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In reaction to the expanding predominance of diabetes mellitus, curcumin nanoparticles stacked on car-
boxymethyl cellulose (CMC) composite were effectively synthesized, characterized, and examined utilizing
UV/Vis and FTIR spectroscopy combined with transmission electron microscopy (TEM). The bioactivity
of curcumin (Cur), carboxymethyl cellulose (CMC), and curcumin nanoparticles stacked with carboxym-
ethyl cellulose (CUR-CMC) was tried through atomic docking approval as an a-amylase and a-glucosidase
inhibitor. The conclusion illustrated that the curcumin-supported CMC is more potent than CUR itself
self the validation presented is compared with acarbose as a reference molecule and then CUR-CMC can
presented as promising in curing hyperglycemia by decreasing the absorption of glucose.
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INTRODUCTION

Diabetes mellitus (DM) is a medical case marked
by high blood glucose levels (hyperglycemia) caused
by defective insulin production. The data from the
International Diabetes Federation (IDF) indicates that
diabetes patients in 2019 were counted approximately
463 million. However, diabetes patients in 2024 will be
increased to approximately 700 million'. There are two
types of diabetes patients: type I (insulin-dependent) type
II (non-insulin dependent)?. Type II diabetes is the most
common type of diabetes, accounting for almost 90%.
Diabetes II is a metabolic disease that causes insulin
resistance and pancreas f-cell dysfunctions as a result
of uncontrolled high blood sugar levels®.

There are various drugs available to treat this metabolic
disease, classified into three main categories: 1) insulin
secretagogues (sulfonylureas), 2) insulin sensitizers (bi-
guanides), and 3) a-glucosidase inhibitors (acarbose)?.
In the first two types of long-term therapy, many side
effects have appeared, such as hypoglycemia, renal dys-
function, and hepatic diseases®. Hence, the third class
became safer in focused on decreasing glucose absorp-
tion in the intestine through the inhibition of enzymes
like a-glucosidase and a-amylase that are responsible
for the saccharides” hydrolysis to glucose®. Acarbose (I,
Figure 1) is presented as an oligosaccharide that acts as
an inhibitor of a-amylase and o-glucosidase enzymes’.

Curcumin (II, Figure 1) is located in turmeric. The
benefits and advantages of curcumin include being
a highly potent, non-toxic, and bioactive agent. However,
its low aqueous solubility and poor bioavailability of
curcumin are their disfavors®. Nanoparticles of curcumin
(nano-curcumin) improve its aqueous-phase solubility®.
Recently, curcumin derivatives possess pharmacological
applications such as antioxidant, anti-inflammatory',
anticancer'!. Furthermore, they have been established

to have anti-Alzheimer properties in various in vivo and
in vitro studies'.

Carboxymethyl cellulose (CMC, III, Figure 1) pos-
sesses distinct properties such as being anionic and
water-soluble; therefore, it is a promising cellulose
derivative®. Carboxymethyl cellulose (CMC) is used in
various important applications such as smart bioinks for
3D bioprinting", biodegradable polymer for packaging
material’®, and as drug carriers in clinical fields'®.

Drug discovery and design are major challenges, espe-
cially in the current world with various health problems'’.
Molecular docking, a structure-based computational me-
thod, has played a crucial role in making drug discovery
faster, cheaper, and more effective. It generates the
binding energy and affinity between ligands and targets,
making it a significant tool for predicting drug-protein
interactions' .

From the above facts about diabetes mellitus (DM),
curcumin (CUR, I), and carboxymethyl cellulose (CMC,
III), molecular docking, with our research goals?*2¢,
Therefore, the present study aims to synthesize curcumin
nanoparticles loaded with carboxymethyl cellulose and
explore its bioactivity for potential use in the treatment
of diabetes mellitus against a-amylase and a-glucosidase
enzyme inhibition through a molecular docking study.

EXPERIMENTAL

Materials

Curcumin (CUR, I) was obtained from Indus Com-
pany (India). Carboxymethyl cellulose (CMC, III) was
purchased from Sigma-Aldrich Company.

Synthesis of curcumin nanoparticles (nano-curcumin)

Curcumin nanoparticles were prepared using the hy-
drothermal squeeze method?. Specifically, 15 grams of
commercial CUR powder “XPRS Nutra organic turmeric
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Figure 1. The structure of acarbose (I), curcumin (II), and carboxymethyl cellulose (CMC, III)

curcumin powder extract 10:1 - premium USDA” (con-
taining > 95% curcuminoids) was dissolved in 70 mL
of double distilled water with the addition of two drops
of dimethyl sulfoxide (DMSO). After stirring for 5 min-
utes in a 100 mL beaker, the solution was transferred
to a 100 mL Teflon-lined stainless-steel autoclave. The
autoclave was placed in an electric oven at 100-150 °C
for 12 hours without stirring. The resulting solution was
subjected to vacuum distillation to remove 50% of the
solvent, and the product was separated by centrifugation
at 8000 rpm for 10 minutes. The precipitate was then
cooled to room temperature, washed with distilled water,
and dried at 60-70 °C for 3 hours.

Synthesis of curcumin-loaded polymer nano-composite

The CMC is easily soluble in water due to its highly
hygroscopic nature. The solubility of CMC in water is
measured by the degree of substitution, which refers to
the number of hydroxyl groups substituted by sodium
carboxymethyl. Curcumin-loaded polymer nanocomposite
thin films were prepared using a traditional solution
casting method:

(1) Pre-calculated amounts of carboxymethyl cellulose
(CMC) solutions (5 wt %) were prepared by directly
dissolving CMC in deionized water under constant
stirring, and curcumin nanoparticles were mixed in an
aqueous solution until a completely clear, homogeneous,
yellowish-colored solution was obtained.

(2) The solution was then poured into a plastic Petri
dish and kept in an incubator adjusted at 50°C for about
24 hours. Thin films were then peeled from the dishes
and kept in a drying place until use.

Nanoparticles characterization

An ultraviolet-visible spectrophotometer (NIR - JASCO
Japan, V-570 UV/VIS; range 200-1100 nm ) was used to
obtain the maximum wavelength of the prepared particles.
Fourier transform infrared (FTIR) type Mattson 5000
FT-IR spectrophotometer (range 4000-400 cm™') was
used to get the prepared particles FT-IR spectra. The
prepared particles underwent grinding with 0.1 g anhy-

drous KBr in a ceramic mortar and were subjected to
a pressure of 4 tons per cm? until clear transparent discs
were obtained. All samples were measured immediately
to avoid any moisture. Transmission electron microscopy
(TEM) of the JEOL-JEM-2100 instrument, Japan, was
used to investigate the prepared particle size.

Molecular docking protocol

The MOE 2015.10 software was utilized to conduct the
docking protocol according to established standards?*=°.,
The a-amylase and a-glucosidase proteins were obtained
from the Protein Data Bank (PDB) through the mdb
file (PDB code: 1BAG and 7D9C) and subjected to
this protocol.

RESULTS AND DISCUSSION

Chemistry

The chemical reaction of carboxymethyl cellulose
(CMC) with curcumin nanoparticles was explained in
the following (Scheme 1) to form curcumin nanopar-
ticles loaded with carboxymethyl cellulose as an acar-
bose analog. The reaction is classified as esterification
reaction in which the hydroxyl group in curcumin make
a nucleophilic attack to the carbonyl group in in car-
boxymethyl group in CMC and forms new ester group
after dehydration.

Curcumin nanoparticles loaded with carboxymethyl
cellulose (CMC-nano-CUR) characterization

UV/Vis. spectrum

UV/Vis. Optical absorption spectra represent an impor-
tant tool for the investigation of the electronic transition
combined with their optical band gap for a requested
sample. Figure 2 reveals UV/Vis. optical spectral data
of curcumin extract which is a diarylheptanoid, belon-
ging to curcuminoids group (natural phenol liable for
plant extract yellow color) with a main absorption band
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Scheme 1. The reaction of carboxymethyl cellulose (CMC) with curcumin nanoparticles
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Figure 2. UV/Vis. optical absorption spectra of curcumin na-
noparticles loaded with carboxymethyl cellulose

centered at 430 nm with two less intense shoulders at
about 395 and 465 nm.

The appearance of one or more peaks in the region
from 200 to 400 nm is a clear indication of the pres-
ence of unsaturated groups and heteroatoms such as S,
N, and O atoms™..

Fourier Transform Infrared Spectroscopy (FT-IR)

The IR spectrum of curcumin showed a noticeable
broad stretching band at 3540-3290 cm™, attributed
to its characteristic two phenolic OH groups (red line
in Figure 3). Some other stretching vibrations were
also obvious at 1627 cm™ and 1597 cm™ due to C=0
and C=C, respectively. The FT-IR spectrum of CMC
(black line in Figure 3) was used as the standard to
confirm the presence of the capping agent on the cur-
cumin sample even after rigorous washing. The band at
3420-3200 cm™ was attributed to its characteristic OH
group, 2922 cm™ was attributed to the stretching band
of aliphatic CH and CH, groups, 1624 cm™" corresponds
to the stretching vibration of carbonyl in the carboxyl
group (COO), while the absorption peak at 1432 ¢cm™
corresponds to the vibration of the sodium carboxylate
group. Finally, strong absorption occurs in the wide
range of 940-1270 cm™, which refers to the fingerprint
region*?. The (CMC-nano-CUR) showed in (the blue
line in Figure 3) broad stretching band at 3550-3250
cm™! related to the hydroxyl group and the 1635 ¢cm™
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Figure 3. FTIR of the prepared curcumin nanoparticles loaded
with carboxymethyl cellulose

corresponds to the stretching vibration of carbonyl in
the carboxyl ester (COO) newly formed.

Transmission electron microscopy (TEM)

The loading of curcumin nanoparticles onto the CMC
has increased the solubility of curcumin in the aqueous
media as the CMC is hydrophilic in nature, small in
size, and has a large surface area. This allows for greater
interaction with the aqueous solvent, thus resulting in
an increase in curcumin solubility in aqueous media.

Figure 4 reveals a TEM image of the curcumin-encap-
sulated polymeric matrix. The micrograph shows nano-
-scale curcumin encapsulated microsphere with a radius
of 87, 97, 209, 288, and 320 nm.

Molecular docking validation

o-Amylase (also known as a-1,4-glucan-4-glucano-
hydrolase, EC 3.2.1.1) is responsible for catalyzing the
hydrolysis of a-D-(1,4)-glucosidic linkages in substances
such as starch, glycogen, and various oligosaccharides,
resulting in the release of a-anomeric products. This
particular enzyme has been extensively investigated
from several angles, including its structure and function,
secretion mechanisms, as well as its application in indu-
strial settings. Researchers have successfully determined
the three-dimensional X-ray structures of a-amylases,
specifically those derived from human salivary glands®.

These comprehensive studies have provided valuable
insights into the overall folding pattern of a-amylase.
The presented Figure 5 discusses the binding interac-
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Figure 4. TEM image of the curcumin-encapsulated polymeric
matrix

tion between the amino acid residues of a-amylase with
different presented ligands like curcumin, CMC, nano
synthesized CUR supported CMC, and acarbose as
reference drug ligand.

The data obtained show that the targeted synthesized
ligand, curcumin nanoparticles loaded with carboxymethyl
cellulose (CMC-nano-CUR, see Figure 5B and Figure
7A) forming more than five bonds with the residues of
o-amylase and comparing with the bonding in reference

molecule (Acarbose, Figure 5A) which gives four bonds
with the residues of a-amylase.

The calculated energy score (E-score) values are a signi-
ficant factor in evaluating the ligand-enzyme interaction
in which the low value of the E-score (kcal/mol) gives
more good interaction. The data summarized in Table 1
explains that the lowest values were obtained when the
prepared CUR-CMC binding with a-amylase. Then,
the CUR-supported CMC can be presented as a good
analog for the acarbose drug for treating hyperglycemia.

Table 1. The E-score (kcal/mol) for the interaction between
o-amylase enzyme with different ligands CUR, CMC,
CUR-CMC, and Acarbose

Ligands CUR CMC CUR-CMC | Acarbose
E-score| -5.57478762 | -7.62639666 |-9.97210789 |-8.45353794

o-Glucosidase (AGase) is an enzyme that belongs
to the category of retaining glycosidases. Its primary
function is to hydrolyze the o-glucosidic linkage at the
non-reducing end of substrates. This particular enzyme
is an integral part of the amylolytic pathway in a di-
verse range of organisms, including bacteria, plants,
and animals*¢. There are three distinct groups into
which AGase can be classified based on its substrate
specificity. The enzymes belonging to group I exhibit
a preference for heterogeneous substrates like sucrose
and aryl a-glucosides, whereas enzymes in groups II and
III are specifically tailored to homogeneous substrates. It
is important to note that enzymes in group III possess
a heightened activity towards long-chain substrates. In
addition to its hydrolytic role, AGase also can catalyze
trans-glycosylation, which involves the transfer of a glu-
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Figure 5. (2D) Comparison between Acarbose as a reference molecule, CMC-CUR, CUR, and CMC binding with a-amylase enzyme
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Figure 6. (2D) Comparison between Acarbose as a reference molecule, CMC-CUR, CUR, and CMC binding with o-glucosidase enzyme

residues

cosyl residue to an acceptor molecule. This particular
activity contributes to the synthesis of oligosaccharides
and glucosides®” 3,

The presented Figure 6 discusses the binding interac-
tion between the amino acid residues of a-Glucosidase
(AGase) with different presented ligands like curcumin,
CMC, nano synthesized CUR supported CMC, and
acarbose as reference drug ligand.

The data obtained show that the targeted synthesized
ligand (nano CMC-CUR, see Figure 6B and Figure 7B)
forms more than five bonds with the residues of a-amylase

(1)

®)

Figure 7. (3D) of CMC-CUR with (A) a-amylase enzyme
residues and (B) o- glucosidase enzyme residues

Table 2. The E-score (kcal/mol) for the interaction between
o-Glucosidase with different ligands CUR, CMC,
CUR-CMC, and Acarbose

Ligands CUR CMC CUR-CMC Acarbose
E-score | -5.73889494 | -8.39424038 | -8.07682037 | -8.52121449

and comparing with the bonding in reference molecule
(Acarbose, Figure 6A) which gives four bonds with the
residues of a-amylase.

The calculated energy score (E-score) values are
a significant factor in evaluating the ligand-enzyme in-
teraction in which the low value of E-score (kcal/mol)
gives more good interaction. The data summarized in
Table 2 explains that the lowest values obtained in the
case of CMC and CUR-CMC compared with acarbose
binding with a-Glucosidase (AGase). Then, the CUR-
-supported CMC can be presented as a good analog for
the acarbose drug for treating hyperglycemia.

CONCLUSION

In summary of this work, curcumin nanoparticles were
successfully prepared from commercial CUR powder
“XPRS Nutra organic turmeric curcumin powder extract
10:1 - premium USDA” using the hydrothermal squeeze
method. Curcumin-loaded polymer nanocomposite thin
films were prepared via a traditional solution casting
routine in aqueous media. The target product was con-
firmed using UV/Vis and FTIR spectroscopy, combined
with transmission electron microscopy (TEM). The TEM
image shows the spherical shape of curcumin-loaded
CMC with a radius ranging from 87 to 320 nm. Molecu-
lar docking and energy score value studies of curcumin
(CUR), carboxymethyl cellulose (CMC), and curcumin
nanoparticles loaded with carboxymethyl cellulose (CUR-
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-CMC) were performed as a-amylase and a-glucosidase
inhibitors for diabetes mellitus treatment.

In the future, the results will motivate us to extend the
biological evaluation, in vitro and in vivo studies, of the
curcumin-supported CMC as a diabetes mellitus drug.
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