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Abstract: Colorectal cancer is the third most common cancer. Because curcumin (CUR) has anti-
inflammatory and anticancer properties, research has been undertaken to indicate that nanocurcumin
compounds can be used to treat a variety of cancers. CUR in nanoform has been found to have a
stronger effect than conventional CUR. The purpose of this study was to show that CUR-loaded
poly lactic-co-glycolic acid nanoparticles (PLGA) (CUR-loaded PLGA) have anti-inflammatory and
anticancer effects on colon carcinogenesis in male dimethyl hydrazine (DMH) mice as a comparative
study between the nanoform of curcumin and normal curcumin, focusing on the anticancer effect of
nanocurcumin. Mice were separated into six groups: No treatment was given to Group I (negative
Group-I). Group II was treated with CUR. Group III was treated with CUR-loaded PLGA. Group IV
was treated with DMH. Group V received DMH and curcumin. Group VI received DMH and
CUR-loaded PLGA. At the conclusion of the trial, the animals were slain (6 weeks). Inflammatory
indicators and vascular endothelial growth factor (VEGF) levels all changed significantly in this study,
as the following inflammatory markers as TNF showed percent of change compared to the DMH
group. Recovery percentage for Groups V and VI, respectively, were 9.18 and 55.31%. In addition,
IL1 was 7.45 and 50.37% for Groups V and VI, respectively. The results of IL6 were 4.86 and 25.79% for
Groups V and VI, respectively. The vascular endothelial growth factor (VEGF) recovery percent was
16.98 and 45.12% for Groups V and VI, respectively. Following the effect of DMH on colon mucosa
shape, the researchers looked at the effect of CUR-loaded PLGA on colon histology. It was shown
that CUR-loaded PLGA affects the cell cycle and PCNA expression. We conclude that nanocurcumin
is an important anti-inflammatory and cancer-fighting agent.

Keywords: colorectal cancer; inflammatory factors; VEGF; DMH and curcumin encapsulated PLGA

1. Introduction

Cancer is the result of the uncontrolled proliferation of cells of any type, so there
are several kinds of cancer that are different in their response to treatment and also in
their behavior [1]. Colorectal cancer (CRC), commonly known as big bowel cancer, is
characterized by the storage, fermentation, absorption, secretion, and motility of the colon.
The junction of the rectum and the rectosigmoid CRC is a global public health concern.
In 2018, 1.8 million people worldwide were diagnosed with colorectal cancer, indicating
that more research is needed [2]. CRC begins as polyps, or noncancerous expansions of
mucosal epithelial cells, and proceeds slowly for 10–20 years before becoming malignant.
The granular cells develop into an adenoma or polyp in the large intestine, which generates
mucus [3].

Phytochemicals are the second metabolites of plants that are not necessary for growth
but have a great effect on human health. They may also play a role in the defense of plants
against environmental conditions. Phytochemicals have many effects, such as acting as
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anticancer, anti-inflammatory, or antimicrobial agent. Phytochemicals are very useful for
humans in their native form or as metabolites. CUR is one of the phytochemicals that, in
nanoform or encapsulated in nanoparticles, enhances the absorption and bioefficacy of
CUR [4]. The removal of damaged organelles inside the cell is called autophagy. CUR acts
as an autophagy producer and was used in the treatment of thyroid cancer [5]. Autophagy
inducers such as CUR are also used in the case of chemotherapeutic resistance in patients
with colorectal cancer. CUR is used in resistance cases because it is able to induce apoptosis
in cancer cells that show apoptotic resistance [6]. Cancer cells have the ability to resist
chemotherapy as it makes DNA repairable after treatment with chemicals or drugs that
damage the DNA structure, another type of resistance [7]. CUR can also reduce the side
effects of chemotherapy by reducing the levels of the reactive oxygen species (ROS) from
the chemotherapy [7]. Chemotherapy in cancer causes organ toxicity such as hepatotoxicity,
cardiotoxicity, and renal toxicity as well as many other side effects. When cisplatin is used
as chemotherapy, all of these side effects can be reduced by using CUR or its derivatives [8].

CUR contains a wide range of characteristics, including analgesic, antiseptic, anti-
inflammatory, antioxidant, insect repellant, antimalarial, and more when used in nanoform.
CUR also possesses anticancer and antioxidant effects [9]. CUR has anti-inflammatory
benefits. TNF, IL-1, IL-6, and chemokines are examples of inflammatory cytokines. TNF
is suppressed, which is one of the most pro-inflammatory cytokines. CUR inhibits the
synthesis of pro-inflammatory enzymes [10]. CUR lowers the quantity and activity of EGF
receptors (EGFR) as well as the expression of vascular endothelial growth factors (VEGF)
to limit the role of epidermal growth factor (EGF) [9]. CUR is a natural anticancer molecule
that causes cell cycle arrest and has been extensively studied in the literature. CUR caused
cell cycle arrest in the G0/G1 or G2/M stages [11].

During replication, PCNA assists the polymerase enzyme in building a tight connec-
tion with the template DNA, avoiding dissociation. A DNA synthesis step, such as pol, is
required for all DNA damage repair metabolic pathways, and PCNA plays a role in these
processes [12].

PCNA, which plays a vital role in the cell cycle, finishes the activities of DNA repli-
cation and DNA synthesis that occurred in the S-phase of the cell cycle. Drug delivery
systems have a wide range of applications, including the use of nanosized biodegradable
polymers. Numerous polymers have shown significant results when used as drug delivery
systems that carry the drug to a target location, enhancing the therapeutic effect while
reducing side effects [13]. For the curcumin delivery, there are many types of nanomethods
to enhance the CUR stability and delivery to the cells. These delivery systems such as
polymeric nanoparticles are very small and biocompatible and have the ability to circulate
in the blood; they include liposomes, nanoparticles, solid lipid nanoparticles, magnetic
nanoparticles, albumin, gold nanoparticles, conjugates, cyclodextrins (CD), solid disper-
sions, micelles, nanospheres and microcapsules, nanogels, nanodisks, metallo-complexes,
and many other forms [14].

CUR works against a variety of cancers, including gastrointestinal cancers that include
cancers of the oral cavity and salivary glands, esophageal cancer, stomach cancer, and
intestinal cancer; hepatic cancer; pancreatic cancer; head and neck cancer; brain cancer;
breast cancer; colorectal cancer; and prostate cancer. CUR showed the ability to fight against
various types of leukemia such as acute lymphoblastic leukemia, acute myeloid leukemia,
chronic lymphocytic leukemia, and chronic myeloid leukemia [14].

Many new applications of nanocurcumin are metal-based, particularly cisplatin and
other metal complexes used as anticancer drugs to reduce the toxicity of platinum [15].
Ruthenium, the chemical element with the symbol Ru and a transition metal belong-
ing to the platinum group, when it complexes with CUR, has potential as an anticancer
treatment [16]. Another application uses premix membrane emulsification to prepare
nanocurcumin, and it is used in the formation of nanoemulsions that are nontoxic and safe
for consumption [17].
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Another type of CUR nanoform is the formation of CUR with cyclodextrin and cellu-
lose in the form of nanocrystals. This complex showed an antiproliferative effect against
CRC cell lines more than CUR alone [18]. In addition, there is a new formulation of CUR
involving the immobilization of it with polysaccharide particles to enhance its stability
and bioavailability. Ionic cross-linking agents such as chitosan help in the formation of
a new complex that is a hydrogel microparticle. The release of curcumin in the colon
improved [19].

A Pickering emulsion is an emulsion that is stabilized by solid particles and established
to be a CUR delivery system. This method of formation enhanced the bioaccessibility
of curcumin and β-carotene and increased their adsorption by the small intestine [20].
Using curcumin-loaded tetrahedral framework nucleic acids is a new strategy in the CUR
delivery system that is based on DNA nanostructure. It shows high water solubility and
excellent drug stability [21]. Due to the nanosize of PLGA nanoparticles, curcumin and the
biodegradable properties of both components have the advantages of nanoparticles and
improved tissue and cell absorption ability [22].

2. Materials and Methods
2.1. Chemicals

Curcumin (M.wt = 24,000), (95% purity), was purchased from Sigma-Aldrich (Saint
Louis, MO, USA). Poly lactic-co-glycolic acid (PLGA): (M.wt = 38,000), (50:50 lactide-
glycolide ratio; inherent viscosity 1.32 dL/g at 30 ◦C) was purchased from Sigma-Aldrich
Co. (Saint Louis, MO, USA). Poly vinyl alcohol (PVA): (M.W. 30,000–70,000) was purchased
from Sigma-Aldrich Co. (Saint Louis, MO, USA). All organic solvents were of HPLC
grade (dichloromethane).

1,2-Dimethyl hydrazine (DMH): (purity 99.9%) was obtained from Sigma-Aldrich Co.
(Saint Louis, MO, USA). All other reagents were of analytical grade and purchased from
local suppliers.

2.2. Colon Cancer Induction Protocol

DMH was dissolved in 0.9% saline. The dose of (10 mg/kg bw) DMH powder
dissolved in saline 0.2 mL. Animals were given a weekly subcutaneous (SC) injection of
DMH over the shoulder into the loose skin over the neck for 3 weeks [23].

2.3. Curcumin Encapsulated PLGA Preparation

Curcumin-loaded PLGA nanoparticles were prepared by the emulsion technique of
solid-in-oil-in-water (s/o/w) [24]. Characterization of CUR-loaded PLGA, encapsulation
efficiency, and particle size with TEM and FTIR were performed according to measurements
on previous studies [24].

2.4. Animals and Housing

Sixty male albino mice, each with a body weight of 15-20 g, were obtained from the
Egyptian Institute for Serological and Vaccine Production, Helwan, Egypt, and placed
in specific cages in a room with good air (25 ± 1 ◦C with 55 ± 5% humidity) and a 12 h
light/dark cycle at the animal house of the faculty of science at Mansoura University.
Animals were acclimatized for one week with a normal laboratory diet and water ad
libitum. All experimental procedures were run under the standard guidelines for care and
use of laboratory animals as approved by Mansoura University, faculty of science, and the
department of zoology ethics committee’s directives on the use of experimental animals
for research.

2.4.1. Animal Groups and Mode of Treatment

After one week of acclimatization, the mice were divided into 6 groups as follows:
Group I: (negative Group I) received no treatment.
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Group II: The mice received CUR orally (10 mg/kg bw) six times a week for six
consecutive weeks [25].

Group III: The mice received CUR-loaded PLGA orally (10 mg/kg bw) six times a
week for 6 consecutive weeks [26].

Group IV: The mice were injected by DMH SC with 10mg/kg in 0.2 saline once a week
for three consecutive weeks [23].

Group V: The mice received DMH administered the same as Group IV and received
CUR the same as Group II.

Group VI: The mice received DMH administered the same as Group IV and received
CUR-loaded PLGA the same as Group III.

2.4.2. Body Weight Changes

The mean average body weight of the animals in each group was calculated each week
from the starting point until the end of the experiment (6 weeks).

2.5. Samples Collection and Tissue Preparation
2.5.1. Blood Sampling

At the end of the experiment (6 weeks), mice, with overnight fasting, were anaes-
thetized with diethyl ether (Sigma-Aldrich, Saint Louis, MO, USA). Blood specimens were
obtained in non-heparinized glass tubes from the bleeding of retro orbital of each mouse.
Serum was separated by centrifugation at 3000 rpm for 15 min and stored at −20 ◦C.

2.5.2. Determination of Cell Cycle

One milliliter of ice-cold absolute alcohol (Sigma-Aldrich, Saint Louis, MO, USA) was
used to fix cells for each tube and kept at +4 ◦C until using.

Samples were again centrifuged, and excessive ethanol was removed after at least 12 h
of fixation [27]. Two hundred microliters of the suspension of cells in citrate buffer was
put in a 15 mL tubed Falcon comp (2095). The solution of propidium iodide was protected
against light with tinfoil during preparation, storage, and the staining procedure. The
solution was mixed, and the sample was filtered through a 30 Mm pore diameter nylon
mesh filter to eliminate nuclear clumps in another 5 mL tube (12 × 75 mm, cat. no. 2095,
falcon comp). Propidium iodide was added to the samples and run in the flow cytometer
within 1 h.

Data analysis was conducted using DNA analysis program MODFIT (Verity Software
House, Inc. P.O. Box 247, Topsham, ME 04086 USA, version: 2.0 power Mac with 131,072 KB;
Registration No: 42000960827-16193213; Date made: 16 September 1996). This software
measured DNA ploidy (diploid cycle percentage and aneuploid cycle percentage) and cell
cycle analysis, which calculated the percentage of cells in each phase (G0/G1, S and G2/M)
of the DNA cell cycle for each sample.

2.6. Hematoxylin and Eosin Stains

The histopathology was carried out according to Bancroft, using the hematoxylin and
eosin staining technique [28].

2.7. Immunohistochemical Detection of PCNA Polyclonal Antibody

The blocks of formalin-fixed, paraffin-embedded tissue were cut into 4 µm sections
and mounted on microscopic slides coated with poly-L-lysine [29]. The sections were
dewaxed by using xylene and rehydrated by using various concentrations of ethanol to
water. Then the samples were replaced in sodium citrate buffer (10 mM, pH 6.0) for antigen
retrieval. The slides were laid out for cooling for 15 min, and then each slide was washed
with tris-buffered saline (TBS) for 5 min to decrease the activity of endogenous peroxidase.
Slides were then subjected to Ultra block (UltraVision plus Detection System, Thermo
Scientific, Fremont, CA, USA) for 10 min to block non-specific bindings [29].
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The slides were washed with TBS, incubated at 4 ◦C overnight with primary antibody
PCNA Rabbit polycloned antibody (Product. No. SAB2108448, Sigma Aldrich, Taufkirchen,
Germany) at a dilution of 1:500 inside a humidified chamber, and then were washed in
TBS again. Next, samples were incubated for 20 min in biotinylated goat anti-polyvalent
secondary antibody (UltraVision plus Detection System, Thermo Scientific, Fremont, CA,
USA) and then rinsed in TBS. Then the same step of incubation and washing was repeated,
but the incubation this time was made in streptavidin peroxidase plus (UltraVision plus
Detection System, Thermo Scientific, Fremont, CA, USA) for 30 min. After TBS washing,
the final step started by adding the sections on 3,3′-diaminobenzidine (DAB) solution
(UltraVision plus Detection System, Thermo Scientific, Fremont, CA, USA) until the sections
became brown. The counterstain was Mayer’s hematoxylin. The sections were mounted
using mounting media and then visualized under the light microscope [29].

2.8. Determination of Inflammation Markers and VEGF

Determination of TNF α, IL-1 beta, IL-6, and VEGF in serum occurred quantitatively
by using a monoclonal antibody specific for mouse TNF-α, IL-1 beta, IL-6, and VEGF, and
this ELISA kit was obtained from ALPCO (Salem, NH, USA). The intensity of the color
measured at 450 nm was dependent on the amount of TNF-α, IL-1 beta, IL-6, and VEGF
present in the sample. The concentration level of TNF-α, IL-1 beta, IL-6, and VEGF in
serum is expressed as pg/mL [30–32].

2.9. Statistical Analysis

The results are expressed as mean± standard error (SE). One-way analysis of variance
(ANOVA) was the test used to analyze the data followed by the test of least significant
difference (LSD). Statistical analysis was performed with SPSS version 19.00 software (SPSS,
Chicago, IL, USA). p ≤ 0.05 was considered statistically significant [33].

3. Results
3.1. Body Weight Change

The results showed that the treatment of normal mice with CUR or CUR-loaded PLGA
caused non-significant changes in the mean body weight when compared with Group I,
Figure 1. The administration of DMH in Group IV afforded a significant decrease (p ≤ 0.05)
in body weight from the 2nd week until the end of the experiment when compared with
Group I. However, co-administration of CUR with DMH in Group V increased body weight
significantly when compared with Group IV, although it showed a significant decrease
compared with Group I. On the other hand, co-administration of CUR-loaded PLGA with
DMH in Group VI increased body weight significantly when compared with Group IV and
showed a nonsignificant change when compared with Group I (complete recovery).

3.2. Inflammatory Markers and VEGF

There was no significant change in Groups II and III in TNFα, IL6, and VEGF levels
when compared with Group I, except that the level of colon inflammatory markers IL1b
significantly decreased in Groups II and III compared with Group I. DMH administration
caused significant elevation of serum TNFα, IL1, IL6, and VEGF levels when compared
with Group I. Groups V and VI showed significantly improved (reduced) levels of inflam-
matory markers and VEGF, but they were still significantly higher than untreated Group I.
The greatest improvement (decrease) in inflammatory markers was shown in Group VI,
Figure 2.
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3.3. Cell Cycle Results

Cell cycle analysis was conducted in cells isolated from different groups. Groups II
and III showed significant increase in G0\1 phase when compared with Group I. Group III
showed a significant decrease in S phase when compared with Group I, while the same
groups showed a nonsignificant change in G2\M phase. Group IV showed a significant
decrease in G0\1 phase and a significant increase in S and G2\M phases compared with
Group I. Groups V and VI showed a significant increase in G0\1 phase and a significant
decrease in G2\M phase when compared with Group IV. Groups V and VI showed a
non-significant and a significant decrease, respectively, in S phase. Group VI showed arrest
of G0\1 phase (Figures 3 and 4).

3.4. Histology of the Colon

Histological structure and the quantitative assessment of dysplastic foci of the mice
colons from Group I and DMH-treated groups showed change. These changes were
showed quantitatively in Figure 5. The normal colon wall is composed of an external
serosal area of squamous simple epithelium followed by muscularis area, then with a
lamina propria of connective tissues as shown in Figures 6 and 7. The innermost layer, the
mucosa, is formed of long mucosal crypts, which are branched tubular glands for mucin
secretion. The mucosa from mice administered DMH were histologically distinguished
by paler eosinophilia, slight dysplastic colonic crypts with wider openings, and notably
fewer numbers of mucous-secreting cells. Parts of hyperplasia could be distinguished
occasionally, and higher numbers of lymphocytic cells were frequently observed among the
crypts. Quantitative assessments of dysplastic foci within different groups are represented
in Figure 5.
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(A): Colon of Group I animal showing normal intestinal crypts lined with columnar epithelium rich
with goblet cells (arrows), H&E, ×200, bar = 50 µm; (B,C): Colon section of mice in Group II showing
normal intestinal glands (arrows), H&E, ×200, bar = 50 µm; (D): Colon section of mice in Group III
showing normal intestinal crypts (arrows), H&E, ×200, bar = 50 µm.
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Figure 7. Photomicrographs of colon section of mice stained with hematoxylin and eosin; (A): Section
from colon of Group IV positive animal treated with DMH showing marked dysplasia of the intestinal
crypts (arrows) and interstitial colitis associated with inflammatory cells infiltration, mostly lympho-
cytes and macrophages (arrowhead), H&E, ×200, bar = 50 µm; (B): Section from colon of Group V
showing decrease in both the dysplastic changes within the intestinal crypts (arrows) and interstitial
inflammatory cells infiltration, H&E, ×200, bar = 50 µm; (C): Section from colon of Group VI showing
marked decrease of intestinal dysplasia changes (arrows indicate dysplastic glands), H&E, ×200,
bar = 50 µm.

3.5. Proliferating Cell Nuclear Antigen

PCNA data as a sum of the different colonic regions of all groups are represented in
Figure 8. The PCNA-LI positive nuclei were brownish in color, while non-stained nuclei
were bluish. The proliferating cells were mainly restricted in the lower one-third of the
colonic crypts of non-treated animals, as shown in Figure 9. The DMH-treated group
showed a generally increased length of the proliferating zone in the colonic crypts to the
middle and upper thirds (Figure 10). Generally, the LI was significantly higher in the



Nanomaterials 2022, 12, 324 10 of 15

colons of all DMH-treated mice. It was observed that PCNA-LI was significantly less in
DMH+CUR and DMH+ CUR-loaded PLGA groups that showed a significant reduction in
PCNA-positive cells as compared with the DMH-treated group.
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Figure 9. Photomicrographs of colon sections of mice stained IHC with PCNA; (A): Colon section of
Group I animals showing mild expression of PCNA within the intestinal crypts (arrows), PCNA IHC,
×200, bar = 50 µm; (B,C): Colon section from Group II animals showing mild expression of PCNA
within the intestinal crypts (arrows), PCNA IH, ×200, bar = 50 µm; (D) Colon section from Group III
animals showing mild expression of PCNA within the intestinal crypts (arrows), PCNA IHC, ×200,
bar = 50 µm.
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Figure 10. Photomicrographs of colon sections of mice stained IHC with PCNA; (A): Colon section
of Group IV animals showing marked expression of PCNA within the intestinal crypts (arrows),
PCNA IHC, ×200, bar = 50 µm; (B): Colon section of Group V animals showing a slight decrease in
expression of PCNA within the intestinal crypts (arrows), PCNA IHC, ×200, bar = 50 µm; (C): Colon
section of Group VI animals showing marked decrease in the expression of PCNA within the intestinal.
Crypts (arrows), PCNA IHC, ×200, bar = 50 µm.

4. Discussion

Phytochemicals such as CUR have a huge role in cancer treatment. Cancer cells
acquire drug resistance by stimulating the secretion of anti-apoptotic proteins that stop the
apoptosis in cancer cells, stimulation DNA repair. Chemotherapy induces DNA damage
and stimulates apoptosis in cancer cells that already have resistance to these mechanisms.
CUR as a phytochemical has the ability to initiate apoptosis by reducing anti-apoptotic
protein secretion and activating P53 protein that stimulates apoptosis [4].

Nucleotide factor κB is a protein binding with DNA and stimulating transcription.
This factor is activated by tumor necrosis factor alpha. The major role of phytochemicals,
including CUR, is reducing TNF levels to stop DNA transcription [34].

Chemoprevention is the use of harmless plant-based elements, such as various dietary
ingredients, to protect, prevent, stop, or reverse cancer growth. Lycopene, soy isoflavones,
pomegranate phenolics, selenium, and curcumin (CUR), among other antioxidants, are
present naturally in fruits and vegetables and may be employed as chemoprotective agents
against carcinogenesis [35]. CUR nanoparticles boosted peroral bioavailability by at least
nine times when compared to conventional CUR, according to studies [36]. In rats, a
nano-formulation of CUR made of poly lactic-co-glycolic acid (PLGA) had a 22-fold higher
oral bioavailability than conventional CUR [37].

In this study, when compared with the control group, DMH treatment resulted in
a significant rise in TNF-alpha levels, which is consistent with the findings that DMH
use may produce excessive ROS generation, which leads to TNF-alpha activation via the
p65-NF-B pathway [38]. Through the generation of tumor necrosis factor-alpha (TNF-α),
chronic inflammation promotes the transition of epithelial cells into cancer cells [39].

In this study, pro-inflammatory cytokines such as TNF-α, IL-1, and IL-6 were found to
be lower in the DMH+CUR and DMH+CUR-loaded PLGA groups than in the DMH group.
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TNF- α, IL-1, and IL-6 are proinflammatory cytokines that are modulated by CUR [40].
Nano CUR, as phytochemicals, can have a significant anti-inflammatory effect, which is
important for impeding tumor growth [41]. In investigations, CUR and the nanoCUR have
been shown to suppress carcinogenesis in colorectal, gastric, pancreatic, hepatic, prostate,
breast, oral malignancies and leukemia. Free radical scavenging activities of CUR, as well
as a decrease in the expression of inflammatory cytokines IL-1b, IL-6, and TNF- α, result in
decreased cancer growth and down-regulation of enzymes such as protein kinase C, which
regulate inflammation and tumor cell proliferation [42].

In the current study, the usage of DMH resulted in a significant increase in vascular
endothelial growth factor (VEGF) levels. The authors of [43] came to the same conclusion,
interpreting it as signaling from the interaction between VEGF and its receptor, VEGFR,
encouraging tumor formation and progression via endothelial cell invasion, migration,
proliferation, and activation. As a result of this interaction, microvascular permeability was
also increased [44,45].

In an in vitro endometriosis model, CUR suppresses VEGF suppression by down-
regulating VEGF expression and preventing hypoxia-induced angiogenesis [46]. VEGF
was similarly suppressed by liposome CUR and CUR nanoparticles, which showed an
antiangiogenesis effect [47]. Despite the fact that the conventional CUR group had much
lower levels of VEGF in the current study, CUR encapsulated PLGA (NP) inhibited the
expression of VEGF gene products more effectively than CUR alone, which is in line with
prior studies [48]. The nanoCUR group had the least quantity of VEGF, according to the cur-
rent findings, and hence our findings are consistent with [48,49]. CUR has been described in
a number of publications as a natural anticancer extract capable of inducing cell cycle arrest.
Cell cycle arrest was produced by CUR in the G0/G1 or G2/M stages [11]. We noticed that
CUR caused cells to enter the G0/G1 phase in this investigation, which is in line with [50].
Both free and PLGA nanoCUR successfully reduced PCNA overexpression, with nanoCUR
providing a substantially higher reduction than free CUR, as reported in [51]. Our data
suggest that PCNA plays a key role in CUR-induced cell proliferation suppression, and
that CUR may cause G1/S cell arrest in part by reducing PCNA expression, similar to how
CUR causes G1/S cell arrest [52].

5. Conclusions

From our study we concluded that nanocurcumin (Figure 11):

(1) Decreased G0/I phase in cell cycle;
(2) Lowered inflammatory markers and VEGF levels;
(3) Reduced intestinal crypt dysplasia and interstitial colitis linked with inflammatory

cell infiltration, especially lymphocytes and macrophages;
(4) PCNA expression was improved by CUR-loaded PLGA;
(5) Curcumin’s bioavailability is severely reduced due to low serum levels, limited tissue

distribution, apparent quick metabolism, and a short half-life. Longer circulation
lengths, better permeability, and resistance to metabolic presystemic degradation
were found in CUR @PLGA results;

(6) Curcumin’s activity becomes more potent after being placed onto nanoparticles.



Nanomaterials 2022, 12, 324 13 of 15

Nanomaterials 2022, 12, x 14 of 17 

Figure 11. Nanocurcumin loaded PLGA effects. 

Author Contributions: Conceptualization, F.E.E., W.M.E.-K. and E.-S.M.E.; methodology, software, 

validation, formal analysis, investigation, resources, data curation, writing—original draft prepara-

tion, F.E.E., W.M.E.-K. and E.-S.M.E.; S.A.; writing—review and editing, visualization, supervision, 

project administration, funding acquisition, E.F. and W.M.E.-K. All authors have read and agreed 

to the published version of the manuscript. 

Funding: The current work was funded by Taif University Researchers Supporting Project [number 

TURSP-2020/202], Taif University, Taif, Saudi Arabia. 

Institutional Review Board Statement: All experimental procedures were approved and super-

vised by the Institutional Ethical Committee for the care and use of laboratory animals in the Faculty 

of Science, Mansoura University, Egypt. All efforts were made to minimize animal suffering. 

Informed Consent Statement: Not applicable. 

Data Availability Statement: The data presented in this study are available on request from the 

corresponding author. 

Acknowledgments: The authors would like to make acknowledgements to El-Sayed M Elhabibi 

who assisted us to complete this thesis successfully before he unfortunately passed away. Authors 

would like to thank Taif University Researchers Supporting Project [number TURSP-2020/202], Taif 

University, Taif, Saudi Arabia. 

Conflicts of Interest: The authors declare no conflict of interest. 

Figure 11. Nanocurcumin loaded PLGA effects.

Author Contributions: Conceptualization, F.E.E., W.M.E.-K. and E.-S.M.E.; methodology, software,
validation, formal analysis, investigation, resources, data curation, writing—original draft prepara-
tion, F.E.E., W.M.E.-K. and E.-S.M.E.; S.A.; writing—review and editing, visualization, supervision,
project administration, funding acquisition, E.F. and W.M.E.-K. All authors have read and agreed to
the published version of the manuscript.

Funding: The current work was funded by Taif University Researchers Supporting Project [number
TURSP-2020/202], Taif University, Taif, Saudi Arabia.

Institutional Review Board Statement: All experimental procedures were approved and supervised
by the Institutional Ethical Committee for the care and use of laboratory animals in the Faculty of
Science, Mansoura University, Egypt. All efforts were made to minimize animal suffering.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: The authors would like to make acknowledgements to El-Sayed M Elhabibi
who assisted us to complete this thesis successfully before he unfortunately passed away. Authors
would like to thank Taif University Researchers Supporting Project [number TURSP-2020/202], Taif
University, Taif, Saudi Arabia.

Conflicts of Interest: The authors declare no conflict of interest.



Nanomaterials 2022, 12, 324 14 of 15

References
1. Cooper, G. The Development and Causes of Cancer. In The Cell: A Molecular Approach; Sinauer Associates: Sunderland, MA, USA,

2000; ISBN 0878931066. Available online: https://www.ncbi.nlm.nih.gov/books/NBK9963/ (accessed on 8 April 2017).
2. Fernández-Villa, T.; Álvarez-Álvarez, L.; Rubín-García, M.; Obón-Santacana, M.; Moreno, V. The role of dietary patterns in

colorectal cancer: A 2019 update. Expert Rev. Gastroenterol. Hepatol. 2020, 14, 281–290. [CrossRef] [PubMed]
3. Stewart, S.L.; Wike, J.M.; Kato, I.; Lewis, D.R.; Michaud, F. A population-based study of colorectal cancer histology in the United

States, 1998–2001. Cancer 2006, 107, 1128–1141. [CrossRef]
4. Ahmad, R.; Srivastava, S.; Ghosh, S.; Khare, S.K. Phytochemical delivery through nanocarriers: A review. Colloids Surf. B

Biointerfaces 2021, 197, 111389. [CrossRef]
5. Zhang, L.; Xu, S.; Cheng, X.; Wu, J.; Wu, L.; Wang, Y.; Wang, X.; Bao, J.; Yu, H. Curcumin induces autophagic cell death in human

thyroid cancer cells. Toxicol. Vitr. 2022, 78, 105254. [CrossRef] [PubMed]
6. Hu, T.; Li, Z.; Gao, C.-Y.; Cho, C.H. Mechanisms of drug resistance in colon cancer and its therapeutic strategies. World J.

Gastroenterol. 2016, 22, 6876. [CrossRef]
7. Ashrafizadeh, M.; Zarrabi, A.; Hashemi, F.; Zabolian, A.; Saleki, H.; Bagherian, M.; Azami, N.; Bejandi, A.K.; Hushmandi,

K.; Ang, H.L. Polychemotherapy with curcumin and doxorubicin via biological nanoplatforms: Enhancing antitumor activity.
Pharmaceutics 2020, 12, 1084. [CrossRef] [PubMed]

8. Abadi, A.J.; Mirzaei, S.; Mahabady, M.K.; Hashemi, F.; Zabolian, A.; Hashemi, F.; Raee, P.; Aghamiri, S.; Ashrafizadeh, M.;
Aref, A.R. Curcumin and its derivatives in cancer therapy: Potentiating antitumor activity of cisplatin and reducing side effects.
Phytother. Res. 2021. [CrossRef]

9. Aggarwal, B.B.; Surh, Y.-J.; Shishodia, S. The Molecular Targets and Therapeutic Uses of Curcumin in Health and Disease; Springer
Science & Business Media: Berlin, Germany, 2007; Volume 595, ISBN 0387464018.

10. Tunstall, R.; Sharma, R.; Perkins, S.; Sale, S.; Singh, R.; Farmer, P.; Steward, W.; Gescher, A. Cyclooxygenase-2 expression and
oxidative DNA adducts in murine intestinal adenomas: Modification by dietary curcumin and implications for clinical trials. Eur.
J. Cancer 2006, 42, 415–421. [CrossRef]

11. Weir, N.M.; Selvendiran, K.; Kutala, V.K.; Tong, L.; Vishwanath, S.; Rajaram, M.; Tridandapani, S.; Anant, S.; Kuppusamy,
P. Curcumin induces G2/M arrest and apoptosis in cisplatin-resistant human ovarian cancer cells by modulating Akt and
p38 MAPK. Cancer Biol. Ther. 2007, 6, 178–184. [CrossRef]

12. Maga, G.; Hübscher, U. Proliferating cell nuclear antigen (PCNA): A dancer with many partners. J. Cell Sci. 2003, 116, 3051–3060.
[CrossRef]

13. Kreuter, J. Colloidal Drug Delivery Systems; CRC Press: Boca Raton, FL, USA, 2014; Volume 66, ISBN 1498710565.
14. Kabir, M.; Rahman, M.; Akter, R.; Behl, T.; Kaushik, D.; Mittal, V.; Pandey, P.; Akhtar, M.F.; Saleem, A.; Albadrani, G.M. Potential

role of curcumin and its nanoformulations to treat various types of cancers. Biomolecules 2021, 11, 392. [CrossRef]
15. Saleem, K.; Wani, W.A.; Haque, A.; Lone, M.N.; Hsieh, M.-F.; Jairajpuri, M.A.; Ali, I. Synthesis, DNA binding, hemolysis assays

and anticancer studies of copper (II), nickel (II) and iron (III) complexes of a pyrazoline-based ligand. Future Med. Chem. 2013, 5,
135–146. [CrossRef] [PubMed]

16. Ali, I.; Saleem, K.; Wesselinova, D.; Haque, A. Synthesis, DNA binding, hemolytic, and anti-cancer assays of curcumin I-based
ligands and their ruthenium(III) complexes. Med. Chem. Res. 2013, 22, 1386–1398. [CrossRef]

17. Jiang, T.; Charcosset, C. Premix membrane emulsification for the preparation of curcumin-loaded nanoemulsions. J. Food Eng.
2022, 316, 110836. [CrossRef]

18. Ntoutoume, G.M.N.; Granet, R.; Mbakidi, J.P.; Brégier, F.; Léger, D.Y.; Fidanzi-Dugas, C.; Lequart, V.; Joly, N.; Liagre, B.; Chaleix,
V. Development of curcumin–cyclodextrin/cellulose nanocrystals complexes: New anticancer drug delivery systems. Bioorg. Med.
Chem. Lett. 2016, 26, 941–945. [CrossRef]

19. Iurciuc-Tincu, C.-E.; Atanase, L.I.; Ochiuz, L.; Jérôme, C.; Sol, V.; Martin, P.; Popa, M. Curcumin-loaded polysaccharides-based
complex particles obtained by polyelectrolyte complexation and ionic gelation. I-Particles obtaining and characterization. Int. J.
Biol. Macromol. 2020, 147, 629–642. [CrossRef]

20. Wei, Y.; Wang, C.; Liu, X.; Mackie, A.; Zhang, M.; Dai, L.; Liu, J.; Mao, L.; Yuan, F.; Gao, Y. Co-encapsulation of curcumin and
β-carotene in Pickering emulsions stabilized by complex nanoparticles: Effects of microfluidization and thermal treatment. Food
Hydrocoll. 2022, 122, 107064. [CrossRef]

21. Zhang, M.; Zhang, X.; Tian, T.; Zhang, Q.; Wen, Y.; Zhu, J.; Xiao, D.; Cui, W.; Lin, Y. Anti-inflammatory activity of curcumin-loaded
tetrahedral framework nucleic acids on acute gouty arthritis. Bioact. Mater. 2022, 8, 368–380. [CrossRef] [PubMed]

22. Cheng, F.-Y.; Wang, S.P.-H.; Su, C.-H.; Tsai, T.-L.; Wu, P.-C.; Shieh, D.-B.; Chen, J.-H.; Hsieh, P.C.-H.; Yeh, C.-S. Stabilizer-free poly
(lactide-co-glycolide) nanoparticles for multimodal biomedical probes. Biomaterials 2008, 29, 2104–2112. [CrossRef] [PubMed]

23. Lu, H.; Kyo, E.; Uesaka, T.; Katoh, O.; Watanabe, H. Prevention of development of N, N’-dimethylhydrazine-induced colon
tumors by a water-soluble extract from cultured medium of Ganoderma lucidum (Rei-shi) mycelia in male ICR mice. Int. J. Mol.
Med. 2002, 9, 113–117. [CrossRef]

24. Sankar, P.; Telang, A.G.; Suresh, S.; Kesavan, M.; Kannan, K.; Kalaivanan, R.; Sarkar, S.N. Immunomodulatory effects of
nanocurcumin in arsenic-exposed rats. Int. Immunopharmacol. 2013, 17, 65–70. [CrossRef]

25. Satapathy, A.; Rao, M.V. Protective effect of Curcumin on 2, 4-Dichlorophenoxy acetic acid exerted Hepatotoxicity in Mice. Res. J.
Pharm. Technol. 2018, 11, 637–642. [CrossRef]

https://www.ncbi.nlm.nih.gov/books/NBK9963/
http://doi.org/10.1080/17474124.2020.1736043
http://www.ncbi.nlm.nih.gov/pubmed/32105150
http://doi.org/10.1002/cncr.22010
http://doi.org/10.1016/j.colsurfb.2020.111389
http://doi.org/10.1016/j.tiv.2021.105254
http://www.ncbi.nlm.nih.gov/pubmed/34634291
http://doi.org/10.3748/wjg.v22.i30.6876
http://doi.org/10.3390/pharmaceutics12111084
http://www.ncbi.nlm.nih.gov/pubmed/33187385
http://doi.org/10.1002/ptr.7305
http://doi.org/10.1016/j.ejca.2005.10.024
http://doi.org/10.4161/cbt.6.2.3577
http://doi.org/10.1242/jcs.00653
http://doi.org/10.3390/biom11030392
http://doi.org/10.4155/fmc.12.201
http://www.ncbi.nlm.nih.gov/pubmed/23360139
http://doi.org/10.1007/s00044-012-0133-8
http://doi.org/10.1016/j.jfoodeng.2021.110836
http://doi.org/10.1016/j.bmcl.2015.12.060
http://doi.org/10.1016/j.ijbiomac.2019.12.247
http://doi.org/10.1016/j.foodhyd.2021.107064
http://doi.org/10.1016/j.bioactmat.2021.06.003
http://www.ncbi.nlm.nih.gov/pubmed/34541407
http://doi.org/10.1016/j.biomaterials.2008.01.010
http://www.ncbi.nlm.nih.gov/pubmed/18276001
http://doi.org/10.3892/ijmm.9.2.113
http://doi.org/10.1016/j.intimp.2013.05.019
http://doi.org/10.5958/0974-360X.2018.00119.1


Nanomaterials 2022, 12, 324 15 of 15

26. Oyeyemi, O.; Morenkeji, O.; Afolayan, F.; Dauda, K.; Busari, Z.; Meena, J.; Panda, A. Curcumin-artesunate based polymeric
nanoparticle; antiplasmodial and toxicological evaluation in murine model. Front. Pharmacol. 2018, 9, 562. [CrossRef] [PubMed]

27. Vindelov, L.L. Flow microfluorometric analysis of nuclear DNA in cells from solid tumors and cell suspensions. A new method
for rapid isolation and straining of nuclei. Virchows Archiv. B Cell Pathol. 1977, 24, 227–242. [CrossRef]

28. Goss, G. Theory and Practice of Histological Techniques. Am. J. Surg. Pathol. 2009, 33, 323. [CrossRef]
29. Hall, P.A.; Levison, D.A.; Woods, A.L.; Yu, C.C.; Kellock, D.B.; Watkins, J.A.; Barnes, D.M.; Gillett, C.E.; Camplejohn, R.; Dover, R.

Proliferating cell nuclear antigen (PCNA) immunolocalization in paraffin sections: An index of cell proliferation with evidence of
deregulated expression in some neoplasms. J. Pathol. 1990, 162, 285–294. [CrossRef]

30. Aggarwal, B.B.; Kohr, W.J.; Hass, P.E.; Moffat, B.; Spencer, S.A.; Henzel, W.J.; Bringman, T.; Nedwin, G.; Goeddel, D.; Harkins, R.N.;
et al. Human tumor necrosis factor. Production, purification, and characterization. J. Biol. Chem. 1985, 260, 2345–2354. [CrossRef]

31. Agay, D.; Andriollo-Sanchez, M.; Claeyssen, R.; Touvard, L.; Denis, J.; Roussel, A.-M.; Chancerelle, Y. Interleukin-6, TNF-alpha
and interleukin-1 beta levels in blood and tissue in severely burned rats. Eur. Cytokine Netw. 2008, 19, 1–7. [CrossRef]

32. Sato, T.; Wada, K.; Arahori, H.; Kuno, N.; Imoto, K.; Iwahashi-Shima, C.; Kusaka, S. Serum concentrations of bevacizumab
(avastin) and vascular endothelial growth factor in infants with retinopathy of prematurity. Am. J. Ophthalmol. 2012, 153, 327–333.
[CrossRef]

33. Snedecor, G.W.; Cochran, W.G. Statistical Method, 7th ed.; Iowa State University Press: Ames, IA, USA, 1980; pp. 39–63.
34. Yoon, H.; Liu, R.H. Effect of selected phytochemicals and apple extracts on NF-κB activation in human breast cancer MCF-7 cells.

J. Agric. Food Chem. 2007, 55, 3167–3173. [CrossRef]
35. Hamiza, O.O.; Rehman, M.U.; Tahir, M.; Khan, R.; Khan, A.Q.; Lateef, A.; Ali, F.; Sultana, S. Amelioration of 1, 2 Dimethylhy-

drazine (DMH) induced colon oxidative stress, inflammation and tumor promotion response by tannic acid in Wistar rats. Asian
Pac. J. Cancer Prev. 2012, 13, 4393–4402. [CrossRef] [PubMed]

36. Shaikh, J.; Ankola, D.; Beniwal, V.; Singh, D.; Kumar, M.R. Nanoparticle encapsulation improves oral bioavailability of curcumin
by at least 9-fold when compared to curcumin administered with piperine as absorption enhancer. Eur. J. Pharm. Sci. 2009, 37,
223–230. [CrossRef] [PubMed]

37. Tsai, Y.-M.; Jan, W.-C.; Chien, C.-F.; Lee, W.-C.; Lin, L.-C.; Tsai, T.-H. Optimised nano-formulation on the bioavailability of
hydrophobic polyphenol, curcumin, in freely-moving rats. Food Chem. 2011, 127, 918–925. [CrossRef] [PubMed]

38. Al Obeed, O.A.; Alkhayal, K.A.; Al Sheikh, A.; Zubaidi, A.M.; Vaali-Mohammed, M.-A.; Boushey, R.; Mckerrow, J.H.; Abdulla,
M.-H. Increased expression of tumor necrosis factor-α is associated with advanced colorectal cancer stages. World J. Gastroenterol.
WJG 2014, 20, 18390. [CrossRef] [PubMed]

39. Garza-Treviño, E.N.; Said-Fernández, S.L.; Martínez-Rodríguez, H.G. Understanding the colon cancer stem cells and perspectives
on treatment. Cancer Cell Int. 2015, 15, 1–9. [CrossRef] [PubMed]

40. Buhrmann, C.; Mobasheri, A.; Matis, U.; Shakibaei, M. Curcumin mediated suppression of nuclear factor-κB promotes chondro-
genic differentiation of mesenchymal stem cells in a high-density co-culture microenvironment. Arthritis Res. Ther. 2010, 12, R127.
[CrossRef] [PubMed]

41. Aggarwal, B.B.; Kumar, A.; Bharti, A.C. Anticancer potential of curcumin: Preclinical and clinical studies. Anticancer. Res. 2003,
23, 363–398. [PubMed]

42. Cho, J.-W.; Lee, K.-S.; Kim, C.-W. Curcumin attenuates the expression of IL-1β, IL-6, and TNF-α as well as cyclin E in TNF-α-treated
HaCaT cells; NF-κB and MAPKs as potential upstream targets. Int. J. Mol. Med. 2007, 19, 469–474. [CrossRef] [PubMed]

43. Asfour, W.; Almadi, S.; Haffar, L. Thymoquinone suppresses cellular proliferation, inhibits VEGF production and obstructs tumor
progression and invasion in the rat model of DMH-induced colon carcinogenesis. Pharmacol. Pharm. 2013, 4, 26511. [CrossRef]

44. Bates, D.; Hillman, N.; Pocock, T.; Neal, C. Regulation of microvascular permeability by vascular endothelial growth factors. J.
Anat. 2002, 200, 523–534. [CrossRef]

45. Hicklin, D.J.; Ellis, L.M. Role of the vascular endothelial growth factor pathway in tumor growth and angiogenesis. J. Clin. Oncol.
2005, 23, 1011–1027. [CrossRef] [PubMed]

46. Bae, M.-K.; Kim, S.-H.; Jeong, J.-W.; Lee, Y.M.; Kim, H.-S.; Kim, S.-R.; Yun, I.; Bae, S.-K.; Kim, K.-W. Curcumin inhibits hypoxia-
induced angiogenesis via down-regulation of HIF-1. Oncol. Rep. 2006, 15, 1557–1562. [CrossRef] [PubMed]

47. Wang, T.; Chen, J. Effects of curcumin on vessel formation insight into the pro-and antiangiogenesis of curcumin. Evid.-Based
Complement. Altern. Med. 2019, 2019, 1390795. [CrossRef] [PubMed]

48. Anand, P.; Nair, H.B.; Sung, B.; Kunnumakkara, A.B.; Yadav, V.R.; Tekmal, R.R.; Aggarwal, B.B. Design of Curcumin-Loaded PLGA
Nanoparticles Formulation with Enhanced Cellular Uptake, and Increased Bioactivity In Vitro and Superior Bioavailability In Vivo; Elsevier:
Amsterdam, The Netherlands, 2010. [CrossRef]

49. Bisht, S.; Feldmann, G.; Soni, S.; Ravi, R.; Karikar, C.; Maitra, A.; Maitra, A. Polymeric nanoparticle-encapsulated curcumin
(“ nanocurcumin”): A novel strategy for human cancer therapy. J. Nanobiotechnol. 2007, 5, 3. [CrossRef]

50. Sha, J.; Li, J.; Wang, W.; Pan, L.; Cheng, J.; Li, L.; Zhao, H.; Lin, W. Curcumin induces G0/G1 arrest and apoptosis in hormone
independent prostate cancer DU-145 cells by down regulating Notch signaling. Biomed. Pharmacother. 2016, 84, 177–184. [CrossRef]
[PubMed]

51. Giordano, A.; Tommonaro, G. Curcumin and cancer. Nutrients 2019, 11, 2376. [CrossRef]
52. Yang, Z.; Li, X.; Peng, Z.; Song, J.; Ren, J. Curcumin down-regulates PCNA, cyclin D1 and Bcl-xL expression in human keratinocyte

cell lines. J. Med. Coll. PLA 2010, 25, 321–330. [CrossRef]

http://doi.org/10.3389/fphar.2018.00562
http://www.ncbi.nlm.nih.gov/pubmed/29899700
http://doi.org/10.1007/BF02889282
http://doi.org/10.1097/PAS.0b013e3181805089
http://doi.org/10.1002/path.1711620403
http://doi.org/10.1016/S0021-9258(18)89560-6
http://doi.org/10.1684/ecn.2008.0113
http://doi.org/10.1016/j.ajo.2011.07.005
http://doi.org/10.1021/jf0632379
http://doi.org/10.7314/APJCP.2012.13.9.4393
http://www.ncbi.nlm.nih.gov/pubmed/23167349
http://doi.org/10.1016/j.ejps.2009.02.019
http://www.ncbi.nlm.nih.gov/pubmed/19491009
http://doi.org/10.1016/j.foodchem.2011.01.059
http://www.ncbi.nlm.nih.gov/pubmed/25214079
http://doi.org/10.3748/wjg.v20.i48.18390
http://www.ncbi.nlm.nih.gov/pubmed/25561807
http://doi.org/10.1186/s12935-015-0163-7
http://www.ncbi.nlm.nih.gov/pubmed/25685060
http://doi.org/10.1186/ar3065
http://www.ncbi.nlm.nih.gov/pubmed/20594343
http://www.ncbi.nlm.nih.gov/pubmed/12680238
http://doi.org/10.3892/ijmm.19.3.469
http://www.ncbi.nlm.nih.gov/pubmed/17273796
http://doi.org/10.4236/pp.2013.41002
http://doi.org/10.1046/j.1469-7580.2002.00047_19.x
http://doi.org/10.1200/JCO.2005.06.081
http://www.ncbi.nlm.nih.gov/pubmed/15585754
http://doi.org/10.3892/or.15.6.1557
http://www.ncbi.nlm.nih.gov/pubmed/16685395
http://doi.org/10.1155/2019/1390795
http://www.ncbi.nlm.nih.gov/pubmed/31320911
http://doi.org/10.1016/j.bcp.2009.09.003
http://doi.org/10.1186/1477-3155-5-3
http://doi.org/10.1016/j.biopha.2016.09.037
http://www.ncbi.nlm.nih.gov/pubmed/27657825
http://doi.org/10.3390/nu11102376
http://doi.org/10.1016/S1000-1948(11)60001-4

	Introduction 
	Materials and Methods 
	Chemicals 
	Colon Cancer Induction Protocol 
	Curcumin Encapsulated PLGA Preparation 
	Animals and Housing 
	Animal Groups and Mode of Treatment 
	Body Weight Changes 

	Samples Collection and Tissue Preparation 
	Blood Sampling 
	Determination of Cell Cycle 

	Hematoxylin and Eosin Stains 
	Immunohistochemical Detection of PCNA Polyclonal Antibody 
	Determination of Inflammation Markers and VEGF 
	Statistical Analysis 

	Results 
	Body Weight Change 
	Inflammatory Markers and VEGF 
	Cell Cycle Results 
	Histology of the Colon 
	Proliferating Cell Nuclear Antigen 

	Discussion 
	Conclusions 
	References

