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ABSTRACT

The aim of this work was to study the relative ghreind growth hormone secretagogue receptor (GHS-Rrze
expression in the kidney of long-term diabetic r&tsty male Wistar albino rats were divided into f@uoups: C- control
group, DI- one month diabetic rats group, DII- two mentliabetic rats group, and DIlI- three months diabedts group.
Diabetes was induced Byrepfozotocin STZ (40mg/kg i.p). The rats were decapitated ukemine anesthesia and their

kidney tissues were removed. Tissue GHS-R mRNA lghiedtin expression, and histopathological damageres were
compared. Dilatation in the distal tubules, epithbli@squamation into the lumen of the tubules andsjparent tubules
showing glycogen vacuolation were observed inhedldiabetic groups. Ghrelin immunoreactivity was digantly higher
in group DI compared to group C, whereas in groups &id DIll, ghrelin immunoreactivity was similar witmogip C.
GHSR-1a mRNA level in group DIl was significantly lower thiagroup C. As a result, ghrelin immunoreactivitgrieased
at the beginning of diabetes; however, with incesimsthe duration of diabetes ghrelin immunoreadfigipproached to the
control values. The expression of GHSR-1a mRNA demteaih increase in diabetes duration. It seemex town-
regulation of GHSR-1a contributed to the renal damiageiced by long-term diabetes.
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INTRODUCTION also role in GH and gastric acid secretion, cell
proliferation and in the protection of neuronal and
Ghrelin is known to be an endogenous natural  cardiovascular cells (Hewson and Dickson 2000;
ligand and it binds the growth hormone Wren etal. 2000; Asakawa et al. 2001; Nakazato et
secretagogue receptor (GHS-R). It was recently al. 2001; Yin et al. 2014). Ghrelin has 28 amino
isolated first from the rat and then from the humamcids, and the Ser3 residue is known to be n-
stomach (Kojima et al. 1999). Ghrelin is mainlyoctanoylated (Inui 2001; Kojima et al. 2001).
produced by the X/A-like endocrine cells of theAcylation is important for binding to the GHSR,
gastric oxyntic mucosa. It is also produced in th@rossing the blood—brain barrier and its GH-
hypothalamic arcuate nucleus (Kojima et al. 1999)eleasing and other endocrine activities (Mucaoli
brain (Nakazato et al. 2001), uterus (Unsal angl. 2002).
Sonmez 2014), placenta (Gualillo et al. 2001), angHSR is a member of the G-protein linked receptor
kidney (Mori et al. 2000b). Ghrelin has beenfamily (Kageyama et al. 2005). There are two forms
reported to function in the regulation of energyof GHSR: GHSR-1a and GHSR-1b. GHSR-1a is
metabolism, food intake and body weight. It hasictive functionally, whereas GHSR-1b is inactive
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(Howard et al. 1996; Kageyama et al. 2005)Research Ethics Committee. Ethical regulations
GHSR-1a is expressed mostly in the hypophysis. Were followed in accordance with the national and
is also expressed in less density, in the kidneynmstitutional guidelines. The rats were randomly
myocardium, pancreas, spleen, thyroid and adrenasigned to four groups. There were ten rats in eac
gland (Gnanapavan et al. 2002; Venables et ajroup. Group C (control): served as control; Group
2011). It regulates apoptosis, cell proliferatiomla DI: one-month diabetic rats; Group DIl two
signal transmission related with inflammationmonths diabetic rats; Group DIll: three months
(Yuan et al. 2014). Expression of ghrelin has beediabetic rats.

detected in the glomerulus and in the distal anBiabetes was produced in male Wistar rats by
collecting tubules (Mori et al. 2000b; Yabuki et al intraperitoneal injection of STZ (40 mg/kg) (Sc-
2006; Venables et al. 2011). Also, it was showm th&200719, Santa Cruz Biotechnology, CA, USA)
pre-proghrelin  mRNA was expressed in thgn=27); a physiological saline injection was
glomerulus and in mesangial cell and podocytadministered to the control rats (n =9). Rats were
cultures. On the other hand, it was reported thatonfirmed for hyperglycemia by assessing glucose
GHSR-1a was expressed in the straight parts of thevels seventy-two hours after the streptozotocin
distal tubules and the thin limbs of the loops oinjection. Animals with average blood glucose
henle in the kidney (Venables et al. 2011). levels higher than 250 mg/dL were considered as
Streptozotocin (STZ) is an antibiotic, which isiox diabetic. Glycemia was also checked at sacrifice at
to thep cells of the pancreas. It has been used t, 8, or 12 weeks after STZ injection. At the efid o
produce a type 1 diabetic animal model. Diabetithe experimental period, animals were killed by
nephropathy is one of the important complicationslecapitation under intraperitoneal ketamine (75 mg
of diabetes (Rahimi et al. 2005). All diabetic/ kg) + xylazine (10 mg / kg) anesthesia. After
patients have a risk for developing nephropathgecapitation, the kidney tissues were quickly
(Ozbek 2012). Total and active ghrelin levels wergemoved. Some of the kidney tissues were used for
significantly increased in STZ-induced diabetisrat RT-PCR analyses and the other tissues were used in
(Masaoka et al. 2003). It has been suggested thaistological procedures.

increased ghrelin levels in diabetes contributed tdhe kidney tissues were washed with saline and
the pathogenesis of nephropathy by increasing Giere fixed with 4% formaldehyde solution for
levels (Kuloglu and Dabak 2009). histopathological examination. The kidney tissues
However, there are unsatisfactory data on ghreliwere incubated for 48 h in fixing solution, follod/e
and ghrelin receptor (GHSR-1a) mRNA expressioby overnight washing in flowing tap water. Samples
levels in the diabetic kidney. Furthermore, theaxe h were then dehydrated by incubation with increasing
been no study as yet showing ghrelin expression itoncentrations of alcohol. Xylene washes were
STZ-induced long-term diabetic rat kidney. Thisused to increase the transparency of the samples,
study aimed to show ghrelin and ghrelin receptoand then the tissue samples were blocked by
(GHSR-1a) regulation in STZ-induced long-termembedding in paraffin. Sections (5t61) obtained
diabetic rats using RT-PCR and immunochemicairom the paraffin blocks were spread on polylysine-
methods. coated slides. In order to evaluate the general
histological structure, the sections were stained
with periodic acid schiff and were examined under

MATERIAL AND METHODS the Olympus BX51 light microscope.

Animals
Forty sexually mature male Wistar rats, which wer

obtained from the Hakan Cetinsaya Experimenta he expression of ghrelin was detected

. - : : histochemically in the kidney using a rabbit
and Clinical Research Center at Erciyes Unlversm)mmuno .
Kayseri, Turkey, were used for this study. The)g9|¥CI%nall antlchodlYJS A(SC|.50297 h_Stantha _C{uz
were housed in plastic cages in a well-ventilasd r lotechnology, LA, ). Immunohistochemistry

house and allowedd libitum access to food and V&S _performed_ using the streptavidin—b'io.tin
water and kept at a 12-h light : dark cycle. At th peroxidase technique (Immunocruz LSAB Staining

animals received humane care according to t@ystem, sc-2051, Santa Cruz Biotechnology, CA,

é[mmunohistochemistry

standard guidelines. Ethical approval for the stud SA) as previously described (Sonmez and Ozan

was obtained from the Erciyes University Animal’ 007). Paraffin sect!ons (5 m) were depare_lffmlze_d
in xylene. The sections were rehydrated, rinsed in
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deionized water and antigen retrieval was carriederformed using hexamer and oligo-dT primers and
out by microwave treatment in 0.01 M sodiumTranscriptor High Fidelity Reverse Transcriptase
citrate buffer (pH 6.0) at 95°C for 5min; then the(Roche, REF: 05081955001; Version 6.0),
slides were cooled rapidly to room temperature fofollowing the manufacturer’s protocol (1 of

20 min. After washing the sections with phosphateisolated RNA per reaction). The acquired cDNA
buffered saline (PBS), endogenous peroxidaseas subjected to quantitative RT-PCR reaction
activity was inhibited by 3% #D.in methanol for using a LightCycler® 480 Probes Master (Roche,
10 min. A 5% blocking solution was used for theREF: 04707494001, Version 09) and detected with
nonspecific staining. Afterwards, rabbit polyclonalUniversal ProbeLibrary Probes (Roche, Applied
antibody against ghrelin in a dilution of 5 pg/mL Sciences, Manheim, Germany) for the ghrelin
was incubated overnight at 4 °C. After serial washereceptor and housekeeping genes (GAPDH) (Table
with PBS, the sections were incubated usind). UPL probes were labeled at the 5' end with
secondary antibodies for 30 min. The sections werftuorescein (FAM) and at the 3' end with a dark
washed 3x 5 times with PBS and then incubated iguencher dye. UPL assays were compatible with all
HRP complex for 30 min. The visualization wasreal-time PCR instruments capable of detecting
performed by DAB and the sections were lightlyfluorescein (FAM) or SYBR Green |. The probes
counter-stained with hematoxylin.  Negativefor ghrelin receptor were labeled with the FAM dye.
controls, where incubation with the primary Amplification of rat glyceraldehyde-3-phosphate
antisera was omitted, were completely unlabeled. dehydrogenase (GAPDH) was used as the
In order to measure the density of ghrelinhousekeeping/reference gene for the quality and
immunopositivity, 10 sections were taken fromendogenous normalization of the RNA samples
each group. From each section, five different aredavestigated. The GAPDH was labeled with FAM
from the cortex and five different areas from thedye, so that amplifications were carried out in the
medulla were randomly selected. The densities cfame reactions as GHSR amplification. The
the areas were evaluated using the image J prograrmaaction was conducted on a LightCycler® 480 Il
The statistical evaluations were made using th@Roche) in 45 cycles and reaction results were

SPSS program. analyzed via the efficiency corrected advanced
relative quantification algorithm on LightCycler®
gRT-PCR 480 SW 1.5 software. The conditions of the reaction

Total RNA was isolated from 20-30 mg kidneyWere as follows: denaturation %5 for 5 min,
tissues using an MO Bio kit (MO Bio, Solana@nnealing of primers 8@ for 15 s, elongation 7€

Beach, CA, USA cat.:15000-50), following the for 10 s. All samples were tested in duplicate.
manufacturer’s protocol. Reverse transcription was

Table 1 - Sequences of primers and ID numbers of UPL prabed for gRT-PCR.

Organism Gene Gene Description Assay Forward Primer Reverse Primer UPL
Symbol ID Sequence Sequence Probe Nc
R. norvegicus GapdH glyceraldehyde-3-phosphate AAAGCTGTGGCGT TTCAGCTCTGGG
' dehydrogenase 502303GATGG ATGACCTT 26
. Appetite-regulating hormone GGAGGAGCTGGAA GCTGGTACTGA
R. norvegicus Ghrl  Precursor (Growth hormone 503935 ATCAGGT GCTCCTGACA 148
secretagogue)
R. norvegicus Ghsr Growth hormone secretagogue CCAGAACCACAAG CGAAGGACTTG
) receptor type 1 (GHS-R) 503831CAGACAG GAAAAGAGGT 71

Statistical analysis
The statistical analyses were conducted using
ANOVA and post hoc Tukey tests. All results areRESULTS

iven as mean = SEM. Values were considered
g At the beginning of the experiment, the body

statistically significant if p< 0.05. The SPss/pcVeights of the rats were close to each other and

program (Version 15.0: SPSS, Chicago, IL) wadlood glucose levels were normal. However, at the
used for the statistical' a’nalysis.' ' end of the experiment in diabetes groups (groups

Braz. Arch. Biol. Technol. v.59: €150312, Jan/Dé&&



4 Yildirim, A. B. et al.

DI, DIl and DlIll), the average body weights werelB). The findings were more prominent in group
significantly decreased when compared to th®II (Fig. 1C) and group DIl (Fig. 1D).

control group. In a similar way, in the rats

belonging to the diabetes group’s blood sugar evelfable 2 - Body weight, Kidney weight and Blood glucose
had increased significantly compared to group (evels of control and streptozotocin (STZ)-induced
The weights of kidneys were decreased in groufiabetic rats.
DIl compared to the controls (Table 2).

Body Kidney Blood
weight (g) weight (g) glucose(mg/dl)

340.75+12.43 1.20+0.04  112.33+2.73

. . Group C
Histological Results (Control)

The microscopic examination of kidney tissue(_imupDI
belonging to the control group subjects exhibiteqone month) ~280-88+16-41 1.06+0.03  504.55:34.52
normal glomerulus and tubules (Fig. 1A). In thesorup bn
kidney tissues of group DI, epithelial desquamatioffwo Months)
into the lumen of the tubules and transparerfiroup Dill
tubules showing glycogen vacuolation (Armanni-{Three

. . N ._Months)
Ebstein Lesions) were significantly detected (FlgVaIUIes are expressed as mean £ SE. P < 0.05 cemhiar

control group. ** P < 0.001 compared to Group C.

167.00+17.12 1.00+0.03 515.88+35.94

209.83+14.30 1.19+0.03 450.83+36.06

Figure 1 - Light microscopy of kidney tissue in different gps (A) In controls, normal kidney
architecture were observed. In kidney tissues,sparent tubules showing glycogen
vacuolation (*) were detected in diabetic grou.@ne month diabetes, (C) Two months
diabetes, (D) Three months diabetes. Kidney cressans were stained with PAS.

I mmunohistochemical Results
Expression of ghrelin was observed in the distal 1.4 1
tubules and collecting ducts in group C (Fig. 2A),
which was also observed in the proximal tubules in
addition to the distal and collecting tubules in
diabetes groups. Ghrelin immunoreactivity was
significantly higher in group DI (Figure 2B)
compared to group C, whereas in group DIl (Fig.
2C) and group DIl (Fig. 2D), ghrelin
immunoreactivity was similar to group C.

1.2 1

0.8
0.6 1 e
0.4 1

0.2 1

GHSR-1a mRNA / GAPDH mRNA

Group C | Group DI |Group DIl | Group DIll

RT-PCR results

The GH_SR_—la mRNA_IeveIs in groups DI and DIl J:igure 3 - Ghrelin receptor-la (GHSR-1a) mRNA /
were similar to that in group C. On the other hand, GAPDH MRNA levels of the stomach of

the GHSR-1a mRNA level in group DIII was control and streptozotocin (STZ)-induced
significantly lower than in group C (Fig. 3). diabetic rats.
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Figure 2 - Ghrelin-immunopositive cells (arrow) in the kidnegnd histoscore of ghrelin-
immunopositive cells can be seen. (A) Control, @B month diabetes, (C) Two months
diabetes, (D) Three months diabetes. (E) Negatwirals (Three months diabetes) (F)
Positive control: ghrelin immunopositive cells lomach tissue.

DISCUSSION stage kidney disease (Gohda et al. 2014).
Nephropathy develops in about one-third of type 1
diabetic patients (Rahimi et al. 2005). In diabetic

is an endogenous ligand of GHSR. It has importaquephrOpathy’ histopathologic  changes such as

functions in GH secretion, modulation of glucose ickening in the glomerular and tubular basal
) L . membran lomerular and tubular hypertroph
metabolism and regulation of appetite and bod © ©s, glomeru d tubu yperropny,

. . Yubular vacuolation, mesangial cell proliferation
weight (Wren et al. 2000; Kojima et al. 1999). Inand mesangial matrix increase were shown (Donder

many studies, expressiqn of ghr_elin has been sh_ovg? al. 2013). In the present study, in concordance
![Ebtﬂl?a Sglz)'\r/ln;riuletisa?n%gotgg 3:;3:(?2? ;F”ggggglvith the literature, transparent tubules showing
Venables et al '2011) 'In addition 'ghre"n'glycogen _vacuolation and dilatation in t_he Qistal
immunoreactivity.was détected in the' proximaItUbU|es Wl'th d'etachment 'an.d' degeneration m_the
tubules. It was shown that the density of the &tain tubular eplthellu_m were S|gn_|f|c_antly_ observed in-
ubules. y 9 %roup DlI. In addition, these findings increasecdwit

Ghrelin, a hormone with 28 amino acids is
produced by endocrine cells in the gastric funttus.

was less in the proximal tubules than in the dist : -
tubules (Dagli et al. 2009). In the end stage ren rogression of diabetes

disease, 2.8 fold increase in serum ghrelin leas w hrelin and GHSR are expressed in many tissues.
detected. This increase was thought to be due @labetes affects the ghrelin levels in differenysa

decreased elimination of ghrelin by non-functiona oshimoto et al. (Yoshimoto et al. 2002) showed

. . ncreased levels of ghrelin amgs-acylghrelin in

;l]d?eyhs (I\_(osry[mototeé al. Z?szb) It.W‘?s retport(_at atients with renal damage. Masaoka et al.
6.1| ? reiln a: er;uabet re:[_na |Sr03|st 'T rz‘r’(‘)inw' Masaoka et al. 2003) showed increased ghrelin

unilateral ureteral obstruction (Sun et al, ): levels in the plasma and pre-proghrelin mRNA

a_notherstudy, intrarenal ghrelln_ infusion stlme_lht .expression in the stomach in STZ-induced diabetic
distal nephron-dependent sodium reabsorption INts. However, they did not find any change in the

the rats (Kemp et al. 2011). It was shown tha&uodenum and the colon. Adeghate and Ponery

ghrelin had an important effect against :
endotoxemia-induced acute kidney  injury by(Adeghate and Ponery 2002) found that ghrelin

inhibiti infl i toki W t al stimulated insulin secretion in normal and diabetic
g]ocljgl)mg proinflammatory cytokines (Wang e A rats. They also detected increased ghrelin

X . L . . immunoreactive cell number in the islet of
Diabetes and diabetic kidney disease continue li? uno ¢ umb € 15€

) . . . Langerhans in diabetic rats. It was shown thes-
mcrtte]ase thwo_rld\mde (O,[Zbek 2012): D|abet||cacy| ghrelin prevented cardiac dysfunction by
nephropatny 15 theé most common microvasculay hibiting collagen accumulation and increasing

complication of diabetes and a major cause of en(t{]zzlrdiac autophagic signals in diabetic rats (Pal.et

Braz. Arch. Biol. Technol. v.59: €150312, Jan/Dé&&
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2014). In a study investigating the effect ofstudy, it was found that histological damage in the
enalapril and losartan on ghrelin immunoreactivitygroups DIl and DIII were higher than that in group
it was shown that the immunoreactivity wasDI. Considering other studies in the literature, a
significantly increased in the kidneys of diabeticdecrease in GHSR-1a density could contribute to
rats (Donder et al. 2013). Other studies showed ththis damage.

ghrelin immunoreactivity in the distal and
collecting tubules was gradually increased with
duration of diabetes (Yabuki et al. 2006; KqugIuCONCLUSIO'\l

and Dabak 2009). In the present study, ghrelim conclusion, ghrelin immunoreactivity was
immunoreactivity was observed in the distal andncreased at the beginning of diabetes. However,
collecting tubules in the control group, whereas itvith increase in the duration of diabetes, ghrelin
was also observed in the proximal tubules in th@nmunoreactivity approached to the control values.
diabetes  groups. In-group DI,  ghrelinin addition, expression of GHSR-1la mRNA was
immunoreactivity was significantly increaseddecreased with increase in the duration of diabetes
compared to the control group. However, in groupg seemed that down-regulation of GHSR-la
DIl and DIl ghrelin immunoreactivity was similar contributed to the renal damage induced by long-
to that in the control group. In 2, 4 and 6-weekerm diabetes.

diabetic subjects, increased expression of ghrelin

were found with the increased duration of diabete

(Yabuki et al. 2006). In the present study, diabet CKNOWLEDGMENT

was produced for longer periods of 1, 2 or 3'This work was supported by a research grant from

_months. Thgr_e was ~no ncrease in. ghreI'Qhe Erciyes University Scientific Research Projects
immunoreactivity with increased duration of Unit (EUBAP, TSA-11-3657)

diabetes unlike in other studies. At the beginmhg
diabets, there was increased ghrelin
immunoreactivity. However, ghrelin REFERENCES
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