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Abstract BACKGROUND: A relationship between circadian GH-IGF-I axis activity and pineal 
gland function in rats is not suffi ciently elucidated, particularly in the aspect of 
melatonin (MEL) participation with relation to a possible mechanism of these 
dependencies. OBJECTIVE: Infl uence of pinealectomy and long-term MEL adminis-
tration on circadian GH-IGF-I axis function in male rats was evaluated. An attempt 
was also made to determine whether the effect of exogenous MEL is dependent 
on the pineal gland presence. METHODS: Studies were performed in 192 sexually 
mature male Wistar rats, which were subjected to pinealectomy or sham opera-
tion. In half of the animals from each group MEL (Sigma, USA) in dose of 50 µg/ 
100g b.m. was administrated intraperitoneally (daily between 5 and 6 pm during 
a 4-week period). Blood for RIA assays of MEL, GH and IGF-I concentrations was 
collected every 3 hours during a day-beginning at 8 am (rats killed by decapitation). 
RESULTS: Signifi cant infl uence of pinealectomy and exogenous MEL on a daily pro-
fi le of endogenous MEL in rats was confi rmed. Distinct, dependent on the time 
of the day anomalies in circadian oscillations of GH and IGF-I showing positive 
correlation with changes in endogenous MEL concentrations were also shown. 
GH rhythm was suppressed in a group of rats with removed pineal gland; after 
pinealectomy distinct decrease and after MEL use - distinct increase of GH and 
IGF-I concentrations during the day were observed. It had infl uenced mean daily 
concentrations and values of amplitude of circadian GH and IGF-I oscillations 
in all studied groups of animals. In rats with preserved pineal gland the effect 
of exogenous MEL action was more intensifi ed. CONCLUSIONS: Pineal gland can 
infl uence circadian function of GH-IGF-I axis, and in mechanism of this depen-
dence, changes in endogenous MEL concentrations seem to play an important role. 
Administration of MEL in rats after pinealectomy only partly prevents changes 
of GH-IGF-I axis function caused by gland removal, which can indicate participa-
tion of other pineal gland substances in generating disturbances. Infl uence of exog-
enous MEL on GH-IGF-I axis function during the day is dependent on the pres-
ence of pineal gland, which can be connected with indirect and/or direct infl uence 
of administrated hormone on this gland.
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ABBREVIATIONS

A amplitude
ACTH adrenocorticotropin hormone
ALP  alkaline phosphatase
Ca  total calcium
EGF epidermal growth factor
FSH folitropin
f (T) average hormone concentration at the given time point
GH growth hormone
5HIAA 5-hydroxyindolo-acetic acid
HIOMT hydroxyindole-O-methyltransferase
HYP  hydroxyproline
ICTP  cross-linked carboxyterminal propeptide of type I collagen
IGF-I insulin-like growth factor
LD light:dark cycle
LH lutropin
M mesor
MEL melatonin
NAT N-acetylotransferase
NE norepinephrine
p probability
PDGF platelet-like growth factor
PICP carboxyterminal propeptide of type I procollagen
PTH parathyroid hormone
PRL prolactin
Px pinealectomized rats
RIA radioimmunological methods
SE standard error
SPx sham operated rats
TGF transforming growth factor
TNF tumor necrosis factor
TSH thyrotropin
ϕ acrophase
ω angular frequency

 Introduction

 Many studies indicate connection between pineal 
gland function and GH-IGF-I axis in mammals, how-
ever their results are not always synonymous [1, 2]. 
Some investigators have shown that pinealectomy 
(Px) abolishes a decrease of GH concentration in rats’ 
pineal gland, as well as in plasma caused by constant 
darkness [3]. Others obtained the decrease of GH 
secretion in rats after Px during the day and a lack 
of the effect at night hours [4]. Others indicate inten-
sifi cation of circadian fl uctuations of GH after Px in 
rats with small increase of daily secretion [5].

 Griffi ts’s et al. [6] and Smythe’s and Lazarus’s [7] 
studies revealed that liberation of GH from hypoph-
ysis in rats is inhibited by MEL and stimulated by 
serotonin. Griffi ts et al. [6] also confi rmed that MEL 
inhibited basic and TRH stimulated secretion of this 
hormone in vitro. During prolonged (24 h) incubation 
a weak inhibitory effect of MEL on GH secretion by 
pituitary cells of neonatal but not adults rats was 
observed [8]. Injection of MEL to rats in perinatal 
period did not infl uence the daily rhythm of GH in 
mature animals [9]. Signifi cant disturbances in the 
profi le of daily GH secretion after MEL administration 
in grown-up individuals have also not been shown [5].

 Results concerning assessment of pineal gland and 
MEL infl uence on synthesis and liberation of GH 
in other animals are also not synonymous. In lem-
mings (Dicrostonyx groehlandicus) kept in short day 
conditions GH concentrations during the day were 
increased. After exposure to long light cycle, daily 
profi le of GH similar to that in control animals was 
observed [10]. In in vitro studies MEL did not infl u-
ence GH liberation from mink’s pineal gland during a 
short and a long day [11]. Subcutaneous implantation 
of MEL granules to pigeons (2mg for a period of 12 
months) caused signifi cant increase of GH concentra-
tions [12]. 

 It was shown in clinical studies that stimulation 
of GH secretion after postinsulin hypoglycaemia, 
arginin infusions, clonidin or GHRH administration 
is accompanied by decrease of MEL concentrations 
[13–16], which could indicate existence of inversely 
proportional dependence between MEL and GH. 
However, after MEL administration, changes have 
not been observed [17], but only the decrease [13] or 
stimulation of GH secretion [18].

 Smythe et al. [19] observed the stimulating infl u-
ence of serotonin and inhibiting of MEL on insulin-
like growth factors also called somatomedins, through 
which GH infl uences tissues and target organs. Vriend 
et al. [20] showed the essential increase of GH and 
IGF-I concentrations in male Syrian hamsters after 
MEL administration at evening hours for a 10 week 
period. On the other hand in female Syrian hamsters a 
short day induced the decrease of IGF-I concentration 
and Px partly abolished this effect [21]. MEL admin-
istration in dose of 25µg caused suppression of IGF-I 
concentrations in these animals [21, 22].

 The aim of the performed studies was to show: 
1) if and in what degree Px in rats and long-term 
MEL administration infl uence daily profi le of GH and 
IGF-I concentrations, 2) if effect of MEL administra-
tion is dependent on pineal gland presence.

Material and methods

 Studies were performed in 192 male Wistar rats 
with the initial body mass of circa 150 g. Before the 
beginning of the studies animals stayed for 2 weeks in 
a place with a temperature of 20–22°C, air humidity 
of 80–85% and regulated light cycle: 12 hours of light: 
12 hours of dark (LD 12:12, light from 7 am to 7 pm) 
with the aim of adaptation. Rats were fed every day at 
the beginning of dark phase with chow produced by 
Altromin fi rm 1324 (Standard-Diäten, Austria) and 
drank fi ltered water “ad libitium”.

 In a period of adaptation in half of the animals (96 
rats) pinealectomy according to Kuszak and Rodin’s 
method [23] in intraperitoneal narcosis with the use 
of 2% chloral hydrate and in the rest of them – sham 
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operation were performed. Two weeks after opera-
tion the rats were divided into four equal groups with 
regard to quantity (48 animals in each): 1) SPx - con-
trol group after sham operation, which received intra-
peritonealy 5% solution of ethyl alcohol in physiologi-
cal saline; 2) SPx + MEL – after sham operation – 
which received intraperitonealy MEL (Sigma, USA) 
in amount of 50 µg/100g b.m. in solvent mentioned 
above; 3) Px – after pinealectomy – which received 
only solvent; 4) Px + MEL – after pinealectomy – 
which received 50µg/100g b.m. MEL in solvent men-
tioned above. Rats were administered the MEL solu-
tion or the solvent daily between 5 and 6 pm during a 
4-week period. During experiment as well as during 
adaptation period rats stayed in the same zoohigieni-
cal, alimentary and illumination conditions. 

 After the end of the experiment animals were 
killed by decapitation and blood was collected (to 
tubes with granulated mass produced by Sarstedt 
fi rm) for MEL, GH and IGF-I concentrations assays. 
Blood was collected every 3 hours during the day, 
from 8 am, in 6 rats in each of time points. Collected 
blood was immediately centrifuged and obtained 
serum kept in temperature of –75 °C till assays. 

 All actions during the dark period were done in 
red light obtained with the use of photographic lamps 
with dark-room fi lter F-05.

 The study was conducted with the permission of 
the Ethics Committee at the Silesian Academy of 
Medicine in Katowice.

 Hormones concentrations were assessed in dou-
blets with the use of commercial RIA kits: MEL–DRG 
(USA), rGH–IMMUNOTECH (France) and rIGF-I–
DSL (USA).

Sensitivity of the method, within-assay and 
between-assay error were for MEL of – 1 pg/for 
sample, 11 and 12%, for GH of – 1 ng/ml, 6.2 and 8.1% 
and for IGF-I of - 2.73 nmol/l, 3.7 and 6.1% .

The statistical signifi cance of the results was 
assessed on the base of variance analysis for paramet-
ric tests when distribution of the variable was normal. 
When the variable distribution was not normal vari-
ance analysis was conducted according to Kruskal-
Wallis method for nonparametric tests. The depen-
dency of MEL levels of GH and IGF-I was assessed 
with the use of the Pearson correlation test (when vari-
able distribution was normal) or Spearman correlation 
test (when variable distribution was not normal).

The statistical analysis of circadian rhythms of 
MEL, GH and IGF-I concentrations was carried out 
with the use of cosinor method according to Halberg 
et al. [23]. Cosinor analysis was carried out for a fi xed 
average time group value by fi tting the main cosinor 
function f (T) = M + A cos (tω + ϕ), where f (T) is 
the average hormone concentration at the given time 
point; M is the mesor, arithmetic average of actual 

values describing oscillations within the cycle; A is 
the amplitude, the difference between maximum (or 
minimum) value of a given hormone concentration 
within 24 hours; ω is angular frequency. The appear-
ance of a rhythm was deducted following the rejection 
of zero amplitude hypothesis. 

Results
 
Signifi cant daily rhythm of MEL with acrophase at 

3.25 am, mesor value of 25.19 pg/ml and amplitude of 
25.19 pg/ml (Tables 1 and 2, Figure 1) was shown in 
rats with preserved pineal gland (SPx - control group). 
Administration of MEL to rats from control group 
(SPx + MEL) caused suppression of endogenic MEL 
rhythm with increase of mean daily concentration. 
Increase of MEL concentrations in relation to con-
trol group was observed from 8 am till 11 pm. Dis-
tinct decrease of MEL concentrations from 8 pm till 
11am was shown in rats after pinealectomy (Px). MEL 
secretion at these time points differed statistically 
from that observed in control group, which caused 
suppression of the rhythm and decrease of mean 
daily concentration. Administration of MEL to rats 
after pinealectomy (Px+MEL) caused increase of 
mean daily endogenic MEL concentration, increase of 
amplitude value and displacement of the peak of cir-
cadian oscillations for 3.20 pm; rhythm was still sup-
pressed. The increase of endogenic MEL concentra-
tions in comparison to Px group was observed during 
the whole day.

 In rats after sham operation, GH secretion was 
subjected to signifi cant circadian fl uctuations with 
acrophase at 6.20 am, mesor value of 23.44 ng/ml and 
amplitude of 7.91 ng/ml (Tables 1 and 2, Figure 1). 
MEL administration caused stimulation of GH secre-
tion from 11 am till 5 am and suppression at 8 am in 
rats with preserved pineal gland. GH concentrations 
were statistically increased from 5 pm till 2 am and at 
11 am. The increase of mesor and decrease of ampli-
tude values with a preserved daily rhythm of GH was 
observed. The suppression of GH secretion rhythm 
with distinct decrease of concentrations from 2 am till 
8 pm and increase at 11 pm was shown in rats after 
Px. Differences were signifi cant only from 2 am till 2 
pm and at 11 pm. Administration of MEL to rats after 
Px caused the increase of amplitude of circadian GH 
oscillations, the increase of mean daily concentration 
and the intensifi cation of circadian fl uctuations. At all 
periods of the day except 11 pm distinct increase of 
GH concentrations in relation to group after Px was 
noted. GH secretion was statistically increased from 2 
am till 8 am and at 2 pm.

 IGF-I concentrations in the serum of rats after 
sham operation were subjected to not signifi cant fl uc-
tuations during the day with maximum at 3.19 pm. 

Infl uence of pinealectomy and long-term melatonin administration on GH-IGF-I axis function in male rats
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Table 1. Mean serum concentrations (mean ± SE) of melatonin (MEL), growth hormone (GH) and insulin-
like growth factor-I (IGF-I) in sham operated (SPx) and pinealectomized (Px) rats after exogenous 
melatonin (MEL) administration

                                                                  Groups (LD 12:12)
Variables     Hours              SPx                 SPx + MEL                  Px                      Px + MEL

                 2.00        70.73 ± 4.11         74.28 ± 3.77          8.99 ± 0.36***      37.87 ± 0.74***.
                 5.00        49.54 ± 5.58         57.59 ± 1.80          9.00 ± 0.47***        44.49 ± 0.92***
                 8.00        20.83 ± 1.56         60.07 ± 4.41***     8.31 ± 0.12***         39.00 ± 6.14***
MEL            11.00        16.18 ± 1.99         63.99 ± 3.81***     8.00 ± 0.16**        52.93 ± 2.71***
(pg/ml)      14.00          8.72 ± 1.11         42.15 ± 3.43***     9.02 ± 0.10            71.51 ± 1.52***
                17.00          7.73 ± 1.22        53.14 ± 4.79***      8.89 ± 0.25            59.33 ± 1.80***
                20.00        12.30 ± 1.00        49.26 ± 5.33***      9.12 ± 0.17*           58.37 ± 6.03***
                23.00        20.47 ± 1.84        51.09 ± 2.27***      8.73 ± 0.22***        37.92 ± 1.88***
                  2.00        29.64 ± 2.09         36.23 ± 2.21*       18.60 ± 1.76***       22.00 ± 1.65
                  5.00        32.76 ± 1.03         34.86 ± 3.06         18.00 ± 1.99***        22.40 ± 1.03*
                  8.00        30.30 ± 1.88         26.98 ± 4.56         22.00 ± 2.00**          27.80 ± 1.05**
GH             11.00        21.46 ± 1.54        26.33 ± 2.21**      15.51 ± 1.67**         16.02 ± 3.44
(ng/ml)      14.00        22.46 ± 2.00         24.11 ± 3.79         14.68 ± 1.54**          17.90 ± 0.41*
                17.00        19.20 ± 1.98        24.20 ± 1.60*        15.64 ± 3.68            17.00 ± 2.89
                20.00        14.31 ± 1.11        19.60 ± 1.97*       12.26 ± 3.55            11.66 ± 1.99
                23.00        17.46 ± 1.32        27.21 ± 1.48***     20.56 ± 0.49**         17.99 ± 4.06
                 2.00       113.39 ±  0.47     160.32 ±  5.10***   77.08 ± 3.59***         95.21 ± 3.44**
                 5.00        71.63 ±  7.30       97.96 ±  4.42*       61.32 ± 7.73            57.63 ± 4.80
                 8.00        89.15 ± 10.20     136.44 ± 13.56*     102.06 ± 4.87           93.35 ± 5.87
IGF-I          11.00       149.82 ±  4.20     181.13 ± 15.37        92.94 ± 4.11***      112.33 ± 7.53*
(nmol/l)     14.00       164.02 ±  3.67     173.93 ± 13.94        89.87 ± 8.65***      110.24 ± 8.65*
                17.00       144.25 ±  6.88      137.12 ±  7.35       105.82 ± 9.39**       135.64 ± 6.50**
                20.00       107.52 ±  7.05     138.84 ±  9.90*       76.49 ± 3.47**         78.36 ± 3.81
                23.00      112.02 ± 10.86      117.44 ±  7.88        70.34 ± 5.43**        104.83 ± 7.22**

        * p ≤ 0.05;  ** p ≤ 0.01;  *** p ≤ 0.001   vs control group

Table 2. Chronobiologic parameters (M - mesor, A - aplitude and ϕ - acrophase) of the mean rhythms of 
melatonin (MEL), growth hormone (GH) and insulin-like growth factor-I (IGF-I) in sham operated (SPx) and 
pinealectomized (Px) rats after exogenous melatonin (MEL) administration.

                         Chronobiologic                               Groups (LD 12:12)
Variables              parameters         SPx                  SPx+MEL           Px                   Px+MEL

                         M (pg/ml)          25.83                ↑ 57.32            ↓ 8.80            ↑ 51.51
MEL                     A (pg/ml)           25.19                ↓   8.69            ↓ 0.36            ↑ 14.44
                         ϕ (h.min)             3.25                     4.49          → 21.30               15.20 
                         p                         0.043*                  0.233             0.258               0.059
                         M (ng/ml)          23.44                ↑ 27.44            ↓ 17.16             ↑ 19.03
GH                      A (ng/ml)             7.91                ↓   6.20            ↓  3.01             ↑  5.25
                         ϕ (h.min)             6.15                     4.21                4.42                 6.09
                         p                         0.018*                  0.045*            0.179               0.049*
                         M (nmol/l)        119.00                 ↑ 143.17         ↓ 85.11              ↑ 99.68
IGF - I                 A (nmol/l)          33.98                ↓ 20.99           ↓ 14.99             ↑ 20.85
                         ϕ (h.min)             5.19                   13.35              13.28               15.26
                         p                         0.066                  0.340              0.139                0.231

↑ -  signifi cantly higher values versus control group
↓ ¯  signifi cantly lower values versus control group
← -  acrophase shift to earlier hours
→ -  acrophase shift to later hours
p - probability (anything less than 0.05 indicates a statistically rhythm detection)

Table 3. Correlation coeffi cients (r) between circadian variations of serum melatonin (MEL), growth 
hormone (GH) and insulin-like growth factor-I (IGF-I) concentrations during the day in sham operated 
(SPx) and pinealectomized (Px) rats after exogenous melatonin (MEL) administration

Independent         Dependent                                              Groups (LD 12:12)
variable               variables                 SPx                   SPx + MEL           Px                     Px + MEL

 MEL (pg/ml)         GH (ng/ml)               0.461**             0.317*                0.308*               0.250
                         IGF-I (nmol/l)            0.516**             0.287*                0.456**             0.352**
IGF-I (nmol/l)        GH (ng/ml)               0.755***           0.426**              0.297*               0.205

 * p ≤ 0.05;         ** p ≤ 0.01;            *** p ≤ 0.001 
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Fig. 1. Mean serum concentrations (mean ± SE) of: 1 - melatonin (MEL); 2 - growth hormone (GH); 3 - insulin-like growth 
factor-I (IGF-I) in sham operated (SPx) and pinealectomized (Px) rats after exogenous melatonin (MEL) administration 
expressed in: a – pg, ng/ml and nmol/l, respectively; b – as percent of the control values 

Mean daily concentration was of 119.00 nmol/l and 
amplitude value of 33.98 nmol/l (Tables 1 and 2, 
Figure 1). Administration of MEL to rats with pre-
served pineal gland caused the increase of mean daily 
concentration and decrease of amplitude of circadian 
oscillations of IGF-I. Increase of IGF-I concentrations 
in relation to control group was observed at all time 
points except 5 pm. Increase of IGF-I values was sig-

nifi cant from 2 am till 8 am and at 8 pm. Decrease of 
mean daily concentration and amplitude of circadian 
fl uctuations of IGF-I as a result of decrease of concen-
trations of this protein at most time points except 8 
am was shown after Px. Signifi cant decrease of IGF-I 
values was observed at 2 am and from 11 am till 11 
pm. Administration of MEL to rats after Px stimulated 
IGF-I synthesis except 5 am and 8 am, which is tes-
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tifi ed by changes of IGF-I concentrations in relation 
to group after Px presented in fi gure 1. IGF-I values 
were signifi cantly increased from 11 pm till 2 am and 
from 11 am till 5 pm. Described anomalies caused the 
increase of mean daily IGF-I concentration and the 
increase of values of circadian oscillations amplitude.

Changes of endogenous MEL concentrations 
induced by long-term exogenous MEL administra-
tion correlated positively, statistically signifi cant with 
changes of GH concentrations (SPx, SPx + MEL and 
Px + MEL groups – r = 0.308–0.461), as well as of 
IGF-I (all groups: r = 0.287–0.516) (Table 3). Signif-
icant dependence between IGF-I and IGF-I concen-
trations was also shown (SPx, SPx + MEL and Px 
groups – r = 0.297–0.755).

Discussion

Not many experimental works have been devoted 
to the problem of assessment of infl uence of Px and 
MEL administration on GH-IGF-I axis function. They 
mainly regarded GH secretion, more rarely IGF-I in 
rodents at morning and evening hours [1–4, 6–8]. Infl u-
ence of Px was not observed in these studies, but stim-
ulating or suppressive effect of this operation on GH 
or/and IGF-I concentrations, dependent on the time of 
the day was shown [3–5, 21]. Results concerning the 
effects of exogenous MEL action were also not always 
synonymous, which may be a result of performing stud-
ies on animals of different species, sex, age, in different 
lighting conditions with the use of different doses and 
times of MEL administration [5–12, 19–20, 22].

 Similar to other authors’ reports [25–28] in own 
studies the signifi cant infl uence of Px and MEL 
administration on daily profi le of endogenous MEL 
in rats was shown. Distinct, dependent on the time 
of the day anomalies in circadian oscillations of GH 
and IGF-I indicating directly proportional depen-
dence with endogenous MEL concentrations were also 
shown. GH rhythm was suppressed only in the group 
of rats with removed pineal gland; after Px signifi -
cant decrease and after MEL administration – dis-
tinct increase of GH and IGF-I concentrations during 
the day were observed. It had infl uenced mean daily 
concentrations and values of amplitude of circadian 
GH and IGF-I oscillations in all groups of animals. 
Obtained results of own studies indicate that the 
pineal gland can modify the function of GH-IGF-I axis 
during the day, and in mechanism of this dependence 
changes in endogenous MEL concentrations seem to 
play an important role. However, MEL administra-
tion in rats after Px only partly prevented changes 
in GH-IGF-I axis function caused by gland removal, 
which most probably indicates participation also of 
other pineal gland substances in generating these dis-
turbances.

Vriend et al. [20] have also shown signifi cant 
increase of GH and IGF-I concentrations performing 
studies on Syrian male hamsters after MEL adminis-
tration at evening hours for the period of 10 weeks. 
In the authors’ opinion the increase of IGF-I concen-
trations induced by exogenous MEL administration is 
probably secondary to GH secretion. GH is a basic regu-
lator of IGF-I concentration in plasma; stimulates IGF-I 
synthesis at endo-, para- and autocrinic level; IGF-I is, 
however, a main mediator of GH action [29, 30]. It was 
shown that increase of GH and IGF-I concentrations 
was accompanied by diminished norepinephrine (NE) 
turnover in hypothalamus [20]. However, it is not in the 
authors’ opinion a cause of GH and IGF-I concentra-
tions increase after MEL. It is confi rmed by the fact 
that after blocking NE synthesis (by alpho-methyl-p-
tyrosine) it comes to reduction of the GH concentration 
in serum. The signifi cant increase of 5-hydroxy-indolo-
acetic acid (5HIAA) and of index 5HIAA/serotonin 
in hypothalamus and brain stem extracts after MEL 
administration suggests, rather that rather serotonin-
ergic component is responsible for increase of IGF-I 
concentrations induced by increased GH secretion [20]. 
Obtained in own studies in male rats, positive correla-
tion between changes in MEL and GH and IGF-I, and 
GH and IGF-I concentrations in all studied groups of 
animals seems to confi rm Vriend’s et al. [20] concep-
tion, that MEL indirectly by inducing changes in GH 
concentrations, can infl uence IGF-I production.

 On the other hand, by performing studies on 
female Syrian hamsters, Vriend et al. [22] have shown 
that administration of 25µg of MEL causes reduction 
of IGF-I concentrations. In authors’ opinion induced 
by exogenous MEL changes in secretion and libera-
tion of thyroid, gonadal, hypothalamic hormones, gen-
erally more intensifi ed than in case of male rats, can 
secondarily contribute to decrease of GH secretion and 
subsequent decrease of IGF-I production in these ani-
mals; hence the different effects dependent on sex.

 Data from literature and results of own studies 
allow to consider, that MEL probably manifests mul-
tidirectional action on the synthesis and secretion of 
IGF-I; MEL can directly and/or indirectly infl uence, by 
inducing changes in other hormones and growth fac-
tors concentrations. It is known that MEL is an impor-
tant modulator of many endocrine glands action [1, 2, 
5, 12, 31–36] and produced in them and liberated to 
blood hormones can on the other hand infl uence IGF-I 
secretion [29, 30]. Gonadotropins, TSH, PTH, estro-
gens, androgens, cortisol, insulin [29, 30, 37] infl u-
ence, except GH, IGF-I secretion and their secretion 
during the day, as mentioned above, is subjected to 
regulating infl uence of MEL. It is not excluded that 
MEL is also one of the factors regulating production 
of other, except IGF-I, polypeptide growth factors, 
although there are not many studies in this fi eld. It 
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was proved that some of the polypeptide growth fac-
tors can take part in regulating the GH secretion, 
so indirectly also IGF-I. They are: epidermal growth 
factor (EGF), platelet-like growth factor (PDGF), 
transforming growth factor α (TGF α) – infl uencing 
stimulatorily IGF-I secretion and TGF β-acting inhibi-
torily. Interferone and tumour necrosis factor (TNF) 
can also inhibit proliferative action of IGF-I [38].

The presented results of own studies also indicate 
that effect of exogenous MEL action on circadian GH-
IGF-I axis function depends on pineal gland.

Some studies indicate that the pineal gland itself, 
being the target organ for MEL, could modulate 
effects of its own action by places specifi cally binding 
this hormone [36, 39–43]. In fact, the presence of 
receptors specifi cally binding MEL was shown in the 
pineal gland, which seems to confi rm the conception 
mentioned above [42]. It was shown that the density of 
these receptors is inversely proportional to MEL con-
centration in blood, hence the strongest effect of this 
hormone action is in the end of light phase [39–41].

Other studies suggest the possibility of indirect 
infl uence of administrated MEL on the pineal gland 
by inducing changes in hormones concentrations [1, 
2, 5, 12, 31–36], which could infl uence secondarily on 
pineal gland [44–47]. Results concerning infl uence of 
these hormones on pineal gland function are, how-
ever, not synonymous. In rats after hypophysectomy 
weakening of nocturnal increase of N-acetylotrans-
ferase (NAT) as well as MEL was shown, which could 
indicate that tropic hormones of hypophysis infl uence 
this hormone biosynthesis in the pineal gland [48]. 
However, PRL and GH administration (separately 
or altogether) to rats after hypophysectomy did not 
restore high NAT and MEL values during the night 
[48]. However, in rats with hyperprolactinemia sig-
nifi cant changes in daily/nocturnal NAT activity and 
MEL content in pineal gland were shown [49]. Other 
studies [50] performed in vitro have shown that 
ACTH does not infl uence, FSH inhibits and LH, TSH 
and GH stimulate synthesis and liberation of pineal 
gland MEL, when they are administrated in a dose of 
100ng/ml. On the other hand PRL administrated in a 
dose of 1ng/ml stimulates and in a dose of 100ng/ml 
inhibits MEL production in pineal gland. Bauer’s et 
al. studies [51] have not shown signifi cant infl uence 
of hypophyseal-adrenal and -thyroid axis hormones 
on synthesis and liberation of MEL. Other studies 
[47] indicate, that glycocorticosteroids infl uence in 
vitro on MEL liberation from pineal gland and the 
effect of their action is dependent on the dose. It was 
also shown that glycocorticosteroids inhibit stimu-
lated by β-agonists administration increase of NAT 
activity in pineal gland however, they do not have sig-
nifi cant infl uence on hydroxyindolo-O-metylotrans-
ferase (HIOMT) activity [52]. Some authors’ studies 

[44, 46] indicate that MEL synthesis in the pineal 
gland and its secretion, particularly during the night, 
are dependent on thyroid hormones. It was shown 
that in in vitro conditions triiodothyronine stimulates 
synthesis and secretion of MEL during the day and 
inhibits during a period of darkness [46]. In rats with 
hypothyreosis increase and after thyroxine adminis-
tration – decrease of nocturnal peak of MEL secretion 
was observed [1, 2]. Rom-Bugoslavskaia et al. [53] 
have shown that thyroxine stimulates and calcitonin 
inhibits o-methylation of serotonin in pineal gland.

It seems that the effect of exogenous MEL action 
on circadian GH-IGF-I axis function is dependent on 
pineal gland presence, which can be connected with 
indirect – by other hormones – and/or direct infl uence 
of administrated hormones on this gland.

Conclusions

1. Pineal gland can infl uence GH-IGF-I axis func-
tion during the day and in the mechanism of this 
dependence the changes in endogenous melatonin 
concentrations seem to play an important role.

2. Melatonin administration in rats after pineal-
ectomy only partly prevents changes of GH-IGF-I 
axis function caused by gland removal, which can 
indicate participation also of other pineal sub-
stances in generating disturbances.

3. Effect of exogenous melatonin action on circadian 
GH-IGF-I axis function is dependent on the pineal 
gland presence, which can be connected with direct 
and/or indirect infl uence of the administrated hor-
mone on this gland. 

    REFERENCES
   
  1 Mess B. Interaction between pineal and non-reproductive endo-

crine gland. In: Axelrod J, Frashini F, Velo GP, editors, The pineal 
gland and its endocrine role, New York: Plenum Press; 1983. p. 
477–508.

  2 Nir I. Non-reproductive system and the pineal gland. J Neural 
Transm 1978; 13:225–44.

  3 Relkin R. Effect of pinealectomy, constant light and darkness on 
growth hormone levels in the pituitary and plasma of the rat. J 
Endocrinol 1972; 53:289–93.

  4 Ronnekleiv O K, Mc Cann SM. Growth hormone release in con-
scious pinealectomized and sham-operated rats. Endocrinology 
1978; 102:1694–7. 

  5 Niles LP, Brown GM, Grota LJ. Role of the pineal gland in diurnal 
endocrine secretion and rhythm regulation. Neuro endocrinology 
1979; 29:14–21.

  6 Griffi ths D, Bjoro T, Gautvik K, Haug E. Melatonin reduces the produc-
tion and secretion of prolactin and growth hormone from rat pituitary 
cells in culture. Acta Physiol Scand 1987; 131:43–9.

  7 Smythe GA, Lazarus L. Growth hormone regulation by melatonin 
and serotonin. Nature (Lond) 1973; 244:230–1.

  8 Galstain GR, Starostina EG, Dedov II. Razlichnye sdvigi v soder-
zhani plazmennogo kortikosterona v zavismosti ot dozy i skhemy 
vvedeniia melatonina. [(Age-related features of neurohormonal 
regulation of somatotropic hormone secretion.) (In Russian with 
English abstract.)] Probl Endokrinol Mosk 1994; 40:57–60.

  9 Esquifi no AI, Arce A, Villanua MA, Cardinali DP. Twenty-four hour 
rhythms of serum prolactin, growth hormone and luteinizing hor-

Infl uence of pinealectomy and long-term melatonin administration on GH-IGF-I axis function in male rats



262

Zofi a Ostrowska, Beata Kos-Kudla, Elzbieta Swietochowska, Bogdan Marek, Dariusz Kajdaniuk & Nelly Ciesielska-Kopacz

mone levels, and of medial basal hypothalamic corticotropin-
releasing hormone levels and dopamine and serotonin metabo-
lism in rat neonatally administered melatonin. J Pineal Res 1997; 
22:52–8.

10 Gower BA, Nagy TR, Stetson MH. Infl uence of photoperiod, time, and 
sex on hormone concentrations in collared lemmings (Dicrostonyx 
groenlandicus). Gen Comp Endocrinol 1996; 101:53–62.

11 Meunier M, Brebion P, Chene N, Servely JL, Martinet L. In vitro 
secretion of prolactin and growth hormone in the presence of 
melatonin by pituitary gland from mink kept under long or short 
days. J Endocrinol 1988; 119:287–92.

12 John TM, Viswanathan M, George JC, Scanes CG. Infl uence of chronic 
melatonin implantation on circulating levels of catecholamines, 
growth hormone, thyroid hormones, glucose, and free fatty acids in 
the pigeon. Gen Comp Endocrinol 1990; 79:226–36.

13 Smythe GA, Lazarus L. Suppression of human growth hormone 
secretion by melatonin and cyproheptadine. J Clin Invest 1974a; 
54:116–21.

14 Attanasio A, Ranke MB, Gupta D. CRF induced changes in serum 
melatonin and growth hormone in children and adults. Neuroen-
docrinol Lett 1985; 5:153–7.

15 Gupta D, Attanasio A. Pathophysiology of pineal function in health 
and disease in children. Pineal Res Rev 1988; 6:261–300.

16 Hajak G, Rodenbeck A, Staedt J, Bandelow B, Huether G, Rüether 
E. Nocturnal plasma melatonin levels in patients suffering from 
chronic primary insomnia. J Pineal Res 1995; 19:116–22. 

17 Waldhauser F, Lieberman HR, Lynch HJ, Waldhauser M, Herkner 
K, Frisch H, et al. A pharmacological dose of melatonin increases 
PRL levels in males without altering those of GH, LH, FSH, testos-
terone or cortisol. Neuroendocrinology 1987; 46:125–30. 

18 Smythe GA, Lazarus L: Growth hormone responses to melatonin in 
man. Science 1974b; 134:1373–4.

19 Smythe GA, Stuart MC, Lazarus L. Stimulation and suppression of 
somatomedin activity by serotonin and melatonin. Experientia 
(Basel) 1974; 30:1356–7.

20 Vriend J, Sheppard MS, Borer KT. Melatonin increases serum 
growth hormone and insulin-like growth factor I (IGF-I) levels in 
male Syrian hamsters via hypothalamic neurotransmitters. Growth 
Dev Aging 1990; 54:165–7.

21 Vaughan MK, Buzell GR, Hoffman RA, Mendez-Palaez A, Reiter RJ. 
Insulin-like growth factor-I in Syrian hamsters: interactions of pho-
toperiod, gonadal steroids, pinealectomy, and continuous melatonin 
treatment. Proc Soc Exp Biol Med 1994; 205:327–31.

22 Vriend J, Sheppard MS, Bala RM. Effects of melatonin and hypo-
thyroidism on somatomedin levels of female Syrian hamsters. J 
Pineal Res 1989; 7:85–90.

23 Kuszak J, Rodin M. A new technique of pinealectomy for adult 
rats. Experientia (Basel) 1977; 33:283–4.

24 Halberg F, Tong YL, Johnson EA. Circadian system phase as aspect 
of temporal morphology: procedure and illustrative examples. In: 
von Mayerbach H, editor, The cellular aspects of biorhythms, 
Berlin: Springer Verlag; 1967.p. 1–12.

25 Ozaki Y, Lynch HJ. Presence of melatonin in plasma and urine of 
pinealectomized rats. Endocrinology 1976; 99:641–4.

26 Lewy AJ, Tetsuo M, Markey SP, Goodwin FK, Kopin IJ. Pinealec-
tomy abolishes plasma melatonin in the rat. J Clin Endocrinol 
Metab 1980; 50:204–5.

27 Yu HS, Pang SF, Tang PL. Increase in the level of retinal melatonin 
and persistence of its diurnal rhythm in rats after pinealectomy. 
J Endocrinol 1981; 91:477–81.

28 Reiter RJ. The pineal gland. In: Becker KL, editor, Principles and 
practice of endocrinology and metabolism, Philadelphia; Lippin-
cott: 1990.p. 104–9.

29 Marek B, Buntner B, Borgiel-Marek H, Kos-Kudla B, Ostrowska 
Z, Swietochowska E. Insulinopodobne czynniki wzrostowe (IGFs) 
i ich bialka wiazace (IGFBPs) w stanach fi zjologii i patologii. 
[(Insulin-like growth factors (IGFs) and their binding proteins 
(IGFBPs) in physiology and pathology.) (In Polish.)] Pol Arch 
Wewn 1996; 96:290–7. 

30 Kajdaniuk D, Marek B, Swietochowska E, Buntner B, Matuszewska G. 
Insulinopodobny czynnik wzrostowy-I: aspekty patofi zjologicz ne 
i kliniczne. [(Insulin-like growth factor-I: pathophysiological and 

clinical aspects.) (In Polish with English abstract.) Pol Merk Lek 
1999; 41:205–7.

31 Reiter RJ. The pineal and its hormones in the control of reproduc-
tion in mammals. Endocr Rev 1980; 1:109–31.

32 Armstrong SM, Cassone VM, Chesworth MJ, Redman JR, Short RV. 
Synchronization of mammalian circadian rhythms by melatonin. 
J Neural Transm 1986; 21(suppl): 375–94.

33 Reiter RJ. Mechanisms of control of reproductive physiology by 
pineal gland and its hormones. Adv Pineal Res 1987; 2:109–25.

34 Lewinski A. Some aspects of the pineal-thyroid interrelationship 
and their possible involvement in the regulation of function and 
growth of these two glands. Adv Pineal Res 1990; 4:175–88.

35 Reiter RJ. Pineal melatonin: cell biology of its synthesis and of its 
physiological interactions. Endocrine Rev 1991; 12:151–80.

36 Karasek M. Szyszynka i melatonina. [(Pineal gland and melato-
nin.) (In Polish)] Warszawa-Lodz; PWN: 1997.

37 Hall K, Tally M 1989 The somatomedin-insulin-like growth factors. 
J Intern Med 1989; 225:47–54.

38 Aaronson SA. Growth factors and cancer. Science 1991; 
254:1146–53.

39 Gauer F, Masson-Pévet M, Skene DJ, Vivien-Roels B, Pévet P. Daily 
rhythms of melatonin binding sites in the rat pars tuberalis and 
suprachiasmatic nuclei; evidence for a regulation of melatonin recep-
tors by melatonin itself. Neuroendocrinology 1993; 57:120–6.

40 Gauer F, Masson-Pévet M, Pévet P. Differential regulation of mela-
tonin receptors by short- versus long-term pinealectomy in the 
rat suprachiasmatic nuclei and pars tuberalis. J Pineal Res 1994; 
16:73–6.

41 Gauer F, Masson-Pévet M, Stehle J, Pévet P. Daily variation in 
melatonin receptor density of rat tuberalis and suprachiasmatic 
nuclei are distinctly regulated. Brain Res 1994; 641:92–8.

42 Morgan PJ, Barret P, Howell E, Helliwell R. Melatonin receptors: 
localization, molecular pharmacology and physiological signifi -
cance. Neurochem Int 1994; 24:101–46.

43 Miguez JM, Simonneaux V, Pévet P. Changes in pineal indoleamines 
in rats after melatonin injections: evidence for a diurnal sensitivity 
to melatonin. J Neuroendocrinol 1996; 8:611–6.

44 Champney TH, Webb SM, Richardson BA, Reiter RJ. Hormonal 
modulation of cyclic melatonin production in the pineal gland of 
rats and Syrian hamsters: effects of thyroidectomy or thyroxine 
implant. Chronobiol Int 1985; 2:177–83.

45 Reiter RJ. Pineal melatonin production: photoperiodic and hor-
monal infl uences. In: Reiter RJ, Karasek M, editors, Advances in 
pineal research, London-Paris; John Libbey: 1986.p. 77–87.

46 Catala MD, Quay WB, Timras PS. Effect of thyroid hormone on 
light/dark melatonin synthesis and release by young and maturing 
rat pineal gland in vitro. Int J Dev Neurosc 1988; 6:285–8.

47 Zhao ZY, Touitou Y. Kinetic changes of melatonin release in rat 
pineal perifusions at different circadian stages. Effects of corti-
costeroids. Acta Endocrinol Copenh 1993; 129:81–8.

48 Sabry I, Reiter RJ: Neither prolactin nor growth hormone restore 
the nocturnal rise in pineal N-acetyltransferase activity or mel-
atonin content in hypophysectomized rats. Experientia (Basel) 
1988; 44:509–11.

49 Vaughan MK, Herbert DC, Vaughan GM, Weaker FJ, Esguifi no AI, 
Reiter RJ. Nyctohemeral rhythms of gonadal, thyroid and pineal 
function in the hyperprolactinemic male rat. Chronobiol Int 1988; 
5:107–14.

50 Vacas MI, Keller-Sarmiento MI, Pereyra EN, Etchegoyen GS, Car-
dinali DP. In vitro effects of adenohypophysial hormones on rat 
pineal melatonin content and release. Mol Cell Endocrinol 1987; 
50:23–7.

51 Bauer MS, Poland RE, Whybow PC, Frazer A. Pituitary-adrenal and 
thyroid effects on melatonin content of the rat. Psycho neuro-
endocrinology 1989; 14:165–75.

52 Yuwiler A. Effects of steroids on serotonin-N-acetyltransferase 
activity of pineals in organ culture. J Neurochem 1989; 52:46–53.

53 Rom-Bugoslavoskaia ES, Bondarenko LA, Sil’chenko TN. Epi-
fi zarno-tireoidnye vzaimootnoshenie: vliianie kal’ tsitonina na 
metabolizm indolov v norme i na fone izbytka tiireoidnykh gor-
monov. [(Epiphyseal-thyroid interrelations: effect of calcitonin 
on indole metabolism in health and in the presence of an excess 
of thyroid hormones.) (In Russian with English abstract.)] Probl 
Endokrinol Mosk 1991; 37:33–5.


