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ABSTRACT

Aim: The aim of this study to evaluates the physiochemical properties, drug loading, in vitro release,
antibacterial and wound healing activity. Gelatin is a common natural polymer or protein which is
normally produced by denaturing collagen. It has been used in pharmaceutical and medical applications
due to its outstanding properties such as biodegradability, biocompatibility, and low antigenicity.
Materials and Methods: Docetaxel -loaded gelatin nanoparticles by using UV-Vis spectroscopy, XRD,
Particle size and size distribution, Scanning electron microscopy (SEM), Drug entrapment efficiency,
Differential scanning caloriemetry (DSC) and EDX were characterized. Wound healing activity was
determined on Wistar rats using excision wound models. Results: Solubility, crystallinity, and the
crystal properties of an active pharmaceutical ingredient (API) play a critical role in the value chain of
pharmaceutical development, manufacturing, and formulation.. The rate of drug release for formulation
stored at 45+1°C was increased as compared with the fresh formulation; it might be due to the formation
of more pores in the nanoparticles due to evaporation of residual amount of solvent. Studies on docetaxel-
loaded gelatin nanoparticles-impregnated ointment for its wound healing property on excised wound
showed significant results in terms of epithelialization period and wound contraction and was close to the
standard (Povidone iodine ointment) used. Conclusion: The antibacterial activities and sorption
capacities of the Docetaxel -loaded gelatin nanoparticles are strong indicators to their in vivo

functionalities as wound dressing.
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INTRODUCTION

Gelatin is also a natural polymer derived from
collagen of animal skin and bones. It is
biocompatible, hydrophilic, and biodegradable
under normal physiological conditions. Gelatin
nanoparticles are effective in enhancing the
growth induced tissue regeneration and various
biomedical applications . Gelatin has been
widely used for the encapsulation of dug materials
to treat various diseases. Drug bound to gelatin
matrix are released as gelatin degrades enzymatic
ally and therefore the release profile can be
tailored by controlling the cross linking density
and surface to volume ratio > 3. Gelatin is known
to prevent fluid loss due to exudation, resulting in
enhancement of its wound healing properties ™ 51,
Wounds have a tremendous impact on the healing
healthcare economy . A major problem with
wounds is the high risk of infection; hence, if an
agent active against these microorganisms causing
the infection is used in the healing process, it will
then help to reduce the risk of infection and the

overall time for wound healing can be reduced
significantly . For example, it is very easy for
bacteria to enter through the broken skin and
penetrate the rest of the body. Bacteria colonize
wounds within 48 hours after injury and bacteria
such as Staphylococcus aureus, Pseudomonas
aeruginosa, and Streptococcus spp may cause
infection and this may prolong inflammatory
phase of wound healing . Therefore suitable
antimicrobial agents can be used either topically
or systematically to prevent infection of wounds
and speed up wound healing process. The process
of inflammation normally leads to the release of
biologically  active  mediators to attract
neutrophils, leucocytes and monocytes, to the
wound area and these attack foreign debris and
microorganisms through phagocytosis. This then
leads to the production of oxygen-free radicals
such as hydrogen peroxide, superoxide anion, and
hydroxyl anion and excess of these agents causes
tissue damage in man or animal if they overwhelm
the natural antioxidants of the host such as
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catalase, superoxide dismutase, and glutathione
peroxidase 1. Therefore, antioxidants prevent the
activity of the free radicals and thereby prevent
the damage to cells and tissues, providing
protection to human and animal subjects, and also
enhance healing of infected and non-infected
wounds [%. The microencapsulation of either
antibacterial agents or biotherapeutic molecules
such as growth factors provides to overcome
various limitations in the controlled release
formulation of wound care system such as low
solubility, high potency, and/or poor stability of
many of these drugs ™. The docetaxel -based
drug delivery can impact efficacy and potential for
commercialization as much as the nature of the
drug itself. Moreover, the microencapsulation
facilitates biocompatible could provide high
bioavailability at the site of injury and are capable
of sustained release for long periods into the
wound environment ©2. There are certain
limitations available in the existing wound care
system such as lack of controlled delivery,
microbial degradation of collagen-based wound
dressings by wound pathogens at the wound site
(131 To overcome these limitations, an effective
wound care system is developed based on
nanoparticle-based controlled delivery of a potent
and broad spectrum antimicrobial agent into an
infected wound environment. In this novel wound
care system, the gelatin nanoparticles provides to
control effectively the infection at the wound site
and fast the wound regeneration including dermis
and epidermis 4. The regeneration of connective
tissue at the injured soft tissue is still exigent. The
presence of bacterial pathogens at the wound site
delays wound closure and regeneration of
connective tissue as well as degrades various
extracellular matrix like collagen and elastin and
also produce high inflammation matrix at the
wound site by its native enzymes such as
microbial collagenase and elastase ™51, As the
drug is known to possess superior antibacterial
activity against a wide range of microorganisms, a
topical drug delivery system localizing the drug at
the skin will be much effective for the treatment
of skin infections 161, Hence in the present work
topical controlled drugs are prepared by
incorporating the prepared gelatin nanoparticles to
control the release rate of the drug over a period
of time, so that the frequency of application of the
formulation can be reduced, which also enhances
patient compliance with better wound healing
activity.

MATERIALS AND METHODS
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Chemicals and Reagents

The chemicals used in all experiments were
obtained from sigma (Bangalore, India) and
Merck (Mumbai, India). Docetaxel, Gelatin (food
grade, NF), lactic acid (90%), glutaraldehyde,
Trypsin, and dimethyl sulfoxide (DMSO) (Sisco,
Mumbai). All of other chemicals and reagents
were obtained from Sigma Aldrich, Mumbai.

Docetaxel
Docetaxel drugs is belongs to antimetabolites,
comes under plant alkaloids, drug was chosen for
the study.

Preparation of gelatin nanoparticles

Gelatin nanoparticles were prepared using an
overhead stirrer with a five-blade paddle
(diameter 50 mm) (15). Five mL of gelatin
solution (20%, m/V, in water) was preheated to 80
°C and added drop-wise to 70 mL of sesame oil
(viscosity 43.4 m Pa s at 20 °C) containing 1%
(m/m) Span 80 (with respect to the mass of the oil
phase) warmed to the same temperature. The
biphasic system was stirred under turbulent flow
conditions  using an  overhead  stirrer
(RW20DZM.n, IKA Labortechnik, Germany) to
form a w/o emulsion. Glutaraldehyde-saturated
toluene was prepared by mixing equal volumes of
glutaraldehyde and toluene in a decantation
funnel. After shaking for 10 minutes, the mixture
was allowed to separate. The upper toluene layer
saturated with glutaraldehyde was separated and
added to the w/o emulsion. The dispersion was
mixed for various time intervals at an appropriate
speed (1200 rpm). Nanoparticles were then
separated by decantation and washed free of oil
with 20mL of toluene for 2 min at 1500 rpm. The
nanoparticles were then washed and dehydrated 3
times with 20 mL of acetone at 2000 rpm. Finally,
nanoparticles were allowed to dry at room
temperature (25 °C). Upon drying, a yellow to
yellowish orange colored free flowing, fine
powder was obtained. The gelatin nanoparticles
were observed by both optical microscopy (B3050
Prior, Prior Scientific, UK) and scanning electron
microscopy (Leica Manuf. Cambridge S 360,
UK). Three different formulations with drug:
polymer ratios (1:1, 1:2, and 1:3) are prepared and
coded as F1, F2 and F3.

UV-Spectroscopy analysis

The first requirement of any pre-formulation study

is the development of a simple analytical method

for quantitative estimation in subsequent steps.

Most of drugs have aromatic rings and/or double
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bonds as part of their structure and absorb light in
UV range, UV spectroscopy being a fairly
accurate and simple method is a performed
estimation technique at early pre-formulation
stages. The absorption Co-efficient of the drug
can be determined.

Scanning electron microscopy (SEM)

Scanning electron microscopy has been used to
determine particle size distribution, surface
topography, texture, and to examine the
morphology of fractured or sectioned surface.
SEM is probably the most commonly used method
for characterizing drug delivery systems, owing in
large to simplicity of sample preparation and ease
of operation. SEM studies were carried out by
using JEOL JSM T-330A scanning microscope
(Japan). Dry Docetaxel nanoparticles were placed
on an electron microscope brass stub and coated
with in an ion sputter. Picture of LP nanoparticles
were taken by random scanning of the stub [,

Particle Size, Shape and Surface Area

Bulk flow, formulation homogeneity, and surface-
area controlled processes such as dissolution and
Surface morphology of the drug particles. In
general, each new drug candidate should be tested
during Preformulation with the smallest particle
size as is practical to facilitate preparation of
homogeneous samples and maximize the drug’ s
surface area for interactions 8. Various chemical
and physical properties of drug substances are
affected by their particle size distribution and
shapes. The effect is not only on the physical
properties of solid drugs but also, in some
instances, on their biopharmaceutical behavior. It
is generally recognized that poorly soluble drugs
showing a dissolution- rate limiting step in the
absorption process will be more readily bio
available when administered in a finely
subdivided state rather than as a coarse material.
In case of tablets, size and shape influence the
flow and the mixing efficiency of powders and
granules. Size can also be a factor in stability: fine
materials are relatively more open to attack from
atmospheric oxygen, the humidity, and interacting
excipients than are course materials 1%,

Particle size Determination

Though microscopy is the simplest technique of
estimating size ranges and shapes, it is to slow for
guantitative determination the material is best
observed as a suspension in non dissolving fluid
201 Sieving is less useful technique at pre-
formulation storage due to lack of bulk material.
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Andreason pipette is based on the rate difference
of sedimentation of different particles, but
techniques like this are seldom used due to their
tedious nature instruments based on light
scattering, (Royco), light blockage (HIAC) and
blockage of electrical conductivity path (coulter
counter) are available.
Preparation of saturated solution of
glutaraldehyde

Equal quantity of aqueous glutaraldehyde solution
and toluene was taken in a separating funnel and
shaken for 1 hour to allow the saturation of
glutaraldehyde in toluene. Then the aqueous phase
and toluene phase was separated. Thus, obtained
toluene saturated with glutaraldehyde was used to
cross-link gelatin nanoparticles.

Determination of drug content

The amount of Docetaxel presents in the gelatin
nanoparticles was determined by digestion with
1M sodium hydroxide. Briefly, 100 mg of
nanoparticles was dispersed in 100 ml of 1M
sodium hydroxide in a 100 ml standard flask. And
kept overnight for 12 h. It was then filtered,
diluted and Docetaxel content was determined
spectrophotometrically (Shimadzu 1601) at 276
nm. Sodium hydroxide (M) was used as blank.
The amount of metronidazole present in gelatin
nanoparticles was determined by digestion with
hydrochloric  acid. Briefly, 100 mg of
nanoparticles was dispersed in 100 ml of 1M
hydrochloric acid in a 100 ml standard flask and
kept overnight for 12 h. It was then filtered,
diluted and metronidazole hydrochloride content
was determined at 320 nm. Hydrochloric acid
(1M) was used as blank 21,

Test organisms

The bacterial spp. used for the test were Bacillus
subtilis (MTCC 441), Staphylococcus aureus
(MTCC 3940), Micrococcus luteus (MTCC 106),
Enterobacter aerogenes (MTCC 111), Salmonella
typhi (MTCC-734), and Pseudomonas aeruginosa
(MTCC 841). All the stock cultures were obtained
from Institute of Research and Technology, India.
Microbial growth was determined by measuring
the diameter of the zone of inhibition.
Ciprofloxacin (Himedia, Mumbai, India) is a

reference drug used as a control for test organisms
[22]

Determination of Minimum

concentration (MIC)

inhibitory
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Antibacterial activities were measured using a
dilution technique 3. Minimum inhibitory
concentration (MIC) of GNPs was determined
using the microtiter broth-dilution method. The
bacterial strains were suspended in sterile
physiological Tris buffer (pH 7.4, 0.05 M),
homogenized and adjusted to an optical density of
0.05 at 530 nm (equivalent to 1 X 106 CFU/mI).
This suspension was used as the inoculums for the
test in the agar plates.  Bacterial suspensions
(100pl) were inoculated using a micropipette.
The minimal inhibitory concentration (MIC) was
defined as the minimal concentration of the
gelatin nanaoparticles which completely inhibited
the visible growth (turbidity) of the bacteria in
tubes.

Studies on wound healing efficacy

Animals

Healthy Wistar albino rats of either sex weighing
150-250 gm were selected for the study. The
animals were individually housed in spacious,
clean, polypropylene cages containing paddy husk
bedding and fed with a standard pellet diet,
marketed by Brooke Bond, Lipton India Limited,
Bangalore and water ad libitum in animal house
facility and maintained under standard
experimental ~ conditions  throughout  the
experiment. The experiments were conducted in
accordance with the Institutional Animal Ethical
Committee (IAEC), (Ethics Clearance No.
1333/C/10/CPCSEA).

Acute Toxicity Activity

Healthy Wistar albino rats of either sex weighing
150-250 gm were selected for the acute toxicity
study. The acute oral toxicity study was carried
out by the stair-case method 2%, The animals were
fed with increasing doses of 1, 2, 4 and 8 gm/Kg
body weight.

Preparation of

impregnated ointment
Gelatin nanaoparticles (5 mg) impregnated with
doxocetal was suspended in 0.4 ml saline. The
gelatin nanoparticles suspension was uniformly
injected into several portions of the inner collagen
sponge. The doxocetal doses were 5 mg/scaffold.
The doses used in this study were based on some
studies 1. The freeze-dried content was mixed
with blank placebo in concentration of 5% (w/w).

gelatin nanoparticles

Excision wound model
Excision was inflicted on the rats under light
anaesthesia [?®1, The dorsal fur of the animals was
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shaved with an electric clipper. Full skin thickness
was excised from the marked area to inflict a
wound measuring about 500 mm, using a toothed
forceps and pointed scissors.

Normal experimental animal model

The rats were divided into three groups of six

each.

Group 1: Test group with wound and treated
placebo with ointment base.

Group 2: Test group with wound and treated with
5% (w/w) gelatin nanoparticles loaded doxocetal

ointment.

Group 3: Test group with wound and treated with

Ec,zte}ndard drug 5% (w/w) povidone iodine ointment
7

All the formulations were applied twice a day

after cleaning with surgical cotton, till the

complete epithelialization starting from the day

the wound was created. The wound healing
process was evaluated by wound contraction
percentage and wound closure time.

Evaluation of parameters

Epithelialization period

It was monitored by noting the number of days
required for the scar to fall off from the wound
surface without leaving a raw wound behind 1281,

Measurement of wound contraction

Excluding the day of wounding, the excision
wound margin was traced to follow the
progressive changes in the wound area plan
metrically. The wound surface area was measured
by placing a transparent paper over the wound and
tracing it out. The same procedure was employed
every three days until healing was complete [2% 30,
The traced area of the wound was then evaluated
in terms of surface area on a graph sheet B, The
wound contraction was calculated in terms of
percentage in the reduction of the wound area 2],
using the following formula:

Percentage of wound contraction = [(Initial wound
area - specific wound area) /Initial wound area] x
100.

Statistical analysis

The effect of cross-linking time and the amount of
cross-linking agent on the lactic acid release from
gelatin nanoparticles were analyzed separately
using Repeated Measures Analysis of Variance.
When significant  differences between the
formulations were observed, multiple comparisons
by the Duncan test were applied.
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RESULTS

In the present work the solubility studies of
docetaxel were performed in common solvents. A
specific amount of drug was dissolved in specific
amount of different solvents at room temperature
and observed only by the visible inspection. The
result suggested that, it is sparsely soluble in
water, acetone, isopropanol, methylene chloride
and it exhibit good solubility in methanol, ethanol
and dimethyl formamide. It also exhibit
insolubility in ether. Results are expressed in
(Table 1).

Table 1 Solubility studies of Docetaxel in various solvents

S.No Solvent Solubility
1 Water Sparingly soluble
2 Methanol Good solubility
3 95% Ethanol Good solubility
4 Isopropanol Sparingly soluble
5 Methylene chloride Sparingly soluble
6 Acetone Sparingly soluble
7 Ether Practically insoluble
8 Dimethyl formamide Good solubility

The sample was scanned in the range of 200-400
UV/visible

nm

using

Shimadzu

1700

spectrophotometer to determine the A max. The
absorption maxima of Docetaxel were found at

230 nm. The spectra were shown in (Fig. 1).
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Fig. 1 UV spectra of Docetaxel

Amount of gelatin for the preparation was
optimized by preparing the nanoparticles at
different amount viz. 50, 100 and 200 mg keeping
other variables constant as described in the
general  procedure of preparing gelatin
nanoparticles. The effects of amount of gelatin on
the particle size, shape, size distribution and drug
entrapment efficiency are reported in Table 2.

Table 2: Effect of amount of gelatin on particle size and drug entrapment efficiency of gelatin nanoparticles

Formulation code Amount of gelatin Amount of glutaraldehyde | Stirring rate | Temperature | Size (um) DEE+SD
(mg) (uL) (rpm) () +SD (%)

G1 50 200 600 40 5.71+0.13 70.01+1.2

G2 100 200 600 40 11.75+0.11 71.3+2.1

G3 200 200 600 40 26.84+0.11 83.2+1.9

Glutaraldehyde concentration for the preparation was optimized by preparing the nanoparticles at
different concentration viz. 50, 100, 200 and 300 pL keeping other variables constant as described in the
general procedure of preparing gelatin nanoparticles. The effects of glutaraldehyde concentration on the
particle size, shape, size distribution and drug entrapment efficiency are reported in Table 3.

Table 3 Effect of amount of glutaraldehyde on particle size and drug entrapment efficiency of gelatin nanoparticles
Formulation code Amount of gelatin Amount of glutaraldehyde Stirring rate Temperature Size (um) DEE (%)
(mg) (BL) (rpm) C) +SD +SD
GAl 100 50 600 40 24.52+1.03 73.1+2.1
GA2 100 100 600 40 17.34+1.40 76.9+2.3
GA3 100 200 600 40 9.52+0.39 80.11+2.8
GA4 100 300 600 40 6.160.32 83.7+2.2

Particle size and size distribution of gelatin nanoparticles were determined using laser light
diffractometry equipment (Mastersizer X, Malvern Instrument, UK). The average particle size was

expressed as the volume mean diameter in micrometers. The results are given in Table 4 and 5.
Table 4 Effect of stirring rate on particle size and drug entrapment efficiency of gelatin nanoparticles

Formulation code | Amount of gelatin Amount of glutaraldehyde Stirring rate Temperature Size (um) DEE +SD
(mg) (ML) (rpm) o) +SD (%)

S1 100 200 200 40 32.6+0.21 79.10+2.1

S2 100 200 400 40 21.43+0.11 81.0+24

S3 100 200 600 40 11.3+0.14 82.03+2.8

S4 100 200 800 40 9.30+0.32 83.50+34

Table 5 Effect of temperature on particle size and drug entrapment efficiency of gelatin nanoparticles

Formulation code | Amount of gelatin Amount of glutaraldehyde Stirring rate Temperature Size (um) DEE +SD

(mg) (L) (rpm) ) *SD (%)

© 2010, IJPBA. All Rights Reserved.
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T1 100 200 600 40 8.35+0.22 80.10+2.3
T2 100 200 600 50 18.16+0.98 76.03+1.9
T3 100 200 600 60 22.42+0.67 70.19+2.2

The surface morphology of nanoparticles was
observed scanning electron microscopy (SEM).
The samples for SEM were prepared by lightly
sprinkling the nanoparticles powder on a double
adhesive tape which stuck to an aluminum stub.
The stubs were then coated with gold to a
thickness of about 300°A using a sputter coater.
These samples were than randomly scanned and
photomicrographs were taken which are shown in
Fig. 2aandb.

Fig. 2 SEM photomicrograph of (a) Plain nanoparticles (b)
Docetaxel loaded gelatin Nanoparticles

In the current study, we have for the first time
researched on the effect of the docetaxel drug
loaded gelatin  nanoparticles for antibacterial
effect. The present study is to develop and
characterize docetaxel drug loaded gelatin
nanoparticle-loaded for antibacterial effect. Six
Bacterial pathogens Bacillus subtilis,
Staphylococcus aureus, Micrococcus luteus,
Enterobacter aerogenes, Salmonella typhi,
Pseudomonas  aeroginosa are used for
experimental study (Table: 6).

Table 6: Antibacterial activity of docetaxel drug loaded gelatin nanoparticles

S.No Bacterial name Zone of inhibition in mm
Docetaxel drug loaded gelatin nanoparticles Marketed drug Reference Drug
1. Bacillus subtilis 13+0.34 9+0.61 14+0.422
2. Staphylococcus aureus 13+0.85 8+0.42 16+0.49°
3. Micrococcus Luteus 13+0.91 8+0.92 15+0.48¢
4. Enterobacter aerogenes 20+0.85 12+0.43 13+0.39¢
5. Salmonella typhi 17+0.91 9+0.06 16+0.722
6 Pseudomonas aeroginosa 2310.71 16+0.38 17+0.54¢

The study concludes that the minimum inhibitory
concentration (MIC) results which revealed the
details of mean MICs of docetaxel drug loaded
gelatin nanoparticles are 25ug in six bacterial
strains.  The concentration of docetaxel drug
loaded gelatin nanoparticles that completely
inhibited bacterial growth. The docetaxel drug
loaded gelatin nanoparticles showed there was no
significant effect on antibacterial. Maximum zone
of inhibition was found due to the presence of
Pseudomonas aeruginosa, Micococcus luteus,
Enterobacter aerogenes.

The rats of either sex were fed with increasing
doses (1, 2, 4 and 8 gm/Kg body weight) of
docetaxel-loaded gelatin nanoparticles for 14

Keys: Reference drugs: a-Streptomycin, b-Gentamycin, c-Ampicillin, d-Erythromycin

days. The doses went up to 8 gm/Kg body weight
but there were no signs of toxicity and mortality.
The animals were physically active and consumed
food and water as normal and also did not exhibit
any abnormal behavior. However in the current
study, a dosage of 5 gm/Kg body weight was
utilized for the preparation of the docetaxel-
loaded gelatin  nanoparticles  -impregnated
ointment.  Studies on docetaxel-loaded gelatin
nanoparticles-impregnated ointment for its wound
healing property on excised wound showed
significant results in terms of epithelialization
period and wound contraction and was close to the
standard (Povidone iodine ointment) used. (Table:
7; Figure 3).

Table 7: Wound healing activity of Docetaxel-loaded gelatin nanoparticles in experimental rats (excision wound model).

Groups Post woundling days Period of epithelialisation
Wound area (mm?) and percentage of wound contraction
0- day 6" day 12" day 18" day
Simple ointment 243+1.12 226.26+2.1 166.62+ 1.79 65.77+1.4 23

© 2010, IJPBA. All Rights Reserved.
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Docetaxel-loaded gelatin 246+ 0.93 203.71+1.81* 121+1.72 45.26+1.9* 16
nanoparticles in pregnated
ointment base (5% w/w)

Povidone 247+ 1.05 212.63+1.73 126.26+ 2.1 40.64+2.1* 14

lodine ointment
5% (w/w)

Values are mean of six individual observations in each group Mean+SEM. ‘P’ denotes statistical significance * P<0.05

Fig:
Photographs on wound healing in different groups of rats taken on 0%, 6™, 12™ & 15 days

Simple ointment group ne ointment

n etaxel-loa dedg latin Povidor
0™ day: cles

] | P
alelr

Figure 3: Photographs on wound healing in different groups
taken 0t 6t 12t 18t days

The epithelialization period for the wound treated
with the docetaxel-loaded gelatin nanoparticles -
impregnated ointment (5% w/w) was 16 days,
when compared to wound treated with povidone
iodine ointment (5% w/w) which was 14 days and
the simple ointment, 23 days. The percentage of
wound contraction was measured and calculated
on 6th, 9th, 12th and 18th day. On the 18th day,
the animals treated with the docetaxel-loaded
gelatin nanoparticles - impregnated ointment (5%
w/w), showed a wound area and wound
contraction when compared to the animals treated
with povidone iodine ointment (5% w/w), which
showed a wound area and a wound contraction ,
whereas the wound treated with simple ointment
showed an area and a contraction.

DISCUSSION

Solubility, crystallinity, and the crystal properties
of an active pharmaceutical ingredient (API) play
a critical role in the value chain of pharmaceutical
development, manufacturing, and formulation B3I,
Solubility studies were necessary to check for the
pharmacopoeial specifications. Because these
properties are all solvent dependent, solvent
screening is of fundamental and foremost

© 2010, IJPBA. All Rights Reserved.

importance to the pharmaceutical industry B4,
Similar studies elsewhere reported that,

Loxoprofen is soluble in water, methanol and
freely soluble in ethanol, practically soluble in
diethyl ether, acetone and chloroform B3, Gelatin
nanoparticles have the potential to be an efficient,
viable, safe and cost-effective system for
administration of Docetaxel on account of their
biodegradability, biocompatibility, suitability for
oral applications and low immunogenicity [,
Docetaxel-loaded nanoparticles were
characterized to evaluate the effect of the different
amount of gelatin on mean particle size, size
distribution B71. The particle size of the gelatin
nanoparticles varied from 4.61+0.13 pm to
16.84+0.11 pm with varying amount of gelatin
from 50 mg to 200 mg. The average particle size
of nanoparticles increased with increasing amount
of polymer solution, which got dispersed into
larger droplets. The drug entrapment efficiency
varied from 75.01+1.2% to 81.2+1.9%. The
highest entrapment efficiency was found with G2
and the size of nanoparticles was also sufficiently
low, therefore this formulation was selected as
optimum. The pore size ranging from 10 um to
400 pum could benefit the preservation for tissue
volume, provide the temporary mechanical
function and also deliver the biofactors 8. The
particle size and structure would increase the
bioactivity into maximum range 3% 4 A study
reported that the average diameters of the
hydrated gelatin methacrylate nanoparticles were
4.9+3.6, 5.545.2 and 5.0+6.9 respectively [,
Similar studies elsewhere reported that the
encapsulation of Oxybenzone into gelatin
nanoparticles with increasing drug and polymer
ratio from 1:6 to 1:2 caused the particle size shift
from around 12.46 pm to 14.67 pm [“2. This
particle size variation paved a way for the
maximum percentage of drug loading efficiency
431 In this study, the particle size of gelatin
nanoparticles decreased from 22.49+1.03 um to
5.16£0.32 um with increasing amount of
glutaraldehyde from 50 pL to 300 pL. The drug
entrapment efficiency varied from 71.1+2.1% to
79.7+2.2%.
The particle size of gelatin nanoparticles
decreased from 24.6+ 0.21 um to 6.30+£0.32 um
with increasing stirring rate from 200 rpm to 800
46
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rpm. Results revealed that the particle size of
nanoparticles was controlled by stirring rate.
These results show that a high stirring speed
produced smaller nanoparticles due to the smaller
emulsion droplets produced by a higher stirring
speed, which provided more energy to disperse
the oil phase in water (1. Results also suggested
that there was a stirring rate limit for a particular
polymer concentration. Higher stirring rate did not
result in further reduction in mean diameter
significantly. The stirring rate of 800 rpm was
found to be optimum for gelatin nanoparticles, as
the drug entrapment efficiency was highest i.e.
80.03+2.8% at this stirring rate. The stirring speed
also affected the size of the formation of
nanoparticles. A recent study revealed that upon
increasing the stirring speed from 300 rpm to
1200 rpm, there is a gradual decrease in the
particle size from 16.0 to 10.2 um. The of particle
size of gelatin nanoparticles increased from
6.45+0.22 um to 20.42+0.67 um when increasing
temperature from 40 to 60°C and entrapment
efficiency decreased from 76.10£2.3% to
67.19£2.2% . The particle size distribution of drug
may influence properties of the pharmaceutical
interest such as the flow properties, packing
densities and  compressibility  segregation
characteristics 31, The size of the cell aggregates
coated with gelatin nanoparticles were 50.1+18.3
and 194.3+33.0mm. The gelatin nanoparticles size
was controlled by adjusting the concentration of
gelatin in the aqueous phase. An increase in size
of the gelatin was achieved by adjusting the
concentration in aqueous droplets in emulsion and
thus the size of the final gelatin nanoparticles
varies [“®1. Surfactants also control the size of
nanoparticles by reducing the size and the
aggregation tendency of the gelatin droplets
during emulsification process "1, SEM was used
to investigate the morphology as well as particle
size of nanoparticles. Nanoparticles displayed a
spherical shape with a smooth surface and no
aggregation was observed. No difference was
observed in the morphological properties of
nanoparticles due to presence of the drug.
Normally, all of the synthesized nanoparticles
showed a highly porous structure, where there is a
number of nanofibrous gelatin/silica bioglass
composite walls, several tens of nanometers in
size, were created through the nanoparticles 81,
This structure was achieved by the unique phase
separation of the gelatin/silica hybrid mixtures
during TIPS at -70°C 91, The porous structure is
strongly affected by the additional variable not
considered here, such as nonsolvent/solvent ratio,
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polymer concentration and temperature %, The
hydrated gelatin nanoparticles have smooth
surfaces and have roughly spherical in shape was
observed in earlier studies %, The erythromycin
loaded gelatin nanoparticles also showed very
smooth and uniform surface during SEM
microphotographs. The morphology of the
Sphingomoans sp HXN-200 loaded gelatin
nanoparticles observed that the outer surface of
the nanoparticles was smooth and non-porous 21,
The cell aggregates loaded into gelatin have a
smooth surface and spherical in shape. Gelatin
nanoparticles loaded with lactic acid have the
morphology of very smooth and uniform surface
with no physical pores on the surface of the
nanoparticles ®3. A wound is a breach in the
normal tissue continuum resulting in a variety of
cellular and molecular sequences. Wound may be
accidental or as a result of planned surgical
interventions in the tissue of the body. The term
"wound" is generally applied to more superficial
form of tissue damage where as "injury” is used
for damages of depart structures. Wound has a
variety of effects on the tissue including
mechanical separation of functional structure such
as blood vessels (bleeding) deformation occurs
due to tissue tension, biological effects which
results immediately leading to inflammatory
responses and secondary effects which occurs at a
later stage such as infections B4, Wound healing
is a complex process of restoring cellular
structures and tissue layers in damaged tissue
together to its normal state and commencing in the
fibroblastic stage where the area of the wound
undergoes shrinkage %1, 1t comprises of different
phases such as contraction, granulation,
epithelization and collagenation ©8.  Wound
contraction is a process that occurs throughout the
healing process, commencing in the fibroblastic
stage where the area of the wound undergoes
shrinkage [°. The wound repair and healing
process involves steps that include inflammation
and haemostasis around the site of injury. The
proliferative phase, characterized by
epithelialization, angiogenesis and collagen
deposition and the final remodeling phase,
characterized by wound contraction resulting in
apparently a smaller amount of scar tissue, repair
of the connective tissue and epithelium that leads
to a healed wound 8. The progression from an
injured site to a healed wound is potentially
slowed down or arrested by a number of different
events and conditions; the most significant being
colonization of the wound bed by micro-
organisms B7.  This would ultimately lead to the
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production of a variety of toxins and proteases by
the micro-organisms in the wound bed resulting in
a prolonged inflammatory response. Though the
host’s inflammatory response is vital and effective
to eliminate the microbial pathogens, over time it
could also lead to the damage of the surrounding
tissues 8. The use of anti-microbial prophylaxis
is vital in reducing the wound’s microbial load.
Once a wound becomes infected, healing is
delayed [59]. Increased bacterial burden on the
surface and in the wounded tissue increases the
metabolic requirements of the wound and of the
host’s response to that heavy bacterial load. A
bacterium  produces endotoxins, exotoxins,
proteases and creates local tissue injury %, The
presence of a bacterial burden in a wound
stimulates a pro-inflammatory environment. The
presence of bacteria also induces the migration of
monocytes, macrophages and leukocytes, all of
which are in co-ordination initially but later
produce a response that is exaggerated and
deleterious, leading to delayed or failure to
healing Y. This is referred to as a phenomenon
known a ‘Bioburden’, which is defined as the
metabolic load imposed by bacteria in the wound
bed. Bacteria compete with normal cells for
available oxygen and nutrients. Apart from this,
bacteria and bacterial products such as endo-
toxins and metallo-proteinases can cause
disturbances in the wound healing phases [,
The impregnated leucocytes in the wound bed kill
phagocytic bacteria by mechanisms that involve
an oxidative and the consumption of significant
amounts molecular oxygen, thereby depraving the
oxygen required for basic wound metabolisms. In
addition to the white blood cells inflammatory
response needed to Kill bacteria increases the
release of damaging oxygen free radicals. Thus,
from a patho-physiologic point, treating an
infection reduces the wound’s bacterial burden
which in turn effects the dynamics of oxygen
delivery and its utilization within the wound 621,
Study of wound healing effect of docetaxel-loaded
gelatin nanoparticles was carried out using
excision wound model in order to establish the
antiseptic activity of the drug 3. In the present
study, sincere effort has been attempted to
establish the scientific validity of the wound
healing effect of the docetaxel-loaded gelatin
nanoparticles. Antioxidants have been reported to
play a significant role in improving the wound
healing process and protecting the tissues from
oxidative damage 4. Showed that treated healed
wound group contained a large amount of
fibroblast proliferation, collagen synthesis and

© 2010, IJPBA. All Rights Reserved.

neo-vascularisation, which resulted in increased
wound tensile strength and accelerated wound
healing. This is in coherence with the current
study which revealed that dressing the wound with
docetaxel-loaded gelatin nanoparticles 5 % (w/w)
significantly enhanced the process of wound
healing.
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