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ABSTRACT: The aim of this study is to determine whether Platanus orientalis (PO) which has anti-inflammatory,
antioxidant and diuretic properties and used in the treatment of kidney stones as traditional folk medicine, will reduce
or prevent the stone formation in the urinary system. To simulate the urolithiasis model 0.75% ethylene glycol (EG) and
1% ammonium chloride (AC) were applied to Sprague-Dawley rats. The rats were divided into four groups (n=8). The
control group was given standard drinking water for 5 weeks. EG group received 0.75% EG in their drinking water
containing 0.75% EG and 1% AC. PO extract (100 mg/kg) was given orally for 5 weeks to the preventive group and for
last 2 weeks to the therapeutic group, respectively. At the end of experiment, 24-hour urine and kidney samples were
obtained. In urine samples, calcium and citrate levels were decreased and oxalate level was increased in the EG group.
In kidney samples myeloperoxidase, caspase-3, N-acetyl-B-glycosaminidase (NAG) activities, malondialdehyde
(MDA), 8-hydroxy-2-deoxyguanosine (8-OHdG), tumor necrosis factor-a and interleukin-1p levels were increased
while superoxide dismutase activity and glutathione levels were decreased in the EG group. These biochemical
parameters returned to control levels in both PO treatment groups. Histological findings also correlate with these
results. Our findings are suggested that PO treatments is effective in both preventive and therapeutic groups.
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1. INTRODUCTION

Urinary system stone disease (urinary lithiasis) is one of the leading causes of chronic kidney failure.
According to the latest data of the European Urology Association, its prevalence has increased to 8.8% and the
recurrence rate is 20% within five years [1, 2]. Stone recurrence depends on multiple factors such as genetics,
diet, or climatic changes [3].

While the most common urinary system stones are calcium oxalate and calcium phosphate stones, there
are many stone types such as uric acid, cystine and struvite (magnesium ammonium phosphate) stones [4].
A wide variety of molecular mechanisms have been proposed that can cause stone formation. The
supersaturation degree of the urine is the main thermodynamic force for initiation of stone formation [5]. On
the other hand, it is thought that hyperoxaluria causes damage to renal epithelial cells, triggers the production
of reactive oxygen molecules and oxidative stress which in turn contributes to crystal retention [6]. In cell
culture and in vivo studies, it has been shown that the damage caused by oxalate crystals is accompanied by
lipid peroxidation and subsequently the inflammation contributes to this damage with an increase in
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interleukin-1p (IL-1pB) levels [7]. Besides, there are a lot of promoter or inhibitor factors that effect the
mechanisms which cause stone formation [8]. While the low urine flow rate and volume, low urine pH, high
levels of calcium, sodium, oxalate and uric acid in the urine are among the promoters of calcium oxalate stone
formation, inorganic substances such as citrate, magnesium and organic substances such as nephrocalcin,
urinary prothrombin fragment-1, osteopontin are among the inhibitors [6].

Urinary stones can either be fragmented with shockwave lithotripsy and excreted in urine and it is
possible to disintegrate them by various open and endoscopic urological surgical methods [9]. On the other
hand, medical treatments for urinary system stones are aimed to reduce the size of the stone, dissolve it
completely and prevent recurrence. Antispasmodics such as hyoscine-N-butylbromide are used to facilitate
the removal of stones from the ureter, as well as nifedipine and tamsulosin which have smooth muscle relaxant
effects [10]. Potassium citrate is the most used medication for chemolysis and/or prevention of stone
recurrence. For chemolysis of uric acid stones, alkalization of urine with sodium bicarbonate or potassium
citrate can be performed while combined therapy with allopurinol an xanthine oxidase inhibitors can also be
administered [11] . Nowadays, since approaches to the use of traditional folk plants for medicinal purposes
have increased, studies are also increasing on this subject.

Different plant extracts such as Camellia sinensis [12], Punica granatum [13], Petroselinum sativum [14],
Daucus carota [15], Urtica dioica [16], Duranta erecta[17] have been studied in vivo and shown to be remedial in
the treatment of kidney stones. Platanus orientalis (PO) leaves are used for the treatment of burns, diabetes,
diarrhea, inflamed wounds, kidney diseases, stomach diseases and rheumatism in folk medicine in Turkey
[18]. PO is a traditional medicinal herb with anti-inflammatory [19], antinociceptive, antioxidant [20] and
analgesic [21] properties which have been used in different parts of the world to expel kidney stones as well
as for the treatment of gallstones, as diuretics, and for its analgesic and antipyretic properties. In the light of
these studies, we investigated the effects of PO on urinary system stone disease.

2. RESULTS

2.1. In vitro anti-inflammatory and antioxidant effects and total phenolic/flavonoid contents of po ethanolic
extract

PO extract with ICsp value of 76.63 ng/ml showed a high antioxidant activity against DPPH radical
compared to the ascorbic acid (ICs: 17.60 = 0.37 pug/ml). In addition, PO extract with ICsp value of 89.60 ng/ml
showed a significant antioxidant activity against ABTS radical compared to the trolox (ICso: 17.22 pg/ml).

PO extract with ICsp value of 57.91 pg/ml was found to have a good anti-inflammatory activity against
5-lipooxygenase enzyme compared to indomethacin (ICsp: 22.39 + 0.26 pg/ml).

Total phenolic and total flavonoid compound contents of PO extract was found as 141.40 mg/g
equivalent to gallic acid and 35.21 mg/g equivalent to quercetin, respectively (Table 1).

Table 1. Antioxidant, anti-inflammatory activities and total compound contents of POE***

Assays POE* Ascorbic acid Trolox Indomethacin
DPPH radical scavenging activity 76.63+0.55b 17.60 £0.372
(ICso, pg/ml)
ABTS radical scavenging activity 89.60+0.85P 13.00 +0.212
(ICso, pg/ml)
Anti-lipoxygenase activity (ICso, Lg/ml) 57.91+3.13b 22.39 £0.262
Total phenol content 141.40+3.34
(mg GAE/ g extract) **
Total flavonoid content 35.21+0.46
(mg QE/ g extract) **

*POE: Platanus orientalis ethanol extract

** The total phenolic and flavonoid contents were expressed as gallic acid equivalent (GAE) and quercetin equivalent (QE),
respectively.

*** Each value in the table is represented as mean * S.D. (n=3). Different letter superscripts in the same line indicate significant
differences (p<0.05).

2.2. Urinary calcium, oxalate, citrate, phosphate levels

Calcium and sitrate levels in urine were significantly decreased (p<0.05, p<0.001, respectively) while
oxalate level in urine was remarkable increased (p<0.01) in the EG group (4.88+0.47 mg/dL, 2.94+0.28 mg/dL,
3.04+0.41 mg/dL, respectively) compared to control group (8.54+1.14 mg/dL, 6.36+0.54 mg/dL, 1.16+0.16
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mg/dL, respectively). In the PO preventive group (8.20+0.51 mg/dL, 4.90+0.37 mg/dL, 1.57£0.25 mg/dL,
respectively) calcium and sitrate levels were slightly increased while oxalate level was decreased (p<0.05)
compared to EG group. In the PO therapeutic group (8.02+0.58 mg/dL, 4.36+0.57 mg/dL, 1.73+£0.30 mg/dL,
respectively) calcium level was not changed, significantly; sitrate level was slightly decreased and oxalate level
was slightly increased (p<0.05) compared to the EG group. Phosphate levels in urine were not significantly

changed among all groups (Figure 1).
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Figure 1. a) Calcium, b) Oxalate, and c) Citrate d) Phosphate levels in urine. *p<0.05, ***p<0.001 in comparison with
control group; *p<0.05 in comparison with EG group.

2.3. 8-OHdG levels

8-hydroxy-2-deoxyguanosine (8-OHdG) levels in the EG group and PO therapeutic group were found
to be significantly higher (P<0.05-0.01) compared to control group. Besides, in the PO preventive group it was
significantly decreased (P<0.01) compared to EG group (Figure 2).
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Figure 2. 8-OHdG levels in kidney tissues. *

p<0.5, *p<0.01 in comparison with control group; *p<0.01 in
comparison with EG group.

2.4. Caspase-3 activity

Renal tissue caspase-3 activity was significantly increased (p<0.001) in EG group compared to control
group. When the treatment groups were examined, caspase-3 activity in PO preventive group was

significantly decreased (p<0.001) compared to EG group. Caspase-3 activity in PO therapeutic group was also
decreased (p<0.01) compared to EG group (Figure 3).
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Figure 3. Caspase-3 activity in kidney tissues. ***p<0.001 in comparison with control group; +*p<0.01, ++*p<0.001 in
comparison with EG group.

2.5. MPO, SOD activities and MDA, GSH levels

The activity of MPO was significantly increased (p<0.01) in EG group and slightly increased (p<0.005)
in PO therapeutic group when they compared to control group. Besides these, MPO level of the PO preventive
group was found to be significantly decreased (p<0.01) compared to EG group.

Our results show that, there was slightly increase (p<0.05) in the MDA levels in the EG group compared
to control and there were slightly decrease (p<0.05) in the PO preventive group and PO therapeutic group
compared to EG group.

When the levels of GSH were examined, remarkable decrease in the EG group was observed compared
to control group and a slight decrease was observed in the PO therapeutic group compared to control group.
There was no significant change observed in the PO therapeutic group compared to EG group. Contrarily, a
slight increase was observed in the PO preventive group compared to EG group.

Similar to GSH levels, SOD activities were also significantly decreased (p<0.01) in EG group compared
to control group. While the SOD activities were not remarkable increased in the PO therapeutic group, in the
PO preventive group they were slightly increased (p<0.05) compared to EG group (Figure 4).
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Figure 4. The levels of a) MDA, b) MPO, c) SOD, d) GSH in kidney tissues. *p<0.05, **p<0.01, ***p<0.001 in
comparison with control group; +p<0.05, ++p<0.01, in comparison with EG group.
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2.6. NAG activity

N-acetyl-p-glycosaminidase (NAG) activity in the EG group was significantly increased when
compared to control group (p<0.01). In the treatment groups, NAG activities in the PO preventive group were
found to be significantly decreased (p<0.01) and in the PO therapeutic group were found to be slightly

decreased (p<0.05) compared to EG group (Figure 5).
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Figure 5. NAG activity in kidney tissues. **p<0.01 in comparison with control group; *p<0.05, +*p<0.01, in
comparison with EG group.

2.7. TNF-a and IL-1p levels

The amount of TNF-a and IL-1 significantly increased in the EG group compared to control group
(p<0.01). In the PO preventive group both TNF-a and IL-1§ levels were decreased compared to EG group
(p<0.01). Besides, TNF-a and IL-1§3 levels in PO therapeutic group were remarkable decreased when compared

to EG group (p<0.01, p<0.05, respectively) (Figure 6).
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Figure 6. TNF-a ve IL-1p levels in kidney tissues. **p<0.01 in comparison with control group; +p<0.05, ++p<0.01, in
comparison with EG group.
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2.8. Histopathological analyses

While smooth structures were observed in both cortex and medulla in the control group (Figure 7a),
enlargement of both cortical and medullary tubules, shedding of tubule cells and suppuration in the lumen
were observed in the EG group (Figure 7b). In the treatment groups, although the degeneration regressed in
the PO preventative group, it continued (Figure 7c), while in the PO therapeutic group tubule enlargement
regressed both in the cortex and in the medulla (Figure 7d).

Figure 7. Representative light micrographs of renal tissues in experimental groups. a) control group showed regular
tubules (arrow) and glomeruli (arrowhead), medulla (*). b) EG group showed suppuration tubules (arrow),
glomeruli (arrowhead), degenerated tubules medulla (*) due to severely enlarged and intraluminal cell shedding.
¢) PO preventative group showed tubule enlargements (arrow), glomeruli (arrowhead), decreased degeneration
medulla (*). d) PO therapeutic group started to improve and decreased intratubular spills (arrow), glomeruli
(arrowhead), improved tubule structure in the medulla (*). All thumbnails are at the same magnification and belong
to kidney medullary region.

3. DISCUSSION

Kidney stone disease is an important health problem as it increases risk of chronic kidney disease, end-
stage renal failure, cardiovascular disease, diabetes, and hypertension [2, 5, 31, 32]. In order to prevent this
burden due to urolithiasis, it is necessary to examine the alternative approaches that can be effective in
preventing stone formation or excreting the already formed stones.

Current treatments methods applied to patients with urolithiasis are planned according to size and
location of the stone. Although stones larger than 6 mm can be removed surgically, excretion of stones can be
facilitated by drugs such as alpha blockers and calcium channel blockers for smaller stones. Lifestyle changes
such as increasing fluid intake, decreasing intake of carbonated drinks and drug supplements such as thiazid
diuretics, allopurinol, and potassium citrate are used to prevent recurrence [10, 33]

The EG model is frequently used in studies to investigate the pathophysiology of urinary system stone
disease as well as new drug alternatives to reduce stone formation or treatment against stone induced kidney
damage. Accordingly, we studied with EG which increased oxalate excretion and decreased calcium and
citrate excretion to induce hyperoxaluria which is necessary for stone formation. Ethylene glycol is broken
down to four organic acids including glycolaldehyde, glycolic acid, glyoxylic acid, and oxalic acid in vivo.
While glycolic acid causes severe acidosis, oxalate precipitates as calcium oxalate in the urinary system [34].

As expected in supersaturation mechanism, while EG administration increased oxalate levels in the
urine of rats, it was observed that urine calcium and citrate levels decreased. In addition, these levels were
found to return to control levels in rats treated with the PO extract in our study. Supersaturation, the first step
in stone formation, depends on the increase in the oxalate concentration in the urine. Hyperoxaluria,
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hyperuricosuria, hypercalciuria, hypocitraturia and hypomagnesuria are seen in the formation of CaOx
stones, which are the most common renal stones [15].

Studies have shown that some traditional herbal extracts are used in the treatment of urinary stone
diseases and suggested that these extracts could be used as an alternative, considering the side effects of
current treatment methods [35]. PO is a traditional herb used in dermatologic, ophthalmologic, and rheumatic
diseases, as an antinociceptive in toothache and in diseases such as dysentery and asthma [36]. At the same
time, as shown in in vitro studies, PO has played an important role in the prevention and treatment of
urolithiasis with its antioxidant and anti-inflammatory activity. Ahmed et al. reported that polyphenols can
effectively inhibit the formation of calcium oxalate urinary stones in relation to their antioxidant, anti-
inflammatory, diuretic, and angiotensin converting enzyme (ACE) inhibitory effects. The current study
revealed that PO had a high phenolic and flavonoid content [37]. In addition, El-Alfya et al. suggested that PO
ethanolic extract contained 5,74 -trihydroxy-3,6-dimethoxyflavone-3"-O-f-D-xylopyranoside, kaempferol,
quercetin, platanoside, tiliroside, afzelin, quercitrin, hyperoside, nicotiflorin, rutin, p-coumaric acid, and
cryptochlorogenic acid [38]. Therefore, the phenolic compound content of PO may have contributed
significantly to the prevention of stone formation. Based on these findings, the effects of PO on urinary system
stone disease were investigated in this study to evaluate its therapeutic or preventive properties.

Intracellular reactive oxygen species (ROS) are primarily produced by NADPH oxidase and
mitochondria [39, 40]. ROS activate the transcription factors such as nuclear factor-xB, activation protein-1
through regulate the signal molecules such as protein kinase C, c-Jun N-terminal kinase and p38 mitogen-
activated protein kinase. The activation of these molecules allows the genes involved in the production of
crystallization modulators such as osteopontin, bikunin and a-1-microglobulin [41].

Hyperoxaluria and CaOx crystals have been shown to increase the formation of ROS by causing
inflammation in the kidney and cause tissue damage [42-44]. ROS are highly reactive and chemically unstable
molecules and can bind to macromolecules (proteins, lipids, carbohydrates), disrupt their structure, and
eventually cause tissue damage [45]. Studies in experimental models and clinical findings have shown the role
of ROS in the formation of CaOx kidney stones. Although ROS generation can be controlled under normal
conditions, pathologically excessive formation, causes tissue damage. Exposure to increased oxalate and CaOx
/ calcium phosphate (CaP) crystals increases the damage through excessive ROS formation, and this in turn
disrupts kidney functions, increases the accumulation of these crystals and a vicious circle develops. As these
mechanisms are taken into consideration; studies are widely carried out with the use of antioxidants to prevent
and ameliorate this condition.

There are various endogen antioxidants in human body that scavenge ROS such as SOD, GSH, catalase,
glutathione peroxidase, a-tocopherol, ubiquinone [36, 40]. Additionally, some antioxidant compounds can be
taken with food [46]. Superoxide dismutase is an important antioxidant enzyme that catalyzes the conversion
of superoxide radical to hydrogen peroxide and oxygen molecules. Moreover, GSH, a key antioxidant
molecule which is present in all cell types, protects the cell against oxidative damage through the thiol groups
in its structure. Recent studies have shown that SOD activities and GSH levels are reduced in rats with
urolithiasis. Yousefi Ghale-Salimi et al. have reported that taraxasterol treatment increases SOD activity in rats
with kidney stone [47]. Similarly, Wang et al. have shown that decreased SOD activities in rats with urolithiasis
increased with a-lipoic acid [48] and Endothelium Corneum Gigeria Galli extract [49] treatment, respectively.
Anundi et al. showed that decreased GSH levels triggers lipid peroxidation then causes cell lysis [50]. In
accordance with these studies, our study also showed that SOD activities and GSH levels were decreased in
rats due to EG, while increased with PO extract when given as preventive treatment for SOD activity and both
treatments for GSH.

ROS cause lipid peroxidation of membranes and tissue damage in the kidney [51]. Lipid peroxidation
is a chain reaction that begins with the removal of a hydrogen atom from unsaturated fatty acids of membrane
phospholipids, resulting in the formation of a large number of reactive compounds [7]. Malondialdehyde
(MDA) is one of the end products of this chain reaction and well-known sign of oxidative stress [52]. In this
study, increased MDA levels showed that oxalate crystals cause oxidative stress, and this result is consistent
with studies in the literature [53]. On the other hand, decreased MDA levels with PO extract demonstrated
that PO have antioxidant properties.

NAG activity which is an indicator of oxidative stress mediated renal tubular damage, increased in rats
with kidney stone induced by EG and significantly decreased in both treatments’ groups. NAG is a lysosomal
enzyme found in the kidney, especially in the proximal tubule cells. Evidence on the literature as urinary NAG
level is directly proportional to the urinary oxalate level and can be increased by nephrotoxic medication,
diabetic nephropathy, and acute kidney injury [54, 55].
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8-OHdG is highly sensitive and the most used oxidative DNA damage marker. Guanine is a base that
the most susceptible to oxidation among DNA bases. 8-OHdG is formed as one of the DNA repair products
when guanine is exposed to attacks of ROS such as hydroxyl radical and superoxide anyone [56]. In addition,
increased 8-OHdG levels were found in rats with experimental kidney stones [57]. Sener et al. showed that in
rats with EG induced kidney stones 8-OHdG levels were increased due to oxidative damage and decreased
with the administration of melatonin, an antioxidant agent [58]. In correlation with these data, we found that
8-OHdG level increased in rat given EG, and these levels decreased to control levels in treatment groups in
this study. 8-OHdG induces apoptosis by activating various caspases and causing an increase in the expression
of p53 [59]. Caspase-3 is a death protease that catalyzes the specific cleavage of many cellular proteins and can
be activated by intrinsic and extrinsic pathways [60]. It has been shown that in various studies that caspase-3
activities increase in rats with EG-induced kidney stone and decrease to control levels with various treating
agents [58, 61]. Concordantly, in this study we have shown that caspase-3 activity increased in rats with
urolithiasis and significantly decreased with PO extract treatments.

Inflammation in urolithiasis cases usually occurs through cells such as leucocytes, monocytes,
macrophages that gather around crystal deposits in the renal papillae and in some cases, inflammation can
reach the renal cortex 40]. In previous studies the MPO activities have been shown to be increased in
nephrolithiasis as an indicator of inflammation caused by neutrophil infiltration [58, 62]. Additionally,
increased MPO activities were reported in various kidney diseases such as pyelonephritis, glomerulonephritis
[62]. Myeloperoxidase is a peroxidative enzyme that is released from activated neutrophils and cause the
HOCL production that damages macromolecules [63]. In our study MPO activity was increased in rats with
kidney stone and returned to control levels in treatment groups. TNF-a, a proinflammatory cytokine,
stimulates related receptors to trigger tubular epithelial necroptosis in nephrocalcinosis based on calcium
oxalate accumulation through the increase in the expression of tubular adhesion molecules [64]. Another
proinflammatory cytokine, IL-13 is secreted for inflammation and tissue remodeling in various
crystallopathies including nephrocalcinosis [65]. It was shown in an experimental study that both TNF-a and
IL-1p levels were increased in rats with kidney stones formed with EG [53]. In our study we found that TNF-
a and IL-1P levels were increased in rats with urolithiasis and returned back to control levels with PO
preventive and therapeutic treatments. Based on these data, we concluded that PO is beneficial in urolithiasis
through its anti-inflammatory effect.

4. CONCLUSION

In this study, we demonstrated that if the PO ethanolic extract, when used before stones were formed,
may have a protective effect against urinary system stone disease. Also, if urinary system stones were formed,
PO ethanolic extract can be beneficial by reducing the damage caused by stones in the kidney. Based on our
findings, we suggested that PO is beneficial as adjunct to current treatment approaches in the treatment of the
urinary system stone disease. Also, this study confirms traditional use of PO against kidney stones.

5. MATERIALS AND METHODS
5.1. Plant material and preparation of extract

Leaf parts of the PO were collected in October 2019 from Istanbul, Turkey and identified by Dr. Ismail
Senkardes, a lecturer botanist in Marmara University Faculty of Pharmacy, Department of Pharmaceutical
Botany. A few leaf samples of the dried plant were recorded in the Herbarium of the Marmara University
Faculty of Pharmacy (Mare No: 22084).

The leaves of PO, dried in a sunless and ventilated room, were pulverized, weighed 90 g and extracted
with 96% ethanol in the Soxhlet apparatus. The solvent was continued to be consumed until it became
colorless, and the solvent of the extract was evaporated to achieve dryness in a rotary evaporator
(Rotapvapor® R-300) to obtain ethanolic extract. The yield of extract was found to be 19.16+0.96 % . Extract was
stored at 4°C during the analyses.
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5.2. Quantification method

The total phenolic compound of the extract was made using Folin-Ciocalteau solution by adapting it to
the microplate according to the method proposed by Gao et al. [22]. The total flavonoid compound of the
extract was adapted to the microplate according to the method proposed by Zhang et al. [23, 24].

5.3. In vitro anti-inflammatory activity of Platanus orientalis

The anti-inflammatory activity described by Phosrithong et al. was accomplished with some
modifications. The method adapted to 96-well microplate format [25]. 20 pl ethanol and 20 pl borate buffer
were added onto 10 pl extract/standard at different concentrations then 25 pl type-V soya lipooxygenase
solution (20.000 U/ml) in the buffer was added. After the mixture was incubated for 5 minutes at 25°C, 100 pl
of 0.6 mM linoleic acid solution was added and the change in absorbance at 234 nm was recorded for 6 minutes.
Indomethacin was used as reference standard. A dose-response curve was drawn to determine the ICsy values
[24, 25].

5.4. In vitro antioxidant activity of Platanus orientalis
5.4.1. DPPH radical scavenging activity

The antioxidant activities of the extract were examined according to the method of Zou et al [26]. Briefly,
the stock solution prepared in dimethyl sulfoxide at a concentration of 5 mg/ml from the extract was diluted
1:8 and solutions in various concentrations were prepared. 10 pl of each solution were transferred to
microplate wells. 190 pl of 0.1 mM 1,1-diphenyl-2-picrylhydrazyl (DPPH) solution was added on them. After
keeping the mixtures in the dark for 30 minutes, their absorbance was measured against dimethyl sulfoxide
to be used blindly at 517 nm. Ascorbic acid (0.25-0.016 pg/ml) solution was used as standard. A dose-response
curve was drawn to determine the ICso values.

5.4.2. ABTS radical scavenging activity

For the production of ABTS* radical cation, 7 mM ABTS (2,2-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt) was mixed with 2.45 mM potassium persulfate and the reaction took place
at room temperature in the dark for 16 hours. ABTS* solution was diluted with 96% ethanol solvent at 734 nm
for an absorbance value of 0.700£0.050. The stock solution prepared in dimethyl sulfoxide at a concentration
of 5 mg/ml from the extract was diluted 1:8 and solutions in various concentrations were prepared. 10 pl of
each solution were transferred to microplate wells. 190 pl ABTS+ solution was added on them. After keeping
the mixtures in the dark for 30 minutes, their absorbance was measured against trolox to be used blindly at
734 nm and results were expressed as ICsy values [26].

5.5. Animals and experimental design

Adult 32 Sprague-Dawley rats (200-300g) were obtained from Marmara University Experimental
Animal Application and Research Center (DEHAMER). The rats were housed in controlled room (humidity
50%; temperature 25+2°C; and 12:12 h dark/light cycle) with free access to water and a commercial laboratory
complete food. All the experimental protocols were approved by Marmara University Animal Experiments
Local Ethics Committee (MUHDEK)) (59.2019.mar).

The rats were divided into four groups, each containing eight rats. The control group was given
drinking water for five weeks and during the last two weeks of this period saline was administered by oral
gavage. Ethylene glycol group received 0.75% EG in their drinking water for five weeks; in the first five days
they fed with drinking water containing 0.75% EG and 1% AC [27]. During this period, saline was
administered daily for last two weeks. Preventive group received 0.75% EG in their drinking water and PO
extract at 100mg/kg via oral gavage daily for five weeks; in the first five days they fed with drinking water
containing 0.75% EG and 1% AC. Therapeutic group received 0.75% EG in their drinking water for five weeks;
in the first five days they fed with drinking water containing 0.75% EG and 1% AC. During this period, PO
extract at 100mg/kg via oral gavage daily was administered daily for last two weeks (Figure 8). After the
experimental period, 24-hour urine was collected and then all rats were sacrificed to obtain kidney tissue
samples. After the rats were sacrified, kidneys were removed from each animal and washed with cold 0.9%
NaCl and stored at -80°C until further use.
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Figure 8. Schematic diagram of experimental design.

5.6. Biochemical analysis

5.6.1. Analysis of urine samples

At the end of the experimental period all the animals were housed in individual cages and a 24-hour
urine samples were collected before sacrification. Urinary calcium, oxalate, citrate, and phosphate levels were

measured with commercial kits from Colorimetric Abbott BNSRL, Italy.

5.6.2. Analysis of kidney samples

Tissue samples were homogenized and were centrifuged at 1000 x g for 10 minutes at 4°C and
supernatants were separated. Tissue levels of TNF- a were analyzed by ELISA kit (Sunred, 201-11-0765) with
sensivity of rat TNF-a was 5.127 ng/L. Tissue levels of IL-1 were analyzed by ELISA kit (FineTest, ER1094)
with sensivity of rat IL-13 was 18.75 pg/ml. Tissue levels of caspase-3 protein were analyzed by ELISA kit
(Sunred, 201-11-5114) with sensivity of human Caspase-3 was 0.0033 ng/ml. Tissue levels 8-OH-dG were
analyzed by ELISA kit (FineTest, ER1487) with sensitivity of 8-OH-dG was 0.938 ng/ml.
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NAG enzyme activity was measured by spectrophotometric method using commercial kit (Sigma
Cs0780). According to the kit protocol, NAG enzyme activity is the formation of p-nitrophenol in the reaction
that takes place by hydrolyzing the NP-GIcNAc substrate in an acidic environment (pH=4.7) at 37°C. Tissue
samples (10pl) were used after homogenization with cold buffer and reaction was measured the conversion of
p-nitrophenol to the yellow-colored p-nitrophenylate ion at a wavelength of 405 nm.

The MDA levels of homogenized tissue samples were assayed thiobarbituric acid reactive substances
[26]. The results are expressed as nmol/g tissue. Glutathione measurements were performed using
metaphosphoric acid (Na2HPO,) for protein precipitation following the Ellman procedure [28]. Glutathione
concentrations were expressed in pmol GSH/mg protein. The MPO activity was measured in tissues as
previously described [29]. Myeloperoxidase results were expressed as U/mg protein. Superoxide dismutase
activity in tissue samples was measured as previously described [30]. Superoxide dismutase results were
expressed as U/mg protein.

5.7. Histopathological analysis

The kidney tissues were fixed in 10% formalin solution. Then they were embedded in paraffin, cut into
4-pm-thick sections, stained for histopathology with hematoxylin and eosin (H&E). All stained sections were
evaluated using light microscope (Olympus BX51, Tokyo, Japan).

5.8. Statistical analysis

All data were analyzed using GraphPad Prism 6.0° software (GraphPad Software, Inc., San Diego, CA).
Results were expressed as meantstandard error of mean (S.E.M). Data of groups was compared with an
analysis of variance (ANOVA) followed by Tukey’s multiple comparison tests. Values of p<0.05 were
regarded as significant.

Author contributions: Concept - B.A.A,, G.$.; Design - B.A.A,, AS., G.S,; Supervision-T.E.S, GS., $.C,, 0O.C.; Resources
-PE, FB, 1S, O.E; Materials - B.A.A,, AS.,, P.E.,, F.B.,, O.E, S.C,; Data Collection and/or Processing - B.A.A., B.E,,
0.C.GS,; Analysis and/or Interpretation - B.A.A., B.E., GS., AS., S.C., O.C,; Literature Search - B.A.A,, AS., TES,;
Writing - B.A.A,, AS, T.ES., G.S,; Critical Reviews - B.A.A, AS,T.ES, Is,PE,O.C,OE,FB,S.C,BE,GS.

Conflict of interest statement: The authors declare that they have no competing interests.

REFERENCES

[1] Liu Q, Liu Y, Guan X, Wu J, He Z, Kang J, Tao Z, Deng Y. Effect of M2 macrophages on injury and apoptosis of renal
tubular epithelial cells induced by calcium oxalate crystals. Kidney Blood Press Res. 2019; 44: 777-791. [CrossRef]

[2] Ziemba ]B, Matlaga BR. Epidemiology and economics of nephrolithiasis. Investig Clin Urol. 2017; 58: 299-306.
[CrossRef]

[3] Turk C, Petiik A, Sarica K, Seitz C, Skolarikos A, Straub M, Knoll T. EAU guidelines on diagnosis and conservative
management of urolithiasis. Eur Urol. 2016; 69: 468-474. [ CrossRef]

[4] Park S, Pearle MS. Pathophysiology and management of calcium stones. Urol Clin North Am. 2007; 34: 323-334.
[CrossRef]

[5] Shin S, Srivastava A, Alli NA, Bandyopadhyay BC. Confounding risk factors and preventative measures driving
nephrolithiasis global makeup. World ] Nephrol. 2018; 7: 129-142. [CrossRef]

[6] Aggarwal KP, Narula S, Kakkar M, Tandon C. Nephrolithiasis: molecular mechanism of renal stone formation and the
critical role played by modulators. Biomed Res Int. 2013; 2013: 292953. [CrossRef]

[7] Thamilselvan S, Hackett RL, Khan SR. Lipid peroxidation in ethylene glycol induced hyperoxaluria and calcium oxalate
nephrolithiasis. ] Urol. 1997; 157: 1059-1063. [CrossRef]

[8] Aggarwal D, Gautam D, Sharma M, Singla SK. Bergenin attenuates renal injury by reversing mitochondrial dysfunction
in ethylene glycol induced hyperoxaluric rat model. Eur ] Pharmacol. 2016; 791: 611-621. [CrossRef]

[9] Khan SR, Pearle MS, Robertson WG, Gambaro G, Canales BK, Doizi S, Traxer O, Tiselius HG. Kidney stones. Nat Rev
Dis Primers. 2016; 2: 16008. [CrossRef]

[10] Fontenelle LF, Sarti TD. Kidney Stones: treatment and prevention. Am Fam Physician. 2019; 99: 490-496.
[11] Ngo TC, Assimos DG. Uric acid nephrolithiasis: recent progress and future directions. Rev Urol. 2007; 9: 17-27.

http://dx.doi.org/10.29228/jrp.129
JResPharm 2022; 26(2): 311-324
321


https://doi.org/10.1159/000501558
https://doi.org/10.4111/icu.2017.58.5.299
https://doi.org/10.1016/j.eururo.2015.07.040
https://doi.org/10.1016/j.ucl.2007.04.009
https://doi.org/10.5527/wjn.v7.i7.129
https://doi.org/10.1155/2013/292953
https://doi.org/10.1016/S0022-5347(01)65141-3
https://doi.org/10.1016/j.ejphar.2016.10.002
https://doi.org/10.1038/nrdp.2016.8

Adakul B et al. Journal of Research in Pharmacy

Platanus orientalis (Plane Tree) extracts against hyperoxaluria Research Article

[12] Ttoh Y, Yasui T, Okada A, Tozawa K, Hayashi Y, Kohri K. Preventive effects of green tea on renal stone formation and
the role of oxidative stress in nephrolithiasis. ] Urol. 2005; 173: 271-275. [CrossRef]

[13] Rathod NR, Biswas D, Chitme HR, Ratna S, Muchandi IS, Chandra R. Anti-urolithiatic effects of Punica granatum in
male rats. ] Ethnopharmacol. 2012; 140: 234-238. [CrossRef]

[14] Al-Yousofy F, Gumaih H, Ibrahim H, Alasbahy A. Parsley! Mechanism as antiurolithiasis remedy. Am J Clin Exp Urol.
2017; 5: 55-62.

[15] Bawari S, Sah AN, Tewari D. Anticalcifying effect of Daucus carota in experimental urolithiasis in Wistar rats. ]
Ayurveda Integr Med. 2020; 11: 308-315. [CrossRef]

[16] Keles R, Sen A, Ertas B, Kayal1 D, Eker P, Sener TE, Dogan A, Cetinel S, Sener G. The effects of Urtica dioica L. ethanolic
extract against urinary calculi in rats. Marmara Pharm J. 2020; 24: 205-217. [CrossRef]

[17] Agawane SB, Gupta VS, Kulkarni MJ, Bhattacharya AK, Koratkar SS, Rao VK. Patho-physiological evaluation of
Duranta erecta for the treatment of urolithiasis. ] Ayurveda Integr Med. 2019; 10: 4-11. [CrossRef]

[18] Tuzlaci, Tiirkiye'nin Geleneksel Ilag Bitkileri, Istanbul Medikal Saglik ve Yayincilik Hiz. Ltd. Sti., Istanbul, 2016.

[19] Haider S, Nazreen S, Alam MM, Hamid H, Alam MS. Anti-inflammatory and anti-nociceptive activities of Platanus
orientalis Linn. and its ulcerogenic risk evaluation. ] Ethnopharmacol. 2012; 143: 236-240. [ CrossRef]

[20] Tetik F, Civelek S, Cakilcioglu U. Traditional uses of some medicinal plants in Malatya (Turkey). ] Ethnopharmacol.
2013; 146: 331-346. [CrossRef]

[21] Sargin SA, Akcicek E, Selvi S. An ethnobotanical study of medicinal plants used by the local people of Alasehir
(Manisa) in Turkey. ] Ethnopharmacol. 2013; 150: 860-874. [CrossRef]

[22] Gao X, Ohlander M, Jeppsson N, Bjoérk L, Trajkovski V. Changes in antioxidant effects and their relationship to
phytonutrients in fruits of sea buckthorn (Hippophae rhamnoides L.) during maturation. ] Agric Food Chem. 2000; 48:
1485-1490. [CrossRef]

[23] Zhang R, Zeng Q, Deng Y, Zhang M, Wei Z, Zhang Y, Tang X. Phenolic profiles and antioxidant activity of litchi pulp
of different cultivars cultivated in Southern China. Food Chem. 2013; 136: 1169-1176. [CrossRef]

[24] Yildirim A, Sen A, Dogan A, Bitis L. Antioxidant and anti-inflammatory activity of capitula, leaf and stem extracts of
Tanacetum cilicicum (Boiss.) Grierson. Int ] Second Metab. 2019; 6: 211-222. [CrossRef]

[25] Babu NP, Pandikumar P, Ignacimuthu S. Lysosomal membrane stabilization and anti-inflammatory activity of
Clerodendrum phlomidis L.f., a traditional medicinal plant. ] Ethnopharmacol. 2011; 135: 779-785. [ CrossRef]

[26] Zou Y, Chang SKC, Gu Y, Qian SY. Antioxidant activity and phenolic compositions of lentil (Lens culinaris var. Morton)
extract and its fractions. ] Agric Food Chem. 2011; 59: 2268-2276. [CrossRef]

[27] Bashir S, Gilani AH. Antiurolithic effect of berberine is mediated through multiple pathways. Eur ] Pharmacol. 2011;
651: 168-175. [CrossRef]

[28] Grimes A. Red Cell Metabolism. A Manual of Biochemical Methods. 3rd Edition. Biochemical Society Transactions.
1985; 13: 1259-1259. [CrossRef]

[29] Hillegass LM, Griswold DE, Brickson B, Albrightson-Winslow C. Assessment of myeloperoxidase activity in whole
rat kidney. ] Pharmacol Methods. 1990; 24: 285-295. [ CrossRef]

[30] Mylroie AA, Collins H, Umbles C, Kyle J. Erythrocyte superoxide dismutase activity and other parameters of copper
status in rats ingesting lead acetate. Toxicol Appl Pharmacol. 1986; 82: 512-520. [CrossRef]

[31] Alelign T, Petros B. Kidney stone disease: an update on current concepts. Adv Urol. 2018; 2018: 3068365. [CrossRef]

[32] Sigurjonsdottir VK, Runolfsdottir HL, Indridason OS, Palsson R, Edvardsson VO. Impact of nephrolithiasis on kidney
function. BMC Nephrol. 2015; 16: 149. [CrossRef]

[33] Nojaba L, Guzman N, Nephrolithiasis, StatPearls, StatPearls Publishing Copyright © 2021, StatPearls Publishing LLC.,,
Treasure Island (FL), 2021.

[34] Al-Attar AM. Antilithiatic influence of spirulina on ethylene glycol-induced nephrolithiasis in male rats. Am ]
Biochem Biotechnol. 2010; 6. [CrossRef]

[35] Akram M, Idrees M. Progress and prospects in the management of kidney stones and developments in phyto-
therapeutic modalities. Int ] Immunopathol Pharmacol. 2019; 33: 2058738419848220. [CrossRef]

[36] Dogan A, Anuk OO. Investigation of the phytochemical composition and antioxidant properties of chinar (Platanus
orientalis L.) leaf infusion against ethanol-induced oxidative stress in rats. Mol Biol Rep. 2019; 46: 3049-3061. [CrossRef]

http://dx.doi.org/10.29228/jrp.129
JResPharm 2022; 26(2): 311-324
322


https://doi.org/10.1097/01.ju.0000141311.51003.87
https://doi.org/10.1016/j.jep.2012.01.003
https://doi.org/10.1016/j.jaim.2018.12.003
https://doi.org/10.35333/jrp.2020.137
https://doi.org/10.1016/j.jaim.2017.08.001
https://doi.org/10.1016/j.jep.2012.06.029
https://doi.org/10.1016/j.jep.2012.12.054
https://doi.org/10.1016/j.jep.2013.09.040
https://doi.org/10.1021/jf991072g
https://doi.org/10.1016/j.foodchem.2012.09.085
https://doi.org/10.21448/ijsm.510316
https://doi.org/10.1016/j.jep.2011.04.028
https://doi.org/10.1021/jf104640k
https://doi.org/10.1016/j.ejphar.2010.10.076
https://doi.org/10.1042/bst0131259
https://doi.org/10.1016/0160-5402(90)90013-b
https://doi.org/10.1016/0041-008x(86)90286-3
https://doi.org/10.1155/2018/3068365
https://doi.org/10.1186/s12882-015-0126-1
https://doi.org/10.3844/ajbbsp.2010.25.31
https://doi.org/10.1177/2058738419848220
https://doi.org/10.1007/s11033-019-04741-7

Adakul B et al. Journal of Research in Pharmacy

Platanus orientalis (Plane Tree) extracts against hyperoxaluria Research Article

[37] Ahmed S, Hasan MM, Khan H, Mahmood ZA, Patel S. The mechanistic insight of polyphenols in calcium oxalate
urolithiasis mitigation. Biomed Pharmacother. 2018; 106: 1292-1299. [CrossRef]

[38] El-Alfy TS, El-Gohary HMA, Sokkar NM, Sleem AA, Al-Mahdy DA. Phenolic constituents of Platanus orientalis L.
leaves. Nat Prod Commun. 2008; 3: 199-203. [CrossRef]

[39] Qin B, Wang Q, Lu Y, Li C, Hu H, Zhang ], Wang Y, Zhu J, Zhu Y, Xun Y, Wang S. Losartan ameliorates calcium
oxalate-induced elevation of stone-related proteins in renal tubular cells by inhibiting NADPH oxidase and oxidative
stress. Oxid Med Cell Longev. 2018; 2018: 1271864. [CrossRef]

[40] Khan SR. Reactive oxygen species, inflammation and calcium oxalate nephrolithiasis. Transl Androl Urol. 2014; 3: 256-
276. [CrossRef]

41] Khan SR. Hyperoxaluria-induced oxidative stress and antioxidants for renal protection. Urol Res. 2005; 33: 349-357.
yP' P
[CrossRef]

[42] Huang HS, Ma MC, Chen ], Chen CF. Changes in the oxidant-antioxidant balance in the kidney of rats with
nephrolithiasis induced by ethylene glycol. ] Urol. 2002; 167: 2584-2593. [CrossRef]

[43] Sharma M, Naura AS, Singla SK. Modulatory effect of 4-phenyl butyric acid on hyperoxaluria-induced renal injury
and inflammation. Mol Cell Biochem. 2019; 451: 185-196. [CrossRef]

[44] Joshi S, Khan SR. Opportunities for future therapeutic interventions for hyperoxaluria: targeting oxidative stress.
Expert Opin Ther Targets. 2019; 23: 379-391. [CrossRef]

[45] Yasui T, Okada A, Hamamoto S, Ando R, Taguchi K, Tozawa K, Kohri K. Pathophysiology-based treatment of
urolithiasis. Int ] Urol. 2017; 24: 32-38. [CrossRef]

[46] Lobo V, Patil A, Phatak A, Chandra N. Free radicals, antioxidants and functional foods: Impact on human health.
Pharmacogn Rev. 2010; 4: 118-126. [CrossRef]

[47] Ghale-Salimi MY, Eidi M, Ghaemi N, Khavari-Nejad RA. Antiurolithiatic effect of the taraxasterol on ethylene glycol
induced kidney calculi in male rats. Urolithiasis. 2018; 46: 419-428. [CrossRef]

[48] Wang Z, Bai Y, Wang ], Wang J. The preventive and therapeutic effects of a-lipoic acid on ethylene glycol-induced
calcium oxalate deposition in rats. Int Urol Nephrol. 2020; 52: 1227-1234. [CrossRef]

[49] Wang N, Zhang D, Zhang YT, Xu W, Wang YS, Zhong PP, Jia TZ, Xiu YF. Endothelium corneum Gigeriae galli extract
inhibits calcium oxalate formation and exerts anti-urolithic effects. ] Ethnopharmacol. 2019; 231: 80-89. [CrossRef]

[50] Anundi I, Hogberg J, Stead AH. Glutathione depletion in isolated hepatocytes: its relation to lipid peroxidation and
cell damage. Acta Pharmacol Toxicol. (Copenh) 1979; 45: 45-51. [ CrossRef]

[561] Liu YD, Yu SL, Wang R, Liu JN, Jin YS, Li YF, An RH. Rosiglitazone suppresses calcium oxalate crystal binding and
oxalate-induced oxidative stress in renal epithelial cells by promoting PPAR-y activation and subsequent regulation
of TGF-P1 and HGF expression. Oxid Med Cell Longev. 2019; 2019: 4826525. [CrossRef]

[52] Akkol EK, Dereli FTG, Tastan H, Sobarzo-Sanchez E, Khan H. Effect of Sorbus domestica and its active constituents in
an experimental model of colitis rats induced by acetic acid. ] Ethnopharmacol. 2020; 251: 112521. [CrossRef]

[63] Sun Y, Liu Y, Guan X, Kang J, Wang X, Liu Q, Li D, Xu H, Tao Z, Deng Y. Atorvastatin inhibits renal inflammatory
response induced by calcium oxalate crystals via inhibiting the activation of TLR4/NF-«xB and NLRP3 inflammasome.
TUBMB Life. 2020; 72: 1065-1074. [CrossRef]

[54] Washino S, Hosohata K, Miyagawa T. Roles played by biomarkers of kidney injury in patients with upper urinary
tract obstruction. Int ] Mol Sci. 2020; 21. [CrossRef]

[65] Tungsanga K, Sriboonlue P, Futrakul P, Yachantha C, Tosukhowong P. Renal tubular cell damage and oxidative stress
in renal stone patients and the effect of potassium citrate treatment. Urol Res. 2005; 33: 65-69. [CrossRef]

[56] De Martinis BS, Bianchi MDLP. Effect of vitamin C supplementation against cisplatin-induced toxicity and oxidative
DNA damage in rats. Pharmacol Res. 2001; 44: 317-320. [CrossRef]

[57] Tsujihata M, Momohara C, Yoshioka I, Tsujimura A, Nonomura N, Okuyama A. Atorvastatin inhibits renal crystal
retention in a rat stone forming model. ] Urol. 2008; 180: 2212-2217. [CrossRef]

[58] Sener TE, Sener G, Cevik O, Eker P, Cetinel S, Traxer O, Tanidir Y, Akbal C. The effects of melatonin on ethylene
glycol-induced nephrolithiasis: role on osteopontin mRNA gene expression. Urology. 2017; 99: 287.e289-287.e215.
[CrossRef]

[59] Sifuentes-Franco S, Padilla-Tejeda DE, Carrillo-Ibarra S, Miranda-Diaz AG. Oxidative stress, apoptosis, and
mitochondrial function in diabetic nephropathy. Int ] Endocrinol. 2018; 2018: 1875870. [CrossRef]

http://dx.doi.org/10.29228/jrp.129
JResPharm 2022; 26(2): 311-324
323


https://doi.org/10.1016/j.biopha.2018.07.080
https://doi.org/10.1177/1934578X0800300218
https://doi.org/10.1155/2018/1271864
https://doi.org/10.3978/j.issn.2223-4683.2014.06.04
https://doi.org/10.1007/s00240-005-0492-4
https://doi.org/10.1016/S0022-5347(05)65042-2
https://doi.org/10.1007/s11010-018-3405-x
https://doi.org/10.1080/14728222.2019.1599359
https://doi.org/10.1111/iju.13187
https://doi.org/10.4103/0973-7847.70902
https://doi.org/10.1007/s00240-017-1023-9
https://doi.org/10.1007/s11255-020-02423-z
https://doi.org/10.1016/j.jep.2018.09.003
https://doi.org/10.1111/j.1600-0773.1979.tb02359.x
https://doi.org/10.1155/2019/4826525
https://doi.org/10.1016/j.jep.2019.112521
https://doi.org/10.1002/iub.2250
https://doi.org/10.3390/ijms21155490
https://doi.org/10.1007/s00240-004-0444-4
https://doi.org/10.1006/phrs.2001.0860
https://doi.org/10.4111/icu.2019.60.6.472
https://doi.org/10.1016/j.urology.2016.09.032
https://doi.org/10.1155/2018/1875870

Adakul B et al. Journal of Research in Pharmacy

Platanus orientalis (Plane Tree) extracts against hyperoxaluria Research Article

[60] Zhai W, Zheng ], Yao X, Peng B, Liu M, Huang ], Wang G, Xu Y. Catechin prevents the calcium oxalate monohydrate
induced renal calcium crystallization in NRK-52E cells and the ethylene glycol induced renal stone formation in rat.
BMC Complement Altern Med. 2013; 13: 228. [CrossRef]

[61] Kang],SunY, Deng Y, Liu Q, Li D, Liu Y, Guan X, Tao Z, Wang X. Autophagy-endoplasmic reticulum stress inhibition
mechanism of superoxide dismutase in the formation of calcium oxalate kidney stones. Biomed Pharmacother. 2020;
121: 109649. [CrossRef]

[62] Ozturk H, Cetinkaya A, Firat TS, Tekce BK, Duzcu SE, Ozturk H. Protective effect of pentoxifylline on oxidative renal
cell injury associated with renal crystal formation in a hyperoxaluric rat model. Urolithiasis. 2019; 47: 415-424.
[CrossRef]

[63] Strzepa A, Pritchard KA, Dittel BN. Myeloperoxidase: a new player in autoimmunity. Cell Immunol. 2017; 317: 1-8.
[CrossRef]

[64] Mulay SR, Eberhard JN, Desai J, Marschner JA, Kumar SVR, Weidenbusch M, Grigorescu M, Lech M, Eltrich N, Miiller
L, Hans W, de Angelis MH, Vielhauer V, Hoppe B, Asplin ], Burzlaff N, Herrmann M, Evan A, Anders HJ.
Hyperoxaluria requires TNF receptors to initiate crystal adhesion and kidney stone disease. ] Am Soc Nephrol. 2017;
28: 761-768. [CrossRef]

[65] Mulay SR, Kulkarni OP, Rupanagudi KV, Migliorini A, Darisipudi MN, Vilaysane A, Muruve D, Shi Y, Munro F,
Liapis H, Anders HJ. Calcium oxalate crystals induce renal inflammation by NLRP3-mediated IL-1f secretion. J Clin
Invest. 2013; 123: 236-246. [CrossRef]

This is an open access article which is publicly available on our journal’s website under Institutional Repository at http://dspace.marmara.edu.tr.

http://dx.doi.org/10.29228/jrp.129
JResPharm 2022; 26(2): 311-324
324


https://doi.org/10.1186/1472-6882-13-228
https://doi.org/10.1016/j.biopha.2019.109649
https://doi.org/10.1007/s00240-018-1072-8
https://doi.org/10.1016/j.cellimm.2017.05.002
https://doi.org/10.1681/ASN.2016040486
https://doi.org/10.1172/JCI63679
http://dspace.marmara.edu.tr/

