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ABSTRACT

Introduction: Ulcerative colitis (UC) is chronic inflammatory ailment that distinguished by diarrhea,
stomach pain, reduced body weight, and hematochezia. UC affects nearly 400 per 100,000 peoples world-
wide. In this exploration, we intended to fabricate the copper oxide nanoparticles from the T. kirilowii
(TK-CuNPs) and inspect their curative potential against the Dextran sulfate disodium salt (DSS)-
provoked colitis in animals.
Methods: Formulated TK-CuNPs were characterized by UV-vis spectroscopy, FT-IR, SEM, TEM, and DLS
techniques. UC was provoked in mice through administering of 2% DSS for 7-days and treated with the
10 mg/kg bodyweight of TK-CuNPs via intragastric intubation. Myeloperoxidase activity, colon weight,
and length, and spleen weight were determined by standard methods. Pro-inflammatory mediators,
i.e. IL-6, IL-1B, and TNF-ao were inspected by the assay kits. The expression of COX-2 and iNOS were ana-
lyzed by immunohistochemistry. Histopathological changes in colon tissues were investigated micro-
scopically by H&E staining. The cytotoxicity and in vitro anti-inflammatory activities of TK-CuNPs were
analyzed in RAW-264.7 cells.
Results: The outcomes of various characterization studies demonstrated the formation of TK-CuNPs. The
TK-CuNPs supplementation to the DSS induced colitis mice demonstrated the appreciable bodyweight
gain and reduced the DAI scores. TK-CuNPs improved the colon length and spleen weight and suppressed
the MPO activity. The status of pro-inflammatory mediators IL-6, IL-1B, and TNF-o was appreciably sup-
pressed by the TK-CuNPs treatment. The expressions of COX-2 and iNOS was also diminished by the TK-
CuNPs. TK-CuNPs did not possessed toxicity to the RAW-264.7 cells and suppressed the inflammatory
markers level in the RAW-264.7 cells.
Discussion and Conclusion: The current findings revealed that fabricated TK-CuNPs can be a hopeful ther-
apeutic agent to treat acute colitis.
© 2021 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Inflammatory bowel disease (IBD) is a persistent inflammatory
ailment in the gastrointestinal tracts, which is caused by the aug-
mented pro-inflammatory mediators and epithelial barrier dys-
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intestinal functional disorders (Hagenlocher et al., 2016). IBD usu-
ally incorporates Crohn’s disease (CD) and ulcerative colitis (UC),
which is a chronic inflammatory ailment that affects the gastroin-
testinal tract and accounts for nearly 400 per 100,000 incidences
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worldwide. There is a rapid upsurge in the occurrence of IBD
around the world which indicates the emergence of IBD as a uni-
versal ailment. The pathogenesis of IBD involves dysregulation
and stimulation of mucosal immune reactions that eventually dis-
turb the barrier integrity, which leads to the augmented perme-
ability of colon epithelial, and up-regulated pro-inflammatory
cytokine expressions and oxidative stress (Michielan and D’Inca,
2015).

Nuclear factor-kB (NF-xB) is an imperative mediator of the
inflammatory reactions and is accountable for the excessive accre-
tion of pro-inflammatory arbitrators that are crucial for the patho-
genesis of chronic inflammatory ailments like UC. Thus, the NF-kB
translocation into the nucleus triggers the inflammatory reactions
and further triggers the transcription of inflammatory arbitrators,
i.e. TNF-o, IL-1B, COX-2, iNOS, and IL-6 (Chae et al., 2017). It is well
known that the enhancement of some enzymes like iNOS, COX-2,
and excessive accretion of pro-inflammatory regulators plays a
vital functions in the development of UC (Katsanos and
Papadakis, 2017). During the progression of UC, the proinflamma-
tory arbitrators like TNF-o0 and IL-6 are augmented in the colonic
mucosa, which eventually leads to severe inflammatory conditions
(Naraginti et al., 2016). Inflammatory responses enhance the
oxidative stress via triggering reactive oxygen species (ROS)-
accreting systems, like iNOS, and myeloperoxidase (MPO). These
are intimately implicated in inflammatory mediators and penetra-
tion of leucocytes through triggering the NF-kB cascade in IBD
(Zhu and Li, 2012).

Recently, nanotechnology has emerged in the medical field with
extensive application to treat the ailments. Salutary nanoparticles
(NPs) have provided remarkable advantages in IBD treatment
(Uranga et al., 2016). The copper nanoparticles are studied exten-
sively in the medical field due to their versatility. It was already
highlighted that the copper NPs possessed the exclusive antimicro-
bial, antioxidant, and anticancer activities, which makes them a
hopeful tool for biomedical utilizations (Li et al., 2017; Magbool
et al., 2017). The absence of targeted drug delivery and insufficient
drug availability at the selected sites influences in patients to treat
colon cancer. Drug nanoformulations overwhelmed the general
obstacles inflicted by the colon like thicker mucus layer and dis-
turbed epithelium (Mohammed et al., 2018). Numerous nano sized
drug delivery evidenced more potential in IBD animal models
(Beloqui et al., 2016).

Trichosanthes kirilowii is extensively utilized in East Asian
nations as a cough-suppressive and anti-diabetic agent. T. kirilowii
has revealed the renoprotective action against cisplatin-induced
nephrotoxicity (Seo et al., 2015). A study by Liu et al. (2012)
showed that trichosanthin from T. kirilowii prevented the multipli-
cation of nasopharyngeal cancer cells. T. kirilowii was found to be
effective against breast cancer (Kim et al., 2013). It was previously
reported that the gold nanoparticles synthesized T. kirilowii also
exhibits anticancer activity against the colon cancer cell (Han
et al., 2019). Hence, in this exploration, we planned to synthesize
the copper oxide nanoparticles from the T. kirilowii leaf extract
and inspect it's curative potential against the dextran sulfate
sodium (DSS)-challenged UC in animals via suppression of inflam-
matory responses.

2. Materials and methods
2.1. Chemicals

Copper acetate, DSS (molecular weight: 726.6 g/mol), and other
chemicals were procured from Sigma-Aldrich, USA. All the ELISA

kits were obtained from Invitrogen, USA. All other chemicals and
reagents were obtained from Himedia, USA.

Journal of King Saud University — Science 34 (2022) 101817
2.2. Preparation of plant extract

Around 5 g of T. kirilowii leaf was weighed and suspended in the
100 ml of pure water and heat-macerated for 30mins at 60 °C.
After that, suspension were filtered using the Whatman filter
paper, and finally, extract was consumed to synthesize the copper
NPs.

2.3. Synthesis of copper nanoparticles (CuNP’s)

The synthesis of CuNPs were done by using the previous proce-
dure described by Harne et al. (2012). Briefly, 10 ml of extract were
mixed to the 190 ml of 5 mM copper acetate solution and heated
for 80 °C with continual stirring for 30 min. The bio reduction of
copper acetate in the extract containing reaction medium resulted
in the generation of CuNPs. After the incubation, the CuNPs in the
reaction mixture was pelleted via centrifugation at 6000 rpm for
7 min. The synthesized CuNPs were utilized for several characteri-
zation studies.

2.4. Characterization of synthesized CuNP’s

2.4.1. UV-vis spectroscopic analysis

For the confirmation of the bioreduction of CuNPs in the sam-
ple, the UV-vis spectroscopic study was executed (Shimadzu-
1700, Japan). The bioreduction of CuNPs was evidenced using the
UV spectrometric study, and the absorbance was taken at 200-
600 nm.

2.4.2. Fourier Transform-Infrared (FT-IR) analysis

FT-IR study was performed to inspect the existence of func-
tional groups on the surface of the synthesized CuNPs. Briefly,
the dried and powdered form of synthesized CuNPs was analyzed
using the FT-IR analysis (Shimadzu-8400S, Japan). The spectrum
of FT-IR of synthesized CuNPs was obtained by the potassium bro-
mide (KBr) disc technique. The spectrum of FT-IR was inspected
over the range of (4000-400 cm~!) with the resolution at 4 cm™!
for 50 scans.

2.4.3. Scanning electron microscopic (SEM) analysis

The size and morphology of the fabricated CuNPs was studied
through the SEM under the average atmospheric conditions. The
synthesized CuNPs were investigated through the SEM machine
(ZEISS-Supra-40, Germany) at the 5 kV. The CuNPs were placed
on the clean glass slide and spread uniformly and vacuum dried.
Finally, the sample was inspected through SEM under a high vac-
uum and at various magnifications.

2.4.4. Transmission electron microscopic (TEM) analysis

The fabricated CuNPs were investigated by using the TEM anal-
ysis to detect the size and distribution. TK-CuONPs were located on
the carbon painted copper grid and dehydrated for 30 min. after
that grid was loaded with the TK-CuNPs and then located on the
sample holder. Lastly, the microscopic images of TK-CuNPs were
taken via TEM instrument (JOEL JSM 100CX TEM, Japan) operating
by accelerating voltage 200 kV.

2.4.5. Dynamic light scattering (DLS) assay

The fabricated TK-CuNPs were examined by the analysis to
measure the average size and distribution patterns. The TK-
CuNPs were analyzed through the DLS equipment Zeta sizer (Mal-
vern, USA).
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2.5. In-vitro anti-inflammatory effects of formulated TK-CuNPs

2.5.1. Collection of cell line

Murine macrophage (RAW 264.7) cells were attained from
ATCC, USA and sustained in DMEM medium enriched with 10% of
FBS and 1% of antimycotic mixture in a moistened chamber with
CO, (5%) at 37 °C. The cells were replenished with new medium
for every 2-3 days.

2.5.2. Cell viability assay

The toxic level of formulated TK-CuNPs on the RAW-264.7 cells
were assessed through the MTT assay. RAW-264.7 cells were
loaded in 96-well plate at 1 x 10 (Katsanos and Papadakis, 2017)
cells/well density and maintained for 24 h then treated with LPS
(100 ng/ml) along with different doses of (2.5, 5.0, 7.5, 10, and
12.5 uM) of fabricated TK-CuNPs and incubated for another 24 h.
After that, 10 pl of MTT reagent was mixed to all the wells and nur-
tured for 4 h at 37 °C. Then medium was eliminated and 100 pl of
DMSO was mixed to liquefy the formazan crystals. Finally, the
absorbance was readed at 570 nm in microplate reader.

2.5.3. Determination of pro-inflammatory cytokines and ROS levels in
RAW-264.7 cells

RAW-264.7 cells were plated on 24 well-plate at 5 x 10
(Katsanos and Papadakis, 2017) cells/well population and supple-
mented with fabricated TK-CuNPs at diverse doses (2.5, 5.0, and
7.5 uM) and sustained for 1 h at 37 °C. Then RAW-264.7 cells were
challenged with 100 ng/ml of LPS for 18 h and then medium was
removed and the cells suspension was gathered for the measure-
ment of pro-inflammatory mediators status like TNF-o and IL-6
by using specific kits (Santacruz, USA). The nitric oxide (NO) status
was examined via the Griess reagent (Sigma-Aldrich, USA) with
sodium nitrite as standard. For the measurement of intracellular
ROS level, the cells were cleansed with PBS and stained by
10 mM/L of DCF-DA for 30 min in dark condition. The level of
ROS accumulation was measured by measuring at 485 nm excita-
tion and 535 nm emission (Lautraite et al., 2003).

2.6. Experimental animals

Male Balb/c mice (7 weeks aged) weighing 21 + 3 g were attained
from Institutional animal house. All animals were maintained in
organized laboratory conditions, i.e. temperature 26 + 1 °C, 60 —
70% humidity, dark and light series were 12 h. All animals were
administered with commercial pellet food with water ad libitum.
The treatment procedures were completed as per the standard
guidelines by the National Institutes of Health, United States.

2.7. Experimental design

Animals were separated into four groups (n = 6/group). Group-I
(Control) were given drinking water without DSS for 7 days,
Group-II (DSS control group) were administered 2 % (w/v) of DSS
for 7 days. Group-Ill animals received oral administration of
10 mg/kg of TK-CuNPs along with DSS for 7 days. Group-IV animals
were orally administered with standard drug Sulfasalazine (50 mg/
kg) through oral gavage along with DSS. After the end of experi-
ments, animals were anesthetized and fortified via cervical disloca-
tion, and then samples were gathered for additional assays.

2.8. Assessment of disease activity index (DAI) scores

DAI scores of the investigational mice were inspected via daily
monitoring for UC signs, i.e. bodyweight, stool consistency, and
rectal bleeding. DAI was allocated as per the scoring system, as
suggested by Cooper et al. (1993). (a) weight loss: (0 for none, 1
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for 1-5%, 2 for 5-10%, 3 for 10-15%, and 4 for more than 15%;
(b) consistency of stool: 0 for normal, 2 for loose stools, 4 for
watery diarrhea; and (c) bleeding: 0 for no bleeding, 2 for slight
bleeding, and 4 for gross bleeding. The DAI was determined as a
sum of these scores.

2.9. Determination of myeloperoxidase (MPO) enzyme activity

The enzymatic action of MPO in the colon tissues of control and
TK-CuNPs treated animals were estimated using the protocol of
Mullane et al. (1985). The gathered colon tissues were homoge-
nized with the 0.1 M phosphate buffer (pH-6.5) to attain 5% of
homogenate. Then the suspension was centrifuged at 12,000 rpm
for 10 min. Around 0.12ml of supernatant was mixed with
2.9 ml of the reaction solution, consisting of 0.005 % of hydrogen
peroxide and 0.16 mg/ml of o-dianisidine hydrochloride. Then
the reaction solution was incubated for 5 min; and the absorbance
was taken at 460 nm.

2.10. Assessment of pro-inflammatory mediators in the colon tissue

The IL-6, IL-1B, and TNF-a levels in the control and TK-CuNPs
administered colitis animals were investigated by using the rele-
vant assay kits as per the manufacturer’s instructions (MyBio-
Source, USA).

2.11. Immunohistochemical analysis of iNOS and COX-2 expression in
the colon tissue

Paraffin-embedded colon tissues were incised at 5 um size and
the tissues were processed with 0.5% of TritonX-100 at 37 °C for
30 min. Then tissues were blocked with BSA (2%) for 1 h at 37 °C
and incubated with primary antibodies (iNOS and COX-2) (1:100)
overnight at 37 °C. Subsequent to cleansing twice with PBS, tissues
were again incubated with HRP-conjugated goat anti-rabbit anti-
bodies at 37 °C for 30 min, followed by counterstaining with hema-
toxylin. Then tissues were observed beneath microscope and
images were taken.

2.12. Histopathological analysis

The excised colon tissues were cleansed with 10% of formalin.
Then the tissues were entrenched in the paraffin. The paraffinized
tissues were incised into 5 um size and stained with H&E. Finally,
tissues were investigated by using an microscope at 40x magnifi-
cation, and histological changes in the colon tissues of investiga-
tional animals were detected.

2.13. Data analysis

Values were assessed statistically using Graph pad prism software
(version 5.0). Outcomes were represented as mean * SD of triplicates.
One-way ANOVA and DMRT analysis was executed to test the varia-
tions between groups. The significance was fixed at p < 0.05.

3. Results
3.1. UV-vis spectral analysis of formulated TK-CuNPs

The bio reduction of Cu® ions may result in the generation of
CuNPs in the solution, and this NPs display the dark color. The syn-
thesized TK-CuNPs were studied through a UV-vis spectropho-
tometer for confirming the generation of CuNPs (Fig. 1A). The bio
reduction of CuNPs in the reaction solution was examined via the
UV-vis spectrophotometer by taking the absorbance at various
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Fig. 1. Characterization analysis of TK-CuNPs. UV-Vis absorption spectrum of formulated TK-CuNPs. The peak values for UV-Vis plotted between TK-CuNPs/absorbance
ratios. The highest peak was noted at 340 nm. A. The SEM inspection of synthesized TK-CuNPs displayed the morphology of synthesized TK-CuNPs having the spherical and
some particles having irregular structures. B. The TEM investigation of fabricated TK-CuNPs demonstrated the uniformed sized and distribution of TK-CuNPs exhibiting the

spherical and somewhat irregular shapes.

wavelengths ranging from 200 to 600 nm. Fig. 1 shows that the
highest peak was at 340 nm that eventually proved the generation
of CuNPs.

3.1.1. SEM analysis of synthesized TK-CuNPs

The magnitude and the morphology of the synthesized TK-
CuNPs were examined through the SEM and results illustrated in
Fig. 1B. The microscopic photographs of formulated TK-CuNPs dis-
played that the synthesized TK-CuNPs were well dispersed in nat-
ure and primarily had the spherical morphology, while few NP’s
displayed uneven shapes as depicted in Fig. 3.

3.1.2. TEM analysis of synthesized TK-CuNPs

The size and distribution of the fabricated TK-CuNPs were
examined by using the TEM examination and images were illus-
trated in Fig. 1C. TEM images of formulated TK-CuNPs was evi-
denced the existence of TK-CuNPs in a dispersed form with
rounded shapes. TEM analysis also proved that the fabricated TK-
CuNPs has the circular shapes.

3.2. FT-IR analysis of synthesized TK-CuNPs

The bending and stretching frequencies of molecular functional
groups, which are exclusively bound at the exterior of fabricated
TK-CuNPs were examined using the FT-IR spectrophotometry.
Fig. 2A represents the FT-IR spectrum of formulated TK-CuNPs,
and it reveals the numerous absorption peaks at different frequen-
cies. The peak at 3701.89 cm™~! denotes a strong band that is attri-
butable to the O-H (hydroxyl) stretching in the surface of TK-
CuNPs. The peak at the 2995.79 cm™! indicates the existence of
Cu-H stretching and the 1846.84cm~!, 1489.60cm !, and
1302.58 cm™' peak denotes the bending vibrations of C-H and
C-0 bonds. The peaks at the 706.20 cm ™' and 583.52 cm ! denote
the Cu-0 bonds. On the whole, these peaks depict the generation
of CuNPs in the reaction solution (Fig. 2).

3.2.1. DLS analysis of synthesized TK-CuNPs
The DLS examination was executed to detect the size and distri-
bution range of formulated TK-CuNPs (Fig. 2B). The findings of DLS

analysis demonstrated the single peak with a size of ranged from
959.1 nm and a narrow distribution.

3.3. Effect of TK-CuNPs on the cell viability of RAW 264.7 cells

The cell viability of TK-CuNPs supplemented RAW-264.7 cells
were studied through the MTT assay. The control cells did not
showed any cell death. Interestingly, the TK-CuNPs supplemented
cells also possessed no cell death up to the 7.5 uM concentration
(Fig. 3). However, the 10 uM of TK-CuNPs exhibited very mild cyto-
toxicity to RAW 264.7 cells. There are no variations on the cell via-
bility between the control and TK-CuNPs treated cells up to the
7.5 uM concentration and demonstrated the similar outcomes,
which proves that these concentration of TK-CuNPs are not cyto-
toxic to RAW 264.7 cells (Fig. 6). Hence the 2.5, 5.0, & 7.5 uM of
TK-CuNPs were opted for further studies.

3.4. Effect of TK-CuNPs on the status of pro-inflammatory cytokines
and ROS in LPS-challenged RAW-264.7 cells

The status of pro IL-6 and TNF-a and ROS was drastically aug-
mented in the LPS-triggered RAW-264.7 cells, which is in contrast
to control cells. Surprisingly, the treatment with the formulated
TK-CuNPs to the LPS-challenged RAW 264.7 cells were displayed
the notable diminution in the IL-6, TNF-a, and ROS statuses, when
related to the LPS alone administered cells. TK-CuNPs appreciably
decreased the IL-6, TNF-a, and ROS statuses in the LPS-
challenged RAW-264.7 cells (Fig. 4). These outcomes proved that
the TK-CuNPs possessed the potent anti-inflammatory activity.

3.5. Effect of TK-CuNPs on the bodyweight and DAI in the colitis mice

The reduced body weight and augmented DAI scores were
noticed in the DSS-activated colitis mice than the control. As
depicted in Fig. 5, the TK-CuNPs treatment appreciably improved
the bodyweight of the colitis mice. The DAI scores were also
reduced in DSS induced TK-CuNPs supplemented group. The sup-
plementation of TK-CuNPs has remarkably regained the body-
weight and diminished the DAI scores in the DSS-induced colitis
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Fig. 2. Fourier-transform infrared spectroscopy and Dynamic light scattering (DLS) analysis of TK-CuNPs. A. The FT-IR spectral study of synthesized TK-CuNPs was evidenced
by the existence of O-H, Cu-H, C-H, C-0, and Cu-O stretching that was confirmed by different peaks. B. The average size of the formulated TK-CuNPs was analyzed through

DLS and it demonstrated that the Z average diameter was 959.1 nm.
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mice (Fig. 8). Sulfasalazine treatment also recovered the body-
weight and reversed the DAI scores in colitis mice. Similar out-
comes were observed between the TK-CuNPs, sulfasalazine, and
control animals.

3.6. Effect of TK-CuNPs on the colon weight and length in the colitis
animals

The DSS-induced mice revealed a marked reduction in both
weight and length of the colon, compared to control mice. Admin-
istration of TK-CuNPs (10 mg/kg) to the colitis mice exhibited nor-
mal colon length and weight compared to the DSS-triggered mice
(Fig. 6). Supportively, the Sulfasalazine (50 mg/kg) administration
also improved the weight and length of the colon.
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3.7. Effect of TK-CuNPs on the spleen weight and myeloperoxidase
(MPO) activity in the colitis mice

The augmented activity of MPO and increased spleen weight was
noted in the DSS-triggered mice when related with control (Fig. 7).
The treatment with formulated TK-CuNPs (10 mg/kg) remarkably
reduced the enzymatic activity of MPO and spleen weight in the
DSS-challenged colitis mice related to that of DSS only challenged

Group |

Groupll  Grouplll Group IV

Colon weight (mg)
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mice. TK-CuNPs markedly repressed MPO activity and suppressed
the spleen weight, which is similar to the control group (Fig. 10).
Sulfasalazine administered mice also displayed a reduced activity
of MPO and reduced spleen weight in the colitis mice.

3.8. Effect of TK-CuNPs on the status of pro-inflammatory markers in
the colitis mice

As depicted in Fig. 11, an escalated amount of pro-inflammatory
arbitrators, i.e. IL-6, IL-1B, and TNF-o. were observed in the serum
of DSS-triggered mice than control mice (Fig. 11). TK-CuNPs
administered colitis mice unveiled marked reduction in the IL-6,
IL-1B, and TNF-a as compared to DSS only challenged mice
(Fig. 8). This result showed the anti-inflammatory efficacy of the
formulated TK-CuNPs. Sulfasalazine administered colitis mice dis-
closed a drastic suppression of IL-6, IL-1B, and TNF-o in DSS-incited
colitis mice.

3.9. Effect of TK-CuNPs on the colon histology of DSS-challenged mice

DSS-provoked mice had damaged epithelial and mucosal lining
while the control mice revealed the typical cellular arrangements.
Severe inflammation in the mucosal area, loss in shape of crypts,
fibrosis, and infiltration of leucocytes were noticed in the colon tis-
sues. Interestingly, the normal tissue architectures, epithelial lin-
ings, and cellular arrangements were observed in the TK-CuNPs
supplemented colitis mice (Fig. 9). The TK-CuNPs supplementation
prevented the permeation of inflammatory cells and mucosal dam-
age. The average levels of intestinal tissue integrity and epithelial
linings were noted in the TK-CuNPs supplemented colitis mice.
Sulfasalazine administered colitis mice illustrated the protective
effects against the DSS-induced ulceration. A similar kind of out-
come was observed between control, TK-CuNPs, and Sulfasalazine
administered colitis mice.

3.10. Effect of TK-CuNPs on the expression of COX-2 in the colon tissues
of colitis mice

The immunohistochemical study exhibited the up-regulated
expression of COX-2 in the DSS-incited mice related to the control.
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Fig. 6. Effect of TK-CuNPs on the colon weight and length in the DSS-challenged colitis animals. Values were illustrated as mean + SD of triplicates. Significance was
determined by one-way ANOVA and DMRT assay; *&**p <0.05 when evaluated with control, **p <0.05 when evaluated with DSS-challenged group, #p < 0.001 when
evaluated with TK-CuNPs-treated group. Note: Group I: Normal control animals, Group II: DSS-induced colitis animals, Group III: DSS-induced animals treated with 10 mg/kg

of TK-CuNPs, Group IV: DSS-provoked and Sulfasalazine (50 mg/kg) treated animals.
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Fig. 7. Effect of TK-CuNPs on the spleen weight and MPO activity in the DSS-
challenged colitis mice. Values were illustrated as mean+SD of triplicates.
Significance was determined by one-way ANOVA and DMRT assay; *&**p <0.05
when evaluated with control, **p < 0.05 when evaluated with the DSS-challenged
group, #p <0.001 when evaluated with TK-CuNPs-treated group. Note: Group I:
Normal control animals, Group II: DSS-induced colitis animals, Group III: DSS-
induced animals treated with 10 mg/kg of TK-CuNPs, Group IV: DSS-provoked and
Sulfasalazine (50 mg/kg) treated animals.

DSS-challenged colitis in mice displayed an augmented COX-2
expression. Interestingly, the TK-CuNPs administered colitis mice
displayed over-expression of COX-2. The sulfasalazine treated col-
itis mice also showed reduced expression of COX-2 (Fig. 10). A
comparable outcome was noted in between control, TK-CuNPs,
and Sulfasalazine administered colitis animals.
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3.10.1. Effect of TK-CuNPs on the expression of iNOS in the colon
tissues of colitis mice

Augmented expression of iNOS was noted in the colon tissues of
DSS-challenged mice when related to control. DSS-challenged col-
itis mice illustrated an up-regulated expression of iNOS. The treat-
ment with the TK-CuNPs diminished the expression of iNOS in the
DSS-challenged colitis mice (Fig. 10). Sulfasalazine administration
also triggered over-expression of iNOS.

4. Discussion

IBD is a chronic and deteriorating inflammatory condition that
affects more than millions of people globally (Cosnes et al,
2011). It was reported that the DSS-induced experimental animals
demonstrated multiple organ failure and excessive generation of
ROS (Balmus et al., 2016). Nanoparticles and nanomedicine are
considered as a hopeful remedial tool in gastroenterology. The
numerous kinds of nanoparticles have the potential usages in the
gastroenterology as they conquer the synthetic drugs in various
ailments (Riasat et al., 2016). DSS administration results in diar-
rhea, bloody stool, and severe ulceration, diminution of body-
weight, and shortage of colon length. DSS causes infiltration of
intestinal cells to the lumen leading to bloody stool and diarrhea.
The reduced colon length and weight are the pathological evidence
of UC, which is indicative of the side-effects of IBD (Mizoguchi
et al., 2020). In this study, we also noticed the diminished body-
weight and DAI scores, decreased colon length and weight,
increased spleen weight in the DSS-challenged mice. However,
the treatment with the TK-CuNPs in the colitis mice has exhibited
improved bodyweight and reduced DAI scores, improved colon
length and weight, and decreased spleen weight. These outcomes
prove the attenuating potential of fabricated TK-CuNPs against
DSS induced pathological alterations in mice. This outcome was
coincides with the previous finding (Harne et al., 2012).

The antioxidant enzymes can guard the cells against the injuries
of oxidative stress and are regarded as prime scavengers of ROS
(Tian et al., 2017). Additionally, MPO is an enzyme, and its level
is comparative to the number of neutrophils (Lazarevic-Pasti
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Fig. 8. Effect of TK-CuNPs on the level of the pro-inflammatory marker in the DSS-induced colitis mice. Values were illustrated as mean + SD of triplicates. Significance was
determined by one-way ANOVA and DMRT assay; *&**p < 0.05 when evaluated with control, **p < 0.05 when evaluated with the DSS-challenged group, #p < 0.001 when
evaluated with TK-CuNPs-treated group. Note: Group I: Normal control animals, Group II: DSS-induced colitis animals, Group III: DSS-induced animals treated with 10 mg/kg

of TK-CuNPs, Group IV: DSS-provoked and Sulfasalazine (50 mg/kg) treated animals.
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Fig. 9. Effect of synthesized TK-CuNPs on the colon histology in the DSS-stimulated colitis mice. Untreated control animals illustrated normal tissue architecture (Group I).
DSS-challenged animals exhibited leucocytes infiltration, inflammation, and severe ulceration in the colon tissues (Group II). The synthesized TK-CuNPs administered mice
revealed the nearly normal tissue structures with mild ulceration (Group III). Sulfasalazine administered mice also demonstrated the nearly normal tissue structures (Group

V).
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Fig. 10. Effect of TK-CuNPs on the expression of COX-2 and iNOS in the colon tissues of DSS-provoked colitis mice. Untreated control mice showed the mild COX-2 and iNOS
expression (Group I). DSS-provoked mice revealed the severely augmented expression level of COX-2 and iNOS colon tissue (Group II). The synthesized TK-CuNPs
administered mice displayed the mild COX-2 and iNOS expression (Group III). Standard drug sulfasalazine treated mice also displayed a slight expression of COX-2 and iNOS

(Group 1V).

et al., 2015). MPO is a distinctive indicator of tissue injuries, neu-
trophil penetration, and inflammatory conditions. The status of
MPO in the colon tissues depending upon the generation of super-
oxide anions implicates tissue necrosis and mucosal dysfunction
(Han et al., 2015). Many preceding studies have highlighted that
the DSS-challenge results in the augmented status of oxidative
stress and MPO and also diminishes the cellular antioxidants status
in the colon tissues (Yang et al., 2017). Previously, the augmented
status of MPO was well reported in the DSS-triggered mice as a
sign of neutrophils penetration, tissue injury, and mucosal disrup-
tion (Li et al., 2016). In this exploration, we noticed that the enzy-
matic action of MPO was augmented in the DSS-provoked mice
than the control. However, the activity of MPO was appreciably
suppressed by the administration of 10 mg/kg of TK-CuNPs.

The pro-inflammatory arbitrators like IL-1B, IL-6, and TNF-ot and
its actions in the progression of IBD was extensively investigated,
and these reports state that the extreme generation of pro-

inflammatory mediators can injure the colon mucosal layer and
distress the intestinal homeostasis (Chi et al., 2018). It was also sta-
ted that the DSS-stimulated investigational colitis could be amelio-
rated through the neutralization of IL-1B, IL-6, and TNF-a (Xiao
et al,, 2016). In this investigation, the augmented amount IL-1B,
IL-6, and TNF-a, was noted in the serum of DSS-triggered mice
than control. Interestingly, the TK-CuNPs supplemented colitis
mice exhibited appreciable diminution in the status of pro-
inflammatory regulators.

Pro-inflammatory enzymes like iNOS and COX-2 were over-
expressed at the inflammatory sites as a result the excessive
TNF-a IL-6, and IL-1B (Dai et al., 2018). It was reported that the
COX-2 and iNOS are the imperative regulators of pro-
inflammatory reactions activating the NF-kB cascade in the
inflamed colon tissues (Shen et al., 2015). The augmentation of
COX-2 and iNOS are implicated, in response to the inflammatory
conditions, to distress the integrity of colon mucosa (Zhou et al.,
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2015). The tissue injuries can be ameliorated through the inhibi-
tion of COX-2 and iNOS, which are primarily generated via the
inflammatory cells. The augmented status of pro-inflammatory
mediators-regulated inflammatory cascades straightly influences
the intestinal epithelial linings and results in the progression of
IBD (He et al., 2016). The up-regulated COX-2 and iNOS expression
were seen in a colon tissues of DSS-incited animals. Interestingly,
COX-2 and iNOS expressions were suppressed by the TK-CuNPs
administration.

The inflammatory cell penetrations like neutrophils in the colon
during the progression of UC may accrete the vast amount of pro-
inflammatory regulators like TNF-a, IL-1B, and IL-6 (Jin et al.,
2016). In this explorations, the histological analysis of colon tissues
of DSS-induced mice has depicted increased damage in the epithe-
lial linings and mucosa, severe inflammation, fibrosis, and leuco-
cytes penetration. Interestingly, the TK-CuNPs administered
colitis mice exhibited typical tissue architectures, epithelial linings,
and cellular arrangements in the colon tissues. TK-CuNPs also pre-
vented the penetration of leucocytes in the colon tissues. These
findings coincided with the preceding report done by Balaha
et al. (2016).

5. Conclusion

In conclusion, our findings from this exploration suggested that
the formulated TK-CuNPs has the potential to alleviate the DSS-
provoked acute colitis in mice through its anti-inflammatory prop-
erties. The supplementation of TK-CuNPs to the colitis induced
mice showed the appreciable bodyweight gain, improved the colon
length and spleen weight, suppressed the pro-inflammatory mark-
ers status, and down-regulated the COX-2 and iNOS expressions.
These findings suggests that the TK-CuNPs could be a hopeful cura-
tive agent for colitis treatment. Nevertheless, additional investiga-
tions are still required to understand the precise mechanisms of
TK-CuNPs against colitis.
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