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SUMMARY: We aimed to investigate the possible protective effecRoténtilla fulgenson kidney tissue with ischemia-
reperfusion using immunohistochemical methods. Wistar rats were grouped as sham, ischemia, ischemia-reperfusion (I/R) and I/R
treated withPotentilla fulgensRenal vessels of the left rat kidney were clamped for 60 minutes for ischemia, IR group had 6 h of
reperfusion. 400 mg/k@otentilla fulgenswvere given intraperitoneally 5 days before ischemia+reperfusion procedure. Biochemical
analysis (MDA, GSH and MPO) of samples were performed. Kidney tissues were fixed with 10 % neutral formalin and routme paraffi
tissue follow-up protocol was applied, stained with routine Hematoxylin and Eosin. ADAMTS-5 and Caspase-3 immunostaining was
applied for immunohistochemistry and examined under a light microscope. In the ischemia group, inflammation and congestion in t
vessels and increased ADAMTS-5 expression in glomerular cells and tubule cells were observed. In reperfusion, an iggrasstivede
glomerular cells, tubule cells and intertubular connective tissue and inflammatory cells ADAMTS-5 expression was obgend. In t
fulgens group, degeneration and inflammation decreased and positive ADAMTS-5 expression was observed. In the ischermigand ische
reperfusion group, increased apoptotic appearance and Caspase-3 positive expression in glomerular and tubular cellge and negati
expression in most cells in the P. fulgens gr&gientilla fulgensre thought to stop apoptotic cell development at a certain stage, which
affects the cytokine mechanism and plays an important role in the reduction of inflammatory cells and angiogenic regulation.
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INTRODUCTION

Ischemia- reperfusion injury is an important modehntioxidant (in vitro models), antitumor, hypoglycemic and
for testing therapeutic interventions in pathophysiologicaintinyperglycemic activities (Syieet al, 2009; Kaukt al,
events leading to acute renal failure (Waetgal, 2012). 2011). The general signs and symptoms of toxicity, food
Damage due to nutritional and oxygen restriction (ischemiahd water intake and mortality rates of animals were
and recovery (reperfusion) is the main cause of acute kidnegserved within 72 h post-treatment. From these
injury in developed countries with open heart surgery, anghservations, LD50 was calculated using SPSS software
sepsis are important triggers (Bellomioal, 2012). In the (Chenetal, 2005). In general, the expression of Adamts5 at
mechanism of occurrence of kidney, I/R damagenany of these locations or in cell types appears to be a
inflammatory mediators, adhesion molecules and variogsnstitutive feature of their phenotype. Many of these sites
cytokines have been reported to cause chronic kidnaye known to express versican, an aggregating proteoglycan
damage if they do not recover within a short time (B&n that was recently identified as a substrate of ADAMTS5
al., 2012). (Longpréet al, 2009). Caspase-dependent apoptosis was

previously believed to be the only form of programmed cell

Potentilla fulgenss an alpine plant of Western Hi- death; however, emerging evidence suggests that necrosis
malayas which is consumed in all parts of the world for itsould also be regulated (Ashkenazi & Salvesen, 2014).
promising medicinal properties. Pharmacologically, thgpoptosis and necrosis, tissue damage caused by kidney | /
aerial and root portions of the plant are reported to ha¥eplay a role in inducing inflammation (Heinzelmaatral,
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1999). This inflammatory response has been reported ttocool for 20 minutes at room temperature and washed twice
affect the activation of the complement system, inductionith distilled water for 4 minutes. Endogenous peroxidase
of cytokines, chemokines and subsequent neutrophils infloockage was performed in a 10 % hydrogen peroxide
(Heinzelmanret al; Daemeret al, 2002). solution for 7 minutes. The washed samples were incubated
in Ultra V block (catalog no. TA-015UB, Thermo Fisher,

In this study, we aimed to investigate the protectivelS) for 8 minutes. Blocking solution was removed from the
effects of Potentilla fulgensagainst renal ischemia sections and allowed to incubate overnight af €twith
reperfusion (I/R) injury in rats by means of biochemicalprimary antibodies ADAMTS-5 (catalog no: ab41037,
histopathological, and immunohistochemical examinatiorAbcam, US) and Caspase-3 (catalog no: ab208161, Abcam,

US). After washing the sections in PBS, a secondary antibody
(TP-015-BN, Thermo Fisher) was applied for 20 min. The
MATERIAL AND METHOD sections were washed in PBS for 2x5 min and then exposed
to streptavidin-peroxidase (TS-015-HR, Thermo Fisher, US)
for 20 min. Sections washed with PBS were allowed to react

All experimental protocols were approved by thevith DAB (TA-001-HCX, Thermo Fisher, US) chromogen.
Local Ethical Committee of Health Sciences, Dicle&Counterstaining with hematoxylin was applied and after
University, Diyarbakir, Turkey. The use of animals wasvashing, the preparations were closed. Sections were
performed within the framework of protocols in Guide foexamined under a light microscope (Zeiss Imager A2,
the Care and Use of Laboratory Animals (2011) released Bermany).
the National Research Council. Male Wistar albino rats
(n:28), 3 to 4 months old, weighing 180 to 240 g, were us&latistical Analysis.The statistical analyses and bar graphs
for the study and individually housed in clean cages undeere prepared using SPSS 20.0 (IBM, US). The data are
standard conditions (light/dark cycle of 12 h/12 h with 50+epresented as the mea&D and all data were statistically
70 % humidity, at 28C + 3°C) and fed with standard pellet evaluated using one-way analysis of variance (ANOVA) with
diet and water ad libitum. The animals were randomljukey post-hoc tests. The confidence interval was set at 95
divided into four groups each consisted of seven animaf4, and P values<0.05 and<0.01 were considered as
Group 1: Sham (n=7), Group 2: ischemia (n=7), Group 3ignificant. Histopathologic assay of preparations for tubular
ischemia and reperfusion (n=7), GroufPdtentilla fulgens degeneration, vascular dilatation and congestion and
treated ischemia reperfusion (n=7). Renal vessels of the leflammation were performed in a blind manner by the
rat kidney were clamped for 60 minutes for ischemia, andhistopathologist. Ten (10) fields were counted for each
R group had 6 h of reperfusion. There was no loss of subject&terion and semi-quantitative histological evaluation
until the end of the experiment. scoring system (from O to 4) was used to determine

histopathological changes.
Surgical procedure.After shaving the front of the abdo-
men, the median line opened with an incision. Blood flow
was stopped from both kidney vessels through an atrauma®ESULTS
vascular clamp. After 60 minutes of ischemia, clamps were
removed and blood flow was provided. Reperfusion

procedure was applied for 6 hours. 400 md#aentilla The level of MDA in the IR group rats was
fulgenswere intraperitoneally given 5 days before ischemisignificantly higher than the control group (p <.001). The
+ reperfusion procedure. level of MDA has decreased significantly after treatment

with Potentilla fulgengompared to the IR group. (p <.001).
Histopathology and immunohistochemistry process. The level of GSH in the IR group rats decreased
Kidney tissues were fixed with 10 % neutral formalin andignificantly (p <.001) compared to the control group, and
routine paraffin tissue follow-up protocol was applied. 4-6he MPO level was found higher than the control group.
pm sections were obtained from paraffin blocks with &fter treatment withPotentilla fulgens GSH and MPO
microtome (Leica, Germany). Sections were kept in xylensalues were significantly close to control (Table I). The
for 2x30 minutes and brought to distilled water. Some of thetal score of kidney histomorphological damage was
sections were stained with routine Hematoxylin and Eosisignificantly lower in the control group compared to
and the remaining were incubated for 3x5 minutes in PBSchemia and ischemia reperfusion group (p <0.01).
for immunostaining. Antigen release from the tissue wadistomorphological damage total scores in the ischemia-
carried out twice (5 and 3 min) in citrate buffer solutiomeperfusion #Potentilla fulgengPF) group were slightly
(pH: 6.0) in a microwave oven. The sections were alloweabove the control group (Table 1).
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Table I. Statistical analysis of MDA, GSH, MPO, degeneration in tubular cells, vascular dilatation and congestion, inflaralwesion
of the groups.

MDA GSH MPO Degeneration in Vascular dllatfitlon Inflammation
tubular cells and congestion
Control 33.54+2.83 1.19+0.12 3.81+0.49 0.44+0.53 0.44+40.53 0.3840.52
Ischemia 51.96+1.96* 0.70+0.10%* 7.85+0.83* 3.67+0.50%* 3.56+0.53* 3.6740.50*
I/R 51.71+2.31%* 0.72+0.12* 8.14+0.70* 3.78+0.44* 3.56+0.53* 3.7840.44*
I/R+PF 35.52+3.48 1.15£0.10 3.78+0.41 1.11£0.60 0.78+0.44 0.89+0.60

Values with different superscript show statistical significance between groups, p * <0.01.

607 Reactive oxygen species (ROS), cell apoptosis and release
of inflammatory cytokines, causing tissue damage{hi,,
2014). MDA as a marker of lipid peroxidation shows the
degree of peroxidation after renal ischemia injury. GSH,
GSH-Px, CAT and SOD are the most important endogenous
antioxidant enzymes and are found in high concentrations
in kidney cells. GSH removes superoxide radicals and
protects protein thiol (-SH) groups from oxidation. MPO
and oxidation products are considered critical pathogenic
factors in many kidney diseases and contribute to the
Control  Ischemia /R I/R + PF development of different kidney damage (zawal, 2005).

Fig. 1. MDA analysis results of the groups, p * <0.01.  GSH is an endogenous tripeptide and is found in kidney
cells, especially at high concentrations. GSH removes
superoxide radicals and protects protein thiol groups from

DISCUSSION oxidation (Ross, 1988). In our study, MDA values in ischemia
and ischemia-reperfusion groups were high and decreased
after Potentilla fulgendreatment (Fig. 1). It was observed

Ischemia is an important blockage occurring in théhat P. Fulgens decreased the lipid peroxidation. In addition,

circulatory system and the damage it will cause dependsthie level of GSH in IR group rats decreased significantly (p

ischemic time. The reperfusion mechanism takes place as.801) compared to the control group, and MPO level was

return and determines the result of the damage (Daemertfiound higher than the control group. After treatment with
al.). The severity of ischemia / reperfusion (IR) injuryPotentilla fulgenssignificant GSH and MPO values were
depends on the ischemic duration and the adequacy of these to control (Fig. 2). After ischemic damage in the
collateral circulation. In the pathophysiology of renakidneys, tubular necrosis,fibrosis and inflammatory cells
ischemia reperfusion, inflammation and tubular epithelidlave been proliferated and accumulated in the damage area.
cell apoptosis occur, causing excessive production tifhas been reported that apoptotic cell death directly or
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Fig. 2. GSH, MPO, degeneration in tubular cells, vascular dilatation and congestion, inflammation results
of groups, p <0.01.

118



YARIS, M. & DEVECI, E. Prophylactic effect oPotentilla fulgenson renal ischemia-reperfusion injury in rdts. J. Morphol., 39(1)116-122, 2021.

Fig. 3. Hematoxylin-Eosin staining of kidney tissue of all groups. a) No changes were observed in the glomerular structures
in the cortex region of the control group kidney sections and in the formations in the juxtaglomerular apparatus area.
Epithelium cell sizes in proximal and distal tubules were observed in normal view. b) In the ischemia group, degenerative
changes in cells in the glomerular area, deterioration in bowman capsule structure, inflammatory cell infiltration in the
juxtaglomerular region, dilatation in the blood vessels were observed. In the proximal and distal tubule lumens, irregularity,
pyknosis and apoptotic appearance were observed in the cell nuclei. c) In the ischemia-reperfusion group, there was an
increase in inflammation cells in a wide area around the glomerular structures along with necrosis, glomeruli and tubules.
Nucleus loss was observed in the nuclei of tubular cells with apoptosis. d) In the ischemia-repeFotéorilta fulgens

group, there was a decrease in degenerative appearance in the cells in the glomerular structure, and lumens of tubular
structures, while apoptotic changes were observed in some of the regular cells.

indirectly contributes to | / R-induced inflammation and the ADAMTS-5 is also known as aggrecan-2, a major
resulting tissue damage (Datal., 2006; Delbridge, 2007). component of extracellular matrix and ADAMTS-5 gene
In our study, an increased inflammatory cell infiltratiorknown to be expressed in bladder, cervix, esophagus,
around the glomerulus and tubule in the ischemia group (Flacenta and uterus (Portet al, 2005). The role of
3b), advanced necrotic structures and apoptotic cells in tABAMTS-5 in renal injury has not yet been studied.
reperfusion group were observed (Fig. 3c). In the group

treated with P. Fulgens, it was observed that the inflammation In our study, we observed that ADAMTS-5
decreased and the necrotic structures were low and apoptetipression increased in kidney damage that developed with
cells decreased (Fig. 3d). ischemia (Fig. 4b) and after ischemia reperfusion (Fig. 4c),
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Fig. 4. ADAMTS5 immunostaining. a) In the control group sections, ADAMTS-5 expression was observed mildly in most glomerular
cells. Expression of ADAMTS-5 was positive in cells and fibroblast cells in tubular and intertubular connective tissuglaréfees. b
ischemia group, ADAMTS-5 expression was positive in glomerular cells and tubule cells, and an increase in ADAMTS-5 expression i
inflammatory cells in connective tissue cells in the inter-tubular area. c) In the ischemia-reperfusion group, an inddéddd 33
expression was observed in degenerative glomerular cells, tubule cells, and intertubular connective tissue and inflatsndttmy cel

the ischemia-reperfusion + potentilla fulgens group, mild ADAMTS-5 expression was observed in some of the glomerulamosits and

of the tubule cells, while ADAMTS-5 expression was positive in some inflammatory cells that formed a small aggregate leetween th
tubules and some connective tissue cells and fibers.

increased inflammatory cell, and increased extracellulagperfusion injury can inhibit cellular apoptosis of mucosal
matrix. We found moderate ADAMTS-5 expression in someells and trigger cell proliferation and reduce intestinal
extracellular areas with a decrease in inflammatory cells permeability to accelerate regeneration and repair of the
Potentilla fulgenspplication (Fig. 4d). ADAMTS-5 can play small intestinal mucosa. In the study of Aetal (2016), P.
important pathogenic roles in the progression of kidnefylgens treatment in ovarian torsion prevented degeneration
damage. Baloglet al (2018) has stated that treatment of Rn tuba uterina epithelium, blocking of blood vessels and
fulgens in spinal cord injury may decrease the apoptotic céliflammatory cell infiltration. They suggested using
count of nerve and glial cells, causing cytokine mechanisRotentilla fulgensas an antioxidant. Caspases are a family
to decrease, inflammatory cells and angiogenic progressiafi.genes maintaining homeostasis through regulating cell
There are no studies on P. fulgens treatment on kidndgath and inflammation. They participate in ordered
ischemia reperfusion. Tumg al (2015) have demonstratedprocesses such as apoptosis and inflammation. Caspases are
that Potentilla fulgenstreatment on intestinal ischemiaclassified according to their roles in apoptosis; caspase-3
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Fig. 5. Caspase-3 immunostaining. a) In the control group, negative capacity-3 expression was observed in cells in the glomerul
structure while caspase-3 expression was observed in mild tubular cells. b) In the ischemia group, caspas-3 expresgiva iwas posi
blood vessel endothelial cells, tubular cells and intertubular connective tissue cells in visceral cells in the glomemjldn dnea
ischemia-reperfusion group, in the glomerular structure, most of the visceral and parietal cells, an increase in tubdieceitsease

in inflammatory cells, and caspase-3 expression were observed. d) While in the ischemia-reperfusion + potentilla fulggosgrolip,

cells and tubule cells were positive in some of the caspase-3, in the majority of them, the expression of caspase-3avas negativ

acts as an executioner caspase (Mclivedial, 2013). In  YARIS, M. & DEVECI, E. Efecto profilactico d@otentilla

the ischemia (Fig. 5b) and ischemia-reperfusion group (Filligenssobre la lesién por reperfusion por isquemia renal

5c), most of the visceral and parietal cells in glomerulan ratasint. J. Morphol., 39(1)116-122, 2021.

structure, caspas-3 expression was observed with an increase

in apoptosis in tubule cells. In tRetentilla fulgensreated RESUMEN: El objetivo de este estudio fue investi-

group, the expression of caspase-3 was positive in somegaf l0s posibles efectos protectoresdeentilla fulgensen

the glomerular cells and tubule cells, whereas caspasé!3ejido renal con isquemia-reperfusion utilizando métodos

expression was negative in most (Fig. 5d). inmunohistoquimicos. Se agruparon ratas Wistar como si-

mulacion, isquemia, isquemia-reperfusion (I/R) e | / R tra-

Potentilla fulgensare thought to stop apoptotic celltadas corPotentilla fulgensLos vasos renales del rifion iz-

development at a certain stage, which affects the cytokigeierdo de las ratas se fijaron durante 60 min por isquemia,

mechanism and plays an important role in the reduction ef grupo de IR tuvo 6 h de reperfusion. Se administraron

inflammatory cells and angiogenic regulation. 400 mg / kg dePotentilla fulgenspor viaintraperitoneal 5
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dias antes del procedimiento de isquemia + reperfusion. Se reblginzelmann, M.; Mercer-Jones, M. A. & Passmore, J. C. Neutrophils and
zaron analisis bioquimicos (MDA, GSH y MPO) de muestras. Los renal failureAm. J. Kidney Dis., 34(584-99, 1999.

tejidos renales se fijaron con formalina neutra al 10 % y se apli&gul: K-; Jaitak, V. & Kaul, V. K. Review on pharmaceutical properties
el protocolo de seguimiento de tejido de parafina de rutina y tefii- 2"d conservation measuresRijtentilla fulgenswall. ex Hook. - A

d h toxili . s lico i tincion d medicinal endangered herb of higher Himaldyaian J. Nat. Prod.
0 con nematoxilina y eosina. se aplico Inmunotincion de Resour., 2(3298-306, 2011.

ADAMTS-5 y Caspasa-3 para inmunohistoquimica y se examirp_q Y. W.; Zhang, Y.; Zhang, L.; Li, X.; Yu, J. B.; Zhang, H. T.; Tan, B. B.;
con un microscopio optico. En el grupo de isquemia, se observo jiang, L. H.; Wang, Y. X.; Liang, Yet al Protective effect of tea
inflamacion y congestion en los vasos y el aumento de la expre- polyphenols on renal ischemia/reperfusion injury via suppressing the
sion de ADAMTS-5 en células glomerulares y células tubulares. activation of TLR4/NF-kB p65 signal pathwagene, 542(1#6-51,

En la reperfusion, se observé un aumento en la expresion de2014.

ADAMTS-5 de células glomerulares degenerativas, céluld€®ngpré, J. M.; McCulloch, D. R.; Koo, B. H.; Alexander, J. P.; Apte, S. S.
tubulares y tejido conjuntivo intertubular y células inflamatorias. & bedu¢, R. Characterization of proADAMTSS processing by
En el grupo d@otentilla fulgensla degeneracion y la inflamacion proprotein convertasest. J. Biochem. Cell Biol., 41(8L16-26, 2009,

L p 7 - Mcllwain, D. R.; Berger, T. & Mak, T. W. Caspase functions in cell death
disminuyeron y se observo expresion positiva de ADAMTS-5. EN 54 diseaseCold Spring Harb. Perspect. Biol., 5(4p08656, 2013.

el grupo de isquemia y reperfusion de isquemia, aumenté la aparter, S.; Clark, I. M.; Kevorkian, L. & Edwards, D. R. The ADAMTS
riencia apoptoética y expresion positiva de Caspasa-3 en célulasmetalloproteinase®iochem. J., 386(Pt. 1)5-27, 2005.

glomerulares y tubulares, y expresion negativa en la mayoria Rless, D. Glutathione, free radicals and chemotherapeutic agents.
las células del grupo deotentilla fulgensSe cree quBotentilla Mechanisms of free-radical induced toxicity and glutathione-dependent
fulgensdetiene el desarrollo de las células apoptéticas en una de-ProtectionPharmacol. Ther,, 37(231-49, 1988. _
terminada etapa, o que afecta el mecanismo de las citocinas y jide™ D+ Khup, P. Z. & Syiem, A. B. Effects Bbtentilla fulgend.inn.

li tant | d i6n de | slulas infl tori on carbohydrate and lipid profiles in diabetic mice.
ga un papel importante en la reduccion de las celulas Inflama OnasPharmacologyonIine,:287-95, 2009.

y la regulacion angiogeénica. Tung, N.; Tas, M.; Goriik, M.; Kirman, G. & Deveci, E. Effect®ofentilla
fulgensas prophylactic agent in intestinal ischemia reperfusion injury.
PALABRAS CLAVE: Potentilla fulgenslsquemia re- Int. J. Morphol., 33(4)1313-8, 2015.
nal; Rata; ADAMTS-5; Caspasa-3 Wang, H. J.; Varner, A.; AbouShwareb, T.; Atala, A. & Yoo, J. J. Ischemia/

reperfusion-induced renal failure in rats as a model for evaluating cell

therapiesRen. Fail., 34(1Q1L324-32, 2012.
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