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ABSTRACT

Background: One of the pathogenic factors and a complication of chronic kidney disease (CKD) is colitis and intestinal
dysbiosis. Pioglitazone hydrochloride (PIO), an antidiabetic medication which stimulates peroxisome proliferator-activated
receptor-y (PPAR-y) & possess antioxidant and anti-inflammatory effects. Low aqueous solubility of PIO results in limited
absorption and pharmacodynamics. Therefore, a drug delivery system nanoparticle is a priority.

Aim of Work: Assessing the potential therapeutic impact of chitosan nanoparticles versus PIO-loaded chitosan nanoparticles
on colitis associated with CKD.

Materials & Methods: Twenty-nine adult male rats were categorized into 5 groups: group I, group II administered adenine
daily for 3 weeks, group III treated as group II then no further intervention for 2 weeks, groups IV & V received adenine as
group II then treated with chitosan nanoparticles and PIO-loaded chitosan nanoparticles respectively for 2 weeks. Biochemical
analysis for stool lactobacilli, serum creatinine, colonic malondialdehyde (MDA), tumor necrosis factor-a (TNF-o) and
PPAR-y along with histological and immunohistochemical study (for claudin-1 and caspase-3) were performed. In addition to
statistical analysis.

Results: Group II illustrated elevated serum creatinine, colonic MDA and TNF-a as well as decreased stool lactobacilli and
PPAR-y expression. Disruption of renal architecture along with lost colonic surface epithelium, distorted intestinal crypt
and inflammatory infiltration were recorded. In addition to reduced claudin-1 and increased caspase-3 immunoreactivity. As
regards group III, no significant improvement was recorded in all the previously mentioned findings. While groups IV and V
revealed obvious amelioration with better effects in group V.

Conclusion: Both chitosan nanoparticles and pioglitazone loaded chitosan nanoparticles improved alteration of kidney
function and structure and ameliorated colitis associated with CKD. While pioglitazone loaded chitosan nanoparticles
illustrated superior impacts.
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INTRODUCTION All the above-mentioned factors act together and
cause dysbiosis, an imbalance in the intestinal microbiota
(decrease in beneficial bacterial species and proliferation
of harmful bacteria). This results in high levels of uremic
toxins as indoxyl sulfate and p-cresol which compromise
tight junctions between mucosal epithelial cells with
subsequent increase in intestinal permeability. Impaired
intestinal barrier leads to translocation of bacteria products

Chronic kidney disease (CKD), a common health
issue, influences 9.1% of the population!"’. In CKD there is
aberration in renal function or structure lasting more than
three months irrespective of the cause!?.. The progression of
renal dysfunction is associated with impaired structure and
function of diversity organs and systems, as gastrointestinal

3
tractt®. and toxins into the systemic circulation. This contributes to
In CKD, decline of the kidney function leads to the systemic inflammatory reaction & oxidative stress that
improper clearing of uremic toxins resulting in increasing have a key role in CKD progression which in turn increases
their load in the intestinal lumen. Gut microbiota act on the uremic toxins forming a vicious circlel.

these toxins & potentially produce detrimental byproducts
to intestinal mucosaP®. Many medications such as anti-
inflammatory drugs, antibiotics and antihypertensive drugs
are used in CKD patients, these drugs are also known to
affect intestinal tract™,

Nanoparticles are molecules with nano sizel®. This
small size harbors many advantages as high surface to
volume ratio, increased solubility and bioavailability,
increased stability, elevated safety and efficacy!..
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Chitosan is a natural derived mucopolysaccharide
formed of N-acetylglucosamine and D-glucosamine!®!.
Chitosan is frequently applied as a drug delivery system
in oral route. This is owed to its many convenient
properties such as mucoadhesion, controlled drug release,
enhancement of absorption and biodegradability!.

Pioglitazone is an anti-diabetic medication. It belongs
to the thiazolidinedione (TZDs) family of drugs which is
also known as glitazones. It acts as an insulin sensitizing
drugs for treatment of type 2 diabetes!'”. Its action is
mediated through its effect on peroxisome proliferator
activated receptor-gamma (PPAR-y)!'!.

Expression of PPAR-y is detected in epithelial cells
throughout the intestine, predominate in distal colon!'?.
It possesses anti-inflammatory impacts via inhibition of
the nuclear factor kappa B (NF-xB) and expressions of
inflammatory factors, tumor necrotic factor alpha (TNF-a.)
as well as interleukin-1 (IL-1). However, PPAR-y was
reduced and NF-«xB expression was enhanced in the colonic
mucosa of colitis individuals!'*!4. This finding justified the
curiosity about the role of PPAR-y in colitis as a probable
therapeutic target.

AIM OF THE WORK

The current work aimed at evaluating the probable
therapeutic impact of chitosan nanoparticles versus
pioglitazone loaded chitosan nanoparticles on colitis
secondary to adenine induced CKD in adult male rats.

MATERIALS & METHODS

Materials

Adenine sulphate was purchased from Lab chemicals
trading co. (Cairo, Egypt). The drug, in the form of powder,
was prepared freshly every day by dissolving each 1gm in
25 ml tap water!'>!,

Pioglitazone hydrochloride (PIO) was gifted by
Averroes Pharma (Sadat city, Egypt) in the form of powder.

Chitosan NPs (CS NPs) with 85% degree of
deacetylation (DD) was prepared by Nanogate company
(Cairo, Egypt). Deacetylation is a process of removal of
acetyl groups from chitin, leaving many amino groups in
chitin molecules. The DD is a major factor which identifies
some chemical as well as biological characteristics of
chitosan!'®],

Chitosan NPs (CS NPs) and pioglitazone loaded
chitosan NPs (PIO-CS NPs) were prepared by Nanogate
firm by ionic gelation technique which includes crosslinking
of cationic chitosan amino groups to a polyanionic linker.
Nanoparticles were provided in distilled water!!7-8],

Experimental design

This study included twenty-nine male albino rats of
~200 grams weight and aged 10-12 weeks. Rats were
purchased and raised in the Animal House of Faculty of
Medicine, Cairo University. Animals lived in separate

cages at 24 + 1°C, fed standardized chow as well as water
ad libitum. The present study was conducted according
to ethical procedures & policies of the Animal Ethical
Committee of Cairo University, (approval number, CU III
F 22 21). The animals were classified into 5 groups.

Group I (Control group): It included nine animals
which were further classified into three subgroups:

*  Subgroup IA (3 rats): Each animal was administered
Iml tap water via intra-gastric tube once daily
for three weeks then the rats were euthanized
(corresponding to model group).

*  Subgroup IB (3 rats): Rats were treated as subgroup
IA. Then no further treatment was received for two
weeks (corresponding to recovery group).

*  Subgroup IC (3 rats): Rats were treated as subgroup
IA. Then 1 ml distilled water was administered
once every day for 2 weeks by intragastric tube
(corresponding to NP groups).

Group II (CKD model group / 5 rats): Chronic kidney
disease was conducted by oral treatment with adenine
sulphate 200 mg/kg per day (each rat received 40mg of the
drug solubilized in 1 ml tap water) for three weeks!!>!. All
rats of this group were euthanized at the end of three weeks
to assess the establishment of chronic kidney disease.

Group III (Recovery group / 5 rats): Chronic kidney
disease was conducted as group II then the rats were left
without any further treatment and were euthanized after 2
weeks to evaluate spontaneous recovery.

Group IV (CS NPs group / 5 rats): Chronic kidney
disease was conducted such as CKD model group. Then
each rat was administered CS NPs with a dose of 120 mg/
kg body weight corresponding to the mentioned ratio of
the loaded NPs in group V'8, The drug was solubilized in
distilled water (1 ml) and orally administered by an intra-
gastric tube, once daily till scarification after 2 weeks.

Group V (PIO-CS NPs group / 5 rats): Chronic
kidney disease was conducted as in group II. Then each
rat received PIO 15 mg /kg body weight!'! loaded on CS
NPs 120 mg/kg body weight with a drug to chitosan carrier
ratio of 1:8 corresponding to the dosing formula ratio
of Borkhataria and Patel study!®. The PIO-CS NPs was
dissolved in 1 ml distilled water and administered once
daily through intra-gastric tube till scarification after 2
weeks!!.

Methods
Nanoparticles studies

The loading capacity and encapsulation efficiency of
PIO-CS NPs were calculated by Nanogate firm according
to a previously described methodology™. The loading
capacity and encapsulation efficiency were 11.05 % and
88.38 % respectively.
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Animal studies
Faecal Study

At the end of experimental durations (three and
five weeks), faecal samples from each rat of all groups
were collected for DNA sequencing of faecal microbes
for lactobacilli. Polymerase chain reaction (PCR) for
lactobacilli DNA sequencing was done using QIAamp®
Fast DNA Stool Mini Kit Protocol (catalogue no.
51604, Hilden, Germany). Primer sets for lactobacilli
species were: F:5- AGCAGTAGGGAATCTTCCA
- 3 R: 5- CACCGCTACACATGGAG -3 and
GAPDH: F: 5-TGGCATTGTGGAAGGGCTCA-3' R:
5'TGGATGCAGGGATGATGTTCT-3".

Serological Study

Blood was collected from the rats' tail vein before
euthanasia (three and five weeks) for evaluation of serum
levels of creatinine to assess the functional state of kidney.
Serum creatinine levels were measured using BioMed®
Creatinine assay colorimetry kit (Hannover, Germany).

Specimen Collection and Processing

After termination of experiment durations, the rats
of all experimental and control groups were injected
intraperitoneally by anesthetic sodium pentobarbital (120
mg/kg)?!. The right kidney and colon specimens were
obtained by laparotomy. The right kidney specimens were
subjected to histological study. As well as the terminal 4
cm of the distal part of descending colon, approximately
2 cm above the anal verge exposure, was divided into 2
specimens: one for biochemical study and the other for
histological study.

Biochemical Study

Specimens from the distal segment of descending colon
were homogenized and analyzed to assess:

Malondialdehyde (MDA): using Elabscience® MDA
assay colorimetry kit (Catalogue no. E-BC-K025-S, Texas,
USA) to determine lipid peroxidation in colon??.,

Enzyme linked immunosorbent assay (ELISA) for
TNF-a: using Cusabio® rat TNF-o ELISA protocol
(Catalog no.CSB-E11987r, Houston, USA). TNF-a is a
marker for inflammation.

Polymerase chain reaction (PCR) for PPAR-y RNA
expression: using Promega® SV Total RNA Isolation
System (catalogue no. Z3101, Madison, USA). Real-
time qPCR amplification & assessment were done
through an Applied Biosystem, software version 3.1
(StepOne™, USA). The qPCR assay of the primer sets for
PPAR-y were: F: 5-AACCGGAACAA-ATGCCAGTA-
3'R:5’ TGGCAGCAGTGGAAGAATCG-3’ and
B-Actin:  F: 5-CCCATCTATGAGGGTTACGC -3R:
5-TTTAATGTCACGCACGATTTC -3'.

Faecal and blood samples as well as colonic samples
for biochemical study were analyzed in Biochemistry
Department, Faculty of Medicine, Cairo University.

Histological Study

Specimens from right kidney and colon were fixed in
10% formalin for twenty-four hours followed by processing
for paraffin blocks; Serial sections 6um thick were stained
by the followings stains*:

Hematoxylin &Eosin (H&E), for kidney and colon
histological structure examination.

Masson's trichrome stain, to assess collagen fiber
deposition in kidney.

Alcian blue / Periodic acid Schiff (PAS) stain for
illustration of mucin secreting cells in colon. Alcian blue
for acidic mucin (stains blue) and PAS stain for neutral
mucin (stains magenta). Neutral mucins are mainly present
in the cranial portions of the digestive tract while acidic
mucins are predominately located in the distal part of
colon!®1,

Immunohistochemical stain for claudin-1, a rabbit
polyclonal antibody (E-AB-30939, Elabscience Texas,
USA). Claudin-1 is a transmembrane protein of colonic
epithelium tight junctions and is involved in the regulation
of paracellular transport of molecules and in intracellular
signaling®®®l. It appeared as memberanous reaction.

Immunohistochemical stain for caspase-3, a rabbit
polyclonal antibody E-AB-63510, FElabscience Texas,
USA). It is used to detect cellular apoptosis in colonic
tissue?’!. It appeared as cytoplasmic immunoreactivity.
avidin-biotin

Immunostaining was done

technique®! by:

using

1. Boiling of colonic sections for antigen retrieval in
citrate buffer of 10 mM (Cat No. 005000) pH 6 for
ten minutes.

2. Followed by cooling of sections for twenty minutes
at room temperature.

3. Then incubation with primary antibodies for
60 minutes. Corresponding to manufacturer’s
datasheet, the optimal dilution was 1:100-1:300 for
claudin-1, and 1:50-1:200 for caspase-3 antibodies.

4. Staining was performed by Ultravision One
Detection System (Cat No. TL - 060- HLJ) and
Lab Vision Mayer's hematoxylin counterstaining
(Cat No. TA- 060- MH).

The following were purchased from Labvision,
ThermoFisher scientific, USA: Ultravision One Detection
System, citrate buffer, in addition to Ultravision Mayer's
hematoxylin.

Claudine-1 positive control showed brown membranous
expression in liver. The positive control for caspase-3
illustrated as brown cytoplasmic reaction in heart. Whereas
the negative control colonic sections were performed by
the former steps without the step of the primary antibodies.
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Morphometric Study

"Leica Qwin 500 C" image analyzer computer system
Ltd. (Cambridge, England) was utilized to analyze
measurements of the following parameters:

e The area percent of collagen in renal sections
stained with Masson's Trichrome stain.

e The total number of Alcian blue/ PAS positive
mucin secreting cells in alcian blue/ PAS-stained
colonic sections per high power field.

e The percentage of PAS positive stained mucin
secreting cells (neutral mucin) according to the
following equation:

Neutral mucin secreting cells percentage = (Number
of PAS positive cells)/(Total number of Acian blue/PAS
positive cells) X 100

e The area percent of immuno-positive reaction
in colonic sections stained for claudin-1 and
caspase-3.

All parameters were measured in 10 non-overlapping
randomly selected fields (x400) in 5 sections of 5 animals
in all groups except for area percent of collagen which was
assessed in 10 non-overlapping randomly chosen fields
(x200) in 5 sections of 5 animals from all groups.

Histological as well as morphometric studies were
accomplished at the Histology Department, Faculty of
Medicine, Cairo University.

Statistical study

Quantitative values were detected as mean & standard
deviation. Comparison was performed through applying
one-way analysis-of-variance, followed by post-hoc tukey
test?®® using SPSS software version 21. Probability values
(P) <0.05 were significant.

RESULTS

General observations

*  Regarding the mortality rate, no rats died during
the experiment in all experimental groups.

e Subgroups IA, IB & IC showed the same
biochemical and histological findings, so they
were identified as group L.

Biochemical and statistical results
Serum creatinine level: (Figure 1a)

In comparison to group I, a significant rise in serum
creatinine value in groups II, III&IV was illustrated.
However, group V demonstrated a non-significant
increase. A non-significant reduction in creatinine
level was illustrated in group III relative to group II. In
addition, a non-significant decrease was noticed in group
V compared to group IV. There was a significantly lower
value in groups IV and V relative to group III.

Colonic MDA and TNF-a levels: (Figure 1b)

A rise in MDA and TNF-a appeared significant in all
groups versus control group. A non-significant lower value
of MDA & TNF-a was recoded in recovery group relative
to CKD model group. There was a significant diminution
in MDA and TNF-a level in groups IV and V versus group
II1. Additionally, a significant diminution in group V versus
IV was demonstrated.

Colonic PPAR- v expression: (Figure 1c)

Reduced PPAR -y expression was statistically
significant in all groups versus control group except in
group V where a non-significant reduction was detected.
Moreover, a non-significant increase in PPAR-y expression
in group III versus group II was noticed. Compared to
group III, groups IV and V recorded a significant rise in
PPAR-y expression. Additionally, a non-significant rise in
group PIO-CS NPs (group V) versus CS NPs (group IV)
was demonstrated.

Faecal lactobacilli expression: (Figure 1c)

A significant reduction in faecal lactobacilli expression
in whole groups relative to group I was illustrated, but in
group V a non-significant diminution was detected. Group
III showed a non-significant rise in stool lactobacilli
expression versus group II. Compared to group III, group
V recorded a significant rise while group IV showed a
non-significant elevation. Additionally, there was a non-
significant rise in group V relative to group I'V.

Histological results
H&E-stained sections of the kidney

Control group (Figure 2a): Histologically, cortical
parenchyma with preserved architecture of Malpighian
renal corpuscles and normal renal tubules was illustrated.
Renal corpuscles showed regular Bowman'’s spaces around
glomeruli. Kidney tubules exhibited deeply acidophilic
cytoplasm, vesicular nuclei, as well as preserved brush
borders in proximal convoluted tubules.

CKD model group (Figure 2b) and Recovery group
(Figure 2¢): Examination of H&E-stained kidney sections
illustrated disrupted renal cortical architecture. Malpighian
renal corpuscles appeared with widened Bowman’s
spaces and shrunken glomeruli. Kidney tubules showed
pyknotic nuclei, loss of brush borders and widened lumina.
Infiltration of renal interstitium with inflammatory cells
was noticed.

CS NPs group (Figure 2d): H&E-stained renal
sections revealed Malpighian renal corpuscles with
widened Bowman’s spaces surrounding the glomeruli. In
addition, pyknotic nuclei and interrupted brush borders
were observed in some renal tubules.

PIO-CS NPs group (Figure 2e): Administration
of PIO-CS NPs revealed apparently normal cortical
parenchyma with preserved architecture of Malpighian
renal corpuscles and renal tubules. The Renal corpuscles
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consisted of glomeruli & Bowman’s spaces. Renal tubules
exhibited an apparently normal structure with vesicular
nuclei. Proximal convoluted tubules with preserved apical
brush borders were noticed.

Masson's trichrome stained renal sections

Group I section’s demonstrated minimal collagen fibers
around Malpighian renal corpuscle as well as renal tubules
(Figure 3a). In CKD model group more collagen fibers
appeared around Malpighian renal corpuscles as well as
around renal tubules (Figure 3b). Also, the recovery group
revealed an apparently increased collagen fibers deposition
(Figure 3c) compared to the control group. With CS NPs
treatment some collagen fibers deposition was noticed
(Figure 3d). Following PIO-CS NPs administration there
was few collagen fibers deposition around renal corpuscles
and renal tubules (Figure 3e).

H&E-stained sections of the colonic mucosa

Control group (Figure 4a): Examination of control
rat colon sections showed intact surface simple columnar
epithelium and well-organized intestinal crypts separated
with loose connective tissue containing few inflammatory
cells. The surface and crypts were lined by tall columnar
cells that demonstrated apical brush borders and basally
located oval vesicular nuclei. Many goblet cells with basal
nuclei and cytoplasmic vacuolation were observed along
the lining of surface and crypts.

CKD model group (Figure 4b) and Recovery group
(Figure 4c): Microscopically it showed loss of surface
epithelium with distortion of intestinal crypt structure.
Most epithelial cells exhibited darkly stained nuclei. Goblet
cells appeared few in the lining epithelium of the crypts.
Marked inflammatory infiltration was clearly observed in
connective tissue and infiltrating the crypts.

CS NPs group (Figure 4d): The H&E-stained colonic
sections showed few areas of disrupted surface epithelium.
Some crypts were distorted and exhibited absorptive
cells with deeply stained nuclei and some goblet cells.
Additionally, some inflammatory cells were seen in the
underlying connective tissue and infiltrating the intestinal

crypts.

PIO-CS NPs group (Figure 4e): Colon sections of
rats treated with PIO-CS NPs illustrated apparently intact
colonic mucosa with intact surface simple columnar
epithelium and well-organized intestinal crypts. Some
goblet cells were observed along the lining of the surface
and the crypts. Minimal inflammatory cellular infiltration
was illustrated.

Alcian blue/PAS-stained colonic sections

The control rat’s colon sections revealed widely
distributed mucin secreting cells with alcian blue/PAS
positive staining lining the surface and intestinal crypts
(Figure Sa). However, in the CKD model and recovery
groups few goblet cells with positive reaction for alcian
blue/PAS was detected (Figures 5 b,c). As regards the CS

NPs group, many mucin secreting cells exhibited Alcian
blue/PAS positive reaction (Figure 5d). While PIO-CS NPs
showed Alcian blue/PAS positive reaction in numerous
goblet cells (Figure 5e).

Claudin-1 immuno-stained sections of the colon

The negative control colonic sections (Figure 6a)
showed negative immunostaining after skipping the step of
claudin-1 primary antibody.

The control group illustrated numerous positive
membranous reactions in epithelial cells lining the surface
and crypts. Few cells with positive cytoplasmic reaction
were seen in the lamina propria (Figure 6b). In CKD model
and recovery rat’s sections, membranous immunoreaction
was detected in a few epithelial cells. Also, a few cells
with positive cytoplasmic reaction were observed in the
connective tissue between crypts (Figures 6 c,d). Sections
of the colon of CS NPs treated rats illustrated many
epithelial cells with positive membranous reaction and few
connective tissue cells with positive cytoplasmic reaction
(Figure 6e). In PIO-CS NPs sections, positive membranous
reaction was noticed in multiple epithelial cells, as well as
there were few cells in the lamina propria with positive
cytoplasmic reaction (Figure 6f).

Caspase-3 immune-stained sections of the colon

The negative control sections of colon (Figure 7a)
demonstrating negative immunostaining with exclusion of
adding the caspase-3 primary antibody.

In the control group positive cytoplasmic
immunoreactivity in a few epithelial cells and connective
tissue cells were detected (Figure 7b). In CKD and
recovery groups, colon sections showed abundant positive
cytoplasmic and /or nuclear reaction in the epithelial cells as
well as connective tissue cells (Figures 7 ¢,d). On the other
hand, CS NPs sections demonstrated positive reactivity in
the cytoplasm of multiple epithelial and connective tissue
cells (Figure 7e). In PIO-CS NPs, some cells with positive
cytoplasmic immunostaining were demonstrated in the
epithelium and lamina propria (Figure 7).

Morphometric and statistical results

Mean area percent of collagen in the Masson's
trichrome-stained renal sections: (Figure 3f)

Relative to control group, an elevation was significant
in whole groups except group V where there was a non-
significant rise. Additionally, a non-significant rise in
recovery group versus model group was shown. The
reduction of mean area percent appeared significant in
group V and non-significant in group IV in comparison to
recovery group. As regards group V, the decrease in the
mean area percent of collagen relative to group IV was
significant.

Mean total number of Alcian blue/ PAS positive mucin
secreting cells in colonic sections: (Figure 5f)
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A diminution in the mean total number of mucin
secreting cells in all groups versus control group was
statistically significant. Additionally, a non-significant
rise was demonstrated in the recovery group versus CKD
model group. However, a significant rise in groups IV &
V versus group III was detected. Group V exhibited an
elevation which was significant relative to group I'V.

The mean percentage of PAS positive cells to the
total Alcian blue/ PAS positive cells in colonic sections:
(Figure 5g)

The percentage of PAS positive cells (neutral mucin)
was significantly raised in all groups except in group V
where a non-significant elevation was illustrated versus
control group. Additionally, a non-significant reduction
was noticed in the recovery group versus model group.
While a reduction in percentage of neutral mucin secreting
cells in groups CS NPs and PIO-CS NPs versus recovery
group was significant. Group V illustrated a diminution
that was significant versus group I'V.

Mean area percent of claudin-1 positive immunoreaction
in colonic sections: (Figure 6g)

Diminution in mean area percent of claudin-1 positive
immunoreactivity in all groups versus control group was
significant, but in groups IV and V a non-significant
decrease was shown. Additionally, a non-significant rise
was noted in recovery group relative to CKD model group.
In comparison to group III, an elevation was significantly
detected in groups CS NPs & PIO-CS NPS. Group V
illustrated a non-significant rise versus group IV.

Meanarea percent of caspase-3 positive immunoreaction
in colonic sections: (Figure 7g)

As regards group I, a significant elevation in all groups
was recorded. Moreover, a non-significant reduction was
noticed in the recovery group versus the model group.
Relative to group III, a reduction was shown in groups
IV and V that appeared significant. Group V illustrated a
significant diminution versus group IV.
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Fig. 1: Showing mean values of:

la: Serum creatinine level.

1b: Colonic MDA and TNF-a levels.

Lc: Colonic PPAR- v and faecal lactobacilli expression.

[a in comparison to control group, b in comparison to group III, & ¢ in comparison to group IV (significant difference at P < 0.05)]
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Fig. 2: Photomicrographs of H&E-stained kidney sections of: 2a (Control group): Illustrating normal structure of renal cortex, renal corpuscle consists of
glomerulus (star) & is surrounded by regular Bowman’s space (arrowhead). Proximal convoluted kidney tubules exhibit preserved brush borders (straight
arrows), deeply acidophilic cytoplasm and vesicular nuclei (N). 2b (CKD model group) and 2¢ (Recovery group): Showing disrupted architecture of Malpighian
corpuscle with shrunken glomerulus (star) surrounded by widened capsular space (arrowhead). Renal tubules with widened lumina and disrupted brush border
(straight arrow) are noticed. Besides, epithelial tubular cells show pyknotic nuclei (N). Inflammatory infiltration is seen around renal corpuscle (curved arrow).
2d (CS NPs group): Showing renal corpuscle with widened Bowman’s space (arrowhead) surrounding glomerulus (star). Some tubular epithelial cells have
darkly stained nuclei (N) and disrupted brush border (straight arrow). 2e (PIO-CS NPs group): Illustrating normal structure of Malpighian corpuscle formed
of glomerulus (star) surrounded by urinary space (arrowhead). Apparently normal proximal convoluted tubules with vesicular nuclei (N) and preserved brush
borders (straight arrows) are noticed. (H&E, x 400)
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@, i". \ . "‘ “x ﬁ\ﬁ '/ - y, &t ,ﬁ! 1] -"per:e"r:t =V mv
Fig. 3: Photomicrographs of Masson's trichrome-stained kidney sections of: 3a (Control group): Demonstrating minimal collagen fibers (arrowheads) around
Malpighian renal corpuscle (star) and kidney tubules (T). 3b (CKD model group): Illustrating more collagen fibers deposition (arrowheads) around Malpighian
renal corpuscle (star) and tubules (T). 3¢ (Recovery group): Showing apparently increased collagen fibers deposition (arrowheads) around renal corpuscle
(star) and renal tubules (T). 3d (CS NPs group): Demonstrating some collagen fibers deposition (arrowheads) around Malpighian corpuscle (star) and in
between tubules (T). 3e (PIO-CS NPs group): Showing few collagen fibers (arrowheads) around Malpighian renal corpuscle (star) and in between tubules (T).
(Masson's trichrome, x 400). 3f: Demonstrating the mean area percentage of collagen fibers. [a in comparison to control group, b in comparison to group I1I,
& c in comparison to group IV (significant difference at P < 0.05)]
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Fig. 4: Photomicrographs of H&E-gtained colon sections of: 4a (Control group): Exhibiting intact surface simple columnar epithelium (curved arrow) and
well-arranged intestinal crypts (C) separated with loose connective tissue containing few inflammatory cells (straight arrow). Columnar epithelial cells (wavy
arrow) have basal oval vesicular nuclei, and apical brush borders. Goblet cells (arrowhead) show cytoplasmic vacuolation and basal nuclei. 4b (CKD model
group) and 4¢ (Recovery group): Illustrating lost surface epithelium (curved arrow). Crypts (C) with distorted architecture are lined with epithelial cells with
deeply stained nuclei (wavy arrow) and apparently few goblet cells (arrowhead). Obvious inflammatory cells (Straight arrows) infiltrating the underlying
connective tissue and crypts are noticed. 4d (CS NPs group): Showing localized area of disrupted surface simple columnar epithelium (curved arrow). Distorted
intestinal crypts (C) with apparently some goblet cells are observed (arrowhead). Also, some absorptive cells exhibited pyknotic nuclei (wavy arrow). Minimal
inflammatory infiltration (straight arrows) is noticed in the underlying connective tissue and within colonic crypts. 4e PIO-CS NPs group: Demonstrating intact
surface simple columnar epithelium (curved arrow) and normally arranged crypts (C). Apparently normal columnar absorptive cells (wavy arrow) and some
goblet cells (arrowhead) are noticed lining the surface and the colonic crypts. Minimal inflammatory infiltration (straight arrows) is observed in colonic crypts
and in the lamina propria. (H&E, x 200)
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Fig. 5: Photomicrographs of Alcian blue /PAS-stained colon sections of: 5a (Control group): Showing widely distributed goblet cells with positive alcian blue/
PAS reaction (arrowheads) lining the surface and the intestinal crypts of the colon. 5b (CKD model group) and 5¢ (Recovery group): Showing alcian blue/
PAS reaction (arrowheads) in few goblet cells lining the colonic crypts. Sd (CS NPs group): Illustrating positive alcian blue/PAS reaction (arrowheads) in
many goblet cells lining the surface and crypts of the colon. 5e (PIO-CS NPs group): Showing numerous goblet cells with positive alcian blue /PAS reaction
(arrowheads) lining the intestinal crypts. (Alcian blue/PAS, x 200)
5f: Demonstrating the mean total number of Alcian blue/PAS positive mucin secreting cells. Sg: Demonstrating the mean percentage of PAS positive mucin
secreting cells. [a in comparison to control group, b in comparison to group III, & ¢ in comparison to group IV (significant difference at P < 0.05)]
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Fig. 6: Photomicrographs of claudin-1 immuno-stained colon sections of: 6a (Negative control section of colon): illustrating negative immunoreaction.
(x400) 6b (Control group): Illustrating positive membranous immunostaining in many epithelial cells lining the surface and crypts of the colon (straight arrows).
Few connective tissue cells with positive cytoplasmic reaction are seen (curved arrow). 6¢ (CKD model group) and 6d (Recovery group): Demonstrating
scanty positive membranous reaction in the epithelial cells of the surface and crypts (straight arrows). Few cells with positive cytoplasmic reaction are also
detected in the connective tissue (curved arrow). 6e (CS NPs group): Showing positive membranous reactivity in many epithelial cells lining surface and
crypts (straight arrows). Also, positive cytoplasmic reactions are noticed in a few cells in lamina propria (curved arrow). 6f (PIO-CS NPs group): Illustrating
positive membranous reaction in multiple cells lining the surface and the crypts (straight arrows). Few cells with positive cytoplasmic reaction are noticed in
the connective tissue (curved arrow). (Claudin-1, x 400)
6g: Demonstrating the mean area percentage of claudin-1 positive reaction. [a in comparison to control group & b in comparison to group III (significant
difference at P < 0.05)]
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Fig. 7: Photomicrographs of caspase-3 immunostained colon sections of: 7a (Negative control section of colonic tissue): showing negative immunostaining.
(x 400) 7b (Control group): Illustrating positive cytoplasmic reaction in few epithelial cells (straight arrow) and connective tissue cells (curved arrow).
7¢ (CKD model group) and 7d (Recovery group): Showing abundant positive cytoplasmic and /or nuclear reaction within the epithelial cells (straight arrows)
and the underlying connective tissue cells (curved arrows). 7e (CS NPs group): Showing positive cytoplasmic reactivity in multiple epithelial cells lining the
crypts (straight arrows) and in cytoplasm and /or nuclei of connective tissue cells (curved arrows). 7f (PIO-CS NPs group): Illustrating positive cytoplasmic

reaction in some colonic epithelial cells (Straight arrow) and few cells within the surrounding connective tissue (curved arrow).

(Caspase-3, x 400)

7g: Demonstrating the mean area percentage of caspase-3 positive reaction. [a in comparison to control group, b in comparison to group III, & ¢ in comparison

to group IV (significant difference at P < 0.05)]
DISCUSSION

The present work was accomplished to present a model
of adenine induced CKD associated colitis and to clarify
the link between kidney and gut microbiota (the kidney-
gut axis). As well as to evaluate the therapeutic impact
of chitosan nanoparticles (CS NPs) versus pioglitazone
loaded chitosan nanoparticles (PIO-CS NPs).

In the current study, adenine was administered for three
weeks to induce CKD. Assessment of serum creatinine
levels showed significant elevation in CKD model group
relative to control group. This result was similar to another
study featuring adenine induced CKD in a rat model where
increased serum levels of creatinine, urea, magnesium
and phosphorus were observed. These changes indicate
deterioration of kidney function in a rat model™.

The CKD model group H&E-stained renal sections
showed Malpighian corpuscles with shrunken glomeruli

and widened Bowman’s spaces. Renal tubules showed
signs of epithelial degeneration as pyknotic nuclei and loss
of brush borders. Similar observations were noticed by
de Frutos et al.,B%. Additionally, a significant increase in
collagen fibers deposition was demonstrated versus group
I. This agrees with former researchers who attributed the
increased mRNA expression of collagen I and fibronectin
to upregulation of transforming growth factor-p (TGF-p)
which has a main role in renal fibrosis induction®".
The collagen deposition is a dynamic process including
inflammatory infiltration, fibroblast proliferation and
stimulation, and microvascular degeneration®. Several
investigators explained the previous findings by the intake
of adenine in doses greater than the body’s metabolic
need which is considered harmful. Crystallization of
its metabolite 2,8 dihydroxy adenine and precipitation
in the kidney tubules is the main pathological outline
for progression of CKD in animal models. First, tubular
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dilatation followed by tubular degeneration, then
interstitial fibrosis follows. These structural abnormalities
are accompanied by functional disturbance of the renal
parameters as well as progression of CKD associated
complications?®?!,

Analysis of faecal lactobacilli expression (a beneficial
gut microbe) in CKD group illustrated a significant
reduction in comparison to group I. Such imbalance was
similarly observed in mice of CKD model induced by
adeninel®¥.

As CKD progresses, uremic toxins start to build up
in the tissues due to the inability of the kidney to excrete
toxic metabolites. The increased blood urea diffuses into
the intestinal lumen where it is metabolized by urase of
bacteria into ammonia and ammonium hydroxide which
has a damaging effect on intestinal mucosa®. This was
similarly demonstrated in a former work where intestinal
dysbiosis was a consequence of CKD induction in a rat
model. Intestinal dysbiosis results in decreased faecal
content of short chain fatty acids (beneficial substrates of
nutrient fermentation by intestinal microbes) and increased
serum levels of uremic toxins®.

Measurement of colonic MDA (oxidative stress
marker) and TNF-a (inflammatory marker) in CKD model
group showed a significant rise versus group I. This could
be explained by dysbiosis which is usually associated with
inflammation and oxidative stress resulted from dysfunction
of intestinal barrier and elevated intestinal permeability,
causing endotoxin and uremic toxins translocation to
the bloodP’?¥. Gut microbiota endotoxin stimulates
inflammatory cells with the release of proinflammatory
cytokines??l. As well as uremic toxins, indoxyl sulfate and
p-cresol, stimulate the production of ROS, aggravating
the oxidative stress state allowing progression of CKD
creating a vicious circle!”.

The recorded colonic inflammatory state in CKD group
matched the significant decrease of PPAR-y expression in
the colonic tissue versus group I. This result is in line with
the findings of prior research where it recorded decreased
PPAR-y in colitis model™®J. PPAR-y promotes anti-
inflammatory signaling pathway and acts as a regulator
for regulatory T (Treg) as well as T helper 17 (Th17) cells
differentiation®”. It enhances Treg differentiation and
represses the Th17 cells differentiation™!. Additionally,
PPAR-y ligands can block the activation of macrophages
and inflammatory factors secretion like TNF-q, IL-6, and
[I-1B. Therefore, the repressed anti-inflammatory response
stimulated by reduction of colonic PPAR-y might aggravate
the inflammatory condition™*!,

Microscopically, colonic H&E-stained sections of
CKD model group showed distorted crypt architecture,
shedding of surface epithelium, in addition to the presence
of pyknotic nuclei in multiple colonic cells and diffuse
inflammatory infiltrate of the crypts and underlying
connective tissue. Matching results were found in a mouse
model of induced dysbiosis?**#!. These findings were

attributed to the cross talk between intestinal epithelium
and gut microbiota. Intestinal microbiota imbalance leads
to inflammatory pathway activation, metabolism of toxins
inside intestinal lumen and destruction of tight junction
associated proteins.

The noticed inflammatory cells infiltrating the crypt in
CKD model group indicated active colonic inflammation
and was described formerly as cryptitis or crypt abscess!*®l.
Similar results were demonstrated in a mouse model
of colonic dysbiosis along with destruction of mucosal
architecture, increased intestinal permeability and
increased inflammatory markers as TNF-o and 1L-1B%7.

With alcian blue/PAS stain, sections of the colon in
CKD model rats exhibited a significant low value of the
mean total number of alcian blue/PAS positive mucin
secreting cells versus group I. Similar results were observed
in a mouse model of adenine induced CKD. This could
be explained by dysbiosis resulting in damage of gut
epithelium, as microbiota does not contribute to production
of short chain fatty acid, thus suppress upregulation of
hypoxia inducible factor-1 (HIF), a factor necessary for
transcription of mucin proteins that protect the gut barrier
integrity™. Interestingly, it has been recently demonstrated
that mucin is considered as prime in the maintenance of
a “healthy” microbiota, protecting them from chemical-
induced colitis®".

Additionally, a significant rise in percentage of PAS
positive mucin secreting cells was recorded. This finding is
concomitant with experimentally induced mucosal barrier
injury®! and dextran sodium sulfate colitis modell® where
they recorded decreased percentage of acidic mucin and
increased percentage of neutral mucin indicating a shift to
neutral mucin. This could be explained by alterations in
microbiota and consequently affect mucin composition.
Colonization and proliferation of microbiota widely affect
composition of mucin, by the production of mucin-specific
glycosidases, glycosulfatases as well as proteases™.

The intestinal barrier is maintained by interactions
between diversity of factors, including mucous gel
layer, secretory IgA, and intercellular tight junctions?>*.
Immunohistochemically in the present work, a significant
low values of mean area percentage of claudin-1 in colonic
sections was noticed in the CKD model rats in relation
to control rat’s sections. This could be linked to protein-
bound uremic toxins, particularly their free forms, stack
in the intestinal mucosa and can mediate toxic impacts
on intestinal barrier integrity and in turn, impair tight
junctions’ structure®®). This finding is in concordance
with surgical nephrectomy model of CKD, where there
was decreased multiple tight junction expression as zona
occludens 1, occludin, claudin-1 and claudin-2. Also,
it showed indistinct tight junctions and widening of
intercellular space of the colonic epithelium by electron
microscopel®®!,

Additionally in the present work, a positive cytoplasmic
reaction of claudin-1 was noticed in a few cells in the
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connective tissue lamina propria. Cytoplasmic localization
of claudin-1 has been thought to be due to involvement
of claudin-1 in cellular functions such as regulation of
gene transcription, cellular proliferation, survival and
signalingP”.. It was hypothesized that deficient epithelial
barrier stimulates expression of claudin-1 in mononuclear
inflammatory cells in lamina propria®. Expression has
been demonstrated to be induced by TGF-B secreted by
epithelial cells®™. It was theorized that these cells are
immune-modulatory macrophages that are activated to aid
in resolution of the inflammatory response and repairing
the damaged epithelial barrier(”,

Caspase-3 (an apoptotic marker) mean area percentage
was significantly increased in CKD model group versus
group I. Caspase-3 is an endo-protease enzyme that plays
a key role in apoptosis. It is originally produced in an
immature form; procaspase which is activated on need by
proteolysis. Activation of caspase-3 is executed through
two pathways; extrinsic and intrinsic. Extrinsic pathway
is upregulated through surface receptors as TNF-o, while
intrinsic pathway is activated through intracellular signals
such as leakage of cytochrome C from mitochondria
into cytoplasm??” following an oxidative stress state and
increased MDA level('.

As regards recovery group, there was a minimal and
insignificant improvement of all biochemical, histological,
and morphometric results. This could be explained by
self-recovery of renal tissue after cessation of injurious
agent. As regards the mean area percentage of collagen, it
exhibited a non-significant rise versus CKD model group.
The insignificant difference of recovery group from CKD
model group was similarly observed formerly as regards
serum creatinine level, while there were increased uremic
toxins and renal fibrosis 4 weeks following cessation of
adenine intakel”. In another study, no reversal of renal
function to normal state occurred even after recovery
periods of 8 weeks following induction of disease by
adenine!®. The controversy of the previously stated
findings might be attributed to different models of adenine
induced CKD using variable doses and durations.

In the present research, CS NPs were prepared through
ionic gelation. Ionic gelation, the most commonly used
technique, depends on the cross linking of positively
charged chitosan groups to a polyanion. This method is
preferred due to its quick preparation and low toxicity™*.
One of the key parameters during preparation of chitosan
nanoparticles is degree of deacetylation (DD). This
parameter determines the amount of available amino
groups after extraction of acetyl group from the chitin
structure. In the current study, chitosan nanoparticles with
DD of 85% were used. This percentage is thought to have a
smaller particle size and a perfect dispersity distribution'®!.

Chitosan, a polysaccharide of natural sources, has
attracted great interest in various medical applications
because of its physical as well as chemical characteristics.
Furthermore, it is used as a drug delivery method as being

biodegradable, safe, and biocompatible!®. In addition to
controlling drug release, increasing their solubility and
stability, and reducing their toxicity'. Aside from its role
in drug delivery, chitosan has been thought to have anti-
bacterial, anti-fungal and immune-modulatory effects!.

Chitosan NPs administration following CKD induction
detected a significant low value in serum creatinine versus
recovery group. As well as H&E-stained renal sections
showed some shrunken glomeruli with widened Bowman’s
spaces and some degenerated renal tubules while others
appeared normal. These findings are concordant with
former investigators who examined chitosan NPs treatment
for carbon tetrachloride-induced nephrotoxicity®”. The
authors reported decreased levels of serum urea and
creatinine, MDA, TNF-a and IL-1f in renal tissues along
with marked amelioration of renal histopathological
lesions and caspase-3 expression. The investigators linked
these findings to the antioxidant, anti-inflammatory as well
as anti-apoptotic effect of CS NPs. Also, they documented
reduction of the expression of NF-kB, a major cellular
mediator that prompts various pro-inflammatory cytokines,
which is usually activated during oxidative stress.

Masson’s trichrome stained renal sections of CS
NPs administered animals illustrated a non-significant
diminution in the mean area percent of collagen relative
to recovery group. Similar observation was recorded
following 5 weeks of CS NPs treatment in adenine model
of chronic renal failurel®!. This was attributed to the anti-
fibrotic influence of CS NPs that was mediated through
suppression of expression of pro-fibrotic cytokines as tissue
inhibitor of matrix metalloproteinase 1 & plasminogen
activator 1 as well as collagen 1 expression in addition to
enhancement of matrix metalloproteinase-1 expression.

In the current study in CS NPs group, the stool
lactobacilli gene expression showed a non-significant
rise versus the recovery group. This is in accordance
with chitosan administration in ulcerative colitis model
where chitosan adjusted the composition and diversity of
intestinal flora by increase in beneficial bacterial species
proliferation and decrease in pathogenic strains(®?. It
was hypothesized that chitosan could act as a prebiotic
through its N-acetylglucosamine fractions. It promotes
proliferation and adhesion of beneficial intestinal flora in
addition to prevention of binding of pathogenic bacteria to
host epithelium!.

Additionally, CS NPs treated rats exhibited a
significant low level of colonic MDA & TNF-o and
high PPAR-y expression versus the recovery group.
Along with improvement of histological alterations of
colon and significant rise in mean total number of alcian
blue/PAS-stained mucin secreting cells and significant
reduction in neutral mucin percentage versus group III.
This is similarly reported in different colitis models,
where chitosan had increased expression of PPAR-y that
in turn inhibited the pro-inflammatory NF-xB pathway &
decreased release of TNF-a, IL 1 and IL 671, In addition
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to alleviation of oxidative stress by increasing superoxide
dismutase antioxidant enzymes!®!, ameliorating colonic
mucosa affection’?. As well as CS NPs treatment increased
mucin 2, a major intestinal protein secreted by goblet cells,
promoting improvement of intestinal barrier integrity and
function". Further support backed immunohistochemically
by the significant elevation in the mean area percentage of
claudin-1 immunoreactivity relative to recovery group.
This finding agrees with a prior study which reported
that chitosan increased expression of occludin, claudin-1
and zona occludens-1 in ulcerative colitis model. It was
postulated that chitosan modulated the expression of tight
junction proteins through down regulation of TNF-a activity
(which disrupt tight junction and barrier integrity)®.

Aside from CS NPs anti-inflammatory and anti-
antioxidant impacts, additional emphasize of CS NPs
ameliorating effect was enlightened by significantly lower
value of the mean area percent of caspase-3 versus the
recovery group. These observations are in agreement with
Zhang et al.,! where they noted that chitosan decreased
percentage of early and late-stage apoptotic cells through
decreased expression of multiple apoptotic markers as
caspase-3, caspase-8, as well as TNF receptor-associated
death domain in lipopolysaccharide-induced inflammation
in intestinal epithelial cell line.

Pioglitazone does not induce hypoglycemia when
used in non-diabetic rats as reported formerly!”*. This was
suggested as it specifically targets the insulin resistance
which characterizes type 2 diabetes mellitus!'®!,

According to biopharmaceutical classification system
(BCS), pioglitazone is categorized as a class II drug that
are characterized by having low water solubility leading to
decrease in the drug’s half-life, delay in its onset of action
and increase in its elimination rate!””!. This emphasizes the
need to increase amount of drug per dosage and increase
number of doses which raise incidence of complications
and incompliance. Different techniques have been used
to enhance bioavailability of this class of drugs to ensure
sustained and prolonged therapy.

In this study, CS NPs were used to enhance
bioavailability of pioglitazone. CS NPs as a drug carrier
system characterized by biodegradability and lack
of toxicity!’®. The CS particles with sub-micron size
increases gastrointestinal absorption, being cationic the
mucoadhesion is enhanced, and eventually promotes the
therapeutic effect of several drugs”’!.

Multiple criteria control properties in drug loaded
nanoparticles such as loading capacity & encapsulation
efficiency. In the current study, formulation of PIO-CS
NPs recruited a loading capacity of over 11%. Loading
capacity is the percentage of the mass of the nanoparticle
that is occupied by the drug. It has been theorized that
loading capacity more than 10% is considered high and is
beneficial in decreasing amount of nanomaterial used for
drug delivery. This aids in reducing possible side effects of
nanomaterial and diminishing cost of manufacturet™!.

Encapsulation efficiency is the ability of the nanocarrier
to entrap the drug. In the present study, PIO-CS NPs
encapsulation efficiency reached more than 88%. This
high encapsulation efficiency facilitates release of drug
in a controlled manner and ensures maximum therapeutic
effects to the target site and protect drug from metabolic
breakdown(™.,

Analysis of creatinine serum level of Pio-CS NPs
group exhibited a significant reduction versus recovery
group & a non-significant decrease versus CS NPs
group. In addition, PIO-CS NPs ameliorated renal tissue
alterations as evidenced by the apparently normal renal
architecture. These findings were similarly observed in
gentamycin induced nephrotoxicity where pioglitazone
treatment improved biochemical profile, serum creatinine,
and urea levels as well as histological picture of the kidney.
Also, it inhibited NF-«B signaling pathways and release of
inflammation cytokines as IL-1, IL-6 & TNF-a. In addition
to reduction of oxidative stress parameters as MDA
and increased antioxidants as catalase and superoxide
dismutase in renal tissue!®").

The treatment with PIO-CS NPs also exhibited anti-
fibrotic effect as Masson’s trichrome stained sections
demonstrated a significant diminution in mean area percent
of collagen in comparison to recovery & CS NPs group.
This agrees with another research where pioglitazone
decreased both serum and tissue levels of TGF-f. It also
decreased expression of other profibrotic markers as tissue
inhibitor of matrix metalloproteinase 1 & connective tissue
growth factor as well as expression of collagen types I and
I,

Moreover, PIO-CS NPs administration complemented
intestinal microbiota as it significantly increased expression
levels of lactobacilli in stool samples of PIO-CS NPs group
versus recovery group and non-significantly increased
versus CS NPs group. These results are similar with Li
et al. B who observed reduced expression of pathogenic
bacteria, and simultaneously increased expression of
beneficial strains of bacteria by pioglitazone which in turn
increased intestinal content of useful short chain fatty acids
as acetate, butyrate & propionate as well as reduced serum
endotoxin level.

Biochemical assessment of MDA and TNF-a levels in
colonic tissue homogenate of PIO-CS NPs group showed
a significant decrease relative to recovery and CS NPs
groups. As regards PPAR-y expression a significant rise
versus recovery group and non-significant rise versus
CS NPs group were detected. This agreed with a study
of colitis model where increased PPAR-y expression as
well as decreased matrix metalloproteinase 9 and TNF-a
expression were reported in mice treated with pioglitazone.
Furthermore, pioglitazone ameliorated such condition
through PPAR-y receptor stimulation and suppression of
NF-«B cellular pathways!*3l. Similarly, several investigators
noticed that pioglitazone had both anti-inflammatory and
antioxidant impacts. Its anti-inflammatory effect was
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exhibited through reducing levels of TNF-a & IL 6 in the
serum and its antioxidant effect was through decreasing
serum MDA level and increased glutathione level®.

Additionally, in PIO-CS NPs H&E-stained sections,
the colonic mucosa was apparently normal with intact
architecture. Additionally, a significant rise in total number
of goblet cells stained with alcian blue/PAS and significant
reduction in percentage of neutral mucin were recorded
in relation to recovery and CS NPs groups. Likewise in
a prior work of induced gut dysbiosis, the reduced mucin
and the elevated blood endotoxin levels were reversed
following pioglitazone administration®. As regards the
fact that multiple microbiota are present in the colon,
the increase of acidic mucins suggests that the mucous
viscosity is increased for more protection of the surface
epithelial layert®,

The previously mentioned findings of PIO-CS NPs
group enhanced the intestinal barrier integrity which was
proved immunohistochemically by the significant rise
in mean area percentage of claudin-1 immune reactivity
versus recovery and a non-significant rise versus CS NPs
treated rats. These results match the findings of previous
research which recorded enhanced intestinal barrier
through upregulation of PPAR-y expression in addition to
zonula occludens-1 & claudin-5 following pioglitazone
administration in a rat model of induced colitis!®.

Along with the antioxidant, anti-inflammatory,
amelioration of alterations in gut microbiota and intestinal
barrier, PIO-CS NPs illustrated antiapoptotic effect in
the current research. It displayed a significant reduction
in mean area percentage of caspase-3 immune positive
reactivity relative to recovery and CS NPs groups. Similarly
in earlier study, pioglitazone had ameliorated nonalcoholic
steatohepatitis in mice model through down regulation
of apoptosis as well as suppression of pro-inflammatory
mediator’s release as TNF-a, IL-6, NF-kBF7,

CONCLUSION

Adenine model was a reliable model for induction
of colitis secondary to chronic kidney disease. Chitosan
nanoparticle exhibited a considerable improvement in renal
and colonic structure and function. However, Pioglitazone
loaded chitosan nanoparticles exerted more powerful effect
via its anti-inflammatory, antioxidant, antiapoptotic and
PPAR-y agonist effects. Along with its ameliorating effect
on alterations of mucin secreting cells, intestinal integrity
& junction, as well as intestinal microbiota.

RECOMMENDATIONS

Pioglitazone loaded chitosan nanoparticles might be
considered after further trials for management of colitis and
intestinal dysbiosis associated CKD. Experimental studies
with longer durations are required to evaluate the long-
term therapeutic effects of pioglitazone loaded chitosan
nanoparticles in CKD associated colitis. In addition, it is
necessary to explore the potential systemic adverse effects
of pioglitazone loaded chitosan nanoparticles.
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