 
order to ensure satisfactory bioavailability. WC 

have dcvcioped ;I powdcrcd form of oily and wax) 

drugs, rcfcrred to iis a rcdispersiblc dry emulsion 

with the characteristics of good rcciispersibility or 

drug rclcasc (Kawashima ct al., lW8; Taheuchi c,t 
al., 199 la-c). The system was prcparcd by spi-a- 

drying iin cniulsified oily material in waler with 

suitable cxcipients. The rexultanl particles LOCI-c 

found to readily rclcasc oily droplets to form 

stable emulsions when rchydratcct. The propert) 

of rapid drug release was confirmed in \ivo iis 

well as in vitro by measuring the intestinal ah- 

sorption of an oily drug after oral administration 

of the dry emulsion to beagle dogs (Takcuchi et 

al.. IWlb). 
In the present study, this redixpersible cir) 

emulsion system was applied to the photolabile 

and poorly absorbable drug, ubidecarenonc. /Ix 

the main route for the absorption of ubidc- 

carenonc has been suggested to be the lymphatica 

(Katayama ct al.. 1971). ;I well dispersed oily 

solution of the drug should cnhancc the cxtcnt 01 

drug absorption. Our attention was focused on 

the photostability of the drug in the particle as 

well as the redispcrsibility of the emulsion. To 

improve the photostability of the drug. various 

colorants and cxcipicnts wcrc‘ incorporated into 

the system and kinetic analysis of the photolytic 

degradation of the drug was carried out. 

Materials and Methods 

Ilbidccarcnonc was obtained from Eisai (‘0. 

and used without further purification. C’olloidal 

silica (Acrosil 200). monodisperscd spherical \il- 

ica and silica-titanium dioxide-zirconiuiii conipo4- 

ite parlicles (ZS-SOOOIT) were supplied by Nip- 

pon Acrosil C’o.. Sinto Kogyo Co. and ‘l’oray C’o., 

respectively. Polyoxyethylcnc-poiy~)xypropylcne 

block copolymer (Pluronic 1%X) was obtaincci 

from Asahi Dcnka Co. ‘l‘he synthetic pigmen1s. 

i.e.. t~-(0-tolyI;1~0)-B-naphthylamine (oil yellow 

OH. Y-3) and Sudan II (oil red X0. K-5) wcrc 

purchased from Tokyo Kasei Kogyo (‘0.. and 

riboflavin butylatc (KB). /3-carotcnc and capsan- 

thin wcrc available as colorin g additives for foodx. 

Medium-chain Iriglyccridcs (Panasate SIO and 

Tricstc‘r F-St 0). which have almost the same con- 

poncnts. were obtained from Nippon Oil and t;at 

(‘0. and Nikko (‘hcmicals C‘o.. trespectivcly. 

Medium-chain fatty acid-polyalcohol chter\ 

(Sefsols 220, 2% and Cd3X) were also purchased 

from Nikko (~‘hcmicals C’o. Natural oils (castor oil 

and olive oil) WCI-c 01‘ JI’ grade. I‘he visco\it! 01 

oils was measured at 20°C by means of ;I corn and 
plate type viscomctcr (NKM I?()-0. Nippon I<he- 

ology Instrument (‘0.). 

Ubidccarcnonc powder (0.15- 1 .O g) and ;I 

tipophilic colorant (O-O. I g) were dissolved in an 

oily carrier (20 g) on ;I water bath at 30-WY’. 

After cooling to room tcmpcrature. the oily solu- 

tion was emulsified in ;I solution of I’luronic F-68 

( IO00 ml, 0.2c; b ,I\4 in rhc presence of an cxcipi- 

cnt (5.- 100 g) by agitation at 10000 i-pm for 5 min 

with ;I high-speed homogenixr (f’hyscotron. Ni- 

chion Irikakikai Scisakusho (‘(I.). ‘l‘hc resultant 

emulsion w;14 spray-dried in ;i spray-dryer CL>- I7 

type. Okawara Kakoki (‘0.1 under the following 

conditions: inlet air temperature. 77OY‘; outlet 

air temperature. 170 * -1°C: rotation speed r>f at- 

omixr. lh500 I-pm: feeding rate of the cmutsion, 

50 ml/min. 

Ihr,q uttllcwt cltrd t~c~cli.q~c~~rihilit~~ of’ tit?’ ~~tt~uI.s~ot~ 

Ubidccarcnonc in the dry cniulaion particles 

(2.S 10 rng on drug basis) was cxtractcd by trca- 
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ment with a m~thanoi-chlorofc)rm mixture (3: I, 
9.5 ml). shaking mixture (V-S type shaker. Iwaki 
Co.) at 240 spm for 1.5 h. After removing the 
insoluble ingredients by centrifugation at 3000 
rpm for 5 min, the drug concentration of the 
solution was determined on high-performance 
liquid chromatography (HPLC). The stationary 
and mobile phases in HPLC analysis were Nucle- 
osil IOO-5C,, packed in a column (IS0 mm x 4.6 
mm i.d.1 and a methanol-ethanol mixture (I : I), 
respectively, and the drug separated by the col- 
umn was spe~trophotometrically detected at 275 
nm. 

To examine the redispersibility of the dry 
emulsion in an aqueous medium. the dry emul- 
sion (2.5-!O mg on drug basis) was dispersed in 
water (9.5 ml) by manual shaking (10 times). 
After allowing the system to stand for I h at room 
temperature, the sedimented particles were col- 
lected. The amount of drug remaining in the 
particles was measured in the same manner as 
that for the determination of drug content. The 
r~dispersibility was calculated from the drug ton- 
tent and percentage remaining. 

The angle of repose of dry emulsion particles 
was directly measured using piled particles on a 
circular stainless plate of 2 cm diameter. 

The bulk density was determined before and 
after tapping with a 10 ml measuring cylinder. 
Tapping was performed mechanically with a tap- 
ping instrument (Konishi Seisakusyo Co.), until 
the apparent volume reached a constant value. 

For measuring the contact angle of oils to the 
Aerosil coated with the surfactant, the colloidal 
silica dispersed in the Pluronic F-OX solution was 
spray-dried under the same conditions as for the 
dry emulsion. The resultant particles were com- 
pressed to make a silica disk having a flat surface. 
The contact angle of l-2 p I of oil dropped onto 
the silica surface was measured with a contact- 
angle meter (CA-A, Kyowakagaku Co. ). 

~hotostability testing was performed basically 
according to the preiimina~ procedures for the 
standard phot~)stability test of drugs for the 

30 cm 

Fig. I. Illustration of the system used for the photostahility 

test: (a) WV light source. (b) cxcipient layer. Cc) quartz glass 

plate, Cd) polyvinylidene chloride film. (e) sample (oily solu- 

tion ol drug or ctp emulsion). 

Japanese pharma~~~poeia (Yatani et al., IYX8). 
Tests were carried out in a dark room by using 

a chemical lamp (FL 2OSNBL-B, Matsushita 
Electric Co.: wavelength, 300-421) nm; maximum, 
357 nm; intensity, 0.34 mW cm -‘I as a UV irradi- 
ation source. For the oily solution of drug with 
and without colorants. 1 g of the oily solution was 
spread at the bottom of a Petri dish (4 cm diame- 
ter) and then covered with a piece of polyvinyli- 
dene chloride film. To examine the effect of 
excipient, an cxcipient layer formed on a circular 
quartz plate (4 cm diameter) was placed on the 
Petri dish to screen the UV radiation. In the cast: 
of dry emulsion particles, the desired amount of 
particles (2.5-10 mg on drug basis) was dispersed 
on the Petri dish and covered with a piece of 
polyvinylidene chloride film. These samples were 
positioned 30 cm below the UV light source and 
exposed to UV irradiation for O-24 h at room 
temperature. The whole system for the test is 
illustrated in Fig. I. 

After UV irradiation, the oily sample was dis- 
solved in a methanol-chloroform mixture (3: 1) in 
order to determine the amount of drug r~nlaining 
unchanged. The drug content remaining in the 



dry emulsion was detet-mined in the ~ttmc tmnnct 

as that tlescribed above. 

Results and Discussion 

Various kinds of oily carricra. such as natural 

0iIs (castor oil and olive oil). medium-~h~liri 

triglyccridcs (Panaaate X10 and ‘I‘riexter IT-Xll)) 

and medium-chain fatty acid-pol~alcollt,1 cslct-\ 

(Scfsolx SO. 328 and OhX) wcrc csamined with 

I-espect to being suitable as drug carriers. I)rug 

dissolution in the oils was dcterniined ovc‘r the 

range 01’ I .1-7.W a1 rootti teniperaturc. It w;t4 

t’ounri that the drug was corttplctely ciissolvcd in 

F’anasatc 810. ‘fricstcr F-8 IO and Sefsolx 170 ;tncl 

XX within the above drug concentration rattgc 

(Table 1). In the case of’ Scfsol 6hX, part of the 

drug was precipitated at a concentration of 7.Wi 
Ikt.scd on the tc\t ‘I 4.Sc j .L ; drug aoluticltt was uxci 

to prepare dry emulsion particles Lvilh mediun- 

chain triglycerides and medium-chain Uatty acid- 

polyalcohol esters. Drug concentrations of I .2 
and 2.45 were used for castor oil and olive c)il, 

respectively. since drug volubility was Iow in the 

cast of the natural oila. 

‘The dry emulsion particles wcrc i’otmula~etl 

60 

100 1000 
Viscosity, cp 



flowability of the particles was greatly improved 
on increasing the Aerosil content of the formula- 
tion. The variations in this property of particle 
flow behavior as a function of Aerosil content arc 
listed in Table 2 for the dry emulsion with Scfsol 
668. In the case where the amount of Aerosil was 
reduced to 5 g. the particles became sticky, sug- 
gesting that Aerosil was unable to form a matrix 
structure. The formulation with an Aerosil con- 
tent of 20 g was observed to contain freely flow- 

ing particles. 
It is important for the dry emulsion to release 

the oily droplets and re-form the original emul- 
sion under mild rehydration conditions. The rc- 
dispersibility, which is defined as the percentage 
of oily droplets released from the particles, was 
influenced by the type of oily carrier. The use of 
a more viscous carrier up to 100 CP led to higher 
redispersibility. The relationship between the vis- 
cosity of the oily carrier and the percentage re- 
leased is shown in Fig. 2. 

The release behavior of oily droplets from the 
dry emulsion particles may be correlated with the 

structure of the particles. Oily droplets in the dry 
emulsion particles would need to be embedded 
within the colloidal silica matrix as a droplet form 
in order for sufficient redispersibility to be at- 
tained. since the conditions for redispersion in 
the present study are too mild to convert the oily 
mass released into the form of small droplets and 
also since this formulation cannot be expected to 
achieve self-emulsification. The oily droplets with 
higher viscosity appear to maintain their shape in 
the silica matrix during the drying process due to 
their greater resistance against deformation 

Aerosil formulated (g) 20 10 5 

Angle of repose (“) 36 51 60 

Bulk density (g cm ‘) 

before tapping (,I,,) 0.29 0.35 
after tapping (,I,) 0.36 0.34 

Compressibility [(of ~ p,l)/f~,] ,’ 0.1 Y 0.20 

<’ Carr’s index for powder flow (Carr, 1965). 

Viscosity (cP) 

24.2 
x.3 

13.4 

0.4 
110.7 

Y87.h 

x0.0 

(‘ontact angle CC) 

I3.h 
15.0 

I I.4 
IO.0 
10.0 

36.6 

17.6 

forces. From this point of view, highly viscous oils 
are considered to be suitable for the formulation 
of dry emulsions. On the other hand, measure- 
ments of the contact angles showed that the oils 
with higher viscosity possessed relatively lower 
affinity for the silica surface coated with the 
surfactant (Table 3). It appears that the oils must 
attain a sufficiently strong affinity for the silica 
particles in order to avoid separation of the silica 

particles from the surface of the oily droplets. 
which may lead to the coagulation of oily droplets. 
Owing to such effects, an appropriate viscosity of 
oil is required for good redispersibility. Based on 
the above results, Scfsol 66X. Panasate 810 and 
Triester F-810 were selected as oily carriers of 
uhidccarenone for the following photostability 
study. 

Photmtuhility of uhidecurenone in the oily solution 

Ubidecarcnonc is more photolabile in oily so- 
lution than in the solid form, since a greater 
proportion of the drug molecules are exposed to 
light in the transparent oily solution. As the drug 
would be dissolved in an oily carrier in the dry 
emulsion particles, the evaluation of photostabil- 
ity was carried out first for the oily solution. UV 
irradiation of the solution in a Petri dish was 
performed for 24 h and the percentage of drug 
remaining (R(24)) was measured. Irrespective of 
the type of oily carrier, the R(24) value for the 
oily solution of the drug was determined to be 
67 f 3% at 4.8% w/w drug concentration. 

To improve the photostability of the drug in 
the oily solution, the effect of co-formulation with 



oil-soluble colorants was examined. Colorants that 
result in high levels of UV absorption would bc 
expected to be the most suitable for protecting 
the drug against photodegradation. Fig. 3 shows 

typical absorption spectra obtained through UV 
analysis of chloroform solutions of the various 
colorants at a fixed concentration (IO ppm) over 
the wavclcngth range 300-400 nm. No detectable 
UV absorption was observed for the natural co- 
orant capsanthin at the same concentration. Oily 

solutions of the drug containing a fixed concen- 
tration (O.S%,) of the colorants wcrc evaluated 
with rcspcct to photostability. Although p-care- 
tene demonstrated the highest degree of UV 
absorption in chloroform solution we found it to 
bc inadequate in Scfsol 668 as a result of its 
relatively low solubility in the latter. Y-3 and R-5 
wcrc confirmed to bc the most effective. as con- 
cluded on the basis of the photostability data 
listed in Table 4. In contrast, riboflavin butylatc 
(RB) accelerated the photolytic decomposition of 

Wave length, nm 

Fig. 3. UV absorption spectra of colorants in chloroform 

solution: ( ~) Y-3. (- -) R-5. (- ~ ~ -1 /I-carotcnc. 

c.-..-.) RB. 

Oil yellon OB (Y-3) 

Oil red X0 (R-5) 

Riboflavin butylate 

No colorant 

Oils wlution: Setsol MH 

the drug. The cause of this phenomenon was 
ascribed as being due to the excitation of 
molecules of RB to higher energy levels by UV 
irradiation, thereby promoting the decomposition 
of the drug via the process of fluorescence cmi+ 

sion. 
In the dry emulsion particles. the cxcipicnts 

were assumed to play the important role of pro- 
tecting the drug against photolytic decomposition. 
In order to verify the validity of this assumption. 
UV irradiation of the drug solution on a Petri 
dish was performed through an excipient bed of 
constant thickness (approx. 0.X mm) formed upon 
a quartz plate. In addition to colloidal silica 
(Aerosil 2(W), tests were also conducted on 
monodispcrsed spherical silica (MSS) and silica- 
titanium dioxide-zirconium composite particles 
(ZS-SOOOIT). The new type of complexed parti- 
cles designated as ZS-500017‘ are a recent dcvel- 
opmcnt for use in the field of cosmetics. These 
particles provide protection by the reflection of a 
proportion of the UV radiation as a result of the 
zirconium adhering to the particle surface and 1,~ 
the absorption of the remaining UV radiation bb 
the titanium dioxide deposited within the parti- 
cles. MSS and ZS-SOOOIT wcrc obscrvcd to func- 
tion well as IJV protectants. as indicated by the 
data in Table 5. However, these excipients were 
found to be unsuitable for the dry emulsion 
preparation. 100 g of cxcipient was rcquircd to 
convert 30 g of oil to the dry emulsion form (see 
composition of formulation 1; preceding section) 
whilst the resultant particles released no oily 
droplets on rcdispersion. These phenomena wcrc 
attributed to the relatively larger particle si7c 



Excipient Percentage of drug 

remaining after UV 

irradiation for 24 h 

MSS “ YS.4 

ZS-50001T ” ‘K? 

Aerosil 200 X4.2 

No excipient (X5.7 

” Monodispersed spherical silica 

h Silica-titanium dioxide-zirconium composite particle. 

Oily solution: Sefsol 66X. 

(spherical silica, 1.3 pm; ZS-SOOOIT, 5 pm) as 
compared to that of Aerosil (12 nm). In order to 
maintain the droplet shape of the oily carrier in 
the dry emulsion particles, the excipient should 
be employed in a colloidal form. 

The weight of Aerosil used for the test was 
l/10 of that of the excipients owing to its bulk 
density being very low (0.04-0.06 g cm-j). The 
R(24) values increased with increase in the 
amount of Aerosil, i.e., with the thickness of the 
Aerosil layer (Fig. 4). The semilogarithmic plot of 
the extent of conversion of ubidecarenone in the 
oily solution due to photodecomposition against 
the thickness of the Aerosil layer demonstrates a 

11 I I 1 1 

0 0.8 1.6 2.4 3.2 

Thickness of Aerosil layer, mn 
Fig. 4. Effect of the thickness of Aerosil layer on the photo- 

stability of uhidecarenonc dksohed in Scfwl 66X. 

straight line. This confirms that the change in UV 
intensity on passing through the Acrosil layer 
follows Lambert’s law, assuming that the rate of 
photodecomposition of ubidecarenone in the oily 
solution is proportional to the intensity of the UV 
radiation. Therefore, Aerosil was expected to be 
effective in the protection of ubidecarenone 
against photodecomposition in the dry emulsion 
particles depending on amount present in the 
formulation. 

100 

wz 60 

. 
(A) 

. 

‘0 
I 

6 

-a, 

0 6 12 0 6 12 

Irraditation time, h 
Fig. 5. Photodecomposition profile of uhidecarenone formulated into dry emulsion particles with various amounts trf Aerosil and 

colorant (Y-3). Content of Aerosil in the formulation: (ci) 5 g. (A) 10 g. (0) 20 g. C‘oncentration of Y-3: (A) 0”;. (B) 0.1 5;. (C) 

O.S?. 



The photodecomposition of ubidecarcnone was 
evaluated in the dry emulsion form in the same 
manner as that above. Dry emulsions of ubide- 
carcnone were prepared with Sefsol 66X. Aerosil 
and Y-3. The percentage of drug remaining in the 

dry emulsion systems was measured as II function 
of time. As shown in Fig. SAX, improved photo- 
stability of the drug was achieved with increase in 

the ~~n~ou~t of Acrosil forrnul~~t~~~ and the con- 
centrati~)n of Y-3. 

The decomposition profile of the drug in the 
dry emulsion particles in every case proved to IX 

consistent with the expression roportcd by Jandcr 
II927). viz., Eqn 1: 

( ] ___ R I/‘3 j ’ -_ k , f (1) 

where N, k, and r denote the remaining drug 
content. ~hotod~c~rn~ositi~)n rate constant and 
duration of the UV irradiation, respectivefy. The 
broken lines in Fig. 5 show the results obtained 
on fitting the curves to Eqn 1. The difference 
bctwccn the data and the fitted curve was larger 
when 5 g of Aerosil was formulated than in the 

case of 10 or 20 g of Aerosil. This was considered 
to be attributable to the lack of’ matrix structure 
for silica particles containing 5 g of Aerosil. 

To analyze quantitatively the influence of the 
amount of additives on the process of photolysis, 

a simple model was put forward in which the dry 
emulsion consisted of both the Acrosil and oily 
layers (Fig. 6). The rate constant k, in Eqn I is 

assumed to be ~ro~orti~~nal to the intensity of the 
WV radiation according to the expression: 

k, =p,l (2) 

where p1 is a constant determined by the expcri- 
mental conditions, Based on the Beer-Lambert 
law, the intensity of the UV radiation is reduced 
in the presence of both layers as follows: 

Thus. 

1 = I,, exp( -pJf’ -[?+i) ((1) 

whet-c I,, represents the initial intensity of the 

UV radiation, I’ and I arc the UV intcnsitics 

after reduction due to the Aerosil and Y-3 layers. 
respectively, c’ C%ii;) denotes the c~~ncentr~~ti~~n of 
Y-3 and d (- 1 is the thickness of the Rerosil 

layer relative to that of the oily layer Er, 1, which 
was calculated from the weight ratio of Acrosil 
and the oiIy solution of colorant during formuln- 
tion by assuming that the apparent specific prav- 
ity of both layers is equivalent. Substitution of 

Eqn h into Eqn 2 yields: 

On carrying out regression analysis of the rc- 
stilts, the constants p,+ 11~ and p_; in Eyn 7 wore 
evaluated as 4.68 x 10 ' Cm’ J ’ ). 1 .OO (9 ’ 1 
and 4.88 ( - ), respectively. Statistical confirma- 
tion of the validity of the analysis was provided by 
F-test: F = 513.10 > F;(().(H) = 12.2, I’ = 0.093. 

The level of agreement resulting from the 
analysis is sufficiently reliable to suggest th;it our 
simple model can help in the designing and regu- 
lation of the desired characteristics of the photo- 
stability function of the dry emulsion system. Such 
ztn analysis would also be ~p~lic~ibl~ to other 
reiatcd particle types, for instanoc. micr~~c~lpslllcs 



or a colloidal particle matrix system for photola- 
bile drugs. 

Conclusion 

The results of the present investigation have 
provided confirmation that the photostability of 
ubidecarenone in the dry emulsion particles can 
be enhanced considerably through the presence 
of colorants dissolved in the oily carrier. Al- 

though preparations of photolabilc drugs can be 
protected against photo-induced degradation by 
suitable packaging, the conferral of the dosage 
form itself with a greater degree of resistance to 
photodec~~mp(~siti~~n would be desirable in order 
that preparations can be used more conveniently. 
Coloration of the oily drug carrier is one of the 
simplest means of achieving such protection for a 
drug in a formulation of dry em&ion particles. 

Despite the effectiveness demonstrated by the 
functional excipients such as MSS or ZS-500OIT 
in providing photoprotection, colloidal silica 
(Aerosil) represents the most appropriate cxcipi- 
ent for dry emulsion particles, as concluded on 
the basis of the greater drug content and superior 
drug release behavior. 

It has been found that several classes of drugs, 
e.g., oily, waxy or oil-soluble types, can be formu- 
lated as dry emulsion systems with or without oily 
carriers. From the viewpoint of pharmaceutics, 
the most important properties of dry emulsion 
particles, including the pattern of drug release, 
can be adjusted through the appropriate selection 
of oily carriers or excipients playing a variety of 
functional roles in the formulation. The desired 
powdered dosage forms of oiiy ingredients with 
various functions should thus be developed in 
combination with the basic examination of the 
oily formulation. 
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