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Abstract
The current work was addressed to characterize gallic acid from amla fruit and quercetin from peels of
pomegranate fruit and formulated into Chitosan (CS) nanoparticles and to evaluate their cytotoxicity
towards human colorectal cancer (HCT 116) cell lines for the treatment of DMH induced colorectal cancer
in Wistar rats. Identi�cation of the biomolecules was performed by using different chromatographic and
spectroscopic techniques, as 1H-NMR, GC-MS, LC-MS and HPTLC. Characterization of CS nanoparticles
carried out by using X- ray diffraction (XRD) Differential scanning calorimetry (DSC), Scanning Electron
Microscope (SEM), entrapment e�ciency and In vitro drug release con�rmed successful encapsulation of
biomolecules into CS nanoparticles. A signi�cant change in aberrant crypt foci (ACF) in CS nanoparticles
compared to polyherbal extract were observed, with decrease in the colonic glutathione, catalase and
superoxide dismutase levels and values differed signi�cantly (P < 0.005).

Introduction
Colorectal cancer (CRC) is well-known malady issues in worldwide with high dismalness and mortality
cancer causes fourth common reason deaths in every year. (Gumireddy et al., 2019) However, the
conventional treatments such as chemotherapy and radiotherapy used in advanced stages but these
therapies are invasive with serious side effects and development of drug resistance. (Schirrmacher, 2019)
In this current work a great efforts for the discovery and development of nanoformulation based on
natural products for CRC treatment. (Frazier et al., 2018) Various researchers have recommended that
utilization of fruits that diminishes the danger of colorectal cancer. (He, Chen, Rojanasakul, Rankin, &
Chen, 2016) In our study natural biomolecules as gallic acid (phenolic) isolated from amla fruit (Emblica
o�cinalis) and quercetin (�avonoid) from peels of pomegranate fruit (punica granatum), here speci�c
endeavors to assess the therapeutic role of these active constituents rather than using whole extract of
both fruits (Elfalleh et al., 2012; Gupta, Dhawan, & Gupta, 2019) A number of studies have demonstrated
that many pharmacological and biochemical pathways altered by gallic acid because of its strong
antioxidant and anticancer properties (Ambrosone et al., 2020; Sánchez-Carranza et al., 2018) According
to the bibliometric analysis on the Web of Science, quercetin has become a research hotspot used as a
nutraceutical effective in the treatment of cancers.(Rauf et al., 2018; Zarei, Hamzeh-Mivehroud, Benvenuti,
Ustun-Alkan, & Dastmalchi, 2017) However, gallic acid and quercetin has limited application in the
pharmaceutical �eld because of its low solubility, low bioavailability and instability. So as to upgrade the
focusing on targeting delivery, to improve solubility and bioavailability of above biomolecules newer
nanoparticles have emerged in recent years, in the �eld of research and development.(Aghapour et al.,
2018; Chen, Lee, Huang, & Chang, 2016)

Motivated by this rationale we reported design and fabrication of biomolecules in polymeric
nanoparticles they having the ability to protect, entrap, attach or release chemotherapeutic entities into
their matrices, with bene�cial properties for human health and wellness.(Kumar, Gajbhiye, Paknikar, &
Gajbhiye, 2019) Chitosan (CS) is a natural renewable polymer and GMO as a lipid phase has received
increasing attention as adhesive nature and passively target with cancerous cells; also provide a
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controlled release drug delivery. (Trickler, Khurana, Nagvekar, & Dash, 2010) Poloxamer 407 is a
hydrophilic nontoxic copolymer used for its stabilizing properties and incorporation of hydrophobic drugs
capability to increase the solubility of biomolecules. (Talasaz et al., 2008) The fundamental method of
reasoning behind these systems contributes greatly to colorectal cancer treatment to eliminate obstacles
as drug degradation in the gastric condition and their ability to release in the distal ileum with colon
targeting. (Altaani, Al-Nimry, Haddad, & Abu-Dahab, 2019)

Furthermore, we developed synergy approach for combined active biomolecules and compared to their
activity to combined extracts to treat rats with colorectal cancer. Our results provide a rationale for using
hydrophilic mucoadhesive chitosan for the development of a nanoparticles by using gallic acid and
quercetin biomolecules that signi�cantly accumulates in the colonic mucosa, tumor targeting, high
e�cacy in CRC rats, enhancement of bioavailability on likewise achieving the sustained release.(Pham,
Sakoff, Van Vuong, Bowyer, & Scarlett, 2018)

Materials And Methods

2.1 Materials
Poloxamer 407 from BASF, Chitosan 90% dda obtained from CIFT Cochin, GMO from Mohini organics,
gallic acid and quercetin purchased from Loba Chemie., 10% fetal bovine serum (Invitrogen Life
Technologies USA), McCoy’s 5A medium (Fisher Scienti�c, Waltham, USA). MTT [3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide] was purchased from Sigma–Aldrich (Germany). 5-Fluorouracil
purchased from yarrow chemicals, Mumbai. 1, 2-Dimethylhydrazine (DMH) purchased from TCI
chemicals, Chennai, India. All other solvents and chemicals used were procured from Himedia
Laboratories, Research Lab. Mumbai.

2.2 Statistical Analysis:
The data obtained by experiment work were analyzed statistically utilizing Design-Expert 11 software
(Stat-Ease Inc., USA) and Graph Pad Prism version 8.0 (San Diego, CA, USA).

2.3 Extraction, Separation and characterization of Bioactive
Molecules from extracts (Bajpai & Kang, 2011)

2.3.1 Soxhlet Extraction method:
For extraction of �avonoids and phenolics from plants with a high level of accuracy, different solvents of
varying polarities were tried as chloroform, ethanol and ethyl acetate. The dried amla fruit powder and
peels of pomegranate powder extracted with 800 ml in various solvents for 6 hours separately and
evaporated for dryness in a rotary evaporator then to calculate percentage yield for all three different
solvents. Ethyl acetate solvent gives highest yield 42.51% (Amla fruit) and 42.89% (Pomegranate peels)
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hence same used for extraction of phenolics and �avonoids. (Altemimi, Watson, Kinsel, & Lightfoot,
2015)

2.3.2 Separation by using column chromatography
By using wet packing method the column was packed with silica gel a padding of cotton was placed at
the base of the column and was loaded up with eluting solvents. The amla fruit and pomegranate peel
extracts powder (5.0 g) was subjected to column chromatography in respective column over silica gel
(200 g) separately.

2.3.2 Characterization of isolated Compounds (Almiahy &
Jum'a, 2017;Leela & Saraswathy 2013; Vijayalakshmi &
Ravindhran, 2012)
Characterization of isolated compound (Fraction A16 of amla) and (Fraction P4 of pomegranate) carried
out by using different techniques as mentioned here. Fraction A16 of amla and Fraction P4 of
pomegranate detected by Shimadzu UV/Vis spectrophotometer, model 1800 were employed with a pair of
1 cm quartz cells. GC-MS arrangement of Perkin Elmer model Clarus 600 coupled with mass
spectrometer at m/z 25–500 used for characterization for fraction A16 of amla. LC-MS alilent 6540
QTOF MS used for characterization of fraction no P4 of pomegranate. A Camag HPTLC framework
involving Linomat V programmed automatic sample applicator (Camag Muttenz, Switzerland),
Microsyringe (Linomat syring, Hamilton-Bonaduz Schweiz, Camag, Switzerland), TLC Scanner III with Win
CATS adaptation 1.4.0 used for analysis of both fractions.

3. Antioxidant activity by DPPH method

The DPPH* radical assay was proven as an excellent method to analyze the in vitro antioxidant
capacities of amla and pomegranate fruit and their fractions. Even at low concentration fractions of both
fruits exhibited more superior antioxidant activities, than their extracts and IC50 values of all samples
were summarized in Table 2.

Table No.2 Antioxidant activity by DPPH method

Name of Sample R2 IC50

Ascorbic acid (Standard) 0.996 8.98 µg/ml

Amla extract 0.884 25.74 µg/ml

Isolated Fraction [A16] 0.904 14.44 µg/ml

Pomegranate peel extract 0.863 29.89 µg/ml

Isolated Fraction [P4] 0.910 11.21 µg/ml

4. Formulation of nanoparticles
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An o/w nanoemulsion of gallic acid and quercetin was prepared by using a GMO/chitosan framework as
reported by with slight modi�cations. Brie�y, isolated gallic acid (100 mg) and quercetin (100 mg) were
dissolved in molten GMO (2 g), then add 12.5 ml of 0.1% poloxamer 407 sonicated at 18 W for 3 min in
probe sonicator. To this emulsion, dropwise 12.5 ml of 2.4% chitosan solution was added again using
probe sonicator at 16 W for 4 min. Finally this phase was subjected to twelve cycles of HPH at 15,000 psi
to give the nanoemulsion. Then, lyophilized with 2% mannitol as a cryo-protectant for 48 hr. Central
composite design was applied to examine the combined effect two variables, each at 2 levels and the
possible 9 combinations of CS nanoparticles. (Data not shown here) (Riegger, Kowalski, Hilfert, Tovar, &
Bach, 2018)

5. Characterization of gallic acid and quercetin loaded CS nanoparticles

5.1 Instrumental analysis of CS nanoparticles:
Particle size of the CS nanoparticles was determined by Dynamic light scattering (DLS) using a Zetasizer
(Malvern Instruments Ltd., UK). The CS nanoparticles and potassium bromide were grinded well and
pressed to make pellets in which 16 scans at 4 cm− 1 resolution. Molecular arrangements of CS
nanoparticle were estimated on X-ray diffractometer (Rigaku Mini�ex 600, Cu Kα radiation at 40 kV and
45 mA) scanned over a 2 θ range of 5 − 80° with a speed angle of 2 θ/min. Differential scanning
calorimetry (DSC) analysis performed to investigate the thermal stability of CS nanoparticle. (Hitachi,
DSC-7020) Approximately 3–5 mg of sample was crimped in an aluminum pan with heating rate (30 to
300 °C) at 10 °C min− 1. The morphology CS nanoparticles were observed using Scanning Electron
Microscope (XL 30; Philips, Netherlands). The powder CS nanoparticles were dried on an aluminum disk
then spread on stub and particles were sputtered with gold at 15 kV.(Agarwal et al., 2018)

5.2 In vitro drug release studies:
In-vitro study of CS nanoparticle was carried out in different simulated �uids at various pH to assess the
release of nanoparticles at speci�c pH. The procedure consists in the immersion of four milligrams of CS
nanoparticles in phosphate buffered saline (PBS) solution at different (pH = 2.0, 4.5, 6.8, 7.4) in a dialysis
membrane sac (mw cut-off 12 kDa; Sigma Aldrich) to simulate ileo-colon conditions for 24 hr. The
enclosed dialysis sac was immersed in a beaker containing 50 mL of PBS solution. The container was
set in a shaking incubator at 370 C for continuous agitation (80–100 rpm) PBS; pH = 2.0 for �rst four
hour, pH = 4.5 for next �ve to nine hour, pH = 6.8 for next ten to thirteen hour and �nally pH = 7.4 for
fourteen to twenty-four hour. The supernatant 5 ml was withdrawn at de�ned interval then analysed in UV
Spectrophotometr for estimation of gallic acid at 270 nm and quercetin at 259 nm.(Tığlı Aydın & Pulat,
2012)

5.3 Determination of % Entrapment E�ciency and % Drug
Loading
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Lyophilized CS nanoparticles (20 mg) were completely dissolved in 10 ml of DMSO. Then the residue was
washed and diluted by gently shaking for 24 h at 370C. Then, solution was centrifuged at 16,000 g for
15 min then supernatant was collected. (Nguyen et al., 2014) An aliquot (1 ml) of supernatant was diluted
to 10 ml with DMSO and absorbance was measured in UV spectrophotometer at 270 nm for gallic acid
and 259 nm for quercetin. The % Entrapment E�ciency and % loading e�ciency were calculated by
following equations.

Entrapment E�ciency (EE % w/w) = amount of gallic acid and quercetin present in the CS nanoparticle
/total amount of gallic acid and quercetin incorporated × 100

Loading e�ciency (LE% w/w) = amount of gallic acid and quercetin present in the CS nanoparticle /total
amount of chitosan incorporated × 100

�. Anticancer activity analysis

6.1 In vitro cytotoxicity by MTT assay

6.1.1 Cell Culture:
In vitro cytotoxicity of polyherbal extract and CS nanoparticles was evaluated using Human colorectal
cell (HCT 116) lines were seeded in 96-well culture plates (1 × 104 cells/well) and cultured in DMEM
supplemented with 10% fetal bovine serum at 37 °C in 5% CO2 for 12 h.

6.1.2 Cell Viability Assay:
To each well of the 96 well plates, 200 µl of the cell suspension was added and the plate was incubated
at 370C and 5% CO2 atmosphere for 24 hr. After 24 hr, the spent medium was aspirated. Then cells were
treated with polyherbal extract, CS nanoparticles and standard cisplatin at different concentrations
(6.25–100 ug/mL) and incubated at 370C and 5% CO2 atmosphere for 24 hr. The plate was removed
from the incubator and the drug containing media was aspirated. 200 µl of medium containing 10% MTT
reagent was then added to each well and again plate was incubated at 370C and 5% CO2 atmosphere for
3 hr. The culture medium was removed completely without disturbing the crystals formed. Then 100 µl of
DMSO solution was added and plate was gently shaken in a gyratory shaker to solubilize the formed
formazan. The absorbance was measured using a microplate reader at a wavelength of 570 nm. The
percentage growth inhibition was calculated, after subtracting the background and the blank, and
concentration of test drug needed to inhibit cell growth by 50% (IC50) was generated from the dose-
response curve for the cell line. (Yang, Liu, Gao, Chen, & Huang, 2015)

6.2 In-Vivo animal activity:
The protocol of the present study was approved by approval BVCPK/CPCSEA/IAEC/17/19 and
experimental procedure followed as per guidelines of CPCSEA and Wistar rats were randomly divided into
�ve groups as 4 animal per group; 2 for ACF analysis and 2 for staining. Animals were examined every
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week for measurement of body weight and hematological parameters throughout the experimental period
of 14 weeks. The acute oral toxicity study of CS nanoparticles was performed according OECD 425
guidelines. All animals (except group I) have received i.p injections of DMH (20 mg/kg) once a week for
10 consecutive weeks. Rats in group I were received normal saline till total period of experiment. Animals
in Group III received 5 �uorouracil nanoparticles (10 mg/kg), Group IV received polyherbal extract
(400 mg/kg) and group V given colon targeting CS nanoparticles (80 mg/kg) for 4 weeks which is
summarized in Table 1. After 4 weeks’ treatment, animals from each group were anesthetized for
antioxidant and tissue histopath study. (Hamiza et al., 2012)

Table 1
The grouping and treatment for animal study

Sr. No. Groups Drug and Dose

Group I Normal Water 10 ml/kg

Group II DMH Control (DMH 20 mg /kg (i.p.) normal saline solution)

Group III Standard (DMH + 5 Fluorouracil nanoparticles 10 mg/kg orally)

Group IV Test I: (DMH + Polyherbal extract 400 mg/kg orally )

Group V Test II: (DMH + CS nanoparticles 80 mg/kg orally)

6.3 Histopathological Study
Dissected colon specimens were �xed overnight with 10% formalin. Afterward, pieces of colon tissue
were placed in alcohol for 5–7 hrs and dehydrated with xylene to get a clear tissue. Further, prepared
tissue specimens embedded with melted para�n (Kanna et al., 2003) at 50-600C for 7–8 hrs to prepare
blocks. The tissue squares were put in a microtome producing thin sections of same thickness and areas.
The sections were stained with hematoxylin and eosin and observed under digital biological microscope
at 40X ampli�cation.

6.4 Biochemical Estimations
After euthanasia extermination, colons were separated from each animal following transcardial
perfusion. Tissue samples were kept at -60ºC, then 150 gm colonic tissue was homogenized with ice-cold
potassium chloride solution and centrifuged at 13600 g for half an hour. This supernatant was use to
analyze colon antioxidant enzymatic activities including Glutathione (GSH) by Ellman’s method at
412 nm (Sparnins, Chuan, & Wattenberg, 1982), Superoxide Dismutase (SOD) by Marklund strategy
(Marklund, 1984) and Catalase (CAT) estimation by the method described Sinha (Sinha, 1972).

Results And Discussion

1.1 Separation by column chromatography



Page 8/22

TLC is a technique used to separate and identify phenolic and �avonoid compounds, among various
stages tested best mobile phase for amla fruit as ethyl acetate: methanol: toluene (8:2:1) and for peels of
pomegranate toluene: ethyl acetate: formic acid (5:5:0.5). Column chromatographic separation carried by
using respective mobile phases, were the best separated compound were fraction number A16 (for amla)
and P4 (for pomegranate) out of different fractions in column chromatography.

2. Characterization of isolated Compounds

2.1 By UV-Visible Spectroscopy
UV-visible spectrum of extracts shows absorption maxima for fraction A16 of amla at 270 nm and
fraction P4 of pomegranate at 259 nm respectively.

2.2 By NMR Spectroscopy
1H NMR of fraction A16 of amla fruit showed the aromatic proton, acidic proton and hydroxyl proton and
nearness of 7 carbons gives atomic formula as C7H6O5. For fraction P4 of pomegranate peels shows
signals at 12 (S 1H OH Pyran), 6.2 (S 2H Aromatic OH), 6.9(S1H Aromatic OH), 7.1 (S1H Aromatic OH), 7–
8 (S Aromatic proton) gives molecular formula as C15H10O7.

2.3 By GC-MS and LC-MS Spectroscopy
The major characteristic peak of fraction A16 of amla fruit with molecular weight was found to be (m/e
170.12 g/mol). All GC-MS data correlates the structure of the fraction A16 as gallic acid. For fraction P4
of pomegranate peel extract found at m/z 302.043 g/mol. All LC-MS data correlates the structure of
fraction P4 was phenyl propanoid �avanol as quercetin.

2.4 By High Performance Thin Layer Chromatography
HPTLC analysis of amla extract gave band at (0.33, 0.57 and 0.83) corresponding to standard gallic acid
showed peak at (0.84) is visible in test solution track. The regression analysis has shown good linear
relationship with y = 7.333x-39.73 with r2 > 0.999 for gallic acid. In the HPTLC �ngerprinting standard
quercetin showed single peak at (0.66) and extract gave a band at (0.14, 0.39, 0.47, 0.66) corresponding
to quercetin is visible in test solution track with good linear relationship with y = 149.3 x + 2392; r2 = 0.999
depicted in Fig. 1.

HPTLC Pro�le of Pomegranate peel extract [E] Fingerprinting pro�le [F] 3 D display at 285 nm [G]
Chromatogram of standard Quercetin [H] Chromatogram of extract
3. Antioxidant activity by DPPH method

The DPPH* radical assay was proven as an excellent method to analyze the in vitro antioxidant
capacities of amla and pomegranate fruit and their fractions. Even at low concentration fractions of both
fruits exhibited more superior antioxidant activities, than their extracts and IC50 values of all samples
were summarized in Table 2.
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Table No.2 Antioxidant activity by DPPH method

Name of Sample R2 IC50

Ascorbic acid (Standard) 0.996 8.98µg/ml
Amla extract 0.884 25.74 µg/ml

Isolated Fraction [A16] 0.904 14.44 µg/ml
Pomegranate peel extract 0.863 29.89 µg/ml

Isolated Fraction [P4] 0.910 11.21µg/ml

 
4. Formulation of CS nanoparticles 
In this study the goals for optimization of minimizing particle size by using central
composite factorial design.  (Vozza, Danish, Byrne, Frías, & Ryan, 2018)  Overlay plot
depicted (Figure 2C) optimum conditions to formulate CS nanoparticles as chitosan 2.4%,
and polaxomer (407) 0.1% to achieve particle size at 218.33 nm and zeta potential was
11.50 mV with desirability 1.000 

4. Formulation of CS nanoparticles

In this study the goals for optimization of minimizing particle size by using central composite factorial
design. (Vozza, Danish, Byrne, Frías, & Ryan, 2018) Overlay plot depicted (Fig. 2C) optimum conditions to
formulate CS nanoparticles as chitosan 2.4%, and polaxomer (407) 0.1% to achieve particle size at
218.33 nm and zeta potential was 11.50 mV with desirability 1.000

5. Characterization of CS nanoparticles

5.1 Instrumental analysis of CS nanoparticles:

5.1.1 Analysis of particle size and zeta potential
A mean diameter of particle size of CS nanoparticles was seen as 214.2 ± 1.28 nm with + 28.1 mV zeta
potential. Chitosan having positive charge in acidic environment because of presence of protonated
amino groups which was appropriate to adhere negatively charged intestinal mucus layer.

5.1.2 X-ray diffraction studies
The characteristic peaks of quercetin at 12.46° (Fig. 3A), gallic acid at 16.43°(Fig. 3B), poloxamer 407 at
19.2° (Fig. 3C) corresponding to the crystallographic planes and chitosan at 23.960 (Fig. 3D)in
amorphous form. XRD pattern of CS nanoparticles peaks at above diffraction angle disappeared; that
both biomolecules incorporated into the nanoparticles in an amorphous state. (Fig. 3E) This �nding is
also in agreement with the very high encapsulation e�ciency with unentrapped crystalline biomolecules
exists in the formulations. (Rampino et al., 2016)
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5.1.3 Differtial Scanning Colorimetry
The appearance of sharp endothermic peaks at 129.94 °C for quercetin (Fig. 4A) and gallic acid (Fig. 4B)
and 259.68 °C corresponding to their melting points. In case of gallic acid another peak was observed at
91.73 °C; which might be related to evaporation of moisture from it. Poloxamer 407 thermogram (Fig. 4C)
showed endothermic peak at 58.92 °C. Whereas, chitosan thermogram depicted a comparatively broad
endothermic peak at about 84.37 °C (Fig. 4D). The thermogram of the physical mixture it represents no
interaction just superimposition of individual components (Fig. 4E). (Alves, Mainardes, & Khalil, 2016)
Finally crystalline DSC thermogram of CS nanoparticles (Fig. 4F) showed absence of characteristic main
peak of biomolecules indicating the conversion of crystalline state to molecularly dispersed amorphous
state within the nanoparticle complete encapsulation of quercetin and gallic acid inside nanoparticles.

5.1.4 Scanning Electron Microscopy
The SEM demonstrates less crystanility and aggregation of nanoparticles after lyophilization. In the CS
nanoparticles, core-shell structure was also identi�ed indicating that chitosan was successfully coated
with individual particles with rough and spherical small crack which seem to be because of chitosan
natural polymer. (Fig. 5A &B) (Kavaz, Idris, & Onyebuchi, 2019)

5.2 In vitro release studies
As a result CS nanoparticles have indicated improved drug releases 77.56% for gallic acid 79.06% for
quercetin at 24 hr respectively. So the CS nanoparticles can be considered as a potential barrier, which
can release the biomolecules at colonic pH. By engineering chitosan approach gallic acid and quercetin
biomolecules achieved sustained and controlled release and also bene�tted by its targeting property to
colonic region. To describe the mechanism of gallic acid and quercetin release from the CS nanoparticles,
the data was plotted into a few kinetic models and best �tted information into the Korsmeyer–Peppas
power law model. The plot of log time (hr) versus log percentage cumulative release found to be linear
with n = 2.063 (gallic acid) and 1.684 (quercetin) and supercase II transport applied for above study. As if
𝑛 falls somewhere in the range of 0.5 and 1.0; it is named as non-Fickian diffusion, while if there should
arise an occurrence of Fickian diffusion, 𝑛=0.5. For zero order release case II transport 𝑛=1; then again on
the off chance that 𝑛> 1, at that point it demonstrates supercase II transport (Basha, Hosam Abd El-Alim,
Alaa Kassem, El Awdan, & Awad, 2015)

5.3 Determination of % Entrapment E�ciency and % Drug
Loading
Entrapment e�ciencies is considered as a signi�cant parameter as initial burst release of the drugs,
which attends its sustained release property. Chitosan nanoparticles have shown entrapment e�ciency
76.80 ± 1.24% and 78.82 ± 0.26% with loading capacities 3.10 ± 1.44 and 3.30 ± 1.04% for gallic acid and
quercetin respectively.
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�. Methods of Anticancer Activity Determination

6.1 In vitro Cytotoxicity by MTT assay
Cytotoxicity of cisplatin (Standard) (Fig. 6A), chitosan nanoparticles (Fig. 6B), polyherbal extract (Fig. 6C)
and Untreated cells (Fig. 6D) was done on HCT 116 cell lines and activity is dependent up to the
concentration of 6.25–100 ug/mL. The IC50 of polyherbal extract, chitosan nanoparticles and standard
after 48 h treatment it was found to be 60.32 and 36.17 and 10.55 ug/ml respectively. HCT 116 cell lines
considered to have more prominent take-up for CS nanoparticles and more stable even at low
concentrations and longer interval than polyherbal extract.

6.2 In Vivo anticancer activity

6.2.1 Effect of body weight and Haematological
Parameters on rats
At the end of tenth week, there was a noteworthy difference in body weight between DMH-control and
normal group (P < 0.0001). Additionally, there were signi�cant differences in average weights of animals
following 14 weeks between group II with group IV and group V. Polyherbal extract at doses of
400 mg/kg, CS nanoparticles 80 mg/kg and 5-Flurouracil nanoparticles 10 mg/kg indicated changes in
RBC, WBC, lymphocytes, and neutrophils when compared with DMH group.

6.2.2 Histopathological Studies
The H&E stained section with normal architecture of mucosal and submucosal layers in nucleus and
cytoplasm shown in normal group (Fig. 7A). DMH induced animal’s exhibit shrinkage of epithelial linings
with distorted nuclei and obtrusive adenoma (Fig. 7B). 5- Fluorouracil chitosan nanoparticles observed
ordinary mucosal creases and scattered in�ammatory cell in�ltrations (Fig. 7C). Polyherbal extracts
treated posses near to the normal structure of the colon with diminished invasion of malignancy cells
into the connective tissue (Fig. 7D). Chitosan nanoparticles treated appeared more or less similar to those
of control with intact muscularis mucosa, however many crypts exhibit hyperchromasia with no toxicity
by cellular damage on colon (Fig. 7E).(Chari, Polu, & Shenoy, 2018)

6.2.3 Biochemical Estimations:
A noteworthy lessening in GSH, SOD and CAT levels was noted in DMH treated groups when contrasted
with normal group. On the other hand, treatment at Test II dose level demonstrated signi�cant (p < 0.05)
increase in enzymatic level when contrasted with Test I all these results summarized in Table 3.
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Table 3
Effect of antioxidant enzymes on colon of rats:

Group

(n = 3)

Superoxide Dismutase

(SOD) U/mg of protein (Mean ± SEM)

Catalase (CAT)

U/mg of Protein

(Mean ± SEM)

Reduced glutathione

(GSH) nmol/mg

(Mean ± SEM)

Normal 12.51 ± 0.348 42.25 ± 0.003 39.28 ± 0.085

DMH Control 8.233 ± 0.219**** 19.48 ± 0.021**** 18.20 ± 0.031****

Standard 9.220 ± 0.015**** 38.21 ± 0.003**** 32.26 ± 0.029****

Test I 9.343 ± 0.119**** 33.22 ± 0.012**** 26.33 ± 0.135****

Test II 10.74 ± 0.191*** 35.23 ± 0.003**** 28.21 ± 0.017****

All values are mean ± SEM of three samples; P < 0.005 versus control; P < 0.005 versus DMH control.

Conclusion
In this study, oral nanotherapeutic approach of gallic acid and quercetin CS nanoparticles for the
synergistic treatment of colorectal cancer in preclinical DMH rat model. Water insoluble gallic acid and
quercetin, which served as anticancer agents, were developed into bioadhesive chitosan nanoparticle to
assemble stable formulation and targeted delivery. Collectively, on the basis of chitosan platform these
results suggest both biomolecules con�rmed in vitro and in vivo, and also shown to provide a promising
oral delivery for colorectal cancer.
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Figures

Figure 1

HPTLC Pro�le of amla fruit extract [A] Fingerprinting pro�le [B] 3 D display at 270 nm [C] Chromatogram
of standard gallic acid [D] Chromatogram of extract HPTLC Pro�le of Pomegranate peel extract [E]
Fingerprinting pro�le [F] 3 D display at 285 nm [G] Chromatogram of standard Quercetin [H]
Chromatogram of extract
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Figure 2

[A] 3-D plot of Particle Size [B] 3-D plot of Zeta Potential [C] Overlay plot indicating optimized batch
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Figure 3

XRD Patterns of gallic acid and quercetin loaded CS nanoparticles (A) Quercetin, (B) Gallic acid, (C)
Poloxamer 407, (D) Chitosan ,(E) Gallic acid and Quercetin-loaded nanoparticles
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Figure 4

DSC thermograms of CS nanoparticles (A) Quercetin (B) Gallic acid, (C) Poloxamer-407, (D) Chitosan, (E)
Physical mixture (F) Gallic acid and quercetin loaded nanoparticles.
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Figure 5

SEM of gallic acid-quercetin loaded CS Nanoparticles
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Figure 6

Microscopy imaging of cellular uptakes (A) Standard (B) Chitosan nanoparticles (C) Polyherbal extract
(D) Untreated HCT116 cell lines
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Figure 7

Histopathological representation of DMH-induced tumorigenesis in the rat colon. [A] Normal [B] DMH-
Control [C] Standard [D] Test I and[E] Test II


