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Abstract 

A topical anhydrous semisolid was developed for a novel chemical entity to maximize delivery of drug in the 
target organ, the skin. Excipients were selected based on increasing concentration of drug into the skin and the 
ability to form semisolids. Using in vitro skin studies, the semisolid product delivered approx. Stimes more drug into 
the skin than a previous clinical solution formulation without significantly increasing rcccptor values. In vivo rat 
studies indicate the semisolid product delivered approx. g-times more drug than the previously tested clinical 
solution formulation. 
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1. Introduction 

AG-85 {N,N4-(3-dihydro-2-methyl-4-oxo-6- 
quinazolinyl)methyl)-N4-(prop-2-ynyl)sulfanilyl)in- 
dole} is a rationally designed novel chemical based 
on the three-dimensional structure of the target 
enzyme, thymidylate synthase (see Fig. 1). AG-85 
showed potent in vitro inhibition of the enzyme 
thymidylate synthase (K, 8.1 nM) and growth 
inhibition of continuous tumor cell lines and hu- 
man keratinocytes (Appelt et al., 1991). AG-85’s 
potent inhibitory activity indicated it as a poten- 
tial treatment of psoriasis. 

* Corresponding author. Tel.: (619) 622-3177; Fax: (619) 622- 
3299. 

A topical solution consisting of 0.1% (w/v> 
AG-85 in propylene glycol and ethanol (20: 80 
v/v) was selected for use in the first clinical trial. 
The clinical trial consisted of 10 evaluable pa- 
tients with mild to moderate psoriasis. Evaluation 
criteria consisted of erythema, scaling and in- 
duration, as well as, a global evaluation and sub- 

Fig. 1. Chemical structure of AC-85. 
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jcctive scoring of pruritis. Each patient received 
an application of the 0.1% AG-85 solution, vehi- 
cle (propylene glycol and ethanol 20 : 80 v/v) and 
fluocinonide 0.1% (Lidcx I”, Syntex Corp.) as an 
active control, each applied to a separate psori 
atic plaque. Solutions wcrc applied twice weekly 
for 6 weeks and occluded with an aluminum disc. 

Significant improvements in psoriasis were ob- 

scrvcd for all three study medication sites. The 
fluocinonide treated site exhibited a statistically 
significant improvement over both the AG-X5 and 
vehicle treated sites at times of best and last 
response. Due to the clinical results, it was de- 
cided to reformulate the product in an attempt to 
maximize delivery of AG-85 into the skin. To 
avoid any possible effects of and need for occlu- 
sion in future studies, only semisolid formulations 
wcrc examined. 

Often. formulation development of topical 
products is not conducted by optimizing drug 
delivery to the target site, the skin. Instead, for- 
mulations are evaluated based on the drug’s flux 
across the skin and formulations are selected 

based on maximizing flux (Kumar et al., 1992; 
Shah et al., 1992). Although the etiology of psori- 
asis remains unclear, the basic pathology of psori- 
asis is a hyperproliferation of the psoriatic cpi- 
dermis (Tung and Maibach, 1990). Psoriatic 
plaques have been reported to be more perme- 
able than normal skin for some drugs, e.g.. an- 
thralin (Wang et al.. 1987) and lonapalene (Leh- 
man et al.. 19921, and equivalent to normal skin 
for other drugs, such as hydrocortisone (Wester 
et al.. 1983). No definite correlation can be made 
between the permeability of normal vs psoriatic 
skin because it will differ depending on the drug, 
formulation and severity of disease (Maibach and 
Surber. 1992). Formulation development with 
AG-85 was based on maximizing delivery of drug 
to the epidermis and dermis of normal human 
cadaver skin, realizing the values may be differ- 
ent in psoriatic skin. 

The objectives of this project were to (1) select 
solubilizer(s) that maximize AG-85 solubility and 
delivery into the skin, (2) evaluate AG-85 delivery 
enhancers, (3) examine excipients that form phar- 
maceutically elegant semisolid topicals, (41 exam- 
ine the effect of varying concentrations of AG-X5 

on percutaneous absorption and (51 compare dif- 
ferent formulations for their effect on delivering 
AG-85 into the skin using in vitro and in vivo 
models. 

2. Experimental 

2. I. Materials 

2.1. I. Percutaneous absorption stridirs 

Cryopreserved human cadaver skin was ob- 
tained from The New York Firefighters Skin 
Bank, NY. Polyethylene glycol 400 NF. methanol 
(Optima grade), acetonitrile (Optima grade), 
HPLC grade water and ammonium acetate were 
all purchased from Fisher Chemical Co. AG-85 
used in all the studies was synthesized at Agouron 
Pharmaceuticals, Inc. [“C]AG-85 was purchased 
from Amersham plc. 

2. I. 2. Excipien ts studied 
Caprylic/ capric triglycerides (CCT) and cetyl 

alcohol were obtained from Henkel Corp., Am- 
bler, PA. Lauryl lactate was purchased from Van 
Dyk & Co., Inc., Belleville, NJ. Hydrogenated 
vegetable oil (Wecobee’” Ml was purchased from 

Stepan Co., Maywood, NJ. PEG-8 caprylic/capric 
triglycerides (Labrasol@ 1, diethylene glycol mo- 
noethyl ether (Transcutol” 1, glyceryl behenatc 
(Compritol” 888 ATO), saturated polyglycolyzed 
glycerides (Labrafil’” M-2130CS) and glycols 
palmitostearate and phosphated polyoxyethyle- 

nated fatty alcohols (Sedafos’“’ 7.5) were all ob- 
tained from Gattefosse Corp., Westwood. NJ 
(Ritschel and Hussain, 1988). PEG-6 caprylic/ 
capric triglycerides (Softigen’“‘ 767) were supplied 
by Huls America, Inc., Piscataway, NJ. Stearic 
acid was purchased from Fisher Scientific, Fair 
Lawn, NJ. Glyceryl monostearate and polyoxyeth- 
ylene stearate (Arlacela 165) were obtained from 

ICI Americas, Inc., Wilmington, DE. 

2.2. Methods 

2.2.1. AG-85 HPLC Assam 
AG-85 was quantified by reverse-phase high- 

pressure liquid chromatography (HPLC). The 
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HPLC system consisted of a Gilson Model 715 
system with a Zorbax reverse-phase CN column 
(4.6 x 250 mm, 5 EL) using 45%/55% (v/v), ace- 
tonitrile/O.l M ammonium acetate as the mobile 
phase at a flow rate of 2.0 ml/min. 20 ~1 of 
sample solutions were injected. Peak areas of 
AG-85 were detected at 300 nm. Standard curves 
of AG-85 in methanol and 60% polyethylene 
glycol 400/water (v/v) were linear in the range 
of 0.8-4.1 wg AG-85/ml (Wilke et al., 1994). 

2.2.2. Percutaneous absorption experiments 
Experiments were conducted with cryopre- 

served human cadaver skin from the trunk of 
white male adults. Skin samples were thawed at 
room temperature, cut into approx. 1 cm2 pieces 
and soaked in distilled water for approx. 5 min 
prior to mounting on Franz diffusion chambers 
(Crown Glass Co., Inc., Somerville, NJ). Total 
exposed skin surface was 0.9 cm2. Skin thickness 
was measured using a micrometer and finding the 
difference in thickness between two glass slides 
with and without skin placed between them. To 
maintain sink conditions, the receptor fluid con- 
sisted of 60% polyethylene glycol (PEG) 400 in 
distilled water. Receptor solutions were continu- 
ally stirred and maintained at 37°C with a recircu- 
lating water bath. Accurate weights of AG-85 
containing products, solutions or semisolids, were 
applied to mounted skin samples in the Franz 
diffusion cells. AG-85 skin penetration was mea- 
sured by collecting receptor solutions at specified 
times after application of product, filtering and 
analyzing by HPLC. To remove AG-85 not asso- 
ciated with the skin, skin samples were prepared 
by washing the skin surface three times with 60% 
PEG 400 solution, drying with absorbent wipes 
and tape stripping three times with cellophane 
tape. The samples were then cut into small pieces 
and AG-8.5 extracted by sonicating for 3 h with 
2.0 ml methanol. The AG-85 solution was filtered 
through a 0.45 p nylon membrane (Gelman 
acrodisc) and analyzed by HPLC. A study was 
conducted where the epidermis was separated 
into two different layers using a pair of tweezers. 
The skin was not tape stripped in this study. All 
other methods remained the same. 

2.2.3. Solubility studies 
Initial solubility studies were performed by 

adding AG-85 to the excipient, heating to approx. 
70°C and sonicating for 6 h. After cooling to 
room temperature, the suspensions were then 
filtered through 0.45 I_L nylon membranes and 
assayed by HPLC. 

2.2.4. Product preparation 
AG-85 solutions were prepared by slow addi- 

tion of drug into the appropriate solubilizers with 
vigorous mixing using a Lightnin”” propeller mixer 
or a magnetic stirrer. AG-85 solutions in Trans- 
cut01 a ) Labrasol” or Softigen” 767 required 
heating to approx. 90-110°C. Semisolids were 
manufactured by combining a heated AG-85 so- 
lution (70°C) with melted semisolid ingredients 
(70°C). These products were mixed and cooled 
until a uniform semisolid formed, 

2.2.5. In c1ir.o skin penetration (rats) 
A known amount of AG-85 1.25% cream or 

0.1% solution, both containing [ ‘“C]AG-85 (31.06 
pCi/mg), was applied onto a shaved 10 cm2 area 
on Sprague Dawley rats and the application site 
covered with a tent made from filter paper and 
aluminum foil. Elizabethan collars prevented the 
rats from disturbing the treatment areas. Animals 
were euthanized with CO, at 2 and 24 h. The 
application site was then washed with soap and 
water to remove residual product. Skin from the 
application and surrounding area was dissected 
and digested in Soluene 350 (Packard lnstru- 
merits).. [ 14C]AG-85 was analyzed by liquid scintil- 
lation techniques using a Beckman Model LS 
1801 Liquid Scintillation Counter. 

3. Results and discussion 

3.1. Solubilizer selection 

AG-85 has very limited solubility in most hy- 
drophilic and lipophilic excipients. Only four of 
the excipients tested (Transcutol”, Labrasol”“, 
Softigen@ 767 and polyethylene glycol 300), 
demonstrated an AG-85 solubility greater than 
1%. Filtered saturated solutions of AG-85 in 



In vitro comparison of soluhilizers (human cadaver skin) 

Product pg AC;-XS/cm’ 

(mean i SD) 

(23 h: II = 2) 

In vitro comparison trf three candidate wmiwlid cxcipient\ 

(human cadaver skin) 

AG-X5 Sat. in Transcutol ” 
AG-X5 Sat. in Labrasol ” 

AGX5 Sat. in Soft&en ” 767 

AC;-85 Sal. in Trwwxtc~l ” ,’ 
Labrasol ” (I : I ) 

ACT-85 Sat. in Transcutol ” / 
Softigen ” 767 (I : I ) 

AC;-85 Sat. in Labrasol ” / 
Softigen’” 767 (I : I) 

I .X8 i O.hS 
I.57+o.lx 

I .? 1 t I).05 

2.54+ I 51 .- 

I .2h i 0.05 

1.20+ 0.2’) 

Product 

I’; AC&X.5 semisolid 

with Arlacel ” 165 

I (P ;\<;-8.5 semiwlid 

with Srd;~fos ” 75 

I ’ c AG-X5 wmisolid 

with Wecohee ‘I M 

I ' i A(;-S5 wmlsolid 

with jtraric acid and 

crtyl alcohol 

these excipients contained 2.0, 2.0, 1.5 and 3.Y% 
AG-85, respectively. Although the solubility of 
AG-X5 in polyethylene glycol was acceptable, it 
was not used in these studies because earlier 
studies carried out in our laboratories showed 
poor skin permeation from polyethylene glycol 
containing solutions. 

combination of Labrasol and Transcutol (I : I) 
was sclectcd as the AG-85 solubilizcr due to 
AG-85 skin levels at least 35p/c~ higher than the 
other individual or combination of solubilizers 
tested. 

Saturated solutions of AG-85 were made in 
each of the three solubilizers (Transcutol‘“, 
Labrasol ” and Softigen’” 767) based on solubility, 
as well as 1 : 1 combinations of the solubilizers 
with AG-85. Table 1 shows the amount of AG-X5 
in the intact skin from an in vitro percutaneous 
absorption experiment. No effort was made to 
separate the skin into the epidcrmal and dermal 
layers. AG-85 receptor solution values were in- 
significant, averaging less than 0.5 pg/ml. A 

Table 2 

In vitro comparison of two candidate delivery enhancers (hu- 

man cadaver akin) 

Lauryl lactate and caprylic/ capric triglyc- 
erides (CCT), two pharmaceutically acceptable 
excipients, were examined to measure their cffcct 
on AG-85 skin and receptor values. Saturated 
solutions of AG-85 in Labrasol or Labrasol and 
Transcutol containing either 10% lauryl lactate or 
10%’ (CCT) wcrc studied. AG-XS skin values from 
in vitro percutaneous absorption studies compar- 
ing the potential delivery enhancers arc shown in 
Table 3. Lauryl lactate containing solutions deliv- 
ered at least 66% more AG-XS into the skin than 
solutions with CCT and was selected for LISC: in 

the cream. 

Product pg AG-85/cm’ 

(mean k SD) 

(24 h; ,I = 3) 

Table 4 

A(%5 concentration optimization in vitro compariwn (hu- 

man cadaver skin) 
AG-85 Sat. in 90% Lahrasol ” 

loci lauryl lactate 3.26 i I .2 I 
AC-85 Sat. in 907 Lahrasol ” / 

Trnnscutol’” (I : 1) and 

10% laulyl lactate 3.74+ I.41 

AC-85 Sat. in 90% Lahrasol ” 

IOY caprylic/capric triglycerides (CCT) I .72 f 0.70 

AC-85 Sat. in 90% Lahrasol ” / 

Transcutol”” (I : 1) and 

IOr: CCT 2.86 * 2.00 

Product 

1.25’; AG-85 cream 5.51* 1.00 

I .Oc~~ AG-X5 cream 5.32 + 0.7’) 

O.h?S',i AG-X5 cream ” 7.x0 + 0.85 

0.50f$ A(;-8.S cream ” 7.lYiO.l5 

iI Same xituration concentration it< 1.25’; cream 

‘I Same saturation concentration av I .I)(; cream 

3. II + 0.07 

I.6 I + 0.7’1 

I .flV t 0.33 

I .x5 + 0.24 

lg AG-XS/cm ’ 
(mean + SD) 

(7-l h; ,I = 3) 



L. Pudil’ et ml. / Itlternutionul .lourrurl of Phurtwuwtics 105 (1994) 227-233 

Table 5 

AC-X5 topical cream. I.259 

Ingredient Chemical name Supplier 

Lahrafil KI M-2130CS saturated polyglycolyzed glycerides 

Lahrasol ” PEG-X caprylic/capric triglycerides 

Percent 

231 

Transcutol’” 

Arlacel “’ I65 

Ceraphyl ” 31 

Compritol ” XXX AT0 

Benzyl alcohol. NF 

AG-XS 

BIlT 

diethylene glycol monoethyl ether 

glyceryl monostearate and 

polyoxyethylene stearate 

lauryl lactate 

glyceryl behenate 

henzyl alcohol. NF 

AG-85 

butylated hydroxytoluene. FCC 

Gattefosse 

Gattefosse 

Gattefosse 

ICI 

3.00 
24.37 
24.37 

10.00 

3.3. Semisolid e_wipient selection 

A number of semisolid forming excipients were 
tested to evaluate their effect on AG-85 delivery. 
Formulations tested contained the three previ- 
ously selected excipients, Transcutol”‘, Labrasol”” 
and lauryl lactate along with various semisolid 
excipients. Creams were prepared with different 
concentrations of these excipients, with the goal 
of forming pharmaceutically elegant products with 
similar consistencies. The concentration of AG-85 
remained the same. 

Table 3 summarizes the results of a study 
comparing four alternative semisolid formula- 
tions. Semisolids containing either stearic acid 
with cetyl alcohol or semisolids containing 
Wecobee-‘” M delivered less AG-85 than the other 
excipients tested. Substitution of the anionic ex- 
cipient, Sedafos” 75 with the nonionic Arlacel” 
165 resulted in approx. 20% higher AG-85 skin 

Van Dyk 10.00 

Gattefosse 3.00 

Spectrum 2.00 

Agouron I.25 

Spectrum 0.0 I 

values. fherefore, Arlacel”” 165 was selected as a 
semisolid excipient for the cream. 

3.4. AC-85 concentration lellel 

Various concentrations of AG-X.5 were tested 
in semisolids. Increasing concentrations of AG-85 
in the products resulted in higher levels of AG-85 
in the skin. Studies were also conducted main- 
taining the same level of AG-85 saturation in the 
cream while decreasing the amount of AG-85 in 
the cream. This was accomplished by substituting 
half the AG-8S/ Labrasol/ Transcutol solution 
used in the cream with Labrafil”“21.?0 CS, a 
semisolid forming excipient in the cream. AG-X5 
has negligible solubility in Labrafil “21.30 CS. 
Products containing more AG-85 but at the same 
saturation concentration, also delivered signifi- 
cantly more AG-85. Table 4 lists the results of 
two experiments comparing AG-85 concentration 

Tahle 6 

In vitro comparison between I .25% cream and 0.1 “r solution (human cadaver skin)) 

Product pg AG-XS/cniz after 24 h (mean k SD) Mean value 

Study 3392 Study 3692 Study 3992 from all points 

0.1%' AG-8.5 

solution 
(80’5 ethanol 
20% PG) 

1.25% AG-X.5 

anhydrous 
cream (Table 5) 

receptor 0. I4 * 0.20 0.54 + 0.32 0.6h * 0.52 0.46 * 0.41 

skin 2.xx + 0.64 3.37 i 1.22 3.27 i 1.26 3.32 i I.21 
(n = 3) (?I = 5) (II = 3) (II= II) 

receptor 0.16 * 0.23 0.58 i_ 0.36 I .02 * 0.36 0.67 * 0.47 

skin 8.26 f 0.94 7.87 + I.54 I I.51 * IX0 9.40 f 2.33 
(I1 = 3) (II = hl (,i = 6) (I7 = 15) 



0.1’; A<;45 solution (8Wi ethanol : 20% PG) (If = 3) 

I .ZSri AG-85 

anhydrous cream 

(Table 5) 01 = 7) 

Receptor Epidermi$ IIermih 

0.30 + 0.36 X.5’) + 1.37 I.12 in (1.15 

O.‘? * 0.74 17.11+ x.x7 3M i_ I .h2 

w delivery of drug into the skin. Based on thcsc 

experiments. an AC-85 concentration of 1.25% in 
an anhydrous semisolid was selected to be used in 
the cream. 

h) and may be due to lack of tape stripping the 
skin prior to separation. AG-85 concentration in 
the dcrmal layer was 3.86 pg/cm’ for the cream 
and 1.12 kg/cm’ for the solution. approx. .i.S- 
times more AG-85 with the cream. 

Excipients were selected to produce a semisolid 
that delivered more AG-XS into the skin than the 
previous clinical solution formulation. An anhy- 
drous cream, composed of the excipients listed in 
Table 5, was manufactured and compared against 
the solution formulation used in the first clinical 
study. using in vitro percutaneous absorption 
studies. The cream delivered approx. 3-times 
more AG-85 into human cadaver skin compared 
to the previous clinical solution formulation. Re- 
ceptor solution values for the two products were 
similar, less than 1 pg (Table 6). These low 
receptor solution values indicate a low likelihood 
for systemic toxicity with this compound (see 
Table 6). An additional in vitro study was con- 
ducted in which the epidermis was scparatcd 
from the dermis to determine how much AG-85 
was present in each. Epidermal AG-85 values 
were 17.14 pg/cm’ for the cream vs 8.SY pg/cm’ 
for the solution, approximately twice as much for 
the cream (Table 7). Thcsc AG-85 cpidcrmal 
values (Table 7) are considerably higher than 
those observed in the non separated skin (Table 

Tahlc s 

AG-XS topical cream, 1.25% was compared to 
the previous clinical solution formulation in rats 
after dermal application of both products. The 
values listed in Table 8 are mean values from 
four rats receiving 1.25% [“C]AG-XS cream and 
two rats receiving the O.lo/r~ [ “‘C]AG-XS solution. 
After 2 and 24 h the cream delivered approx. 3- 
and X-times more AG-XS, respectively, into the 
skin than the topical solution. Equalizing for sur- 
face area between the in vitro and in vivo studies 
the in vivo rat study showed 24 h AG-XS skin 
values with the cream approx. 4-times higher (37 
p&/cm’) than the in vitro studies using human 
cadaver skin (8.3 pg/cm’). However. for the 
solution in vivo studies showed approximately 
only a 40% increase (4.S kg/cm’) compared to 
the in vitro studies (3.2 pg/cm’). The observed 
incrcasc in pcrmcability in rat skin compared to 
human skin is consistent with previously pub- 
lishcd studies. Although rats wcrc used in this 
study, they are not typically good in vivo models 
for man due in part to the incrcascd permeability 
of their skin (Barry. 1983: Bronaugh and Maibach. 
1YXS). 

In viva skin penetration (IO cm’) (rata) 

Time (h) AC;-85 cream. I .25’? AG-XS solution. 0. I (; 

3 111*41.3” 35*11.3 ‘I 

23 370 * 97.1 (’ 15 + 6.1 ” 

(’ Meant SD ot data from four rath. 

” Mean i SD of data from two rats. 

4. Conclusion 

An anhydrous topical cream was developed 
that utilized in vitro percutaneous absorption 
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studies to maximize drug delivery into the target 
organ, the skin. Solubilizers, excipients and drug 
concentration were selected based on maximizing 
drug concentration in the skin. A 1 : 1 ratio of 
Transcutol” and Labrasol” demonstrated the 

highest AG-8.5 skin values and was selected as 
the solubilizer for AG-85. Products containing 
lauryl lactate resulted in the greatest AG-85 skin 
values which was therefore incorporated into the 
cream to increase drug levels in the skin. The 
semisolid forming excipients Arlacel” 165, Com- 
pitrol” 888 AT0 and Labrafil”” M-2130CS were 
each selected for this product based on their 
ability to form a pharmaceutically elegant cream 
and their effect on AG-85 skin values. Based on 
our drug concentration studies, a 1.25% concen- 
tration of AG-85 was selected as the optimal 
concentration for this product. 

In vitro percutaneous absorption studies indi- 
cated the topical cream delivered approx. 3-times 
more AG-85 into human cadaver skin than the 
previous clinical solution formulation. In vivo rat 
studies indicated that the cream delivered ap- 
prox. S-times mote AG-85 into the skin than the 
solution after 24 h. Based on this work, the 1.25% 
AG-85 anhydrous cream has been selected as the 
formulation for a second clinical study for the 
treatment of psoriasis. 
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