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The aim of the current research work was to develop
sonophoresis-assisted transdermal patches for the treat-
ment of osteoporosis. In the present investigation, we
formulated alendronate-chitosan nanoparticles by iono-
tropic external gelation method. The prepared nanopar-
ticles were found to be smooth and free-flowing. The op-
timized formulation showed 82.7% of drug release over
a period of 12 hours with 99.54% EE, the particle size of
250 nm, PDI 0.22 and zeta potential of 28 mV. The sol-
vent casting evaporation method was used for the de-
velopment of the patches using HPMC as rate-control-
ling polymer and dibutyl phthalate as the plasticizer. The
optimized patch formulation was found acceptable in
terms of physical characteristics (appearance, thickness,
folding endurance, weight variation, moisture loss and
uptake). The drug content was found to be 99.66+0.9 %
with 69.44% of drug permeation through the rat skin.
The TP3 formulation had drug content of 99.96% which
was the highest among all of the formulations and
showed relatively controlled skin permeation of 69.44%
over the period of 12 hours. Nearly six-time enhance-
ment of bioavailability was observed when alendronate
was used in the nanoparticulate form in transdermal
patches used with sonophoresis. Over the period of
seven days, the plasma calcium concentration in the rat
model was decreased from 16 mg/dl to 4 mg/dl (4 times)
in rat groups treated with the transdermal patches con-
taining CS-ALN-NP while the concentration dropped only
to 12 mg/dl in case of the transdermal patches contain-
ing pure Alendronate. These findings (enhanced skin
permeation, enhanced bioavailability and suppression
of the plasma calcium level) regarding the transdermal
delivery system suggest a promising approach for the
treatment of osteoporosis.
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INTRODUCTION

Osteoporosis is a common chronic metabolic bone
disease, related to various factors including menopause

and aging and it is characterized by increased bone fra-
gility. Osteoporosis involves a disruption of bone micro-
architecture with low bone mass and deterioration of the
bone tissue. It all it can lead to weakened bone strength
and an increase in the risk of bone fractures. Osteoporo-
sis causes more than 8 million fractures per year which
makes it a worldwide concern (Sézen et al., 2017; Johnell
et al., 2000). Bisphosphonates, like alendronate, show a
high affinity for hydroxyapatite which results in preven-
tion of the bone resorption, and thus are widely used
for the prevention and treatment of various bone dis-
eases, including hypercalcemia due to malignancy, Paget’s
disease and osteoporosis (Schenk et al., 1986; Fleisch.,
1987; Lambrinoudaki ez al, 2006; VanBeek ez al., 2003).
Bisphosphonates are mainly classified into two groups
depending on their different molecular modes of action
(Ezra et al., 2000; Drake ez al., 2008). The first class atre
bisphosphonates without nitrogen moiety, like clodronate
and etidronate, which can be metabolically incorporated
into adenosine triphosphate analogues that may inhibit
ATP-dependent intracellular enzymes (Fleisch, 2002;
Russell, 2007). The second class are Bisphosphonates
with nitrogen moiety like pamidronate, alendronate, rise-
dronate, ibandronate, and zoledronate. These are more
potent and they inhibit the enzymes of the mevalonate
pathway responsible for the biosynthesis of isoprenoid
compounds essential for the posttranslational modifica-
tion of small GTP-binding proteins (Fisher ez al, 2000).
The inhibition of protein prenylation and the disturbance
in the function of these key regulatory proteins explain
the loss of osteoclast activity and induction of apopto-
sis (Rodan ez 4/, 2002). Among the bisphosphonates with
nitrogen moiety, alendronate sodium (sodium-4-amino-
1-hydroxybutylidene-1,1-bisphosphonate trihydrate) has
been not only used as the first-choice drug for the treat-
ment of hypercalcemia and osteoporosis in postmeno-
pausal women but also for the therapy of bone diseases
such as Paget’s disease (Dunford ef al, 2000). However,
alendronate oral bioavailability is approximately 0.9% to
1.8% (Rodan e¢f al., 2002). In addition, the administration
of alendronate vz oral route results in mucosal damage,
including gastric ulcer, gastritis and erosive esophagitis.
To avoid these adverse effects of alendronate, patients
after oral administration need to sit up or walk for
more than 30 minutes. More than 70% of osteoporosis
patients are elderly people, most of them have difficul-
ties following the protocol associated with oral admin-
istration of alendronate, leading to poor compliance and
quality of life in these patients.
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Sonophortesis or phonophoresis has been widely used
to deliver therapeutic molecules through the skin. This
technique involves the use of ultrasound of high fre-
quency or low frequency to increase the soft tissue
or skin permeation of the drugs. This technique has
been widely used since 1950 as it is painless and easy
to handle and enables an easy transfer of low molecu-
lar weight drugs as well as macromolecules across the
skin. It enhances the skin permeation by thermal, me-
chanical, radiation pressure and convection effect and
by increasing the solution membrane interfacial transfer
rate (Morimoto ef al., 2005; Paliwal et al., 2006). Among
the various strategies available for the administration of
alendronate, the transdermal delivery may improve the
compliance and quality of life of patients because of its
advantages like ease of use for elderly and bedridden pa-
tients, and the avoidance of intestinal damage (Reszka ef
al., 2003). However, due to high polarity and hydrophi-
licity alendronate may not be readily absorbed through
the skin. The layers of lipids of the stratum corneum in
the skin limit the transdermal absorption of highly po-
lar and hydrophilic chemicals. Considering the potential
of sonophoresis as an efficient tool for enhancing the
permeation for drug molecules we attempted to enhance
the skin permeation of alendronate in the treatment of
osteoporosis. Although some transdermal patches that
overcome this issue have been already developed, alen-
dronate was precipitated in the conventional lipophilic
adhesives used in the preparation of these patches (Sato
et al., 1990). The aim of the present study was to de-
velop a novel transdermal drug delivery system utilizing
sonophoresis for the treatment of osteoporosis.

MATERIAL AND METHODS

Material. Alendronate (ALN) was supplied by Baoji
Guokang Bio-Technology Co., Ltd. (Baoji, Shaanxi, Chi-
na); chitosan with 80% deacetylation (CS), tripolyphos-
phate (TPP), Tween-80, hydroxypropyl methylcellulose
(HPMC), polyvinyl alcohols (PVA), dibutyl phtalate,
acetic acid, methanol were of analytical grade purchased
from Shanghai Chemical Co. (Shanghai, China).

Method of preparation. Alendronate-loaded chi-
tosan nanoparticles. Chitosan-alendronate nanopar-
ticles were prepared using the ionotropic external gela-
tion method (Wen ¢z al, 2009). Chitosan was dissolved
in acetic acid under stirring at room temperature to get
a clear solution. Tween-80 was added as a surfactant.
Alendronate dissolved in acetone was added dropwise to
the aqueous phase of the chitosan solution. Tripolyphos-
phate was added dropwise at different concentration
into an o/w emulsion under stitring as the cross-linking
agent. For complete evaporation of the organic solvent,
the formulation was kept overnight. The interaction be-
tween negative groups of tripolyphosphate and positively
charged amino groups of chitosan resulted in nanoparti-
cles formation. By using cooling centrifuge nanoparticles
were separated by centrifugation at 20000 rpm for 15
minutes at —80°C, and the supernatant was used for the
measurement of free alendronate by HPLC. The glass
bottles containing the samples were filled with chitosan-
alendronate nanoparticulate suspension by adding tre-
halose as a cryoprotectant and placed in cooling trap
assembly of the instrument for 10 h at —60°C. During
freezing the temperature varied from 15°C to —40°C to
get free-flowing powder of nanoparticles. The prepared
alendronate-loaded chitosan nanoparticles were charac-
terized and optimized nanoparticles were used for the

Table 1. Formulation batches of chitosan-alendronate nanopar-
ticles.

Ingredients F1 F2 F3 F4 F5
Alendronate (mg) 100 100 100 100 100
Acetone (ml) 10 77777777 1 O 10 10 10
Chitosan (mg) 50 77777777 1 00 200 300 400
Acetic acid (ml) 33 3 3 3
TPP (mg) 1020 30 40 50
Tween-80 (ml) 5075 100 125 150
Purified water (ml) 100 777777 1 00 100 100 100

preparation of alendronate-loaded nanoparticulate patch-
es. Formula composition is presented in Table 1.

Formulation of the patches by solvent casting
evaporation method. Transdermal patches of chitosan-
alendronate nanoparticles were prepared by the solvent
casting-evaporation technique in a glass petri dish (Al-
lemann e al., 1993). The polyvinyl alcohol was dissolved
in double distilled water by heating the solution to 40°C.
The baking membrane was cast by pouring polyvinyl al-
cohol solution into a glass petri dish followed by drying
in a hot-air oven at 55°C for 8 hours. The drug reset-
voir compartment was prepared by dissolving hydroxyl
propyl methyl cellulose in double-distilled water. To this
solution dibutyl phtalate as a plasticizer was added. Opti-
mized chitosan-alendronate nanoparticles were suspend-
ed in methanol and then added drop by drop into the
hydroxylpropyl methylcellulose-plasticizer dispersion un-
der slow stirring with a magnetic stirrer. This whole dis-
persion containing drug was cast onto the polyvinyl alco-
hol backing membrane and kept for drying for 6 hours
at 50°C. After completely drying, the patch was removed
from the petri dish, cut into small patches and kept in a
desiccator for further analysis. Formula composition of
the transdermal patches is presented in Table 2.

1) % encapsulation efficiency

The percentage of encapsulation efficiency of CS-
ALN-NP was determined by the indirect method (Rodan
et al., 2003). CS-ALN-NP were separated from the sus-
pension by ultracentrifugation for 30 min at 15000 rpm,
4°C. The amount of free alendronate or non-encapsu-
lated alendronate in the supernatant was analyzed by
HPLC (Waters, Germany). The supernatant solution (25
microliters) was injected into a chromatograph equipped
with a C18 column and UV detector. The flow rate of
the mobile phase (90% acetonitrile: 10% HPLC grade
water + 0.35% triethylamine + 0.15% ortho-phosphoric

Table 2. Formulation batches of the transdermal patches con-
taining CS-ALN-NP.

Ingredients TP1 TP2 TP3 TP4 TP5
Chitosan-alendronate

NP eg. to (mg) 100 100 100 100 100
Polyvinyl alcohol (mg) 200 300 400 450 500
HPMC low-viscosity (mg) 5 10 15 20 25
Dibutyl pthalate (ml) 0.2 0.3 0.4 05 0.6
Purified water (ml) 100 100 100 100 100

Characterization of the nanoparticles:



Vol. 67

Transdermal delivery of alendronate for the treatment of osteoporosis 175

acid) was 3 ml/min; the wavelength was set to 260 nm.
The percentage of encapsulation efficiency (E.E) of the
nanoparticles was calculated according to the following
equations.

% E.E = Total drug — Free drug /Total drug amount x 100

2) Particle size, PDI (Polydispersity index)

The size of CS-ALN-NP was determined using a la-
ser diffraction particle size analyzer at room temperature.
The CS-ALN-NP were dissolved in Millipore pure wa-
ter and then sonicated in an ultrasonicator for 30 min.
Then, the polydispersity index was determined by dy-
namic light scattering (DLS) using a ZetaNano ZS in-
sttument (Dolatabadi ¢z a/., 2014).

3) Zeta potential

Zeta potential of CS-ALN-NP was determined by dy-
namic light scattering (DLS) using a Zeta Nano ZS in-
strtument (Reid, 2014).

4) In vitro drug release

The release of alendronate from CS-ALN-NP was
determined by dialysis bag/membrane (Allemann e
al., 1993) (molecular cut-off of 5 kDa) method. 50 mg
equivalent CS-ALN-NP was dispersed in 5 ml of phos-
phate buffer of pH 6.8 in dialysis tube tied at both ends.
The tube was placed in a beaker containing 900 ml of
buffer solution. The system was maintained at 37°C and
stirred with a magnetic stirrer. 5 ml of the solution was
removed at predetermined time points and replenished
with fresh solution to maintain the sink condition. Alen-
dronate release at ecach time point was measured by the
HPLC method as described above.

5) SEM

The shape and surface characteristics of the CS-ALN-

NP were observed by scanning electron microscopy
(S.E.M.).

Development of transdermal patches containing CS-ALN-NP

Characterization of chitosan-alendronate transdermal
patches (Kaveh e al., 2010).

Physical appearance

All the prepared chitosan-alendronate patches were
visually inspected and examined for color, smoothness,
clarity, and flexibility.

Thickness

By using digital micrometer screw gauge the thickness
of chitosan-alendronate prepared patches were measured
at 3 different locations and the thickness was determined
by calculating the average of the 3 values.

Weight variation:

By using digital electronic balance the weight variation
test was performed: 10 patches from each batch were
weighed and the average weight and standard deviation
values were calculated.

Folding endurance

The total number of folds required to break a poly-
meric patch is called folding endurance. The strength
of the prepared chitosan-alendronate patches and ef-
ficiency of the plasticizer was determined by perform-
ing the folding endurance test. To perform this test a 2
cm X 2 cm strip of the patch was cut evenly and repeat-

edly folded at the same place until it broke. The total
number of times the patch could be folded at the same
place without breaking or cracking was the value of fold-
ing endurance.

Drug content uniformity of patches

Drug content uniformity of patches was assessed on
three chitosan-alendronate patches. Each patch was dis-
solved in 50 ml of methanol and the aliquots were sepa-
rated from non-dissolved residues by filtration. The drug
content was determined by measuring spectrophotomet-
rically at 260 nm.

Tensile strength

The tensile strength of the patch was determined for
characterization of its mechanical properties by using the
universal strength testing apparatus (Hounsfield, Slinfold,
Horsham, UK)

Percentage moisture absorption

The integrity of patches at high humidity conditions
was assessed by measuring the percent moisture absorp-
tion by the patches. The individual patches were weighed
and then were kept in desiccators containing a saturated
solution of potassium chloride at room temperature for
24 hours. Then, the patches were reweighed and the per-
cent moisture absorption was determined by using the
following formula:

Percent moistute absorption = Final weight — Initial weight/
Initial weight X100

Percentage moisture loss

Percent moisture loss was generally used to deter-
mine the stability of the prepared patches under ambi-
ent humidity conditions. Patches with very little mois-
ture content become brittle. Percent moisture loss was
determined by pre-weighting of patches, keeping them in
desiccators containing silica for three days and weight-
ing them again, and the percent moisture loss was deter-
mined using the following formula:

Percent moistute loss = Initial weight — Final weight/Final
weight X100

In vitro skin permeation study using ultrasonically-treated rat
skin (Mccarthy et al., 2002)

The rat abdominal skin was obtained as follows: the
rats were kept under pentobarbital anesthesia (40 mg/
kg), the hair on the skin was removed using an animal
hair clipper and full-thickness skin was excised. The ex-
cess fat adhering to the dermis side was removed using
cotton. All animal experiments were done as per insti-
tutional ethical committee guidelines and approval. The
rat abdominal skin was treated with low-frequency ultra-
sonic waves of 20 kHz (VCX 130; Sonics and Materials,
Newton, CT, USA). Such ultrasound-treated skin with a
diameter of 20 mm was mounted between the receptor
and donor chambers. The skin was mounted in such a
way that the stratum corneum faced the donor compart-
ment. The patch was applied to the stratum corneum
side of the skin. The receptor compartment of the cell
was filled with 3 ml of phosphate buffer solution pH
7.4. The constant temperature of 32°C was maintained
in the cells. 0.3 ml of the solution from the receptor
chamber was withdrawn periodically and replaced with
an equal volume of fresh phosphate buffer solution.
The alendronate concentration in each receptor chamber
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Table 3. Characterization of CS-ALN-NP Table 4. In vitro drug release profile of CS-ALN-NP.
Parameter F1 F2 F3 F4 F5 Time (hr) F1 F2 F3 F4 F5
E.E (%) 80.2 859 9217 9518 9954 0 0 0 0 0 0
Particle size (nm) 190 205 210 220 250 2 35.9 28.9 20.21 182 15.54
PDI 049 039 045 0.5 0.22 4 7042 56.2 359 29.21  25.09
Zeta Potential (mV) 18 -30 20 22 28 6 82.18 7845 5511 4587 37.11
8 88.9 84.11 7824 65.11 5934
sample was analyzed using the reverse-phase high-perfor- 10 972 9211 8411 783 7239
mance liquid chromatography (RP-HPLC) method.
12 100 9798 9218 89.2 82.7

Hypercalcemia experiment (Haddad; 1998)

To study the hypercalcemia effect and to establish a
hypercalcemia-like state 2.5 mg/kg/day of 1 «-(OH)
D, was administered intraperitoneally to male S.D. rats
during the experiment. Immediately after or 5 days af-
ter the first 1-o-(OH)D, administration, CS-ALN-NP
patches (TP3) were applied on dehaired abdomen skin
of the rats for 24 hours at a dose of 0.4 mg and 1.6
mg of alendronate/kg. Separately, 1.6 mg/kg alendronate
was administered orally to the rats. At predetermined
time points, under ether anesthesia blood was withdrawn
from the cervical vein of the rats. To prevent coagula-
tion anticoagulant heparin sulfate was used. The plasma
was separated from the other components of the blood
by centrifugation. Calcium concentrations in the plasma
were determined by Wako Calcium E test (Wako Pure
Chemical Industries, Osaka, Japan).

RESULTS AND DISCUSSION

Characterization of nanoparticles

Chitosan-alendronate nanoparticles were prepared us-
ing the ionotropic external gelation method.

In this study, chitosan and tripolyphosphate (TPP)
were used to prepare the alendronate-loaded nanoparti-
cles. The nanoparticles properties were reported in Ta-
ble 3.

1) Encapsulation efficiency

The encapsulation efficiency (E.E) od the formulated
nanoparticles significantly depended on the preparation
methods and was found to be high. The formulation
showing the minimal particle size of 250 nm showed a
good encapsulation efficiency of 99.54%. The strong af-
finity between chitosan and TPP may be the main reason
for the high encapsulation efficiency. Chitosan is a cati-
onic polymer which binds readily with TPP-like cross-
linking anionic polymers. Alendronate gets attached to
either of the polymers and thus is entrapped efficiently.
The encapsulation efficiency increased proportionally to
the amount of polymer taken for encapsulation.

2) Particle size, PDI (Polydispersity index)

The particle size of the formed chitosan-alendronate
nanoparticles was characterized using a laser diffraction
particle size analyzer. Chitosan-alendronate nanoparticles
of various size were formed. Among all the formula-
tions, formulation F5 showed the desired size of 250 nm
and PDI of 0.22 (Table 3). The particle size of nano-
particles was greatly influenced by the concentration of
chitosan as well as TPP. The higher the concentration of
chitosan, the bigger the size of the formed nanoparticles.

The close spatial distance between the molecules of chi-
tosan at higher concentrations attributed to the increased
nanoparticles size.

3) Zeta potential

Zeta potential of chitosan-alendronate nanoparticles
was determined by dynamic light scattering (DLS) and it
was found to be 28 which indicated a moderate degree
of stability due to inner particle repulsion. This result
indicated that the transport and adhesion properties of
the chitosan-alendronate nanoparticles can be facilitated
by electrostatic attraction between the negatively charged
nanoparticles and the positively charged cell membranes.

4) In vitro drug release

The solvent compatibility, nature of the polymer and
the degree of cross-linking determine the release of drug
from a polymer network. However, the drug release be-
havior in the case of ionic networks depends upon ionic
interactions or ion exchange, and mass transfer (Mcca-
rthy ef al., 2002). The chitosan-alendronate nanopatticles
formulations were characterized by the drug release pro-
files F5 formulation showed neatly 82.7% release over
the period of 12 hours (Table 4). This indicated a sus-
tained release of the drug. Encapsulated chitosan-alen-
dronate colloidal formulation reduces the adverse effects
in comparison to the alendronate administered orally.

5) SEM

The morphology of CS-ALN-NP (F5 formulation)
was determined by optical microscopy and SEM and the
results were shown in Fig. 1. As the image shows, the
particles were spherical with a smooth surface and no
aggregation was detected.

Figure 1. Scanning electron microscopy image of CS-ALN-NP.
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Table 5. Physical characterization of the transdermal patches

Drug content

Batch Appearance '(I'r}T‘;ir%I;ness g; variation Zzlgi:geen- gz;formity '(I'kegn/iilﬁz';'trength ;/(E)m?ri)sttiz;e ;’é)sf;/loisture
TP1 T 0.12+0.03 0.13£2 138 95.20+1.0 0.26+0.04 1.7£0.15 3.5+1
TP2 S 0.12+0.01 0.12+2 150 96.37£1.5 0.28 0.03 1.6+0.20 2.5+2
TP3 ST 0.12+0.02 0.15+0.5 165 99.66+0.9 0.32+ 0.02 2.5+0.21 1+1
TP4 R 0.15+0.03 0.17+2 200 92.30£1.1 0.38+0.03 2.5+0.2 0.5+1
TP5 HR 0.18+0.02 0.18+1 220 93.36+1.0 0.50+0.01 1.7+0.2 0.2+1.5
T, Transparent; S, Smooth, ST, Smooth transparent; R, Rough; HR, Hard and rough
Table 6. Comparison of alendronate permeation through the rat skin.
Time (hr) TP1 TP2 TP3 TP4 TP5
0 0 0 0 0 0
2 124 10.14 9.11 7.12 6.59
4 335 30.12 25.18 229 18.24
6 459 43.11 40.21 35.14 30.12
8 55.45 53.11 46.34 41.25 35.56
10 67.18 65.22 60.18 55.18 46.1
12 78.7 72.11 69.44 62.8 55.4

Characterization of the transdermal patches containing
CS-ALN-NP

The transdermal patches containing CS-ALN-NP from
optimized formulation F5 were prepared by the solvent
casting technique and were characterized for thickness,
weight variation, folding endurance, drug content uni-
formity, tensile strength, percent moisture absorption,
percent moisture loss, 7 vitro drug release and in hypoc-
alcaemia experiment.

Physical appearance

All the films were evaluated for their physical parame-
ters (weight, thickness, folding endurance, diameter, area,
flatness, and surface pH), and they were found to be
flexible, uniform, smooth, and transparent (Table 5). All
the formulations were uniform in their weight, thickness,
folding endurance, and diameter, with low S.D. values.
The thickness of the patches varied from 0.12£0.01 mm
to 0.18%£0.02 mm. In the film thickness measurements,
low standard deviation values proved the uniformity
of the patches. The weight of the prepared transder-
mal patches ranged between 0.12%2 ¢ and 0.18%1 ¢
Folding endurance values varied between 138 and 220.
The drug content uniformity ranged from 92.30+1.1 to
99.66£0.9. The tensile strength ranged from 0.26+0.04
to 0.50£0.01. The percentage moisture absorption
ranged from 1.610.20 to 2.5£0.21. The percentage mois-
ture loss ranged from 0.2£1.5 to 3.5%1.

In vitro skin permeation study

Patches containing CS-ALN-NP were subjected to
vitro rat abdominal skin permeation study. The patch (all
formulations TP1 to TP5) was applied to the stratum
corneum side of the separated skin. The receptor com-
partment of the cell was filled with 3 ml of phosphate
buffer solution pH 7.4. The transdermal permeation of
alendronate over 12 hours was found to be between

In Vitro skin permeation study of Alendronate through Patches

% drug permeated

Time (Hours)

Figure 2. In vitro skin permeation study of alendronate from the
patches

55.4% and 72.11%. The comparison of the permeation
values was shown in Table 6 and presented in Fig. 2.
The TP3 formulation had the drug content of 99.96%
which was the highest among all of the formulations and
showed relatively controlled skin permeation of 69.44%
over the period of 12 hours and was considered the op-
timized formulation. TP3 formulation was further used
for the animal study in order to determine the calcium
level and plasma concentration of alendronate.

Comparative plasma concentration of Alendronate

180
160
140
120
100
80
60
40
20

~—&—Transdermal patch with NP

—f—Transdermal patch with pure
drug

Plasma concentration (ng/ml)

35

Time (Hours)

Figure 3. concentration of alen-

dronate.

Comparison of the plasma
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Table 7. Pharmacokinetic parameters of alendronate.

Transdermal patch ~ Transdermal patch

Parameters with pure drug with NP
Dose (mg/kg) 30 10
AUC (ng. h/mL) 905 98
BA (%) 1.2 74

Table 8. Comparative plasma concentration

Plasma calcium concentration (mg/dl)

Days Transdermal patch with  Transdermal patch with
pure drug CS-ALN-NP

0 16 16

1 16 15

2 16 12

3 15 1

4 14.5 9

5 13 8

6 13 8

7 12 4

Plasma concentration of alendronate

Figure 3 shows the comparison of plasma concentra-
tion of alendronate when administered as pure drug and
as nanoparticles. It could be observed that alendronate
rapidly disappeared from the blood circulation after it
was used as a pure drug in the transdermal patches. The
bioavailability was also found very low (1.2% at a dose
of 30 mg/kg). In contrast, the plasma concentraton
of alendronate increased gradually during the first five
houts at a dose of 10 mg/gg when CS-AL-NP was used
in the patches. The plasma concentration was maintained
at a constant level over a period of 25 hours. Also, the
bioavailability of this formulation was found to be 7.4%
at a dose of 10 mg/kg. In other words, neatly six-time
enhancement of bioavailability was observed when alen-
dronate was used in the transdermal patches in the na-
noparticulate form. Pharmacokinetic parameters were
shown in Table 7.

Hypercalcemia experiment

Figure 4 shows the plasma calcium concentration pro-
file in hypercalcemia model rats treated with two differ-
ent transdermal patch formulations. It could be observed

Comparative calcium levels

—4—Transdermal Patch with pure
drug plasma calcium conc
(mg/di)

—f—Transdermal patch with NP
plasma Calcium conc (mg/dl)

Days

Calcium conc. (mg/dl)

Figure 4. Plasma calcium concentration profile in hypercalcemia
model rats treated with two different transdermal patch formu-
lations

that the increase in plasma calcium level was almost
completely suppressed in rats treated with transdermal
patches containing CS-ALN-NP while patches containing
putre alendronate did not show a significant decrease in
the plasma calcium level. Over the period of seven days,
the plasma calcium concentration was decreased from 16
mg/dl to 4 mg/dl (4 times) in rat groups treated with
transdermal patches with CS-ALN-NP while the calcium
level was as high as 12 mg/dl in case of transdermal
patches containing pure alendronate (refer Table §).

Alendronate is the first choice drug for the treatment
of hypercalcemia in malignancy and osteoporosis (Sato
et al., 1990). Our study proved that CS-ALN-NP deliv-
ered transdermally had a higher effect on plasma calcium
level than pure alendronate and also the bioavailability
was found higher as compared to the pure alendronate.
These results (enhanced skin permeation, enhanced bio-
availability and decrease of calcium level) strongly sug-
gest that transdermal patches with CS-AL-NP inhibit the
function of osteoclasts which mediates the bone resorp-
tion and leads to preventive and therapeutic effects in
the treatment of osteoporosis and hypercalcemia (Sato ez
al., 1990).

CONCLUSION:

We successfully developed ab ultrasound-assisted
transdermal patch delivery system containing CS-ALN-
NP for the treatment of osteoporosis. In our study, the
skin permeation of alendronate after ultrasound treat-
ment through patch system was found sufficient for the
treatment of osteoporosis in the rat model. Also, the bi-
oavailability of the optimized formulation was six times
higher as compared to the patch containing pure alen-
dronate. The plasma calcium concentration suppression
potential was found significant which would help in the
prevention of osteoporosis. Our findings (enhanced skin
permeation, enhanced bioavailability and suppression of
plasma calcium level) regarding the transdermal delivery
system suggest it as a promising approach for the treat-
ment of osteoporosis.
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