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Purpose. In transdermal drug delivery system (TDDS), chemical enhancers and crystallization inhibitors
added into the adhesive matrixes to improve drug permeation and formulation stability often result in
some negative effect on adhesive properties and dressing performance. The aim of this paper is to
develop a hydrophilic pressure sensitive adhesive (PSA) for TDDS without using additional chemical
enhancers and crystallization inhibitors.
Methods. A quaternary blend (PDGW) composed of polyvinyl pyrrolidone, D,L-lactic acid oligomers,
glycerol and water was prepared. The adhesive strength, drug loading capacity, drug state and stability of
PDGW were characterized by using ibuprofen (IBU) and salicylic acid (SA) as model drugs. Moreover,
In vitro and in vivo drug permeation through rat skin from PDGW patch in comparison to acrylate
adhesive (ACA) and nature rubber adhesive (NRA) was investigated.
Results. PDGW performs excellent drug loading and crystallization inhibition capacity. Furthermore, the
accumulative amount for 24 h in vitro from PDGW patch is far higher than that from ACA and NRA
patch. And the plasma concentration of drugs in vivo from PDGW patch is bigger than that from ACA
patch.
Conclusions. PDGW possesses excellent PSA properties and self-enhancement for drug percutaneous
permeation, which can be used to develop new formulation of TDDS.

KEY WORDS: D,L-lactic acid oligomers; hydrophilic adhesive matrix; polyvinyl pyrrolidone;
transdermal drug delivery system.

INTRODUCTION

Recently, there has been an increasing interest in
transdermal drug delivery system (TDDS). TDDS offers
many advantages compared with conventional pharmaceu-
tical dosage forms. The TDDS patches include various
types, such as microreservoir, reservoir, monolithic matrix
and membrane-matrix hybrid, among which monolithic
matrix patches remain the most popular because of
simplicity of manufacture. Several polymers and their
mixtures, as skin adhesives, drug reservoir and membrane,
have been used for the matrix of TDDS (1,2). The
improvement in pressure sensitive adhesive (PSA) for
TDDS application has been done on developing new
polymers or modifying the properties of the traditional

PSA, such as polyisobutylenes, silicones and polyacrylates,
by physical or chemical methods in order to improve the
efficiency of TDDS (3,4). Moreover, in order to overcome
the excellent barrier function of the stratum corneum,
penetration enhancers are introduced and combined with
PSA to form matrix devices (5,6). However, the miscibility
of adhesive matrix and penetration enhancers is an
important factor for TDDS efficiency, because the pene-
tration enhancers usually affect the mechanical strength
and adhesive properties of adhesive matrix (7,8). In
addition, TDDS containing a high concentration of drug
also can be used to promote drug fluxes. However, the
system is thermodynamically unstable and the drug might
re-crystallize during storage (9). Therefore, crystallization
inhibitors, such as silicon dioxide, cholesterol and surfac-
tants or macromolecules, also are added into PSA matrix
to control drug crystallization and keep formulation
stability (10). Therefore, it would be helpful if the adhesive
matrix itself can enhance drug permeation and inhibit drug
crystallization.

In order to develop a new type pressure sensitive
adhesive for TDDS, a quaternary blend (PDGW) composed
of poly (N-vinyl pyrrolidone) (PVP), D,L-lactic acid oligomer
(DLLAO), glycerol and water was prepared. Many studies
have identified that PVP, as a kind of water soluble polymer
with excellent biocompatibility and capacity of hydrogen-
bond formation, performs excellent drug compatibility and
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delivery property as support matrixes for controlled drug
release (11–13). The hydrophilicity and high molecular weight
of PVP can provide good biocompatibility, mechanical
strength and viscosity as adhesive matrix materials, but small
molecular plasticizers are needed because of the high Tg of
PVP (Tg ≈176°C). In this work, besides glycerol and water
were chosen as the plasticizers, DLLAO as the middle
molecular composition was introduced into the PVP matrix,
which can improve the mechanical and peel strength of the
patches by bridging a hydrogen-bond network between high
molecular weight PVP and small molecules of glycerol and
water. In our previous work (14), we have reported that the
PDGW exhibits excellent adhesion and adhesive transfer on
removal without pain when the number average molecular
weight of DLLAO is in the range of about 230–400 and the
content of DLLAO is in the range of 5–20 wt.% (see
supporting information Table S-1 and Figure S-1). The mainly
aim of this study is to evaluate the compatibility of PDGW
matrix with drugs and the self-enhancement effect of PDGW
matrix on drug permeation through rat skin by using
ibuprofen (IBU) and salicylic acid (SA) as model drugs.

MATERIALS AND METHODS

Materials

PVP (K90, Mn=100,000 g/mol, Tg ≈ 176°C) was the
production of BASF (Germany). D, L-lactic acid (88 wt.%
aqueous solution) was obtained from National Starch and
Chemical Company (USA). Glycerol was obtained from
Beijing Fangcao pharmaceutic Company (China). Ibuprofen
(IBU) and salicylic acid (SA) was supplied by Pharmaceutical
Factory of Juhua Company (China). Azone was purchased
from Fuchen Chemical Reagent Ltd. (China). Methanol and
acetonitrile (Merck, Germany) were HPLC grade and the
other chemicals were analytical grade and used as received.

Natural rubber adhesive (NRA) and acrylate adhesive
(ACA) were supplied from Tianjin Tongrentang pharmaceu-
tic Company and Tianjin Zhongbao pharmaceutic Company
(China)) for preparation of TDDS, respectively.

Adult male Kunming rats, weight 180–220 g, were
obtained from Tianjin Institute of Pharmaceutical Research.
The rats were housed in plexiglas cages, five animals in each
cage with free access to water and food. The cages were
placed in a room under a controlled environmental condition
(temperature 25°C, humidity 40–60%). All animal experi-
ments were performed in accordance with the Guidelines for
Animal Experimentation of Tianjin Institute of Pharmaceu-
tical Research, Tianjin, China.

Synthesis and Characterization of DLLAO

DLLAO were prepared by the condensation polymeri-
zation of D, L-lactic acid under vacuum in the absence of
catalysts at 160°C and the number average molecular weight
(Mn) was determined by titrating the oligomer solution with
0.1 mol/L KOCH3 by using phenolphthalein as the indicator

according to a reported method (15). Without special
mention, the Mn of DLLAO used in this study was 309±7.

Preparation of PDGW Patches

A certain amounts of PVP, DLLAO and glycerol were
gradually added into water with stirring continuously until a
homogenous solution formed and the bubbles were removed
by vacuum. Without special mention, the PDGW matrix used
in this study was named as PDGW-6 and the weight ratio of
PVP/DLLAO/Glycerol/Water was 45/6/24/25. The PDGW-6
possesses the excellent PSA properties for TDDS, whose tack
force, static shear resistance and 180° peel strength is 18,
16.99±1.31 h and 14.87±0.53 N/25 mm, respectively (14).

The drug-loaded PDGW patches were prepared by
adequately mixing appropriate amount of PDGW, drug
(IBU or SA), or azone in ethanol. The drug-loaded PDGW
adhesives were coated on a backing film and the patches were
obtained after dried for 20–30 min at 60°C in the oven.
Subsequently, the PDGW patches were allowed to evaporate
at ambient conditions for a predetermined time (16), as a
result, almost all ethanol was evaporated but drug and
penetration enhancer were remained in the drug-loaded
patches. The thickness of the patches was measured by a
vernier caliper. The mass was evaluated by weighing, and the
content of water in the patches was determined and
controlled by the gravimetric method using an analytical
balance in the evaporating process (17,18). The character-
istics of the PDGW patches used in this paper were shown in
Table I. The drug-loaded ACA or NRA patches were
prepared by mixing appropriate amount of IBU or SA into
ACA or NRA adhesives in ethanol, and then coating on
backing film and evaporating the solvent. All prepared
patches were sealed in tinfoil film and stored at ambient
environment until analysis.

Adhesive Performance of PDGW Patches

The tack force of PDGW patches (25×200 mm) was
measured by J. Dow boll rolling test method and was
indicated by the ball number by using the CZY-G tack force
testing Machine (Labthink Company, China). According to
the test methods for pressure sensitive tapes (PSTC-1), the
180° peel strength of PDGW sheet (25×200 mm) was
measured by Testometric AX M350-10KN Materials Testing
Machine (Testometric Company, Germany) at a peel rate of
300 mm/min at 25°C. Four or five specimens were tested for
each sample.

Characterizations of PDGW Patches

Differential scanning calorimetry (DSC) was carried out
using TA Instrument’s DSC 2920 (TA Instrument, USA). A
certain amount of sample (10–15 mg) was placed in a sealed
aluminum pan and heated at a heating rate of 5°C/min under
nitrogen atmosphere at a flow rate of 80 ml/min.

The crystal states of drugs in PDGW patches were
observed by wide-angle X-ray diffraction (XRD) with graphite-
filtered Co Kα radiation produced using an X-diffractometer
(X’ Pert, Holland).All the samples weremeasured at 20mA and
45KVwith the scan range of 3–60° and the scan interval of 0.02°.
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The –COOH values of PDGW and drug-loaded PDGW
patches were measured by titration method (19). PDGW and
the drug-loaded PDGW patches were sealed into glass bottle
and stored into an oven at 40°C with related humidity 50%.
After predetermined time, a certain number of PDGW or
drug-loaded adhesives were dissolved into the mixed-solvent
of ethanol and dichloromethane (1:1 by volume), then
titrated with KOH solution in ethanol (0.05 mol/L). A mean
value of three titrations was taken.

In Vitro Skin Permeation Experiments

The skin samples were obtained from the abdominal
area of Kunming rats. After careful removal of the hair on
the abdominal area of the sacrificed rat using an electric
clipper, the full-thickness skin was cut and the adherent fat
and other debris were carefully removed.

The in vitro permeability of drug through hairless rat
skin was measured with a Franz diffusion cell system
(1.65 cm2 in area and 17 mL in receptor cell volume,
Shishin Technology Co. LTD, China) at 37°C. The receptor
compartments were filled with phosphate buffered saline
(PBS, pH 7.4), containing 0.02% w/v of sodium azide to
retard microbial growth. The solution in the receptor
compartment was stirred with small magnetic beads. The
skin pieces were mounted over diffusion cells with the
dermal-side in contact with the receptor side, equilibrated
for 2 h, and then air bubbles were removed. The drug-loaded
patches of area 1.65 cm2 to be tested were placed on the skin.
Samples (2 mL) were withdrawn from the receptor
compartment at predetermined time intervals, and the
receptor compartment was replenished to its marked
volumes with fresh buffer solution. Addition of solution to

the receptor compartment was performed with great care to
avoid trapping air beneath the dermis samples.

The amounts of IBU and SA in the receptor solution
were measured by HPLC (Agillent1100, USA) using Krcmaf-
sis (250×4 mm, 5 μm) C18 column. The IBU was detected at
225 nm. The mobile phase for IBU assay composed of
acetonitrile and 50 mM acetate buffer in the ratio of 55:45
(v/v) was performed at a flow rate of 1.5 mL/min and the
volume injected was 50 μL. The column temperature was set
at 40°C according to reference (20). SA was detected with
flow rate at 1.5 mL/min at 295 nm at 25°C. The mobile phase
for SA assay was prepared by adding 15 mL acetic acid and
0.25 g ammonium acetate to 300 mL acetonitrile. The volume
was completed to 1,000 mL using distilled water (21).

In Vivo Permeation Study

Kunming rats were anaesthetized and the hair on the
dorsal side was removed with an electric hair clipper, taking
care to prevent damage to the surface of the skin. The IBU-
loaded and SA-loaded PDGW matrix patches with a surface
area of 4 cm2 (2×2 cm) were pasted on the dorsal side of rats.
The blood samples (250 μL) were collected from retro-orbital
plexus into dry heparinized tubes before and 4, 8, 24, 32, 48 h
after drug administration. Intraperitoneal injections of
dextrose (250 μL) were given to rats after collection of each
blood sample to minimize changes in volume of the central
compartment. The plasma was separated after centrifugation
of blood at 10,000 rpm for 15 min and frozen until analyzed.

Frozen plasma samples were thawed at room temperature.
20 μL of benzoic acid solution (50 μg/mL of internal standard)
and 200 μL acetonitrile were added into 200 μL plasma, then the
plasma was vortexed for 2 min, followed by centrifugation for
10 min at 4,500 rpm. Subsequently, 20 μL of supernatant was

Table I. Characteristics of the Patches

The patchesa The component of patches
Thickness
(μm)

Drug content
(wt.%)

Water contentc

(wt.%)

Mass
( g /
100 cm2)

PDGW-6 (Mn of DLLAO=309) PVP/DLLAO/glycerol/water=45:6:24:25 251±10b – 24±1 2.5±0.2
PDGW-6* (Mn of DLLAO=235) PVP/DLLAO/glycerol/water=45:6:24:25 250±10 – 24±1 2.5±0.1
PW with 2 wt.% IBU PVP/water=45:55 251±7 2±0.1 54±3 2.6±0.2
PGW with 2 wt.% IBU PVP/glycerol/water=45:30:25 250±8 2±0.2 24±2 2.4±0.2
PDGW-15 with 2 wt.% IBU PVP/DLLAO/glycerol/water=45:15:15:25 249±4 2±0.1 25±2 2.5±0.2
PDGW-25 with 2 wt.% IBU PVP/DLLAO/glycerol/water=45:25:5:25 250±10 2±0.3 24±2 2.6±0.1
PDGW-6 with 1 wt.% IBU PVP/DLLAO/glycerol/water=45:6:24:25 250±6 1±0.2 26±1 2.5±0.3
PDGW-6 with 2 wt.% IBU PVP/DLLAO/glycerol/water=45:6:24:25 249±9 2±0.2 25±2 2.6±0.1
PDGW-6 with 3 wt.% IBU PVP/DLLAO/glycerol/water=45:6:24:25 250±10 3±0.2 24±2 2.5±0.1
PDGW-6 with 5 wt.% IBU PVP/DLLAO/glycerol/water=45:6:24:25 251±10 5±0.3 24±2 2.4±0.3
PDGW-6 with 10 wt.% IBU PVP/DLLAO/glycerol/water=45:6:24:25 249±10 10±0.3 25±2 2.5±0.2
PDGW-6 with 1 wt.% SA PVP/DLLAO/glycerol/water=45:6:24:25 248±10 1±0.2 26±2 2.5±0.1
PDGW-6 with 2 wt.% SA PVP/DLLAO/glycerol/water=45:6:24:25 249±8 2±0.2 25±2 2.4±0.3
PDGW-6 with 3 wt.% SA PVP/DLLAO/glycerol/water=45:6:24:25 250±7 3±0.3 24±2 2.4±0.2
PDGW-6 with 5 wt.% SA PVP/DLLAO/glycerol/water=45:6:24:25 251±9 5±0.2 26±2 2.5±0.2
PDGW-6 with 10 wt.% SA PVP/DLLAO/glycerol/water=45:6:24:25 252±10 10±0.2 25±2 2.5±0.2

PDGW PVP/DLLAO/glycerol/water, PW PVP/water, PGW PVP/glycerol/water
aThe number after the hyphen is the content of DLLAO
bValues are the mean ± S.D. of three determinations
cThe water content in the matrix without considering the drug and enhancer
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collected for HPLC measurement at the same chromatographic
conditions as that for the in vitro permeation experiment samples.

Data Analysis

The cumulative amounts of drugs (μg/cm2) at each
collection time was plotted against time (h) and linear
regression of the steady state portion of the curve was used
to estimate drug flux (μg/cm2/h) through rat skin. All
percutaneous permeation data are mean ± S.D. Statistical
significance was checked by Student’s t-test and considered to
be granted at P<0.05, unless otherwise indicated.

RESULTS

Drug Dispersion State and Stability of PDGW Patches

Because IBU and SA are often used as model drugs in
the evaluation of the TDDS efficiency, they are used to
evaluate the properties of PDGW patches (20–22). In TDDS,
the control of the drug dispersion state in the matrix is of
particular interest in developing efficient TDDS, because the
crystallization of drug in the matrix may significantly affect
the percutaneous permeation, the drug-loaded amount and
the dressing properties of the patches (23). The drug
dispersion state in PDGW matrixes was investigated by
XRD and DSC, and the results are shown in Fig. 1. No
crystalline peaks are observed in the IBU-loaded and SA-
loaded PDGW patches from the XRD and DSC curves when
the drug-loaded amount reaches to 10 wt.%. After 12 months
storage, no drug crystal is observed from the DSC curves
(Fig. 1B, 2* and 4*). It suggests that PDGW matrix can
inhibit the drug crystallization when the drug-loaded amount
is 10 wt.%, which provides sufficient performance for TDDS
applications, because the drug content is normally lower than
5 wt.% for TDDS patches. These results indicate that the
PDGW matrix has a good compatibility with IBU and SA,
and can inhibit the drug crystallization.

The mixing of drug into PSA matrix often affects the
adhesive properties and dressing performances (24–27). For
example, Ho and Dodou reported that the addition of the
nortriptyline HCl or paracetamol into the adhesive caused a
concentration-dependent increase in its cohesive strength (27).

The 180° peel strength and tack force are two important
mechanical parameters to estimate adhesive properties of PSA.
It can be seen from Table II that 10 wt.% drug-loading hardly
affects the adhesive properties of PDGW patches. After
12 months storage under sealed condition, both the tack force
and 180° peel strength of PDGW patches with or without drug
are unchanged. These results indicate that the degradation of
DLLAO during storage can be neglected because the 180° peel
strength of the patches will decrease largely if DLLAO
degraded. For example, the 180° peel strength of PDGW-6*
with lower molecular weight DLLAO in Table II is lower than
that of PDGW-6 with a higher molecular weight DLLAO. If
DLLAO was degraded to lower molecular weight during
storage, the 180° peel strength of the patches will decrease
obviously, but no decrease in 180° peel strength was observed
during 12 months storage. Furthermore, The titration results of –
COOH in Table III indicate that the –COOH values of PDGW
and the drug-loaded PDGW do not change during 3 months
sealed storage at ambient environment, which further demon-
strate the stability of the PDGW patches. If DLLAO was
degraded to lower molecular weight during storage, the –COOH
values of the patch will increase, but the results in Table III show
that the –COOH values did not change during storage. Thus, it
can be concluded that DLLAO is stable in the matrix, and the
influence of DLLAO degradation on properties of PDGW
patches can be ignored even though the degradability of poly
(lactic acid) is well known.

In Vitro Skin Permeation

Effect of Compositions of PDGW Patches

The influence of the compositions of PDGW patches on
IBU permeation through rat skin from PDGW matrix was
investigated. As shown in Fig. 2, the skin penetration amount
of IBU from PVP/Glycerol/Water=45/30/25 is much higher
than that from PVP/Water=45/55 and the IBU flux increases
with increasing glycerol content, which indicates that glycerol
acts more important role on enhancing the penetration of
IBU through skin than water. However, without adding
DLLAO, the blends of PVP, water and glycerol can not
provide good mechanical and adhesive properties for TDDS
application. As mentioned above, 5–20 wt.% DLLAO in
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Fig. 1. XRD (A) and DSC (B) curves of drugs and drug-loaded PDGW patches, 1 IBU; 2
10 wt.% IBU-loaded PDGW patch; 2* 10 wt.% IBU-loaded PDGW patch after sealed
store for 12 months at ambient environment; 3 SA; 4 10 wt.% SA-loaded PDGW patch; 4*
10 wt.% SA-loaded PDGW patch after sealed store for 12 months at ambient environment.
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PDGW matrix is necessary to provide good strength and
adhesive properties, as a result, the PDGW matrix with an
optimal composition of PVP/DLLAO/Glycerol/Water=45/6/
24/25 will be used in the below study.

Effect of Different Adhesive Matrices

The in vitro skin permeation of IBU and SA from
PDGW matrix was evaluated by comparing with two
common adhesive patches, i.e., ACA and NRA patch. It can
be seen from Fig. 3A that accumulative amount of IBU for
24 h from the PDGW patch is much higher than that from
ACA patch, and also higher than that from ACAwith 4 wt.%
azone. The accumulative amount of IBU for 24 h from
PDGW patch is about 1,900 μg/cm2, which is four times
higher than that from ACA patch. The in vitro skin
permeation studies of SA from the three kinds of matrixes
give the similar results as shown in Fig. 3B.

The effect of drug-loaded amount on the flux of IBU and
SA are shown in Fig. 4. For the three matrixes, the drug flux
increases with the increase of drug-loaded amount. The
PDGW patch presents the significantly highest drug flux
among the three kinds of patches at different drug content.
These results further confirm PDGW patch possesses self-
enhancement for drug percutaneous permeation through rat
skin and indicate that PDGW matrix more benefits for
transdermal delivery patches with high drug-loaded amount.

Effect of Azone on Drug Penetration

The results in Fig. 5 show the enhancement of azone on
IBU permeation and the effect of azone on the 180° peel

strength of the matrixes. Azone, as a common penetration
enhancer, has been widely studied in TDDS (28), while the effect
of azone on the adhesive properties of the patches was seldom
studied. The results in Fig. 5 show that azone has no obvious
enhancement effect for IBU in PDGW patch but induces fast
decrease in 180° peel strength of PDGWpatch. Although, azone
presents significant enhancement for IBU permeation through
rat skin from ACA and NRA patches, the IBU flux from ACA
or NRA patches containing azone are still much lower than that
from PDGW patch without azone. Furthermore, the addition of
azone also induces the obvious decrease in 180° peel strength of
ACA and NRA matrixes. Therefore, the self-enhancement
matrix is significant to avoid the negative effect of enhancers
on adhesive properties.

In Vivo Skin Permeation

The in vivo skin permeation efficiency of the IBU and
SA-loaded PDGW patches are investigated by using Kunm-
ing rats as the experimental animals. As shown in Fig. 6A, the
IBU concentration in blood rapidly increases when the IBU-
loaded PDGW patches were applied on the Kunming rat skins
for 16 h, and then maintains a stable level about 20 μg/mL for
more than 24 h. As an enhancer, azone in the PDGW patches
induces a slight increase of plasma concentration of drug
than that without azone. Similar results for SA in vivo
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with different component ratios. The IBU content in the matrix is 2±
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Table II. Adhesive Properties of PDGW and Drug-Loaded PDGW Patches

Patch

Tack force (ball no.) 180° peel strengtha (N/25 mm)

Original 12 monthsb Original 12 monthsb

PDGW-6 (Mn of DLLAO=309±7) 13 12 14.87±0.53 14.24±0.47
PDGW-6 with 5 wt.% IBU 13 12 15.42±0.45 14.36±0.39
PDGW-6 with 10 wt.% IBU 14 13 14.53±0.52 13.81±0.50
PDGW-6 with 5 wt.% SA 14 14 13.40±0.36 14.10±0.48
PDGW-6 with 10 wt.% SA 14 13 15.02±0.43 14.41±0.61
PDGW-6* (Mn of DLLAO=235±6) 12 12 9.22±0.31 9.01±0.23

aValues are the mean ± S.D. of five determinations
b Storage under sealed condition at ambient environment

Table III. –COOH Values of PDGW and Drug-Loaded PDGW
Patches

Patch

–COOH value (×104, mol/g)a

Original 2 monthsb 3 monthsb

PDGW 4.76±0.16c 4.93±0.14 4.78±0.26
PDGW with 5 wt.% IBU 5.88±0.23 5.76±0.27 6.02±0.31
PDGW with 5 wt.% SA 7.63±0.29 7.54±0.37 7.41±0.34

PVP/DLLAO/glycerol/water=45/15/15/25 (wt)
aValues are the mean ± S.D. of three determinations
b Storage under sealed condition at ambient environment
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percutaneous permeation were also obtained as shown in
Fig. 6B. The plasma concentration of drugs from PDGW
patch without enhancer is far higher than that from ACA
patches with 4 wt.% azone, and the highest plasma concen-
tration from PDGW patch is about four times higher than
that from ACA patch. These results indicate that, from the
PDGW patch without any enhancer, IBU and SA can be
permeated into the blood through skin and maintain a stable
plasma concentration for a long time. It further confirms that
PDGW matrix has a function of self-enhancement for the
drug percutaneous permeation.

DISCUSSION

All above results indicate that, besides possessing
excellent adhesive properties, drug compatibility and storage
stability, the quaternary blend of PVP/DLLAO/Glycerol/
Water with suitable composition presents self-enhancement
for drug percutaneous permeation.

In TDDS applications, drug crystallization within a PSA
matrix may cause a reduction in skin permeation and the
dressing performance of TDDS. Therefore, the control of
drug crystallization is of particular interest for the efficiency
and quality of TDDS application (23). In our work, without
additional crystallization inhibitor, PDGW adhesives can
inhibit the crystallization of IBU and SA during storage at
high drug content (10 wt.%). It can be attributed to PVP
macromolecules, which was found to be the most effective

crystallization inhibitor in transdermal matrix (29). Moreover,
many researchers suggest that the inhibition of PVP is due to
the interaction between the drug and PVP (30–32). As the
framework component in PDGW, PVP containing tertiary
amide groups possesses strong ability of hydrogen-bond
formation and can interact with IBU and SA strongly by
hydrogen-bond and subsequently inhibit the drug crystalliza-
tion (33). Therefore, the crystallization inhibition of PVP can
maintain the stability of drug distribution at molecular level in
the matrix during long time storage, which affords good
compatibility between the drug and the matrix. Moreover, the
drugs in PDGW matrix may exist in the glycerol/water
domains and interface of PVP/DLLAO network without
destroying the PVP/DLLAO network structure. As a result,
the loaded drugs hardly affect the adhesive properties of
PDGW even when the drug-loaded amount is up to 10 wt.%.
PDGW matrixes can keep good storage stability for long term
in the physical and chemical properties, and the effect of
degradation of DLLAO on adhesive properties of PDGW
patches can be ignorable. It can be attributed to that the
degradation of DLLAO dispersed in PVP is comparatively
difficult and the strong hydrogen-bond network in PDGW
matrix can hinder the degradation of DLLAO, which have
been confirmed by FT-IR and TGA (14).

The miscibility and interdiffusion of PVP, DLLAO,
glycerol and water may construct an interpenetration hydro-
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Fig. 3. In vitro skin permeation profiles of IBU (A) and SA (B) from
different patches. The drug content in the matrix is 2±0.2 wt.%. Each
value presents the mean ± S.D. (n=4).
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gen-bond network. In addition, owing to the appreciable
length and flexibility of the DLLAO chains, they may create
a space within this network and provide the coupling of the
high cohesive strength of a hydrogen-bond complex and a
large free volume (34). The network imparts to the blend a
rubber-like elasticity, whereas the free volume leads to
increasing molecular mobility and segmental relaxation of
the blend (35). As a result, the PDGW matrix provides not
only excellent adhesive performance and drug loading
capacity, but also free interspace for drug diffusion. In
addition, the PVP in PDGW matrix also can improve the
drug flux because the anti-nucleating effect of PVP can
convert the crystalline drug into amorphous state, which
generally possesses a high thermodynamic activity that
facilitates the permeation rate of drug through the skin (36).
Moreover, the glycerol also acts as an enhancer in PDGW
matrix because of its considerable role in changing the
properties of the skin, which induces consequent swelling of
corneocytes and enhances the drug penetration across the rat
skin (37,38). In addition, the water in the PDGW matrix may
promote the hydration of the skin, which will improve the
penetrability of the skin. However, the hydration of water on
the skin may not benefit the permeation of the hydrophobic
drug through skin, such as ibuprofen (logKoctanol/water=3.5)
and salicylic acid (logKoctanol/water=2.26). The results obtained

are consistent with several previous studies which have
reported that the increased water content in lipids of skin
may inhibit the penetration of hydrophobic molecules (39–
41). Therefore, PDGW matrix presents excellent self-en-
hancement on drug penetration across rat skin by combining
the crystallization inhibition function of PVP, the effect of
hydrogen-bond network and the penetration enhancement of
glycerol. However, the enhancement effect of glycerol should
be further studied in the future.

CONCLUSION

From the results of this investigation, it is concluded that
the PDGW matrix composed of PVP/DLLAO/Glycerol/Water
combines the advantages of the high loading capacity of the
matrix, the crystallization inhibition function of PVP on loaded
drug and the effect of hydrogen-bond network structure, as well
as the improvement of the drug permeation through hairless
mouse skin. As a result, PDGW matrix, besides providing
suitable adhesive strength, can maintain the TDDS stability for
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long time storage and effectively enhance the drugs permeation
through the rat skin. Therefore, as a self-enhancement matrix,
PDGW can be used to develop new formulation of TDDS
without addition of enhancers and crystallization inhibitors,
which can avoid the negative effect of small molecular additives
on themechanical strength and adhesive properties. However, it
is well known that human skin is much different from hairless
mouse skin, and PDGW matrix may have different behavior in
different skin models. Therefore, further studies are needed in
order to assess the performance of PDGW matrix in a more
authentic model such as human skin.
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