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Abstract: A series of biodegradable polymeric scaffolds was prepared by using a combination of natural (collagen)
and synthetic (poly(caprolactone)) (PCL) polymers in various compositions. These scaffolds were soft, spongy,
porous and transparent in nature and were characterized by thermogravimetric analysis (TGA) and Fourier transform
infrared (FT-IR) spectroscopy. The entrapment efficiency and drug release activity of the scaffolds were analyzed
using penicillin and tetracycline as antimicrobial drugs. The drug release activity of the scaffolds with various com-
binations of collagen and PCL were studied by measuring the optical density in a spectrophotometer at the following
time intervals: 1, 4, 24, 48 and 60 h. These scaffolds showed better and continuous drug release for up to 60 h. Even
after such a long duration, a portion of the drug remained entrapped in the scaffolds, indicating that they can be uti-

lized for wound healing applications.
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Introduction

Coliagen, a well-known protein is a natural biodegradable
polymer that has considerable use in medical field as a bio-
material owing to its biocompatibility, non-toxicity and well
documented structure, physical, chemical, biological and
immunological properties. In particular, collagen based bio-
materials find significant place in the field of drug delivery.'?
Further, the mechanical stability compliance, cost effective-
ness and ease of availability of collagen also facilitates its
application as a biomaterial. Hence, collagen based bioma-
terials used in the preparation of the new scaffolds in combi-
nation with PCL are expected to possess good biocompatibility
for wound tissue. Earlier, collagen was used in wound heal-
ing and skin regeneration.” On the other hand, the synthetic
biodegradable polymer poly(caprolactone) (PCL) is also
used as a biomaterial in combination with collagen for
wound dressing. PCL attracts much attention due to its cost-
efficiency, flexibility at room temperature, higher crystallin-
ity and lower degradation rate compared to other polymers
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and it is an FDA approved biodegradable polymer for drug
release application. In addition, the higher permeability of
PCL for a wide variety of drugs makes it as a potential drug
delivery carrier."*

Drug carriers are being developed in different forms such
as scaffold, membrane and porous matrix to encapsulate
drugs using wide range of biodegradable polymers of both
natural and synthetic origin. Among these, scaffolds have
shown promise as drug delivery carrier due to many reasons
including biocompatibility and availability.”* To improve
wound healing by reducing wound contamination, several
antimicrobial drugs have been developed and investigated
so far. Penicillin and tetracycline exhibit bacterial activity
against a broad spectrum of microorganism including criti-
cal clinical microbes especially against both gram (+) ve
and gram (-) ve bacteria’s."”*'* From this point of view, peni-
cillin and tetracycline are used in our work to entrap into the
scatfolds without loss of its activity. Moreover tetracycline
has broad-spectrum range as compared to penicillin. These
drugs are selected to use as topical antibacterial drugs
because of their low toxicity and their potential to act on
microbes. "
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Based on the above facts and in continuation of our inter-
est in the formulation of novel drug delivery systems, we
present herein the preparation of biodegradable polymeric
scaffolds containing collagen and PCL. The drug entrap-
ment efficiency of the prepared scaffolds have been deter-
mined by using the antimicrobial drugs penicillin and
tetracycline. The in vitro release of these drugs from the
scaffolds was estimated by using UV spectrophotometer.

Experimental

Materials. PCL (high molecular weight =80,000), dichlo-
romethane (DCM), calcium chloride (CaCl,) and Tritrion
X-100 were purchased from Sigma-Aldrich (USA) and pure
collagen was extracted from Bovine Achilles Tendon. Pep-
sin used in the preparation of scaffolds was purchased from
Sigma-Aldrich (USA). Antimicrobial agents penicillin and
tetracycline were purchased from Chipla Pharm Co. (India).
Remi stirrer was used for homogenization of solutions.
Phosphate buffer solution (PBS) with a pH of 7.2 was pre-
pared and used in the drug release study.

Thermogravimetric analysis (TGA 2050, TA Instruments
Co., USA) was carried out at a heating rate of 10 °C per
minute in air. FT-IR spectrum of the sample was recorded
(as KBr pellet) using Bio-Rad Win spectrophotometer.

Extraction of Collagen. Pure collagen was extracted
from Bovine Achilles tendon tissue and minced with a
mincer by following the reported procedure.'” The minced
tissues were treated with surfactant (Tritron-X) and mixed
well to remove the fat content present in the tissue and then
repeatedly washed with distilled water to remove the surfac-
tant. Then the tissues were treated with alkali to swell and it
was stirred occasionally and left at 4 °C to avoid the dena-
turation of collagen. The swollen tissues were treated with
pepsin enzyme to remove antigenic site. After this, glacial
acetic acid was used to get the collagen solution and the
protein in the solution was precipitated by adding 5% NaCl
with continuous stirring. The precipitated protein was fil-
tered, washed with slightly alkaline water to remove excess
salt and dissolved in 0.5 M acetic acid and homogenized to
get clear collagen solution.

Standardization of Antimicrobial Agents. For the prep-
aration of collagen-PCL scaffolds containing antimicrobial
agents, the drugs were standardized from stock solution.

Penicillin and Tetracycline Standardization. Each peni-
cillin and tetracycline vial consisted of 40 mg/mL. There-
fore, stock was prepared by taking 1 mL from the vial and
made up to 10 mL in distilled water, and different aliquots
ranging from 0.5, 1, 1.5, 2.0 mL were taken, and it was
made up to 10 mL with distilled water. They were further
diluted to half of the concentration. The readings were taken
at 257 nm for penicillin and 270 nm for tetracycline. The
optical density (O.D.) value ranges from 50-400 ug for pen-
icillin and 1,000-4,500 pg for tetracycline.
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Preparation of Collagen-PCL Scaffolds Containing
Penicillin and Tetracycline Drugs. 100 mg of PCL was
dissolved in 5 mL of dichloromethane and the resulting
polymer solution was mixed with 10 mL collagen solution.
To this 1 mL of penicillin (15 mg) drug was added and
stirred for 2 min. Then the homogenized solution was
casted into 55 mm plastic petri plates and dried in air for
3 to 4 days, resulting in the formation of soft, spongy and
transparent scaffolds with an average thickness of 50 mm.
This scaffold was named as Pc,. Using the above method,
different scaffolds were prepared by keeping constant quan-
tity of collagen (10 mL) and varying the PCL concentration
(i.e. 200, 300, 400, 500 mg) and named as Pc,, Pc;, Pc, and Pcs.

Using the above procedure, the scaffolds containing tetra-
cycline were prepared by taking 1 mL of tetracycline (25 mg)
instead of pencillin. The scaffolds with the average thick-
ness of 50 mm were obtained and named as Tc;, Tc,, Tc;,
Tcs and Tcs.

Contact Angle Measurement. The hydrophilicity of the
collagen-PCL scaffolds was determined by contact angle
measurement to relate the permeating rate of water into the
scaffolds. The water contact angle was measured by the
video contact analyzer (SEO-330, S.E.O Co., Korea). De-
ionized water was automatically dropped onto the scaftolds
to check the hydrophilicity. The contact angle was measured
5 times from different positions on each scaffold and an
average value was calculated.

Drug Release Studies. The drug release activities of the
scaffolds containing penicillin and tetracycline were carried
out as follows.

A piece of 100 micrograms was weighed from each scaf-
fold (Pcy, Pe,, Pes, Pey and Pes and Te,, Te,, Tes, T, and Tes)
placed in separate test tubes. To this, 3 mL of PBS (pH 7.2)
was added and kept in orbital shaker. The amount of peni-
cillin /tetracycline released from the scaffolds was estimated
by collecting PBS from the test tubes and replacing by add-
ing fresh 3 mL buffer after 1 h. The same procedure was fol-
lowed after 4, 24, 48 and 60 h. The concentration of drug
release was determined spectrophotometrically at 257 nm
for penicillin and 270 nm for tetracycline. The quantity of
drug released was calculated from the standard curve.

Results and Discussion

In this study, we estimated the penicillin and tetracycline
release efficiency of the collagen and PCL containing scaf-
folds in DDS. Collagen was chosen as a carrier because of
its bioactivity and biocompatibility. Collagen scaffolds are
poorly permeable to water vapors and hence they are con-
sidered occlusive.'*!¢ The use of collagen, which constructs
the skeleton system in association with PCL, makes the
scaffolds more proximity with the body fluids thereby pro-
viding hydrophilic interaction.

FT-IR Spectroscopy. Using FT-IR spectroscopy, the com-
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Figure 1. FT-IR spectrum of collagen-PCL scaffold.

posite scaffolds were characterized to find the presence of
both collagen and PCL (Figure 1) fractions in the compos-
ite. Different modes of vibrations having contributions from
both collagen and PCL were found in the spectrum. The
characteristic bands of carbonyl and -NH, asymmetric
stretching vibrations were observed at 1645 cm™ and 1550
cm™, respectively. A broad band in the region of 3400-3500
cm” has been assigned as due to that of the combined vibra-
tions of both the amino and hydroxyl groups.
Thermogravimetric Analysis. Figure 2 shows the TGA
curve of collagen-PCL scaffolds without antimicrobial drugs.
From this figure, we observed that the decomposition tem-
perature of pure PCL and collagen are 388 and 310 °C,
respectively. The TGA of the collagen-PCL scaffold showed a
monotonic weight loss {10%) at the temperature interval of

350-380 °C due to the decomposition of collagen and a
sharp decomposition step with complete weight loss at
430 °C is due to the decomposition of PCL. The increase in
the decomposition temperature of collagen and PCL may be
attributed to the physical mixing of them.

Contact Angle Measurement. The hydrophilicity of the
collagen-PCL. scaffolds was determined by contact angle
measurement. In drug delivery system, the drug delivery
rate is related to the permeating rate of water into the scaf-
folds. Higher hydrophilicity can accelerate the permeation
of water and improve drug diffusion rate.

In the present collagen-PCL scaffold, a drop of de-ionized
water was dropped on the scaffolds in order to study its
hydrophilicity and the results compared with pure PCL
scaffolds. It was observed that the diffusion of the drop in
collagen-PCL scaffolds is linear with time. The drop was
completed absorbed within a minute. However, it was
retained on the surface of pure PCL scaffolds for a long
time as revealed by contact angle measurement (Figure 3).

Physico-Chemical Activity of Drug Release. It is a
well-known fact that the entrapment efficiency of polymeric
scaffolds mainly depends upon the nature of polymers. In
our present study, the entrapment efficiency has been found
to range from 87% to 95% in both the cases (Table I). The
highest encapsulation efficiency was observed with low
PCL content. This probably results from the hydrophobic
nature of PCL. Presumably hydrophobic materials have
large inhomogeneity with hydrophilic materials. This can be
further stated by the homogeneity of hydrophilic collagen
with hydrophilic drug, which in turn encapsulated into PCL.

In vitro Release Study. Figures 4 and 5 shows the release
patterns of drugs from collagen-PCL scaffolds of varying
PCL concentrations at 1, 4, 24, 48 and 60 h for both penicil-
lin and tetracycline, respectively. In both the cases, the drug
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Figure 2. TGA curves of collagen-PCL scatfold (-~-: collagen,
—PCL, - : collagen-PCL).
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Figure 3. Water contact angles of collagen-PCL scaffolds. (M ):
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Table L. Physico-Chemical Activity of Drug Release
(a) Collagen- PCL Scaffolds with Penicillin

. Entrapment Efficienc
Formulation Drug Loading P y

me) g (%)
Collagen 10 mL/PCL-100 mg 15 141 95=1
Collagen 10 mL/PCL-200 mg 15 14+1 95+1
Collagen 10 mL/PCL-300 mg 15 13£2 87+2
Collagen 10 mL/PCL-400 mg 15 1342 87+2
Collagen 10 mL/PCL-500 mg 15 1342 87+2
Mean value = SD (n=4)
(b) Collagen- PCL Scaffolds with Tetracycline
Formulation Drug( rI;lcéa)ding Entrapment Efficiency
mg) (%)
Collagen 10 mL/PCL-100 mg 24 23+1 95+1
Collagen 10 mL/PCL-200 mg 24 23+1 95+1
Collagen 10 mL/PCL-300 mg 24 23+] 95+2
Collagen 10 mL/PCL-400 mg 24 21+3 87+3
Collagen 10 mL/PCL-500 mg 24 2142 87+3

Mean value £ SD (n=3).
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Figure 4. Penicillin release profile of collagen-PCL scaffolds at
vatious time intervals (mean value = SD (n=4)) (@: Pc,, ¥: Pc,,
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Figure 5. Tetracycline release profile of collagen-PCL scaffolds
at various time intervals (mean value£SD (n=3)) (4 : Tc,, &: Tc,
&: Tc, ¥:Tc,, §: Tcs).
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release rate increased because of high PCL concentration.
Similarly, drug release profile of both formulations exhibit
an initial burst release, followed by a sustained release
driven by diffusion of drug through polymer wall and poly-
mer erosion in the scaffolds. The drug release from scaf-
folds containing tetracycline is significantly higher than that
from the scaffolds containing penicillin. For example, the
release of drugs from the scaffolds containing tetracycline
was 8,500-20,000 ug, but in the case of penicillin showed
70-700 pg.

An initial burst release of penicillin was observed from all
the scaffolds containing penicillin, followed by a sustained
release from the scaffolds Pcs, Pcy and Pcs because of diffu-
sion of drug in polymeric scaffolds. This shows the constant
release of drug over the entire period of study (60 h). The
concentration of tetracycline released from the scaffolds is
much higher than that of penicillin. The slower rate of
release found in the case of penicillin is because of the
strong interaction between the drug and the polymer than
that found in the case of tetracycline. Similarly, in this also
the release is found entire over the period of time in the case
of Tc,, Tcs, Tes scaffolds.

Conclusions

From this study, we observed that the scaffolds containing
penicillin may be used as a ordinary wound dressing mate-
rial, whereas those containing tetracycline possess the poten-
tial to be used as deep wound dressing material because of
its sustained release over a long period. Hence, these biode-
gradable polymeric scaffolds have great potential in drug
delivery application as wound dressing material.
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