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ABSTRACT
Metabolic syndrome is a fatal endocrinopathy, which is progressed towards pandemic, and characterized by
insulin resistance, abdominal obesity, dyslipidemia, diabetes mellitus, hypertension and coronary artery disease
(CAD). In the present study, it is aimed to investigate the histomorphological and histochemical changes caused
by the metabolic syndrome in rat kidneys. For this purpose, the material was divided into two groups: 10 rats in
the control group and 15 rats in the experimental group. During 16 weeks, while tap water was given to control
group rats, water including 20% fructose solution was given to experimental group rats as drinking water. At the
end of the study, Crossman's triple staining method was performed to determine the histological appearance and
histomorphological changes in the sections taken from the kidneys. Periodic Acid Schiff Reagent (PAS) staining
method was performed for histochemical analysis. The results of the study showed that the tubulus proximalis
diameter, tubulus proximalis glycogen density, and glomerular mesangial matrix density increased, corpusculum
renis diameter, width of cavum glomeruli and ascending limb of Henle’s loop diameter decreased. In conclusion,
it is demonstrated that metabolic syndrome may adversely affect kidney histology and cause renal damage.
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Ratlarda Fruktoz ile Olugturulmug Metabolik Sendromun Bobrek Histolojisi Uzerine Etkileri

(074

Metabolik sendrom pandemiye dogru iletleyen, insilin direnci, abdominal obezite, dislipidemi, diabetes mellitus,
hipertansiyon ve koroner arter hastaligt (KAH) ile karakterize élimcil bir endokrinopatidir. Sunulan ¢alisamada
metabolik sendromun rat bébreklerinde olusturdugu histomorfolojik ve histokimyasal degisimlerin aragtirilmasi
amaglanmustir. Bu amacla materyal kontrol grubunda 10, metabolik sendrom grubunda 15 rat icerecek sekilde iki
gruba ayrildi. Kontrol grubundaki ratlara 16 hafta stiresince ¢esme suyu verilirken, metabolik sendrom grubundaki
ratlara igme suyu olarak % 20 fruktoz ¢ozeltisi verildi. Deneme strecinin sonunda bébreklerden alinan kesitlerde
histolojik g6rinimi ve histomorfolojik degisimleri belitlemek amaciyla Crossman’s tgli boyama metodu,
histokimyasal analiz amactyla Periyodik Asit Schiff Reagent (PAS) boyama metodu uygulandi. Elde edilen veriler
tubulus proksimalis capt ve glikojen yogunlugu ile glomerular mezangial matriks yogunlugunun arttigini,
korpuskulum renis ¢apt, Bowman araligi genisligi ve ctkan henle ¢apinin azaldigini géstermigtir. Sonug olarak,
metabolik sendromun bd&brek histolojisini olumsuz yonde etkileyerek renal hasara sebep olabilecegi ortaya
konmustut.
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INTRODUCTION

Metabolic syndrome is a fatal endocrinopathy
characterized by a combination of cardiometabolic
risk factors such as insulin resistance, abdominal
obesity, atherogenic dyslipidemia, glucose
intolerance/diabetes mellitus, high blood pressure
and coronary artery disease (CAD) (Zimmet et al.
2005). Metabolic syndrome is also defined by
different terms such as insulin resistance syndrome,
syndrome X, polymetabolic syndrome, fatal quart,
and  civilization ~ syndrome.  World  Health
Organization (WHO) emphasized and suggested that
it is more appropriate to term all of the risk factors as
“metabolic syndrome” in 1998 (Alberti and Zimmet
1998). Metabolic syndrome is an important cause of
morbidity that affects more and more people in both
developed and developing countries. In addition to
environmental factors such as adopting a sedentary
lifestyle and changes in nutritional habits, some of the
inheritance features play a role in this growth that
progresses to pandemic (Isildak et al. 2004). Insulin
resistance is caused by increased blood sugar,
excessive secretion of insulin, increased low-density
lipoprotein (VLDL cholesterol, bad cholesterol) and
increased free fatty acids in the blood (Aganovi¢ and
Dusek 2007). In particular, the consumption of large
amounts of fructose plays a major role in the
formation of insulin resistance (Ng et al. 2018).

Fructose is a six-carbon monasaccharide found in
many foods. It is very easily soluble in water and has a
white solid appearance. Many foods such as fruits,
honey, roots of some vegetables contain significant
amounts of fructose in nature. It is estimated that
approximately 240 000 tons of fructose is produced
naturally every year in the world through autotrophic
organisms (Wach 2004). Pure fructose, taken with
foods, is not digested. However, when taken as
sucrose, the sucrase enzyme in the small intestine
catalyzes this disaccharide and decomposes it into its
basic units: fructose and glucose. Fructose joins the
small intestine without undergoing any change and
joins the bloodstream (Ribby et al. 1993). Glucose
transporter 5 (GLUT-5) mediates the uptake of
fructose into the cell in the small intestine. However,
fructose can not be taken into the cell since GLUT-5
is not present in the B cells of the brain and pancreas.
Therefore, while feeding on a diet rich in fructose, a
feeling of satiety does not occur. Since there is no
saturation feeling, metabolic syndrome develops due
to more food intake (Bray et al. 2004).

To form metabolic syndrome models in laboratory
animals, it is given diets including fructose 60-70% of
the total energy or added 10-20% of fructose to water
(Sanchez-Lozada et al. 2007, Gelmez et al. 2013 ).
The metabolic syndrome formed by this method in
rats increases serum urea, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase

(ALT) and glucose levels while decreasing high-
density lipoprotein (HDL, good cholesterol) (Yildirim
2017). Histologically, in the kidneys, it increases the
tubulus proximalis area (Oudot et al. 2013, Yang et al.
2014) and width of cavum glomeruli (Yanti et al.
2014), while the corpusculum renis and glomerulus
area (Saleh et al. 2017) and the glomerulus diameter
are reduced (Yanti et al. 2014). It also causes tubular
basement membrane thickness (Oztiirk et al. 2005),
dilatation of tubules in the medulla area (Kizhner and
Werman 2002), glomerular mesangial matrix increase
(Kizhner and Werman 2002, Oztiitk et al. 2005),
mesangial collagen accumulation and Bowman
capsule thickness (Kizhner and Werman 2002). Also,
it causes tubular degeneration (Yang et al. 2014,
Yildirim. 2017), tubular vacuolations (Yildirim, 2017),
cortical tubular necrosis (Kizhner and Werman 2002),
interstitial inflammation (Kizhner and Werman 2002,
De Castro et al. 2013, Yiddinm 2017), fat cells
accumulation, hemosiderin pigment formation in
tubular cell cytoplasmes and glomerulosclerosis
formation (De Castro et al. 2013).

In the present study, it is aimed to investigate the
histomorphological and histochemical changes caused
by the metabolic syndrome in rat kidneys.

MATERIAL and METHODS

The study was performed with prior permission (no.
64583101/2016/75) from the Ethics Committee of
Aydin Adnan Menderes University (Aydin, Turkey).
A total of 25 healthy adult male Wistar albino rats
(Rattus rattus norvegicus) (approximately 90 days old)
were used in the present study. The rats were
obtained from the Department of Laboratory
Animals of Aydin Adnan Menderes University
(Aydin, Turkey). The animals were housed in
polycarbonate rat cages under standard laboratory
conditions (temperature 24 + 1C, a 12-h light/dark
cycle). Food (Bil-Yem, Ankara, Turkey), and water
was supplied ad /ibitum. The duration of treatment was
16 weeks. The rats were randomly separated into two
groups consisting of 10 rats in the control group and
15 rats in the experimental group. The number of
animals in the experimental group was kept higher
than the control group in order to ensure compliance
of the data to normal distribution.

During 16 weeks, while tap water was given to the
rats in the control group, water including 20% D-
fructose solution was given to the rats in the
experimental group as drinking water (Merck D (-)-
Fructose for Biochemistry 1.04007.0250) (De Moura
et al. 2008). The fructose solution was prepared daily.

At the end of the sixteen-week experiment, animals in
all groups were sacrified by cervical dislocation under
ether anesthesia. After the kidneys were removed,
both kidneys were weighed separately and together.
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Kidneys of animals were fixed in 10%  neutral
buffered formalin for 24 hours for histological
examinations. Fixed tissues were embedded in
paraffin, following routine procedures. The paraffin
tissue blocks were cut serially at intervals of 300 pm
and a thickness of 6 pm.

Histological and Histomorphological Analyzes
Crossman’s triple staining method was used for
histomorphological analysis and the evaluation of
histological changes in serial sections (Crossman
1937). After Crossman’s triple staining, sections were
examined using a light microscope. (Leica DMLB,
Meyer Instruments, Inc., Houston, TX).

Corpusculum renis count was determined on three
slides for each animal using triple staining method.
For this purpose, corpusculum renises were counted
in 15 fields in 9x106 um? each area. Besides,
corpusculum renis diameter, width of cavum
glomeruli, tubulus proximalis diameter and ascending
limb of Henle's loops diameter were measured. For
each animal, a total of 30 corpusculum renis, tubulus
proximalis and ascending limb of Henle's loop were
examined and measured interactively using of image
analysis program (Leica Q-Win Standard, Q-Win Plus
3.5 software, Leica Cambridge Ltd., Cambridge, UK).

Histochemical Analyzes

Periodic Acid Schiff Reagent (PAS) staining method
(Culling et al. 1985) was performed to the sections for
histochemical analysis and the cortex of these
preparations were examined under a light microscope.
Glomerular mesangial matrix density, glycogen
density in tubulus proximalis epithelial cells and
tubulus proximalis basement membrane thickness
were determined semi-quantitatively in two sections,
which were performed PAS staining method. For this
purpose, a total of 20 pieces of the glomerulus and
tubulus proximalis for each animal were examined
with an x20 objective. Subjective scoring (0: No cell
staining, 1: Low-intensity staining, 2: Moderate
intensity staining, 3: Intensive staining) was
performed to evaluate the staining intensity at the end
of the experiment.

Statistical Analysis

A computerized statistical package SPSS (for
Windows; version 22.0) was used to perform the
statistical analysis. The results were presented as mean
+ standard deviation. A student's t-test was
performed to determine the statistical difference
between the obtained from control and experimental

groups in terms of both individual and total weights
of the kidneys, corpusculum renis diameter, width of
cavum glomeruli, tubulus proximalis diameter, and
ascending limb of Henle's loops diameter.
Corpusculum renis count, glomerular mesangial
matrix density, glycogen density in tubulus proximalis
epithelial cells and tubulus proximalis basement
membrane thickness were determined by Mann-
Whitney U test. The values of p<0.05, p<0.01, and
p<0.001 were considered to be statistically significant.

RESULTS

Kidney weights

Kidney weights in the control and experimental
groups are given in Table 1. When the groups were
compared in terms of kidney weights, it was
determined that there was no statistical difference

(Table 1).

Histological and histomorphological analyzes
Kidneys of the rats in the control group have a
normal histological appearance.

The corpusculum renis count, corpusculum renis
diameter, width of cavum glomeruli, tubulus
proximalis diameter and ascending limb of Henle's
loops diameter in the control and experimental
groups are given in Table 2. Corpusculum renis count
determined in cross-sections using Crossman's triple
staining method did not make a statistical difference
between the control and experimental groups. In the
experimental group, while the corpusculum renis
diameter, width of cavum glomeruli and the
ascending limb of Henle's loops diameter decreased
(p<0.01), the tubulus proximalis diameter increased
(p<0.01) (Table 2) (Figure 1, 2 and 3).

Histochemical analyzes

The glomerular mesangial matrix density, glycogen
density in tubulus proximalis epithelial cells and
tubulus proximalis basement membrane thickness
scores in the control and experimental groups are
given in Table 3. In the examination performed in
terms of glomerular mesangial matrix density and
glycogen density in tubulus proximalis epithelial cells
in PAS stained sections, it was found that the density
of the staining significantly increased in the
experimental group compared to the control group
(p<0.01) (Figure 4). Also, tubulus proximalis
basement membrane thickness was found to be
higher in the experimental group, but no statistical
significance was determined (Table 3).
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Figure 1. Corpusculum renis in the control (A) and experimental (B) groups. Corpusculum renis diameter
(black lines) and width of cavum glomeruli (stars) significantly reduced in the experimental group

compared to the control group. Crossman triple staining. Scale bar: 20 pm.

«

¥ <X > ek ol 4 A} LB )A_";. i 20" LR ; ) e -Jf\” 5 : ‘,' p /A - i
Figure 2. Tubulus proximalis (stars) in the control (A) and experimental (B) groups. Tubulus proximalis
diameters were significantly higher in the experimental group than the control group. Crossman triple
staining. Scale bar: 20 um.
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Figure 3. Ascending limb of Henle's loops in the control (A) and experimental (B) groups. Ascending
limb of Henle's loops diameter (stars) significantly reduced in the experimental group compared to the
control group. Crossman triple staining. Scale bar: 20 um.
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Figure 4. Corpusculum renis (tri;mgle) and tubulus proxia]is (tars) in the control A) and exeriment
(B) groups. PAS-positive mesangial matrix and tubulus proximalis were significantly higher in the
experimental group than the control group. PAS: Periodic acid-Shiff. PAS staining. Scale bar: 20 um.

Table 1. Kidney weights in the control and experimental groups.

Group n Right kidney weight  Left kidney weight  Total kidney weight
(8) (x1Sx) (8) (x1Sx) (8) (x1Sx)

Control 10 1.54 £ 0.04 1.44 £ 0.03 2.98 £ 0.06

Experimental 15 1.61 £ 0.06 1.43 £ 0.04 3.04 £ 0.09

P NS NS NS

NS: not significant, n: no. of rats, x: mean, Sx: standard error of mean (SEM).

Table 2. Corpusculum renis count, corpusculum renis diameter, width of cavum glomeruli, tubulus proximalis
diameter and ascending limb of Henle's loops diameter in the control and experimental groups.

Group n Corpusculum  Corpusculum  Width of cavum Tubulus Ascending limb of
renis renis glomeruli proximalis Henle's loops
count diameter (um) diameter diameter (um)

(nm) (nm)
(x1Sx) (x%Sx) (x%Sx) (x1Sx) (xxSx)

Control 10 6.31 £ 0.38 102.17 £ 1.05 15.83 £ 0.25 40.07 £ 0.42 30.39 £ 0.32

Experimental 15 5.56 + 0.28 95.13 £ 0.68 14.02 £ 0.19 42.24 £ 0.36 27.58 £0.22

P NS ook ook ook koK

*+: p < 0.01, NS: not significant, n: no. of rats, x: mean, Sx: standard error of mean (SEM).

Table 3. Glomerular mesangial matrix density, glycogen density in proximal tubular epithelial cells, and tubulus
proximalis basement membrane thickness in the control and experimental groups.

Group n Glomerular Glycogen density in Tubulus proximalis
mesangial tubulus proximalis basement membrane
matrix density epithelial cells thickness
(x£Sx) (x£Sx) (xtSx)
Control 10 1.42 £ 0.04 1.38 £ 0.03 1.32 £ 0.03
Experimental 15 2.13 £ 0.04 1.62 £ 0.04 1.40 £ 0.03

¥ p < 0.01, NS: not significant, n: no. of rats, x: mean, Sx: standard error of mean (SEM).
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DISCUSSION

Kidney weights

Oudot et al. (2013) and Bratoeva et al. (2017) found
that feeding with high doses of fructose increases
statistically kidney weight. In study by Oudor et al.
(2013), this increased kidney weight due to feeding
with high fructose diet was associated with kidney
hypertrophy characterized by an increase in tubulus
proximalis and glomerulus area. In this study, a non-
significant difference was observed between the
control and experimental group; however, a
numerical increase was observed in the kidney weight
of the rats in the experimental group. The reason for
the absence of a significant difference is thought to
be due to using a lower dose of fructose in our study
than the other related studies.

Histological and histomorphological analyzes
The histological appearance of the kidney tissues in
the control group was compatible with the literature
(Saleh et al. 2017, El-Kafoury et al. 2019).

As a result of a study performed by adding 10% and
20% fructose to drinking water for eight weeks in
rats, they found that the corpusculum renis and
glomerulus area and the glomerulus diameter
decreased significantly in comparison to the control
group (Yanti et al. 2014, Saleh et al. 2017). In
addition, Oudot et al. (2013) found that feeding with
high doses of fructose increases statistically
glomerulus area. In the present study, it was
determined that the corpusculum renis diameter
decreases in the experimental group that fructose was
administered. The results were compatible with some
related studies (Yanti et al. 2014, Saleh et al. 2017).
The reduction in corpusculum renis diameter may be
associated with interstitial fibrosis, characterized by
the accumulation of matrix proteins in the kidneys
due to fructose administration (Saleh et al. 2017).

Another study found that fructose administration was
increased the width of cavum glomeruli, whereas
width of cavum glomeruli dectreased in the present
study (Yanti et al. 2014). It can be thought that the
reason for this decrease occurred due to the increase
in glomerular mesangial matrix density.

Other studies showed that fructose administration to
rats increased tubulus proximalis area in kidneys
(Oudot et al. 2013, Yang et al. 2014). Consistent with
literature, present study determined that the tubulus
proximalis diameter increased in the experimental
group. In the study of Choi et al (2011), they reported
that the reason for this increase may be related to
tubular cell proliferation caused by high fructose
feeding of rats.

Our result showed that the diameter of the ascending
limb of Henle's loops was decreased. But, in the

literature review, there is no study about how fructose
administration affects the diameter of the ascending
limb of Henle's loops. The dectease in the diameter
of ascending limb of Henle's loops may be thought to
occur due to an increase in fat cell deposition and
fibrous tissue formation in kidneys due to high
fructose exposure (De Castro et al. 2013, Yang et al.
2014, Abdel-Kawi et al. 2016, Bratoeva et al. 2017).

Histochemical analyzes

The present study showed that increase in glomerular
mesangial matrix density in rats in the experimental
group was found to be compatible with the studies
conducted by Kizhner and Werman (2002) and
Oztiitk et al (2005). Increased density in the
mesangial matrix can cause mesangial sclerosis and
thus kidney dysfunction (Tomooka et al. 1992).
Therefore, it can be said that long-term fructose
administration may negatively affect kidney function.

In the literature review, it was not found a histological
study on how fructose administration affects PAS
positivity in tubulus proximalis in the kidneys. In the
present study, it was found that fructose
administration on rats for 16 weeks increased the
positivity of PAS in  tubulus  proxmalis.
Glomerulosclerosis is characterized by mesangial cell
proliferation and increased PAS positivity in the
mesangial matrix. Tubular ischemia and interstitial
fibrosis develop due to the progression of
glomerulosclerosis. When glucosuria can not be
controlled, glucose that absorbed back can be stored
as glycogen in tubulus epithelium (Crawford and
Cotran 1999). Therefore, it can be said that the
increase in glycogen density in tubulus proximalis
epithelial cells is associated with glomerulosclerosis
developing due to fructose intake.

Opztiirk et al. (2005) reported that the addition of 10%
fructose to the drinking water of rats for eight weeks
rarely increases the tubular basement membrane
thickness. We found no statistically significant
difference in the tubulus proximalis basement
membrane thickness among the groups; however, a
numerical increase was observed in the tubulus
proximalis basement membrane thickness in the
experimental group.

CONCLUSIONS

In the present study revealed histological changes
occurring in the kidneys of the rats with metabolic
syndrome, which were formed by adding 20% D-
fructose to drinking water for 16 weeks. The present
study showed that while the corpusculum renis
diameter, width of cavum glomeruli and the
ascending limb of Henle's loop diameters decreased
in the experimental group. Tubulus proximalis
diameters, glomerular mesangial matrix density and
glycogen density in tubulus proximalis epithelial cells
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increased. In the literature review, there are no studies
on how the metabolic syndrome affects the ascending
limb of Henle's loop diameter and the density of
glycogen staining in tubulus proximalis histologically.
This is the first study that reveals this subject. These
results about the effects of metabolic syndrome on
kidney histochemistry and histomorphology will serve
as a reference for future studies.
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