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Objectives: Obesity as a consequence of high fat diet (HFD) has become an uprising major global health
problem with multiorgan affection. Quercetin proved a unique ameliorative potential against hazards of
HFD.
Methods: Forty rats were divided into four groups. Group I: Control group (10% of energy from fat). Group
II: (10% of energy from fat +50 mg/kg quercetin). Group III: (60% of energy from fat). Group IV: (60% of
energy from fat +50 mg/kg quercetin). After12 weeks, all rats were sacrificed, kidney and pancreas were
taken and processed for H&E, Mallory’s trichrome stains and immunohistochemical examination.
Results: Both pancreatic and renal tissues showed histopathological degenerative and inflammatory
changes in group III that was markedly improved in group IV treated with quercetin. Concerning the
mean area percent of collagen fibers and Bcl-2 expression in both renal and pancreatic tissues that
showed a highly significant difference in group III (p < 0.001) as compared to all other groups and a highly
significant difference (p < 0.001) in group IV compared to group III.
Conclusion: These results confirmed the negative influence of HFD intake on both renal and pancreatic
tissues and the protective effect of concomitant use of quercetin. Quercetin’s therapeutic potential for
metabolic disorders may become more evident and widely accepted.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Diet has important effects on normal physiology, and the poten-
tial deleterious effects of high-fat diets (HFD) and obesity on health
are being increasingly described (Jarvis et al., 2020). Obesity, which
reaches an epidemic, is characterized by alterations in metabolic
and hormonal profiles (Matuszewska et al., 2020). Obesity and
dietary fat are significant causes of several health issues such as
dyslipidemia, type II diabetes, heart, renal and respiratory diseases
(Kovesdy et al., 2017; Shirai et al., 2016). HFD intake can lead to
alterations in the exocrine and endocrine pancreas (Zhang et al.,
2008), indicating that HFD is associated with chronic pancreas
injuries. Intake of a high-fat, high-sucrose diet not only results in
weight gain but also increases steatosis and inflammatory cell infil-
trates in the pancreas of mice and rats (Cao et al., 2014). Glucolipo-
toxicity associated with chronic over-nutrition leads to
overproduction of ROS (Reactive Oxygen Species) in several body
tissues, including pancreatic b-cells. The oxidative stress that
occurs in this prediabetic environment is thought to have a role
in b-cell dysfunction. Currently, there is a great need for treatment
strategies that interrupt the pathogenesis of b-cells dysfunction to
preserve a functional b-cell mass and thus prevent the develop-
ment and progression of Type 2 Diabetes Mellitus (T2DM)
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(Madduma et al., 2020). In the same context, chronic low-grade
inflammation is a significant stimulus for the progression of
chronic kidney disease (CKD) in individuals consuming a high-fat
diet (HFD) (Ježek et al., 2019).

CKD has emerged as a serious economic threat to health care
systems globally due to its increasing prevalence, complications
(such as anemia, cardiovascular disease, bone, and mineral disor-
ders), immense expenses associated with renal replacement ther-
apy, high morbidity, and mortality (Yang et al., 2017). It was
reported that inflammatory stress promoted renal lipid accumula-
tion and glomerular lesion formation in high-fat diet-fed obese
mice that displayed renal and systemic changes compatible with
human obesity-related CKD (Zoccali et al., 2017). Lipids may play
a major role in the development of renal tissue damage
(Dominguez et al., 2000). Several possible pathways for renal
injury have been postulated, including oxidative damage, the gen-
eration of ROS and lipid peroxidation (Muñoz-García et al., 2009).
Quercetin (QE) is a flavonoid commonly found in frequently con-
sumed foods, including apples, berries, onion, tea, nuts, seed, and
vegetables that represent an integral part of the human diet. QE
has biological, pharmacological, and therapeutic characteristics,
which are thought to stem from its antioxidant capabilities
(Perez-Vizcaino et al., 2009). QE is a natural antioxidant with var-
ious biological activities including scavenging free radicals and
inhibiting xanthine oxidase and lipid peroxidation (Al-Rasheed
et al., 2013). Over the past few decades, different studies have
focused on the therapeutic properties of QE for diabetes, cardiovas-
cular diseases, kidney diseases, neurodegenerative disorders,
reproductive dysfunction, and cancer (Shi et al., 2019).

An increasing number of studies have evaluated the beneficial
effects of QE on the treatment of diabetes (Yang and Kang, 2018).
Observed complications resulting from QE intervention have been
significantly decreased (Shi et al., 2019). The current study aimed
to evaluate the same effect histologically and immunohistochemi-
cally on kidney and pancreas of adult male albino rats, since most
previous studies concerned HFD impact on both kidney and pan-
creas and the possible protective role of QE, were based on clinical
and biochemical effects.
2. Materials and methods

2.1. Chemicals

Quercetin was purchased from Sigma-Aldrich, the USA, as quer-
cetin hydrate �95% purity in powder form [product Number
337951, pack size: 100 gm].
2.2. Experimental animals

In accordance with Beni-Suef University Animal Use Committee
guidelines (Approval number 170/3rd Nov. 2019), forty adult male
albino rats aged from ten to twelve weeks, with average weight
ranging from 150 to 180 gm, were housed in the Animal House
of Faculty of Medicine, Beni-Suef University, Beni-Suef, Egypt. Rats
were kept in a sanitary environment within a temperature range
(22–24 �C) and light-controlled room on an alternating 12:12 h
light–dark, fed ad libitum with unrestricted access to tap water.
They were given one week to acclimate before to the experiment.
2.3. Experimental design

The rats were randomly distributed in isolated well aerated
propylene cages with metal mesh covers containing five rats each.
The rats were divided equally into four groups, ten rats each, and
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for a total duration of twelve weeks according to (Madduma
et al., 2020; Zhang et al., 2020):

Group I (Control, n = 10): received standard diet (composed of
13.5% of fat, 61.3% of carbohydrate and 25.2% of protein, based
on the total energy content of 2830 kcal/kg) (Ternacle et al.,
2017; Yi et al., 2020).

Group II (QE, n = 10): received standard diet and quercetin
(50 mg/kg b.wt) (Mzhelskaya et al., 2020; Mzhelskaya et al., 2019).

Group III (HFD, n = 10): received HFD (composed of 60% of fat,
20% of carbohydrate, and 20% of protein). Every gram of its ingre-
dient contained 5.24 kcal, including 232 mg cholesterol, based on
the total energy content of 5243 kcal/kg (Ternacle et al., 2017;
Park et al., 2020).

Group IV (HFDQ, n = 10): received HFD and quercetin (50 mg/kg
b.wt) daily.

By the end of the twelfth week, all rats were sacrificed by an
overdose of anesthesia (100 mg/kg ketamine-xylazaine IP) (Shaw
and Harper, 2013; Ko et al., 2019).

2.4. Measurement of body weights and relative organs’ weights

Rats of all groups were weighed at the start and at the end of
the experiment. The initial and final body weights were recorded.
Determination of the percent rise in body weight (% B.Wt gain)
throughout the experiment was done using this formula: = (final
body weight � initial body weight) / final body weight � 100.
The relative pancreas and kidney weights in all rats of all groups
were measured and recorded according to this formula: = (organ
weight / final body weight)� 100. (Ekeleme-Egedigwe et al., 2017).

2.5. Histological studies

Samples from the pancreata and kidneys from all rats of all
groups were dissected then fixed in 10% formalin solution and
paraffin-embedded. 6 lm thick sections were obtained and pro-
cessed for staining with hematoxylin and eosin, and Mallory’s tri-
chrome to reveal collagen fibers (Suvarna et al., 2013; Kiernan,
2015). Immunohistochemical stain using avidin–biotin-
peroxidase system was used for the detection of Bcl-2 as an anti-
apoptotic protein (CAS No. 85878, Sigma-Aldrich, Steinheim, Ger-
many) using a primary antibody (rabbit polyclonal antibody)
(product No. LS-C78828; Life span Biosciences, Inc. Seattle, WA,
USA) and then incubated with secondary anti-rabbit antibody
(Zymed Laboratories). The staining was accomplished with
diaminobenzidine (DAB) according to (Ramos-Vara and Miller,
2014).

2.6. Morphometric study

Ten haphazardly-picked non-overlapping fields from different
sections of pancreata and kidneys of all studied groups were used
to define the mean area percent of collagen fibers in Mallory’s tri-
chrome stained sections and Bcl-2 expression in immunostained
sections. Measurements were performed and gathered at King Sal-
man International University, Faculty of Medicine, using image
analysis computer system Ltd. with Leica Qwin-500 LTD-software
(Cambridge, England).

2.7. Statistical analysis

The Statistical Package of Social Science (SPSS) (ver 26) gener-
ated the results. Data were summarized as mean ± standard devi-
ation (SD). One-way analysis of variance (ANOVA) was used to
compare the results across the different study groups, followed
by a ‘‘Tuckey” post-hoc test to determine statistical significance.
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(P-value was considered significant if <0.05 and highly significant
if <0.001) (Emsley et al., 2010).

3. Results

No deaths were observed in all rats.

3.1. Results of weight gain:

Rats of HFD group showed increased final body weight and rel-
ative organs’ weight when compared to control and QE groups.
This was observed from second week, until the end of the experi-
mental period. The values of initial, final, relative pancreas and kid-
ney weights are shown as mean ± standard deviation in Table 1
and Histogram 1.

3.2. Histological results of hematoxylin and eosin-stained sections

3.2.1. Pancreatic tissue examination
Control and QE groups showed typical pancreatic lobules alien-

ated by delicate interlobular septa containing blood vessels, lob-
ules were formed of crowded acini lined by pyramidal cells with
basal vesicular nuclei, apical acidophilic zymogen granules and
basal basophilic cytoplasm, normally looking pale scattered islets
Table 1
Initial body weights, final body weights, relative pancreas and kidney weights in all studi

Groups Initial body weight, Final body weight

Control 173.68 ± 12.65 230.78 ± 12.50
QE 172.45 ± 11.32 231.63 ± 13.13
HFD 175.67 ± 11.00 296.35 ± 13.60
HFDQ 176.79 ± 12.50 230.43 ± 13.00

Histogram 1. Initial body weights, final body weights, relative p
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of Langerhans composed of clusters of hormone secreting cells
with intervening fenestrated capillaries in between the islet cells,
intralobular ducts lined by simple cubical epitheliumwith centroa-
cinose cell were spotted (Fig. 1 A&B respectively). HFD group
showed various islet and acinar lesions. The islets’ lesion appeared
as shredded islets with irregular contour, reduced islet cells’ mass
with vacuolated cytoplasm, pyknotic and karyolitic nuclei. Many
cells were disrupted and degenerated. The islets’ blood sinusoids
were significantly dilatated and congested. The blood vessels were
congested as well (Fig. 1C). The acinar lesions were demonstrated
as heavy inflammatory cellular infiltrates invaded the pancreatic
lobules around the ducts and blood vessels, and distorted acini
with reparative attempts. Several pyknotic nuclei were spotted.
The intralobular and interlobular ducts were dilated with retained
secretions in their lumina. The interlobular septae were widened
and contained markedly congested blood vessels. The wall of blood
vessels was thickened with eosinophilic hyaline material. Large
deposits of hyaline material could be obviously seen intracellular
and in between the acini. Fatty infiltration is detected adjacent to
ducts and blood vessels (Fig. 1 D,E&F).

HFDQ group showed some islets with irregular outlines and less
degenerated cells. The islet cells’ mass was relatively decreased
with moderately dilated blood sinusoids. Some islet cells showed
cytoplasmic vacuoles. Few pyknotic and karyolitic nuclei and some
ed groups in grams as mean ± standard deviation.

Relative pancreas weights Relative kidney weights

0.19720 ± 0.002 0.669 ± 0.0065
0.19589 ± 0.003 0.668 ± 0.0063
0.20115 ± 0.004 0.671 ± 0.0055
0.19791 ± 0.002 0.670 ± 0.0054

ancreas and kidney weights in all studied groups in grams.
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inflammatory cells were spotted as well. The blood vessels were
less congested. Interlobular ducts had nearly normal caliber with
a void lumen. The acini showed apparently normal histology like
that of the control group except for a few pyknotic nuclei (Fig. 1
G&H) .
3.2.2. Renal tissue examination
Sections from control and QE group showed renal malpighian

bodies were composed of a tuft of glomerular capillaries sur-
rounded by a double-walled Bowman’s capsule. The proximal con-
voluted tubules [PCT] had narrow lumina and high cuboidal deeply
acidophilic epithelial cell lining with muffled boundaries and dis-
tinct brush border. The nuclei were round and vesicular. The distal
convoluted tubules [DCT] were less numerous with wider lumina
and lined with cubical less acidophilic epithelial cells (Fig. 4 A&B
respectively).

HFD group showed several glomerular, tubular and interstitial
lesions. Glomerular affection was presented as markedly reduced
number of glomerular capillaries with dilated lumen, widened
Bowman’s space and shredded parietal layer. PCT lost their normal
architecture. The tubular epithelial cells were severely degenerated
with marked cytoplasmic vacuolization. Some tubules contained
sloughed tubular cells in their lumina, forming granular casts with
subsequent focally disrupted brush border. Large deposits of hya-
line material were seen in tubular lumen. Nuclei of tubular cells
showed pyknotic and karyolitic changes. (Fig. 4C). Interstitial tis-
sue displayed mononuclear inflammatory cells, markedly con-
gested blood vessel with extravasated RBCs and numerous
recruited fibroblasts. Some vessels showed hyaline thickening of
their walls. Interstitial areas of focal necrosis and rarefaction were
also detected (Fig. 5 A,B&C). HFDQ group showed that the glomeru-
lar capillaries had apparently normal histology with standard
number like those of the control group. Bowman’s capsule showed
average space with unvarying parietal layer. PCT were lined by rel-
atively regular epithelium; however, some tubular epithelial cells
were degenerated with cytoplasmic vacuolization. Sloughed tubu-
lar cells were seen in the lumen of some tubules with interrupted
brush borders in some points. Few karyolitic nuclei were spotted.
Interstitial tissue revealed mild to moderately congested vessels
with some extravasated RBCs and few fibroblasts. Some vessels
showed mild hyaline thickening of their walls (Fig. 4D&5D).
3.3. Morphometric results

The area percent of collagen fibers deposition in Mallory’s tri-
chrome stained sections and Bcl-2 expression in immunostained
sections are presented as mean ± standard deviation in Table 2.
3

Fig. 1. Hx + E stained sections from pancreas of all studied groups: [A & B] control
interlobular septa (S) containing blood vessels (V). Lobules are formed of crowded aci
zymogen granules and basal basophilic cytoplasm. Normally looking pale scattered islets
fenestrated capillaries (C) are seen in between the islet cells. [X 200]. Notice: (Inset X 400
by simple cubical epithelium inside the lobule. [C] HFD group showing shredded islets w
(V), pyknotic (n) and karyolitic (N) nuclei. Many cells are disrupted and degenerated (arr
The blood vessels are congested (B.V). [D] HFD group showing inflammatory cellular infi
many distorted acini with reparative attempts (arrow), inspissated plug (P) in intralobu
group showing markedly dilated interlobular duct with retained secretions (arrow), mar
and fatty infiltration adjacent to blood vessels (squares). [F] HFD group showing large d
Many biased acini with fading of the basal cytoplasmic basophilia of acinar cells can be
less degenerated cells, relatively decreased islet cells’ mass with moderately dilated blo
pyknotic (n), karyolitic nuclei (N), and some inflammatory cells (arrowheads) are spotte
caliber with void lumen (D). [H] HFDQ group showing apparently normal histology of pa
(n). [X 400].
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3.4. Statistical analysis

The statistical analysis of the morphometric results in both pan-
creatic and renal tissues revealed that there was no satistical sig-
nificant difference between control and QE groups in all
measured parameters. HFD group showed a highly significant
increase (p < 0.001) in collagen fibers depositions as compared to
all other groups, and a highly significant decrease (p < 0.001) in
Bcl-2 expression as positive cytoplasmic reaction as compared to
all other groups. While HFDQ group in both tissues showed a
highly significant decrease (p < 0.001) in collagen fibers deposition
and a highly significant increase (p < 0.001) in cytoplasmic Bcl-2
expression (p < 0.001) as compared to HFD group (Table 2)
(Figs. 2,3,6 & 7).
4. Discussion

Excessive dietary intake of fat has long been linked to obesity
which has currently assumed alarming proportions as a global
public health concern. Chronic obesity and the accompanying
deposition of fat in the tissues lead to a range of metabolic disor-
ders, in particular, insulin resistance (IR) and type-2 diabetes mel-
litus. A link between HFD and oxidative stress (OS) has been
recognized for a long (Vijayakumar et al., 2004). In the pancreas,
the present histologic study revealed that HFD group showed var-
ious islet and acinar lesions. The islets appeared shredded with
irregular contour. The islet cell mass was noticeably reduced. Many
islet cells were disrupted and degenerated with markedly vacuo-
lated cytoplasm. Many pyknotic and karyolitic nuclei were spotted
as well. The blood sinusoids showed significant dilatation, and
blood vessels were congested. This is in line with a previous work
that stated that HFD-fed-rats showed diffuse areas of damage to
both the endocrine and exocrine portions. Each islet itself had
reduced number of cells besides, some rats showed a total absence
of islets in the pancreas (Chung et al., 2018). According to
(Barrientos et al., 2021) HFD has adverse effects on pancreatic b-
cells denoted by increased pancreatic nuclear pyknosis and vac-
uolization, with fatty infiltration and structural alteration of the
islets of Langerhans. This is maybe due to massive increase in
cytosolic calcium accumulation, which may lead to rapid destruc-
tion of cells. b-cells changes may be due to the formation of reac-
tive oxygen species (ROS). b-cells are specifically sensitive to
oxidative stress because of their low levels of antioxidant enzyme
(Abdul-Hamid and Moustafa, 2013). On the other hand, previous
studies showed that the islet of Langerhans hyperplasia is associ-
ated with an augmented insulin level due to the development of
insulin-resistance in HFD-treated mice model (Terauchi et al.,
2007).
and QE respectively, showing typical pancreatic lobules (L) alienated by delicate
ni (arrows) lined by pyramidal cells with basal vesicular nuclei, apical acidophilic
of Langerhans (I) composed of clusters of hormone secreting cells with intervening

) Centroacinose cell in the centre of acini (arrowhead) and intralobular duct (D) lined
ith irregular contour (arrows), reduced islet cells’ mass with vacuolated cytoplasm
owheads). The islets’ blood sinusoids are significantly dilated and congested (stars).
ltrates invading the pancreatic lobules around the ducts and blood vessels (circle),
lar duct, many pyknotic nuclei (n), and widened interlobular septa (stars). [E] HFD
kedly congested (B.V) having thickened wall with eosinophilic hyaline material (H),
eposits of intracellular hyaline material (arrowheads) and in between the acini (H).
seen (arrows). [G] HFDQ group showing an islet with irregular outline (arrow) with
od sinusoids (stars), some islet cells show empty cytoplasmic fat vacuoles (V). Few
d. The blood vessels are less congested (B.V). Interlobular ducts have nearly normal
ncreatic acini like that of the control group (arrows) except for few pyknotic nuclei



Fig. 2. Mallory’s trichrome stained sections from pancreas representing the amount of deposited collagen fibers in all studied groups: [A & B] Control and QE groups
respectively, showing subtle blue collagen fibers (arrows). [C] HFD group displaying statistically highly significant increase in collagen fibers deposition (p < 0.001) as
compared to HFDQ group presented as dense wavy collagen fibers around blood vessels and in between acini (arrows). [D] HFDQ group showing highly significant decrease in
collagen fibers deposition (p < 0.001) as compared to HFD group presented as slight amount of collagen fibers (arrows). # highly significant to all groups, @ highly significant
to HFD group [X 400].
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HFD group in our research showed widened interlobular septa,
markedly congested blood vessels whose walls were thickened
with eosinophilic hyaline material. Moreover, large deposits of
hyaline material could be obviously seen intracellular and in
between the acini. Fatty infiltration could also be seen adjacent
to ducts and blood vessels, this can be diagnosed as fat necrosis.
6

The key features of fat necrosis are the presence of many fat cells
accompanied by inflammatory infiltrates and congested blood ves-
sels (Bland et al., 2018). Fat necrosis confirms acute pancreatitis as
harmonizes with (Dawra et al., 2007), who explained that by
releasing lipases from necrotic pancreatic acinar cells. The present
work demonstrated heavy inflammatory cellular infiltrates



Fig. 3. Immune-stained sections representing the Bcl-2 expression in the cytoplasm of islet and acinar pancreatic cells in all studied groups: [A & B] control and QE group
respectively, showing positive cytoplasmic Bcl-2 expression (arrows). [C] HFD group displaying statistically highly significant decrease (p < 0.001) in Bcl-2 expression with
negative reaction as compared to all other groups. [D] HFDQ group showing highly significant increase (p < 0.001) in Bcl-2 expression presented as positive cytoplasmic
reaction as compared to HFD group (arrows). # highly significant to all groups, @ highly significant to HFD group [X 400].
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invaded the pancreatic lobules and distorted many acini that
showed reparative attempts. Several pyknotic nuclei were spotted.
The interlobular ducts were dilated and contained retained secre-
tions in their lumina. This agrees with previous work recruited that
HFD aggravated the severity of acute pancreatitis (AP), as indicated
by intense infiltration of immune cells and marked acinar cells
necrosis. HFD could markedly exacerbate pancreatic oxidative
stress and inflammatory response and lead to a more notable
necroptosis during AP (Hong et al., 2020).
7

Histological findings of HFDQ group revealed a nearly normal
pancreatic architecture. However, some islets showed irregular
outlines with less degenerated cells. The islet cells’ mass was rela-
tively decreased with moderately dilated blood sinusoids. Some
islet cells showed empty cytoplasmic vacuoles, few pyknotic and
karyolitic nuclei. Some inflammatory cells and less congested ves-
sels were seen. Interlobular ducts had nearly normal caliber with
void lumen. The acini showed apparently normal histology like
that of the control group except for a few pyknotic nuclei. This



Fig. 4. Hx + E stained sections from kidney: [A & B] control and QE groups respectively showing malpighian bodies (M.B) composed of a tuft of glomerular capillaries (Gl)
surrounded by a double-walled Bowman’s capsule (B.C). The proximal convoluted tubules (PCT) are plentiful with narrow lumina and high cuboidal deeply acidophilic
epithelial cell lining with muffled boundaries and distinct brush border (BB). The nuclei are round and vesicular (N). The distal convoluted tubules (DCT) are less numerous
with wider lumina, lined with cubical less acidophilic epithelial cells. [C] HFD group showing markedly reduced number of glomerular capillaries with dilated lumen (C) and
plump endothelial lining (E), widened Bowman’s capsule (stars) and shredded parietal layer (P). PCT lost their normal architecture with severely degenerated epithelial cell
lining and marked cytoplasmic vacuolization (V). Tubular lumina show sloughed epithelial cells forming granular casts (arrowheads). The brush border of tubular cells is
focally disrupted (BB). Many nuclei show pyknotic (n) and karyolitic (N) changes. [D] HFDQ group showing apparently normal histology of glomerular capillaries with
standard number like those of the control group (C), average Bowman’s space (stars) with unvarying parietal layer (P), vacuolated tubular cells (V), sloughed tubular cells in
lumen (arrows), few karyolitic nuclei (N), and extravasated RBCs in interstitial tissue (arrowheads) [X 400].
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improvement could indicate the powerful antioxidant effect of QE,
which can prevent oxidative stress and delay the progression of
HFD complications by suppressing the release of inflammatory fac-
tors (chemokines and cytokines) (Shi et al., 2019). Also, improving
mitochondrial bioenergetic function and stimulating amplifying
pathways of insulin secretion are likely the main mechanisms by
which flavonoids preserve the secretory capacity of b-cells as sta-
ted by (Ghorbani et al., 2019).

The kidney is an organ highly vulnerable to damage caused by
ROS, likely due to the abundance of polyunsaturated fatty acids
in the composition of renal lipids. ROS are involved in the patho-
genic mechanism of conditions such as glomerulosclerosis and
tubulointerstitial fibrosis (Khaksary-Mahabady et al., 2018). In
the current study, sections from rats of HFD group showed mark-
edly reduced number of glomerular capillaries with dilated lumen,
widened Bowman’s space with shredded parietal cell layer, mark-
edly congested blood vessels with extravasated RBCs and marked
mononuclear inflammatory infiltrates in interstitial tissue. Some
vessels showed hyaline thickening of their walls. Rarefaction,
necrosis, and numerous recruited fibroblasts were spotted in focal
areas within renal interstitial tissues as well. These results are in
accordance with another study which showed dilatation in
glomerular capillaries and mononuclear cell infiltration, degenera-
tion in nephrons marked by glomerulosclerosis, segmental necro-
8

sis, tubular defects and many necrotic interstitial cells (Salim
et al., 2018). The present work revealed that PCT lost their normal
architecture, the lining epithelial cells were severely degenerated
with marked cytoplasmic vacuolization. Some cells were sloughed
inside PCT’s lumen, and the brush border was disrupted. Many
nuclei showed pyknotic and karyolitic changes. The lumina of
many PCT were occupied by granular casts and large deposits of
hyaline material. Some tubules had dilated lumen and were lined
by low cubical to flat epithelium.

These findings are in line with (Bin-Meferij et al., 2019; Tanaka
et al., 2009) who stated that PCT of HFD-treated rats showed irreg-
ular pyknotic nuclei of their lining epithelium with their brush
margin was destructed. Also, the cytoplasm contained numerous
vacuoles, lysosomes, mitochondria with electron-lucent matrix a
large number of cytosomes and lipid droplets. On the other hand,
another work recruited an increased number of glomerular cells
in the kidney of HFD group. Also, the glomerular mesangial matrix
increased, and obvious epithelial proliferation of kidney tubules
was observed (Zhang et al., 2016).

The present study revealed that sections from rats of HFDQ
group showed that the glomerular capillaries had apparently nor-
mal histology with standard numbers like those of the control
group with average Bowman’s space and unvarying parietal layer.
PCT were lined by relatively regular epithelium. However, some



Fig. 5. Hx + E stained sections of renal tissue from rats of HFD and HFDQ groups: [A] HFD group showing markedly congested blood vessels (B.V), hyaline thickening of
vessels’ wall (arrow), and focal interstitial rarefaction and necrosis (stars). [B] HFD group showing disorganized PCTs lined by severely degenerated epithelium with markedly
vacuolated cytoplasm (V), sloughed epithelial cells in tubular lumen (arrow), pyknotic (n) and karyolitic (N) nuclei. The tubular lumen is obliterated by large deposits of
hyaline material (H). Mononuclear inflammatory cells are spotted (circle). [C] HFD group showing congested vessels (B.V), marked extravasated RBCs (arrowheads), and vast
number of recruited fibroblasts (Fb). [D] HFDQ group showing vacuolated tubular cells (V), moderately congested vessels (B.V), interstitial extravasated RBCs (arrowheads),
and few fibroblasts (Fb). [X 400].

Table 2
Comparison between different studied groups in pancreas and kidney according to mean area % of collagen fibers and Bcl-2 expression ± Standard Deviation.

Collagen fibers
[Mean area % ± SD]

Bcl-2 expression
[Mean area % ± SD]

Pancreas Kidney Pancreas Kidney

Control 3.4 ± 1.1 3.9 ± 1.3 47.8 ± 2.9 48.9 ± 9.6
QE 3.2 ± 0.5 4.2 ± 0.7 42.2 ± 1.0 49.6 ± 6.6
HFD 42.5 ± 5.3# 42.4 ± 0.8# 6.9 ± 0.4# 7.5 ± 1.8#

HFDQ 12.6 ± 2.7@ 11.7 ± 0.7@ 33.4 ± 0.9@ 35.7 ± 4.4@

SD: Standard deviation.
# Highly significant (P < 0.001) as compared to all studied groups.
@ Highly significant (P < 0.001) as compared to HFD group.
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Fig. 6. Mallory’s trichrome stained sections from kidney representing the amount of deposited collagen fibers in all studied groups: [A & B] control and QE group respectively,
showing delicate blue collagen fibers in renal tissue (arrows). [C] HFD group displaying a statistically highly significant increase (p < 0.001) in collagen shown as dense
interstitial wavy bundles as compared to all other groups (arrows). [D] HFDQ group showing highly significant decrease in collagen depositions (p < 0.001) shown as little
collagen fibers as compared to HFD group [arrows]. # highly significant to all groups, @ highly significant to HFD group [X 400].
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Fig. 7. Immune-stained sections representing Bcl-2 expression in the cytoplasm of glomerular and tubular renal cells in all studied groups: [A & B] control and QE groups
respectively, showing positive Bcl-2 expression in the cytoplasm of glomerular and tubular cells (arrows). [C] HFD group showing a highly significant decrease in Bcl-2
expression (p < 0.001) as compared to all other groups. [D] HFDQ group showing a highly statistically significant increase (p < 0.001) Bcl-2 expression presented as positive
reaction as compared to HFD group (arrows). # highly significant to all groups, @ highly significant to HFD group [X 400].
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tubular epithelial cells were degenerated with cytoplasmic vac-
uolization. Sloughed epithelial cells and masses of hyaline material
were encountered in the lumina of some tubules. The brush border
was interrupted in some areas. Few karyolitic nuclei were spotted.
The blood vessels showed mild to moderate congestion with some
extravasated RBCs in between the tubules. Other vessels revealed
mild hyaline thickening of their walls. Few fibroblasts were
detected in the renal interstitium.

According to (Al-Rasheed et al. 2013) QE could scavenge free
radicals and inhibit xanthine oxidase and lipid peroxidation. It pro-
tects against oxidative damage in renal tubular cells and renal tis-
sues. A previous study ascertained that the histological analysis of
the renal cortex of QE treated group showed that the tubular cells,
glomerular parts, and interstitial tissue had normal morphology.
The administration of QE improved the tubular structure where
damage to the tubular cells was not observed, and the glomeruli
appeared normal with capsular space (Sedky et al., 2017). (Liu
et al., 2010) stated that QE could protect the rat kidney against lead
induced injury by improving renal function, attenuating
histopathologic changes, reducing ROS production, renewing the
activities of antioxidant enzymes, decreasing DNA oxidative dam-
age and apoptosis. Mallory’s trichrome stained sections of both
pancreatic and renal tissues showed minimal collagen fibers depo-
sition in groups Control and QE group while, HFD group displayed
dense wavy collagen fibers around blood vessels and in interstitial
tissues. Sections from HFDQ group showed little collagen deposi-
tion. The mean area% of collagen fibers showed a highly significant
increase in HFD group as compared to all other groups. On the
other hand, it showed a highly significant decrease in HFDQ group
as compared to HFD group.

This could be explained by activation of pancreatic stellate cells
by oxidative stress or releasing inflammatory cytokines like
interleukin-1, interleukin-6 and transforming growth factors. They
differentiate to fibroblast like cells forming collagen types I, II and
fibronectin (Abd El-Haleem and Mohamed, 2012). This is in har-
mony with (Marcolin et al., 2012) who stated that treatment with
QE exerts an antifibrogenic action at multiple levels depending
mainly on the modulation of the profibrogenic signals generated
by inflammation and oxidative stress. Alongside, results obtained
from a prior study demonstrated that HFD developed renal injury
with increased inflammatory cytokine expression that resembled
the characteristics of CKD. It is plausible that the development of
renal fibrosis may become apparent after a longer period of HFD
feeding (Madduma et al., 2020). In the same context, it was
revealed that QE administration showed anti-renal fibrotic effects
in vitro and in vivo through inhibition of renal injury, inflamma-
tory cell infiltration and fibrogenesis. Moreover, QE also showed
its protective effects by inhibition of excessive extracellular matrix
(ECM) accumulation (Liu et al., 2019). Immunostained sections of
both pancreatic and renal tissues showed marked a positive Bcl-2
expression in groups Control and QE in the cytoplasm, while HFD
group displayed negative Bcl-2 expression. HFDQ Group exhibited
positive Bcl-2 expression. About the mean area% of Bcl-2 expres-
sion, it showed a highly significant decrease in HFD group as com-
pared to all other groups and a highly significant increase in HFDQ
group versus HFD group. This agrees with a former work that sta-
ted that QE, in a dose-dependent manner, potentially attenuated
the oxidative stress induced by D-gal in the pancreatic and renal
tissues of rats through the upregulation of antioxidant, antiapop-
totic (Bcl-2), and functional markers. Also, quercetin downregu-
lated apoptotic (Bax and Casp-3), and inflammatory (TNF)
markers (El-Far et al., 2020). Moreover, a recent study disclosed
that HFD resulted in substantial changes in metabolic parameters,
lipid profile, renal functional markers, oxidative stress, inflamma-
tory and apoptosis markers in kidneys of diabetic rats (Guo et al.,
12
2021). Taking together, (Rasheed et al., 2021) ascertained that
HFD-fed rats had an adverse effect on cardiomyocytes that showed
atrophy and degenerative changes with vacuolated sarcoplasm and
congested vasculature. Administration of quercetin to rats’ diet has
markedly improved the cardiomyocytes both histologically and
ultra-structurally.

5. Conclusions

In recent years, QE has received widespread attention due to its
exciting pharmacological potential and health benefits. In this
study, we comprehensively summarized the histologic improve-
ment in the pancreas and kidney in HFD fed-rats treated with
QE. Besides, many clinical trials have proven the impact of QE
treatment on patients with diabetes, hyperlipidemia, and NAFLD.
In this respect, additional researches are necessary to further eval-
uate the dose–response protective effect of QE on systemic organs
in these three diseases. The completion of these studies is expected
to provide a scientific basis for the therapeutic potential of QE in
human subjects.
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