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Abstract
This study was conducted to investigate the immunohistochemical localization of ghrelin and IGF-I in the liver and kidney tissues in
melatonin-treated rats. Rats were divided into three groups as a control, a sham and a treatment groups. While the treatment group
received melatonin (10 mg/kg i.p.) for 3 weeks, only ethanol and saline solution were administered to the sham group. The control
group received nothing.
Melatonin administration was observed to reduce body weight and cause an increase in the number of binucleated hepatocytes in the
liver.
It was concluded that melatonin administration increased IGF-I immunoreactivity in the liver and in the kidney. Melatonin administration
was determined to lead to a decrease in ghrelin immunoreactivity in the kidney, but no changes in ghrelin immunoreactivity in the
liver. Melatonin caused an increase in IGF-I immunoreactivity in the liver and kidney via suppression of ghrelin release.
This study will lead to a greater understanding of the relationship between melatonin, IGF-I and ghrelin.
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Introduction
Melatonin is synthesized and secreted by epiphysis (pineal gland) during the night. It regulates a lot of biological function such as
biological rhythm, reproduction and immunity. Furthermore, it is a powerful antioxidant [1-3].
Recently, it has been shown that melatonin is associated with oxidative stress in terms of both as a free radical scavenger and an
antioxidant. The high lipophilicity of melatonin is the most important advantage as a free radical scavenger [4-7]. One of melatonin
features is to be soluble both in water and oil so it can show its antioxidant effect in wide range of organism. There are no known any
morphophysiological barriers for melatonin, which can easily crosses the blood-brain barrier and placenta, therefore, it reaches all
intracellular components easily and, effectively protects cell membrane, organelles and nucleus against damage from free radicals
[8]. The ability of melatonin to reach the cell nucleus shows its superiority over other antioxidant in protecting DNA against
oxidative damage [8]. More importantly, in contrast to other antioxidants melatonin does not have toxic effects, even at very high
doses (300 mg / day) and long-term use (5 years) [9].
Ghrelin is known as the hunger hormone, and it is mainly expressed in stomach in all vertebrate [10]. Apart from stomach, it was
detected in hypothalamus, pituitary, liver, pancreas, testis, ovary and placenta in both humans and rodents [11,12]. Significant
amounts of ghrelin have also been detected in kidney. It has been shown that pre-proghrelin gene is expressed in rat kidney [13].
Effects of ghrelin on growth hormone secretion, food intake, carbohydrate metabolism, gastrointestinal system, physiology and
reproductive system were reported [14-18]. In addition to these effects, ghrelin has an antioxidant effect. This antioxidant property
prevents oxidative stress and apoptosis in tissues [19,20]. Ghrelin also protects liver and pancreatic tissues against oxidative damage
[21].
Ghrelin have effects on growth hormone and to increase its secretion in both in vitro and in vivo [22-24]. Ghrelin reduces
somatostatin release but increases Growth Hormone Releasing Hormone (GHRH) release [25].
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Ghrelin has anti-apoptotic effects and, reduces the toxic effects of cytotoxic agents [19,26]. Chung et al. [19] have shown that
ghrelin inhibits apoptotic pathway by suppressing the secretion of cytochrome c and caspase 3 during ischemia, in this way ghrelin
protects brain from damage.
Insulin-like growth factors (IGFs) are short peptides that generally act locally and whose primary amino acid sequences resemble
each other [27-29]. IGF-I is a kind of growth factor which is a member of IGF family and, contains 70 amino acids [27,28].
Large amounts of IGFs in blood circulation are synthesized by the liver [30]. It is thought that the major IGFs synthesis cells are
perisinusoidal cells but IGFs get theirs the final shape in hepatocytes. According to another opinion, IGFs syntesis occur in both
cells and it passes the blood circulation through hepatic sinuses. IGFs are also synthesized in many tissues apart from the liver such
as fetal lung, kidney, brain, intestine, heart and fibroblast cells [31,32].
When IGFs in circulation have endocrine effects, locally produced IGFs have autocrine or paracrine effects [33]. IGF-I affects
almost all cells in the tissues such as muscle, cartilage, bone, kidneys, lungs, skin and nerves. In addition to insulin like effects,
IGF-I also stimulates cell growth and proliferation [34,35]. The hydroxyl radical from the free radicals causes cirrhosis in the liver;
it also causes lipid peroxidation in the cell membrane and DNA damage. IGF-I has a therapeutic effect against the harmful effects
of the free radical as an antioxidant [36]. At the same time, IGFs have a synergistic effect with Thyroid Stimulating Hormone (TSH)
on the thyroid follicular cell proliferation. IGFs also stimulate the synthesis of DNA, RNA, protein, collagen and proteoglycan in
cartilage tissue and, play an important role in the process of wound healing [33].
IGF-I level decreases during growing up, are affected by feeding independently of growth hormone and, also increases during
intrauterine growth retardation [37,38].
IGFBP-I increases before meals like ghrelin, whereas the insulin hormone decreases before meals like IGF-I. IGF-I is affected by
this situation and decreases at the tissue levels.
Decreased ghrelin levels with age, especially with puberty, leads to increase in IGF-I levels, and it accelerates growth [39]. All these
findings suggest that ghrelin is not a direct hormone that situmulates growth, but it has an effect secondarily on growth via IGF-I,
which accelerates growth especially in puberty [39]. In addition, Takeda et al. [20] showed that ghrelin promotes renal function
through IGF-I in acute renal failure, which is the result of ischemia.
Melatonin causes phosphorylation of the insulin-like growth factor receptor (IGF-R) and insulin receptor tyrosine by mediating
the activation of key signalling pathways necessary for the survival and growth of the cell. In addition, there are many studies
showing the effects of melatonin on IGF-I which is an important growth factor [40-42]. Melatonin regulates the growth and
differentiation of pancreatic islets by activating IGF-I and insulin receptor signalling pathways [41]. In a study on muscle atrophy
of infertile rats showed that IGF-I increased and muscle atrophy was prevented in the melatonin and testosterone group, whereas
muscle degeneration was observed in the group without melatonin and testosterone [43]. Studies on the effects of melatonin on
ghrelin have also been conducted [44,45]. Canpolat et al. [23] investigated the immunohistochemical distributions of ghrelin in
arcuate nuclei and ghrelin serum levels in melatonin-treated and pinealectomized rats. As a result of this study, it was thought
that melatonin may have an inhibitory effect on the onset of puberty by causing both increase in ghrelin synthesis and decrease in
leptin production [44]. It has also been reported that melatonin reduces ghrelin levels in blood circulation by suppressing ghrelin
production and, for this reason; it has a role about regulating of ghrelin synthesis in the brain [45].

Materials and Methods
Ethics approval was obtained from Kafkas University Local Ethics Committee for Animal Experiments (Date: 20/01/2012, Decision
No. 02 and Research code: KAU-HADYEK / 2011-45). This study was supported by Kafkas University Scientific Research Project
Fund (Project No. 2012-VF-27).
Approximately 10-12 weeks old, 30 male Sprague Dawley rats were used in this study. The rats were divided into 3 groups. Melatonin
was administered daily for 3 weeks intraperitoneally at a dose of 10 mg / kg, the most commonly applied in studies [46,47]. 10 mg/
kg of melatonin (Sigma-M5250), which was dissolved in ethanol (8 mg/ml) and diluted with saline, was intraperitoneally injected
daily for 21 days to rats in the treatment group. The same amount of ethanol and saline were administered intraperitoneally to the
sham group daily for 21 days. The control group received nothing.
Following body weight measurements at the end of three-week (21 days) of study period, liver and kidney tissue samples of rats
were collected by euthanasia via cervical dislocation under ether anesthesia. Tissue samples collected for histological examination
were embedded in paraffin following routine histological processing.
Sections (5 μm) from the paraffin blocks were stained with Crossman's triple staining, Hematoxylin and eosin (H&E) [48].
Stereo Investigator software was used for the histometric examinations. Among the groups, the 40x objective was used to count
binucleated hepatocytes in the same region of the liver tissue. A counting area was determined to be 3025 µm² and 50 counting
areas were selected at random for each rat (Total 151250 µm² areas for each rat). The data obtained by the counting of binucleated
hepatocytes were evaluated statistically.
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Avidin-Biotin-Peroxidase Complex (ABC) technique was used to investigate IGF-I and ghrelin immunoreactivity in the liver and
kidney tissue [49]. Following deparaffinization and rehydration, sections were rinsed with PBS (Phosphate Buffer Solution) and
incubated in 3% H202 (prepared in 0.1 M PBS) for 15 min in order to block the endogenous peroxidase activity. After rinsing with
PBS, sections were put in citrate buffer solution (pH 6.0) and then processed in the microwave oven for 10 minutes in order to expose
the antigenic sites. After rinsing with PBS again, sections were incubated in appropriate (Ultra V Block, Invitrogen, HistostainPlus Bulk Kit-85-9043) serum (10%) 10 minutes. Following being rinsed with PBS, sections were incubated in anti IGF-I antibody
(Bioss bs-0014R) (liver 1:50 and kidney 1: 125 dilution ratio) for 1 hour and in anti-Ghrelin antibody (Phonex H-031-31) (liver
1:1000 and kidney 1: 400 dilution ratio) for overnight at room temperature. After being rinsed with PBS, biotinylated secondary
antibody (Ultravision Detection system Anti-Rabbit, Biontinylated Goat Anti-Rabbit, Invitrogen, Histostain-Plus Bulk Kit-859043) was applied to sections and sections were kept at room temperature for 30 minutes. After rinsing with PBS, sections were
kept at room temperature for 30 minutes with added streptavidin-horseradish peroxidase (Invitrogen, Histostain-Plus Bulk Kit-859043). Sections were rinsed again with PBS and DAB (Thermo Scientific) was used for chromogen application. H&E staining was
used for counter-staining. Preparations were examined under BX-051 Olympus (JAPAN) research microscope and photographed.
IGF-I and ghrelin immunoreactivity in tissues was graded from 0 to +3 (0: no reaction; 1: minimal reaction, 2: moderate reaction;
3: strong reaction) according to intensity and extent of staining.
In order to determine whether immunoreactivities in tissues are specific for IGF-I and ghrelin, negative control was performed
with same procedures, except the addition of primary antibody.
The binucleated hepatocytes in the same area of the liver were counted by using a computer program called Stereo Investigator.
Following hepatocyte counting, statistical analysis was performed and evaluated.
Statistical Package for the Social Sciences (SPSS) version 2.0 was used for statistical analysis [50]. One-way analysis of variance
(ANOVA) test was used to determine differences between groups and Duncan's new multiple range test (MRT), a multiple
comparison procedure, was used to determine the source of the difference between multiple groups.

Results
Statistically significant (p <0.05) difference was determined between control and treatment groups regarding mean body weight
values. Although there was a difference between sham and treatment groups, it was not statistically significant. Melatonin
administration was found to increase body weight (Table 1).
Day

Group

Mean Body Weight (gr)

SD

Treatment

288.7ª

27.0

Sham

284.5ª

47.4

Day 1

Control

298.1ª

29.4

Treatment

248.0ª

40.4

Sham

257.6ª

30.9

Control

321.4b

27.9

Day 21

F
0.38

14.20*

SD: Standard Deviation
F: F value, *p< 0.05
Table 1: Comparison of daily mean body weights between the groups

No statistically significant difference was found between control and sham groups in terms of number of binucleated hepatocytes
in the liver. A statistically significant (p <0.05) increase was determined in the treatment group compared to control and sham
groups (Table 2) (Figure 1a).

Figure 1: (a) The demonstration of binucleated hepatocyte count on the program; (b) Liver tissues in
the control group. Two-way arrow: Central vein. H.E. Bar: 50μm
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n

The Number of Binucleated Hepatocytes
(The value of a count area: 3025 μm²)

SD

Treatment

10

a

0.19

0.45

Sham

10

0.13b

0.37

Control

10

0.10

0.31

b

F
7.635*

SD: Standard Deviation
F: F value, *p< 0.05
Table 2: Comparison of number of binucleated hepatocytes between the groups

There were no differences between all groups in terms of histological examination findings in the liver (Figure 1b) and kidney
tissues.
IGF-I immunoreactivity was observed to be only cytoplasmic in hepatocytes in all groups. Cytoplasmic immunoreactivity was
observed only in the bile ducts in the trias hepatica (Figure 2a). Strong immunoreactivity was identified especially in hepatocytes
in the interlobular connective tissue and around the central veins. There was no difference between sham and control groups
regarding IGF-I immunoreactivity. Differences were detected between the treatment group and the other two groups. Although
IGF-I immunoreactivity was strong and clustered in hepatocytes around central veins and interlobular connective tissue in control
and sham groups the immunoreactivity in hepatocytes in the treatment group was found to be strong and widespread across the
tissue (Figure 2b and c) (Table 3).

Figure 2: (a) IGF-I immunoreactivity in the liver in the control group. Arrows: Bile ducts, Double arrows: Interlobular vein, Arrowhead:
Hepatic artery. Bar: 25 µm; (b) Clustered IGF-I immunoreactivity in the liver tissue of the control group. Bar: 50 µm; (c) Widespread
IGF-I immunoreactivity in the liver tissue of the treatment group. Bar: 50 µm; (d) Ghrelin immunoreactivity in the liver tissue in the
treatment group. Bar: 100 µm; (e) Ghrelin immunoreactivity in the liver tissue of the treatment group. Arrows: Endothelial cell, Arrowhead:
Hepatocytes, Double arrows: Structures showing immunoreactivity in the cytoplasm of hepatocytes. Bar: 25 µm
Reaction Intensity
IGF-I
Structures in the Liver

Control
Group

Sham
Group

Ghrelin
Treatment
Group

Control
Group

Sham
Group

Treatment
Group

Connective tissue

-

-

-

+2

+2

+2

Interlobular bile duct

+3

+3

+3

+3

+3

+3

Hepatocytes around interlobular
connective tissue

+2

+2

+3

+1

+1

+1

Hepatocytes around central vein

+2

+2

+3

+2

+2

+2

Hepatocytes in other areas

+2

+2

+3

+1

+1

+1

Table 3: IGF-I and ghrelin reaction intensity in the structures in the liver
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Cytoplasmic ghrelin immunoreactivity was observed in the hepatocytes. Immunoreactivity was observed only in the bile ducts in
the trias hepatica. Ghrelin immunoreactivity was especially strong in a few rows of hepatocytes around central vein, and weaker
reaction was observed in other areas (Figure 2d). Scattered reactions were observed also in some connective tissue areas. These
results were similar in all groups. In all three groups, intense reactivity was also determined in some local areas in the cytoplasm
of hepatocytes. These immunoreactivity-showing structures were found to be localized to certain areas of the tissue (Figure 2e).
IGF-I immunoreactivity was not observed in glomeruli, descending limb of loop of Henle, vascular endothelium and connective
tissue. Very strong immunoreactivity was observed in the proximal tubules, distal tubules and ascending limb of loop of Henle
(Figure 3a and b). Also IGF-I immunoreactivity was observed in the collecting ducts and papillary ducts, and the intensity of
immunoreactivity was observed to increase from collecting ducts towards papillary ducts. These findings were similar in all
three groups. Individual cells exhibiting intense IGF-I immunoreactivity were determined among the epithelial cells that formed
collecting ducts also in all groups (Figure 3c).

Figure 3: (a) IGF-I immunoreactivity in the kidney tissue in the control group. Arrows: Distal tubules, Arrowhead: Proximal
tubules, Two-way arrow: Glomeruli. Bar: 25 µm; (b) IGF-I immunoreactivity in the kidney tissue in the treatment group. a:
Ascending limb of loop of Henle, b: Descending limb of loop of Henle. Bar: 10 µm; (c) IGF-I immunoreactivity in the kidney
in the control group. Arrows: Collecting tubules, Arrowhead: Individual cells showing intense cytoplasmic immunoreactivity,
Two-way arrow: Descending limb of loop of Henle. Bar: 25 µm; (d) IGF-I immunoreactivity in the collecting tubules in the
treatment group. Arrows: Collecting tubules, Arrowhead: Individual cells showing intense immunoreactivity. Bar: 25 µm

No difference was observed between control and sham groups in terms of IGF-I immunoreactivity. Despite weak reaction in
the control and sham groups, proximal tubules demonstrated a more intense reaction in the treatment group (Figure 3a). IGF-I
immunoreactivity in the collecting ducts was more intense in the treatment group than the other groups (Figure 3d).
Although cytoplasmic ghrelin immunoreactivity was observed in the proximal and distal tubules, no reaction was observed in
glomeruli (Figure 4a). While ghrelin immunoreactivity was determined in the descending limb of loop of Henle in control and
sham groups, it was not observed in the treatment group (Figure 4b and c). Very strong ghrelin immunoreactivity was observed

Figure 4: (a) Ghrelin immunoreactivity in the kidney tissue in the control group. Arrows: Proximal tubules, Arrowhead: Distal
tubules, Double arrows: Glomerulus. Bar: 25 µm; (b) Ghrelin immunoreactivity in the medulla of kidney tissue in the control
group. Arrows: Collecting tubules, Arrowhead: Descending limb of loop of Henle. Bar: 10 µm; (c) Ghrelin immunoreactivity in
the medulla of kidney tissue in the treatment group. Arrows: Collecting tubules, Arrowhead: Descending limb of loop of Henle.
Bar: 10 µm; (d) Intense ghrelin immunoreactivity in the renal papillary duct in the sham group. Arrows: Papillary duct. Bar: 25 µm
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in the ascending limb of loop of Henle in all groups. Ghrelin immunoreactivity was observed in collecting tubules and papillary
ducts in all groups, and this immunoreactivity was determined to increase from collecting ducts towards the papillary ducts.
Immunoreactivities in collecting tubules and papillary ducts were determined to be weaker in the treatment group compared to
other groups (Figure 4b,c and d).
No immunoreactivity was detected in negative controls that were conducted to determine whether ghrelin and IGF-I
immunoreactivity in the liver and kidney were specific or not (Figure 5a and b).

Figure 5: (a) Negative IGF-I immunoreactivity in the liver tissue in the treatment group (Negative control). Arrows:
Hepatocytes. Bar: 25 µm; (b) Negative ghrelin immunoreactivity in the kidney tissue in the control group (Negative control).
Arrows: Renal tubules, Arrowhead: Glomerulus. Bar: 25 µm

IGF-I and ghrelin reaction intensities in the liver and kidney tissues are shown in Table 3 and 4.
Reaction Intensity
IGF-I

Ghrelin

Structures in the Kidney

Control
Group

Sham
Group

Treatment
Group

Control
Group

Sham
Group

Treatment
Group

Proximal tubules

+2

+2

+3

+2

+2

+2

Descending limb of loop of
Henle

-

-

-

+1

+1

-

Ascending limb of loop of Henle

+3

+3

+3

+3

+3

+3

Distal tubules

+3

+3

+3

+3

+3

+3

Collecting tubules

+1

+1

+2

+3

+3

+1

Papillary duct

+2

+2

+2

+3

+3

+1

Table 4: IGF-I and ghrelin reaction intensity in the structures in the kidney

Discussion
In this study, the effects of exogenous administration of melatonin on the immunohistochemical localization of ghrelin and IGF-I
in liver and kidney of rats were examined.
It was reported that melatonin administration led to reduce in live weight [44,51]. In our study, melatonin administration also
reduced live weight.
Wessam et al. [52] studied to determine protective effects of melatonin on toxicity and oxidative stress in rat liver and they reported
that melatonin-treated rats showed no histologic changes and liver had with normal histological appearance.
Ergin et al. [53] investigated the effects of chronic melatonin administration on renin granules in rat kidney and according to their
result no histological differences were observed in the kidney glomerulus and juxtaglomerular apparatus between the control
group and the melatonin-treated group.
It was reported that melatonin administration did not cause histological changes in the liver [52] and kidney [53]. In the present
study, no histological differences were observed between the liver and kidney of the experimental, sham and control groups.
We did not encounter a study about the number of binucleated hepatocytes to discuss. It was informed that melatonin suppressed
apoptosis in normal cells and induced apoptosis in tumor cells [54]. In another study, it was reported that melatonin had a limited
effect on the function of normal cells and did not change metabolic activity [55]. It was notified that melatonin had a healing
effect on hepatocytes by reducing necrotic areas in the liver of exogenous melatonin-treated rats with pancreatitis [56]. In a study,
melatonin was reported to increase mitotic activity in astrocyte depending on dose [57]. In the present study, it was observed that
the application of exogenous melatonin led to increase in the number of binucleated hepatocytes. Melatonin has been reported
to affect metabolic activity [55], to increase mitotic activity [57] and to reduce apoptosis in normal cells [54]. We thought that
melatonin triggered mitotic activity in hepatocytes then the number of binucleated hepatocytes increased.
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Evaluations of IGF-I and Ghrelin İmmunoreactivity in Liver and Kidney of Control Groups
IGF-I immunoreactivity in hepatocytes was found to be cytoplasmic in parallel to the literature reports [58,59]. However, Oner
et al. [59] reported that there was nuclear reaction. Hansson et al. [58] reported that IGF-I immunoreactivity was seen in ductus
biliferus. In our study, IGF-I immunoreactivity was also observed in the ductus biliferus.
Bestetti et al. [60] notified that IGF-I immunoreactivity was stronger in the hepatocytes around the periphery of the vena centralis
than in the interstitial hepatocytes. They explained that the cause of this perivascular localization of IGF-I resulted from giving
IGF-I to the systemic circulation. In a study [61], it was reported that all hepatocytes contained IGF-I mRNA. However, Bestetti
et al. [60] stated that not all hepatocytes show the same IGF-I immunoreactivity at the same level. They thought that it caused the
cells that were active in synthesis of IGF-I to show immunoreactivity [60].
Our findings were similar to those of Bestetti et al. [60] in terms of immunoreactivity in hepatocytes, especially strong
immunoreactivity around the vena centralis. We thought that immunoreactiviy may be due to the high metabolic activity in these
regions because syntesis of IGFs [62,63].
In studies [64,65], it was observed at different levels of ghrelin immunoreactivity in rat hepatocytes. Guo et al. [64] reported that
ghrelin immunoreactivity in hepatocytes was detected in the cytoplasm.
Our results about immunohistochemical distribution of ghrelin were parallel to those of Tas et al. [65] and Guo et al. [64]. In
addition, the results related to immunohistochemical distribution of ghrelin in our study were cytoplasmic and supported the
findings of Guo et al. [64]. In our study, we found that there was the strong immunoreactivity in ductus biliferus and in hepatocytes
around the vena centralis and there was no ghrelin immunoreactivity in kupffer and endothelial cells.
Hansson et al. [58] noticed that IGF-I immunoreactivity was seen only descending loop of henle and collecting ducts in the
kidney of the rats, and no immunoreactiviy was observed in other structures. Bortz et al. [66] found localized and specific IGF-I
immunoreactivity in the cortical and medullary collecting ducts in rat kidney.
In our study, IGF-I immunoreactivity was also determined in collecting tubules (tubulus col-lectivus and ductus papillaris) parallel
to the literature reports [58,66]. However, our findings were different from those of Hansson et al. [58], which showed that an
immunoreactivity was present in the henle’s loop, supporting the findings of Bortz et al. [66]. In our study, IGF-I immunoreactiviy
was not seen in glomeruli similar to that of the study of Hansson et al. [58] and Bortz et al. [66].
In the present study, the ghrelin was observed in the distal tubules of the kidney like the result of many studies [13,67-69]. Unlike
the studies [13,67-69], our study showed that ghrelin immunoreactivity was present in the tubulus proximalis, descending loop of
henle and collecting ducts. Aydın et al. [67] detected ghrelin immunoreactivity in proximal tubules like that of our study.

Evaluations of Melatonin Applications
It is known that melatonin is secreted by pineal gland in the dark and is a strong free radical scavenger and general antioxidant
substance [3]. There are studies [40,42] in the mammals that indicate that there is a link between pineal gland function and GHIGF-I axis. It was showed that pinealectomy and long-term melatonin administration changed the synthesis and release of GH and
IGF-I, as well as the tyroid, adrenal cortex, and testicular hormones [40].
Vriend et al. [42] noticed that GH-IGF-I concentrations significantly increased after melatonin injection to Syrian male hamsters
in evening for 10 weeks. They thought that this increase in IGF-I concentrations might be due to the effect of exogenous melatonin
injection on IGF-I production by triggering changes in GH concentrations.
Pawlikowski et al. [70] reported that melatonin induces a significant increase in serum levels of IGF-I by stimulating IGF-I release.
Ostrowska et al. [40] showed that melatonin had effects on IGF-I synthesis and secretion by triggering directly or indirectly
stimulates changes in concentrations of other hormones and growth factors. They also reported that the pineal gland affected the
GH-IGF-I function during the day and play an important role in the IGF-I mechanism depending on changes in the concentrations
of endogenous melatonin.
Picinato et al. [41] reported that melatonin modulated the growth and differentiation of pancreatic islets by activating IGF-I and
insulin receptor signalling pathways.
Oner et al. [59] notified that melatonin administration increased IGF-I immunoreactivity in the hepatocytes.
In our study, we observed that IGF-I immunoreactivity between control and sham groups in the liver was similar to each other in
terms of area and concentration. In the melatonin-treated rats, IGF-I immunoreactivity was detected in almost all part of the liver.
We thought that melatonin triggered IGF-I release in all hepatocytes. IGF-I immunoreactivity was weak in the tubulus proximalis
and collective ducts in the kidney of the control and sham groups, while strong reactivity was detected in those of the experimental
group. We concluded that melatonin administration increased IGF-I immunoreactivity, especially in the liver and kidney. In some
studies [40-42,70], it was reported that melatonin increased serum levels of IGF-I, and another study [59] reported that it also
increased IGF-I immunoreactivity in hepatocytes.
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Canpolat et al. [44] reported that the amount of ghrelin in the hypothalamic nucleus was reduced by pinealectomized and increased
by melatonin administration. Mustonen et al. [45] notified that melatonin administration decreased ghrelin levels in circulation
by suppressing ghrelin production.
We observed that melatonin administration did not change ghrelin immunoreactivity in the liver. There was little change in ghrelin
immunoreactivity in the kidney of melatonin group. Melatonin was found to reduce ghrelin immunoreactivity in collective ducts
and ductus papillaris. While ghrelin reactivity was not observed in descending loop of henle in melatonin-treated group, reaction
was observed in that of other groups. We identified the reduction in ghrelin immunoreactivity and it was similar to results of study
[45]. In the study [45], it was determined that ghrelin decrease at the serum level. We thought that the melatonin administration
had an different effect on each organ. Studies [44,45] supported our findings.

Conclusion
In conclusion, it was observed that ghrelin and IGF-I immunohistochemically localized at the same area in both liver and kidney of
all groups. These findings show clearly the relationship between ghrelin and IGF-I. Melatonin administration decreases live weight
and induces mitotic activity in the liver (binucleated hepatocytes), and increases IGF-I immunoreactivity in the liver and kidney,
and decreased ghrelin immunoreactivity in the kidney but not in the liver. We thought that melatonin causes an increase in IGF-I
immunoreactivity in the liver and kidney via suppression of ghrelin release. However, new studies are needed to make clarified the
relationship between melatonin, ghrelin and IGF-I.
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