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ABSTRACT: Drug release properties from dosage forms can be modified by
using many rate controlling polymers. Such controlled release properties from
carrier systems are desirable since efficient drug delivery is achieved. The aim of
the present study was to develop efficient chitosan nanoparticles loaded with
rosmarinic acid (RA) and evaluate its drug release properties and wound healing
efficiency in rats. Antimicrobial activity and wound healing effect of RA is well
established and reported by many workers. Chitosan is also well known for
possessing rate controlling properties. For proper application over wounds, the
nanoparticles were incorporated into carbopol 940 hydrogel. A fourteen-hour invitro release study was carried out to evaluate the drug release efficiency and
drug release kinetics of the nanoparticles. Other parameters evaluated were
particle size, polydispersity index (PDI), zeta potential, morphology. Carbopol
940 hydrogel was evaluated for optimum viscosity (18.43 ± 1.7), swelling (250
± 7.9) and spreadability (31 ± 1.5). The in-vivo study was carried out in three
groups of animals, those treated with gel containing RA loaded chitosan
nanoparticles (RA-NP gel), gel containing only drug (RA gel), and untreated
control group. Excision wound model in Wistar rats was used for the
investigation of effective healing of wounds. The wound healing efficiency was
evaluated by measuring the percentage of wound closure throughout 21 days.
Best results were observed in the case of gel containing RA loaded chitosan
nanoparticle in comparison with other animal groups.

INTRODUCTION: For proper treatment of a
disease or pathological condition it is important to
maintain a constant therapeutic drug concentration
at the site of action. Controlled or sustained nano
drug delivery systems have made it possible to
maintain a constant drug concentration at the
desired site.
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Nanodevices in past decades have been largely
investigated for the delivery of a large number of
drugs 1, 2, 3, proteins, peptides 4, 5 and genes 6, etc.
These carriers have been used for the improvement
of various physicochemical and pharmacokinetic
properties of the drugs like solubility, dissolution,
absorption, bioavailability, etc. 7
The drugs with very low absorption have been
improved to absorption by many folds using
nanosystems. This has ultimately helped in
increasing the bioavailability of the drugs and
hence reduction in dose and thereby a low risk of
toxicities 8. So far, nanoparticles have been
investigated for improving drug absorption to a
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large number of organs such as lungs 9, 10, kidney
11
, liver 12, 13, brain 14, eyes, skin, etc. which has
proven efficient and beneficial. Local unloading of
drugs at the site of action has been achieved by the
use of novel nanocarriers. Topical delivery of drugs
to skin using nanosystems has been found
advantageous in maintaining a constant and
uniform therapeutic drug level over the skin for
many skin conditions like inflammation, bacterial
or fungal infections, wounds 15, 16, etc.
Topical route of drug delivery is a more convenient
way of approaching skin pathology like wounds
than any other route, and it offers fewer side
effects. The main target of the drugs used for the
treatment of wounds is the bacterial load that
hinders the healing process. Local delivery of drugs
is always advantageous and desirable. Addressing
wounds topically/locally with antibiotics may
decrease the dose by many folds and lessen the
toxic effects and decrease the chances of resistance
to the antibiotics.
RA is a novel drug that possesses a series of
actions. Among the various actions of RA
antioxidant 17, 18 anti-inflammatory 19 and
antimicrobial actions 20 are most prominent and
extensively studied. RA has been previously
investigated for antimicrobial action, and studies
over the wound healing effects of RA have already
been reported 21 RA has been used with other
antimicrobials (Cefuroxime) to increase the
effectiveness for healing the wounds 22.
Chitosan nanoparticles (CHNPs) have been largely
investigated for targeted and controlled delivery of
drugs to specific sites 23, 24, 25, 26. Chitosan is the
most extensively studied polymer for the
preparation of nanoparticles owing to its versatile
biocompatibility, biodegradability, nontoxicity, and
inexpensiveness. Its hydrophilic nature and
solubility profile impart nanoparticles immense
capability of controlling the drug release. Carbopol
940 was used as a hydrogel system that possesses
some extraordinary properties making the gel
outstanding for application over skin for a
condition like wounds. Among some other
outstanding properties of the hydrogels is their selfhealing ability wherein new bonds in them
spontaneously form upon the breakage of the older
bonds 27. Because of unique properties of hydrogels
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to retain high amounts of water they create a moist
environment over the wound that reduces the
worsening of the necrotic tissue 28. Modern
research suggests that wounds heal faster in a moist
environment, and the hydrogel is a perfect option
29, 30, 31
. In the presence of moisture compared to
the dry wound the tissues are prevented from
dehydration and hence cell death is prevented.
Further, angiogenesis is hastened, fibrin and dead
tissue breakdown increases and potentiate the
growth of new cells by increasing the interaction of
growth factors with the receptors of target cells 32.
Topical application of hydrogel gives a soothing
effect by providing a soothing barrier that acts as
an insulator for the wound against external hot and
cold environments that is very effective in
treatment for conditions like wounds 33.
In this perspective chitosan nanoparticles loaded
with the therapeutic agent, RA was developed in
the form of a gel using carbopol 940 and evaluated
for wound healing efficiency in rats.
MATERIALS AND METHODS:
Materials: Chitosan was purchased from Sigma
Aldrich; Carbopol 940, Triethanolamine and
Tripolyphosphate (TPP) from Himedia. Rosmarinic
acid was purchased from Sigma Aldrich. Other
chemicals used were of analytical grade.
Methods:
Preparation
of
Nanoparticles:
Chitosan
nanoparticles were prepared by ionic gelation
method 34, 35, 36. 0.2% chitosan solution was
prepared by adding 200 mg of chitosan to 100 ml
of 2% acetic acid in small amounts since chitosan
shows better solubility in acidic medium. Using a
digital homogenizer, the solution was constantly
stirred at 6000 rpm to obtain a homogenous
solution. For cross-linking of chitosan in
nanoparticles, an ionic cross-linking agent,
tripolyphosphate (TPP) was used. 10 mg of RA
was dissolved in 10 ml of 0.1% TPP solution
prepared in distilled water which was then added
dropwise to 10 ml of prepared 0.2% chitosan
solution while homogenizing it at a constant speed
of 6000 rpm for 10 min. Finally, the CHNPs so
formed were separated from the solution by
centrifugation (R-24C Remi Instruments) at 15000
rpm for 30 min and freeze-dried to get nanoparticles in powder form.
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Evaluation of Nanoparticles:
Particle Size, PDI and Zeta Potential: The
particle size, particle size distribution and zeta
potential of the prepared nanoparticles were
determined by zeta size analyzer (Shimadzu,
Japan) equipped with the Wing software (version
1201). The mean particle size, PDI and zeta
potential of the diluted homogeneous suspensions
were recorded, subsequently. Each result was
recorded in triplicate. The results were then
confirmed by transmission electron microscopy
(TEM 906, Leo, Germany).
Entrapment Efficiency: The amount of RA
entrapped in the nanoparticles was determined by
UV spectrophotometry (Shimadzu UV-160
spectrophotometer, Kyoto, Japan). Each sample
preparation, containing 10 mg of the drug, was
centrifuged at 15000 rpm for 30 min and the
supernatants analyzed for absorbances at λmax 324
nm using UV spectrophotometer. Values of
absorbances obtained were quantified in mg of the
drugs present in the supernatant. Hence % age drug
entrapment was calculated in comparison with the
initial amount of the drug in the nanoparticles.
EE% =

Total drug – Free drug
The total drug in nanoparticles

Preparation of Nanoparticle Loaded Hydrogel:
1.2 mg of Carbopol 940 was dispersed in 50ml of
distilled water. The solution was gently and
constantly stirred till a homogenous gel was
obtained. Dried drug-loaded nanoparticles of RA
were dispersed separately in a sufficient amount of
distilled water which was added to the above
dispersion to form a 1.2% gel. The gel was gently
homogenized for the uniform distribution of the
nanoparticles in the gel. To this 2 ml of 50%,
triethanolamine was added and mixed till a viscous,
and clear gel was formed 37.
In-vitro Evaluation of Nanoparticle Loaded Gel:
Measurement of pH: The pH of the carbopol gel
was determined by a digital pH meter (Model MK–
VI, Kolkata, India).
One gram of gel was dissolved in 25 ml of distilled
water, and the electrode was then dipped into gel
formulation for 30 min until constant reading
obtained. The measurements of the pH of each
formulation were replicated three times.
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The degree of Swelling: The degree of swelling of
the developed gel was calculated by the following
equation. The test was carried out in PBS buffer pH
5.5 at 37 °C 38.
Degree of swelling (%) =

MF – MI
MI

× 100

Where MF (final weight) is the weight of the
swollen gel sample, MI is the initial mass of the
sample immersed in a buffer medium.
Spreadability: Spreadability was determined by a
wooden block and glass slide apparatus. 0.1 gm of
the gel was applied to the glass slide, and about 20
g of weight was applied to the pan and the time for
the upper slide to separate completely from the
fixed slide was noted 39. By applying the following
formula spreadability in g.cm/sec was calculated.
S = M.L / T

Where,
S is the spreadability of the gel
M is the weight tied to the upper slide
L is the length of the glass slide
T is the time (in a sec) taken by the upper slide to
completely separate from the lower one.
Rheological Measurements: The rheological
measurements were performed on the Brookfield
Rheometer RVDV Pro II. All measurements were
carried out at room temperature 25 ± 10 °C. The
rheological properties of the formulated gels were
studied at three different shear rates (rpm) and the
viscosity was measured in Pa.sec. 30 g gel was
placed in a beaker of volume 50 mL. The speed of
the spindle was increased to 400 s-1 and then
decreased up to 0. From the data of shear rate,
shear stress and viscosity different graphs were
plotted. Ostwald-de Waele power-law model was
used for the determination of consistency index (K)
and flow index (n) according to the equation
τ = KDη

Where τ, is the shear stress and D is the shear rate.
The slope of the graph obtained between log τ
versus log D gave the flow index (n), and the
antilog of the y-intercept represented the
consistency index (K). An n value less than 1 (n<1)
means that the gel is pseudoplastic while n˃1
means the gel follows shear thickening behavior 40.
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TEM
Studies:
Optimized
drug-loaded
nanoparticles were visualized under TEM for
determining the shape and morphology of prepared
nanoparticles. 1% solution of Phospho tungstenic
acid (PTA) was prepared and coated to the Copper
disc, followed by coating with the formulation.
This disc was put into the disc holder, and images
of nanoparticles scanned.
In-vitro Drug Release: In-vitro drug release
studies were performed for the prepared individual
nanoparticles and the gel in vessels each containing
30 ml PBS buffer 5.5. The vessels were incubated
in shaking incubator at 37 °C with constant orbital
shaking at (100 rpm). Samples of 2 ml in triplicate
at specific intervals of time were taken and
replaced by the same volume of fresh PBS medium
(5.5). The aliquots were analyzed for the
concentration
of
the
drug
using
UV
spectrophotometer. The data was used for
calculating the % cumulative age amount of each
drug at respective intervals of time and was plotted
against the time in hours.
Mechanism of Drug Release: The release pattern
from the samples was evaluated by using various
mathematical models. The release data were fitted
to the mathematical models like zero-order (Eq. 1),
first-order (Eq. 2), Peppas (Eq. 3) and Higuchi
models (Eq. 4) using following equations 41.
(Wo – Wt) / Wo = kt / Wo

…… (Eq. 1)
…… (Eq. 2)
…… (Eq. 3)
…… (Eq. 4)

Statistical Analysis: Results are presented as
Mean ± SD. The statistical analysis was evaluated
using two-way ANOVA followed by Bonferroni
post-test whereas two-way ANOVA followed by
Tukey post-test was used for column analysis and P
values (P<0.001 and P<0.05) were considered to be
significant.
In-vivo Studies: Male Wistar strain rats of either
sex weighing 150-200 g were procured from the
Central animal house, ISF College of Pharmacy,
Moga, Punjab. The rats were maintained at
optimum standard housing conditions and were fed
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with a suitable commercial diet (Hindustan Lever
Ltd., Bangalore) and watered ad libitum during the
experiment. The Institutional Animal Ethical
Committee permitted the study (Reg. No.
ISFCP/IAEC/CPCSEA/Meeting No 10/2014/
Protocol No. 177).
Induction of Wound: Excision wound model as
described by Morton and Malone (1972) using
thiopental sodium as the anesthetic was used to
induce wounds in rats. Hair was removed by
electric clipper. The skin of the dorsal thoracic
region was excised to full thickness with the help
of a surgical blade to obtain a wound area of about
200 mm2.
Wound Healing: Three groups of six animals each
were used for evaluating the wound healing effect
of the formulations in excision wound models.
Group I was taken as the control, group II was RA
gel treated group and group III was RA-NP gel
treated group. The excision wounds on the dorsal
side of the rats were created as described by
Morton and Malone (1972) 42, using thiopental
sodium as an anesthetic.
The drugs except in case of control were applied
topically daily from the first day of study until the
epithelialization was complete. Wound healing was
monitored by the wound closure area. The wound
area measurements were done using mm2 graph
paper on the 7th, 14th and 21st days to determine the
percentage of wound closure.
RESULTS AND DISCUSSION:
Evaluation of Nanoparticles:
Particle Size and PDI: RA nanoparticles of mean
particle size 276.3 ± 18.45 nm and mean PDI 0.215
± 0.02 were obtained. The amounts of chitosan and
TPP used significantly influenced the particle size
and PDI showing a proportional increase Fig. 1.
Increasing the amount of drug also increased the
particle size and PDI Fig. 2.
A drug-polymer ratio of 0.5:1 yielded nanoparticles
of increased entrapment efficiency and optimum
mean particle size and PDI. The size of
nanoparticles was found to increase upon
increasing chitosan: PP ratio. This increase in size
was considered possibly due to an increased
collision of the chitosan chains with TPP ions. A
ratio of 5:1 of Chitosan: TPP was considered
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optimum as it produced particles of optimum size
range, minimum polydispersity index and also
increased drug entrapment efficiency (EE).

FIG. 1: EFFECT OF CHITOSAN: TPP RATIO ON
PARTICLE SIZE AND PDI OF CHITOSAN
NANOPARTICLES

FIG. 2: EFFECT OF DRUG: POLYMER RATIO ON
PARTICLE SIZE AND PDI OF CHITOSAN
NANOPARTICLES

Zeta Potential: Chitosan nanoparticles are formed
by the linkage of cationic ammonium (NH3+)
groups of chitosan and anionic phosphate groups of
TPP. The surface charge on chitosan nanoparticles
is defined by the number of unneutralized
ammonium groups in chitosan. Since the number of
positively charged NH3+ groups of chitosan is more
than a number of negatively charged phosphate
groups of TPP, the net charge on the nanoparticles
is positive. Zeta potential on the chitosan
nanoparticles was found to be +32 ± 2. It was
observed that with an increase in chitosan: TPP
concentration ratio zeta potential of nanoparticles
increased. This may be explained by the fact that
when chitosan: TPP ratio is increased the number
of molecules of chitosan also increase and hence
the number of NH3+ groups. The increase in the
number of NH3+ groups increases the net positive
surface charge of chitosan nanoparticles.
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Entrapment Efficiency: Entrapment efficiency of
RA loaded nanoparticles was estimated and
repeated three times. All the formulations showed
good reproducible results. Entrapment efficiency of
RA loaded nanoparticles was found to be 86.22 ±
2.5%. Effect of the amount of the drug used is
shown in Table 2 and 3. The nanoparticle
formulation showed an increase in entrapment
efficiency with an increase in drug-polymer ratio
up to 0.5:1. Beyond this ratio entrapment efficiency
almost remained constant.
This may be explained by the fact that initially the
nanoparticles were not saturated with the drug, the
increase in the drug: polymer ratio increased the
availability of the drug for encapsulation. Increase
in the amount of drug entrapped in the
nanoparticles eventually increased the size of the
nanoparticles. With further increase in the amount
of drug, no further drug loading occurred keeping
the particle size constant.
TABLE 1: EFFECT OF DRUG/POLYMER RATIO ON
ENTRAPMENT EFFICIENCY OF RA
Amount of Drug (g)
Drug/Polymer
EE
4
0.2:1
56.63 ± 1.3
6
0.3:1
64.14 ± 2.2
8
0.4:1
77.33 ± 1.9
10
0.5:1
86.22 ± 2.5
12
0.6:1
86.47 ± 2.3

FIG. 3: EFFECT OF DRUG: POLYMER RATIO ON
ENTRAPMENT EFFICIENCY OF CHITOSAN NANOPARTICLES

TEM Studies: TEM was carried out for optimized
drug-loaded nanoparticles for determining the
shape and morphology of prepared nanoparticles.
The TEM image of RA nanoparticles is shown in
Fig. 4. The particle size and the surface
morphology of the nanoparticles visible from the
images fall in the optimum range.
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FIG. 4: TEM IMAGE OF CHITOSAN NANOPARTICLES

In-vitro Release: In-vitro release properties of RA
were studied from RA-NPs and RA-NP gel in
vessels each containing PBS buffer at pH 5.5. The
formulations were placed in dialysis bags with a
pore size of 12000 Da and submerged in the
medium.

FIG. 5: % AGE CUMULATIVE DRUG RELEASE
FROM RA-NPs
TABLE 2: IN-VITRO DRUG RELEASE FROM
NANOPARTICLES AND GEL IN PBS AT pH 5.5
Formulation
% Age Drug
Time of Max
Release
Release
83.82 ± 2.23
12 h
RA-NP
85.92 ± 1.7
14 h
RA-NP GEL

Release Kinetics and Mechanism of Drug
Release from Nanoparticles: To understand the
kinetics of drug release from the nanoparticles
different kinetic models were applied that included
zero order, first order, Peppas and Higuchi models.
Release model curves for RA-NPs are represented
in Fig. 7. From the curves obtained it was observed
that RA-NPs showed highest regression values for
peppas curve (R2 = 0.993).
Hence it was inferred from the curves that the drug
release from the nanoparticles followed Peppas
kinetics wherein the nanoparticles release the drug
by erosion and diffusion mechanism hence
releasing the drug in a sustained manner.
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Chitosan used in nanoparticles imparted sustained
release to the drug wherein the drug was released
up to greater than 85% from RA-NPs in 12 h. The
release rates of the RA loaded nanoparticles were
compared to the release rate from the gel
containing RA nanoparticles. The employment of
carbopol gel further extended the drug release to
about 14 h. This was attributed to the swelling
mechanism of the gel that further sustained the
release of the drug from the gel. The in-vitro drug
release from RA-NPs and drug release from RANP gel is demonstrated in Fig. 5 and Fig. 6 from
which it is evident that the release of the drugs
from the CHNPs was sustained throughout about
12 h and employment of hydrogel further sustained
the drug release to a period of 14h.

FIG. 6: % AGE CUMULATIVE DRUG RELEASE
FROM RA-NP GEL
TABLE 3: R2 VALUES OF DIFFERENT KINETIC DRUG
RELEASE MODELS OF CHITOSAN NANOPARTICLES

Nanoparticle
R2 for zero-order model
R2 for the first-order model
R2 for Peppas model
R2 for Higuchi model

RA-NPs
0.976
0.991
0.993
0.946

Evaluation of the Hydrogel: The developed
hydrogel was evaluated for gel concentration, pH,
viscosity, swelling index, spreadability, etc. Table
6.
pH: The pH of the gel was found to decrease from
6.8 to 5.6 as the concentration of the carbopol 940
increased from 0.4 to 1.2%. This was due to the
slightly acidic nature of the polymer.
The pH was adjusted by the addition of 50%
triethanolamine. The pH of the final optimized
1.2% gel was found to be 5.9 ± 0.11.
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FIG. 7: KINETIC DRUG RELEASE MODELS FOR DETERMINING RATE OF DRUG RELEASE FROM RA NANOPARTICLES

Rheological Measurements: The rheological
behavior of topical gel formulations was
investigated since it describes spreadability and
retention time of the gel formulation on the surface
of the skin. The effect of different concentrations
of Carbopol on viscosity was also evaluated. The
viscosities of Carbopol gel containing 0.4%, 0.8%,
1.2% and 2.5% w/v Carbopol were 2.32 ± 0.15;
5.16 ± 0.9; 18.43 ± 1.7 and 25.37 ± 1.9 Pa.sec,
respectively. This increase in viscosity was
attributed to the increased cross-linking of the
polymer network as the concentration of carbopol
increased. The plot of the shear rate vs. the shear
stress of the optimized gel formulation is shown in
Fig. 8 which shows pseudoplastic behavior of the
gel wherein shear stress increases with increasing
shear rate with yield value (non-Newtonian). The
slope (or flow index, n) of the log plot of shear
stress versus shear rate was found to be less than 1
(n = 0.572), hence confirming a pseudoplastic
behavior Table 6. Thixotropic behavior of the gel
is depicted by the viscosity versus time graph
wherein the viscosity at constant shear rate
decreased with time as shown in Fig. 9.
Degree of Swelling: Swelling is an important
parameter for the hydrogels to evaluate since the
release rate of the drugs from the hydrogels depend
upon their swelling properties. The swelling index
of the optimized 1.2% gel was found to be 250 ±
7.9%.

FIG. 8: RHEOLOGY OF OPTIMIZED 1.2% HYDROGEL

FIG. 9: VISCOSITY OF THE GEL DECREASES WITH
TIME AT CONSTANT SHEAR RATE INDICATING A
THIXOTROPIC BEHAVIOR OF THE GEL

Spreadability: Spreadability determines the
retention properties of the hydrogel over the skin
and the area of the skin that comes in contact with
the drug. The spreadability of the optimized
formulation was found to be 31 ± 1.5 g.cm/sec.
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TABLE 4: OPTIMIZATION OF HYDROGEL
Formulation
F1
F2
F3
F4

Conc. of gel (w/v)
0.4 %
0.8 %
1.2 %
2.5 %

pH
6.8 ± 0.18
6.1 ± 0.16
5.9 ± 0.11
5.6 ± 0.14

Viscosity (Pa.sec)
2.32 ± 0.15
5.16 ± 0.9
18.43 ± 1.7
25.37 ± 1.9

In-vivo Studies:
Wound Closure: The therapeutic efficacy of the
developed formulation was evaluated using the
excision wound model in Wistar rats as described
by Morton and Malone (1972). Excision wound
was created by excising a 2 cm2 area to the full
thickness of the skin. For evaluation of the wound
healing efficacy RA gel and RA-NP gel on the
animals were examined by measuring the wound
area every 7th day for 21 days using mm square
graph paper. The healing process was found
significantly faster in RA-NP gel treated group as
compared to RA gel treated group. The physical
examination of the wound area showed a greater
amount of wound closure for RA-NP gel than RA

% Swelling Index
20 ± 2.4
100 ± 4.5
250 ± 7.9
450 ± 11.3

Spreadability (g.cm sec-1)
89 ± 3.3
60 ± 2.5
31 ± 1.5
17 ± 1.9

gel and control group Table 5. This is further
illustrated in Fig. 10 and Fig. 11.

FIG. 10: EFFECT OF, RA GEL AND RA-NP GEL ON
WOUND AREA. a P<0.05 VERSUS CONTROL; b
P<0.05 VERSUS RA-GEL

A: Control group

Day 0

Day 7

Day 14

Day 21

B: RA gel group

Day 0

Day 7

Day 14

Day 21

Day 14

Day 21

C: RA-NP gel Group

Day 0

Day 7
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FIG. 11: PHYSICAL EXAMINATION OF WOUND AREA AT DIFFERENT INTERVALS OF TIME (IN DAYS): (A)
CONTROL, (B) RA GEL TREATED, (C) RA-NP GEL TREATED
for oral protein delivery; Advanced drug delivery reviews
TABLE 5: WOUND CLOSURE AREAS OF CONTROL
2013; 65(6): 822-32.
AND TREATED GROUPS
5. Hong Z, Zhi YL, Lara Y, Arvind D, Xin Z and Jun W:
Time
Wound area (in cm2)
Polymer-based nanoparticles for protein delivery: design,
(in Days)
Control
RA gel
RA-NP gel
strategies and applications; Journal of Materials Chemistry
0
2.0 ± 0
2.0 ± 0
2.0 ± 0
B 2016; 4(23): 4060-71.
7
1.75 ± 0.02
1.06 ± 0.03
0.61 ± 0.06
6. Huayu T, Jie C and Xuesi C: Nanoparticles for gene
14
1.61 ± 0.04
0.98 ± 0.04
0.26 ± 0.04
delivery. Small 2013, 9(12): 2034-44.
21
1.40 ± 0.05
0.31 ± 0.06
0.08 ± 0.02
7. Rashid M, Wani TU, Mishra N, Sofi HS, Ashraf R and

Skin Irritation Test: All the types of applied gels
showed no kind of reactions on the skin. There was
no sign of any erythema/eschar and edema on rat
skin which indicates the compatibility of the gel
with the skin.
CONCLUSION: RA loaded nanoparticles were
successfully prepared by ionic gelation technique.
The developed RA-NP gel formulation showed a
higher degree of wound closure (faster wound
healing) than the RA-gel formulation. Skin
irritation studies also showed no sign of
erythema/eschar or edema on rat skin which
indicated the compatibility of the gel with the skin.
It is therefore concluded that hydrogels containing
RA loaded hydrogel are more efficacious than
hydrogel containing only RA without prior loading
into nanoparticles.
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