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ABSTRACT:
Chilosan and gelatin were used as polymer scaffolds for certilage tissue engineering. The scaffold was used as a

biodegradabte drug delivery system for diclofenac sodium to treat cartilage defects on osteoarthritis (OA). The
materials were composed of diclofenac sodium, chitosan, gelatin, and crossJinking agent-glutaraldehyde (GTA)
were form as scaffold. The purpose of this study to investigate the eff€ct of GTA concentration variations
(0.00o/o: 0.25o/o; 0.5OYo; l.OOo/o: 2.50%o) on characteristics and dre release of diclofenac sodium from chitosan-
gelatin scaffold. The scaffolds were made by using the pre-freezing method with a temperature of -56 + 5'C for
24 hours and characterized by porosity, pore sizq swelling, degradation, toxicity test, and diclofenac sodium
released from chitosan-gelatin scaffolds at pH and temperature body. The results showed, dte addition of GTA
increased the swelling ratio from 195.79 + 7.04yo lo 793.49 + 6.92% and minimized weight loss up to 50.98 +
0.829lo, percentage of living cells >60%, optimal porosity at 106.94 + 9.38 % with pore size 135.48 + 89.70 pm,

diclofenac sodium as sustained release drug completed in 542 hours and the release was following zero-order
kinetic. Chitosan-gelatin scaffold is a potential candidale for cartilage tissue engrneering and drug delivery
system for diclofenac sodium.

KEYWORDS: Drug Delivery System, Glutara.ldehyde, Scaffold, Diclofenac Sodium, Chitosan, Gelatin.

INTRODUCTION:
Osteoarthritis (OA) is chronic condition trat causes
pain, functional restrictions, fatigue, increased
healdrcare use, and substantial societal expensesr. OA
primarily affeas articular cartilage, which degrades over
time due to a decrease of chon&ocyes or excessive
production of extracellular matrix-degading prctease

enzymes (MMPS and IL- I )2. The pharmacological
therapy of NSAIDs which are more commonly
prescribed in hdonesia for OA patiants, is Na-
diclofenacs. The mechanism of actioo of diclofenac
sodium by inhibiting inflammatory factors has a
powerful effect as an analgesic and effectively reduces

the paina. Diclofenac sodium works by inhibiting both
COX-I and COX-2.
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Prolonged systemic use of diclofenac sodium is reported
to cause several side effeas in 307o of patients,
including ulceration, gastrointestinal, elevated liver
en.rymes, thrombocytopeni4 and impaired renal
functiont.

Diclofenac sodium is widely formulated for local
teatnent and designed to reduce side effects due to
systemic use6. The topical formulation of diclofenac
sodium has disadvantages such as a high partition
coefEcient of 13.4 (I-og P = l.13) making it difficult to
penetrate lhrough the skin?. Scaffolds with natural
polymers can be formulated to form a local diclofenac
sodium delivery systern, as research conducted by
Igtesias (2018)8 shows that natural polymers such as

chitosan can be used as a delivery system for diclofenac
sodium. Scaffold act as a temporary extracellular malrix,
providing support to cells as well as &e newly produced
tissuee slimulate the regeneration and growth of tissue.
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These characteristics make scaffold an excellent
candidate for medication and molecular delivery to
specific tissuesro.

Natural polymer such as gelatin and chitosan have been

used in medical applicatior such as antiviral,
antimicrobial, wound healing, analgesic, antitumor,
antioxidanl and bone cartilage tissue engineeringrr'r3.
Gelatin and chitosan have been shown as non-toxic,
inexpensive, and favorable for its biocompatibility and

biodegradabilityr&16. Scaffold as a drug delivery system

containing a hy&ophilic polymer matrix (collagen and

chitosan) and diclofenac sodium as an active ingredient
is gven a crossJinking treatnent, causing physical and
chemical changes as evidenced by dre formation of
three-dimensional materialsr?-r8. Cross-link agents are
used to sabilizing the bonds between polymeE to form
scaffolds more firmly in order to decrease the porosity
and prolonged the release of active ingrediensre.

GTA is the most commonly used crossJink agent,
inexpensive, and efficient in stabilizing gelatin and
chitosan molecules'a. GTA increases the sEength and

water resistance of the scaffold mahix2l, and also
reduces its cytotoxic effects by low concentrationz.
Based on research from Feigal (1990) ! shows that the
maximum no[-toxic concenration of GTA is 2.50Yo.

This research was conducted to determine the
characteristics and release of diclofenac sodium from
chitosan-gelatin scaffold widr a ratio of cros-link agent

Gl A t/o, 0.25o/o, 0.50Yo, L0tr/q atd 2.5@/o.

MATERHLS AND METHODS:
Mrtcrids:
Materials used in making scaffolds include aquadem,
diclofenac sodium from KALBE Co., Ltd; gelatin type
B (CARTINO Co., Ltd); Chibsan from shrimp shells;
NaOH; acetic acid, GTA (KGTAA Fnnkflfier Co.,
Ltd), PEG-400, and saline phosphare buffer pH 7.40 t
0.0; BHK-21 (Baby Hamster Kidney)-2| fibroblast
cells, Eagle media; FBS (Fetat Bovine Serum); MTT
assay solution; dimethylsulfoxide, UV-Vis
s?eclrophotometer UV-MS, SEM TM pore diameter t€st
equipment, ELISA readers, 37 C incubators (Memmen,
Germany), Microplate 96 w€ll, cultwe bottles @oux,
Schott, Duran, Germany).

Methods;
Scaffold preparations consist of nalural pnlymeric
materials, *trich serye as a base with additives io
optimize the scaffold as I diclofenac sodium delivery
system. Scaffold compone[ts as shown in Table l.

Research J. Phann. od Tech l5(11): Not enber 2022

Teble l. The formuh for to!en sc!ffold3

Sceffold Preperetions:
Scaffold preparations consist of natural plymeric
materials, *hich served as a base with sxcipients to
optimize dre scaffold as a diclofenac sodium delivery
system. Added scaffold formula as shown in Table I
with tolo acetic acid 50mL and 2 grams of chitosan to
200 ml beaker glass, stined it on a hot plate until
homogeneous. 2 grams of gelatin were added into 100

mL beaker glass with 50 ml hot aquadem (40-50 "C)
stired until homogeneous. Mix chitosan and gelation
while stirring on a hot plate. Next, lgram diclofenac
sodium was dissolved in a 0.5% PEG-400 solution ad
I00 mL and added to chitosan-gelatin mixtue. Then, 0.5
ml of GTA mixed into every 16 mL of the total mixture
while stirring for I -2 hours ften molded the preparations
in a I , I cm cube mntainer. Freeze lhe mixtue and
washed using 0.5% NaOtL then rinsed with aquadem
and dried. ln the last sage, the mixture was dried using a
freeze drying at -56 "C for 24 hours.

Evaluations:
a) Organoleptic:
Scaffolds were observed organoleptically for appearance
color.

b) Toricity Test:
MTT assay was used for toxicity test by using BIIK-2I
fibroblast cells. 200 mg of diclofenac-chitosan-gelatin
scaffold with various concen&ations of GTA (0%;
0.25%o; 0.50Yo; 1.00%; and 2.5Yo) werc used for MTT
assay [3-(4,5-dimethyl6iazol-2-yl)-2,5-
dphenyltetrazolium bromide]. The examinaion was
carried out by means of a suspension BHK-21 insened
in 96 well plales of 50 gL / well with a range of2 x 105
cells (except for control). Added 2OYo DMEM as much
as 100 pllwell. 96 well plates containing cells were
incubated in a CO2 incubalor at 37oC for 24 hours. After
24 hours, the biomaterial drat has been prepared was
inserted, each sample was replicated five times. After 24
hours, dre remaining scaffold contained in the plate was

ConcentratioB (7. b/v)Insrrdicnt Function
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removed and washed the plate using PBS 150 pL.
Added 30 MPL DMEM media and MTT solution of l0
ml/well. Re-incubated for 3 hours. added DMSO 50
pl-/u'ell, iocubated for 5 minutes. thcn r€ad using
ELISA reader (Thermo Scientific) with a wavelength of
625 nm. The percenlage of live cells was measured
using the Freshney formula:

OD Trealmeot - OD rBdia x 100 qo

''o Liling c.ll - 
---OD control sell - OD medis

(l)
Note: 7o of live cells = Percentage of live cells count;
Treatment = Optical density value of scaffold; Media =
Optical demity value of scaffold on media: Cell :
Optical deosity value ofscaffold on control cells.

c) Poro3lq Test:
The porosiry tests caried our included observing the
pore diameter using SEM TM 300O and the perceotage

of porc diameter using thc liquid media transfer method
(Buffer Phospbate pH 7.4O + 0.05) as previously
described:r. The percentage of porosity was measured
using the formula:

wb-wk
P= -------- r 100./i,

(2)
Note: P = Percentage of porosity (%)i Wk = Weight of
dry scaffold (gram)i wb = Weiett of wet scaffold
(gram); Vs = Scaffold volume cm3

d) Degrrdrtion Test:
Degradation testing caried out by two parameters,
swelling ratio, aod weight loss. Observations were
carried out for 2E days by observing changes in the
weight ofthe preparation soaked in PBS pH 7.40 + 0.05.

o Swelliog rutio:
Scaffolds were submerged in 5 nrl PBS and incubated at
37oC for up to 35 days. Scaffolds were then dried in a

vacuum oveD at 3fC until they reached a constant mass.

Aller different time intervals (l h, 12 h, ld, 7 d, 14 d,14
d. zld. 2'1d. and 35d) samples were removed, and
determined the wet weight (mw) and swollen weight
(msw). The swelling ratio of the scaffold was dehned
with the following formula:

SwelliDS mtio = --__---

(3)
. Weigbt lois:
Scaffolds were submerged in 5 ml PBS and incubated at
37 'C lbr up to 42 days. Scaffolds were dricd in a

vacuum oven at 37 'C until a coDstanl mass was reached
(ms). After different time of intervals (ld, 7 d, 14 d, 14

d, 2ld, 27d. 35d, and ,{2d) samples were washed in a

large volume of deionized water to remove buffer salts
and dried on filter paper to remove excess water before
dried in an oven at 4trC. The pH value of the PBS was
measured after each time point using a pH meter. The
final mass recorded (md) and used to calculate the
percentage weight loss:

rE-nd
9'o Weight t s.s = ---------

(4)
e) Dii3ohtion:
Drug release testing was carried out to observe dnrg
loading, release of diclofcnac sodium, and kinetic order
to release diclofenac sodium phosphate from diclofenac-
chitosan-gelatia scafrold. Observations were carried out
tbr 22 days using atrd reported levels of scatTold
preparations submerged in the media of PBS pH 7.40 +
0.05 using a UV-Vis spectrophotometer.

f) Drug Lording:
test was performed by weighing 260 mL diclofemc-
chitosan-gelotin scaffold in each preparation (4 formulas
and I cootrol replicated three times) dissolved in PBS
5.0 mI itr test tub€, Perform vortex for 10 minutes. Take
l00.0pl- and put in 10.0 mL volumetric flask, add the
PBS and shake. diclofeoac sodium test solution for
absolptiol at the maximum wavelengh. The diclofenac
sodium concentration was determined by entering the
absorbance value of the sample into the regression
equatioo of the sodium diclofenac starda.d curve y =
3.14.10-2 x + 1,764.10-1. Once tbe levels are found.
they are multiplied by 100 ( l00x dilutioo).

g) DetermlDatlon of the cumulalh'e percentrgc of
rclease:
The release of diclofenac sodium from the chitosan-

Selstin scaffold was carried out in a dissolutioo medium
using PBS solution pH 7.4 + 0.05. The release test used
a water bath al 37 + 0.50C and replicated three times.
300 mg + l0 mg of diclofenac-chitosan-gelatin scaffold
put ioto a test tub€ containing 5 mL PBS with a pH of
7.4 + 0.05, Then put the samples into a water bath at 37
r 0.5'C, then 100.0 FL samples were taken at various
times ( I h. 2 h, 4 h, 5 h. 6 h. and continuously taken one
time/day for 22 days). Each sample previously taken
was replaced by PBS widr the same amount ( 100.0 FL).
The sample was then observed lor absorytion u,ith a

UV-Vis spectrophotometer at a wavelength of 276 nm.
The actual concentratioo obtained by calculating the
dilution of lfi).0 pL of media in each samplc. the
following correction factors are used in the wuster
formula:
cn =c'n+il-t-,, c: (s)

Note:
Cn : Actual concentration after coffection (mg / L)
C'n: Concenlrations measured by spectrophotometer
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(mg / L)
Cs : The concentntion measured by
spectrophotometer from a previous sample (mg / L)
a : Sample volume taken (mL)
b : Media volume dissolution (mL)

Calculated oZ drug cumulative of diclofenac sodium
released from chitosm-gelatin scaffold by using the
following formula:

Mass of sodium itr the media
7o Drug Cumulative = xl00 (6)

Mass of sodium diclof€nac weighed

h) Determinrtion ofthe Release Kinetics Mod€l:
The release dara from he steady-stale Fnint was

calculared by kinetic models (zero-order, first-order, and
Higuchi) to determine the release kinetics model. The
model chosen was the model witr the correlation
coefficient (R2) closest to l2'.

REST]LTS:
1. Orgenoleptic:
The results showed diclofenac-chitosan-gelatin scaflold
had a diffsent appearance. The scaffold's appearance

was darker by increasing on GTA concentration (Figure
l)

Tsble 2i Ttc rerqltr of LiviDg Cell PerccDt ge of Diclofcr.c-
Chito!rn4el.tin

n Me
di.

Cell
Cobt
ml

Formula
GTA
0.h

GTA
0,x

GT
05
'/c

GT

th

GT

25
''tt

1 0,o
88

o,l2
I

0,140 0,094 0,09
l

0,08
7

0,07
9

2 0,0
68

o,l2
I

0,1 l6 o,086 0,07
6

0,08
8

0,08

3 0,0
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0,12
l

0,191 0,086 0,09
7

0,08
3

0,08
2

{ 0,1

85
0,15
5

0,145 o.t21 0,lt
0
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1

0,10
9

5 0,0
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o,12
6

0,1l9 0,080 0,09
4

0p8
5

0,08
7

Me 0,1

00
0.12
9

o.t42 0,094 0,09
4

0,08
9

0,08
8

0,0
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0,01
5

0,030 0,017 0,01 0,01
0

0,01
2

'/. Living cell 105,6
72.

8455
5

8.16
12

8\4
5l

82,1
99

3. Porosity:
The resula of obs€rvations of pore diameter (Figure 3)
and porosity percentage shovm in Table 3 showed fte
optimal addition of GTA at a concentration of 0.5002
formed pore diamaer and porosity perc€ntage

diclofenac-chilosan-gelatin at 135 + 89.70 [m and
106.94 * 9.38%.

a

aLd( GTAo2:i'l 61 0.5tlt cIA l-@t OlAZt0lt
Flgure l. Color ch.Dg6 of diclofemc-chltoon{eLtin dicl,of.o.c
rc.frold

2. Toricity:
The results of diclofenac-chitosan-gelatin scaffold at
variox GTA concentrations showed the percentage of
living cells for all formulations was more than 60%
(Figure 2 and Table 2).

P.rlir oflirilg C.lb

l:0

3l0o

?s
;0
!o
9

ir
0

GTAO}i GTAO:!9' GTA 0,59' OTA I'i GTA: 
''i

-' GrioJstt

. GII I..!' GTA TJOIT'

Fi$rrc 3. Obr.rv.tton of pore di.ncter. diclofetr..{hiio$n-
gchdD tcarold rt hrgnlllc.don llxh

Table 3. ThG re3ult3 ofobrenrtioDr ofpor€ diamcter erd pomsity
on sc!frold

SkurE 2. P€rtent of livitrg cell! iD diclofcorc{hito.rD{cl.dr
rcafiold

Min-M.t
pore
dirtDeter
(am)

Porc DiaE|etcr
average + SD
(pE)

Poro3it!
PerceDt

sD (7.)
Bhtrko
(GTA 07.)

t76-493 285.40 4 I66.58 23.64 + 0.78

GTA 0.1{7. 8r -271 191.40 r 80.04 36.5t + 3.85

cTA 0.500/0 49.t-265 135.48 + 89.70 I06.94 + 9.38
GTA 1.00'/o 20 4-t t'l 60.26 + 16.43 88 56 + 3.71

2(6- >266 9916!447GTA 2.50vo
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4. Degred.tion:
The degradation resu.lts showed that scaffold without dre
addrtion of GTA decreased in weight to 87.14 + 0.28o/o

in 42 dzys. Scaffold with the addition of GTA has a %
weight loss of 15.83 + 5.01% to 50.98 + 0.92% (Figure
4).

Flgurc {. Weigtt lott of tc.fiold tn pholpb.te-buffer.d lolutioD.

The swetling test results showed that scaffold without
GTA has a swelling ratio of 13.09 + 0.960/0 to 214.35 +
11.76%. Scaffold with the addition of GTA has a

swelling ratio of 195.79 + 7.04yo -793.49 * 6.92yo. The
maximum swelling ratio for each formula is on the 7th
day exc€pt on Formula 5 and 6.

Research J. Plnm. atd Tech. 15(l )): Novenber 2022

DISCUSSION:
Organoleptic results indicated the discoloraion caused
by the addition of glutaraldehyde that formed a
diazotization reaction between the carboxyl groups of
glutaraldehyde and amine groups on gelatin and chitosan
polymers. Aldehydes reacted to primary amines from
gelatin and chitosan to form imine bonds4'. The
toxicity results by MTT assay showed th* the
percentage of living cells from tre calculations stated
non-toxic preparations if 2 60olo of living cells28.

Therefore, all goups in this study showed tlrat
diclofenac-chitosan-gelatin scaffold with glutaraldehyde
concentration variations wasn't toxic to BHK-21
fibroblast cells.

The pore diameter in the scaffold preparation has a role
as a door of chondrocyte cells and nutrients into the
scaffold. Mean*hile, porosity is an empty cavity that
cells attached io chondrocytes when the addition of
chitosan and gelatin as proteoglycans are epected o
form new cartilage tissue'. Thus, the pore diameter and
porcsity results have met the requirements pore diameter
( I 00-400 pm2)30, and the percentage of porosity for dre
scaffold as tissue engineering for cartilage is > 80% to
make it essier for cells to migrate, proliferae, and

differentiater I 
.

The degradation study is a critical parameter to
determine the degradation rate of scaffold formulaton
related to drug release pattem. The scaffold formulation
was maintained constant until the end ofthe degradation
process. Scaffolds weight loss because the rclease of
polymer and loss oftissue formation lead to leaching of
dle polymer out of the matrix3z. Therefore, degradation
is likely to ocrur with dre dissolution of the scaffold
structure exposed to PBS. The addition of
gluiaraldehyde in scaffold by 2.5% of concentration
found the minimum weight loss. The results showed that
fie addition of glutaraldehyde reduced scaffold
degradation and &e highest concentration of
glutaraldehyde resulted in the minimum 7o weight loss.

Cross-link between polymer chains changed the
properties of polymer chains into macrorrclecular
networks, widr covalent bonds forming complex
networks and made the porosity decreased water
absorption and caused swelling. Scaffold without ttre
addition of GTA has greater 7o weight loss than scaffold
wirh the additron of GTA. lt showed that the presence of
GTA affected the chemical bond of the scaffold to be
more stable and the swelling process reduced particles
dissolved in PBS. Tbe tighaess of the polymer networt
is increased by crosslinking, which limits the molecular
mobility of the chains between the junctions33. The
liquid penetrated the scaffold wasn't destroyed but
expanded in a long time and has not been destroyed mtil

a

!
I

FigurE 5: The 3w€lling r.tio of lcrffold in photphrt€-bufiered
!olotion

5. Dissolution:
The results from dre dissolution tes showed the drug
loading from the scaffold slrowed an increase in levels in
the capacity of the diclofenac sodium bond along with
dre addition of GTA concentrations. In addition, the
total released times of diclofenac sodium from scaffold
wilhin 542 hours and daermination of the order of
kinetics on Table 4 showed dlat all formulas followed
zero-order kinetics.

T.ble {. Corrclitioo coeficient (R2) khetic. Do&l ol lc.ffold

_tt -42

Zcro Order FiEt Ord€r HisuchiFo rmula
R' R! Rr

Blunko o.9725 0 9,t26 0.948
0.9561 0 9l 5,4 0.90t7GT A 0.250/.

GTA 0.$./e 0.956r 0.9497 0.9365
0.9365GTA 1.0v. 0.9561 0.9491

GTA 2.50vo 0.9561 0.9512 0.9365

diclofenac{hilo$a
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de 42nd day. The swelling ratio is essential in assessing

a material's emcacy to represent the scaffolding water
absorption capacity3a. In this study, the swelling ratio in
PBS added by GTA showed an increase in swelling ratio
along with the increasing concentration of GTA. The
reduction of swelling ratio is caused by the matrix
reaching its maximum poilt to expand and no longer
resisted the penetration of water that enters the scaffold
structure. The scaffold experienced an erosion thal
causes dre scaffold to dissolve and release diclofenac
sodium slowly. The swelling ratio increased litde by
little from the first hour onwards then slowly decreased,

and this is estimated formula has a constant released
(sustained-release). The highty connect€d porcus
structure of $e scaffold allows the scaffold to quickly
absorb the water, exhibiting spongeJike properties,
perhaps due to the effect of high cross-link density. If
the water absorption capacity is good, the scaffold
quickly absorbs the biomaterials and fills the damaged
tissue cartilage 3'.

The dissolution test results showed scaffold with the
largest concentration of GTA has the targest drug tevets

when the drug is forcibly released fiom the chitosan-
gelatin scaffold. GTA exended the drug to release from
dre scaffoldr and an increase in crosslinker
accompanied by an increase in the active bonding in the
polymer chain, causing more drugs trapped in the
polymer chain bond3?. the results ofpercent cumulative
mncentration release of diclofenac sodium sbowed it
was in line with the expectations of slow-release
modification. The correlation coeffrcient (R2) data
resulh showed that the formula followed zero-order
kinetics because each formula has the highest correlation
coeffrcient (R2) close to I fian the Higuchi kinaics
model and first-order kinetics.

CONCLUSION:
The addition of GTA increased dre swelling ratio from
195.79 + 7.O4yo to 793.49 + 6.92yo. It minimized weight
loss up to 50.98 + 0.82%, percentage of living cells
>60%, optimal porosity al 106.94 + 9.38o/o with pore

size 135.48 a 89.70 pm, diclofenac sodium as sustained-
release completed in 542 hours, and the release was
following zero-order kinetic. Diclofenac-chitosan-
gelatin scaffold is a potential candidate for cartilage
tissue engineering and drug delivery system of
diclofenac sodium.
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