
INTRODUCTION
Nowa days, there is a seem ingly huge growth within the 

field of con trolled drug re lease and ther apy. Mod ern tech nol -
ogy of drug re lease aims to achieve a com plex thera peu tic
ef fect while mini miz ing ad verse side ef fects of the drug
es pe cially for those prone to it. The con trolled drug re -
lease for mu la tion en ables to achieve it while main tain ing
its thera peu tic ef fect and/or pro longing the ac tion of the
ac tive sub stance within. In cer tain situa tions, it is really
im por tant to limit the ef fects of sys temic ex po sure of the
main sub stance, and to elimi nate the ef fect of the first-
 pass me tabo lism in or der to sim plify and ad vance the drug 
up take that is bene fi cial not only for the pa tient but also
for the phy si cian/den tist in volved in the pro ce dure. 

The oral cav ity pro vides an ex cel lent en vi ron ment for
drug ad mini stra tion. The mu co sal lin ing of buc cal tis sues
of fers a per fect lo ca tion for drug de liv ery and ab sorp tion. 

The aim of the re search was to cre ate an intra- alveolus
for mu la tion to act as a car rier for thera peu tic sub stances,

while at the same time hav ing a dress ing func tion by
pre vent ing the pas sage of food de bris and mi cro or gan -
isms post- extraction of the tooth. The main ma te rial used
in this work is a natu ral poly mer-pol ysa cch aride known as 
mi cro crys tal line chi to san (MCCh) the modi fied form of
chi to san. Its bio com pati bil ity, bio de grad abil ity, an ti bac -
te rial/an ti fun gal ac tiv ity and lack of al ler gic re ac tion with
the pa ti ent’s tis sues proved it an ex cel lent ma te rial [11, 15].

On a biochemical level, the material is positively charged
at physiological pH; enabling it to show its bio-adhesive
abilities by increasing the retention within the place of
application [4, 10]. Thus, the hydrophilic surface is able to 
promote cell adhesion, proliferation and differentiation
[7]. The main part of the work focuses on creating
a therapeutic system designed to minimize pain, reduce
inflammation and accelerate tissue regeneration. Based
on research, the best compositions of materials were
chosen to obtain preparations with the desired geometry
and mechanical characteristics. Each formulation was
characterized in terms of hardness, cohesiveness and
springiness using Texture Profile Analysis [1, 6]. Ap pro-
priate pH of the surfaces as well as the aqueous extract
help to confirm the justification for the use of the material
in the desired locations. The results obtained enable to
prove that MCCh not only creates a neutral environment
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within the oral cavity but also, due to its significant
absorptive properties, it can reduce exudates formation and
potentially be considered as a new carrier for medicinal
substances used in dental implantation and management.

MATERIALS AND METHODS
Rea gents. Mi cro crys tal line chi to san 1 (MCCh 1) as a

3.88 wt% hy dro gel, micro crys tal line chi to san 2 (MCCh 2)
as a 2.57 wt% hy dro gel, In sti tute of Bio poly mers and
Chemi cal Fi bres, Łódź, Po land, pro pyl ene gly col (PG)
(POCh, Gli wice, Po land), glyc erol (G), min. 88%, phos-
phoric acid (POCh, Gli wice, Po land), cal cium chlo ride,
sodium chlo ride, diso dium hy dro gen phos phate, mono po -
tas sium phos phate (Chem pur, Piekary Śląskie, Po land),
sor bi tol (Merck, Darm stadt, Ger many), hy droxya pa tite
(HA) (Fluka), diclo fe nac so dium (DNa), so dium hya lu -
ronate (Hial), so dium algi nate (Alg), amox icil lin (Am)
(Sigma- Aldrich Co., USA), lido caine hy dro chlo ride (LidHCl)
(Amara, Po land),  dis tilled wa ter. All used rea gents were
of ana lyti cal grade.

Prepa ra tion of poly meric for mu la tions. All for mu la -
tions were pre pared from ster il ized mi cro crys tal line
chi to san as a hy dro gel with two dif fer ent poly mer con tent
(3.88 and 2.57 wt%), av er age mo lecu lar weight Mw (340
and 150 kDa), de gree of dea cety la tion DD (81.0 and
79.8%) and pH 6.8 & 7.2. All the prepa ra tions were made
util iz ing the same meth ods. MCCh hy dro gel  (acc. 600
mg) was mixed well us ing a me chani cal stir rer with
cross- linking agent (CaCl2, 1.11 mg), plas ti ciz ers (Ta ble
1) and 2 drops of dis tilled wa ter. Then the ma te rials were
trans ferred into a special- shaped tube (shape cone) and
later, placed in an in cu ba tor for 24 hours. All sam ples (Ta -
ble 1) were stored at 4°C prior to fur ther analy sis. 

Prepa ra tion of poly meric for mu la tions for me chani cal
prop er ties. For mu la tions pre pared for me chani cal prop er -
ties were made analogi cal as above. Af ter add ing
ex cipi ents, mi cronized ac tive sub stances: DNa (50.0 mg),
Am (50.0 mg) or HA (300 mg) were placed in MCCh hy -
dro gel which con sisted of one layer prepa ra tion. For
bi layer for mu la tions, ex ter nal layer was pre pared of hy -

dro gel (acc. 400 mg) with Alg (15.0 wt%) or Hial (2.0
wt%) con taining 200 mg LidHCl. In ter nal layer was made
like all prepa ra tions with MCCh hy dro gel con taining 50.0 
mg DNa. Dif fer ent shapes of for mu la tions were ob tained
by two kinds of tubes (cyl in der and shape cone). 

Evalua tion of for mu la tions 
Or gano lep tic prop er ties. All for mu la tions se lected

were uni formly sym met ric cone- shaped, plas tic, cream-
 colored and with out spe cific odor. 

Weight varia tion. The mini mal weights ranged from the
small est be ing 36.0 mg and the larg est 91.0 mg. Al most all
for mu la tions had mostly regu lar shape. The com po si tion
of for mu la tions, which showed the best swel ling prop er -
ties in wa ter, was checked thrice within six time in ter vals
in a simu lated sa liva so lu tion. 

Swel ling stud ies. The abil ity of swel ling is an es sen tial
char ac ter is tic to be ana lyzed for this kind of for mu la tions.
It was car ried out in three dif fer ent flu ids ac cep tors. 

They are as fol lows: 
– swell ing stud ies in simu lated sa liva so lu tion, which

was pre pared by dis solv ing 2.38 g Na2HPO4, 0.19 g
KH2PO4 and 8.00 g NaCl in 1000 ml of dis tilled wa ter
ad justed with phos pho ric acid to pH 6.75 [8],

– swell ing stud ies in dis tilled wa ter [13],
– swell ing stud ies in phos phate buffer, pH 7.43 [12].

The ex peri ment with simu lated sa liva so lu tion was
made to de pict the hy dration and matrix ero sion (DS) per -
cent age of stud ied prepa ra tions.

Six se lected dried prepa ra tions were weighted (w1) and 
kept in 50 ml of simu lated sa liva so lu tion at pH 6.75 for
0.5, 1, 2, 4, 8 and 24 hours at am bi ent tem pera ture. Af ter
soak ing, the for mu la tions were wiped off and dried with
fil ter pa per and weighted (w2) again. These for mu la tions
were then dried in an in cu ba tor for 24 h at 60 ± 2 °C and
kept in des ic ca tors for 48 h; af ter wards, were weighted
again (w3). The re search was con ducted for 3 sam ples re -
peated 3 times, and the av er age shows  the re sults. The
com po si tion of all for mu la tions, which had been tested in
this ex peri ment, was analogi cal to the F1 for mu la tion. All
for mu la tions were weighted with an ac cu racy of 0.0001g.
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Ta ble 1. Com po si tion of prepa ra tions with dif fer ent amount and kind of plas ti cizer

Formulation Weight formulation
mg Base

Plasticizer

Propylene glycol
mg

Glycerol
mg

Sorbitol, mg
Solution* Powder

F1 42.0
MCCh 1

25.0 - - -
F2 62.0 50.0 - - -
F3 69.0 75.0 - - -
F4 36.0

MCCh 2
25.0 - - -

F5 44.0 50.0 - - -
F6 59.0 75.0 - - -
F7 57.0

MCCh 1
-   50.0 - -

F8 81.0 - 100.0 - -
F9 58.0

MCCh 2
-   50.0 - -

F10 91.0 - 100.0 - -
F11 41.0

MCCh 1
- - 20.0 -

F12 47.0 - - - 20.0

* 20 wt%



Hy dra tion and ma trix ero sion (DS) per cent age were
cal cu lated ac cord ing to the fol low ing for mu las [9]:

Hydra tion = (w2 - w1)/w2 × 100% (1)

       DS = (w1-w3)/w1 × 100% (2)

The next step of the ex peri ment was to check the swel -
ling prop er ties in dis tilled wa ter and phos phate buffer, pH
7.43. The re search was made in du pli cate for for mu la tions 
with 3 dif fer ent plas ti ciz ers and mi cro crys tal line chi to san
as a hy dro gel with two dif fer ent poly mer con tents. The
weighted (w0) for mu la tions with ac cu racy of 0.0001 g
were kept in 50 ml of dis tilled wa ter or phos phate buffer,
pH 7.43 at am bi ent tem pera tures. Meas ure ments were
made af ter  5, 10, 15, 30 min, 1, 2, 3, 4, 5, 6, 7 h (wt). The
swel ling in dex (SI) was cal cu lated ac cord ing to the for -
mula be low:

SI = (wt – w0)/w0  100% (3)

wt – weight of the for mu la tion af ter time (mg)
w0 – weight of the for mu la tion be fore swel ling (mg).

The swel ling char ac ter is tic of for mu la tions was evalu -
ated by de ter mi na tion of swel ling per cent age in dex (SI).
In crease in weight of for mu la tions was de ter mined at
pres ent time in ter vals un til a con stant weight was ob -
served. The SI, which was checked in dis tilled wa ter and
phos phate buffer, pH 7.43, is analogi cal to hy dra tion per -
cent age used for simu lated sa liva.

Sur face pH. The pH of sur face of for mu la tions [2] was
meas ured with the com bined glass elec trode which was in
con tact with pre vi ous prepa ra tions kept in 50 ml of dis -
tilled wa ter (pH = 6.00 ± 0.05) for at least 2 hours at
am bi ent tem pera tures. The time of the meas ure ment was
2 minutes per for mu la tion. The method de vel oped by Bat -
ten berg et al was used [3]. 

pH of the ac cep tor fluid. Af ter re moval of the for mu la -
tion from dis tilled wa ter or phos phate buffer, the pH of
these flu ids was checked with the cali brated elec trode at
20 ± 0.5 °C. This ex peri ment was made to check the in flu -
ence of the for mu la tion on the ac cep tor fluid.

Me chani cal prop er ties. The me chani cal prop er ties of
cho sen for mu la tions were ex am ined by tex ture pro file
analy sis (TPA) us ing a Sta ble Mi cro Sys tems Tex ture
Ana lyzer TA-TX2. The ana lyti cal probe was com pressed
twice into each sam ple with trig ger force 5 g at a rate of
5.00 mm s-1. A de lay pe riod of 5 s was al lowed be tween the 
end of the first and the be gin ning of the sec ond com pres -
sion. All tests were per formed at am bi ent tem pera ture.

The pa rame ters that may be de rived from TPA are as
fol lows:
– Hard ness – force re quired to at tain a given de for ma tion.
– Springi ness – the ra tio of the time re quired to achieve

maxi mum struc tural de for ma tion in the sec ond com -
pres sion cy cle to that of the first com pres sion cy cle,

where suc ces sive com pres sions are sepa rated by
a de fined re cov ery pe riod.

– Co he sive ness – the ra tio of the area un der the force-
 time curve pro duced on the sec ond com pres sion cy cle
to that pro duced on the first com pres sion cy cle, where
suc ces sive com pres sions are sepa rated by a de fined re -
cov ery pe riod [5].

RESULTS AND DISCUSSION
Or gano lep tic prop er ties. The cho sen poly meric ma te -

rial and in di vid ual com po nents en able to ob tain the
cor rect shape and ho mo ge ne ous struc ture. The plas tic ity
of the prepa ra tions could be con trolled by chang ing the
time of dry ing. The re quired hy dra tion can be main tained
by proper stor age. 

Weight varia tion. For mu la tions with the small est
weight had the best swel ling prop er ties. How ever, in gen -
eral there is not much dif fer ence no ticed within the
swel ling prop er ties of the small est weight acc. 30 mg and
the av er age weight acc. 60 mg. Whereas, a sig nifi cant de -
crease in swel ling ca pac ity was no ticed within these
for mu la tions hav ing masses greater than 90 mg.

Swel ling stud ies. For mu la tions with the best swel ling
pro files as F1 in wa ter were checked in simu lated sa liva
so lu tion. All for mu la tions are char ac ter ized by fast hy dra -
tion. Fig ure 1 shows the av er age of the re sults. The
hy dra tion per cent age of for mu la tions within each time
frame was char ac ter ized by dif fer ent hy dra tion. The high -
est hy dra tion per cent age (70%) was ob tained af ter 24  h,
due to the quick ab sorp tion of wa ter with out dis so lu tion of 
for mu la tion. The DS data [9] de rive from the com pari son
be tween the ini tial and fi nal weight of for mu la tions af ter
im mer sion in wa ter as shown in Fig ure 1. This ma te rial
has a high abil ity to ab sorb wa ter, while a large ca pac ity to 
un dergo to ma trix ero sion - af ter 24 hours comes to 84%.
It is also re lated to eluting of ex cipi ents, which are not per -
ma nently bound with hy dro gel. Also, a high de gree of
ero sion of the ma trix (DS) is re lated to the re moval of wa -
ter that at the be gin ning was in side the for mu la tion giv ing
it the flexi bil ity.

The swel ling abili ties were checked in three aque ous
me dia. Fig ures 2 - 5 show the swel ling pro files in wa ter
and phos phate buffer (pH 7.43) with dif fer ent amount of
plas ti cizer, which are in cluded in Ta ble 1. As ob served,
the higher amount of plas ti cizer the lower swel ling abil ity
re lated to pro pyl ene gly col, which is due to the ri gid ity of
the struc ture caus ing fewer pos si bili ties for wa ter pene tra -
tion. Fig ure 3 de picts that the for mu la tion F1, which
con tains the small est amount of pro pyl ene gly col, has the
best swel ling pro file. For mu la tion F3, which has the larg -
est amount of plas ti cizer (pro pyl ene gly col), has the
low est swel ling. When com par ing the swel ling in used ac -
cep tor  flu ids, there is a slight dif fer ence be tween swel ling 
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in wa ter and phos phate buffer, pH 7.43 in fa vor of wa ter.
For mu la tions which con tain MCCh 2 with 2.57 wt% poly -
mer in hy dro gel show worse swel ling prop er ties than the
MCCh 1 with 3.88 wt% (as seen in Fig. 2 and 3).

The proper selec tion of the ap pro pri ate type and
amount of plas ti cizer, as well as the per cent age of poly -
mer in the hy dro gel has a sig nifi cant im pact on the pro file
of swel ling. This is visi ble in Fig ure 4. For mu la tion with
MCCh 1 (F7, F8) showed val ues simi lar to each other at
ap proxi mately 50%. The sam ple (F10) with the best swel -

ling pro file con tains MCCh 2 and the larg est amount of
glyc erol in com pari son to for mu la tions with pro pyl ene
gly col (Fig. 3). An ex cep tion is the for mu la tion (F10). It
reached 164% of swel ling in wa ter but in phos phate buffer 
123%. As in the case of for mu la tions with pro pyl ene gly -
col, there is no sig nifi cant dif fer ence be tween the one with 
wa ter and phos phate buffer. The for mu la tions with the
same amount of dif fer ent plas ti cizer as F5 and F9 (Ta ble 1),
de pict ab so lutely dif fer ent pro files (Fig. 3 and 4) of swel -
ling. It can be in ferred from the im por tance of the
ap pro pri ate plas ti cizer choice. 

Addi tion ally, MCCh 1 prepa ra tions with sor bi tol were
also able to reach good swel ling points. Sam ples that were 
added as a so lu tion of sor bi tol (F11, F12), showed slightly 
bet ter prop er ties than the ones added as a pow der (F11a,
F12a). As men tioned above, there were no sig nifi cant dif -
fer ences be tween for mu la tion in wa ter (F11, F11a) and
phos phate buffer (F12, F12a).

Sur face pH.  Due to the need for intra- alveolus ap pli ca -
tion, it is es sen tial to check pH on the sur face of each
ma te rial. The sur face pH of for mu la tions was ex am ined
and pre sented in Ta ble 2. These re sults show that prepa ra -
tions have the ap pro pri ate pH be tween 6.70–6.83; this is
due to its neu tral ity within the pocket and gin gi val mu cosa 
al lows it to have mini mum to no in flu ence on sa liva and
the oral cav ity. The sali vary pH usu ally var ies from 6.2 to
7.4 (from low to high flow rates) [14].
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Fig. 1. Hydration and the degree of erosion matrix (DS)
percentage of F1 formulation

Fig.  2. Swelling percentage of MCCh 1 formulations (F1, F2, F3)
with propylene glycol in: a) distilled water and b) phosphate
buffer, pH 7.43

Fig.  3. Swelling percentage of MCCh 2 formulations (F4, F5, F6)
with propylene glycol in: a) distilled water and b) phosphate
buffer, pH 7.43



pH of the ac cep tor flu ids. This meas ure ment was con -
ducted to check the in flu ence of for mu la tions on the

ac cep tor flu ids. The study en abled to show that for mu la -
tions sel dom have a slight im pact on the change in the
aque ous me dium that is pre sented in Ta ble 2.

Me chani cal prop er ties. None of the for mu la tions were
de stroyed or crushed dur ing the ex peri ment; this is a per -
fect ex am ple of their elas tic prop er ties, high light ing their
im por tance within the ap pli ca tion pro cess. The prepa ra -
tions with the best swel ling prop er ties were cho sen for
their me chani cal prop er ties. Com po si tions of for mu la -
tions, which are shown in Ta ble 3, are analogi cal to F1
for mu la tion. Also, dif fer ences be tween the shape – cone
and cyl in der, along with the dif fer ence in the force re -
quired to at tain a given de for ma tion were meas ured. 

Dried cyl in der (No 2) for mu la tion showed greater
hard ness than dried cone (No 1) but when the prepa ra tion
had been swol len, not much dif fer ence was noted in the
hard ness be tween the cone and cyl in der shapes (No 3 &
No 4).  The ones with MCCh 1 ex hib ited greater hard ness
than the ones with MCCh 2 (No 1 and No 10). In ter est -
ingly, the shape of the for mu la tions had no in flu ence on
its springi ness and co he sive ness.

Ta ble 2. pH on the sur face and ac cep tor flu ids of each
for mu la tions

Sample
number

pH acceptor fluids
Surface pH

distilled water phosphate buffer
F1 7.05 7.49 6.83
F2 6.86 7.48 6.76
F3 6.87 7.44 6.72
F4 6.86 7.48 6.73
F5 6.88 7.49 6.73
F6 6.87 7.48 6.72
F7 6.72 7.48 6.73
F8 6.94 7.46 6.71
F9 6.83 7.43 6.70
F10 6.93 7.46 6.70
F11 7.35 7.48 6.73
F12 7.01 7.48 6.70

Formula tions with ac tive sub stances showed lower
springi ness and co he sive ness which is re lated to their in -
flu ence on the struc ture by their abil ity to brace it. The
high est co he sive ness is ex hibited by ma te ri als in the
shape of a cyl in der with out the ac tive sub stance, which
may be ex plained by a more regu lar ar range ment of par ti -
cles in the for mu la tion. The low est co he sive ness of
for mu la tions with hy droxya pa tite (HA) No 7 con firms the 
poor me chani cal prop er ties of hy droxya pa tite. 
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Fig.  4. Swelling percentage of MCCh 1 and MCCh 2 formulations 
(F7, F8 and F9, F10) with glycerol in: a) distilled water and b)
phosphate buffer, pH 7.43

Fig.  5. Swelling percentage of MCCh 1 formulations with sorbitol
in distilled water (F11, F12) and phosphate buffer (F11a, F12a) 

Ta ble 3. Ef fects of MCCh on the hard ness, springi ness and co he sive ness as de ter mined by tex ture pro file analy sis (TPA)
No. Base Addition Condition Form Hardness [kN] Springiness [-] Cohesiveness [-]
1

MCCh 1

– dry cone   78.0 ± 1.44 0.470 ± 0.022 0.562 ± 0.024
2 – dry cylinder 182.2 ± 0.52 0.570 ± 0.037 0.633 ± 0.020
3 – swollen cylinder   22.1 ±  0.16 0.778 ± 0.025 0.723 ± 0.010
4 – swollen cone     9.7 ± 0.21 0.788 ± 0.039 0.713 ± 0.018
5 DNa dry cone   11.0 ± 0.93 0.529 ± 0.043 0.432 ± 0.042
6 Am dry cone   71.1 ± 1.11 0.389 ± 0.207 0.423 ± 0.005
7 MCCh 1 + Alg DNa + LidHCl dry cone 169.7 ± 1.57 0.504 ± 0.039 0.501 ± 0.081
8 MCCh 1 + Hial DNa + LidHCl dry cone   18.2 ± 0.62 0.520 ± 0.078 0.492 ± 0.040
9

MCCh 2
– dry cone   50.4 ± 2.05 0.464 ± 0.051 0.534 ± 0.043

10 HA dry cone   22.1 ± 1.28 0.415 ± 0.160 0.170 ± 0.057



CONCLUSIONS
In this study, it was dem on strated that for mu la tions

based on mi cro crys tal line chi to san with ad di tion plas ti -
cizer pos sess dif fer ent physi cal and me chani cal prop er ties.
1. The proper se lec tion of the plas ti cizer has a sig nifi cant

im pact on the swel ling prop er ties. 
2. It was found that the for mu la tions were able to ab sorb

wa ter and in crease up to tri ple their vol ume and dou ble
their mass.

3. Swel ling of the prepa ra tions de creased when  the
amount of plas ti cizer was in creased.

4. For mu la tions  con tain ing glyc erol showed the worst
swel ling prop er ties.

5. The best swel ling prop er ties are at trib uted to for mu la -
tion with so lu tion of sor bi tol as plas ti cizer.

6. The dif fer ences be tween ac cep tor fluids - dis tilled wa -
ter or phos phate buffer, pH 7.43 do not have any
sig nifi cant in flu ence on swel ling abil ity. The two kinds 
of ac cep tor flu ids (phos phate buffer, pH 7.43  and simu-
lated sa liva, pH 6.75)  were cho sen be cause of their
simi lar ity to hu man sa liva and blood and due to the
place of their ap pli ca tion. Dis tilled water was a stan -
dard me dium in this study.
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