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Received 3 July 1998; received in revised form 11 September 1998; accepted 6 October 1998

Abstract

The effect of the enhancers, cineole and ethanol, on the transdermal penetration of the tripeptide, pGlu-3-methyl-
His2-Pro amide (M-TRH), across human epidermal membrane was studied by flow-through diffusion chambers. The
aim of the study was to assess whether the biologically active analogue M-TRH displays similar transdermal
penetration properties as those demonstrated earlier for the parental peptide, thyrotropin-releasing hormone (TRH)
(Magnusson et al., 1997a Int. J. Pharm. 157, 113–121). Steady-state fluxes with a donor solution of phosphate-
buffered saline (PBS) were 0.3490.01 mg/cm2h for M-TRH and 0.2790.01 mg/cm2h for TRH. Measured over 30 h
the total amount penetrated was 8.691.0 and 7.891.7 mg/cm2, respectively. In the presence of 50% ethanol, the flux
of the peptides increased approximately 3-fold. A donor solution of 3% cineole, in combination with 47% ethanol,
increased the penetration of M-TRH to 1.6090.02 mg/cm2h, compared to 0.9290.03 mg/cm2h for TRH, as reported
previously. The corresponding total amount penetrated over 30 h was 41.594.9 and 24.991.7 mg/cm2, respectively.
Our data suggests that enhancers added together with the penetrant can theoretically induce changes in the
permeability of the stratum corneum sufficient to promote the transdermal absorption of therapeutically relevant
amounts of these peptides. This demonstrates the possibility to deliver classes of compounds that have been viewed
as not suitable for transdermal administration. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Thyrotropin-releasing hormone (TRH) is a neu-
ropeptide with a primary structure, L-pyroglu-
tamyl-L-histidyl-L-proline amide (pGlu-His-Pro-
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NH2), that stimulates the release of thyroid-stimu-
lating hormone (TSH) and prolactin from the
pituitary. The potential therapeutic applications
that have attracted the most attention are not
based on its endocrine properties, but on its broad
spectrum of stimulatory actions within the central
nervous system (CNS). These CNS-mediated ef-
fects provide the rationale for the use of TRH in
the treatment of brain and spinal cord injury and
certain CNS disorders, including Alzheimer’s dis-
ease and motor neuron disease (MND). The
beneficial effects of TRH on CNS-disorders and
trauma appear to be partly due to its ability to
potentiate other neurotransmitter systems and to
reverse or attenuate certain actions of secondary
injury factors that occur as a result of CNS-
trauma (Horita et al., 1986). However, the exact
mechanism by which TRH improves these condi-
tions is still not fully understood.

There are many reports on the effects of i.v.
administration of synthetic TRH on TSH, pro-
lactin and thyroid hormone release in man, and
plasma TRH concentrations obtained (Mitsuma
and Nogimori, 1984; Schurr et al., 1985). Surpris-
ingly little interest has been shown in alternative
routes of administration of TRH. Transdermal
delivery is an attractive option. It avoids gas-
trointestinal degradation and the hepatic first-pass
effect, lends itself to controlled, sustained delivery,
and encourages patient compliance since a trans-
dermal delivery system would be easy to apply
and remove. The basic prerequisite of transdermal
drug delivery is the ability of the drug to pene-
trate the outermost layer of the skin, the stratum
corneum. This is comprised of keratin-rich cells
embedded in multiple lipid bilayers and is an
excellent barrier to the transport of large
molecules and charged compounds. Therapeuti-
cally effective rates of drug delivery are therefore
difficult to achieve for these substances without
some form of facilitation, such as chemical en-
hancement. Terpene compounds isolated from
plant volatile oils are an example of a group of
such enhancers. They act by partition into, and
interaction with, the stratum corneum con-
stituents to ideally induce a reversible increase in
skin permeability (Williams and Barry, 1992).

It has been known for some time that TRH is
degraded by enzymes at various sites in the body.
The presence of enzymes at these sites may reflect,
not only the ability to inactivate TRH, but also
other functions such as regulating tissue content,
duration of action and degradation into smaller,
biologically active fragments. In an attempt to
overcome the susceptibility of TRH to enzymatic
degradation, various analogues have been synthe-
sized. These have tended to incorporate modifica-
tions that provide stability to degradation by the
pyroglutamyl aminopeptidases (PAP:s) and/or
prolyl oligopeptidase (Metcalf, 1982; Hichens,
1983). Analogues that are stable to PAP activity
have been shown to have enhanced CNS activity.
The TRH analogue, pGlu-3-methyl-His2-Pro
amide (M-TRH), is a potent analogue and stimu-
lates the release of TSH from the pituitary seven
to eight times that of the parental tripeptide (Sow-
ers et al., 1976). This analogue has certain advan-
tages, such as enhanced binding to pituitary TRH
receptors (Horita et al., 1986) and an increased
specificity to the endocrine actions of TRH (Ward
et al., 1987).

In an earlier study we reported the transdermal
penetration of TRH through human epidermal
membranes (Magnusson et al., 1997a). That study
showed that a therapeutic dose of TRH could
theoretically be delivered by the use of penetra-
tion enhancers. The purpose of the present study
was to investigate the penetration of the analogue
M-TRH through human epidermis using cineole
and ethanol as penetration enhancers and to com-
pare the result with that of the parental peptide.
The chemical structures of the individual tripep-
tides and the enhancer are illustrated in Fig. 1.

2. Materials and methods

2.1. Materials

Unlabeled M-TRH (pGlu-3-methyl-His2-Pro
amide, lot. no. 73H06221) and TRH (pGlu-His-
Pro amide acetate, lot. no. 46H5845) were sup-
plied by Sigma (St. Louis, MO, USA). M-TRH
[(L-histidyl-4-3H(N), L-prolyl-3,4-3H(N))-] and
TRH [(L-proline 3,4-3H(N), histidyl-3-3H(N))-]
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with a specific activity of 37 MBq/ml, were sup-
plied by NEN Research Products (Dreichen, Ger-
many). The terpene, cineole (99%), was obtained
from Sigma (St. Louis, MO, USA). The receptor
fluid used was phosphate-buffered saline (PBS)
solution, pH 7.4.

2.2. Diffusion cells

The permeation studies used an automated dif-
fusion system equipped with miniature diffusion
cells containing flow-through receptor compart-
ments. The details of the system have been previ-
ously described by Magnusson et al. (Magnusson
et al., 1997a,b). In short, it consists of stainless
steel blocks, each containing four diffusion cells,
maintained at 32.090.1°C and placed directly
above a Fractomin® autosampler. Each cell has a
nominal diffusion area of 0.50 cm2. Sink condi-
tions in the receptor compartment were achieved
by a flow of degassed PBS solution. The composi-
tion of the donor solution was maintained by a
supply of fresh solution through an intermittently
running peristaltic pump with a net flow of 20
m l/h. The amount of donor solution was kept at
120–150 m l by a suction tube placed at the appro-
priate level in the compartment. Teflon plugs cov-

ered the donor compartments to prevent
evaporation. All parts of the system in contact
with donor or receptor solutions were made of
stainless steel, teflon or polyethene. Two blocks
giving a total of eight cells were used for each run.

2.3. Epidermal membranes

Human breast skin was obtained from plastic
surgery, trimmed of subcutaneous fat and stored
at −70°C. Epidermal membranes were prepared
by immersing 13 mm disks of full thickness skin
in water at 60°C for 90 s. The epidermal mem-
branes could then be gently peeled off from the
underlying dermis (Kligman and Christophers,
1963). As the membranes from hairy skin samples
tended to tear during preparation, they were re-
jected. Skin rich in appendages (]6 appendages
per membrane) were discarded to avoid excessive
transappendageal penetration. The epidermal
membranes were hydrated for 18 h in PBS at 4°C
before mounting in the diffusion cell. All the
epidermal membranes in the present study were
prepared from the same skin source.

2.4. Diffusion experiments

Prior to any test, the integrity of the stratum
corneum barrier was verified for each epidermal
disk by the determination of water permeability.
A 100 m l volume of [3H]-H2O solution (925 kBq/
ml) was applied to the donor compartments. Re-
ceptor fluid with a flow through rate of 4.0 ml/h
was sampled in 15-min intervals for a minimum of
1.5 h. A sample of 10 ml Ready Gel™ cocktail
scintillation fluid was added to each sample and
[3H]-H2O was determined by liquid scintillation
counting (Beckman LS 5000 CE). Membranes
with a water permeability of B5.0 m l/cm2h were
accepted for the diffusion experiment. The [3H]-
H2O was removed from the membrane with PBS
solution for a minimum of 3 h, while continuously
replacing the donor solution. This step reduced
the residual [3H]-activity to background levels.

In all tests, the concentration in the donor
solution of M-TRH was 5.0 mg/ml and the [3H]-
activity 370 kBq/ml. Penetration of M-TRH was
measured using the following three compositions:

Fig. 1. The structural formulae of the tripeptides and the
terpene used as a penetration enhancer.
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(1) PBS for the determination of base-line levels
of M-TRH flux; (2) 50% (w/w) PBS and 50%
(w/w) ethanol to study the effect of ethanol on the
penetration of M-TRH; and (3) 3% (w/w) cineole,
47% (w/w) ethanol and 50% (w/w) PBS to study
the effect of the terpene on the M-TRH flux. To
study the early phase of enhancer-induced
changes in permeability, all components of the
donor solutions were mixed before they were
added to the donor compartment. The 3% level of
cineole was chosen on the basis that it is the
maximum concentration allowing for homoge-
nous solution with the levels of PBS and ethanol.
At the start of the experiment, 100 m l of the
respective solution was applied to the donor com-
partment. The composition was maintained by the
continuous renewal of the test solutions as de-
scribed earlier. Perfusion fluid, with a flow of 1
ml/h, was sampled with an interval of 1 h over a
30 h period. The amount of M-TRH was assayed
by liquid scintillation technique. The pseudo-
steady state permeability coefficients, Kp (cm/h),
were calculated from the steady-state flux, J (mg/
cm2h), and the donor concentration, C (mg/cm3),
using the relationship: Kp=J/C. The effect of the
enhancers were expressed as enhancement factors
(EF), which is the ratio of the drug permeability
coefficient in the presence of enhancer to the
permeation of the drug with PBS only.

2.5. Scintillation technique 6s radio-immunoassay

To compare with previously published results
(Magnusson et al., 1997a), penetration of TRH
with a donor solution of PBS were performed as
described above for M-TRH. This control was
necessary since the epidermal membranes in the
current study were donated from a different pa-
tient than that used in the previous TRH study.
In addition, if degradation occurs, the liquid scin-
tillation technique can provide false data by mea-
suring labeled metabolites in addition to the intact
peptide. To evaluate this, the TRH samples were
collected and analyzed by both liquid scintillation
technique as described above and by the radio-im-
munoassay method (RIA) used previously (Mag-
nusson et al., 1997a). The commercial RIA
(Euro-Diagnostica, Apeldoorn, The Netherlands)

utilizes a polyclonal antibody raised in rabbit
against TRH. It was performed according to the
manufacturers directions with the exception that
no extraction with ethanol was performed before
the sample was analyzed. This has been shown
not to be necessary (information by the supplier).
As the RIA uses [125I]-TRH, no interference from
the radiolabelled [3H]-TRH disturbed the assay.
The assay has a detection limit of 5 pg/ml, corre-
sponding to a flux of 10 pg/cm2h under the
present experimental conditions, and an interas-
say variation of less than 10%. As no RIA was
available for M-TRH, this check had to be
confined to the parental peptide TRH.

2.6. Statistics

The results were statistically analysed by Stu-
dent’s t-test (two-tailed) for unpaired observa-
tions. Statistical comparisons were performed
between the M-TRH values in presence of ethanol
and/or terpene vs the control penetration of the
analogue. A difference was considered statistically
significant if p50.05. Values are reported as
mean9SEM.

3. Results

All the epidermal membranes in the present
study were prepared from the same skin source.
The water penetration between the skin sources
was compared, since the previous study by Mag-
nusson et al. (1997a) was performed on a different
individual. There was no statistically significant
difference of water permeability between the epi-
dermal membranes of the donors in this experi-
ment compared to the previous study. The values
were 3.090.1×10−3 (n=16) and 2.790.1×
10−3 (n=15) cm/h, respectively.

In earlier penetration studies by Magnusson et
al. (1997a), RIA was used to detect TRH. Since
no RIA was available for M-TRH, the compari-
son between liquid scintillation technique and
RIA had to be confined to the parental peptide
TRH. As seen in Fig. 2, there was no statistically
significant difference in TRH permeability when
measured by liquid scintillation technique or RIA.
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Fig. 2. Comparison of the TRH permeability through epidermal membranes using liquid scintillation technique and radio-im-
munoassay. Values are mean9SEM (n=4).

The mean values for TRH penetration under con-
trol conditions, analyzed by liquid scintillation
technique and RIA between 14 and 30 h, were
0.2790.01 and 0.2990.01 mg/cm2h, respectively
(Fig. 2). The values of TRH penetration from a
PBS donor solution obtained in this study are in
agreement with data previously reported by Mag-
nusson et al. (1997a).

Excised human skin was found permeable to
the analogue of thyrotropin-releasing hormone as
has been shown earlier for the parental tripeptide.
Fig. 3a shows the penetration of M-TRH in the
presence of PBS, PBS/ethanol and PBS/ethanol/
cineole. For comparison, the corresponding re-
sults for TRH reported earlier in part by
Magnusson et al. (1997a) are given in Fig. 3b. The
mean permeability value of M-TRH under con-
trol conditions over 20–30 h was 0.3490.01 mg/
cm2h. This corresponds to a permeability
coefficient of 6.8×10−5 cm/h (Table 1). The
presence of ethanol increases the flux of M-TRH
significantly when compared to the control condi-
tions at 16 h and all subsequent observations
(p50.05 Student’s t-test). The mean value during
the period 20–30 h was 1.0190.03 mg/cm2h (Fig.
3a). The presence of 3% cineole and 47% ethanol
increased the flux of M-TRH to 1.6090.02 mg/
cm2h over the period 20–30 h. Expressed as per-

meability coefficients, the penetration of M-TRH
with ethanol and M-TRH in combination with
ethanol/cineole, were 20.2 and 32.0×10−5 cm/h,
respectively (Table 1). At 6 h, the flux of M-TRH
in the presence of ethanol/cineole and ethanol
alone were 1.3890.38 and 0.2690.03 mg/cm2h,
respectively. This early difference may be due to
cineole being a more effective penetration en-
hancer than ethanol by its rapid permeation into
the stratum corneum. As seen in Fig. 3 the flux
from ethanol/cineole approaches that of ethanol
alone after about 15 h. Fig. 3b shows an initial
burst of high flux in the presence of ethanol/cine-
ole after about 5 h which then decreases with time
to that of ethanol alone. The enhancement revert
to an effect mainly due to the presence of ethanol.
This could be combined with a wash out effect of
the terpene by ethanol and/or an lipid degrada-
tion of the membrane by ethanol.

The previously reported steady-state penetra-
tion of TRH under control conditions was 0.279
0.01 mg/cm2h (Fig. 3b). This corresponds to a
permeability coefficient of 5.4×10−5 cm/h (Table
1). The presence of 50% ethanol increased the
permeation of TRH to 0.8390.02 mg/cm2h. The
addition of 3% cineole in combination with 47%
ethanol increased the penetration of TRH to
0.9290.03 mg/cm2h. Expressed as permeability
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Fig. 3. Penetration of the analogue, M-TRH, and the parental peptide, TRH, through human epidermal membrane. (a) Filled square
symbols represent the values for M-TRH flux measured in the presence of 3% cineole in combination with 47% ethanol and 50%
PBS (n=4). Filled circles represent the values for the vehicle solution of 50% ethanol/PBS (n=3) and open squares represent the
control values for M-TRH (n=4). (b) Filled circle symbols represent the values for TRH flux measured in the presence of 3%
cineole in combination with 47% ethanol and 50% PBS (n=3). Open squares represent the values for the vehicle solution of 50%
ethanol/PBS (n=5) and open circles represent the control values for TRH (n=3). Values are mean9SEM (Data from Magnusson
et al., 1997a).



B.M. Magnusson, P. Runn / International Journal of Pharmaceutics 178 (1999) 149–159 155

Table 1
The effect of enhancers on the permeability of M-TRH and TRH with different composition of donor solution through hydrated
epidermal membranes

Vehicle content Cumulative amount (mg/cm2)bKp (cm/h×105)a EFc

8.691.0M-TRH in PBS —6.8
TRH in PBSd 5.4 7.891.7 —
M-TRH with ethanol 20.493.620.2 3.0

18.592.116.6 3.1TRH with ethanold

32.0M-TRH with ethanol/cineole 41.594.9 4.7
24.991.7 3.4TRH with ethanol/cineoled 18.4

a Permeability coefficient (Kp).
b Cumulative amount measured after 30 h, with standard error of mean.
c Enhancement factor (EF), the ratio of the drug permeability coefficient in the presence of enhancer to the control permeation of
the drug.
d Data from Magnusson et al., 1997a.

coefficients, the penetration of TRH with ethanol
and TRH in combination with ethanol/cineole,
was 16.6 and 18.4×10−5 cm/h, respectively
(Table 1).

The total amount of penetrated M-TRH as a
function of time is illustrated in cumulative plots
(Fig. 4). The amount of penetrated M-TRH under
control conditions after 30 h was 8.691.0 mg/
cm2. The presence of ethanol increased the
amount of penetrated M-TRH by approximately
three times, to 20.493.6 mg/cm2. In the presence
of ethanol and cineole, the amounts of penetrated
M-TRH after 30 h was 41.594.9 mg/cm2 (Fig. 4).
Statistically significant increase of the total
amounts of penetrated M-TRH, were observed in
the presence of ethanol/cineole or ethanol alone
compared to control conditions (p50.05 Stu-
dent’s t-test). Significantly more M-TRH pene-
trated in the presence of ethanol/cineole
compared to ethanol alone (p50.05 Student’s
t-test). This difference is, to a large extent, depen-
dent on the reduced lag time observed for the
solutions containing cineole. The lag times may be
reduced as a consequence of ethanol and cineole
increasing diffusivity of the peptide through the
membrane. It may also be that there is an effect
on the partitioning of the permeant into the mem-
brane from the donor solution. The results for the
parental peptide previously reported in part by
Magnusson et al. (1997a) are given as a compari-
son in Table 1. The cumulative amounts for TRH
after 30 h under control condition, in the presence

of ethanol alone, and in combination with
ethanol/cineole were 7.891.7, 18.592.1, and
24.991.7 mg/cm2, respectively. As seen in Table
1, the enhancement factors for M-TRH and TRH
in combination of ethanol and cineole were 4.7
and 3.4, respectively.

4. Discussion

The skin serves as an effective barrier to the
external environment. The principal barrier func-
tion is contained to the most superficial layer of
the epidermis, the stratum corneum. This is
clearly demonstrated by the fact that gradual
stripping away of the stratum corneum produces
a gradual increase in skin permeability (Sche-
uplein and Blank, 1971). The transdermal route of
administration is attractive from various pharma-
cotherapeutical points of view. The potential ad-
vantages of transdermal administration have been
well recognized, and several transdermal medica-
tions have been developed. For example: scopo-
lamine for motion sickness; nitroglycerin for the
treatment of angina pectoris; clonidine for the
treatment of hypertension; estradiol for the man-
agement of post menopausal symptoms and the
treatment of osteoporosis; fentanyl for the treat-
ment of postoperative pain, and nicotine for the
reduction of withdrawal symptoms after smoking
cessation (Price et al., 1981; Shaw, 1984; Padwick
et al., 1985; Rose et al., 1985; Calis et al., 1992).
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Fig. 4. Cumulative plot of M-TRH penetration as a function of time. Filled square symbols represent the values for flux measured
in the presence of 3% cineole in combination with 47% ethanol and 50% PBS. Filled circles represent the values for the vehicle
solution of 50% ethanol/PBS and open squares represent the control values for M-TRH. Values are mean9SEM.

Nonetheless, the characteristics of the stratum
corneum barrier have limited the transdermal ad-
ministration to a relatively small number of drugs
having the characteristics that allow for a suffi-
cient rate of penetration through the skin. At-
tempts to modify the barrier properties of the
stratum corneum by the use of enhancers such as
terpenes, Azone or the esters of long-chain fatty
acids have produced promising new possibilities
in transdermal administration (Sugibayashi et al.,
1985; Yamane et al., 1995). Penetration enhancers
may promote drug permeation across the skin by
a variety of mechanisms, and the molecular basis
for their actions is becoming clearer (Williams
and Barry, 1992). A frequently reported effect is
that the enhancers interact reversibly with stratum
corneum constituents to disrupt the highly or-
dered structure and hence facilitate drug diffu-
sion. One effect of the use of the enhancer
ethanol, is an increase in the vehicle solubility of
the drug.

An increasingly interesting group of substances
with potential use as pharmaceuticals are small
endogenous peptides (Meyer et al., 1988; Banner-
jee and Ritschel, 1989). One of many examples
that has already attained clinical use is TRH.
Intravenous injection of TRH, the common mode

of administration, results in high initial plasma
concentrations which is often associated with un-
pleasant side-effects such as flushing, nausea and
cardiovascular reactions (Schurr et al., 1985). By
utilizing transdermal delivery such initial peaks in
plasma concentrations can be avoided and sys-
temic TRH levels may be maintained within the
therapeutic range over a prolonged period of
time. To reduce the resistance of the intercellular
lipid matrix, we have employed a terpene and
ethanol as penetration enhancers. In previously
reported studies, the mono-terpene, cineole, has
been shown to be an effective penetration en-
hancer (Williams and Barry, 1991; Magnusson et
al., 1997a). In this study 50% ethanol has been
used in combination with 3% cineole. This was
done to provide a homogenous donor solution
where the penetrant could be added concurrently
with the terpene. The design allowed the study of
the early phase of enhancer-induced changes in
the permeability. This is in contrast with many
other studies where neat or high concentration of
enhancer(s) have been used to pre-treat the skin
before the penetrant is applied (Williams and
Barry, 1991; Yamane et al., 1995). The compara-
tively lower enhancement factors obtained in this
study may be the result of the low terpene concen-
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tration applied and the short duration of the
experiment, compared to a long pre-treatment
period with neat substance.

The driving force for permeation is the thermo-
dynamic activity of the permeant in the donor
solution. The calculation of enhancement factors
thus needs to take this into account. The solubil-
ity of M-TRH and TRH in the donor solutions
was determined in triplicate by liquid scintillation
counting. The solutions were saturated with radi-
olabelled peptide and equilibrated for 24 h in
32.090.1°C. The solubility obtained for the
tripeptides in the three different compositions was
approximately 10 mg/ml. There was no statisti-
cally significant difference of solubility between
M-TRH and TRH in the different donor solu-
tions. The data from the supplier for the solubility
of TRH in water and methanol is 10 mg/ml.
According to the solubility data the solution of
5.0 mg M-TRH or TRH per ml can thus be
considered as a 50% saturated solution. The max-
imum increase in flux would for a saturated solu-
tion be in the range of two. Since an increase in
concentration of the permeants would result in a
higher flux, the observed enhancement factors in
the range of three to five are interpreted as a true
enhancement of flux in the presence of ethanol
and ethanol/terpene.

The clinical utility of TRH is hampered by its
rapid enzymatic inactivation in the blood as well
as by its poor transport over the blood-brain
barrier (Metcalf, 1982; Hichens, 1983). The values
in this study obtained for penetration of TRH,
analyzed by liquid scintillation technique and ra-
dio-immunoassay, were very similar. This suggests
that in the case of TRH, labelled degradation
products do not react in the RIA and therefore do
not cause falsely high penetration values. The
values of TRH penetration from a PBS donor
solution obtained in this study are in agreement
with data previously reported by Magnusson et
al. (1997a). Many analogues of TRH have been
synthesized with the aim of eliciting information
on structural requirements of the receptors. The
TRH analogue, M-TRH, with a small structural
change in the histidine position, pGlu-3-methyl-
His2-Pro amide, have a high potency and stimu-
lates the release of TSH seven to eight times from

the pituitary compared to the parental tripeptide.
The difference in chemical structure of the pep-
tides are illustrated in Fig. 1. Our results show
that the transdermal penetration of the analogue
in the presence of enhancers is in the same order
of magnitude or greater than that of the parental
peptide. As the two studies are performed on
epidermal membranes from different individuals,
the possible inter-individual variations may partly
cause the differences in penetration rate. How-
ever, the measurements of water penetration and
TRH from a PBS donor solution indicates that
the membranes from the two sources have similar
properties. If the true value of M-TRH is higher
compared to TRH, it is probably a reflection of
the differences in chemical properties. A simple
measurement of octanol/PBS partition coefficient
was performed using shake-flask procedure (Han-
sch and Leo, 1995). The partition coefficients
obtained for M-TRH and TRH were 7.7 and
6.0×10−3 (pH 7.4), respectively. This indicates
that M-TRH is slightly more lipophilic than TRH
and may therefore have a greater penetration
potential. One of many examples of methylation
that leads to an increase in lipophilicity is mor-
phine, codeine and heroin. Each addition of a
methyl group increases the transport over the
blood-brain barrier (Kosterlitz and Waterfield,
1975).

In vitro penetration studies of TRH have previ-
ously been investigated by using excised mouse or
human skin (Burnette and Marrero, 1986; Moss
and Bundgaard, 1990). These investigators could
not detect any measurable amount of penetrated
TRH. The limit of detection used in those studies
was about 0.5 mg/ml (HPLC analysis). This could
account for their inability to detect penetrated
TRH. We have successfully achieved detectable
levels for transdermal penetration of both TRH
and its analogue, through human skin by using
liquid scintillation technique and/or RIA. We
have also demonstrated the feasibility of achieving
transdermal delivery of the two peptides at thera-
peutically relevant amounts by using penetration
enhancers such as ethanol and cineole. In our
study, 5.0 mg/ml of M-TRH in combination with
ethanol and cineole results in a flux of 1.6090.02
mg/cm2h. If a patch with an active area of 20 cm2
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was used, this could allow for the delivery of
approximately 630 mg of M-TRH over 24 h. For
comparison, the corresponding amount for TRH
in the presence of ethanol/cineole was 400 mg over
24 h. This is in the same order of magnitude as
the TRH dosage used clinically (500 mg) and is
given to humans by infusion or injection during
24 h (Mitsuma and Nogimori, 1984; Lampe et al.,
1989). The delivered amounts of the two peptides
do not represent the maximum obtainable values
since the composition of the vehicle has not been
optimized. However, the results from this study
clearly demonstrate the ability of enhancers to
effectively modify stratum corneum permeability
and to achieve successful transdermal transport of
thyrotropin-releasing hormone and its analogue
through human epidermal skin.

In conclusion, this study provides evidence that,
even in the absence of enhancers other than water,
a peptide can cross the human stratum corneum
in vitro at a measurable rate. These investigations
have also determined the passive permeation of
the tripeptide M-TRH across human skin and
found the result to be in agreement with those
earlier reported for the parental peptide. The val-
ues obtained for TRH-penetration, analyzed by
liquid scintillation technique and RIA, were very
similar. This suggests that in the case of TRH, no
degradation of the peptide occurs. The results
furthermore suggest that in the presence of the
enhancers, the peptide flux significantly increases
to a level where, at least theoretically, the delivery
of a therapeutically relevant dose is possible. Our
results show that the transdermal penetration of
the analogue in the presence of enhancers is in the
same order of magnitude or greater than that of
the parental peptide. Further studies should be
undertaken to investigate this aspect and also
investigate whether biological response can be
elicited by transdermally-delivered peptide.
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