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ABSTRACT

The purpose of the present study was to develop transdermal
delivery systems of Glucosamine Sulphate using thermoreversible
polymer Pluronic F-127 (PF-127) and mucoadhesive polymer
sodium carboxymethylcellulose (Na CMC) in order to optimize its
release profile, and the overall clinical performance. Glucosamine
(G) is known to be formulated in an oral dosage form, but it suffers
from hepatic metabolism which greatly affects its bioavailability,
in addition to its side effects on the gastrointestinal tract (GIT). Gel
formulae were subjected to rheological studies, in-vitro release,
and effect of 10% dimetylsulphoxide (DMSO) on rat skin
permeation. Higuchi diffusion model was the best fitted model for
the release results. PF127 and Na CMC gels showed high
permeation results, and 25% PF-127 gel showed no skin irritation
or histological change of skin layers. The results obtained suggest
the feasibility of designing a successful transdermal delivery
system providing constant (G) input and overcoming the
disadvantages of oral administration.
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INTRODUCTION

Osteoarthritis (OA), previously called degenerative
joint disease, is the most common form of arthritis
and is often associated with disability, functional
impairment, and impaired quality of life [1-3]. A
new perspective in OA management is to delay
disease progression by modifying joint structure.
Much attention has been focused on biological
compounds, particularly glucosamine. Some
evidence suggests it has both analgesic and
disease-modifying  effects without affecting
cyclooxygenase, and so stabilize cell membrane
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and increase the intracellular ground substance [4,
5].

Glucosamine (G), an amino monosaccharide, is a
natural component of glycoprotein found in
connective tissue and gastrointestinal mucosal
membranes [6, 7]. Each person naturally produces
a certain amount of glucosamine within his or her
body, but the amount might not be sufficient for
healthy joint maintenance, especially as age
increases [8].

The compound GS can be derived from chitin.
Chitin is the second most abundant polymer on
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earth and is available from, for example, crab,
lobster, shrimp or oyster shells. It can also be
produced by synthetic means [9].

Directly or indirectly, glucosamine plays a role in
the formation of articular surfaces, tendons,
ligaments, synovial fluids, skin, bone, nails, heart
valves, blood vessels and mucous secretion within
the digestive, respiratory and urinary systems [10].

G has been evaluated as a therapeutic agent
for OA in Germany since 1969 [9]. It has been used
to treat OA for more than 20 years.

Approximately 70% of the oral GS is absorbed
through the intestine and excreted through the
renal system. The majority of clinical trials on oral
glucosamine have used a standard dosage of
glucosamine, 500mg taken three times daily, with
or without rescue pain medication as required by
the patient [11].

The benefit of GS in patients with
osteoarthritis is likely the result of a number of
effects including its anti-inflammatory activity [12,
13], the stimulation of the synthesis of
proteoglycans [14], and the decrease in catabolic
activity of chondrocytes inhibiting the synthesis of
proteolytic enzymes and other substances that
contribute to damage cartilage matrix and cause
death of articular chondrocytes [15-18]. Recently,
glucosamine has been shown to inhibit the
expression of inducible nitric oxide synthase
(iNOS), thereby suppressing the excess production
of NO [19].

Long term use of (G) may reduce radiographic
progression of OA of the knee, suggesting that it
may be a chondroprotective, disease modifying
agent in OA of the knee [20].

Although  rapidly absorbed from the
gastrointestinal tract, pharmacokinetic data show
that when administered orally, G could be

ISSN: 0974 — 9446

subjected to uptake and degradation by the liver
and uptake into non-joint tissues so that the dose
reaching the articular cartilage is a fraction of a
percentage of the oral dose [21, 22].

In the present study, a transdermal gels for GS
were prepared using 10% dimethyl sulphoxide
(DMSO), as a penetration enhancer, incorporated in
PF-127 gel and Na CMC gel. in addition to In-vitro
permeation across rat skin, evaluation of skin
irritation and histological toxicity were studied.
MATERIALS AND METHODS
MATERIALS
GS was purchased from MP Biomedicals, Inc.
(France). Ninhydrine was purchased from RFCL,
Limited, (India). Na CMC, Potassium dihydrogen
ortho phosphate, disodium hydrogen phosphate,
Sodium hydroxide, orthophosphoric acid were
purchased from El-Nasr Pharmaceutical Chemicals
Co.( Adwic, Egypt). P F-127 was purchased from
Sigma-Aldrich, (Germany). Methyl parben kindly
supplied from GlaxoSmithKline (GSK), (Egypt).
DMSO was purchased from Sd fine-chem. Limited,
Mumbai, (India). Male albino adult rats. (The post
conduction approval for this experimental study
was attached, approval from Research Ethical
Committee, Faculty of Pharmacy, Cairo University,
EGYPT).

Gel preparation

Na CMC at different concentrations was
sprinkled into a calculated amount of distilled
water stirred using magnetic stirrer. GS 5% was
dissolved in distilled water and added to the
previous mixture. The poloxamer gel was prepared
using the cold preparation method [23]. DMSO
was added to each formula. Different gel
formulations are illustrated in table (1).

Table (1): Quantitative Composition of Glucosamine Sulphate gels (%wt/wt).

Ingredients Gel Formulae
(g %) F1 F2 F3 F4 F5 F6
NaCMC 5 5.5 6 - - -
PF-127 - - - 15 20 25
DMSO 10 10 10 10 10 10
dist. H,0 to 100 100 100 100 100 100
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Rheological Measurements and Data Analysis:

A sample of the freshly prepared gel was
placed in the cup of Brookfield Viscometer; using
spindle 52 and temperature of 25°C.
Measurements were made over the whole range of
speed setting ranging from 0.1 to 250 rpm with 30
seconds between each two  successive
measurements.

In-vitro Release of Glucosamine Sulphate from
different Gel Formulations:

This study was carried out using the
paddle method. Three grams of the gel containing
5% GS were spreaded over the surface of watch
glass of 8 cm diameter and covered with equally
sized wire screen mesh. The gel loaded watch
glass and the covering screen were held together
by equally spaced 3 inert plastic binder clips and
placed at the bottom of dissolution vessel [24,25].

The in-vitro release was carried out using Sotax
apparatus, release medium was 400 ml of
phosphate buffer at pH 5.5, adjusted at
temperature of 32 + 0.5 °C, paddle speed was 100
rom.

At predetermined time intervals, aliquots of
the release medium were withdrawn, filtered
through a Millipore filter of 0.45 um and analyzed
for GS content. Equal volumes of the buffer
solution were added to the release medium to
maintain the total dissolution medium constant.
Kinetic Analysis of the Drug Release:

Kinetic analysis of GS release data from the
prepared gel formulae was determined by finding
the best fit of the release data to distinct models
(Zero order, First order and Simplified Higuchi
Diffusion Model).

Release efficiency (RE), which describes the
whole release profile (rate and extent of release),
was calculated for each gel formula, values of RE
were calculated for the maximum release time (RE
210 based on 210 minutes).

The obtained RE data of different gel formulae
were analyzed using one-way analysis of variance
(ANOVA), in order to detect the difference in
release profile of the studied formulae, at p < 0.05
using SPSS’ software.
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In-vitro permeation studies of GS through full
thickness rat skin

A vertical diffusion cell with double open sided
tube was used [26]. The donor vehicle was 3 gm
medicated gel placed on the dorsal side of the
excised skin of newly born albino rats. The
available skin diffusion area was 6.16 cm’ The
receptor medium was 100 ml of phosphate buffer
pH 7.4 [27-30] agitated by magnetic stirrer at 300
rom (by the aid of 2 cm Teflon coated magnetic
bar). Experiments were carried out at 37°C using
water bath. Samples were withdrawn at
predetermined time intervals up to 24 h and
compensated immediately with fresh receptor
medium. Samples were assayed
spectrophotometrically at 570 nm, depending on
Yungi Wu, et al (2005) [31] method, using a
Shimadzu UV Spectrophotometer (UV-1601). The
data were analyzed statistically by the one-way
ANOVA. This statistical analysis was carried out
using SPSS software.

In-vitro Skin Permeation Study After Addition of
Permeation Enhancer:

The permeation enhancer DMSO was added
to the selected gel formulae to produce a
concentration of 10% of the total gel weight. These
formulae were subjected to skin permeation study
as mentioned before.

Skin Irritation and Histological evaluation of the
skin Test

The skin irritation test was carried out on male
albino adult rats weighing 250 £10 g. The animals
were kept under standard laboratory conditions,
with temperature of 25 = 1 °C and relative
humidity of 45-60 %, with free access to water and
food. The back of the animals was clipped free of
fur with an electric clipper 24 hours before
application of the sample. For the experiment, GS
gel was applied to one shaved site; another site
was used as control.

Both the treated and controlled sites were
covered by gauze and the back of the rabbit was
wrapped with a non-occlusive bandage. The
application of the gel was daily, and the animals
were observed for the reactions, defined as
erythema and edema, and evaluated to the scoring
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system for skin reactions (Table 2). “Total score”
was calculated by summing up each participant’s
higher score between the 5 assessments (3, 7, 14,
21 and 30 days). A skin irritation index was
calculated using the formula “skin irritation index =
(total score) / (number of participants) x 100”
based on the scores yielded by the assessment. A
skin irritation index was classified according to the
criteria for irritation caused by medicines for
external application (table 2). In Shin Iri et al this
Table 2: Japanese criteria for patch test

ISSN: 0974 — 9446

classification, a safe, acceptable, and mildly
irritating product was defined as a skin irritation
index of 5.0 or lower, 15.0 or lower, and above
15.0, respectively [32,33].

Four animals were sacrificed at after 3rd, 7th,
14" 21° and 30" day and the excised skin was
withdrawn. Tissues were fixed in 10% neutral
buffered formalin. Histological evaluation was
performed by microscopical examination after
staining with haematoxylin and eosin [34].

Condition Assessment Score
No reaction - 0
Mild erythema t 0.5
Erythema 1
Erythema and edema ++ 2
Erythema and edema +++ 3
with papular rash or
vesicles
Bulla ++++ 4

RESULTS AND DISCUSSION

Rheological Measurements and Data Analysis:
Visual inspection revealed clear translucent

gels. The exhibited non-Newtonian thixotropic,
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shear thinning, pseudo-plastic flow behavior,
where there is a decrease in viscosity by increasing
the shear rate (figures 1, 2).
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Figure (1): Rheogram of formula a) F1, b) F2 and c) F3.
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Figure (2): Rheogram of formula a) F4, b) F5, c) F6..

In-vitro Release of Glucosamine Sulphate from
different Gel Formulations:

From the obtained data, it was observed that
there was an inverse proportional relationship
between the polymer concentration and the
percentage of GS released (figures 3 and 4). This
may be attributed to the increase in the viscosity of
the formulations upon increased entangled nature
of the polymeric network which is associated with
the increase in polymer concentration. This is in
accordance with Jones et al [35, 36].

The difference in the release of GS from the
studied polymers may be due to chemical factors
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such as molecular weight, nature of the polymer
and affinity of the vehicle to bind to the drug [37].

It is generally recognized that if the active
substance is held firmly by the vehicle, the release
of the active substance is slow. As the release of
the active substance generally occurred through
the spaces or channels within the hydrogen
network [38], it was likely that at higher polymer
concentrations or increasing the polymer
molecular weight, GS was more trapped in the
polymer network [39]. In addition, the increase in
polymer concentration could increase the density
of chain structure, thereby limiting the movement
area of GS [40].
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Figure (3): Release Profile of GS from NaMC bases in Phosphate Buffer (pH 5.5), where F1 represents 5% Na CMC,

F2 represents 5.5% Na CMC and F3 represents 6% Na CMC.
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Figure (4): Release Profile of GS from PF-127 bases in Phosphate Buffer (pH 5.5), where F4 represents 15% PF-127,

F5 represents 20% PF-127 and F6 represents 25% PF-127.

In-vitro permeation studies of GS through full
thickness rat skin

The cumulative amount (Q) of GS penetrated
into the receptor compartment per unit area
(ng/cm?) was plotted as a function of time (hours).
The permeation profiles are represented in figures
(5 and 6).

An inverse proportional relationship was
observed between the polymer concentration and
Q values of GS permeated from Na CMC gels; that
was expected from the results obtained from in-
vitro release data. The permeation data of PF-127
gels were unexpected; it was noticed that there
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was an increase in Q values of GS as the polymer
concentration increased (i.e direct proportional
relationship).

These results may be explained depending on
the non-ionic surfactant nature of PF-127 (Attwood
and Florence, 1983) which increases both the
solubility of drug, and their ability to bind to the
stratum corneum proteins and disruption of the
intercellular lipid matrix [41, 42], selective loss of
intercellular lipids, and an increase in the hydration
levels of the tissues as a result of more exposure of
water binding sites [43].
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Figure (5): Permeation profile of GS from F1, F2 and F3, where F1 represents 5% Na CMC, F2 represents 5.5%

Na CMC and F3 represents 6% Na CMC.
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Figure (6): Permeation profile of GS from F4, F 5 and F 6, where F4 represents 15% PF-127, F5 represents 20%

PF-127 and F6 represents 25% PF-127.

In-vitro Skin Permeation Study After Addition of
Permeation Enhancer:

Several enhancement techniques have been
developed to overcome the impervious nature of
the stratum corneum. A popular technique is the
use of the permeation enhancers, which alter
reversibly the permeability barrier of the stratum
corneum. DMSO has been extensively used as
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permeation enhancer in the permeation of
hydrophilic and lipophilic drugs [44-47].

The transport of GS through skin was
increased significantly in presence of 10% DMSO
this was found to be in agreement with Abdul
Faruk et al [48] (Abdul Faruk et al, 2009). The
permeation profiles are represented in figures (7,
8).
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Figure (7): Permeation profile of GS from F1, F2 and F3 containing 10% DMSO, where F1 represents 5% Na CMC, F2

represents 5.5% Na CMC and F3 represents 6% Na CMC.
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Figure (8): Permeation profile of GS from F4, F 5 and F 6 containing 10% DMSO, where F4 represents 15% PF-127, F5

represents 20% PF-127 and F6 represents 25% PF-127.
The percentage of permeation efficiency data
was statistically analyzed using independent
sample t-test at p < 0.05. It was found that PE,4 of
GS increased significantly after addition of 10%
DMSO to gel formulae. The permeation efficiency
(PEys), which describes the whole permeation
Table (3): Permeation efficiency of GS from gel bases.

profile (rate and extent of permeation), was
calculated (table 3) and represented in figure (9).
Depending on PE;; F6, was found to has the
highest value and was chosen for skin irritation and
histological evaluation of the skin test.

Formulae In Absence of DMSO In Presence of DMSO
F1 19.083 + 0.020 22.238 + 0.005
F2 14.082 + 0.052 19.603 + 0.064
F3 9.111 + 0.052 13.435+ 0.099
F4 16.960 = 0.033 18.362 + 0.120
F5 18.456 £+ 0.012 21.000 + 0.027
F6 21.480 + 0.015 22.704 + 0.005
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Figure (9): In-vitro permeation efficiency of gel formulae after addition of 10 % DMSO.

Skin Irritation and Histological evaluation of the
skin Test

Assessment of irritation of pharmaceutical
and cosmetic products with natural compounds is a
significant step in the evaluation of their
biocompatibility. Researchers and regulatory
agencies recognize the important role of in vitro
and animal tests play in the biological evaluation of
transdermal products [49].

AT
Y

F6 was found to produce almost no skin
reactions, neither erythema nor edema, in the
tested rats.

Histological examination of the excised skin
under binocular light microscope showed no
apparent change in the skin layers that treated
with F6 when compared to control one during the
whole tested period (figure 10).

Figure (10): Light microscopic photographs of rat skin; (a) control, (b) following 3 days of daily application of
GS gel, (c) following 7 days of daily application of GS gel, (d) following 14 days of daily application of GS gel, (e)
following 21 days of daily application of GS gel and (f) following 30 days of daily application of GS gel.

Conclusion

In conclusion, Na CMC and PF-127 were
suitable bases for preparation of GS gels. On the
basis of the highest drug permeation, formulation
F6 was selected, which contained PF-127 (25%
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w/w) in cmbination with (10% w/w) DMSO, for skin
irritation and histological evaluation of the skin
test. In-vitro skin irritation and histological
evaluation of the skin test revealed no meaningful
skin irritation or histological toxicity
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manifestations. Based on the previous results it is
possible to conclude that GS could be formulated
safely in a stable TDS using 25% PF-127. Further
studies will be warranted to assess the safety of F6
in the real clinical setting and permeation studies
across human skin.
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