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ABSTRACT

Objective: Ghrelin is an orexigenic hormone mainly released from the stomachs of rats and takes a significant part in the
development of newborn rats. Ghrelin has been shown to possess antioxidant, anti-apoptotic, and anti-inflammatory
properties. In this study, we aimed to examine microscopical and biochemical parameters in the kidney of newborn non-
treated diabetic and ghrelin-treated diabetic rats.

Materials and Methods: Wistar-type newborn rats were divided into four groups. First group: control rats given physiological
saline for four weeks; second group: control animals given ghrelin from the third day to the fourth week; third group: diabetic
rats given streptozotocin (STZ) on the second day after birth as a single dose; fourth group: diabetic rats given ghrelin from
the third day to the fourth week.

Results: There was no microscopic difference between the kidney tissues of non-treated diabetic and ghrelin-treated diabetic
rats. Lipid peroxidation levels decreased, while superoxide dismutase, catalase activities, and glutathione levels increased in
the diabetic group given ghrelin. Serum urea, uric acid, creatinine levels, myeloperoxidase, and xanthine oxidase activities
decreased in diabetic rats treated with ghrelin.

Conclusion: It can be said that the ghrelin given exogenously has a protective effect in some degree on renal complications
in newborn diabetic rats.
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INTRODUCTION od (6). Their number increases during this period, and
these cells are located around pancreatic islands (4,5). It
has been shown that when the number of beta cells de-
creases, the number of ghrelin cells increases in experi-
mental mouse models (5). Ghrelin controls glucose me-

tabolism (7). Ghrelin levels decrease in type 2 diabetes

The pancreas has four main types of endocrine cells. The
first one of them is alpha cells, which synthesize gluca-
gon, the second one is beta cells, which synthesize insu-
lin, the third one is delta cells, which synthesize soma-
tostatin, the fourth one is pancreatic polypeptide (PP)

cells, which synthesize pancreatic polypeptide (1-3), and
the fifth type is ghrelin cells, which synthesize ghrelin in
mammalian pancreatic islet cells (4,5). Ghrelin cells are
the most important source of ghrelin in the fetal peri-

individuals and healthy offspring of them (8-10). There
is a relationship between ghrelin and insulin levels. The
authors demonstrated that insulin plays an important
role in inhibition of nutrition-related ghrelin as a modu-
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lator of plasma ghrelin (11,12). Furthermore, the hyperglycemic
and lowering effect also occurred when ghrelin is given to a
healthy human. These findings reveal effects of ghrelin on insu-
lin secretion and glucose metabolism (13,14).

Diabetes mellitus is a chronic metabolic disease. Prolonged
hyperglycemia causes damage to some tissues, such as kidney
tissue, and an increase in oxidative stress. This situation induc-
es renal damage. Therefore, kidney damage is associated with
increased oxidative stress (15). Renal failures are the cause of
diabetic nephropathy. One of the mortalities caused in pa-
tients who have insulin-dependent and non-insulin-depen-
dent diabetes is renal disease (16). Diabetic nephropathy is a
major problem in diabetic patients (17). Reactive oxygen spe-
cies (ROS) has an important role in diabetic pathogenesis (18).
Antioxidants protect cells and tissues from oxidative damage
(19). The kidney damage caused by oxidative stress is reduced
by increased antioxidant levels. Ghrelin may be an important
antioxidant agent with increasing antioxidant enzyme activities
(20,21). Increased ROS levels and decreased antioxidant levels
are observed in diabetes (22). Then, free radicals come into play,
and this situation occurs with nonenzymatic glycation of pro-
teins, oxidation of glucose, increase of lipid peroxidation (LPO),
and the development of insulin resistance (23). Oxidative stress
emerges from an imbalance between the formed radicals and
the level of antioxidants. It has been shown in many studies that
complications that occur in diabetes cause the development of
oxidative stress (18,24,25). Ghrelin has an antioxidant effect and
is a strong lipolytic hormone (26). Fujimura et al. demonstrated
that ghrelin has a significant role in the decrease of ROS levels in
angiotensin Il -induced renal damage in mice (27).

In the present study, it was purposed to reveal the anti-prolifera-
tive and antioxidants effects of ghrelin microscopically and bio-
chemically in the kidney of newborn normal and STZ-induced
diabetic rats following exogenous administration of ghrelin.

MATERIAL AND METHODS

Animals

The Local Ethics Committee on Animal Research of Istanbul
University approved for all the experimental procedures. In
this study, newborn Wistar albino female and male rats were
divided into four groups (n=5 per group, totally 20 rats in his-
tological and immunohistochemical assays; n=13 for control
and ghrelin control groups, n=9 for diabetic and diabetic group
given ghrelin, totally 44 rats in biochemical assays). In the first
group, which was the control group, physiological saline was
given intraperitoneally for four weeks. Ghrelin (AnaSpec, Fre-
mont, CA, USA, 24160) was given subcutaneously as 100 ug/kg/
day from the third day to the fourth week to the second group
rats. Rats in the third group, which was the diabetic group, were
treated with a single dose of 100 mg/kg streptozotocin (STZ) on
the second day after birth to induce newborn diabetes, intra-
peritoneally. Ghrelin after STZ injection was given to the rats in
the last group. At the end of the experiment, the rats were sacri-
ficed. Their blood samples were taken for biochemical analysis,

and kidney tissues were taken for examining microscopical and
biochemical parameters.

Histological and Immunohistochemical Assays

Kidney tissues fixed in Bouin’s solution for 24 hours at room
temperature were used. After the series of ethanol and xylene
for dehydration and cleaning, the kidney tissues were embed-
ded in paraffin. The embedded kidney tissues were cut as a 5
pm section for a histological assay and a 4 pm section for an
immunohistochemical assay. The kidney tissues were stained
with a Periodic Acid Schiff reagent for microscopy analysis. The
poly-L-lysine was used to coat microscope slides. The sections
were placed on these slides for the immunohistochemical assay.
Caspase-3 and proliferating cell nuclear antigen (PCNA) were
investigated for immunohistochemical assay. The paraffin was
removed by keeping the sections in toluene. After this stage,
the sections were incubated with hydrogen peroxide (3%) to
block the endogenous peroxidase activity. The Histostain Plus
Broad Spectrum Kit (Zymed, 85-9743, South San Francisco, CA),
PCNA antibody (Ab-1 MS-106-P, Neomarkers, Fremond, CA, di-
lution 1:50, 30 minutes at room temperature), and caspase-3
(Millipore AB3623, Bedford, MA, USA; dilution 1:50, overnight
at +4°C) were utilized for immunohistochemical labeling by
employing the streptavidin-biotin-peroxidase technique. The
3-amino-9-ethyl carbazole was used to detect of immunore-
activity. Mayer’s hematoxylin was used for counterstain of the
sections and mounted using glycerol vinyl alcohol mounting
medium.

Histological and immunohistochemical assays were conducted
by using an X40 objective and X10 ocular system of the Olym-
pus CX-45 microscope as Microscopic analysis. The results were
explained by the histological score with a grade from 0 to 3 as
negative (0), weak (1), moderate (2), and strong (3). PCNA im-
munopositive cells were counted for each slide at a minimum
of ten random fields.

Biochemical Assays

In the previous study, blood glucose levels were measured, and
Turk et al. decided that the rats were diabetic (28). Creatinine,
uric acid, and serum urea levels were investigated by the meth-
ods of Jaffe reaction (29), Caraway (30), and acetylmonoxime
(31), respectively. Cold 0.9% NaCl and glass equipment were
used for homogenization of kidney tissues. 10% (w/v) homoge-
nate was obtained. It was centrifuged. Clear supernatants were
utilized for protein, glutathione (GSH), and LPO levels and anti-
oxidant enzyme analysis. GSH levels were determined in accor-
dance with the Beutler method using Ellman’s reagent (32). LPO
levels were investigated by Ledwozyw’s method in kidney ho-
mogenates (33). Catalase (CAT) activity was determined in ac-
cordance with Aebi (34), superoxide dismutase (SOD) activity in
accordance with Mylroie’s method (35), myeloperoxidase (MPO)
activity in accordance with Wei and Frenkel (36), and xanthine
oxidase (XO) activity in accordance with Corte and Stirpe with a
number of modifications (37). The protein level was determined
by employing the method of Lowry in the supernatants. The bo-
vine serum albumin was used as standard for this method (38).
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Statistical Analysis

The Mann-Whitney U tests and the two-way ANOVA using
GraphPad Prism version 4.0 computer package were used for
analysis of the histological and immunohistochemical data. The
unpaired Student’s t-test and one-way ANOVA using the NCSS
statistical computer package were used for the biochemical
results. The results were presented as mean=SE for histological
and immunohistochemical assays; as mean+SD for biochemical
assays. P values less than 0.05 were considered significant.

RESULTS

Histological and Imnmunohistochemical Assays
Degenerative changes such as expansion in the capsular spaces
of glomeruli, ruptures at the brush border in apical, desquamat-
ed nuclei and cytoplasmic debris in the lumen of proximal tu-
bules, necrotic areas, moderate cytoplasmic vacuolar degener-
ation, and hyperemia in the kidney tissue of rats given STZ were
determined. These changes were not changed in the kidney
tissue of the diabetic animals given ghrelin (Figure 1).

Figure 1. A normal histological appearance was observed in the
kidney tissue of the control (1), control group given ghrelin (2),
STZ group (3), diabetic group given ghrelin (4). G: Glomeruli, P:
Proximal tubules, D: Distal tubules, N: Necrotic area, V: Vacuolar
degeneration, #: Ruptures at the brush border in apical, *:
Cytoplasmic debris and »: Desquamated nuclei in the lumen of
proximal tubules, <>: Expansion in capsular spaces of glomeruli.
Periodic Acid Schiff (PAS) staining technique. 400x magnification

PCNA immune* cell number as cell proliferation increased in the
diabetic group given STZ compared to both the control groups.
In the diabetic group given ghrelin, cell proliferation decreased
compared to the control group given ghrelin, while it decreased
in comparison with the diabetic group. PCNA immune* cell
number (Figures 2A and 2B) was observed. Caspase-3 immune*
cell number did not exhibit a difference between the four
groups statistically (Data not shown).

Biochemical Assays

The serum uric acid and urea levels in the diabetic group were
determined to have increased significantly in comparison with
the control group (p<0.001; p<0.05). Ghrelin caused a signifi-
cant decrease in creatinine, uric acid, and urea levels in the dia-
betic group (p<0.0001;p<0.001; p<0.05) (Table 1).
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Figure 2. A) PCNA immune* cells (%) are observed with
immunohistochemistry in kidney tissue of the control group (1),
control group given ghrelin (2), STZ group (3), diabetic group
given ghrelin (4). G: Glomeruli, P: Proximal tubules, D: Distal
tubules. B) PCNA immune* cell number for all groups. ?p<0.05
versus control group, ®p<0.01 versus ghrelin group, ‘p<0.05
versus ghrelin group, 9p<0.01 versus diabetic group. 400x
magnification

Table 1. Serum urea, creatinine and uric acid levels of all groups

Group Urea (mg/dL)* Creatinine (mg/dL)* Uric Acid (mg/L)*
Control 59.84+7.48 1.32+0.15 4.23+0.22
Control+Ghrelin 76.19+26.14 0.65+0.23¢ 3.39+0.67°
Diabetic 106.41+20.41° 1.42+0.02¢ 5.14+0.39f
Diabetic+Ghrelin 72.79+5.84° 0.51+0.03¢ 3.20+0.679

P 0.041 0.0001 0.0001

ANOVA

*Mean+SD; ?p<0.05 versus control group, ®p<0.05 versus diabetic group, ©p<0.0001 versus control group, 4p>0.05 versus control group, ¢p<0.0001 versus diabetic

group, p<0.001 versus control group and 9p<0.001 versus diabetic group.
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Table 2. Kidney glutathione (GSH) and lipid peroxidation
(LPO) levels of all groups
GSH (nmol GSH/mg LPO (nmol MDA/

Group protein)* mg protein)*
Control 10.46%3.56 0.3940.03
Control+ Ghrelin ~ 9.64+2.63 0.41+0.04
Diabetic 2.73%£1.15° 0.65%0.05¢
Diabetic+ Ghrelin  11.31+£2.21° 0.37+0.07¢

P vova 0.0001 0.0001

*Mean + SD; p<0.0001 versus control group, ®p<0.0001 versus diabetic group,
°p<0.001 versus control group and 4p<0.001 versus diabetic group.

A significant reduction in GSH levels was determined in the dia-
betic group in comparison with the control groups (p<0.0001).
Ghrelin administered to the diabetic rats induced a significant
increase in GSH levels in the kidney (p<0.0001). LPO levels was
increase significantly in the diabetic rats compared to the con-
trol groups (p<0.001). There was a decrease in LPO levels in the
kidney with given ghrelin to STZ-diabetic rats (p<0.001) (Table 2).

A significant reduction in kidney CAT and SOD activities were
determined in the diabetic group in comparison with the con-
trol groups (p<0.0001). However, MPO and XO activities signifi-
cantly increased in the diabetic group compared to the control
group (p<0.001; p<0.05) (Table 3). The exogenously adminis-
tered ghrelin induced an increase in kidney CAT and SOD activ-
ities (p<0.001; p<0.005), and a decrease in kidney MPO and XO
activities in the diabetic rats (p<0.05; p<0.0001) (Table 3).

betic rats (40). Renal damage caused by ischemia/reperfusion or
cisplatin showed that ghrelin administration reduced apoptosis
(41,42).In the present study, some degenerative changes in the
STZ treated kidney tissue of newborn rats were determined.
Ghrelin did not reverse these changes in diabetic animals.
Ghrelin did not affect the renal injury of experimental diabetic
rats microscopically. However, PCNA immune* cell number de-
creased with the administration of ghrelin in diabetic rats. Prox-
imal tubule epithelial cells start to proliferate to prevent acute
injury (43,44). Proliferation increases in the proximal tubule af-
ter injury. Therefore, the occurred cell number decrease by cell
death is compensated (45). Danilewicz and Wagrowska-Danile-
wicz suggest that cell proliferation was inhibited by ghrelin in
control kidney tissues and non-proliferative glomerulopathies.
The lack or low level of this protein in proliferative glomerulopa-
thies was observed (46). It was thought that when the cells were
damaged, it increased the number of cells to prevent damage.
Therefore, PCNA immune* cell number increased in the diabetic
group. It decreased because of reduced damage with the ad-
ministration of ghrelin.

Necrotic areas in the kidney tissue of the experimental group
were determined by histochemical staining, and it was desired
to investigate caspase-3 activity to determine apoptosis,a form
of cell death. There were no changes in caspase-3 between the
four groups. We thought that cell death might occur in the di-
abetic group. However, apoptotic cell death did not occur with
the administration of STZ, statistically.

Table 3. Kidney catalase (CAT), superoxide dismutase (SOD), myeloperoxidase (MPO) and xanthine oxidase (XO) activities of all

groups
Group CAT (U/mg protein)* SOD (U/g protein)* MPO (U/g tissue)* XO (U/g protein)
Control 291.45+41.44 15.05+4.57 41.57+5.87 1.89+0.67
Control+Ghrelin 218.32+86.91° 11.60+4.84 44.07+£11.91 1.31+0.82
Diabetic 211.83+36.69° 7.47+0.88° 83.10£14.84¢ 2.60+0.28°
Diabetic+Ghrelin 269.01+8.82¢ 9.66+1.41¢ 38.03+£14.63f 1.73£0.199

P inova 0.003 0.001 0.001 0.001

*Mean + SD; 2p<0.05 versus control group, ®p<0.0001 versus control group, p<0.001 versus diabetic group, ¢p<0.005 versus diabetic group, ¢p<0.001 versus control

group, p<0.05 versus diabetic group and 9p<0.0001 versus diabetic group.

DISCUSSION

The blood glucose levels decreased in diabetic rats given
ghrelin compared to non-treated diabetic rats (28). Ghrelin ad-
ministration inhibits the diabetic effects as a result of reducing
the blood glucose levels in newborn diabetic rats. Brouwers et
al. showed that kidney damage occurred as a result of admin-
istering 250 mg/kg STZ doze to mice (39). They have observed
disruption of the brush border, the loss of nucleus in proximal
tubule cells, dilatation of non-proximal tubules, and moderate
acute tubular injury. Koyuturk et al. found that ghrelin reduced
cell proliferation and caspase 8 activity, while caspase-3 activity
did not change in the liver tissue of ghrelin-administrated dia-

Creatinine levels decreased with the administration of ghrelin
in renal damage caused by cisplatin (42).In another study, cre-
atinine levels were shown to be higher compared to the control
group in diabetic nephropathy (47,48). Van Ginhoven et al. have
shown that urea levels increased after reperfusion (49). How-
ever, there were no changes between both the control group
and the group given ghrelin. Furthermore, uric acid, urea, and
creatinine levels increased in an experimental model of diabetic
nephropathy compared to the control group (50). In our study,
uric acid, creatinine, and serum urea levels reduced in the di-
abetic group given ghrelin. It can be said that ghrelin takes a
significant part in the prevention of renal damage.
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Ghrelin increases antioxidant activity. Therefore, it has antiox-
idant properties in the rat kidney tissue (51).The authors indi-
cated that SOD and GSH levels reduced in the kidney tissue in
the diabetic group compared to the control group (52). In an-
other similar study, CAT, SOD activities and GSH levels reduced,
while malondialdehyde levels increased in diabetic nephrop-
athy in comparison with the control group (50). Sudhakara et
al., have shown that LPO and XO levels increased in the kidney
tissue of diabetic rats (53). Sacan et al., has shown that LPO,
CAT, SOD, MPO, and XO significantly increased, while GSH lev-
els reduced in lung tissues in diabetic rats in comparison with
the control group (54). In our study, kidney GSH level, SOD, and
CAT activities significantly increased, while XO and MPO activ-
ities and LPO level significantly reduced in the diabetic group
given ghrelin. Ghrelin reversed biochemical changes in diabet-
ic rats.

CONCLUSION

The biochemical results showed that ghrelin provides recov-
ery of complications in kidney tissue in newborn diabetic rats.
Ghrelin treatment partially reversed the renal injury of exper-
imental diabetic rats because of the antioxidant properties of
ghrelin.
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