
Introduction
In the recent years, with a great advance of nanotechnology 
[1], new strategies have been developed for the preparation 
of composite Nanoparticles (NP) based controlled release 
drug delivery systems made of biocompatible and biode-
gradable materials [2]. Such systems have many advantages, 
which could not only protect the drugs from degradation, en-
hance drug solubility and control the rate of drug release to 
prolong the therapeutic duration, but also could achieve an 
effective drug delivery at the site of action [3].

Cellulose Nanocrystals (CNC), which are crystalline nanopar-
ticles separated from cellulosic materials by acidic hydroly-
sis, play an essential role in the development of new bioma-
terials with enhanced properties. Cellulosic materials have a 
great tendency to form dense matrices when blended with 
other pharmaceutical excipients due to their excellent com-
paction properties, which is suitable for the oral drug admin-
istration. CNC was first reported as a drug excipient in the 
pharmaceutical formulations by Jackson and coworkers [4]. 
The negative charge beside the abundance of surface hydrox-
yl groups of CNC suggests that large amounts of drugs might 
bind to their surfaces with high payloads and optimal con-
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Abstract
This investigation aimed to use the cellulose nanocrystals and chitosan nanoparticles (CHNP) for developing controlled 
drug delivery systems of the non-steroidal anti-inflammatory drug Ketoprofen (KP). Cellulose Nanocrystals (CNC) were 
isolated from date palm stalks by sulfuric acid hydrolysis; the isolated nanocrystals had dimensions of 86-237 nm in length 
and 5-7 nm in width. Chemical modification of cellulose nanocrystals by oxidation to introduce carboxylic groups and by 
amine functionalization to introduce amino groups on their surface was also carried out. The effect of the chemically mod-
ified CNC on the controlling of Ketoprofen release was also investigated. The prepared systems containing CHNP and the 
different ratios cellulose nanocrytals showed high entrapment efficiency of ~ 73 - 80%. Addition of cellulose nanocrystals 
at different ratios to CHNP affected the KP release to different degrees depending on the kind of the nanocrystals used 
(non-modified, carboxylated or aminated). Particle size analysis showed that the addition of cellulose nanocrystals had no 
significant effect on the CHNP size. Compatibility studies by FTIR spectroscopy showed no chemical reaction between KP 
and the system's components used.
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trol of dosing [5]. Ionic interactions between the excipients 
and the drug can affect the drug release. Furthermore, there 
are numerous researches that proved the safety of CNC to be 
used in biomedical applications [6-9]. CNC have attracted a 
great attention in multiple applications such as drug deliv-
ery [10], regenerative medicine [11], tissue engineering [12] 
and so on [13-15]. Roman and coworkers suggested the use 
of CNC as carriers in targeted delivery of a variety of thera-
peutics [9]. Moreover, due to their antimicrobial properties, 
CNC could be used as antimicrobial agent in the prepara-
tion of wound healing gels and antiseptic solutions [16,17]. 
Zainuddin et al. used hydrophobically modified kenaf CNC as 
an excipient for hydrophobic drug Curcumin. CNC was modi-
fied with Cetyl Trimethylammonium Bromide (CTAB) as a 
cationic surfactant [18].

Chitosan is a modified natural cationic polysaccharide de-
rived from the deacetylation of the naturally occurring chitin. 
It is the second abundant polymer next to cellulose [19,20] 
, which composed of N-acetylglucosamine and glucosamine 
residues. Due to its attractive properties such as biodegrad-
ability, biocompatibility, antimicrobial activity [21] and 
non- toxicity [22] in addition to its tendency for formation 
of nanoparticles, it was extremely used as a good candidate 
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polymer in designing of controlled release pharmaceutical 
formulations. Due to the availability of free amino groups 
in the chemical structure of chitosan, it carries a positive 
charge in acidic medium and thus, in turn, could react with 
many negatively charged polymers/surfaces. The bio adhe-
sive and cationic nature of chitosan enhances the drug per-
meability and increases the residence time in the mucous 
which in turn increases the absorption of drugs from the 
mucosal membranes [23,24].

Ketoprofen (KP), [2-(3-benzoylphenyl) propionic acid], is an 
active component which widely used as Non-Steroidal Anti-
Inflammatory Drugs (NSAID) to reduce inflammation, pain 
and stiffness caused by several conditions such as rheuma-
toid arthritis, osteoarthritis, abdominal cramps associated 
with menstruation or other various painful inflammatory 
states. Recently, it also has been used in the prevention of 
various cancers including lung and colorectal cancers as 
well as in treatment of some neurodegenerative disorders 
such as Alzheimer‘s disease and Parkinson‘s disease [25,26] 
. Ketoprofen is rapidly and completely absorbed from the 
gastrointestinal tract after oral administration, exhibiting 
a short half-life of 1-2 hs. Like other NSAIDs, Ketoprofen 
causes local adverse effects in gastrointestinal tract. There-
fore, Ketoprofen is considered as a candidate for controlled 
drug delivery research due to its short half-life and poor sol-
ubility in water that affects its bioavailability [27,28].

Due to the integrated characteristics of both cellulose nano-
crystals and chitosan nanoparticles, both of them could be 
exploited for developing a promising drug carrier for Keto-
profen.  In the literature, many attempts have been devel-
oped to produce controlled release systems for Ketoprofen 
using carboxymethyl chitosan microparticles [29], chitosan 
nanoparticles [30], polycaprolacton microspheres [31], cel-
lulose ether polymer mixtures (hydroxypropylmethylcellu-
lose and hydroxypropylcellulose) [32] and cellulose acetate 
[33].

The current work is focused on the preparation and charac-
terization of the chitosan nanoparticles/cellulose nanocrys-
tals system prepared via ionic gelation using pentasodium 
Tripolyphosphate (TPP) as a crosslinking agent for the con-
trolled release of KP. In a previous research, the same sys-
tem was used for controlling the release of repaglinide with 
high entrapment efficiency producing good drug release 
profile suitable for use as anti-diabetic controlled release 
system [34].

In the current work, the prepared system containing keto-
profen was characterized using Transmission Electron Mi-
croscopy (TEM), Fourier Transform Infrared Spectroscopy 
(FTIR), surface charge, particle size analysis and evaluated 
regarding its entrapment efficiency of KP as well as the in 
vitro drug release behavior. Moreover, the effect of surface 
modification of CNC by TEMPO-oxidation and etherification 
with amine groups on the drug loading and the in vitro drug 
release was also investigated. 

Materials and Methods
Raw materials 

Ketoprofen were obtained from Amoun Pharmaceutical 
Company S.A.E., Egypt. Chitosan (low molecular weight 
grade, degree of deacetylation: 75-85%, viscosity: 20-300 
cP in 1% acetic acid, average Mw ~ 50 kDa), pentasodium 
Tripolyphosphate (TPP), glacial acetic acid, hydrochloric 
acid (37%) and sulfuric acid (96-98%), 2,2,6,6-tetramethyl-
1-piperidinyloxy (TEMPO) (98%), sodium hypochlorite (re-
agent grade, 10-15 % available chlorine) solution, sodium 
bromide  (99.0 %), Epichlorohydrin (EPH), sodium hydrox-
ide, ammonium molybdate, potassium iodide, sodium thio-
sulfate and methanol were purchased from Sigma-Aldrich. 
Ammonium hydroxide (NH4OH 28-30 %), sodium hydrogen 
phosphate, potassium di-hydrogen phosphate of laboratory 
grade were obtained from Fluka and used without further 
treatment. 

Date palm stalks pulp preparation

Date palm stalks were collected from local farms in Giza, 
Egypt. The pulp was prepared and bleached as previously 
described (35). It was washed with water and cut into 1-3 
cm long, then, the palm stalks pulp was prepared by alkali 
treatment using 15% NaOH (w/w, based on oven-dried 
stalks) at 150 ºC for 3h. The produced pulp was bleached 
using sodium chlorite/acetic acid mixture at 80 ºC for 1h. 
Chemical composition of the bleached pulp was determined 
according to the previously published method [36], and 
was: alpha-cellulose contents 51.6%, hemicelluloses (as 
pentosans) 22.8%, ash content 2.3%, and ethanol/toluene 
extractives 1.7%.

Preparation of cellulose nanocrystals

Cellulose nanocrystals were prepared by sulfuric acid hy-
drolysis of the resultant bleached pulp (Hassan et al., 2014). 
The pulp was hydrolyzed by stirring in 65 wt. % sulfuric 
acid (20 mL/g cellulose) at 45 ºC for 45 m. The hydroly-
sis was stopped by diluting the reaction mixture 10-fold 
with cold (~ 4 ºC) deionized water. The nanocrystals were 
washed three times with deionized water and collected by 
centrifugation for 10 minutes, and then dialyzed (Spectra/
Por 4 dialysis tubing) against water until the pH of fresh di-
alysis medium stayed constant over time. The nanocrystals 
suspension was sonicated for 6 m at 200 W under ice-bath 
cooling using ultrasonic processor (Kesheng Sonic, Vibra 
Cell (Ningbo Kesheng ultrasonic equipment Co., Ltd)).

TEMPO-mediated oxidation of CNC (OXCNC)

Surface oxidation of cellulose nanocrystals was performed 
according to the previously reported procedure [37]. CNC 
(1.94 g, 4 mmol glycosyl units) was dispersed in water (150 
ml) and sonicated (Kesheng Sonics, Vibra Cell) for 10 m. 
Then, TEMPO (195 mmol) and NaBr (600 mg, 5.7 mmol) 
were added to the CNC suspension and stirred for 30 m at 
room temperature. The pH of the solution was 5.8, and ad-
justed to 10 by adding 0.5 M NaOH. The TEMPO-mediated 
oxidation of CNC was initiated by slowly adding NaOCl 13 % 
(14.7 ml, 20.4 mmol) over 20 m under gentle agitation. The 
reaction pH was kept constant at 10, by the continuous addi-
tion of 0.5 M NaOH. The reaction was known to be complet-
ed when no additional reduction in the pH was observed, 
over duration of 4 hours. Once the reaction was completed, 
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excess oxidant was quenched using methanol (15 ml) and 
the pH was adjusted to 7 using 0.5 M HCl. In order to purify 
the oxidized nanocrystals, the solution was dialyzed against 
water for at least 48 h.

Preparation of CNC amine (ACNC) 

First, the CNC surface was decorated with epoxy functional 
groups via reaction with epichlorohydrin (6 mmol g-1 cellu-
lose) in 1 M sodium hydroxide at 60 ºC (132 mL/g cellulose) 
according to the method by Porath and Fornstedt [38]. After 
2 h, the reaction mixture was dialyzed (Spectra/Por 4 dialy-
sis tubing) against distilled water until the pH was below 12. 
Next, the epoxy ring was opened with ammonium hydroxide 
to introduce primary amino groups. After adjusting the pH 
to be 12 with 50% (w/v) sodium hydroxide, ammonium hy-
droxide (29.4%, 5 mL g-1 cellulose) was added and the reac-
tion mixture heated to 60 ºC for 2 h. The reaction mixture 
was dialyzed until the pH was 7.

Preparation of KP-CHNP/CNC nanocomposites

Ketoprofen loaded CHNP formulations containing different 
ratios of CNC, OXCNC or ACNC were prepared as shown in 
Table 1. CHNP/CNC, CHNP/OXCNC and CHNP/ACNC nano-
composites were prepared via the ionotropic gelation meth-
od [39]. Low molecular weight chitosan was dissolved in 
acetic acid 1% (w/v) and kept under magnetic stirring until 
complete dissolution. CNC, OXCNC or ACNC were added to 
the chitosan solutions in different ratios and stirred until 
formation of homogeneous mixture. KP (100 mg) was dis-
solved in 2 ml methanol and drop wisely added to the chito-
san/cellulose nanocrystals mixture. Gelation was then car-
ried out by adding 55 ml TPP (0.2%) to the mixture drop 
wisely; the pH was 4.5. The gelation process was carried 
out under constant magnetic stirring (500 rpm) at room 
temperature. The KP-loaded CHNP/CNC, CHNP/OXCNC or 
CHNP/ACNC nanoparticles were collected by centrifuga-
tion at 10,000 rpm, washed repeatedly by distillated water, 
dialyzed against distilled water using Spectra/Por 4 dialysis 
tubing until the pH of fresh dialysis medium remained con-
stant over time. The purified nanoparticles were stored in 
screw-capped glass containers for further examination.

X-ray powder diffraction

The crystallinity of the CNC, OXCNC, ACNC, CHNP, KP/CHNP, 
KP-CHNP/CNC, KP-CHNP/OXCNC and KP-CHNP/ACNC were 
studied by X-ray diffraction (XRD) using X-ray diffractom-
eter (PANalytical, Netherlands) at room temperature with 
a monochromatic CuKα radiation source (λ = 0.154 nm) in 
step-scan mode with a 2θ angle ranging from 4º to 50º with 
a step of 0.04 and a scanning time of 5 m. Crystallinity in-
dex (CrI) of cellulose nanocrystals were calculated using the 
following equation [40]: CrI = (I002-Iam)/I002, where I002 is the 
intensity in the diffraction profile at the position of 002 peak 
(2θ = 22º) and Iam is the intensity at about 2θ = 18º.

Transmission electron microscopy (TEM)

Transmission electron microscopy of the prepared CNC, 
OXCNC, ACNC, KP-CHNP/CNC, KP-CHNP/OXCNC, and KP-
CHNP/ACNC formulations was carried out using a JEOL 
1230 transmission electron microscope (Japan) with accel-
eration voltage 100 kV. A drop of cellulose nanocrystals or 
formulation suspensions was used on a copper grid bearing 
a carbon film.

Carboxylic groups' determination

The carboxylic groups’ content of the oxidized CNC was 
determined by acid-base titration following the procedure 
developed for the conductometric titrations (Habibi et al., 
2006). In this procedure, TEMPO-oxidized CNC samples (50 
mg) were suspended into 0.01 M hydrochloric acid (HCl) 
solutions (15 mL) with stirring. The resulting suspensions 
were then titrated against 0.01 M sodium hydroxide (NaOH) 
solution.

Elemental Analysis

Elemental analysis for carbon and nitrogen was determined 
using Vario El Elementar (Germany), Elemental Analyzer.

Fourier transform infrared (FTIR) spectroscopy

FTIR spectra were acquired by a JASCO FTIR Spectrometer 
(FT/IR-6100) using KBr disc technique.

Zeta Potential (ZP) and Particle Size (PS) determination

Mean hydrodynamic ZP, PS and Poly-Dispersity Index (PDI) 
measurements were performed for CNC, OXCNC, ACNC, 
CHNP/CNC, CHNP/OXCNC and CHNP/ACNC formulations at 
a temperature of 25±0.1 ºC using a Nicomp 380 ZLS dynamic 
light scattering (DLS) instrument (PSS, Santa Barbara, CA, 
USA), using the 632 nm line of a He Ne laser as the incident 
light with angel 90º and Zeta potential with external angel 
18.9º.

Determination of entrapment efficiency (EE %)

The entrapment efficiency was determined by measuring 
the concentration of free KP in the suspension. The samples 
were centrifuged at 10,000 rpm for 20 m. The amount of 
free KP was determined in the supernatant by UV spectro-
photometer at 259 nm. Supernatant of unloaded nanoparti-
cles was used as basic correction. The entrapment efficiency 
could be calculated by the following equation (1) [41].

EE (%) = [(Winitial drug – Wfree drug)/Winitial drug] x 100        (1)

Table 1. Composition of KP-loaded CHNP/CNC, 
CHNP/OXCNC or CHNP/ACNC nanocmposites.

Formulation code
Chitosan CNC OXCNC ACNC
% % % %

CHNP/CNC(0%)-F1 100 0 ---- ----
CHNP/CNC(2.5%)-F2 97.5 2.5 ---- ----
CHNP/CNC(5%)-F3 95 5 ---- ----
CHNP/CNC(10%)-F4 90 10 ---- ----
CHNP/CNC(20%)-F5 80 20 ---- ----
CHNP/OXCNC(2.5%)-F6 97.5 ---- 2.5 ----
CHNP/OXCNC(5%)-F7 95 ---- 5 ----
CHNP/OXCNC(10%)-F8 90 ---- 10 ----
CHNP/OXCNC(20%)-F9 80 ---- 20 ----
CHNP/ACNC(2.5%)-F10 97.5 ---- ---- 2.5
CHNP/ACNC(5%)-F11 95 ---- ---- 5
CHNP/ACNC(10%)-F12 90 ---- ---- 10
CHNP/ACNC(20%)-F13 80 ---- ---- 20
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In vitro release study

The release of KP from the prepared KP-loaded formula-
tions compared to the free KP was carried out using the di-
alysis bag diffusion technique and phosphate buffer, pH 7.4. 
The samples containing 20 mg KP were placed in 500 ml of 
phosphate buffer at 37 ±0.5 ºC for 8 h using shaking water 
bath. At fixed time intervals, 5 ml of samples were with-
drawn and replaced by fresh medium to maintain constant 
volume. Samples were analyzed for amount of KP released 
by UV spectrophotometer at 259 nm.

Results and Discussion
Characterization of cellulose nanocrystals

TEM and XRD of CNC, OXCNC and ACNC

CNC, OXCNC and ACNC isolated from date palm stalks were 
characterized using TEM and XRD. TEM images (Figure 1a) 
of CNC isolated from date palm stalks showed that CNC had 
dimensions range of 86-237 nm in length and 5-7 nm in 
width. TEM images showed that the oxidation and modifica-
tion of CNC with amine had no significant effect on the CNC 
dimensions; OXCNC were 78-200 nm and 5-6 nm in length 
and width, respectively, while, ACNC were 100-220 nm in 
length and 7-10 nm in width.  These results agree with the 
previous studies of Habibi et al. who studied the oxidization 
of tunicate nanocrystals, and found that the TEMPO oxida-
tion had no significant effect on the CNC dimensions [37]. 
The content of carboxylic groups of OXCNC was determined 
as 0.62 mmol g-1, while that of CNC was determined as 0.015 
mmol g-1. Modification of CNC with amine also had no effect 
on the CNC dimensions and these results in accordance with 
the previously published studies followed the same meth-
od of preparation [42]. ACNC was synthesized by a simple 
and mild two-step reaction avoiding the use of protecting 
groups and so minimized the number of steps required for 
the preparation. 

CNC had the XRD pattern of the known cellulose I crystal-
line structure which characterized with the two major peaks 
of 2θ centered at 23º and 15º, and another lower intensity 
peak at 2θ of about 34º (Figure 1b) [43]. Crystallinity index 
(CrI) of CNC, OXCNC and ACNC was 0.78, 0.77 and 0.84 re-
spectively (Figure 2b). Oxidation and amination had no ef-
fect on the XRD diffraction pattern of CNC. Different studies 
in literature confirmed these obtained results [44,37]. This 
indicated occurrence of the reaction mainly at the surface of 
the nanocrystals.

Elemental Analysis of ACNC

To prove the modification of CNC surface with amine, the 
elemental composition of CNC and ACNC was determined.  
Nitrogen content of unmodified CNC was nil, while that of 
ACNC was 1.047 %, which confirmed the modification of 
CNC surfaces with amine groups. In addition, an increase in 
the carbon contents of CNC from 39.93 % to 45.86 % as a re-
sult of introduction of the substituent –CH2 –CH (OH) – CH2– 
NH2 onto the CNC surface. Sulfur content decreased from 
0.48 to 0.108, this may be due to the hydrolysis of some of 
the sulfate ester groups at basic conditions during the modi-

fication reaction. The nitrogen content can be also used for 
the determination of the degree of surface substitution by 
Equation 2 [45].

       DS = 162W/100M - [(M-1)W]         (2)

 
Where W is the weight or weight percent in this case and M 
is the molecular weight of the substituent. The DS of resul-
tant ACNC was calculated as 0.019. This value is close to that 
of previously published data on modification of CNC with 
amine functional groups by the same reagent used in this 
work (DS=0.02) [7]. 

FTIR spectra of cellulose nanocrystals

The TEMPO oxidation of CNC and their modification with 
amine were also confirmed by FTIR spectroscopy (Figure 
1c). The CNC had a spectrum showed the characteristic 
peaks as the same that of cellulose, a broad band between 
3000-3700 cm-1 attributed to the O–H stretching vibrations, 
band between 2800-3000 cm-1 is due to the aliphatic –CH2 
and –CH stretching vibrations. The peak at 1640 cm-1 attrib-
uted to the adsorbed water, peaks at 1425 cm-1, 1158 cm-1 
and 1064 cm-1 are for the stretching vibrations of C–O of the 
glycosidic bonds, and that of the primary and secondary hy-
droxyl groups, respectively. The out-of-plane deformational 
vibration peaks of the –OH groups appeared between 895 
and 440 cm-1 [46]. FTIR spectrum of OXCNC confirmed the 
TEMPO oxidation of CNC by the appearance of the charac-
teristic peak for the carboxyl groups at 1725 cm-1 in their 
acid form [37]. A small shift of the O–H stretching vibrations 
broad band was also found to be from 2900-3800 cm-1 at-
tributed to the oxidation of the –OH groups at C6 to carbox-
ylic acid groups. Modification of CNC with amine can be also 
confirmed by the appearance of two interfering bands of 
primary amine at 3440 cm-1 and 3349 cm-1. These two peaks 
interfered with the hydroxyl group broad band appeared 
between 3000-3700 cm-1. The presence of amine was also 
confirmed by a medium peak appeared at 1070 cm-1 due to 
the stretching vibrations of C-N [47]. 

Figure 1. (a) TEM images, (b) XRD patterns, and 
(c) FTIR spectra of CNC, OXCNC and ACNC extract-
ed from date palm stalks.
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Zeta potential of cellulose nanocrystals

Cellulose nanocrystals used in this study had a high negative 
zeta potential of – 53.8 mV due to the presence of sulfate 
ester (–OSO3

-) groups that incorporated during cellulose hy-
drolysis using sulfuric acid (Table 2). Zeta potential for the 
unmodified and modified CNC was measured at pH 6 (the 
pH of sulfuric acid treated CNC [48]. At this pH, OXCNC in 
the acid form, and the negative charge was mainly due to the 
presence of sulfate ester groups only. Azzam et al. reported 
reduction in the net surface charge of cellulose nanocrystals 
after TEMPO-oxidation, and they attributed that to the hy-
drolysis of sulfate ester groups at basic conditions during 
the oxidation reaction [49]. This explains the smaller mea-
sured zeta potential of OXCNC than that of CNC to be – 44.5 
mV. At pH 6, –NH2 groups of ACNC are partially protonated 
and carry positive charge which can electrostatically inter-
act with some of negative sulfate ester groups leading to less 
net negative charge on the CNC amine surface to be – 38.7 
mV. In addition, the use of basic medium during the modi-
fication with amine derivatives may cause the hydrolysis of 
some of the sulfate ester groups; this was confirmed from 
the decreasing of sulfur content in the elemental analysis. 

Characterization of Ketoprofen-loaded CHNP/CNC, 
CHNP/OXCNC and CHNP/ACNC nanocomposites

Entrapment Efficiency (EE %) of KP-loaded formula-
tions

Table 4 shows the entrapment efficiency of KP into the CHNP, 
CHNP/CNC, CHNP/OXCNC and CHNP/ACNC nanocompos-
ites. 100 mg of KP were dispersed in chitosan solution con-
taining cellulose nanocrystals, and then gelation was carried 
out by adding 55 ml of 0.2% TPP. The results indicated the 
higher EE % of CHNP/KP ~ 79.78 ±2.11 %, while that of 
KP-CHNP/CNC formulations ranged between 73.61 ±3.45 
– 78.31 ±3.15 %, KP-CHNP/OXCNC formulations ranged 
between 72.63 ±4.37 – 74.95 ±2.76 %, and KP-CHNP/ACNC 
formulations were 74.58 ±2.39 – 76.32 ±2.53%. Addition of 
the different cellulose nanocrystals to the chitosan nanopar-
ticles formulations had no remarkable effect on the mean 
results of EE% of KP according to the close values of stan-
dard deviations. High entrapment efficiency of KP may be 
due to the stronger hydrogen bonding between the KP and 
both of chitosan and the different cellulose nanocrytals, in 
addition to the electrostatic attraction between the nega-
tively charged cellulose nanocrystals and positively charged 
chitosan. 

In-vitro release studies of KP-loaded formulations

Ketoprofen-loaded CHNP formulations were prepared 
via the ionic gelation method using TPP as a crosslinking 
agent at room temperature. The chitosan nanoparticles 
were formed by an electrostatic interaction of the posi-
tively charged amine groups of chitosan with the negatively 

Figure 2. In-vitro release profiles of KP from (a) 
KP-CHNP/CNC, (b) KP-CHNP/OXCNC and (c) KP-
CHNP/ACNC formulations.

Table 2. Zeta potential of cellulose nanocrystals.
Cellulose nanocrystals ZP (mV)
CNC – 53.8
OXCNC – 44.5
ACNC – 38.7

charged phosphate groups of TPP [50]. This interaction cre-
ated a stable matrix that might facilitate the entrapping of 
KP and render its release back from the matrix [51]. 

In order to assess the controlled release potential of KP-
loaded nanocomposites, the in-vitro release of KP from the 
different formulations was performed. The release experi-
ment was performed for 8 hours in phosphate buffer of pH 
7.4. As depicted from Figure 2, the free KP exhibited faster 
release profile, where 99.84 % of free KP was released af-
ter 2 h compared to (30.67 - 49.52 %) of the KP released 
from the different formulations after two hours. Addition of 
the different cellulose nanocrystals (CNC, OXCNC, or ACNC) 
to the CHNP formulations significantly affected KP release.  
CHNP sample (without CNC) showed faster KP release pro-
file (70.21%) compared to that having different amounts of 
CNC (40.82 - 45.96%), at the end of the release experiment. 
KP/CHNP samples having 2.5% and 20% CNC represented 
by F2 and F5, had a sustained KP release profile of 45.96% 
and 40.82%, respectively at the end of the release experi-
ment. Increasing the CNC concentration slightly decreased 
the KP release rate (Figure 2a). The lower rate of release in 
case of presence CNC could be due to physical hindrance of 
KP release by the rod-like CNC network formed. In addition, 
hydrogen bonding between the hydroxyl groups at the sur-
face of CNCC and carboxylic groups of KP (Figure 3) could 
also retard release of the later.  
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Figure 3. Chemical structure of Ketoprofin.
CHNP/OXCNC and CHNP/ACNC formulations showed a 
slower KP release profiles than that of neat CHNP (with-
out CNC) by about 10%, while the CHNP/CNC formulations 
showed a slower release profiles than that of neat CHNP 
by about 30%. CHNP formulations containing different 
amounts of OXCNC had a KP release % range of (58.45 - 
61.82 %), while that containing different amounts of ACNC 
had a KP release % range of (60.11 - 64.2 %), at the end of 
release experiment.   Also, increasing the concentration of 
OXCNC and ACNC had no significant effect on the KP release 
(Figure 2b, c). 

The slower release of ketoprofen in case of using CNC than 
ACNC could be due to stronger hydrogen bonding with car-
boxylic groups of KP in case of CNC than in case of ACNC 
due to higher electronegativity of oxygen of hydroxyl groups 
of CNC than nitrogen of amino groups of ACNC.  In case of 
OXCNC, although stronger hydrogen bonding was expected 
between carboxylic acid groups of both OXCNC and KP than 
that between CNC and KP but the release of KP was faster in 
case of using OXCNC. This means that the primary hydroxyl 
groups at C6 (CH2OH) are more readily available for hydro-
gen bonding with KP than the carboxylic groups of OXCNC.

Comparison between the different previously reported KP-
loaded chitosan micro- and nanoparticles-based systems 
and the TPP-crosslinked chitosan system used in the current 
work is shown in Table 3 regarding the entrapment efficien-
cy of Ketoprofen and its in-vitro release. As clearly shown 
in the table, the TPP-crosslinked chitosan nanoparticles in 
the current work showed higher entrapment efficiency and, 
at the same time, better KP release profile similar to other 
more complicated systems shown in the table. The closest 
entrapment efficiency to the formulations of the current 
work was that reported by Hardi et al. (76 - 89 %) (30), us-
ing TPP-crosslinked chitosan/oleic acid system. Neverthe-
less, the current work system sustained the KP release more 
than the system used in that study (93 - 99 % after 6 h, pH 
7.4). This in addition to the nature sources, abundance and 
low cost of CNC more than oleic acid, made the system of 
the current work have better properties. Sugita et al. also 
used the same system of Hardi and obtained a close result 
of entrapment efficiency to that of Hardi and the current 
work (70 – 87 %), but not studied the in-vitro release [52]. 
Sugita et al. in other work used TPP-cross-linked chitosan/
alginate system and obtained a close result of EE% to that of 
the current work (54-80%), but with a faster in-vitro release 
profile (90 %, after 3 h at pH 7.4) [53] Chimsook used chi-
tosan/poly(ethylene glycol), (PEG) system with the resulted 
EE% of (52 - 73 %), and release profile of (82 - 98 %), after 
12 h at pH 7.2; Chimsook used organic solvents to prepare 
this system.  The polymer mixture of chitosan and PEG was 

dissolved in a mixture of dichloromethane and ethanol (1:1) 
with a vigorous stirring to form uniform drug polymer dis-
persion. Then the floating microspheres were obtained by 
dropping the polymer mixture into sodium lauryl sulfate 
solution (0.2%) at tempreture of 20 ºC [54]. On the other 
hand, the current work used simple method without using 
organic or toxic solvents, in addition to the natural sources 
and abundance of the components, resulted in high EE% 
reached to ~ 80% and good drug release profile at pH value 
of 7.4 due to the open structure of the prepared formula-
tions as a result of the presence of TPP crosslinks between 
the chitosan chains (Table 3).

Zeta Potential (ZP) and Particle Size (PS) determination 
of KP-loaded nanocomposites

ZP and PS of Ketoprofen-loaded CHNP/CNC, CHNP/OXCNC 
and CHNP/ACNC formulations were determined.  As men-
tioned above, the chitosan nanoparticles were prepared by 
ionic gelation method and formed at pH 4.5, therefore the 
formed particles were positively charged. This was con-
firmed by the zeta potential measurements (Table 4). Ad-
dition of CNC, OXCNC and ACNC had no significant effect on 
the CHNP charge. Most of the samples had a slight increased 
ZP than that of CHNP itself with unloaded KP drug; other-
wise those contained 20% CNC, 20% OXCNC, 20% ACNC had 
a closed value to this of unloaded CHNP as shown in Table 
4.  This may be due to the high negative charge of CNC, OX-
CNC and ACNC at this concentration, and some of their nega-
tive charge may be used to neutralize some of the increased 
charge due to the KP addition, in addition to their higher 
amounts in these samples. 

Addition of KP, CNC, OXCNC and ACNC had no significant 
changes on the particle size measurements of CHNP. Slight 
increase in the PS of CHNP was observed upon   addition of 
KP drug. This emphasized the nanostructure of KP that en-
trapped between the chitosan chains. High standard devia-
tions were observed in the PS results of the studied KP-load-
ed CHNP formulations, this may be due to the disordered 
entrapment of the different cellulose nanocrystals rods in-
side the CHNP, which could rendered the direct diffusion of 
the dissolved KP through the CHNP matrix and sustained its 
release. PDI values of all the studied KP-loaded CHNP for-
mulations were lower than 0.5 that indicated the high par-
ticle homogeneity [61].

TEM images of KP-loaded nanocomposites

TEM images of KP/CHNP, and some selected samples of KP-
CHNP/CNC, KP-CHNP/OXCNC and KP-CHNP/ACNC-loaded 
with 100 mg KP are shown in Figure 4. The images showed 
the spherical geometry structure of the prepared particles 
and confirmed their nano-size. Slight changes in diameter 
of CHNP as a result of adding KP, CNC, OXCNC or ACNC were 
generally in agreement with the particle size analyses men-
tioned above. The diameter of the nanoparticles seen in the 
images ranged from about 150 to 400 nm for the different 
samples. The larger diameter of nanoparticles than those 
obtained from particle size analysis could be due to coagula-
tion of the nanoparticles when they dry on the grid used for 
TEM images.
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System
EE

(%)

KP release

(%)
Reference

TPP-crosslinked chitosan/CNC 74-80 ~ 41-46 (after 8h, pH 
7.4) Current work

TPP-crosslinked chitosan/OXCNC 73-75 ~ 58-61 (after 8h, pH 
7.4) Current work

TPP-crosslinked chitosan/ACNC 75-77 ~ 60-64 (after 8h, pH 
7.4) Current work

N-benzyl-N,O-succinyl chitosan polymeric nanoparticles 70 Not studied -55

Chitosan/Poly(N-Vinylcaprolactam-Co-Itaconic Acid-Co-Ethylene Glycol Di-
methacrylate) microparticles

57 45-69 (after 48 h, pH 
7.4) -56

Glutaraldehyde or genipin crosslinked chitosan/poly(3-hydroxybutyrate) mic-
roparticles 52-62

20-70 (after 8 h, pH 
7.4) -5775-85 (after 72 h, pH 
7.4)

TPP-crosslinked chitosan/oleic acid  nanoparticles 70-87 Not studied -52

TPP-crosslinked chitosan/oleic acid  nanoparticles

14-17(after 3 h, pH 
1.2)

-30
76-89 93-99(after 6 h, pH 

7.4)

TPP-crosslinked chitosan/alginate nanoparticles 54-80 40 (after 3 h, pH 1.2)
90 (after 3 h, pH 7.4) -53

Chitosan/poly(ethyelenglycol) microspheres 52-73 82-98 (after 12 h, pH 
7.2) -54

TPP-crosslinked chitosan/poloxamer 188 nanoparticles 50 Not studied -58

TPP-crosslinked β-cyclodextrin – grafted– N-maleoyl chitosan nanoparticles 23-65

28-38 (after 8h, pH 
6.8) -5935-48 (after 24h, pH 
6.8)

Chitosan/PVA microsponge 45-79

3 (after 2h, pH 1.2)

-60
25-30 (after 8h, pH 
7.4)
51-71 (after 12h, pH 
7.4)

Table 3. Comparison of entrapment efficiency and release of Ketoprofen from chitosan micro- and nanopar-
ticles-based drug delivery systems.

Table 4. Experimental ZP, PS, PDI and EE% of the prepared KP-loaded formulations.

Formulation code ZP(mV) PS (nm) PDI EE%
CHNP(0%KP) +28.1 ±0.58 196.5 ±69 0.123 -----
CHNP/CNC(0%)-F1 +32.38 ±0.36 227.6 ±98.1 0.186 79.78 ± 2.11
CHNP/CNC(2.5%)-F2 +31.73 ±0.52 205.3 ±89.4 0.185 77.59 ± 1.95
CHNP/CNC(5%)-F3 +32.86 ±0.29 216.5 ±91.7 0.192 78.31 ± 3.15
CHNP/CNC(10%)-F4 +33.70 ±1.02 214.9 ±93.5 0.189 76.84 ± 2.86
CHNP/CNC(20%)-F5 +26.58 ±0.43 234.4 ±110 0.22 73.61 ± 3.45
CHNP/OXCNC(2.5%)-F6 +30.95 ±0.48 203.8 ±72.3 0.182 74.95 ± 2.76
CHNP/OXCNC(5%)-F7 +30.71 ±0.33 198.5 ±86.1 0.179 74.78 ± 3.35
CHNP/OXCNC(10%)-F8 +30.62 ±0.38 197.8 ±82.7 0.175 74.46 ± 3.51
CHNP/OXCNC(20%)-F9 +23.50 ±0.69 231 ±112.6 0.238 72.63 ± 4.37
CHNP/ACNC(2.5%)-F10 +33.19 ±0.36 212 ±98.5 0.193 76.32 ± 2.53
CHNP/ACNC(5%)-F11 +32.94 ±0.62 220 ±87.6 0.18 75.12 ± 1.95
CHNP/ACNC(10%)-F12 +33.81 ±0.16 225 ±108.5 0.183 75.45 ± 1.69
CHNP/ACNC(20%)-F13 +26.70 ±0.93 235 ±100.6 0.232 74.58 ± 2.39
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FTIR spectra of KP-loaded nanocomposites  

The possibility of interaction between the KP and CNC, 
OXCNC, ACNC or CHNP can be investigated from studying 
of FTIR spectra of CNC, OXCNC and ACNC (Figure 1c), and 
thus of KP, CHNP, CHNP/CNC (10%)-F4, KP-CHNP/OXCNC 
(10%)-F8 and KP-CHNP/ACNC (10%)-F12 (Figure 5). FTIR 
of pure KP (Figure 4a) showed the characteristic peaks at 
2978.5–2933.2 cm-1 due to the aromatic C–H and carboxylic 
acid O–H stretching vibrations, 1652.7 cm-1 and 1697 cm-1 
due to the ketonic carbonyl and carboxyl carbonyl stretch-
ing, respectively.  The peak at 1595.8 cm-1 is corresponding 
to the aromatic C=C stretching, while peak at 1474.3 cm-1 is 
due to CH–CH3 deformation. The peak at 2731 cm-1 is due to 
the C–H stretching and O–H deformation, and peak at 1697 
cm-1 for the carboxylic O–H out of plane deformation. IR 
spectra range of 863–641 cm-1 for C–H out of plane defor-
mation indicated the presence of aromatic ring [62].

Figure 4. TEM images of (a) CHNP/CNC(0%)-F1, (b) 
CHNP/CNC(10%)-F4, (c) CHNP/CNC(20%)-F5, (d) CHNP/
OXCNC(10%)-F8, (e) CHNP/OXCNC(20%)-F9, (f) CHNP/
ACNC(10%)-F12 and (g) CHNP/ACNC(20%)-F13.

Figure 5. FTIR spectrum of a) KP, b) CHNP, c) CHNP/
CNC(10%)-F4, d) CHNP/OXCNC(10%)-F8, e) CHNP/
OXCNC(10%)-F12 and f) CNC.

CHNP, CNC, OXCNC and ACNC have nearly similar FTIR 
spectra due to the resemblance in their chemical structure 
and functional groups. FTIR spectrum of CHNP (Figure 4b) 
showed a broad band ranged between 3000–3700 cm-1 due 
to O–H and N–H stretching vibrations. Peak at  2800–3000 
cm-1 is due to the C–H stretching vibrations, while peak at 
1648 cm-1 is due to the amide C=O stretching vibrations. 
Peaks at 1425 cm-1 and 1558 cm-1 are due to NH2 group, 
while peak at 1080 cm-1 is due to C-N stretching vibrations. 
Peak at 890-1147 cm-1 is due to the ether bonding [63].  

FTIR spectrum of KP -CHNP/CNC (Figure 4c) showed the 
characteristic peaks of CNC, and CHNP, while that of KP-
CHNP/OXCNC (Figure 4d) showed the characteristic peaks 
of OXCNC, and CHNP, and KP-CHNP/ACNC (Figure 4e) 
showed the characteristic peaks of ACNC, and CHNP. The 
peaks related to KP structure were at the same regions of 
CNC, OXCNC ACNC and CHNP and thus could not be seen 
separately. Absence of the interfering peaks emphasized that 
there were no unwanted chemical reactions between the KP 
and the other components. A small shift in the position of 
some of the peaks of the individual components was found 
in the prepared nanocomposites nanoparticles as a function 
of hydrogen bonding between the KP and the other compos-
ite components. For example, the amide carbonyl stretching 
vibration peak of chitosan at 1648 cm-1 was shifted to 1636 
cm-1, 1632 cm-1, 1635 cm-1 due to the presence of CNC, OX-
CNC and ACNC, respectively, in addition to KP.

XRD of KP-loaded nanocomposites

XRD patterns of KP/CHNP and selected samples of KP-
loaded nanocomposites with cellulose nanocrystals were 
studied and compared with that of CHNP to investigate the 
effect of the presence of KP and cellulose nanocrystals on 
the supramolecular structure of the cross-linked chitosan 
nanoparticles (Figure 6). Broad diffraction pattern with un-
resolved peaks was observed for CHNP (Figure 5a) due to 
their amorphous structure as a result of crosslinking of the 
chitosan chains using tripolyphosphate [64,65]. The broad 
pattern extended from 2θ angle of 10º to 30º and the peaks 
were centered at angles of about 11.6º, 18.3º, and 23.6º.  Ad-
dition of KP had no effect on the diffraction pattern of CHNP 
(Figure 5b); that is indicated the efficient entrapment of KP 
into the cross-linked chitosan chains and absence of any 
chemical reactions between them. Addition of CNC, OXCNC 
or ACNC had no significant effect on the XRD pattern of 
CHNP except the peak at 2θ angle of 23.6º became sharper 
(Figure 5c-e), since the cellulose nanocrystals have XRD 
peaks (two major peaks centered at 2θ angles of 23º and 15º) 
in the same regions of CHNP peaks. 

Conclusions
Cellulose Nanocrystals (CNC) isolated from date palm stalks 
by sulfuric acid hydrolysis, Oxidized Cellulose Nanocrystals 
(OXCNC) and Amine-Functionalized Cellulose Nanocrystals 
(ACNC) were merged with Chitosan Nanoparticles (CHNP) 
to control the release rate of KP developing a controlled 
drug release system. TEM images showed that the chemi-
cal modification either by oxidation or etherification with 
amine moiety had no significant effect on the CNC dimen-
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Figure 6. XRD pattern of a) CHNP, b) KP-CHNP/CNC(0%)-
F1, c) KP-CHNP/CNC(10%)-F4, d) KP-CHNP/OXCNC(10%)-
F8 and e) KP-CHNP/ACNC(10%)-F12.

sions. KP-loaded CHNP/CNC, CHNP/OXCNC and CHNP/
ACNC nanoparticles were successfully prepared and char-
acterized by high entrapment efficiency. Hydrogen bonding 
between CNC, OXCNC or ACNC and KP resulted in retarding 
its release from the prepared formulations producing a sus-
tained and controlled release profile. KP-loaded CHNP/CNC 
formulations produced more sustained release profile of KP 
than that of both CHNP/OXCNC and CHNP/ACNC formula-
tions; but all systems had more sustained release than that 
consists of neat CHNP. FTIR spectra showed no interaction 
between the KP and the other ingredients (CHNP and cel-
lulose nanocrystals) of the prepared systems. Addition of KP 
to CHNP had no effect on its XRD pattern indicating that the 
entrapment of KP between the cross-linked chitosan chains 
and absence of chemical reaction between them. The pre-
pared KP-CHNP/CNC, KP-CHNP/OXCNC, KP-CHNP/ACNC 
systems showed good drug release profile suitable for use 
as anti-inflammatory controlled-release drug systems.
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