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Keywords: ABSTRACT: Subcutaneous implantation of the drug is known to be the
first medical approach aiming to achieve prolonged and continuous
administration of drugs. The purpose of the research was to achieve
sustained delivery of Tramadol Hydrochloride from biodegradable

Gelatin-Sodium Alginate polymeric implant. Implants were prepared by
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w/w by heating and congealing method and then exposed to
formaldehyde vapor for different periods (3, 6, 12 & 24 h) for hardening.
Implants formulated with 80:20 Gelatin-Sodium Alginate ratio and
hardened for 12 h were chosen for further studies based on drug loading
and release performance. Effects of different excipients were studied on
drug loading efficiency and drug release profile. Morphology of implant
matrices, as studied by SEM, supported the experimental results. The
release kinetics of drug was evaluated by fitting the data in four different
kinetic models, namely, Zero order, First order, Higuchi and
Korsmeyer-Peppas. Implants were found to follow Korsmeyer Peppas
Model the best in most cases. Good correlations were obtained with the
Higuchi model as well. According to these models, the drug release
mechanism was diffusion controlled.

Department of Pharmacy,
University of Asia Pacific,
Building 73, Road 5A, Dhanmondi,
Dhaka-1209, Bangladesh.

E-mail: swarnali@uap-bd.edu

INTRODUCTION: When considering new The plethora of drug therapies and types demand

options for drug delivery, the most direct approach
is usually parenteral administration as innovative
pharmaceutical treatments require innovative
methods of administration. The development of
sustained-release dosage forms is more likely to
succeed commercially such as implants providing
controlled, local release of active substances are of
interest in different medical applications, assuming
that they provide the desired efficacy and safety.
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different formulations, fabrications conditions, and
release Kinetics. No single polymer can satisfy all
the requirements. Therefore there have been
tremendous advances in the area of biodegradable
polymers over the last 30 years *.

Present investigation explores the scope to
formulate and evaluate sustaining the release of
drug by using Gelatin-Sodium  Alginate
combination biodegradable implants. Tramadol
Hydrochloride was chosen as a model drug because
it is centrally acting analgesic with a low affinity
for opioid receptors and is used treat many long
term conditions like rheumatoid arthritis, restless
gegs syndrome, motor neuron disease, fiboromyalgia
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Its limiting side effects in the treatment of acute
and chronic pain are reported to be less intense and
less frequent than other opioids. The drug has a
good bioavailability and elimination half-life (5-6
h). It is prescribed 3—4 times a day and therefore is
a good candidate to be formulated in sustained
release dosage form 2. The goal in designing
sustained delivery systems is to reduce the
frequency of dosing or to increase the effectiveness
of the drug by localization at the site of action,
reducing the dose required or providing uniform
drug delivery *.

MATERIALS AND METHODS:

Materials: Tramadol Hydrochloride was obtained
as a gift sample from Beximco Pharmaceuticals
Ltd, Bangladesh. Gelatin was purchased from
Merck Specialties Pvt. Ltd, Mumbai. Sodium
Alginate was purchased from Loba Chemie Pvt.
Ltd, Mumbai. Other chemicals were of analytical
grade.

Preparation of Implant: Tramadol Hydrochloride
implants were prepared by using biodegradable
polymers Gelatin and Sodium Alginate in two
different ratios 70:30 and 80:20, respectively.
Implants with 10% drug load for each formulation
were prepared using heating and congealing
method. Gelatin was weighed & sprinkled with
water for 30 min. Then Sodium Alginate was added
to hydrated gelatin at 60 °C with continuous
stirring until gelatin was dissolved and then
glycerin (plasticizing agent) was added into it.

Tramadol Hydrochloride was dissolved with
acetone and added to the previous mixture. After
homogenous mixing of all ingredients, the solution
was poured in a glass Petri dish and kept in an ice
bath for 1 hr. Then it was allowed to set by placing
in the refrigerator for 3 days and hardened with
Formaldehyde * ® 7. After that, the implants were
dried at room temperature for 3 days and cut into
thin films.

Hardening of Implants: In an empty glass
desiccator, a Petri dish containing 37% v/v
formaldehyde solution was placed below the
perforated plate. Petri dishes containing the
implants were kept on top of a perforated plate, and
the desiccator was closed immediately. Then
implants were removed from the desiccator after 3,
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6, 12, and 24-hour intervals, respectively, which
allowed the implants to react with formaldehyde
vapor for the said hours. After that, they were dried
at room temperature for 3 days to make sure that
the residual formaldehyde gets evaporated > % "8,

Morphological Characterization of Implants:

Digital Photographic Imaging: Photograph of the
drug-loaded implants was taken with the help of
digital camera Canon Ixus, 10.0 Mega Pixel. Fig.
1(B) shows some randomly selected digital images

of the implants.
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FIG. 1: IMAGES OF GELATIN- SODIUM ALGINATE
IMPLANTS (A) AFTER POURING INTO PETRI DISH
(B) AFTER CUTTING

Scanning Electron Microscope (SEM): Scanning
electron microscope (Philips XL 30, The
Netherlands) was used to observe the surface
morphology of implants. The Au layer was coated
to make the implant surface conductive to electrons
in the SEM. Surface morphology greatly influences
the release kinetics of implants °. The kinetics of
drug release is greatly dependent on the
morphological characters of implants.

The SEM micrograph of Mg Stearate incorporated
drug-loaded implant surface before drug release
found porous. Thereby probably entrapping of the
drug is relatively lower compared to 100%
entrapping capability, and it also correlates with
loading efficiency found from drug content
analysis. The loading efficiency was found
72.363% when Mg Stearate was incorporated in the
implant. In Fig. 2(A) represented no porous
surface, then loading efficiency would 100%. But
loading efficiency 72.363% which comply with the
figure. Fig. 2(B) being more porous and rough we
can say that a very low amount of drug was
remaining after drug release.
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FIG. 2. SEM MICROGRAPH OF TRAMADOL HYDROCHLORIDE IMPLANT WITH Mg STEARATE (A)
BEFORE DRUG RELEASE (B) AFTER DRUG RELEASE

X100

Physical Parameters of Implants:

Weight Variation of Implants: Weight variation
of implants was checked by weighing three
implants of a particular formulation and exposure
time individually *°. Fig. 3(A) shows the average
weight of the implants for 70:30 and 80:20
formulations and hardening times of 3 h, 6 h, 12 h,
and 24 h are similar with little deviations. Thus it
can say that the implants of various polymer ratios
with different hardening time did not affect the
average weight of the implants.

Thickness of Implants: The thickness of implants
was checked by taking 3 implants from each batch

E-ISSN: 0975-8232; P-ISSN: 2320-5148

B s X100 = 100

of formulations and measured their thickness
individually by using slide calipers **. Fig. 3(A)
denotes variations in the thickness of the implants
with different polymer ratios including 70:30 and
80:20 which were gone for 3hrs, 6 hrs, 12 hrs, and
24 h exposure time for their hardening. From Fig.
3(B) it can say that the average thickness of the
implants of formulations 70:30 and 80:20 with their
different hardening times (3, 6, 12 and 24 h) remain
relatively similar with little deviations. Thus it can
say that the implants of various polymer ratios with
different hardening times did not affect the average
thickness of the implants.
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FIG. 3: COMPARISON OF 70:30 AND 80:20 GELATIN-SODIUM ALGINATE IMPLANT (A) AVERAGE WEIGHT

(IN MG) (B) AVERAGE THICKNESS (IN mm)

FIG. 4: FREE FORMALDEHYDE TEST (A) STANDARD
FORMALDEHYDE SOLUTION (B) COLORLESS
SAMPLE SOLUTIONS

Test for Free Formaldehyde: Implants were
subjected to a pharmacopoeial test to detect the
absence of free formaldehyde 2. Fig. 4 shows the
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comparison of the sample solution and the standard
solution with each other according to visual color
change. The intense the yellow color, the greater
the amount of free formaldehyde. Fig. 4(B) reflect
that the color of the sample solutions was colorless.
So, from this observation, we may be sure that
these implants did not retain any free
formaldehyde.

Determination of Drug Content (Loading Dose):
The amount of drug that was loaded in implants
during the fabrication process was determined by
spectrophotometric analysis. First, the implants
were weighed and then crushed Fig. 5 in a mortar
and pestle. Then it was dissolved in 1 ml hot buffer
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by vigorous ultrasonication. For precipitating the
polymer and extracting the drug, 9 ml of phosphate
buffer (pH 7.4) was added. Then it was centrifuged
at 3000 rpm for 15 min to separate the solid
material. The supernatant from the solution was
collected, and it was analyzed at 271 nm with UV
spectrophotometer with phosphate buffer (pH 7.4)
as blank.

FIG. 5: IMAGE OF CRUSHED IMPLANT

In-vitro Drug Release Studies: For in-vitro
dissolution of Tramadol Hydrochloride implants at
least 3 samples were taken from each formulation
and transferred to 50 & 100 ml rubber capped glass
vial containing Phosphate Buffer (pH 7.4) in order
to observe the drug release profile Fig. 6. Then
they were kept in static condition for certain time
period and after predetermined time intervals with
mild stirring of the dissolution vessel 10 ml of
sample was withdrawn using conventional
disposable syringe (10 ml). To replace the
withdrawn sample, 10 ml of fresh phosphate buffer
was added to the vessels. The withdrawn samples
were analyzed for determining the percentage
release of drugs by UV spectrophotometer at 271
nm (Amax of Tramadol Hydrochloride). All data
were used in statistical analysis for the
determination of mean, standard deviation and
release kinetics >,
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linear regression analysis. Coefficients of
determination (R?) were utilized for comparison *°.

RESULTS AND DISCUSSION:

The Drug Loading Efficiency of Implants: The
loading dose has a significant effect on resulting
release kinetics along with drug solubility. In case
of freely water-soluble drugs, the porosity of matrix
upon drug depletion increases with increasing
initial drug loading. This effect leads to increased
absolute drug transfer rate. The loading efficiency
of the implant is dependent on several factors
related to the drug, polymer, and solvent properties.
Implants were analyzed for actual Tramadol
Hydrochloride content against theoretical drug
content. The percentage of loading efficiency
(%LE) of implants was determined with the
formula:

% LE = (LD/AD) x 100

Where LD is the amount of drug that was loaded in
the implant, and AD is the amount of drug
originally added in the formulation *°.

Effect of Excipients on Loading Efficiency of
Implants: The effect of incorporation of different
excipients on loading efficiency of Tramadol
Hydrochloride was studied for 10% drug load. The
changes in the loading efficiency were probably
caused by the respective excipients. The data for
different excipients are represented in Table 1.

TABLE 1: EFFECTS OF EXCIPIENTS ON LOADING
EFFICIENCY (%)

Excipients Actual drug Loading
content efficiency
Mean + SD (%)
Drug only 12.354 £ 0.129 65.65
GMS 11.283+£0.077 66.46
Stearic Acid 11.981 £0.413  76.006 (max)
Stearyl Alcohol 11.267 £0.282 70.77
Cetyl Alcohol 11.315 £ 0.088 73.25
Cetostearyl Alcohol 9.296 £ 0.019 63.38
Arachis QOil 9.243 £ 0.037 48.62 (min)
Cremophore RH 40 15.932 £ 0.130 69.67
Xanthan Gum 13.416 + 0.099 67.96
Magnesium Stearate ~ 13.761 + 0.267 72.36

FIG. 6: IN-VITRO DISSOLUTION OF IMPLANTS

Statistical Analysis: Results were expressed as
mean + S.D. Statistical analysis was performed by

International Journal of Pharmaceutical Sciences and Research

Loading efficiency was found in the range between
48.62% to 76.00% from different formulations. The
highest loading efficiency was found with Stearic
Acid (76.00%) and the lowest with Arachis Oil
(48.62%). Fig. 7 represents a graphical comparison
of the drug loading efficiency of different excipient
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incorporated implants. The loading efficiency was
found to decrease in the following sequence:

Stearic Acid > Cetyl Alcohol > Mg Stearate > Stearyl
Alcohol > Cremophore RH 40 > Xanthan Gum > GMS
> Drug Only > Cetostearyl Alcohol > Arachis Oil

Ivlg stearate |

Hanthan gum
Cremophore FH 40

Lrachisoil |

Cetostearsyd aloohol |

Cetyd aleohol |
Stearyl alcohol

Stearic acid |

G5 |

Drag ondy L.

a0

2 Loading efficiency (%6)
FIG. 7: EFFECTS OF EXCIPIENTS ON DRUG
LOADING EFFICIENCY
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In-vitro Drug Release Studies for 70:30 and
80:20 Ratio: The profile and kinetics of drug
release are important because they correlate the in-
vitro, in-vivo drug responses by comparing results
of pharmacokinetics and dissolution profile
patterns 1% The drug release mechanism from
the matrix is a consequence of concomitant
processes such as diffusion of the active ingredient
through the polymer matrix along a concentration
gradient, erosion of biodegradable polymers by
hydrolysis or combination of drug diffusion and
polymer degradation '°. The formulation containing
Gelatin-Sodium Alginate in the ratio 80:20 and
hardened for 12 h showed maximum sustained
action of drug release Table 2 and Fig. 8.

TABLE 2: TIME TAKEN FOR DRUG TO BE RELEASED FROM IMPLANTS

Gelatin- Sodium Alginate polymer ratio

Time (days) taken for drug release to be completed from implants

3h 6h 12 h 24 h
70:30 7 8 9 7
80:20 9 10 13 (max) 11

8
& W 70:30
4 B0:20
2

Time Taken o Release
100%

3 & 12 24
Handening tizee (has)
FIG. 8: TIME TAKEN FOR DRUG TO RELEASED

TABLE 3: OVERVIEW OF CALCULATED TIME

Excipients Time (days) for drug release
GMS 16
Stearic Acid 16
Stearyl Alcohol 15
Drug only 13
Cetyl Alcohol 13
Avrachis Oil 13
Cremophore RH 40 13
Cetostearyl Alcohol 12
Xanthan Gum 12
Mg Stearate 10

Drug Release Profile from 80:20 Gelatin-
Sodium Alginate Polymer Ratio with 12 h
Exposure Time: Effect of Excipients: Excipients
have various effects on drug release profile. The
rate and extent of drug release can be controlled by
the use of excipients in the formulation. These
agents can act as rate modifier by increasing or
retarding the rate of release depending upon the
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nature of the agent. They probably extend their
effects by influencing the way of formulation
formed and therefore on the release characteristics
of the sustained release implants. Result of in-vitro
release are summarized in Table 3 and also
graphically represented in Fig. 9 as compared to
the drug only implant.

Hanthan Gure | d

Erachis Ol |

Cetyl Aloohal |5 )

Stearic Lioid | J

Dirug Only |~ .

o] = 10 15 20

Caloulated tith e (dayg) for 100 % diagrelease

FIG. 9: GRAPHICAL REPRESENTATION OF % RELEASE
FOR DIFFERENT EXCIPIENT INCORPORATED IMPLANT

The in-vitro release data of Tramadol
Hydrochloride were analyzed using Higuchi,
Korsmeyer Peppas, First order, and Zero order
model to identify drug release characteristics for
implants 2% 2% 22, R? values in Table 4 show the
Korsmeyer-Peppas model to be the best fit. Good
correlations were also obtained with the Higuchi
model. The Korsmeyer-Peppas equation describes
the mode of release of drugs from swellable
matrices and Higuchi describes the release of drugs
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from the insoluble matrix as a square root of time-
dependent process based on the Fickian diffusion

According to these models, Tramadol
Hydrochloride release from implants is diffusion

E-ISSN: 0975-8232; P-ISSN: 2320-5148

controlled where the drug is leaving the matrix
through pores and channels formed by the entry of
dissolution medium.

TABLE 4: FITTING COMPARISON OF EQUATION OF KINETIC MODELS

Formulations Kinetic Model
Higuchi Korsmeyer-Peppas First order Zero order
Rate R’ Rate R? Rate R? Rate R?
constant constant constant constant
Drug Only 17.99 0.92 0.19 0.91 -0.05 0.91 3.97 0.92
GMS 19.46 0.95 0.16 0.96 -0.06 0.90 4.76 0.90
Stearic Acid 17.34 0.87 0.17 0.91 -0.04 0.87 4.15 0.79
Stearyl Alcohol 21.41 0.95 0.20 0.96 -0.07 0.94 5.33 0.86
Cetyl Alcohol 20.33 0.92 0.16 0.98 -0.08 0.88 5.30 0.83
Cetostearyl Alcohol 21.31 0.91 0.17 0.91 -0.05 0.87 5.69 0.80
Arachis Oil 19.54 0.90 0.17 0.91 -0.05 0.89 5.16 0.83
Cremophore RH 40 19.87 0.90 0.17 0.91 -0.07 0.81 5.29 0.85
Xanthan Gum 22.04 0.93 0.18 0.95 -0.08 0.88 6.07 0.87
Mg Stearate 23.54 0.89 0.15 0.94 -0.10 0.92 7.00 0.79
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FIG. 10: TRAMADOL HYDROCHLORIDE RELEASE

FROM IMPLANTS WITH GMS, STEARIC ACID AND
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FIG. 11: TRAMADOL HYDROCHLORIDE RELEASE

STEARYL ALCOHOL: (A) FIRST ORDER (B) ZERO ORDER
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FIG. 12: TRAMADOL HYDROCHLORIDE RELEASE FROM IMPLANTS WITH CETYL ALCOHOL,

CETOSTEARYL ALCOHOL, AND ARACHIS OIL: (A)H
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IGUCHI (B) KORSMEYER-PEPPAS
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FIG. 15: TRAMADOL HYDROCHLORIDE RELEASE FROM

CONCLUSION: Polymeric drug delivery systems
are attractive alternatives to control the release of
drug to obtain defined blood levels over a specified
time. The patients suffering from some disease
conditions often benefit from such long-term drug
delivery systems . This interest has been fostered
by the potential advantages provided by these
technologies, including a decrease of overall drug
dose and possible reduction of local or systemic
side effects. Biodegradable polymers are highly
desirable in these situations because they degrade
in the body to biologically inert and compatible
molecules, and no surgical retrieval is required.

As a result, biodegradable polymers offer a novel
approach for sustained release drug delivery
systems that are simple and convenient to the
patient '. Tramadol Hydrochloride release from
Gelatin—Sodium Alginate implants sustained up to
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IMPLANTS WITH CREMOPHORE RH 40,
XANTHAN GUM AND MG STEARATE: (A) FIRST ORDER (B) ZERO ORDER

16 days through the drug is highly water soluble.
The polymer content had a significant influence on
drug loading efficiency. Variation in polymer ratio
and inclusion of different excipients affected the
drug release characteristics. Since this delivery
system has been found to provide sustained drug
release, it can be an attractive candidate for further
development.
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