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Summary 

Dihydroergotamine (DHE) has recently been suggested as a potential candidate for transdermal administration. In an attempt to 

increase transdermal delivery of the drug, different enhancers including oleic acid, lam-k acid, procaine hydrochloride and urea, were 

evaluated in vitro, utilizing improved Franz diffusion cells. Oleic acid was found to be the most effective enhancer tested, increasing 

the percutaneous absorption of DHE by 208-fold. It was found that procaine hydrochloride and lauric acid enhanced transdermal 

delivery of DHE by 2- and 3-fold, respectively. On the other hand, the formulation containing 6.0% urea did not show any significant 

difference from the control. The sizable enhancement observed with oleic acid in this study warrants in vivo experimentation with 

DHE/oleic acid formulations in the future. 

Transdermal drug delivery, as a route for sys- 
temic drug administration, has become a subject 
of considerable interest (Dasta and Geraets, 1982; 
Shaw, 1984; Good et al., 1985; Vlasses et al., 
1985; Dietz et al., 1986; Wellstein et al., 1986; 
Plezia et al., 1986; Findlay et al., 1987; Nishihata 
et al., 1988; Banerjee and Ritschel, 1989; Mahjour 
et al., 1989). Currently it is one of the advancing 
areas in drug development research. 

In a recent investigation we have shown that 
dihydroergotamine (DHE), which is used in treat- 

Correspondence: E.M. Niaay, College of Pharmacy, Ring Saud 

University, P.O. Box 2457, Riyadh 11451, Saudi Arabia. 

ing migraine, is a good candidate for transdermal 
administration (Niazy et al., 1989). 

Penetration promoters, enhancers or accel- 
erants are thought to interact with some compo- 
nent of skin causing the stratum corneum to swell 
and/or leach out some of the structural compo- 
nents and thus increase drug penetration through 
the barrier membrane (Elfbaum and Laden, 1968; 
Barry, 1983; Hadgraft, 1984). However, the mech- 
anism of those promoters is not fully understood. 
The literature on penetration enhancers was re- 
cently reviewed (Woodford and Barq, 1987). 

The purpose of this investigation is to study the 
effect of various penetration accelerants such as 
oleic acid (OA), layric acid (LA), urea and pro- 
caine hydrochloride on enhancing the transdermal 
delivery of DHE upon addition to the drug-vehicle 
formulation. Oleic acid and lauric acid have been 
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reported to increase permeation of various polar 
and non-polar compounds through the skin (Co- 
oper, 1984; Aungst et al., 1986. In previous studies 
urea has been found to enhance transdermal de- 
livery of phenylbutazone (Tsai and Naito, 1985) 
and piroxicam (Tsai et al., 1985) through rabbit 
skin. Procaine hydrochloride has been recently 
shown to increase transport of acyclovir across rat 
skin (Saidaum, 1988). Therefore, these agents were 
selected as possible penetration enhancers for the 
transdermal formulation of DHE. 

Materials and Methods 

Materials 
Dihydroergotamine mesylate (Sandoz Phar- 

maceuticals, E. Hanover, NJ, U.S.A.), propylene 
glycol (Fisher Scientific Co., Fair Lawn, NJ, 
U.S.A.), oleic acid (Hopkin and Williams, Ltd, 
Essex, U.K.), lauric acid (Fluka AG, Buchs, 
Switzerland), urea (Riedel-De-Haen AG, Seelze- 
Hanover, F.R.G.), procaine hydrochloride (Philip 
Harris Ltd, Bir~ngham, UK,), propyl hydroxy- 
4-benzoate (E. Merck AG, Darmstadt, F.R.G.), 
sodium chloride, glycine and hydrochloric acid 
(BDH Chemicals Ltd, Poole, U.K.) were used 
without further purification. Methanol (E. Merck 
AC, Darmstadt, F.R.G.) and acetonitrile (BDH 
Chemicals Ltd, Poole, U.K.) were HPLC grade. 

In vitro diffusion studies 
In vitro drug diffusion studies were conducted 

utilizing improved Franz diffusion cells (Crown 
Glass Company, Somerville, NJ, U.S.A.). Rabbit 
skin obtained from the dorsal area was used as a 
barrier membrane. Preparation of rabbit skin and 
the in vitro permeation technique were described 
in details in our previous studies (Niazy et al., 
1989, 1990). 

To investigate the enhancing effect of OA on 
percutaneous absorption of DHE and to find out 
the optimal concentration which produces the 
maximum enhancing effect, several experiments 
were performed using different concentrations of 
OA which were prepared by adding OA to pro- 
pylene glycol solution containing 16.0 mg/ml of 
the drug to obtain a final formulation containing 

2.0, 6.0 and 10% (v/v) OA. The effects of other 
additives including LA, procaine hydrochlo~de 
and urea on permeation of DHE through the skin 
were also studied by preparing formulations con- 
taining 6.0% (w/v) of each in propylene 
glycol/DHE solution (16.0 mg/ml). 1 ml of each 
tested formulation was applied to the epidermal 
surface, which was sufficient to cover the exposed 
surface area of the skin (3.14 cm2). One cell was 
used as reference where 1.0 ml of propylene glycol 
containing 16.0 mg DHE was applied to the skin. 
Drug concentrations in the receptor ~mpartment 
were determined, after withdrawing 2.0 ml sam- 
ples at 3, 6, 9, 12 and 24 h post-application, using 
an HPLC assay method previously developed in 
our laboratory (Niazy et al., 1988). 

Statistical analysis 
Statistical analysis was performed by using Stu- 

dent’s t-test. 

Results and Discussion 

The cumulative amounts of DHE transported 
across the rabbit skin during the 24 h at different 
time intervals from propylene glycol formulations 
containing various concentrations of OA are 
shown in Table 1. The total amount of DHE that 
penetrated the skin during the 24 h period from 
the formulations containing 0.0, 2.0, 6.0 and 10.0% 
OA were 7.3, 6.1, 1510.9 and 366.0 pg respec- 
tively. The total amount of DHE absorbed from 
propylene glycol base containing 2.0% OA was 
almost the same as that delivered from the formu- 

TABLE 1 

Cumulative amount of DHE penetrated through the skin from 
propylene glycol base using oleic acid as enhancer 

Time Control: 2% O.A. 6% O.A. 10% O.A. 

(W (no. O.A.) 

3 0.3+0.02 0.2rl:O.O3 8.4+ 4.85 0.2& 0.03 
6 0.6IfiO.05 0.6kO.09 147.1 f 11.72 0.7& 0.18 
9 0.9 + 0.06 1 .O f 0.10 660.2 f 22.26 17.1 Ifr 1.70 

12 1.6kO.14 1.4kO.11 866.6k 55.13 121.9f 9.35 
24 7.3 + 1.80 6.1 rt 1.52 1510.9+ 157.20 366.Ort20.97 

Values in pg, mean of 3 ceils f S.E. 
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lation containing 0.0% OA (control) with no sig- 
nificant difference (P > 0.05). It can be seen from 
Table 1 that the penetration of DHE was markedly 
increased from the formulations containing 6.0 
and 10.0% OA. Table 1 also illustrates a marked 
reduction in the lag time for permeation of DHE 
from the formulation containing 6.0% OA. The 
extent of enhancement, based upon 24 h permea- 
tion was 208-fold with 6.0% OA. Further increase 
of OA up to to 10.0% decreased the extent of 
enhancement to about 50.5fold. A similar enhanc- 
ing effect for OA was previously reported by 
Cooper (1984) for the transport of salicylic acid. 
Mirejovsky and Takruri (1986) reported that 5.0% 
OA enhanced transdermal delivery of hydrocorti- 
sone by about 40-fold. On the other hand, Aungst 
et al. (1986) showed that the permeation of nalo- 
xone was increased by 22-fold in the presence of 
10.0% OA. These two reports seem to be in agree- 
ment with our results. The penetration enhance- 
ment effect of OA may be due to interaction of 
OA-propylene glycol system with the skin leading 
to structural changes and thus disrupting the stra- 
tum corneum lipid structure (Golden et al., 1987; 
Goodman and Barry, 1988). In addition it is possi- 
ble that OA exerts its enhancing effect on the 
permeation of DHE through rabbit skin by ion 
pair formation. Similar enhancement mechanism 
for OA had been reported by Green et al. (1988) 
for the transdermal delivery of naphazoline. 

Table 2 summarizes the permeation data of 
DHE from propylene glycol base in the presence 
of other additives. The cumulative amount of DHE 
that penetrated in the skin during 24 h period 

TABLE 2 

Cumularive amount of DE.5 penetrated through the skin from 
propylene glycol base using various enhancers 

Time Control 

IN 

Laurie acid Procaine Urea (6%) 

(6%) hydrochlo- 

ride (6%). 

3 0.3 * 0.02 0.3 + 0.01 0.2+0.05 0.2 f 0.07 

6 0.6 it 0.05 0.6 k 0.09 0.6kO.13 0.5 f 0.03 

9 0.9 i 0.06 1.2*0.19 1.3 +0.34 1.0~0.25 

12 1.6iO.14 2.7+0.46 2.5 kO.73 2.1 k-o.63 

24 7.3rt1.80 21.923.84 13.4-+ 1.69 5.2kO.77 

Values in pg, mean of 4 cells + SE. 

from the formulations containing 6.0% (w/v) LA, 
procaine hydrochloride and urea were 21.9, 13.4 
and 5.2 pg, respectively. It can be seen that LA 
enhanced transdermal delivery of DHE by 3 times 
compared to the control (7.3 pg). However, the 
extent of enhancement observed with LA was 
much less than that obtained with 6.0% OA. This 
result may be attributed to the low concentration 
of LA (6%) in the formulation. A previous study 
(Aungst et al., 1986) has indicated that maximum 
flux of naloxone was observed using 20.0% LA. 
Moreover, Green et’ al. (1988) reported that OA 
appears to be a better enhancer than LA due to 
the capability of OA to disrupt the ordered array 
of straight chain skin lipids. The total amount of 
DHE delivered from propylene glycol base con- 
taining 6.0% (w/v) urea (5.2 pg) was almost the 
same as that observed from the control (7.3 pg) 
with no significant difference (P > 0.05). The same 
result was observed by Aungst et al. (1986) who 
pointed out that the urea had no effect on nalo- 
xone flux. The cumulative amount of DHE per- 
meated from the formulation containing 6.0% 
(w/v) procaine hydr~hloride after 24 h was al- 
most twice that delivered by the control after the 
same time period. Recently, Saidaum (1988) 
showed that the presence of 5.0% (w/w) procaine 
hydrochloride increased acyclovir penetration 
through rat skin by 7-fold. The mechanism in- 
volved in the enhancement process was not clear. 
However, the positive results obtained warrant 
future experimentation in this area. 

In conclusion, this investigation provides useful 
information about penetration enhancers, which 
could be utilized in the development of clinically 
acceptable transdermal therapeutic systems for 
DHE in the future. Additional studies are cur- 
rently underway to investigate various transdermal 
formulations of DHE in vivo. 
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