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Abstract

Background. The application of local drugs as adjunctive periodontal treatment is a topic of rapidly in-
creasing interest. Consequently, new discoveries are arising, a noteworthy portion of which employ hydro-
gels as delivery systems due to their high biocompatibility with and similarity to human tissues. In the
search for new therapeutic agents capable of aiding periodontal treatment, authors became interested
in a unique concept investigated by very few in vitro or in vivo studies concerning the local application
of insulin. These studies concluded that insulin promotes the recovery and regeneration of damaged soft
and bone tissues.

Objectives. The aim of the study was an endeavor to design a linear hydrogel that is injectable into peri-
odontal pockets, and is able to carry a small insulin load through physical bonds and provide sustained
release.

Material and methods. The chitosan hydrogel as well as blends of polyvinyl pyrrolidone (PVP), poly-
vinyl alcohol (PVA) and polyethylene glycol (PEG) were prepared and characterized in terms of the hydrogel
texture and injectability. Afterward, to study the insulin release kinetics, a specific amount of each formula-
tion was loaded with insulin, and then incubated in phosphate-buffered saline (PBS). Specimens of the
incubated samples were withdrawn daily to measure insulin concentrations by means of the ultraviolet
(UV)-absorbance method; ultimately the cumulative release was calculated.

Results. Out of the 5 formulations, 4 had homogenous one-phasic texture and their insulin release profiles
in vitro ranged from a few hours to about 2 weeks. The blend of 26.5 wt% PVP, 6.6 wt% PVA, 0.03 wt%
calcium chloride dihydrate (CaCl,.2H,0), and 66.8 wt% water, loaded with 2 IU/g of insulin, had favorable
reqular sustained release, approaching 13 days.

Conclusions. The composition of the hydrogel, the component ratio and the amount of loaded insulin were
found to affect the release profile. A linear hydrogel of copolymerized PVP, PVA and CaCl,.2H,0 can serve as
alocal vehicle for the sustained delivery of insulin inside periodontal pockets.
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Introduction

Handling gingival and periodontal disease is not a simple
mission. Plaque-induced gingivitis can be resolved by
biofilm removal and scaling procedures. Still, to preserve
healthy gingiva, the maintenance of self-performed
oral hygiene is indispensable. Non-surgical periodontal
therapy (NSPT), a cornerstone in managing periodontitis,
precedes any additional therapy. To accomplish it, prac-
titioners use scalers and pocket/root instrumentation in
order to approximate the ultimate goal of the therapy,
which is to remove microbial deposits and calculus from
the supra- and infragingival areas.! Besides that, a varie-
ty of treatment strategies can modulate the patient’s re-
sponse to the management of periodontitis. This involves
the local application of chemotherapeutic agents as an ad-
junct to NSPT, increasing its ability to ensure satisfactory
outcomes. In the medical literature, most local drugs that
are applied for treating periodontitis can be divided into
antibiotics, antiseptics, anti-inflammatory drugs, growth
factors, interleukins, and medicinal herbal products.??

An ideal local drug delivery system (LDDS) should pro-
vide a gradual release of the active drug for a sensible pe-
riod, and be biocompatible, bioadhesive and noncyto-
toxic.*~® In patients with periodontitis, periodontal pockets
themselves are available as natural reservoirs for LDDSs.
At first, subgingival irrigating systems can supply thera-
peutic agents to the diseased area at effective concentra-
tions, but conspicuous limitations arise from the continu-
ous flow of the gingival crevicular fluid (GCF), which is
replaced approx. 40 times per hour, leading to the rapid
clearance of subgingivally placed drugs. Any added clini-
cal advantage subgingival irrigation may have over NSPT
is probably limited to drugs that can bind to the surface
of the root and/or lining of the periodontal pocket, such
as tetracyclines or chlorhexidine.!

Recognizing that the potency of a locally applied medicine
hinges on its relatively long-lasting availability at concentra-
tions over the effective minimum, several forms of LDDSs
have emerged. They include fibers, strips, films, gels, micro-
particles, and nanoparticles, all aiming to offer easy applica-
tion, steadiness and uniform distribution inside periodon-
tal pockets as well as controlled or sustained release. Local
delivery systems for various drugs have been designed in in
vitro and/or in vivo studies, and their drug release profiles,
architecture and the clinical outcomes of their application
have been described.”~® Quite a number of efficiency-proven
LDDSs are commercially available, and some are approved
by the U.S. Food and Drug Administration (FDA). Actisite®
is a non-resorbable fiber made of ethylene/vinyl acetate
copolymer, measuring 23 cm in length and 0.5 mm in dia-
meter, with evenly dispersed tetracycline hydrochloride
(HCI).” This product is now discontinued, probably because
of difficulties in handling it during placement and its non-
biodegradable nature. Recently, a product called Periodontal
Plus AB™ has been presented, containing 2 mg of evenly

A.R. Abboud, A.M. Ali, T. Youssef. Insulin-loaded hydrogels

impregnated tetracycline HCI in 25 mg of pure fibrillar col-
lagen. Periodontal Plus AB releases tetracycline gradually
and dissolves in 8—12 days.® PerioChip® is an FDA-approved
rectangular chip (5 mm x 4 mm x 0.3 mm) containing
2.5 mg of chlorhexidine gluconate, embedded in the matrix
of a biodegradable polymer — gelatin.’

Gels combine the ease of fabrication and application,
enough to have made them the most popular form of local
drug carriers. For example, a xanthan gum-based gel con-
taining 1.5% chlorhexidine, called Chlosite®, is available
in place of PerioChip. Ligosan® Slow Release is a hydro-
gel matrix loaded with 14% doxycycline (w/w). The ma-
trix is composed of copolymerized polyglycolic acid and
poly(poly(oxyethylene)-co-DL-lactic acid/glycolic acid).!°
Delivery systems can be mixable before use, such as
Atridox®, an FDA-approved LDDS for doxycycline hyclate
into the subgingival sites. One syringe contains the Atrigel®
delivery system, which has 36.7% poly(DL-lactide) as a sol-
ute and 63.3% N-methyl-2-pyrrolidone as a solvent; another
syringe holds 50 mg of doxycycline hyclate. Mixing the
components from the 2 syringes results in a viscous liquid
with 10% doxycycline hycalte, which solidifies quickly and
begins controlled release. Periofilm T®is a local delivery sys-
tem that consists of an antibiotic powder (100 mg of sodium
piperacillin, 12.5 mg of sodium tazobactam) and a liquid
(aminoalkyl methacrylate copolymer, ammonium metha-
crylate copolymer, 95% ethanol, and purified water).! The
components should be mixed immediately before applica-
tion. Gelatinous formulations for the delivery of minocy-
cline HCl are also commercially available, e.g., Dentomycin®
in the European Union and Periocline® in Japan.? Elyzol®
Dental Gel is a popular delivery system for metronidazole.
It is composed of a semi-solid suspension of 25% metronida-
zole benzoate in the mixture of glyceryl monooleate and sesa-
me oil; its viscosity should increase after placement.! One
of the microparticle-based subgingival delivery systems is
Arestin™ — FDA-approved microspheres synthesized from
poly(lactic-co-glycolic acid) (PLGA) for releasing minocy-
cline HCl sustainably inside periodontal pockets.!?

Human insulin - the hormone of {3 cells in the Langerhans
islets of the pancreas — consists of 2 peptide chains called
A and B, linked via 2 intermolecular disulfide bridges.
Insulin receptors (IRs) are transmembrane receptors with
tyrosine kinase activity, existing on almost every cell. The
activation of the IR substrate by insulin binding initiates
a signaling cascade regulating the transport and usage
of glucose in the liver and other cells. Thereby, insulin
stimulates sugar storage and amino acid synthesis in the
liver. In addition, it controls ATP production and fatty
acid synthesis in muscles and adipose tissue.!

Many scientists have long regarded insulin-like growth
factors (IGFs) as major regulators of cell proliferation,
survival and organism growth, while insulin has been
considered a dominant controller of energy storage and
usage. But some researchers deem this concept simplistic
due to evidence that the roles of IGFs and insulin overlap
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in several physiologic processes.* In vitro studies have
proven that insulin increases the proliferation and dif-
ferentiation of wild-type osteoblasts by suppressing the
Runx?2 inhibitor Twist2,'> and simultaneously increases
the markers of bone resorption.!>1®

The healing of the supporting alveolar bone, follow-
ing surgical or non-surgical periodontal therapy, passes
through 3 sequential phases — inflammation, repair and
remodeling. During the inflammation phase, some events
can be distinguished as preparation for repair. Cells from
myeloid and mesenchymal cell lineages are attracted to the
area, and begin to differentiate into osteoblasts and chon-
droblasts.! Evidence of IGF-1 having an anabolic role in
bone is abundant in the literature, whereas evidence that
its homolog — insulin — also plays such a role is still accu-
mulating. Pre-osteoblasts and osteoblasts possess different
isoforms of IR, where IR-A is expressed in pre-osteoblasts
and IR-B is expressed in osteoblasts. This specificity sup-
ports the idea that insulin is a critical factor in the dif-
ferentiation of osteoblasts from marrow stromal cells.!”
Interleukin 6 (IL-6) contributes to the mediation of chronic
low-grade inflammation (including chronic periodontitis).
It has been found in vitro to induce cellular insulin resis-
tance by inhibiting IR signal transduction,'® and increasing
the expression and activity of insulin-degrading enzymes.'
Thrailkill et al. bred mice with the osteoprogenitor-selective
ablation of IRs.?’ The prenatal elimination of IRs resulted in
osteoblasts lacking 80% IRs, which in turn led to a decrease
in the structural strength of the femur bone postnatally as
compared with mice which had normal IRs. It therefore
makes sense to investigate how effective the local delivery
of insulin is in compensating for the cellular insulin resis-
tance caused by periodontitis, which could enhance the
quality of bone repair with a cost-effective method.

A few in vivo and clinical trials have studied the local
application of insulin to determine its safety and influence
on wound healing,?!=?* recovery from decubitus ulcers,?
bone healing and regeneration,?*?” and the osseointegra-
tion of titanium implants.?® In these studies, researchers
demonstrated that the local application of insulin cor-
related with statistically significant acceleration in the
variables studied. At the same time, the studies noted no
adverse effects or significant differences in blood glucose
levels before and after application.!2123-2529 Paglia et al.
reported greater acceleration in the early phase of bone
healing in a non-diabetic, fractured Wistar rat model after
local injections of insulin.?” Wang et al. cultured bone
marrow stem cells within nano-hydroxyapatite/collagen/
PLGA composite scaffolds, either loaded or not loaded
with insulin, and observed higher rates of osteogenesis
and mineralization in the insulin-loaded ones, especially
at the primary bone formation stage.?

The promising results of the local application of insu-
lin mean it is a reasonable idea for us to design a delivery
vehicle for insulin, with a view to investigating the effec-
tiveness of insulin in promoting periodontal regeneration
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after NSPT for periodontitis. Ideally, the vehicle should be
capable of providing sustained release during the primary
healing period after periodontal treatment (1-3 weeks®?).

Particular interest in hydrogels still prevails, as bioma-
terials benefit from high water retention, effective mass
transfer, similarity to natural tissues, and the ability to
form different shapes.3! We chose 3 synthetic medical
polymers — polyvinyl pyrrolidone (PVP), polyvinyl alco-
hol (PVA) and polyethylene glycol (PEG) — and a natural
polymer (chitosan) on the basis of the long-term histori-
cal usage of these polymers in the pharmaceutical indus-
try, wound dressing and tissue engineering, which allows
us to conclude that they meet the safety requirements,
beside being bio-adhesive and biodegradable.3233

In light of the foregoing, the objectives of the present
in vitro study were to prepare various hydrogel formu-
lations, and then to define the following characteristics
of each hydrogel after loading them with insulin: the hy-
drogel texture; syringeability; and the kinetics of insulin
release from the hydrogel into phosphate-buffered saline
(PBS) over time.

Material and methods

This research was conducted at the Faculty of Dentistry
of Tishreen University in Lattakia, Syria, and the Faculty
of Technical Engineering of the University of Tartous,
Syria, between June and November 2019.

Material and equipment

Chitosan (molecular weight (MW): 100,000-300,000 Da),
87-89% hydrolyzed PVA (MW: ~31,000-50,000 Da)
and PEG (average MW: 4,000 Da) were purchased from
Acros Organics, Geel, Belgium. Protease-free PVP (MW
40,000 Da) was purchased from Thermo Fisher Scientific,
Waltham, USA. Polyethylene glycol (MW: 10,000 Da) was
obtained from Alfa Aesar/Thermo Fisher (Kandel) GmbH,
Kandel, Germany. The regular human insulin solution
(100 TU/mL) was from ASIA Pharmaceutical Industries,
Aleppo, Syria. All other chemicals used were of analytical
grade and were purchased from Loba Chemie Pvt Ltd.,
Mumbai, India.

The equipment we used included the V-630 UV-Vis
spectrophotometer (JASCO Corporation, Tokyo, Japan),
the LMS-2003D digital hotplate & stirrer (LabTech SRL,
Sorisole, Italy); the ED224S analytical laboratory balance
(Sartorius Lab Instruments GmbH & Co. KG, Goettingen,
Germany), the PURELAB® Option-Q DV25 water treat-
ment system (ELGA LabWater, High Wycombe, UK), the
Myr V1-R rotational viscometer (Viscotech Hispania SL,
El Vendrell, Spain), the TopPette® single-channel pipettor,
volume: 10-100 pL (Dragon Laboratory Instruments Ltd.,
Beijing, China), a pH meter, beakers, glass stirring rods,
disposable syringes, and plastic specimen bottles.
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Preparation of hydrogels

The chemicals underwent no further purification
before usage. The chitosan hydrogel was prepared by scat-
tering the precursor into distilled water during magnetic
stirring; then drops of acetic acid were gradually added
until chitosan completely dissolved. All the other hydro-
gels were blends of at least 2 polymers. Table 1 shows the
components of each formulation as weight percentage
(wt%). The blends were prepared by dissolving the poly-
mers gradually one by one during magnetic stirring in
heated water (60-90°C), which was left for half an hour
after that to initiate copolymerization.

Table 1. Composition of the hydrogel formulations (approximate wt%)

F1 7.4 - - - _ ‘

| 926

R 78.1 - 109* 78 32 -
3 714 - - 143 143 -
| F4 720 - - 139 139 015 |
s 668 - -~ 265 66 upto 005

PEG - polyethylene glycol; PVP — polyvinyl pyrrolidone; PVA — polyvinyl alcohol;
* 7.8 wt% of PEG (MW: 4,000 Da) + 3.1 wt% of PEG (MW: 10,000 Da);

** weight percentage of pure CaCl,.2H,0; * blends with different weight
percentages (0.006 wt%, 0.018 wt%, 0.03 wt%, and 0.05 wt%) were prepared.

Loading insulin into the hydrogels

After preparation, every hydrogel mixture was stored in
a refrigerator (at a temperature of 2—8°C) for a minimum
of 24 h to let it relax and to get rid of air bubbles. Then, in-
sulin loading was done by adding a specific volume of the
regular human insulin solution (100 IU/mL) to the hydro-
gel during magnetic stirring at ~250 rpm for 30 min.
Hydrogel samples loaded with various insulin concentra-
tions were prepared. Table 2 presents the concentrations
of insulin in the samples of each formulation.

Table 2. Insulin concentrations in the samples of each hydrogel formulation

Insulin concentration [IU/g]

‘ F1 2 3 4 5 ‘
‘ F2 formulation excluded ‘
3 - 3 - -
| F4 - 3 - -
‘ F5 2 3 4 5 ‘

Syringeability test

A sufficient amount of each formulation was pulled into
a 5-milliliter disposable syringe. After that, a 20-gauge
needle was installed. Finally, the plunger was pressed to
release the hydrogel. A formulation was considered sy-
ringeable if it passed through the needle upon moderate
pressure on the plunger.
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Insulin release kinetics

We prepared PBS following the 2006 Cold Spring
Harbor protocol.®* Briefly, 8 g of NaCl, 0.2 g of KCl,
1.8 g of Na,HPO,, and 0.24 g of KH,PO, were dissolved
in 800 mL of distilled water. The pH was adjusted to ~7.4
(ata temperature of ~25°C) using the potassium hydroxide
(KOH) solution. Finally, distilled water was added to reach
a total volume of 1L.

The ultraviolet (UV)-absorbance method for determining
and quantifying proteins is based on the absorbance of light
at a wavelength of ~280 nm by the aromatic amino acids
tryptophan and tyrosine, and by cysteine/disulfide-bonded
cysteine residues in protein solutions.>> Hence, simple spectro-
photometry without reagents can be used for the quanti-
fication of insulin in pharmaceutical preparations.?**” In our
study, the wavelength corresponding to the maximum light
absorbance by the insulin solute in PBS was determined from
the UV-visible spectrum (the maximum absorbance was at
270 nm). After that, a calibration curve was drawn depending
on the UV absorbed by gradually increasing insulin concen-
trations (0.5—4 IU/mL), measured at 270 nm. The concentra-
tions of insulin in the samples were calculated by comparing
their absorbance at 270 nm (Ay70) with the calibration curve.

In order to characterize the cumulative release of the
formulations, 4 g of each insulin-loaded formulation (the
samples) and 4 g of the same formulation without insulin
(the controls) were incubated separately in 15 mL of PBS
in plastic bottles and stored in a refrigerator (at a tem-
perature of 2-8°C). As the first step, the measurements
of insulin release were taken at an average temperature
of 5°C (the unified incubation condition) to compare the
performance of different formulations. That was because
storing regular insulin at 37°C, even for less than 1 month,
can affect its stability.3® Later, the samples of the formu-
lation which showed the longest sustained-release inter-
val (F5 loaded with 2 IU/g of insulin) were incubated at
37 +£0.5°C and subjected to insulin release measurements.
The release profiles for formulation F5 at the 2 incubation
temperatures were compared schematically.

The measurements were performed as follows: after 1 day
of incubation, 3 mL of both the control and the sample were
withdrawn after rotating the bottles gently to measure Ay,
and then the withdrawn amounts were returned. The proce-
dure was repeated for each sample at a specified time every
day until no more cumulative release was detectable. To
calculate the UV absorbance of insulin (IAy), the control
Ay was subtracted from the sample Ay7o. The concentration
of the released insulin in the sample (RIC) was calculated
using equation (1) below, extracted from the calibration
curve by applying the Beer—Lambert law:

RIC = (IA20 — 0.1)/0.4086 [IU/mL] (1)

where:
RIC - released insulin concentration [IU/mL];
1A,70 — UV absorbance of insulin.
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Assuming that the concentration of insulin in the sam-
ple after the loaded insulin had been completely released
was FC (FC = insulin load / total sample volume [[U/mL]),
then the insulin cumulative release (ICR) from the date
of incubation until the date of measurement would be cal-
culated from equation (2):

ICR = (RIC/FC) x 100 [%] (2)

where:
ICR - insulin cumulative release [%].

Results

Texture of the hydrogels

Formulations F1, F3, F4, and F5 were honeycomb-like,
thick liquids with a one-phasic, deposit-free, yellowish, trans-
lucent appearance (Fig. 1). Formulation F2 was a bi-phasic,
thick liquid and had the bottom layer more viscous than the
upper one. Therefore, it was considered heterogeneous and
excluded from further characterization. As F5 demonstrated
the most favorable insulin release profile, it was submitted
to viscosity tests at 5 +1°C and 37 +1°C. The results were
1,630 £40 mPa.s and 1,180 +30 mPa.s, respectively.

Fig. 1. Appearance of hydrogels F1, F3, F4, and F5
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All the formulations passed through a 20-gauge needle
0 0.5 1 15 2 2.5 3 35 4 4.5
upon moderate pressure on the plunger, so they were insulin concentration [1U/mL]

regarded as syrlngeable. Fig. 2. Calibration curve for the insulin solute in phosphate-buffered saline

(PBS) (n=3)
Insulin release kinetics The UV-absorbance data is presented as mean (M) + standard deviation (SD).
Calibration curve for the insulin solute
in phosphate-buffered saline In vitro release of insulin
For the absorbance values measured using a range of in- The cumulative release of insulin over time for different
sulin concentrations between 0.5 and 4 IU/mL, the relation formulations is shown in Table 3. Generally, for the F1 sam-
between the concentration and 1A,;, was linear (Fig. 2). ples, the greater the insulin load, the faster the ICR was.

Table 3. Cumulative release of insulin over time for different hydrogel formulations

Formulation

2 44,00 +3.8 9515423 100 - - - -
3 7286 +29 90.44 £2.6 100 - - - -

a 4 98.34 £2.8 100 - - - - -
5 81.65£3.1 100 - - - - -

F2 formulation excluded

F3 3 100 - - - - - -

F4 3 18.70 £2.1 55.00 £3.5 89.30 £4.8 100 - -
2 ub 1143+£1.8 - 445423 - - 9242 +£3.6
3 ub 1347 £2.2 36.87 £5.1 - 80.00 £2.4 99.42 £1.0

P 4 ub 2013 £50 60.26 £3.0 71.30+3.1 98.60 £1.2
5 ub 2660 +2.3 64.35 +4.6 7823 +4.1 99.27 +0.8

ICR - insulin cumulative release; UD - undetectable. The ICR data is presented as M +SD.
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The longest release time (in the 3 IU/g sample) was less
than 4 days (Fig. 3). Formulation F3 exhibited the complete
release of the loaded insulin within 1 day, while F4 had
aregular release profile up to 6 days (Fig. 4). The F5 samples
with diverse insulin loads and 0.03 wt% of calcium chloride
dihydrate (CaCl,.2H,0) released insulin faster when the
insulin load was bigger. The longest release time (13 days)
was for 2 IU/g (Fig. 5).

100
90
80 1
70

60

g
x 50
>
40 —e— 21U/g
30 —e— 3|U/g
20 4 1U/g
10 51U/g
o £
0 10 20 30 40 50 60

incubation time [h]
Fig. 3. Cumulative release profiles of insulin for the F1 samples with
different insulin loads (n = 3)
The ICR data is presented as M +SD.
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Fig. 4. Cumulative release profile of insulin for the F4 samples loaded with
31U/g of insulin (n = 3)
The ICR data is presented as M +SD.
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Fig. 5. Cumulative release profiles of insulin for the F5 samples with
different insulin loads (n = 3)

The ICR data is presented as M +SD.
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The weight percentage of CaCl,.2H,O in formulation
F5 had a significant effect on the insulin release profile.
Among the percentages investigated in the present study,
0.03 wt% gave the longest and most regular release profile
(Fig. 6).

Formulation F5 containing 0.03 wt% of CaCl,.2(H,O)
and loaded with 2 IU/g of insulin showed a notable differ-
ence in the release kinetics in response to 2 different tem-
peratures of incubation (5°C and 37°C), as illustrated in
Fig. 7. At 37°C, the complete in vitro release of insulin was
reached about 4 days faster (9 days compared to 13 days).

100

920

70 ¥

— 60

=

e 50

=
40 | —o— 0.006 wt%
30 I —o— 0.18 Wt%
20 0.03 wt%

0.05 wt%

0 1 2 3 4 5 6 7 8 9 10 11 12 13
incubation time [days]

Fig. 6. Cumulative release profiles of insulin for the F5 samples with
different CaCl,.2H,0 contents, loaded with 3 1U/g of insulin (n = 3)
The ICR data is presented as M +SD.

100
920
80

70

ICR [%]

30

20 —e— at5°C
10 —e— at37°C
0
0 2 4 6 8 10 12 14

incubation time [days]

Fig. 7. Cumulative release profiles of insulin for the F5 samples
(0.03 wt% CaCl,.2H,0, 2 1U/g of insulin) at 2 different temperatures
of incubation (5°C and 37°C) (n =3)

The ICR data is presented as M +SD.

Discussion

Drug release from a matrix takes place through one or
more of the following mechanisms: diffusion, swelling,
degradation, and erosion,*% which are matrix-affected.
The kind and load of the drug are factors influencing
drug release.** No wonder, then, that available LDDSs for
periodontal therapy have different drug release kinetics.
Clinical studies on Actisite reported concentrations
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of tetracycline HCl higher than 1,000 pg/mL for a period
of 10 days.” PerioChip showed the burst release of about
40% of the chlorhexidine content in the first 24 h after
application, followed by constant release for 7 days.’
Ligosan is claimed to reach 12 days of doxycycline release
subgingivally.® The performance of Atridox in terms
of chlorhexidine release was similar to PerioChip, as
demonstrated by clinical studies with effective antimicro-
bial concentrations measured in GCF up to 7 days.*> The
subgingival application of 0.05 mL of Dentomycin oint-
ment in a clinical trial led to concentrations of minocy-
cline in GCF reaching 1,300 pg/mL after 1 h, but reduced
to 90 pg/mL after 7 h.*® In a trial including 12 patients,
Elyzol Dental Gel was applied once into pockets 25 mm
and metronidazole was detectable in GCF for 36 h, but its
concentration was higher than the minimum inhibitory
concentration (1 pg/mL) for only 12 h.** Arestin achieved
concentrations of minocycline in GCF >1 ug/mL up to
14 days.!?

Local drug delivery systems that have higher cross-
linked drug carrier matrices, such as non-absorbable
LDDSs, films and chips, seem to achieve relatively long-
er release intervals. On the other hand, non-absorbable
LDDSs need a second appointment for removal. Fibers,
films and chips can be tricky to insert into some pockets.
Many LDDSs offer initial burst release (e.g., PerioChip).
The use of microparticle-based techniques (e.g., Arestin)
can overcome these disadvantages, although they entail
more complicated procedures, hence higher costs. A few
LDDSs have short release intervals (e.g., Dentomycin and
Elyzol). The LDDS designed in this study for the local de-
livery of insulin took good advantage of the abilities of the
hydrogel to entrap and release materials, which can be
modulated simply by physically blending many polymers
and other additives together until the desired release pro-
file is obtained.

Since sufficient viscosity is mandatory for hydrogels to
be able to entrap molecules,* in addition to being needed
to prevent the hydrogel from leaking from the injection
site, we dissolved greater quantities of the precursor as
a strategy to increase viscosity during the preparation
of the hydrogel. However, the viscosity of the hydrogels
was adjusted so that they were injectable. Also, blending
many polymers together helped to fine-tune drug release
kinetics. Still, the bi-phasic texture of F2 seems consis-
tent with what Inamura et al. indicated about the repul-
sive interactions and incompatibility of the PEG/PVA and
PEG/PVP polymer pairs in water,* which can eventually
cause liquid-liquid phase separation in the solution.

The link between increased insulin loads and acceler-
ated release could be explained by more insulin-to-insulin
weak bonds forming at the expense of polymer-to-insulin
bonds. The effect of the addition of CaCl,.2H,O on the
insulin release profiles of PVP/PVA blends is similar to
its influence posited by Rambabu and Velu on the dye re-
jection of polyethersulfone ultrafiltration membranes.*’
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This may be ascribed to the steric hindrance initiated by
polymer-to-calcium chloride bonds. Steric hindrance re-
stricts the diffusion of the drug from the hydrogel. It also
restricts the diffusion of water into the hydrogel, which is
responsible for the hydrolysis of drug-to-polymer bonds.
Another possible mechanism is that calcium ions form
adsorption sites for insulin molecules, making their out-
diffusion slower.

Conclusions

The results of the present study allow the authors to ratio-
cinate that a linear copolymer-hydrogel composed of PVP,
PVA and CaCl,.2H,0 can provide the sustained release
of insulin (in vitro) for a reasonable period. Insulin release
intervals can be fine-tuned by changing one or more of the
following determinants, which were found to affect the in-
sulin release profile: the hydrogel composition, the insulin
load and the CaCl,.2H,0 content. The design presented
may perhaps be beneficial for the local delivery of insulin in
patients with periodontitis, as an adjunct to NSPT.
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