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Transdermal  Administration of 
(15s)- 15-Methyl Prostaglandin F2tu Methyl 
Es te r  to Rhesus Monkeys 

Keyphrases Drug delivery systems-controlled-release transdermal 
administration, prostaglandins. rhesus monkeys 0 l’rostaglandins- 
transdermal delivery system, controlled release 

To the Editor: 
Drug formulation technology has advanced dramatically 

in recent years. Controlled-release delivery systems offer 
a number of distinct advantages in therapeutics, one being 
the potential for designing delivery systems that  release 
therapeutic agents a t  preselected rates such that in a given 
situation blood concentration of a drug can be maintained 
a t  the desired level for an extended period of time. This 
ability to control the rate of drug delivery aids in separating 
the beneficial effects of a drug from the undesirable side 
effects. Such delivery systems are particularly useful for 
drugs with short biological half-lives and/or narrow ther- 
apeutic indices. Transdermal delivery systems are one of 
the most exciting applications of controlled-release tech- 
nology. We report here our preliminary experiments, which 
demonstrate that (15S)-15-methyl prostaglandin F20 
methyl ester (carboprost methyl) is readily absorbed when 
administered transdermally to rhesus monkeys using a 
polymeric controlled-release delivery system. 

The transdermal delivery system consisted of laminated 
polymeric membranes with a surface area of 40 cm2. Car- 
boprost methyl was a t  a concentration of 16% (w/w) in the 
inner drug-bearing membrane. This membrane was cov- 
ered with a rate-controlling membrane which allowed a 
steady-state release rate of 480 pg/h. Double-sided adhe- 
sive tape was applied to the periphery of the transdermal 
patches for attachment to the skin. 

The  transdermal patches were placed on the shaved 
chests of four third-trimester pregnant rhesus monkeys. 
The  animals were anesthetized with ketamine hydro- 
chloride’, and uterine motility was recorded using a 

fluid-filled polyethylene catheter“ inserted transabdom- 
inally which was attached to a polygraph13 using a P-23 Dc 
transducer4 (1). Peripheral blood samples were collected 
from the femoral vein and immediately placed in tubes 
containing heparin. The plasma was harvested and frozen 
a t  -20°C for subsequent determination of (15S)-15- 
methyl prostaglandin F2(, by radioimmunoassay (2). 

The skin was hydrated prior to applying the transdermal 
delivery system in three animals: a hot towel compress was 
used on two animals and the skin was irrigated with water 
on the third animal. To evaluate the rate of drug absorp- 
tion without prior hydration, the transdermal patch was 
applied to  one animal immediately after shaving the 
skin. 

Drug absorption was more rapid in those animals whose 
skin had been hydrated. A plasma prostaglandin concen- 
tration of -1200 pg/mL was attained by 0.5 h after appli- 
cation of the transdermal delivery system in the water ir- 
rigated animal. In one animal in which a hot towel com- 
press was used the plasma concentration of prostaglandin 
was -2200 pg/mL by 0.5 h. The plasma prostaglandin 
concentration in the second animal similarly pretreated 
was -1 100 pg/mL by 1 h and 2300 pg/mL by 3 h. Thus, 
absorption of the drug was slightly slower in this animal 
even though the skin had been hydrated in a similar 
manner. When no attempt was made to hydrate the skin, 
prostaglandin was not detectable in the blood of the fourth 
monkey until 3 h after the transdermal delivery system had 
been applied. A t  this time the concentration was only 100 
pg/mL. Thereafter there was a gradual increase in plasma 
concentration of prostaglandin to 490 pg/mL at  5 h when 
the delivery system was removed. 

All four animals had an increase in the frequency and 
amplitude of uterine contractions following application 
of the transdermal delivery systems. In all cases uterine 
motility increased gradually without any evidence of a 
rapid onset of prostaglandin effects. The uterine motility 
tracing from one of these animals is shown in Fig. 1. The 
mean time to the initiation of stimulated uterine motility 
was 90 min (range = 45-150 min). The onset of increased 
uterine activity was temporally related to the increase in 
prostaglandin detected in the blood in three of the four 
animals. In one of the animals the rapid increase in blood 
prostaglandin (2200 pg/mL a t  0.5 h) was not reflected in 
an immediate increase in uterine motility. 

These preliminary results clearly demonstrate that 
carboprost methyl is readily absorbed transdermally in the 
rhesus monkey when administered using a polymeric 
controlled-release delivery system. This was particularly 
true when the skin was hydrated prior to application of the 
transdermal patch. I t  is known that hydration of the skin 
causes the stratum corneum to swell (3). Thus, the nor- 
mally tight, dense packing of the cells in this layer is loos- 
ened. Presumably, this would facilitate movement of 
prostaglandin through the stratum corneum into the 
deeper epidermal and dermal layers. However, it is evident 
that prostaglandin can be absorbed when no effort is made 
to hydrate the skin, albeit, a t  a much slower initial rate. 

Transdermal delivery systems are finding more and 
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Figure I-Uterine motility tracing in a pregnant rhesus monkey (third 
trimester) treated with a transdermal delivery system containing 
(15S)-le5-methyl prostaglandin Fzo methyl ester. Note thegradual in- 
crease in the f reyucwy and amplitude of uterine contractions after the 
ddiuery system was applied. 

more application for the administration of therapeutic 
agents (4). A prostaglandin analogue has been shown to be 
hypotensive when administered transdermally (5). These 
systems may prove to be especially useful for the admin- 
istration of prostaglandins for menses induction. The most 
commonly investigated route of administration for this 
indication is vaginal (6,7). One disadvantage to the vaginal 
route of prostaglandin administration for menses induc- 
tion is the fact that uterine bleeding is induced as a con- 
sequence of the therapy. The time of onset and the amount 
of uterine bleeding vary among patients. This creates a 
variable environment for the absorption of prostaglandin 
from the vagina, and can interfere with drug absorption 
(7). A transdermal controlled-release delivery system could 
alleviate these problems. 
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T o  the Editor: 

The navel (umbilicus) has for many years been widely 
used as the site for transdermal administration of a num- 
ber of Chinese drugs, e .g . ,  Mentha aruensis L.1, (1). No 
bioavailability data are yet available to justify the use of 
the navel as the site for drug administration. 

Recently, a number of systemically active drugs, such 
as nitroglycerin and scopolamine, have been actively in- 
vestigated and found to penetrate the skin tissues at a rate 
sufficient to achieve the therapeutic blood levels required 
for systemic effects (2-7). 

We evaluated the transdermal bioavailability of tes- 
tosterone through the skin tissues a t  the navel area2 and 
compared the data with that  obtained from the transder- 
ma1 administration on the forearm area (dorsal surface) 
using four rhesus monkeys as the model animal. [l4CC]- 
Testosterone [5 pCi (25 pg)], in 100 p L  of acetone, was 
applied on a skin area (controlled a t  0.2 cm2 by a metal 
templet) for 5 d. The solvent was quickly evaporated, and 
the site of drug administration was then covered with a 
piece of plastic adhesive which remained intact throughout 
the study. Blood samples (2  mL) were collected in hepar- 
inized tubes at  30-min intervals for the first 6 h after ad- 
ministration and then every 24 h up to  9 d. Urine samples 
were collected daily. The systemic bioavailability and 
pharmacokinetic profile of [ 14C]testosterone after topical 
administration on the navel and forearm skins were then 
compared using intravenous data as the reference. 

The data generated (Fig. 1) suggest that administration 
uia the navel yields a relatively faster absorption and also 
greater systemic bioavailability of [ l4C] testosterone than 
administration uia the forearm. Both routes of percuta- 
neous absorption give well-defined first-order elimination 
kinetics, which is very much in parallel to  that of intrave- 
nous administration. I t  is interesting to note that the sys- 
temic bioavailability of‘ [14C] testosterone by navel ab- 
sorption is relatively close to the level obtained by the in- 
travenous administration of an equivalent dose and is 
substantially greater than the level achieved by forearm 
administration. Calculated from Eq. 1, navel absorption 
of [ I4C] testosterone has achieved a relative bioavailability 
of 79.9%, as compared with 49.9% by forearm administra- 
tion. 

Chemical analysis indicated that it contains menthone. menthol. pinene. and 
methyl acetate. 

Navel area denotes the surface of the navel (Figure 329 in ‘‘Structure and 
Function in Man.” 2nd ed., by S. W. Jaroh and C. A. Francone. Saunders. Phila- 
delphia, Pa.. 1970). 

0022-35491 841 0200-0283$0 1.001 0 
@ 1984, American Pharmaceutical Association 

Journal of Pharmaceutical Sciences I 203 
Vol. 73, No. 2, February 1984 


