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A B S T R A C T

The comparison between Tramadol drug loaded microspheres prepared from gelatin/sodium carboxymethyl
cellulose (NaCMC) and those prepared from gelatin/sodium carboxymethyl nanocellulose (NaCMNC) in presence
of glutaraldehyde (GA) as cross linker was carried out. Cellulose isolated from rice straw was hydrolyzed using
65% H2SO4 to prepare nanoparticles with average particle size ranging from 44 to 66 nm. Various formulations of
gelatin/NaCMC and gelatin/NACMNC were prepared with different ratios of amounts of gelatin, NaCMC/
NaCMNC, and GA. Microspheres were characterized by fourier transform infrared (FTIR) spectroscopy and
scanning electron microscopy. The FTIR spectroscopy results confirmed the structure of microsphere and the
absence of chemical interactions among Tramadol drug, polymer, and crosslinking agent. The ultraviolet spec-
troscopy showed 68% efficiency of the drug encapsulation using cellulose, while 55% for nanocellulose. The
equilibrium water uptake decreased from 646 to 329% for cellulose microspheres, when the amount of GA
increased from 5 to 10 mL. In contrast, the equilibrium water uptake decreased significantly from 501 to 33.7%
for nanocellulose microspheres. The yield percentage enhanced from 54.67 to 80% for nanocellulose micro-
spheres. The in vitro release rate was also calculated. The percent cumulative release of drug was significantly
increased at the first 2 h and then a slow increase was further noticed. In general, the nanocellulose microsphere
showed lower release rates than cellulose. None of the prepared microsphere presented 100% drug release until
12 h.
1. Introduction

Drug delivery systems can exactly control the release rates or target
drugs to a specific body site, thus having an important impact on the
healthcare system. The pharmaceutical industry has viewed advance-
ment in an interaction between the fields of polymer and material sci-
ence, for the development of the novel drug delivery systems [1, 2, 3, 4].
Carrier technology has proposed an intelligent technique for drug de-
livery by coupling the drug to a carrier particle such as microspheres,
nanoparticles, liposomes, etc. [5, 6, 7], which modulates the release and
absorption characteristics of the drug [8]. Microspheres constitute an
important part of these particulate drug delivery systems by virtue of
their small size and efficient carrier characteristics [9, 10, 11]. The novel
drug delivery systems are effective in transport of drug molecules to the
target cells or tissues and release them in a controlled manner. Although
the drug release system provides extended periods of active drug blood
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levels that help in the improvement of patient compliance, it has limi-
tation of short residence time at the site of absorption [12, 13, 14, 15, 16,
17, 18]. This issue can be solved by providing an intimate contact of the
drug delivery systems with the absorbing membranes [19]. The modifi-
cation of releasing drug system has been reported in pharmaceutical
literature [19, 20, 21].

Polymers are used as blenders to achieve sustained release [22, 23,
24]. Moreover, in recent years the natural carbohydrate polymers have
been used in the applications of biomedical and pharmaceutical science
attributed to their biocompatibility and biodegradability. Rice straw is an
agricultural byproduct that is burned soon after threshing to get rid of it
and to prepare the soil for the next crop. In Egypt the uncontrolled
burning of huge amounts of rice straw causes severe air pollution, namely
“Black Cloud”. Therefore, alternate techniques should be designed to use
rice straw as raw material to minimize air pollution. Cellulose is
extracted from rice straw by alkaline pulping process or acidic pulping
ugust 2019
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process [25, 26, 27, 28]. Cellulose derivatives are hydrophilic polymers
and have the ability to form gels in aqueous medium. It can help in the
development of controlled release technology in the formulation of
pharmaceutical products [29, 30]. Cellulose is a natural organic polymer.
It is a linear chain homopolymer with 1,4-D-glucose molecules linked
together. Hydrolysis of cellulose can be carried out chemically by using
strong acids or biologically by using enzymes such as cellulase. Native
cellulose can be broken into micro- and nanocrystalline structures by the
effect of strong acids or mechanical forces. Acid hydrolysis process of
cellulose is used to breakdown the amorphous regions of cellulose, which
enables the separation of nanocrystalline cellulose (NC) [31, 32, 33, 34,
35, 36]. NC cellulose is considered as a novel cellulosic material due to its
excellent characteristics including biodegradability, nontoxicity, and
renewability. Cellulose leads to the enhancement of the mechanical
properties especially at the nano-level [37, 38, 39, 40, 41].

On the other hand, gelatin, which is derived from collagen, is a
fibrous material that occurs in skin, bones, and connective tissues of
animals [42]. It is an edible material, soluble at the body temperature,
and becomes gelatinous at temperatures just above ambient. It is used for
pharmaceutical applications because of its biocompatibility and biode-
gradability [43].

Tramadol HCl (TmH) is a synthetic, centrally acting analgesic and is
currently approved for use in many countries [44]. It is used for treat-
ment of severe and moderate pain, where it acts as opiate agonist,
through selective binding to the μ-opioid receptor, and weak inhibition of
norepinephrine and serotonin uptake [45]. However, tramadol has many
side effects as well such as vomiting, nausea, sweating, itching, and
constipation. Drowsiness has also been reported, although it is less of an
issue than for non-synthetic opioids. Patients prescribed tramadol for
general pain relief with or without other agents have reported with-
drawal symptoms including uncontrollable nervous tremors. Tramadol
has half-life of approximately 2.5 h. This study tries to solve this problem
by loading the tramadol drug on slow release microsphere polymer,
which offers control release and also control side effects of that drug.
Slow releases depend on the extent of crosslinking and the amount of
carboxymethyl cellulose. Two types of microspheres were prepared, one
from gelatin/sodium carboxymethyl cellulose (NaCMC) and the other
from gelatin/sodium carboxymethyl nanocellulose (NaCMNC) in the
presence of glutaraldehyde (GA) as a cross linker. These two types were
synthesized with the objective of controlling the release of the tramadol
drug. The structure of polymer network was studied and the absence of
chemical interactions among drug, polymer, and crosslinking agent was
proved through Fourier Transform Infrared (FTIR) spectroscopy. More-
over, the morphology of the surface of microsphere was studied by
scanning electron microscopy (SEM), and percent efficiency of the drug
encapsulation and the in vitro release rates were calculated.

2. Experimental

2.1. Materials

Rice straw was used as the biomass raw material source for the nat-
ural lignocellulosic fibers and was gained from our local Egyptian farms,
where it was dried at room temperature to equilibrium moisture content
of 5–6 wt.%. Tramadol was kindly received as a gift sample from Abo
Alazaum Hospital, Cairo, Egypt. Gelatin, GA solution (25%, v/v), and n-
hexane were purchased from Sigma-Aldrich. N,N-dimethyl acetamide
(DMAc) and monochloroacetic acid were acquired from Aldrich Chemi-
cal Company Inc. (Milwaukee WI, USA). All the chemicals were used as
received without any further purification.

The chemical composition of the isolated fibers, i.e. holocellulose,
alpha cellulose, Klason lignin, and ash content, were determined ac-
cording to TAPPI T257 om-85, TAPPI T222 om-88, and TAPPI om-85,
respectively [46].
2

2.2. Methods

2.2.1. Isolation of cellulose from rice straw
Cellulose was obtained from rice straw by an alkaline pulping process.

The rice straw was cut approximately to the size of 3 cm, and sodium
hydroxide solution (1%, w/w) with liquor ratio 1:10 was added. The
pulping process was carried in a rotary autoclave for 2 h at 160 �C as
mentioned in literature reports [47, 48, 49], and then the pulp reached
neutrality through washing with water. Lignin was removed by two
stages of bleaching method. The bleaching process was performed using
sodium hypochlorite of 60% active chlorine for 2 h at 40 �C. The liquor
ratio (fiber to solution) was 10:1 and the pH was 9 during the bleaching
process as mentioned in literature reports [50, 51, 52, 53, 54]. At the end
of bleaching process, the bleached cellulosic fibers molecules that
comprised a number of reactive hydroxyl groups were washed until
neutrality and left to dry in air.

2.2.2. Preparation of cellulose nanoparticles
Cellulose nanocrystals were obtained by hydrolyzing cellulose fibers

with 65 wt.% sulfuric acid followed by grinding the produced particu-
lates. Then the particles were washed with distilled water until neutrality
and left to dry in oven at 40 �C. The process was discussed in detail in our
previous literature report [55]. The average size of the obtained nano-
cellulose crystals varied from 44 to 66 nm according to transition elec-
tron microscopy (TEM) (see Fig. 1).

2.2.3. Preparation of sodium carboxymethyl cellulose
In order toprepareNaCMC, cellulosewasdried at 80 �C for 8h and then

sieved using a 0.32 mm screen. Cellulose was soaked in 20% sodium hy-
droxide solution in a 200-mL beaker. The dispersed solution was heated
andstirredat80 �C for4.5h, the residuewasfiltered, and thenwashedwith
95% ethanol. The residue was relocated into a beaker, then 15% NaOH
solution inwater bath and chloroacetic acid were added. The reaction was
performed at 70 �C for 1 h with stirring. The product was filtered and
washed with 75% ethanol solution, and then left in air to dry. The above
Fig. 1. TEM image of nanocellulose (a) as-formed and (b) single nanoparticle
of cellulose.



Fig. 2. Determination of λ max of drug at 345 nm.

Table 1
Schematic representation of the synthesis of gelatin/NaCMNC microspheres.

Formation
code

NaCMNC % (w/
w)

Gelatin % (w/
w)

Drug loading
%

GA
mL

F1 10 90 20 5
F2 10 90 20 10
F3 10 90 40 5
F4 10 90 40 10
F5 20 80 20 5
F6 20 80 20 10
F7 20 80 40 5
F8 20 80 40 10

Table 2
Schematic representation of the synthesis of gelatin/NaCMC microspheres.

Formation code NaCMC% (w/
w)

Gelatin% (w/
w)

Drug loading
%

GA mL

H1 10 90 20 5
H2 10 90 20 10
H3 10 90 40 5
H4 20 80 40 10
H5 20 80 20 5
H6 20 80 20 10
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mentioned procedure was carried on nanocellulose to form NaCMNC.

2.2.4. Synthesis of gelatin/sodium carboxymethyl cellulose microspheres
with semi-interpenetrating network

Emulsion-crosslinking method was used to fabricate gelatin/NaCMC
microspheres with semi-interpenetrating network (IPN). It was prepared
by dissolving gelatin in distilled water at 37 �C with constant stirring to
obtain a homogeneous solution. The homogeneous solution was cooled
and NaCMC was added. It was stirred overnight; and then Tramadol was
added. This was followed by the slow addition of a mixture of petroleum
ether and light liquid paraffin (2:3 wt. ratio). The suspended solution was
stirred at 400 rpm for 10 min. GA was added slowly with stirring for 2 h.
Further, filtration and washing with n-hexane was carried out. The
separated microspheres were dried at 40 �C for 24 h under vacuum. The
above mentioned procedure was carried out on NC to prepare gelatin/
NaCMNC microspheres. The formulations were organized with codes
that are represented in Tables 1 and 2.

2.2.5. Evaluation study

2.2.5.1. Product yield. The product yield of the prepared micro-particles
was calculated by using Eq. (1) to determine the efficiency of the process:
Encapsulation Efficiency¼Absorbance of microparticles containing 0:05 g Tramadol HCl
Absorbance of 0:05 g Tramadol

� 100 (2)
% mass loss¼M0 �M1

M0
� 100 (1)

where M0 is the initial weight of drug and polymer and M1 is the weight
of micro-particles.

2.2.5.2. Morphological characteristics of surface of microspheres. SEM
(Hitachi, S 3000H, Japan) was used in order to study the morphology of
3

the micro-particles. The micro-particles were coated with gold using a
vacuum evaporator to render them electrically conductive. The coated
micro-particles were investigated under a scanning electron microscope
at 25 kV to disclose the surface quality.

2.2.5.3. Fourier transform infrared spectral studies. To approve the for-
mation of IPN structure and the chemical stability of the drug in the
microspheres, FTIR spectral data were used. The instrument used was a
Nicolet spectrometer (Model Impact 410, Milwaukee, WI, USA). The
range of scanned spectra was from 4000 to 500 cm�1.

2.2.5.4. Calibration curve of tramadol. A calibration curve is required for
the determination of concentration of drug that is released from the
microparticles. A known concentration of tramadol in distilled (DI) water
was scanned in the range of 200–500 nm using ultraviolet–visible
(UV–vis) spectrophotometer. For tramadol having concentration in the
range of 0.25–5.5 g L�1, the maximum wavelength, λmax was 345 nm
(Fig. 2). The absorbance values at 345 nm obtained with the respective
concentrations were recorded and plotted. Fig. 2 shows the calibration
curve, indicating that the unknown concentration of tramadol was ob-
tained by knowing the absorbance value.

2.2.5.5. Encapsulation efficiency. Microspheres with specific weight
were soaked in water (50 mL) for 30 min, and then stirred for 15 min in
order to break the microspheres. Then the solution was centrifuged to
remove the polymeric debris. In order to extract all the drug from the
sample, the polymeric debris was washed twice with distilled water. The
UV spectrophotometer (Secomam, model Anthelie, Paris, France) was
used to analyze the clear supernatant solution. The maximum wave-
length, λmax was 345 nm (Fig. 2). The encapsulation efficiency was
determined by using Eq. (2):
2.2.5.6. Swelling studies. The equilibrium water uptake of IPN micro-
sphere loaded with the drug was calculated. It depended on the swelling
water properties of the microsphere. The samples were allowed to swell
for 24 h in order to confirm the complete water uptake. The adhered
excess surface water was removed by blotting. The electronic microbal-
ance was used to weigh the swollenmicrospheres to an accuracy of�0.01
g. The hydrogel microspheres were then dried in an oven at 60 �C for 5 h
until constant weight of dried mass of the samples was obtained. The
percent equilibrium water uptake was then calculated by using Eq. (3):



% Equilibrium water uptake¼Mass of swollen microsphere�Mass of dry microsphere
Mass of dry microsphere

� 100 (3)
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2.2.5.7. In vitro release studies. Drug release of IPN microspheres was
studied in 0.1 N HCl at interval time from 1 to 12 h. In vitro release ex-
periments were performed using a magnetic stirrer at Pf 200 rpm. The
samples of microsphere loaded with drug were weighed to be around
75.6 mg, and then they were immersed in 100 mL 0.1 N HCl solution
at 37 �C. Aliquotes of samples were withdrawn at different time
intervals and centrifuged. Tramadol concentration was calculated spec-
trophotometrically at λmax of 345 nm using calibration curve (Fig. 3).

3. Results and discussion

3.1. Isolation of cellulose from rice straw

The result of analysis of rice straw material showed that it contains
about 79.33% holocellulose, 13.6% lignin, and 18.4% ash. Thus, the
alkaline pulping process was carried out in order to minimize the lignin
content to about 5%. Moreover, the holocellulose increased and its
content became 81.2%. After pulping, bleaching process was carried out
when about 63.4% of pure cellulose with 0.08% of lignin content was
obtained.

On the other hand, the reaction for the preparation of NaCMC or
NACMNC proceeded in two steps. In the first step, cellulose or
Fig. 4. FTIR spectra of: (a) NaCMC and (b) NaCMNC.

Fig. 3. Calibration curve of different concentrations of pure tramadol drug.
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nanocellulose was suspended in alkali to open the bound cellulose or
nanocellulose chains, thus allowing water to enter. Once this happened,
cellulose or nanocellulose was then reacted with sodium mono-
chloroacetate to yield sodium carboxymethyl cellulose.

3.2. Fourier transform infrared absorption bands of sodium carboxymethyl
cellulose

Fig. 4 shows the FTIR spectra of NaCMC and NaCMNC in the range of
4000–400 cm�1. The spectra of the prepared NaCMC and NaCMNC
present a typical characteristic of carboxymethyl cellulose. The band at
3452 cm�1 corresponds to O–H stretching vibrations for NaCMNC and at
3520 cm�1 corresponds to that in NaCMC. The bands at 2928 and 2935
cm�1 represent aliphatic C–H stretching vibrations for NaCMNC and
NaCMC, respectively. The asymmetric and symmetric stretching of the
carboxylate group bands are shown at 1610 and 1430 cm�1 for NaCMNC
and 1700 and 1420 cm�1 for NaCMC. Finally, peaks at 1074 and 1075
cm�1 represent the C–O–C stretching vibration for NaCMNC and NaCMC,
respectively. Absorption bands are summarized in Table 3.

Moreover, in order to confirm the drug loading and the crosslinking of
gelatin chains by GA, the FTIR spectral data were used. According to
literature, FTIR spectrum of gelatin shows peaks at 3413 cm�1 for N–H
Table 3
FTIR absorption bands of NaCMNC and NaCMC.

Assignment Peak position, cm�1

NaCMNC NaCMC

O–H stretching 3452 3520
aliphatic C–H stretching 2928 2935
Asymmetric and symmetric stretching of the
carboxylate group.

1610 and
1430

1700 and
1420

C–O–C stretching vibration 1074 1075

Fig. 5. FTIR spectra of drug loaded microspheres: (a) Gelatin/NaCMC and (b)
Gelatin/NaCMNC.



Table 4
FTIR spectral data of tramadol drug loaded microspheres: (a) Gelatin/NaCMC
and (b) Gelatin/NaCMNC.

Assignment Peak position, cm�1

Gelatin/NaCMC Gelatin/NaCMNC

Imine group (C¼N) stretching. 1647 1647
O–H stretching. 3431 3431
Aliphatic C–H stretching. 2669 2956
Aliphatic C–H bending. 1440 1450
C–O–C stretching vibration. 1070 1060
Aromatic C–H bending. 726 726
Aromatic C–H stretching. 2956 2919
Monosubstituted phenyl ring. 660 660

G. Kadry Heliyon 5 (2019) e02404
stretching, 1535 cm�1 for N–H bending, 1646 cm�1 for amide, and 1338
and 1239 cm�1 corresponding to C–N bond stretching. However, the
FTIR peaks for the tramadol drug are present at 3357 cm�1 for N–H and
O–H stretching; 1610, 1586, and 1561 cm�1 for aromatic ring stretching,
and 896 cm�1 indicates the monosubstituted phenyl ring. In the case of
tramadol drug-loaded microspheres, all the absorption bands responsible
for both gelatin and NaCMC or NaCMNC appear with the addition of new
peaks responsible for the loaded drug, as shown in Fig. 5 and Table 4.
Absorption band at 1647 cm�1 is observed indicating the C¼N stretching
vibration of the imine group. This band confirms the formation of
crosslink between gelatin chains by GA. Band at 1647 cm�1 with
increased intensity, is observed, which overlaps with that of the amide
band of gelatin. The chemical stability of tramadol loaded in microsphere
was confirmed by the FTIR spectral data as presented in Fig. 5 and
Table 4. The appearance of the bands at 3431, 2669, 2956, 1647, 1440,
1450, 1070, 1060, 726, and 660 cm�1 (Table 4) approved the presence of
the drug loaded in microspheres and the chemical stability of tramadol
even after its encapsulation. The reaction mechanism of the formation of
semi-IPN is demonstrated in Fig. 6 that was confirmed by FTIR spectral
data.

The SEM images of IPN surface morphology are shown in Fig. 7a, and
the entire view depicts a complete microcapsule. Fig. 7b and c demon-
strate that when microspheres are placed in drying vacuum, they extrude
each other and the shape changes from spherical to polygon [56] due to
Fig. 6. The reaction mechanism o
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the elastic nature of the capsule wall. This results in compact arrange-
ment of the microspheres [57]; however, the as-constructed structure
acquires pores and it becomes loose. Moreover, pores are extensively
interconnected with increasing porosity. The percentages of gelatin and
drug solution play an important role in deciding the porosity of the mi-
crospheres [58]. Fig. 7d shows the SEM image, demonstrating the
rupture of the microsphere after release of the tramadol drug.
3.3. Encapsulation efficiency

The tramadol loaded semi-IPN gelatin/NaCMNC microspheres with
cross linker GA were investigated. The percent yields of the product
ranged from 86 to 72.37% and the percent of encapsulation efficiencies
was between 8.8 and 55%, as presented in Table 5. However, the product
yield of gelatin/NACMC was in the range from 15.45 to 91.34%, and the
percent encapsulation efficiency was between 28.9 and 68% as presented
in Table 6. The encapsulation efficiency depends on the leaching out of
the drug particle due to the formation of fixed network and the effect of
the amount of NaCMC that was observed.
3.4. Swelling studies

Tables 7 and 8 summarize that the percentage of equilibrium water
uptake of IPN gelatin/NaCMNC is lower than that of gelatin/NaCMC
microspheres. The effect of crosslinking plays an important role in
swelling properties of microsphere. With the increase in the quantity of
GA from 5 to 10 mL in the gelatin/NaCMNC polymer matrix, the per-
centage water uptake decreases from 50% for F1 to 45.9% for F2; from
40.7% for F3 to 33.7% for F4; and from 386.97% for F5 to 375.9% for F6,
which is related to the rigid network structure formed due to high in-
tensity of crosslinking. The percentage water uptake of F7 decreases
significantly from 501.214 to 376.67% compared to F8 with the higher
content of cross linker, which indicates higher crosslinking density. It is
an evidence of the decrease in the values of the percentage equilibrium
water uptake with an increasing amount of GA, and the high content of
GA causes the formation of the rigid network structure. The hydrophilic
nature of NaCMNC increases with increase in the amount of NaCMNC as
presented in Table 7, which improves the water transport rate in addition
to the increase of the water uptake capacity of the microspheres. With the
f the formation of semi-IPN.



Fig. 7. SEM images of the produced microspheres: (a) Complete microcapsule, (b) The porosity of microsphere, (c) The extrusion of microspheres and the change in
shape from spherical into polygon, and (d) The microsphere after releasing the drug.
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increase in the percentage water uptake from 50 to 501% for F1 to F7,
this result was confirmed for gelatin/NaCMC microspheres equilibrium
for which the water uptake decreased from 646% for H1 to 520% for H2;
from 520.67% for H3 to 507.9% for H4; and from 385.19% for H5 to
329.23% for H6 as presented in Table 8.
Table 5
Effect of different formulations on the properties of gelatin/NaCMNC microsphere.

Formulation code Theoretical yield wt. of drug
loaded microsphere (g)

Actual yield wt. of dr
loaded microsphere (

F1 5.2 4.19
F2 8 5.79
F3 5.6 4.31
F4 8.4 6.69
F5 4 3.44
F6 6.8 5.65
F7 4.2 3.47
F8 7 5.45

Table 6
Effect of different formulations on the properties of gelatin/NaCMC microsphere.

Formulation code Theoretical yield wt. of drug
loaded microsphere (g)

Actual yield wt. of dr
loaded microsphere (

H1 4.9 2.9
H2 7.7 1.19
H3 5.6 3.62
H4 8.4 4.82
H5 5.2 4.75
H6 8 3.15

6

3.5. In vitro release studies

Fig. 8 clearly demonstrates that the percentage cumulative release of
drug increases significantly for up to 2 h and then increases slowly.
However, none of the formulations showed 100% drug release till 8 h for
ug
g)

Mass loss (%) Product yield (%) Encapsulation
efficiency (%)

19.4 80.6 44
27.63 72.37 25.8
21.96 78.04 24.4
20.36 79.64 25.6
14 86 55
16.91 83.1 15.18
17.38 82.62 8.8
22.14 77.86 14.08

ug
g)

Mass loss (%) Product yield (%) Encapsulation
efficiency (%)

40.81 60 66.39
84.54 15.45 61.35
35.35 64.6 68
42.61 57.38 25
8.65 91.34 55
60.6 39.3 28.9



Table 7
The percentage equilibrium water uptake data of the cross linked gelatin/
NaCMNC microspheres.

Formulation
code

Mass of dry
microspheres (g)

Mass of swollen
microspheres (g)

Water up taken
(w/w%)

F1 0.082 0.123 50
F2 0.0699 0.102 45.92
F3 0.086 0.115 40.7
F4 0.045 0.066 33.7
F5 0.05 0.2532 386.97
F6 0.0614 0.299 375.9
F7 0.0494 0.297 501.214
F8 0.00535 0255 376.635

Table 8
The percentage equilibriumwater uptake data of the cross linked gelatin/NaCMC
microspheres.

Formulation
code

Mass of dry
microspheres (g)

Mass of swollen
microspheres (g)

Water up take
(w/w %)

H1 0.0353 0.2636 646.74
H2 0.0179 0.111 520.67
H3 0.0329 0.2 507.9
H4 0.172 0.103 495.37
H5 0.0412 0.1999 385.194
H6 0.0260 0.1116 329.23

Fig. 8. The percentage cumulative drug release of gelatin/NaCMNC
microspheres.

Fig. 9. The percentage cumulative drug release of gelatin/NaCMC
microspheres.
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gelatin/NaCMNC, and 12 h for gelatin/NaCMC as shown in Fig. 9. In case
of gelatin/NaCMNC, nanocellulose microspheres show lower release
rates due to the reduction of the penetration of water molecules into the
polymer, thus leading to the reduction of swelling of microspheres and
slower release of tramadol. Comparative analysis indicates that the cu-
mulative release of drug for gelatin/NaCMNC reaches 66% (Fig. 8), while
it reaches 76% for gelatin/NaCMC under the same conditions as pre-
sented in Fig. 9. Fig. 8 demonstrates the effect of crosslinking on gelatin/
NaCMNC, where F5 shows higher release rate than F6. As a result of the
formation of a rigid network structure with higher degree of crosslinking
that controls the release rate, this result was confirmed for F7 that
showed higher release rate compared to F8. Moreover, F3 showed higher
percentage cumulative release than F4.

Effects of NaCMNC are clear in the formulations F1, F5, F3, and F7.
The release rate increased with the increase of the NaCMNC content in
the IPN microsphere that depended on the hydrophilic nature of
NaCMNC and responsible for increasing the swelling properties of mi-
crospheres. This result was confirmed by comparing F5 with F1 and F7
with F3.

The drug loading effect on in vitro release rates was investigated with
respect to formulations F1, F3, F5, and F7”. The F7 shows higher rates
than F6. This indicates that release rates depend upon the quantity of
drug loaded in the polymer matrix. Similarity, F3 exhibits higher release
rate than F1, although the release rate increases slightly in F3.

For gelatin/NaCMC, percentage cumulative release is shown in Fig. 9.
By increasing the time up to 12 h, the percentage cumulative release
increases in all the formulations up to 75%. For H1 the cumulative
release increases from 33 to 70% for first 2 h, for H2 it increases from 29
to 68%, for H3 from 32 to 73%, for H4 from 52 to 70%, for H5 from 52 to
70%, and for H6 from 35 to 60%.

Comparative analysis of H1, H3, H4, and H6 reveals the effect of
crosslinking. The H6 microsphere shows lower percentage cumulative
release than F4, owing to the formation of a rigid network structure with
high density of crosslinking. However, the H1and H3 microspheres
exhibited the similarity in drug release rate.

Effects of NaCMC content in formulations H1, H5, H2, and H6 were
investigated. The results indicated that the releasing rate was higher in
case of H5 than in H1. This is attributed to the increase in the NaCMC
content in the polymer matrix, and also the increase in the swelling of the
matrix due to the extremely hydrophilic nature of NaCMC. Similarly, H6
shows higher release rates than H2.

The vitro release rates are affected by the amount of drug loading as
presented for formulations H1, H3, H2, and F4. The H4 has higher release
rates than H2. Moreover, the content of drug in the microsphere also
affects the releasing rates. Thus, H3 has higher releasing rate than H1.

Herein, comparison was carried out between this study and other
literature studies as shown in Table 9.

4. Conclusions

Cellulose was exctrated from rice straw by hydrolysis process. Tran-
sition electron microscopy (TEM) was used to investigate the nano-
structure of nanocellulose. Two forms of semi-interpenetrating polymer
network (IPN) microspheres were synthesized, namely gelatin/NaCMC
and gelatin/NaCMNC. Glutaraldehyde (GA) was used as a crosslinker.
Tramadol was successfully encapsulated into the synthesized IPN mi-
crospheres. The reaction mechanism was proposed and confirmed by
FTIR spectroscopy. Microspheres were characterized by FTIR spectros-
copy and scanning electron microscopy (SEM). The UV spetroscopic
analysis showed 55% encapsulation efficiency for gelatin/NaCMNC and
68% for gelatin/NaCMC microparticles. The in vitro release of micro-
spheres was studied depending on the releasing rate. The results



Table 9
Comparison between this study and the other related studies.

Comparison This study Study 1 Study 2 Study3

Tittle Comparison between gelatin/
carboxymethyl cellulose and gelatin/
carboxymethyl nanocellulose with respect
to tramadol drug loaded capsule

CMC/gelatin Blends loaded with
Piroxicam: Preparation, characterization,
and evaluation of in Vitro release Profile
[59]

Iron cross-linked carboxymethyl cellulose-
gelatin complex coacervate beads for
sustained drug delivery [60]

Preparation and evaluation of gelatin/
sodium carboxymethyl cellulose
polyelectrolyte complex micro particles for
controlled delivery of isoniazid [61]

Aim To compare two types of microspheres
gelatin/carboxymethyl cellulose and
gelatin/carboxymethyl nanocellulose, in
controlling the release of the tramadol
drug.

To study the effect of the semi-IPN matrix
of CMC/gelatin Blends composition on
encapsulation and study the kinetic
behavior of the release of the piroxicam
drug.

To study the vitro release of ibuprofen from
Iron cross-linked carboxymethyl cellulose-
gelatin complex coacervate

To investigate the optimal conditions for
the formation of microparticles of gelatin/
sodium carboxymethyl cellulose thus the
dependence of drug encapsulation
efficiency and release on the reaction
conditions.

Material all the chemicals were prepared in our lab
NaCMC- NaCMNC- and analyzed by FTIR

The author in (1) has purchased the
chemicals used of CMC and cellulose and
didn't mention the physical and chemical
analysis

The author (2) has purchased the chemicals
used of CMC and cellulose and didn't
mention the physical and chemical analysis
-GA not used as a cross linker but ferric
chloride

The author in (3) has purchased the
chemical used of CMC and cellulose, and
didn't mention the physical and chemical
analysis

Preparation Emulsion-crosslinking method using
distillated water as dispersing phase

Emulsion-crosslinking method using
distillated water as dispersing phase

Emulsion-crosslinking method without GA
but ferric chloride in 2-propanol method
using distillated water as dispersing phase

Emulsion-crosslinking method using
sunflower oil as dispersing phase

Formulation Different formulations were obtained
depending on wt.% of gelatin and NaCMC
or NaCMNC, and cross linker and drug

Different formulations were obtained
based on wt.% of CMC, cross linker, and
drug

Different formulations were obtained
depending on wt.% of CMC, cross linker,
and drug

Different formulations were acquired
depending on mmol g�1 cross linker

Product yield Maximum yield of gelatin/NaCMC reached
86%

None None none

Study of the surface morphology of
microsphere

Thoroughly and systematically carried out. Carried out Carried out Carried out

Confirmation of the absence of interaction
between drug and microsphere

through chemical equation and by FTIR
spectroscopy

No chemical equation was used. Matrix-
Drug interaction and physical State of
active agent (through DSC/XRD)

No chemical equation was used. The stable
and crystalline nature of ibuprofen in the
beads was confirmed by FTIR spectroscopy
and DSC

Chemical equation þ FTIR spectroscopy

Encapsulation Efficiency% 68% for gelatin/NaCMC, and 55% for
gelatin/NaCMNC microspheres%

Maximum encapsulation efficiency 10.64% entrapment efficiency reached 98. 5% Loading efficiency around 60 %

Swelling studies: Swelling reached 501% for gelatin/
NaCMNC microspheres and 646.74% for
gelatin/NaCMNC microspheres

None None Water Uptake % reached 700 %

In vitro release studies: Comparison between percentage
cumulative drug release of gelatin/NaCMC
microsphere that reached 74% for 12 h and
percentage cumulative drug release of
gelatin/NaCMNC microsphere reached
66% for 8 h

release kinetics analyses demonstrated that
the release process seems to be governed by
distinctly kinetic models, considering the
composition of the sample. the release can
be driven by Fickinianan diffusion

Drug release reached 70% for 48 h Drug release reached 90% for 48 h
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indicated that the percent cumulative release of drug was significantly
increased at the first 2 h, and then a slow increase was further observed
for each type of microsphere.
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