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Research article
Ερευνητικό άρθρο

ABSTRACT: In the present study, it was aimed to examine the effects of early calcium oxalate (CaOx) crystal for-
mation and deposition on the kidneys and the effects of alpha-lipoic acid (ALA) in the prevention and early treatment 
of CaOx deposition in rats. Sixty rats were divided into six groups (n=10 per group). Ethylene glycol (EG) and am-
monium chloride (AC) (0.75% EG + 0.75% AC) were added to the drinking water of different groups for 7 or 14 days 
to induce nephrolithiasis. The effects of the CaOx and ALA (100 mg/kg per day orally) on kidney were investigated 
via histopathological, immunohistochemical, and biochemical methods. EG+AC application for both 7 and 14 days 
caused crystal accumulation in the tubule lumens, cystically dilated tubules, and hydropic degeneration in the tubular 
epithelium. However, inflammatory cell infiltration was observed merely in 14 days. When EG+AC administration 
was applied for 14 days only, it caused expression of ED1, alpha smooth muscle actin (α-SMA), and vimentin in 
the tubulointerstitial areas. However, α-SMA and vimentin expression was not observed in tubular epithelial cells. 
Transforming growth factor beta-1 (TGF-β1) expression was also detected in the tubules and intertubular cells at 14 
days. It was determined that ALA administration with EG+AC reduced the crystal accumulation in the tubule lumens 
(p<0.001), the degeneration of the tubular epithelium (p<0.001), and the expression of TGF-β1. In addition, it was de-
tected that ALA caused an increase in glutathione peroxidase (GPx) (p<0.001) and Catalase (CAT) (p>0.05) activities, 
which decreased with EG+AC application. This study suggests that ALA may be an effective strategy for reducing 
acute kidney injury caused by CaOx.
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INTRODUCTION

Nephrolithiasis is a common urinary system dis-
ease and its occurrence is associated with oxi-

dative stress, inflammation, apoptosis, and epithelial 
mesenchymal transition (Ding et al., 2021) .

Ethylene glycol (EG) is a substance that causes 
oxidative stress and then stone formation in the kid-
neys, which is used in experimental kidney calcium 
oxalate (CaOx) crystal formation and deposition stud-
ies in rats (Fan et al., 1999; Bahadoran et al., 2016). 
Ethylene glycol has been widely used in combination 
with ammonium chloride (AC) to achieve uniform-
ly high rate of kidney crystal deposition (Fan et al., 
1999). 

Calcium oxalate crystals can lead to acute and 
chronic tubuler injury, tubulointerstitial inflamma-
tion, interstitial fibrosis and progressive kidney fail-
ure (Khan, 2004; Kanlaya et al., 2013; Liu et al., 
2013; Hu et al., 2015; Convento et al., 2017).

Epithelial mesenchymal transition (EMT) is a cel-
lular process which the epithelial cells acquire mes-
enchymal characteristics (Kanlaya et al., 2013; Liu et 
al., 2013; Convento et al., 2017). EMT plays a crucial 
role in the initiation and development of renal inter-
stitial fibrosis which occurs in response to several 
stress conditions such as mechanical stretch, oxida-
tive stress, calcium oxalate crystallization, and sub-
sequently aggravates renal fibrosis in nephrolithiasis 
(Kanlaya et al., 2013; Liu et al., 2013; Convento et al., 
2017; Ding et al., 2021).

The first objective of the nephrolithiasis treatment 
is to decelerate the development of renal fibrosis (Hu 
et al., 2015). Alpha-lipoic acid (ALA) is an antioxi-
dant used in the prevention and treatment of diseases 
that may occur due to oxidative stress (Kowluru and 
Odenbach, 2004; Ergene, 2018; Wang et al., 2020). In 
various studies, it is stated that ALA reduces oxidative 
stress in kidneys, inflammation, and crystal accumu-
lation in the tubules (Kowluru and Odenbach, 2004; 
Yu et al., 2012; Ergene, 2018; Wang et al., 2020; Ca-

vdar et al., 2021). 

The purpose of this study was to examine the ef-
fects of early CaOx crystal formation and accumu-
lation on the kidneys and to investigate the effect of 
ALA on crystal deposition and on EMT in rats.

MATERIALS AND METHODS

Animals and experimental protocol
In the study, sixty male two months old Wistar Al-

bino rats weighed 200-250 g were used. This study 
was conducted with Hatay Mustafa Kemal University 
Animal Experiments Local Ethics Committee’s per-
mission numbered 2019/03-2. Experimental applica-
tions were carried out in accordance with the condi-
tions of care and use of laboratory animals (12 hours 
light: 12 hours dark and 24±3°C). During the experi-
ment, standard commercial rat food (pellet feed) and 
tap water were provided ad libitum to the rats.

The rats were randomly divided into equal six 
groups (n = 10 per group). The study design was pre-
sented in Table 1. In order to induce nephrolithiasis, 
some groups were given 0.75% EG and 0.75% AC 
added tap water (Bahadoran et al., 2016; Fan et al., 
1999; Khan, 1991). In addition, some groups were 
given ALA (100 mg/kg per day orally) (Gunes et al., 
2016; Topsakal et al., 2019).

At the end of the study, anesthesia was produced 
by means of a cocktail prepared by using xylazine (10 
mg/kg) and ketamine (50 mg/kg). Then, the rats were 
sacrificed, kidneys were removed and used for histo-
pathological, immunohistochemical and biochemical 
examinations.

 Histopathological examination
Kidneys were fixed in 10% neutral buffered for-

malin. After passing through alcohol and xylol series 
according to routine tissue follow-up methods, the tis-
sues were embedded in paraffin and 4 μm transversal 
sections (within the cortex, medulla, and pelvis) were 
stained with Hematoxylin Eozin (HE) for morpholog-

Table 1: Groups and applications
Groups Drinking water ALA Time
Group 1 Water - 14 day
Group 2 Water (% 0,75 EG + % 0,75AC) - 7 day
Group 3 Water (% 0,75 EG + % 0,75AC) - 14 day
Group 4 Water (% 0,75 EG + % 0,75AC) ALA 100 mg/kg/bw/daily 7 day
Group 5 Water (% 0,75 EG + % 0,75AC) ALA 100 mg/kg/bw/daily 14 day
Group 6 Water ALA 100 mg/kg/bw/daily 14 day
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ical changes and Pizzolato’s method for calcium oxa-
late crystal deposition (Pizzolato, 1964; Luna, 1968). 
Tubular crystal deposition, tubular dilatation, hydrop-
ic degeneration of tubular epithelial cells, and inflam-
matory cell infiltration were assessed and graded for 
each animal. Microphotographs were taken after ex-
amining them under a light microscope.

Histopathological changes were graded as no 
change (-), mild (+), moderate (++), and severe (+++) 
(Topsakal et al., 2019; Kutlu and Alcigir, 2019). Crys-
tal accumulation in tubules (6 areas in total, 2 areas in 
the cortex, medulla, and pelvis), was graded as “-” no 
crystal deposits; “+” 5 or less crystal deposition; “++” 
6-10 crystal deposition; “+++” more than 10 crystal 
deposits (using the mean value), after counting at the 
same magnification (x100) (Lee et al,, 1992; Fan et 
al. 1999). 

 Immunohistochemical examination
In the immunohistochemical examination, Sen-

siTek HRP (SensiTek HRP, ScyTek Laboratories, 
Logan, UT) kit was used according to the manufac-
turer’s instructions. Serial sections, 4 μm, were col-
lected on poly-l-lysine coated slides and incubated 
overnight at 56◦C. Tissue sections were deparaffinized 
in xylene and hydrated through a graded series of eth-
anol and blocked for endogenous peroxidase activity 
with 3% H2O2 in methanol for 30 minutes. An endog-
enous avidin/biotin blocking kit (ab64212) was used 
for endogenous biotin blocking. Proteinase K (Ab-
cam, ab64220) used as antigen retrieval. The sections 
were then incubated in a blocking serum (ScyTek 
Laboratories) for 10 min in order to block non-specif-
ic binding. Subsequently, the sections were incubated 
with the following primary antibodies: ED1 (Abcam, 
ab31630 / 1:100 dilution, 45 min / 45˚), transform-
ing growth factor beta-1 (TGF-β1) (Abcam, ab92486 
/ 1:100 dilution, 120 min / 45˚), alpha smooth muscle 
actin (α-SMA) (Abcam, ab5694 / 1:100 dilution, 45 
min / 45˚), and vimentin (Thermoscientific, MA3-
745 / 1:20 dilution, 60 min / 45˚). After washing with 
phosphate buffered saline (PBS) at room tempera-
ture, sequential incubations with biotinylated poly-
valent antibodies (Scy Tek Laboratories) and peroxi-
dase-labeled streptavidin (ScyTek Laboratories) were 
performed. For the control sections, PBS was used 
instead of primary antibody as the negative control. 
Positive reactions were visualized with 3,3’-diamino-
benzidine tetrahydrochloride (DAB, ScyTek Labora-
tories, Logan, UT). The sections were counterstained 
lightly with hematoxylin.

Positive cells in renal epithelia or interstitial cells 
were assessed semiquantitatively as follows; “3+” if 
more than 50% of cells are positive; “2+” if 10-50% 
of cells are positive; “1+” if less than 10% of cells 
are positive; if there is no positivity “-“(Yamate et al., 
2005).

Biochemical analysis
Tissue Homogenization: In order to homogenize 

the kidney tissue samples used in biochemical ana-
lyzes, approximately 1 g tissue sample was taken and 
homogenized in 10 ml PBS (pH: 7.4) using an ultra-
sonic homogenizer (Bandelin Electronic UW 2070, 
Germany). Then the homogenates were centrifuged 
at 5000 rpm, 4°C, for 30 minutes to obtain tissue 
homogenate supernatants (Kazak et al. 2020). The 
supernatant was used for spectrophotometrical (UV 
2100 UV-VIS Recording Spectrophotometer Shimad-
zu, Japan) analysis of glutathione peroxidase (GPx) 
and catalase (CAT) activities.

Determination of Glutathione Peroxidase Activi-
ties: Glutathione peroxidase is an enzyme that cata-
lyzes the conversion of hydrogen peroxide to water 
by using reduced glutathione. The method reported by 
Beutler (1975) was used to determine GPx activities 
in tissue supernatants. Glutathione peroxidase activity 
was presented as a U/g protein.

Determination of Catalase Activity: Catalase 
(CAT) decomposes hydrogen peroxide into water and 
oxygen with its catalytic activity. The determination 
of CAT enzyme activities in tissue supernatants was 
carried out according to the method described by Aebi 
(1984). CAT activity of tissues was presented as k/g 
protein.

Statistical analysis
In the statistical analysis of the findings, the IBM 

SPSS Statistics 22.0 computer program was used. 
One-way Anova analysis was used to determine 
whether there was a statistical difference between the 
groups for the determined characteristics. The Dun-
can test was used to compare multiple groups. Statis-
tical significance was accepted as p<0.05.

RESULTS
Microscopically, histopathological findings and 

scoring observed in the groups’ were presented in Ta-
ble 2. Kidneys in group 1 and group 6 were observed 
to have normal histological structures (Fig. 1a). In 
other groups, lesions with varying extents such as 
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crystal deposition within the tubules, cystically di-
lated tubules, hydropic degeneration of tubular epi-
thelial cells, and inflammatory cell infiltration were 
observed.

In group 2, in rats that were given EG+AC for 7 
days, mild crystal deposition in tubular lumens, di-
lated tubules, and hydropic degeneration of tubular 
epithelium were noted (Fig. 1b). In group 3, the group 
that was given EG+AC for 14 days, similar lesions 
were observed in moderate severity (Fig. 1c, Fig. 3a, 

Fig. 3b). However, inflammatory cells such as mono-
cytes, macrophages and relatively few neutrophils 
in the interstitial region was detected in this group, 
which was not observed in group 2 (Fig. 1d ).

In group 4, the group that was given EG+AC+A-
LA for 7 days, crystal deposition and hydropic de-
generation in the tubules were significantly decreased 
compared to group 2 (P<0,001) (Fig. 2a). In group 
5, ALA had a similar effect in rats that were given 
EG+AC+ALA for 14 days; compared to group 3 it 

Table 2: Histopathological findings of experimental groups
Groups/
Parameters

Crystal deposition 
within the tubules

Inflammatory cell 
infiltration

Cystically dilated 
tubules

Hydropic degeneration
of tubular epithelium 

Group 1 0.00±0.00c 0.00±0.00b 0.00±0.00b 0.00±0.00c

Group 2 1.00±0.22b 0.00±0.00b 0.71±0.18b 1.00±0.22b

Group 3 2.14±0.34a 1.43±0.30a 2.00±0.31a 2.14±0.34a

Group 4 0.57±0.30bc 0.43±0.20b 0.71±0.29b 0.00±0.00c

Group 5 1.14±0.26b 1.14±0.40a 1.57±0.48a 1.00±0.22b

Group 6 0.00±0.00c 0.00±0.00b 0.00±0.00b 0.00±0.00c

p P<0.001 P<0.001 P<0.001 P<0.001
a-c Different letters on the same column are statistically significant (p<0.001).

Figure 1: Histopathological changes in the kidneys with EG+AC. a) Kidney tissue has normal histological structure, Group 1; 100x, 
HE. b) Cystically dilated tubules (stars) and CaOx crystals (arrows), Group 2, 400x, HE. c) Moderate hydropic degeneration of tubular 
epithelium, cystically dilated tubules (stars) and CaOx crystals (arrows), Group 3, 400x, HE. d) Inflammatory cell infiltration in the 
intertubular region, Grup 3, 400x, HE. 
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Figure 2: The effects of ALA on histopathological changes in the kidneys induced by CaOx crystal accumulation a) Kidney tissue has 
normal histological structure, Group 4, 100x, HE b) Inflammatory cell infiltration in the intertubular region (stars), Group 5, 100x, HE.

Table 3: Immunohistochemical findings of experimental groups

G
ro

up
s/

 
A

nt
ib

od
ie

s

In
te

rs
tit

ia
l

E
D

1

Tu
bu

la
r

T
G

F-
β1

In
te

rs
tit

ia
l

T
G

F-
β1

Tu
bu

la
r

α-
SM

A

In
te

rs
tit

ia
l

α-
SM

A

Tu
bu

la
r

V
im

en
tin

In
te

rs
tit

ia
l

V
im

en
tin
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Group 2 - - - - - - -
Group 3 1+ 2+ 2+ - 1+ - 1+
Group 4 - - - - - - -
Group 5 1+ 1+ 1+ - 1+ - 1+
Group 6 - - - - - - -

Figure 3. Calcium oxalate crystal deposition in kidney a) Moderate crystal deposition, Group 3, 100x, Pizzolato’s method. b) Crystal 
deposition, Group 3, 400x, Pizzolato’s method. c) Mild crystal deposition, Group 5, 100x, Pizzolato’s method.

significantly reduced crystal deposition (Fig. 3c) and 
hydropic degeneration (P<0,001); however, although 
it reduced inflammatory cell infiltration, it was found 
that it did not have a statistically significant effect on 
inflammatory cell infiltration (Fig. 2b).

Immunohistochemical findings are presented in 
table 3. Macrophage-specific antibody ED1 immuno-
expression was observed in group 3 and group 5 on 14 
days only (Fig. 4a, Fig. 4b). ED1 positivity was not 
significant in other groups. TGF-β1 expression was 

observed at moderate intensity in the tubular epitheli-
um and interstitial cells in group 3, which was applied 
EG+AC for 14 days (Fig. 5a). In group 5, on the other 
hand, TGF-β1 expression in the epithelial and inter-
stitial regions was milder than in group 3 (Fig. 5b). 
Almost no TGF-β1 positivity was detected in other 
groups.

In the staining performed for the detection of my-
ofibroblasts, α-SMA immunoexpression was found 
in the interstitial cells of group 3 and group 5, which 
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underwent EG+AC application for 14 days. However, 
α-SMA immunoexpression was not observed in the 
tubular epithelium (Fig. 6a). In other groups, α-SMA 
positivity was found only in the vessel walls. Similar-

ly, vimentin expression was detected only mildly in 
the intertubular region in group 3 and group 5. No vi-
mentin immunoexpression was detected in the tubular 
epithelium (Fig 6b).

Figure 4: Immunohistochemical findings of ED1 in kidneys. DAP, ABC-P. a) ED1 positivity in the interstitial cells (arrows), Group 3, 
100x, b) ED1 positivity in the interstitial cells (arrows), Group 5, 400x.

Figure 5: Immunohistochemical findings of TGF-β1 in kidneys. DAP, ABC-P. a) Moderate TGF-β1 positivity in tubular epithelium and 
interstitial cells, Group 3, b) Mild TGF-β1 positivity in tubular epithelium and interstitial cells, Group 5, 400x.

Figure 6: Immunohistochemical findings of α-SMA and vimentin in kidneys. DAP, ABC-P. a) α-SMA positivity in the vessel wall and 
in the interstitial cells, Group 3, 400x. b) Vimentin positivity in the interstitial cells, Group 5, 100x.
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Renal tissue GPx and CAT activities of the groups 
were presented Table 4. Group 2 and group 3 GPx 
and CAT activities were found to be lower compared 
to group 1 and group 6 (p<0.001). It is determined 
that group 4 and group 5 GPx activities were higher 
compared to group 2 and group 3 (p<0.001). There 
was no difference in group 1 and group 6 GPx and 
CAT activities.

DISCUSSION
Nephrolithiasis is a common urinary system dis-

ease, characterized by secondary stone formation in 
both humans and animals (Kutlu and Alcigir, 2019; 
Ding et al., 2021). Several pathophysiological mecha-
nisms are involved in nephrolithiasis including oxida-
tive stress, inflammation, apoptosis, and EMT (Ding 
et al., 2021). 

The renal CaOx model created in rats with eth-
ylene glycol is frequently used to mimic CaOx accu-
mulation in humans (Wang et al., 2020). In previous 
studies, an increase in urinary oxalate excretion oc-
curs within 2 days in rats supplemented with 0.75-
1% EG; hyperoxaluria in 3 days; CaOx crystalluria in 
2 weeks; CaOx nephrolithiasis in 4-6 weeks (Khan, 
1997). In this study, EG+AC induced crystal forma-
tion in the tubules in both 7 and 14 days.

Calcium oxalate crystals are the most common 
crystals in the kidneys and cause tubulointerstitial 
injury and inflammation (Khan, 2004). Wang et al. 
(2020) stated that ALA reduces crystal accumulation 
in the kidneys. In the present study, it was discovered 
that the application of ALA in the CaOx model sig-
nificantly reduced the crystal formation and degener-
ative changes in the tubular epithelium in both 7 days 
and 14 days. In previous studies, it was stated that 
the adhesion and accumulation of CaOx crystals are 
easier when the cells are damaged. Therefore, it is as-
sumed that there may be a link between ALA’s reduc-

tion of crystal deposition and damage to the tubular 
epithelium (Wiessner et al., 2001; Thamiselvan et al., 
2003; Wang et al., 2020).

In previous studies, it was stated that macrophages 
accumulate around the tubules with CaOx stones in 
rats and they play a role in the phagocytosis of crystals 
(Kanlaya et al., 2013; De-Water et al., 2000). Most of 
these macrophages were found to be ED1 (monocyte 
and macrophage-specific antibody) positive (Jercan et 
al., 2012; De-Water et al., 2000). In histopathological 
and immunohistochemical examination conducted 
within our study, it was found that EG+AC applica-
tion induced macrophage infiltration only in 14 days. 
Macrophages are also found in healthy kidneys and 
increase in the state of disease, causing kidney injury, 
inflammation, and fibrosis (Cao et al., 2015; Ding et 
al., 2021). In other studies, it was stated that because 
ALA significantly reduces macrophage infiltration in 
the tubulointerstitial region by suppressing nuclear 
factor-kappa B activity, it has an anti-inflammatory 
effect (Kang et al,, 2009; Yu et al., 2012; Wang et al., 
2020; Cavdar et al., 2021). However, in this study, it 
was observed that ALA did not cause a significant sta-
tistical change in inflammatory cell infiltration. It was 
concluded that ALA did not show an anti-inflammato-
ry effect in a short period of 14 days.

The molecular pathogenesis of nephrolithiasis is 
very complex. The role of transforming growth fac-
tor beta-1 (TGF-β1), which is a profibrotic cytokine, 
in the initiation and development of fibrosis has been 
investigated many times, and in these studies, it was 
stated that TGF-β1 is the most important mediator in 
renal EMT (Khan, 2004; Hu et al., 2015, Convento 
et al., 2017). Macrophages are important in cyto-
kine production. It has been determined that there is 
a strong correlation between the number of macro-
phages and TGF-β1 and that interstitial macrophages 
produce TGF-β1 (Muchaneta-Kubara and El Nahas, 

Table 4: Renal GPx and CAT activities (Mean±SE) in groups
Groups/
Parameters

GPx
U/g protein

CAT
k/g protein

Group 1 488.68±23.50a 0.92±0.06a

Group 2 328.04±7.90d 0.51±0.03bc

Group 3 276.21±10.74e 0.41±0.05c

Group 4 432.67±14.09bc 0.63±0.03b

Group 5 398.44±8.09c 0.55±0.06bc

Group 6 460.81±23.65ab 0.81±0.03a

p P<0.001 P<0.001
a-e Different letters on the same column are statistically significant (p<0.001).
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1997; Branton and Kopp, 1999; Convento et al., 
2017). In the present study, EG+AC application for 7 
days neither initiate macrophage infiltration nor cause 
TGF-β1 expression. However, similar to previous 
studies, in animals treated with EG+AC for 14 days, 
TGF-β1 positivity was observed in the kidney tubules 
and intertubular region with macrophage infiltration. 
Although ALA did not affect macrophage infiltration 
in these groups, it was found that it reduced TGF-β1 
positivity. It was stated that TGF-β1 did not show any 
immunoreactivity in healthy rat kidneys. Likewise 
in our study, TGF-β1 positivity was not observed in 
groups with no injury or had mild crystals and inflam-
mation (Muchaneta-Kubara and El Nahas, 1997).

Alpha smooth muscle actin (α-SMA), a marker 
for myofibroblasts, is positive in the media layer of 
the renal arteries and arterioles in normal rat kidneys 
(Muchaneta-Kubara and El Nahas, 1997; Nakatsuji et 
al, 1998). It was reported that α-SMA expression in 
the interstitium was observed as of the 7th day in rats 
that underwent nephrectomy (5/6) (Muchaneta-Kuba-
ra and El Nahas, 1997). It is stated that there is a sig-
nificant correlation between α-SMA positive tubular 
epithelial cells, interstitial α-SMA positive myofibro-
blasts, and tubulointerstitial fibrosis (Ng et al., 1998; 
Jercan et al., 2012). Nakatsuji et al. (1998) found that 
α-SMA positivity was observed in tubulointerstitial fi-
brotic regions, especially around the basal membrane 
of tubules. In the present study, there was positivity 
in vessels in all groups. It was detected in the tubu-
lointerstitial areas only in the groups that underwent 
EG+AC for 14 days. However, α-SMA expression 
was not found in tubular epithelial cells in any group.

It was reported that vimentin expression was ob-
served in cystic dilated tubules or collapsed in ne-
phrosis induced by daunomycin in rats. In normal 
tubular epithelium, vimentin is negative (Gröne et 
al., 1987). Hu et al. (2015) found that glyoxalate in-
creased the positivity of α-SMA and vimentin, which 
are interstitial markers in the kidneys of rats. Conven-
to et al. (2017) reported that the mesenchymal marker 
vimentin became positive in proximal tubule epithe-
lial cells in 48 and 72 hours in vitro. However, in our 
study, the tubular epithelium was vimentin negative 
in all groups. Mild positivity in the interstitial region 
was noted in group 3 and group 5, where EG+AC was 
applied for only 14 days.

Convento et al. (2017) in their in vitro study, de-
termined that proximal tubular epithelium stimulated 
with CaOx produced TGF-β1, acquired mesenchymal 

features such as invasion and migration, and showed 
expression of α-SMA and vimentin. In this in vivo 
study, it is found that when immunohistochemical 
findings are evaluated together, 14 days of EG+AC 
application initiated TGF-β1 production in tubular ep-
ithelium however, the tubular epithelial cells did not 
acquire mesenchymal features (α-SMA, vimentin) 
such as invasion and migration during this period.

Panigrahi et al. (2017) reported a decrease in CAT 
activities on the 14th and 28th days during the appli-
cation of 1% AC in the first 14 days and 0.75% EG 
with 1% AC in the last 14 days. Shirfule et al. (2013) 
reported a decrease in renal GPx and CAT activities in 
rats given 0.75% EG containing 1% ammonium chlo-
ride for 5 days, followed by only 0.75% EG for 16 
days. Similar to previous studies, in the present study, 
it was determined that GPx and CAT activities de-
creased in the groups that were given drinking water 
with 0.75% EG and 0.75% AC for 7 days and 14 days 
(Shirfule et al., 2013; Panigrahi et al., 2017). Thus, it 
is considered that EG and AC added to the drinking 
water of rats may adversely affect renal antioxidant 
enzyme activities, even if applied in different amounts 
and at different times. In the present study, the fact 
that the GPx activities of group 4 and group 5 were 
significantly higher compared to group 2 and group 
3, as well as the fact that the CAT activities were also 
high, although not statistically significant, shows that 
ALA may have an antioxidative effect. In addition, in 
this study, it was determined that there was no differ-
ence when group 1 and group 6 antioxidant enzyme 
activities were compared. Thus, it is thought that ALA 
does not have any negative effect on the renal enzy-
matic antioxidant system.

CONCLUSIONS
Consequently, in the experimental EG+AC model 

in rats, it was observed that CaOx crystals and degen-
eration were formed in 7 days, and the inflammatory 
cellular reaction occurred in 14 days. In this model, 
it was observed that EG+AC application for 14 days 
initiated TGF-β1 production in the tubules and inter-
tubular region, however did not cause α-SMA and 
vimentin expression in tubular epithelium. Therefore, 
in this period, it was determined that the tubular ep-
ithelium did not acquire mesenchymal features such 
as invasion and migration, and although it triggered 
EMT, it did not cause EMT yet. On the other hand, it 
was observed that ALA reduced the amount of crys-
tals formed and the degeneration formed in the tubu-
lar epithelium also attenuated TGF-β1 expression in 
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the epithelial and tubulointerstitial areas, which has 
an important initiating role in EMT. In addition, it 
was determined that EG and AC may cause oxidative 
stress in renal tissue by reducing GPx and CAT activ-
ities. Nevertheless, it is also considered that ALA can 
prevent oxidative stress by increasing decreased an-
tioxidant enzyme activities, especially GPx activity.

ACKNOWLEDGMENT
This study was financially supported by the Scien-

tific Research Projects Fund of Hatay Mustafa Kemal 
University (Project number: 19.M.039).

CONFLICT OF INTERESTS
The authors declare that there are no conflict of 

interests.

REFERENCES

Aebi H (1984) Catalase in vitro assay methods. Methods Enzymol, 105, 
121-126.

Bahadoran H, Naghii MR, Mofid M, Asadi MH, Ahmadi K, Sarveazad 
A. (2016) Protective effects of boron and vitamin E on ethylene gly-
col-induced renal crystal calcium deposition in rat. Endocr Regul 
50(4), 194-206.

Beutler E. (1975) Red cell metabolism. In: A Manual of Biochemical 
Methods. New York: Grune Strottan, 67-69.

Branton MH, Kopp JB. (1999) TGF-β and fibrosis. Microbes and infect, 
1(15), 1349-1365.

Cao Q, Harris DC, Wang Y. (2015) Macrophages in kidney injury, inflam-
mation, and fibrosis. Physiology, 30(3), 183-194.

Cavdar Z, Oktan MA, Ural C, Kocak A, Calisir M, Heybeli C, Cavdar 
C. (2021) Alpha lipoic acid attenuates iron induced oxidative acute 
kidney injury in rats. Biotech Histochem, 96(6), 409-417.

Convento MB, Pessoa EA, Cruz E, da Glória MA, Schor N, Borges FT. 
(2017) Calcium oxalate crystals and oxalate induce an epitheli-
al-to-mesenchymal transition in the proximal tubular epithelial cells: 
contribution to oxalate kidney injury. Sci Rep, 7(1), 1-12.

De Water R, Noordermeer C, Houtsmuller AB, Nigg AL, Stijnen T, 
Schröder FH, Kok DJ. (2000) Role of macrophages in nephrolithiasis 
in rats: an analysis of the renal interstitium. Am J Kidney Dis, 36(3), 
615-625.

Ding T, Zhao T, Li Y, Liu Z, Ding J, Ji B, Guo Z. (2021) Vitexin exerts 
protective effects against calcium oxalate crystal-induced kidney py-
roptosis in vivo and in vitro. Phytomedicine, 86, 153562.

Ergene E. (2018) Alfa lipoik asit ve metabolik etkileri üzerine bir araştir-
ma. Adnan Menderes Üniversitesi Sağlık Bilimleri Fakültesi Dergisi, 
2(3), 159-165.

Fan J, Glass MA, Chandhoke PS. (1999) Impact of ammonium chloride 
administration on a rat ethylene glycol urolithiasis model. Scanning 
Microsc, 13(2-3), 299-306.

Gröne HJ, Weber K, Gröne E, Helmchen U, Osborn M. (1987) Coex-
pression of keratin and vimentin in damaged and regenerating tubular 
epithelia of the kidney. Am J Clin Pathol, 129(1), 1.

Gunes A, Ozmen O, Saygın M, Ascı H, Tok L, Tok O, Dıncoglu D. (2016) 
Lens and cornea lesions of rats fed corn syrup and the protective ef-
fects of alpha lipoic acid. Cutan Oocul Toxicol, 35(1), 31-35.

Hu H, Chen W, Ding J, Jia M, Yin J, Guo Z. (2015) Fasudil prevents cal-
cium oxalate crystal deposit and renal fibrogenesis in glyoxylate-in-
duced nephrolithic mice. Exp Molecular Pathol, 98(2), 277-285.

Jercan O, Penescu M, Malaescu DG. (2012) Immunoexpression of al-
pha-SMA and CD68 in native kidney biopsies. Rom J Morphol Em-
bryol, 53(4), 1037-1042.

Kang KP, Kim DH, Jung YJ, Lee AS, Lee S, Lee SY, Kim W. (2009) 
Alpha-lipoic acid attenuates cisplatin-induced acute kidney injury in 
mice by suppressing renal inflammation. Nephrol Dial Transplant, 

24(10), 3012-3020.
Kanlaya R, Sintiprungrat K, Thongboonkerd V. (2013) Secreted products 

of macrophages exposed to calcium oxalate crystals induce epithelial 
mesenchymal transition of renal tubular cells via RhoA-dependent 
TGF-β1 pathway. Cell biochem and biophys, 67(3), 1207-1215.

Kazak F, Çimrin T, Alaşahan S. (2020) Effects of Ground Fennel Seed 
Supplementation to diet on Some Blood and Liver Parameters in 
Quails. ISPEC Journal of Agr. Sciences. 4(4), 1037-1052.

Khan SR. (1991) Pathogenesis of oxalate urolithiasis: lessons from exper-
imental studies with rats. Am J Kidney Dis, 17(4), 398-401.

Khan SR. (1997) Animal models of kidney stone formation: an analysis. 
World J Urol, 15(4), 236-243.

Khan SR. (2004) Crystal-induced inflammation of the kidneys: results 
from human studies, animal models, and tissue-culture studies. Clin 
Exp Nephrol, 8(2), 75-88.

Kowluru RA, Odenbach S. (2004) Effect of long-term administration of 
α-lipoic acid on retinal capillary cell death and the development of 
retinopathy in diabetic rats. Diabetes, 53(12), 3233-3238.

Kutlu T, Alcigir G. (2019) Comparison of renal lesions in cats and dogs 
using pathomorphological and ımmunohistochemical methods. Bio-
tech Histochem, 94(2), 126-133.

Lee YH, Huang WC, Chiang H, Chen MT, Huang JK. (1992) Determinant 
role of testosterone in the pathogenesis of urolithiasis in rats. J Urol, 
147(4), 1134-1138.

Liu M, Liu YZ, Feng Y, Xu YF, Che JP, Wang GC, Zheng JH. (2013) 
Novel evidence demonstrates that epithelial-mesenchymal transi-
tion contributes to nephrolithiasis-induced renal fibrosis. J Surg Res, 
182(1), 146-152.

Luna, LG, (ed), Manual of Staining Methods of the AFIP, 3 rd edition, 
McGraw-Hill, NY, c 1968, p 177.

Muchaneta-Kubara EC, El Nahas AM. (1997). Myofibroblast phenotypes 
expression in experimental renal scarring. Nephrol Dial Transplant, 
12(5), 904-915.

Nakatsuji S, Yamate J, Sakuma S. (1998) Relationship between vimentin 
expressing renal tubules and interstitial fibrosis in chronic progressive 
nephropathy in aged rats. Virchows Arch, 433(4), 359-367.

Ng YY, Huang TP, Yang WC, Chen ZP, Yang AH, Mu W, Lan HY. (1998) 
Tubular epithelial-myofibroblast transdifferentiation in progressive 
tubulointerstitial fibrosis in 5/6 nephrectomized rats. Kidney Int, 
54(3), 864-876.

Panigrahi PN, Dey S, Sahoo M, Dan A. (2017) Antiurolithiatic and an-
tioxidant efficacy of Musa paradisiaca pseudostem on ethylene gly-
col-induced nephrolithiasis in rat. Indian J Pharmacol, 49(1), 77-83. 

Pizzolato PJ. (1964) Histochem. Cytochem., 12:333-336
Shirfule AL, Racharla V, Qadri SSYH, Khandare AL. (2013) Exploring 

antiurolithic effects of gokshuradi polyherbal ayurvedic formulation 
in ethylene-glycol-ınduced urolithic rats. Evid Based Complement 



J HELLENIC VET MED SOC 2023, 74 (3)
ΠΕΚΕ 2023, 74 (3)

5920 T. KUTLU, F. KAZAK, A. UYAR

Alternat Med, 763720. 
Thamilselvan S, Khan SR, Menon M. (2003) Oxalate and calcium oxalate 

mediated free radical toxicity in renal epithelial cells: effect of antiox-
idants. Urol Res, 31(1), 3-9.

Topsakal S, Ozmen O, Ozgocmen M (2019) Effects of alpha-lipoic acid 
on high fructose induced hepatic pathology. Biotech Histochem, 
94(4), 271-276.

Wang Z, Bai Y, Wang J, Wang J. (2020) The preventive and therapeutic 
effects of α-lipoic acid on ethylene glycol-induced calcium oxalate 
deposition in rats. Int Urol Nephrol, 52(7), 1227-1234.

Wiessner JH, Hasegawa AT, Hung LY, Mandel GS, Mandel NS. (2001) 

Mechanisms of calcium oxalate crystal attachment to injured renal 
collecting duct cells. Kidney Int, 59(2), 637-644.

Yamate J, Kuribayashi M, Kuwamura M, Kotani T, Ogihara K. (2005) 
Differential immunoexpressions of cytoskeletons in renal epithelial 
and interstitial cells in rat and canine fibrotic kidneys, and in kid-
ney-related cell lines under fibrogenic stimuli. Exp Toxicol Pathol, 
57(2), 135-147.

Yu X, Liu H, Zou J, Zhu J, Xu X, Ding X. (2012) Oxidative stress in 5/6 
nephrectomized rat model: effect of alpha-lipoic acid. Ren Fail, 34(7), 
907-914.

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

