
IN TRO DUC TION
In re cent years tis sue en gi neer ing (TI) has seen wide

use in the treat ment of in jured bone, nerve and skin tis -
sues. Natu ral, bio de grad able poly mers such as fi brin,
gela tin, col la gen, chi to san ap peared to be the most use ful,
pro vid ing fully con trolled bio com pati ble fac tor re lease [6, 
9, 11]. Growth fac tors be long to the group of cy to ki nes,
which bind with spe cific cel lu lar mem brane re cep tors.
A sig nifi cant role in TI is played by the plate let de rived
growth fac tor (PDGF), which is a di meric gly co pro tein
en gaged in the regu la tion of cel lu lar di vi sion, mi gra tion or 
cel lu lar growth dur ing angio gene sis [5]. Cur rently avail -
able evi dence sup ports the use of PDGF- enhanced
ma tri ces to pro mote perio don tal and peri- implant bone re -
gen era tion. The use of growth fac tors such as PDGF-BB

with bio com pati ble ma tri ces to pro mote tis sue re genera-
 tion rep re sent a prom is ing ap proach in the dis ci plines of
oral and max il lo fa cial sur gery. The re sults of pre clini cal
and clini cal hu man stud ies evalu at ing the ef fec tive ness of
growth- factor- enhanced ma tri ces con firmed the use ful -
ness of PDGF in skele tal sur gery, such as oral sur gery [7,
12, 14].

The pre ven tion of in fec tion oc cur rence and patho logi -
cal le sions re sult ing from mem brane im plan ta tion in side
an or gan ism still re mains an im por tant prob lem. Pre vi -
ously data in di cated that the pro phy laxis of an ti bi otic
us age in mem branes de creases the risk of in fec tion by
even 81%. The drugs most fre quently used in mem branes
are an ti bi ot ics and che mo thera peu tics [2]. 

Col la gen and chi to san are highly bio com pati ble and
pos sess fa vor able phys ico chemi cal prop er ties for this
pur pose. Mo lecu lar in ter ac tions be tween col la gen and
chi to san have the po ten tial to pro duce bio com pos ites with 
novel prop er ties [13]. Col la gen and chi to san do not ex ist
to gether as blends in na ture, but the spe cific prop er ties of
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each may be used to pro duce man made blends that con fer
unique struc tural and me chani cal prop er ties. The blend -
ing of col la gen with chi to san gives the pos si bil ity of
pro duc ing new ma te ri als for po ten tial bio medi cal ap pli ca -
tions. Chi to san was cho sen as a bio medi cine be cause of
its bio com pati bil ity, bio de grad abil ity, and non tox ic ity [4,
12]. In our study, we used mi cro crys tal line chi to san
(MCCh) in the form of hy dro gel at a neu tral pH of 6.8,
which is used in the mem brane as a car rier for growth fac -
tors [10]. MCCh is a spe cial mul ti func tional poly meric
ma te rial pre pared by the ag gre ga tion of glu co samine
mac ro mole cules from an aque ous so lu tion of or ganic acid 
[15]. It is the only form of polya mi no sac cha ride char ac -
terized by the pres ence of free un bound amine groups,
which can be pres ent in liq uid dis per sion form with di rect
film- forming be hav iour.  

    The aim of our research was to assess the release of
platelet derived growth factor (PDGF-BB) in the presence 
or absence of amoxicillin (Am) in vitro from ho moge-
neous microcrystalline chitosan (MCCh), collagen (Coll)
and composite microcrystalline chitosan – col la gen
(MCCh-Coll) membranes and to select the most useful
membrane for its practical application, in view of the fast
release of the growth factor and slow release of antibiotic. 

MA TE RI ALS AND METH ODS
Rea gents. Micro crys tal line chi to san MCCh/LA Fg- 90

(weight- average mo lecu lar weight Mw = 2.8 × 105 Da) in
the form of hy dro gel of defi nite poly mer con tent – 3.0 wt%,
de gree of dea cety la tion DD = 83.2% and wa ter re ten tion
value of 587% was pre pared with the pre vi ously pub -
lished un con ven tional method [15] of the In sti tute of
Bio poly mers and Chemi cal Fi bres, Łódź, Po land. The de -
gree of DD, nec es sary to es ti mate the con tent of – NH2

groups in the sam ples, was de ter mined by the method of
first de riva tive UV- spectrophotometry (1DUVS), ac cor-
ding to Tan, Khor and co-work ers [16]. Col la gen plate let
aggre ga tion rea gent and Amox icil lin A 8523 were supplied 
by Sigma- Aldrich Chemi cal Co.(St. Louis, MO USA).
Plate let de rived growth fac tor – BB (PDGF-BB) and
Quan tikine® Hu man PDGF-BB Im mu no as say ELISA Kit 
were sup plied by R&D Sys tem, Inc. 614 McKin ley Place
NE (Min nea po lis, MN 55413 USA). Pro pyl ene gly col,
Phos phate Buff ered Sa line, PBS pH 7.4 were sup plied by
Sigma.

Prepa ra tion of poly mer car ri ers. Ho moge nous and
mixed mem branes M1–M6 with growth fac tor PDGF-BB
and amox icil lin were pre pared from bio de grad able mi cro -
crys tal line chi to san (MCCh) and col la gen (Coll) poly-
mers in asep tic con di tions. For com pari son, one set of
poly mer mem branes was pre pared with MCCh in the ab -
sence of Coll, whereas an other was pre pared with Coll in
the ab sence of MCCh. The method of film prepa ra tion
was modi fied in com pari son with our pre vi ous pub li ca -

tion [10]. The poly mer hy dro gel was in tro duced into the
mid dle of the round metal disc (D = 40 mm, h = 2 mm)
placed on a Tef lon® plate. An amount of 100 μL of
PDGF-BB (0.25 μg/mL) was in tro duced into M1, M3 and
M5 mem branes in asep tic con di tions. Addi tion ally,100
μL of amox icil lin (5.7 mg/mL) was  in tro duced into M2,
M4 and M6 mem branes in asep tic con di tions. M2’, M4’
and M6’ mem branes con tained only 100 μL of amox icil -
lin (5.7 mg/mL), which was in tro duced in asep tic
con di tions (Ta ble 1).

Poly mer films (MCCh, Coll, and MCCh:Coll – 2:1) in
the ab sence of ac tive sub stance (PDGF-BB, Am) were
pre pared for use in FTIR. 

Mi cro crys tal line chi to san. Ho mo ge ne ous MCCh films 
(M1, M2 and M2’) (Ta ble 1) were pre pared by pour ing
MCCh hy dro gel (1.33 g of hy dro gel con tain ing 40.0 mg
of chi to san) with 20 μL of CaCl2 (0.5 mol/L) and plas ti -
ciz ers, glyc erol (G) and pro pyl ene gly col (GP), in equal
amounts (25 mg) into the mid dle of the round metal disc.
While the con stitu ents were be ing stirred, 100 μL of plate -
let de rived growth fac tor PDGF-BB (0.25 μg/mL) and/or
100 μL of amox icil lin (5.7 mg/mL) was quickly added in
asep tic con di tions. The sol vent evapo rated dur ing in cu ba -
tion the hy dro gel at 28 ± 2°C for 24 h and ho mo ge ne ous
MCCh mem branes (M1, M2 and M2’) were ob tained (Ta -
ble 1).

Mi cro crys tal line chi to san – Col la gen. To pre pare a com-  
plex car rier con tain ing chi to san and col la gen, a mix ture of 
these poly mers in the form of mi cro crys tal line chi to san
hy dro gel (3.0 wt.%) and col la gen hy dro gel (2.63 wt.%)
was used (Ta ble 1). Mixed mi cro crys tal line chitosan-
 collagen mem branes (M3, M4 and M4’) were pre pared by 
the ad di tion of mi cro crys tal line chi to san hy dro gel (1.33 g
con tain ing 40.0 mg of chi to san) to col la gen hy dro gel
(0.76 g con tain ing 20.0 mg of col la gen) with 20 μL of
CaCl2 (0.5 mol L-1) and plas ti ciz ers, glyc erol (G) and pro -
pyl ene gly col (GP), in equal amounts (25 mg) into the
mid dle of the round metal disc. While the con stitu ents
were be ing stirred, 100 μL of PDGF-BB (0.25 μg/mL)
and/or 100 μL of amox icil lin (5.7 mg/mL) was quickly
added in asep tic con di tions. When the films were  des ic -
cat ing for 24 h in an in cu ba tor at 28 ± 2°C, the sol vent
evapo rated and the com plex car ri ers were ob tained.

Col la gen. Col la gen in the amount of 263 mg was dis -
soved in 10 mL of 0.1 mol/L CH3COOH to give a hy dro-
gel with a con cen tra tion of 2.63 wt.%. Ho mo ge ne ous col la -
gen films (M5, M6 and M6’) (Ta ble 1) were pre pared by
pour ing col la gen hy dro gel (0.76 g con tain ing 20.0 mg of
col la gen) with 20 μL of CaCl2 (0.5 mol/L) and plas ti ciz -
ers, glyc erol (G) and pro pyl ene gly col (GP), in equal
amounts (25 mg) into the mid dle of the round metal disc.
While the con stitu ents were be ing stirred 100 μL of
PDGF-BB (0.25 μg/mL) and/or 100 μL of amox icil lin
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(5.7 mg/mL) was quickly added in asep tic con di tions.
When the sol vent evapo rated, a ho mo ge ne ous col la gen
mem brane was ob tained (Ta ble 1).

Ta ble 1. Com po si tion of mem brane sys tems for de ter mi na tion
PDGF-BB and amox icil lin re lease

Membrane M1 M2 M2’ M3 M4 M4’ M5 M6 M6’
MCCh (40.0 mg) + + + + + + - - -
Collagen (20.0 mg) - - - + + + + + +
Amoxicillin (0.570 mg) - + + - + + - + +
PDGF-BB (0.025 μg) + + - + + - + + -

In all sys tems: CaCl2 (1.11 mg), plas ti ciz ers: glyc erol and pro pyl ene gly col in equal
amounts (25 mg).

Dried mem branes were re moved from the in te rior of
the metal disc and placed in a sealed tube. Then 1 mL of
PBS (0.01 mol/L, pH 7.4) was added and mem branes
were eluted with con tinu ous stir ring us ing a me chani cal
shaker – Plat form mixer type Y H DHN 24.

FTIR spec tros copy. The wa ter dis per sion of MCCh
and a so lu tion of co agu lated col la gen or co agu la tion mix -
ture of these poly mers were put on a Tef lon plate and left
to dry at room tem pera ture. Then, the poly mer film was
re moved and used in Fou rier Trans form In fra red (FTIR)
meas ure ments on an ATI Matt son In fin ity Se ries FTIR
spec tro pho tome ter.

Swel ling stud ies. The wa ter sorp tion ca pac ity of se -
lected mem branes MCCh (M2), MCCh- Coll (M4), Coll
(M6) was de ter mined by swel ling the mem branes in dis -
tilled wa ter at room tem pera ture. An ex act weight of the
mem brane was placed in wa ter for re quired pe riod of
time. The swol len mem brane was weighed im me di ately
on an elec tronic bal ance af ter re mov ing the ad sorbed wa -
ter with fil ter pa per. The swel ling per cent age of the
mem branes at vari ous time pe ri ods was then cal cu lated: 

SI w w
w

t o

o
=

−
⋅100% (1)

where: wt – weight of the film at time t, w0 – the weight at time 0. 

Scan ning Elec tron Mi cros copy. Scan ning elec tron mi -
cro graphs (sur face and cross- section of the mem brane)
were taken for the MCCh- Coll (M4) mem brane us ing an
ESEM type Quanta 200 scan ning elec tron mi cro scope
(SEM) from FEI.

De ter mi na tion of PDGF-BB in vi tro re lease. Plate let
de rived growth fac tor (PDGF-BB) re lease was per formed
both in the pres ence of 100 μL of amox icil lin (5.7 mg/mL) 
and with out amox icil lin in six se lected sys tems (Ta ble 1)
at room tem pera ture [14]. For meas ure ment of ki net ics,
the mem branes (20 mg) were placed in tightly closed test
tubes con tain ing 1 mL of PBS buffer (0.01 mol/L, pH 7.40)
and then agi tated. Con secu tive sam ples of 150 μL were pe -
ri odi cally col lected af ter 1, 5, 24, 48, 72, 96 and 120 h to
de ter mi nate PDGF-BB con cen tra tion. The col lected vol -
ume was al ways re placed with 0.01 mol/L of PBS, pH 7.4, 

buffer. The amount of PDGF-BB re leased was meas ured
im mu noen zy mati cally us ing ELISA as say (R&D Sys -
tem). The ab sor bance was meas ured at 450 nm us ing
Elx800 ELISA Reader, BIO-TEK, In stru ments, Inc. The
con cen tra tions of PDGF-BB were cal cu lated from the re -
gres sion equa tion: y = (0.0012 ± 0.0000198)x + (0.0848 ±
0.00865) (R2 = 0.9987), where y is the ab sor bance A and x 
is the con cen tra tion C of PDGF-BB in the tested sam ples
(%). PDGF-BB re lease rate at a speci fied pe riod was plot -
ted as a re lease per cent age ver sus time (h) curve, de picted
in Fig ure 4.

In vi tro amox icil lin re lease stud ies. Amox icil lin (Am)
was re leased from the mem branes into 1 ml of PBS buffer
(0.01 mol/L, pH 7.4). Sam ples of 250 μL were pe ri odi -
cally col lected (af ter 1, 5, 24, 48, 72, 96 and 120 h) for
amox icil lin de ter mi na tion. The col lected vol ume was al -
ways re placed with 0.01 mol/L PBS, pH 7.4, buffer. The
ab sor bance was meas ured at λ = 273 nm [1] with a Smart
Spec TM Plus Spec trome ter, Bio- Rad Labo ra to ries Inc. in 
small quartz cu vettes (Helma, Light Path 10 mm). Amox -
icil lin con cen tra tion was cal cu lated from the re gres sion
equa tion y = (28.668 ± 0.261)x, where y is the ab sor bance
A and x is the con cen tra tion C of amox icil lin in the tested
sam ples (%). The stan dard cali bra tion curve in dis so lu tion 
me dium was lin ear over the range of 1-100 g/mL (R2 =
0.9996). All the ex peri ments were car ried out in trip li cate.

Statistical analysis. The study was repeated in tripli-
cate. The measurement error was less than 5%. Statistical
analysis was performed using the Microsoft Excel
Analysis Tool Pak in Microsoft Office Excel 2010 and
Statistica 10.

RE SULTS AND DISCUSSION

FTIR Spec tros copy Analy sis
The FTIR spec trum of MCCh- Coll com pos ite mem -

brane con sist ing of chi to san and col la gen in a 2:1 ra tio by
weight is shown in Fig ure 1, spec tra 3. Char ac ter is tic
bands in the spec trum in cluded a peak at 1650 cm-1 which
cor re sponds to am ide I C = O stretch ing, a peak at 1550
cm-1 which cor re sponds to am ide II N-H bend ing and C-N 
stretch ing, and a peak be tween 1150 and 1250 cm-1 which
cor re sponds to am ide III C-N stretch ing and N-H bend ing
vi bra tions. Col la gen dis plays bands at 1648, 1546 and
1236 cm-1, which are char ac ter is tic of the am ide I, II and
III bands of col la gen. The main am ide III peak is ob served 
at 1236 cm-1. These ab sorp tion bands that are char ac ter is -
tics of na tive col la gen re vealed the in tact struc ture of
col la gen in the com pos ite mem branes (spec tra 2). The
pres ence of chi to san in the com pos ite is re vealed by
a s trong ab sorp tion band be tween 800 and 1200 cm-1,
which is char ac ter is tic of the pres ence of py ra nose rings
(spec tra 1).
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Swel ling stud ies
Fig ure 2 dem on strates the swel ling be hav iour of com -

pos ite MCCh- Coll (M4), ho mo ge ne ous Coll (M6) and
MCCh (M2) mem branes. The weights of the mem branes
were ob served af ter a speci fied time with re spect to their
ini tial dry weight. Af ter 24 h marked swel ling of mem -
branes: 270% – Coll, 285% – MCCh and 295% – (MCCh-
Coll) was ob served. The re sults clearly in di cated that
MCCh- Coll in the com pos ite can regu late the swel ling
prop er ties, which in turn sig nifi cantly in flu ences the per -
me abil ity prop er ties of the mem branes.

Scan ning Elec tron Micros copy
Pic tures of com pos ite mem brane MCCh- Coll ob tained

by the SEM (Quanta 200 SEM) are shown in Fig ure 3. M4 
mem brane with a well- developed sur face is po rous and
coarse. Fur ther more, ag gre gates or pre cipi tated ma te rial
may be seen on the sur face of this mem brane. 

In vi tro re lease of PDGF-BB 
Growth fac tors in tro duc tion into the mem branes might

sig nifi cantly sup port and mod ify tis sue re gen era tion. The
use of growth fac tors such as PDGF-BB with bio com pati -
ble ma tri ces to pro mote tis sue re gen era tion rep re sents
a p ro mis ing ap proach in the dis ci plines of oral and max il -
lo fa cial sur gery [7]. The lit era ture data [4, 11, 13] indi-
cates that chi to san and col la gen are the most of ten used
poly mers in TI as mem brane car rier ma te ri als. The in flu -
ence of chi to san on phys ico chemi cal and bio chemi cal
prop er ties of col la gen has been stud ied pre vi ously [13]. It
has been shown that chi to san can mod ify the prop er ties of
col la gen when the bio logi cal or me chani cal prop er ties are
con sid ered. The var ied re lease of growth fac tors
(PDGF-AB, TGF-ß, and b- FGF) from poly mer car ri ers
ob served in our ear lier stud ies was the rea son for our con -
tin ued in ter est in the ki net ics of the re lease of se lected
plate let de rived growth fac tor (PDGF-BB) from natu ral
bio de grad able poly mers (MCCh and Coll) in MCCh- Coll
mem branes. PDGF-BB loaded chi to san may be bene fi cial 
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Fig. 1. FTIR spectra of homogeneous Coll film (1), MCCh film (2) 
and MCCh-Coll composite membrane (2:1) (3)

Fig. 2. Swelling percentage of 1) ♦ MCCh, 2) � Coll and 3) À
MCCh-Coll membranes in distilled water after 10, 30, 60, 120 and
1440 min. Values are average of six determinations

Fig. 3. SEM image of microcrystalline chitosan-collagen (MCCh- 
Coll) composite membrane a) membrane surface, b) cross-
-section – × 3000



to en hance, for ex am ple, perio don tal bone re gen era tion
[12]. In our re search, we ap plied PDGF-BB in six mem -
branes (with out M1, M3 & M5 and with M2, M4 & M6
amox icil lin). Ta ble 1 shows the com po si tion of mem -
branes con tain ing MCCh, MCCh- Coll and Coll. The
amount of PDGF-BB re leased in time from these mem -
branes is pre sented in Fig ure 4.

Pro files of PDGF-BB re lease (Fig ure 4) es pe cially
from the M4 mem brane (MCCh- Coll- Am) re vealed that
the growth fac tor re lease is two- stage pro cess with the ini -
tial rapid ef fect and slower sec ond stage [3, 8, 12]. In the
first phase, this pro cess is a func tion of change in drug
con cen tra tion in sur face layer, of which the to tal re lease of 
par ti cles is more eas ily ac ces si ble. The sec ond phase cor -
re sponds to the ef fec tive de layed re lease of drug sub stance
from the deeper lay ers of the poly mer mem branes. It can
be as sumed that in this phase there is dif fu sion of drug
sub stances from the deeper lay ers of the mem brane. 

Val ues of cor re la tion co ef fi cient R for the re lease pro -
files of the PDGF-BB mem brane both with and with out
the pres ence of amox icil lin were sig nifi cantly dif fer ent.

The amount of PDGF-BB re leased from the MCCh
mem branes (M1 and M2) was low and sig nifi cantly de -
creased (af ter 120 h up to 6.4%) both with and with out the
pres ence of amox icil lin (R = 0.9982) in com pared with
M3 and M4 com pos ite mem branes. The bind ing of MCCh 
with col la gen (M3 and M4) in creases the amount of fac tor 
re leased in com pared with M1 and M2 ho mo ge ne ous
MCCh mem branes. More PDGF-BB fac tor (20.0%) was
re leased from com pos ite MCCh- Coll M3 mem brane
with out the pres ence of amox icil lin in com pared with M4
mem brane (11.0%), R = 0.8528. Amox icil lin in sig nifi -
cantly de creases (from 5.0% to 4.2%) the re lease of
PDGF-BB from col la gen M6 mem brane in com parison
with M5 (R = 0.9880). 

In ter pre ta tion of ki net ics data for PDGF-BB and amox -
icil lin re lease as zero or der, first or der as well as the

as sumed de pend ence of con cen tra tion changes with the
square root of time, did not re sult in a straight line re la tion. 
In the case of first or der ki net ics was ex pressed as a log
func tion of the re main ing fac tor con cen tra tion in re la tion
to time, curve lines cor re spond ing to the ini tial phase of
fac tor re lease were de ter mined in all sys tems. Ana ly sis of
the dia grams de picted re veals that two dif fer ent re lease
phases may be found.

The ob tained data in di cates (Fig ure 4) that the re lease
pro cess of PDGF-BB from the mem branes stud ied can be
de scribed with a first or der equa tion with two ex po nen tial
func tions, as de scribed pre vi ously [3]: 

Ct = C1 × (1-exp(-k1 × t)) + C2 × (1 - exp(-k2 × t)) (2)

where: 
Ct    – per cent age of sub stance re leased af ter time t
C1,C2 – per cent age of sub stance re leased in the first and sec ond

phases
k1,k2  – rate con stants for the first and sec ond re lease phases

    The val ues of k con stants in equa tion (2) may play the 
role of ki netic con stants; there fore they may be use ful for
com pari son of drug re lease ki net ics from vari ous sys tems. 
The higher con stant value of k1 com pared to k2 in di cates
that the rate of re lease is larger than that of dif fu sion [8].

     Rate con stant val ues for the re lease pro cess dur ing
first k1 and sec ond phase k2 of the ap plied ki netic model
are pre sented in Ta ble 2.

Ta ble 2. Con stant val ues of kinetic equa tion (2) de scrib ing in
vi tro PDGF-BB re lease from the mem branes; Means ± SD

Type
of

mem-
branes

Phase I Phase II

R2
C1

(%)
k1

(h-1)
t0.5

(h)
C2

(%)
k2

(h-1)
t0.5

(h)

M1 1.544 ± 
0.086

0.418 ± 
0.048 1.66 5.710 ±

0.084
0.0156 ±
0.0009 44.4 0.9998

M2 1.833 ± 
0.311

0.379 ± 
0.133 1.83 6.292 ±

0.858
0.0102 ±
0.0034 67.9 0.9983

M3 6.536 ± 
0.571

0.586 ± 
0.126 1.18 16.435 ± 

1.104
0.0134 ±
0.0025 51.7 0.9988

M4 7.741 ± 
0.205

1.013 ± 
0.068 0.68 2.850  ±

0.209
0.0245 ±
0.0057 28.3 0.9991

M5 3.365 ± 
0.204

0.383 ± 
0.054 1.81 45.310 ± 

7.582
0.00033 ± 
0.00060 2100 0.9980

M6 3.097 ± 
0.289

0.576 ± 
0.129 1.20 1.403 ±

0.569
0.0141 ±
0.0144 49.1 0.9933

In the first phase the half- life of PDGF-BB re lease is
1.18 h and 0.68 h for com pos ite mem branes (M3, M4).
For ho mo ge ne ous MCCh (M1, M2) mem branes t0.5 = 1.66 h 
and 1.83 h. In the sec ond phase t0.5 = 51.7 h and 28.3 h
(M3, M4), while for MCCh mem branes t0.5 = 44.4 h (M1)
and 67.9 h (M2). For col la gen mem branes in the first
phase the half- life of re lease is 1.81 h (M5) and 1.20 h
(M6); in the sec ond phase 2100 hours (M5) and 49.1 h
(M6).

The analy sis of the data from Fig ure 4 and Ta ble 2 in di -
cated that the amount of PDGF-BB re leased from the
mem branes is de pended on their prop er ties and con stitu -
ents.
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Fig. 4. Release profile of PDGF-BB from membranes: without M1 
� MCCh, M3 ) MCCh-Coll, M5 ß Coll,  and with amoxicillin M2 
» MCCh, M4 * MCCh-Coll & M6 À Coll



In vi tro re lease ki net ics of amox icil lin 
Pre vi ous study in di cated that poly mer mem branes are

of ten en riched with an ti bi ot ics, which al lows to pre vent
in fec tion and the in flam ma tion pro cess [2]. The im plan ta -
tion of a mem brane into a body car ries the risk of
in flam ma tion or im mu no gen ic ity. Many side ef fects can
be avoided by lo cal an ti bi otic re lease from mem branes
what re sults in the sys temic ad mini stra tion of an ti bi ot ics
in large amounts. In our re search we ap plied amox icil lin
in six mem branes (in the pres ence of growth fac tor M2,

M4, M6 and with out growth fac tor M2’, M4’, M6’). The
re lease of amox icil lin from the mem branes in time (h) is
pre sented in Fig ure 5.

The amount of amox icil lin re leased (Fig ure 5) from the 
mem branes in the pres ence (M2, M4, M6) and with out
growth fac tor PDGF-BB (M2’, M4’ M6’) was dif fer ent.
As de scribed pre vi ously, simi lar to PDGF-BB re lease, the 
ob tained data shown on Fig ure 5 in di cates that the re lease
pro cess of amox icil lin from mem branes can be de scribed
with a first or der equa tion with two ex po nen tial func tions
(Ta ble 3) [3]. 

Ta ble 3. Con stant val ues of kinetic equa tion (2) de scrib ing in
vi tro amox icil lin re lease from the mem branes; Means ± SD 

Type
of

mem-
branes

Phase I Phase II

R2C1

(%)
k1

(h-1)
t0.5

(h)
C2

(%)
k2

(h-1)
t0.5

(h)

M2 3.124 ± 
1.100

1.439 ± 
1.608 0.48 50.59 ± 

1.94
0.0167 ±
0.0018 41.5 0.9987

M2’ 2.880 ± 
1.127

0.646 ± 
0.586 1.07 56.08 ± 

1.39
0.0171 ±
0.0014 40.5 0.9996

M4 4.930 ± 
0.435

1.290 ± 
0.348 0.53 15.32 ± 

1.50
0.0120 ±
0.0026 57.8 0.9979

M4’ 5.297 ± 
0.285

0.731 ± 
0.102 0.95 20.70 ± 

0.71
0.0129 ±
0.0011 53.7 0.9997

M6 2.243 ± 
0.363

0.653 ± 
0.262 1.06

4.22 ±
1.27

0.0112 ±
0.0070 61.9 0.9915

M6’ 1.766 ± 
0.087

0.555 ± 
0.066 1.25

4.61 ±
0.19

0.0124 ±
0.0014 55.9 0.9997

The pro cess of Am re lease from ho mo ge ne ous MCCh
mem branes was quicker and higher in com pari son with
com pos ite MCCh- Coll (52.0% for M2’ and 22.0% for
M4’af ter 120 h). In the first phase the half- life of Am re -
lease is about 0.50 h (M2, M4) and about 1.0 h (M2’,
M4’); in the sec ond phase t0.5 = 41.5 h (M2) and t0.5 = 40.5 h 
for M2’, while for the com pos ite mem branes (M4, M4’)
t0.5 = 57.8 h and 53.7 h re spec tively. The low est re lease
de gree of the Am (acc. 6.0% af ter 120 h) was ob served for
the ho mo ge ne ous Coll mem branes (dur ing the first phase
2.24%, t0.5 = 1.06 h for M6 and 1.77%, t0.5 = 1.25 h for
M6’; in the sec ond phase 4.22%, t0.5 = 61.9 h (M6) and
4.61%, t0.5 = 55.9 h (M6’). 

The release of amoxicillin was significantly dependent
on the character of the membranes as well as on the
interaction between the constituents. The composite
MCCh-Coll M4 membrane has promising properties
because of the slow and gradual release of amoxicillin
(Figure 5).

CON CLUS SIONS
The ob tained re sults of the PDGF-BB and amox icil lin

re lease from ho mo ge ne ous mi cro crys tal line chi to san, col -
la gen and com pos ite mi cro crys tal line chitosan- collagen
mem branes in di cated cor re la tion be tween the level of re -
lease and com po si tion of the mem branes. The pro cess of
the PDGF-BB growth fac tor and amox icil lin re leased
from the mem branes stud ied was of a two- phase na ture.
The first phase (dur ing the 8 h) was char ac ter ized by rapid
re lease, whereas the re lease dur ing sec ond phase (up to 10 
days) was much slower, which is posi tive from the point
of view of the drug ap pli ca tion as sign ment (pro longed
thera peu tic ef fect). The bind ing of MCCh with col la gen
in creases the amount of PDGF-BB re leased (MCCh
mem branes M1 & M2 6.4%, MCCh- Coll mem branes M3
20.0%, M4 11.0%) and de creases the level of amox icil lin
re leased (MCCh mem branes M2’ 52.0%, M2 47%, MCCh-
Coll mem branes M4’ 22.0%, M4 16.0%). MCCh- Coll
M4 com pos ite mem brane has prom is ing prop er ties be -
cause of the fast re lease of PDGF-BB as a sig nifi cant
angio genic growth fac tor for tis sue re gen era tion as well as 
the slow and grad ual re lease of an ti bi otic (amox icil lin),
which car ries pro tec tive role dur ing re gen era tion. The po -
rous sur face of MCCh- Coll M4 mem brane is cru cial for
the dif fu sion of growth fac tors and free oxy gen pene tra -
tion; these pro cesses are es sen tial in en hanc ing tis sue
growth and re gen era tion. 
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