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Pinealectomy alters IFN-γ and IL-10 levels in primary thymocyte culture of rats
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Abstract: Melatonin, produced mainly by the pineal gland, has an immunomodulatory role. However, the effects of the pineal gland and/or melatonin on thymus 
cytokine levels such as interferon-gamma (IFN-γ), interleukin (IL)-4, and IL-10 are not well known. Twenty-one male Wistar rats (220-250 gr) were randomly 
divided into three groups (n=7): intact control, sham, and pinealectomy. Primary thymocyte cultures were prepared from each group and dispensed into well 
plates as Control, DMSO (or vehicle), Sham-pinealectomy, Pinealectomy, Pinealectomy+10µM melatonin, and Pinealectomy+100µM melatonin. IFN-γ, IL-4, 
and IL-10 concentrations were measured in the thymocytes (as nonstimulated and Concanavalin A-stimulated) after 24 h. IFN-γ levels significantly increased and 
IL-10 levels significantly decreased in both media prepared from pinealectomized rats. There was no significant difference between the groups in terms of IL-4. In 
the pinealectomy+10µM melatonin group, IFN-γ and IL-10 levels did not differ from the pinealectomy group. However, the dose of 100µM melatonin caused a 
decrease in levels of IFN-γ in both thymocyte media and an increase in the concentration of IL-10 in Concanavalin A-stimulated thymocytes. In conclusion, pineal 
gland and/or melatonin affect IFN-γ and IL-10 levels in the thymus gland.
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Introduction

Melatonin is a neuroendocrine hormone that is secre-
ted by the pineal gland as well as the retina, gastrointes-
tinal tract, and immune-competent structures containing 
bone marrow (1), lymphocytes (2), and thymus gland 
(3). Besides playing an essential role as a photoperio-
dic signal, melatonin plays a regulatory role in a range 
of other essential physiological mechanisms, including 
the adjustment of reproductive, antioxidant, neuroendo-
crine and, immunological functions (4, 5). 

In the last four decades, various experiments have 
revealed the interaction between the immune system 
and pineal gland and/or melatonin (6). Pinealectomy 
or any different procedures such as experience to conti-
nuous lighting, which restrains the melatonin produc-
tion, weakens both the cellular and humoral immune 
system. These alterations are partly modified by the 
melatonin administrations (7, 8). It is known that pinea-
lectomy, in connection with the thymus gland, leads to 
a reduction in the weight and structural organization of 
thymus (9-11) and such alterations can be restored by 
exogenous melatonin treatment (11). Moreover, expres-
sion of melatonin receptors in the thymus gland joins 
the evidence of the connection between the immune 
system and pineal gland (12-14). 

The thymus gland is a primary lymphoid structure in 

which bone marrow-originated T cell precursors com-
plete a gradual course of maturation (15, 16). Fully ma-
tured T cells leave the thymus and seed the peripheral 
immune structures such as lymph nodes, tonsils, spleen, 
and Peyer’s patches (15). This process starts at birth and 
continues throughout life. In a proper cytokine environ-
ment, activated CD4+ T cells differentiate into seven 
distinct subsets: Th1, Th2, Th9, Th17, Th22, Treg, and 
T follicular helper (Tfh) cells (17). Th1 cells predomi-
nantly produce IL-2, IFN-γ, and tumor necrosis factor-
alpha (TNF-α), while Th2 cells predominantly secrete 
IL-4, IL-5, IL-10, and IL-13 (17, 18). Moreover, Th1 
lymphocytes manage the cellular immune activity to 
combat intracellular antibody producing structures. Th2 
lymphocytes conduct the humoral response to capture 
extracellular pathogens (19). 

There is evidence that the pineal gland and melato-
nin administration exert an immunomodulatory effect in 
both in vivo and in vitro models such as splenocytes and 
peripheral blood mononuclear cells (PBMC). Although 
in vivo models show that melatonin can be considered 
as a positive regulator of immune responses, the results 
are less clear when melatonin is used in vitro (20). 
Moreover, the effects of the pineal gland or melatonin 
on thymus cytokine levels are not well known. There-
fore, we aimed to evaluate the effects of pinealectomy 
and in vitro melatonin treatment on IFN-γ, IL-4, and IL-
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10 levels in the primary thymus cell cultures prepared 
from male rats.

Materials and Methods

Animals and drugs
Adult Wistar albino male rats (each weighing around 

220-250 g) were provided from the Experimental Re-
search Center of Firat University (Elazig, Turkey). The 
animals were housed under standard light/darkness 
schedule (12 h in light/12 h in dark from 07:00 each 
day), at constant temperature (21±1°C) and humidity 
(55±5%) with free access to pelleted food and fresh wa-
ter. The experimental protocols were approved by the 
Ethical Committee of Firat University, and the rats were 
treated in accordance with the national and internatio-
nal laws and policies on the care and use of laboratory 
animals.

Experimental design
Rats were randomly distributed into three groups 

(n=7 for each group). In Group I (intact control), the rats 
in this group did not undergo surgery or drug treatment. 
In Group II (sham-pinealectomy), rats were surgically 
operated only, but their pineal glands were not remo-
ved. This group was further divided into two groups as 
dimethyl sulfoxide (DMSO) and sham-pinealectomy 
in the well plates. In Group III (pinealectomy), rats 
underwent surgical pinealectomy. This last group was 
also further divided into three subgroups as pinealec-
tomy, pinealectomy+10 µM melatonin, and pinealec-
tomy+100 µM melatonin in a 96-well plate. The IFN-γ, 
IL-4, and IL-10 levels were measured in a total of six 
groups in the well plates.

Pinealectomy operation
The pinealectomy operation was performed accor-

ding to a method we performed previously (21). Sur-
gery was performed under general anesthesia with a 
xylazine (10 mg/kg)/ketamine (90 mg/kg) cocktail. 
Then, each rat was placed on a stereotaxic apparatus 
(Stoelting Co, Illinois, USA). After a haircut, the scalp 
was cleaned with iodine solution, and an approximately 
1.75 cm incision was made in which the middle line was 
cut longitudinally until the occipital bone. Periosteum, 
the area between the sagittal and lambdoid sutures, was 
scraped from the temporal muscles and membrane with 
the help of a scalpel. Oval skull fragment, which was 
approximately 3-4 mm in diameter, was drilled by a 
dental drill on the right side of the intersection of the 
transverse and sagittal sinus commissure. Brain mem-
brane was carefully pierced with a fine-tipped, 60-de-
gree angle tweezers, and was advanced approximately 
3-5 mm horizontally inside the area. After capturing the 
pineal stalk with a fine tweezers, the gland was ruptured 
and taken out. In next step, the skin was sutured with 
4/0 silk suture.

The sham-pinealectomy operation was performed by 
the same method, but the pineal gland was not removed. 
For amelioration, rats were maintained in an appropriate 
environment for two weeks.

Preparation of primary thymocyte culture
Primary thymocyte cultures were prepared according 

to the method of Oyama et al. (22) with some modifi-
cations (23,24). Thymus glands of rats were surgically 
dissected and thymocytes were gently diluted in RPMI-
1640 solution (Biological Industries, Israel) utilizing 
two parts of cold glass bars. In order to obtain a single 
cell suspension, the tissue residues were purged off with 
clamps and medical scissors. Thymocytes were washed 
twice with RPMI-1640. Then, the cells were diluted 
with RPMI-1640 media combined with 2 mM L-glu-
tamine (Sigma, St. Louis, MO, USA), 20 mM HEPES 
(Biological Industries, Israel), 10% fetal calf serum, and 
1% penicillin-streptomycin (Mediatech Collegro VA, 
USA) to 1 × 106 cell/ml in the 10 µg/ml Concanavalin 
(Con) A (Sigma, St. Louis, MO, USA) induced thymo-
cytes medium. After that, a 1 ml cell population was 
distributed into the well plates (TRP, Switzerland), and 
thymocytes of the pinealectomy group were adminis-
trated 10 and 100 µM doses of melatonin (Sigma, St. 
Louis, MO, USA). Melatonin dissolved in DMSO. The 
cells were incubated in a humidifier incubator (Hera 
Cell, Germany) at 37°C and 95% O2 - 5% CO2 for 24 
h. Thymocyte quantities determined by checking for 
cell viability at the end of each application term in all 
groups. Our monitoring demonstrated that the thymo-
cytes counts at the end of the application were very si-
milar to the initial population of 1 × 106 cells/ml. These 
verify the result that the variations in cytokine secretion 
ratios ascertained an effect of the exogenous melato-
nin, which cannot be attributed to a probable change in 
the thymocyte counts. Supernatants were collected 24 
h after the administration of 10 and 100 µM doses of 
melatonin. 

Cytokine assay 
IFN-γ, IL-4, and IL-10 levels were detected in the 

thymocyte supernatants using commercial rat ELISA 
kits (BioSource International Inc, Camarillo, Califor-
nia, USA) that were utilized in conformity with the ma-
nufacturer’s explanations, and absorbance ratios were 
detected at 450 nm, using an ELISA plate-reader (BIO-
TEC Instruments, Inc. Vermont, USA).

Statistical analysis
All results were expressed as mean ± SEM. The Sha-

piro-Wilk test was used in all cases to test for norma-
lity of the data set, the homogeneity of variances was 
evaluated using Levene test and the results were found 
to be nonparametric. Therefore, data were analyzed by 
Kruskal-Wallis test followed by Mann-Whitney U-test. 
SPSS 10.1 for Windows was utilized for statistical ana-
lyses and p< 0.05 value was accepted to be statistically 
significant.

Results

Effects of pinealectomy and different doses of mela-
tonin on IFN-γ levels

Figure 1 (A and B) presents the effects of pinealec-
tomy and treatment with different doses of melatonin 
after pinealectomy on IFN-γ levels in the nonstimulated 
(Figure 1A) and Con A-stimulated thymocytes (Figure 
1B), detected 24 h after the application. IFN-γ levels did 
not differ among the intact control, DMSO and sham-pi-
nealectomy groups. Therefore, comparisons were made 
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Effects of pinealectomy and different concentrations 
of melatonin on IL-4 levels

The effects of pinealectomy and treatment with dif-
ferent doses of melatonin after pinealectomy on IL-4 
production in the nonstimulated and Con A-stimula-
ted thymocytes are summarized in Figure 2 (A and B). 
Pinealectomy and melatonin administrations did not 
produce any remarkable change in the IL-4 level of the 
groups compared to those of the control group in both 
thymocyte medium.

Effects of pinealectomy and different concentrations 
of melatonin on IL-10 levels

Figure 3 (A and B) summarizes the effects of pi-
nealectomy and melatonin after pinealectomy on the 
IL-10 level in the nonstimulated (Figure 3A) and Con 
A-stimulated thymocytes (Figure 3B). IL-10 levels did 
not differ among the intact control, DMSO and sham-
pinealectomy groups. Therefore, comparisons were 
performed according to the values of the intact control 
group. Pinealectomy caused a significant decline in the 
IL-10 concentrations in the non-stimulated and Con 
A-stimulated thymocytes (29.18±1 and 27.93±0.98 
pg/ml, respectively) compared to those in the control 
group (36.10±0.72 and 35.48±1.45 pg/ml, respectively, 
p<0.05). The IL-10 levels of pinealectomy+10 µM 
melatonin group (30.24±1.47 and 28.77±0.85 pg/ml) 
were significantly lower than the control group in both 
medium (p<0.05). The IL-10 concentration did not dif-
fer between the pinealectomy+100 µM melatonin group 
(31.81±2.49 and 33.66±3.21 pg/ml, respectively) and 
control group, but its level was found to be significantly 
higher in the pinealectomy+100 µM melatonin group 
compared to the pinealectomy group in the Con A-sti-
mulated thymocytes (p<0.05).

Discussion

The results of the present study indicate that pinea-
lectomy significantly increased the IFN-γ production 

according to the values of the intact control group. The 
pinealectomy caused significant increases in the IFN-γ 
levels (5.44±0.41 and 15.06±0.27 pg/ml in the nonsti-
mulated and Con A-stimulated thymocytes, respec-
tively) compared to the control group (3.65±0.33 and 
11.04±0.79 pg/ml, respectively, p<0.05). When the cells 
were treated with 10 and 100 µM concentration of mela-
tonin after pinealectomy, IFN-γ levels of the pinealecto-
my+10 µM melatonin group (5.43±0.32 and 14.45±0.28 
pg/ml, respectively) were significantly higher than the 
control group in both thymocyte medium (p<0.05). Ad-
ministration of 100 µM melatonin did not significantly 
alter the IFN-γ level in the pinealectomy+100 µM me-
latonin (3.93±0.05 and 12.35±0.92 pg/ml, respectively) 
group compared with the control. However, the IFN-γ 
level of the pinealectomy+100 µM melatonin group was 
significantly lower than the IFN-γ level in the pinealec-
tomy group in both thymocyte medium (p<0.05).

Figure 1. Changes in IFN-γ levels (mean±SEM) of rat primer 
thymocyte cultures in the non-stimulated (A) and Con A-stimu-
lated (B). *: p<0.05 compared to control, a: p<0.05 compared to 
pinealectomy group. Kruskal-Wallis test followed by Mann-Whit-
ney U-test was used. IFN-γ: interferon-gamma, DMSO: Dimethyl 
sulfoxide, Pnx: pinealectomy, MT: melatonin.

Figure 2. Changes in IL-4 levels (mean±SEM) of rat primer thy-
mocyte cultures in the non-stimulated (A) and Con A-stimulated 
(B). IL-4: interleukin-4, DMSO: Dimethyl sulfoxide, Pnx: pinea-
lectomy, MT: melatonin.

Figure 3. Changes in IL-10 levels (mean±SEM) of rat primer thy-
mocyte cultures in the non-stimulated (A) and Con A-stimulated 
(B). *: p<0.05 compared to control, a: p<0.05 compared to pinea-
lectomy group. Kruskal-Wallis test followed by Mann-Whitney U-
test was used. IL-10: interleukin, DMSO: Dimethyl sulfoxide, Pnx: 
pinealectomy, MT: melatonin.
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and significantly decreased the IL-10 release but it did 
not change the IL-4 levels in the nonstimulated and Con 
A-stimulated thymocytes. 

In recent years, accumulated evidence indicates that 
neuroendocrine signals from the brain interweave with 
the immune system (25). As a sign of this interaction, 
the thymus gland of both human and animal expresses 
melatonin receptors (12, 13, 26). The peak nocturnal 
melatonin secretion from the pineal gland declines with 
age (27). Administering exogenous melatonin can pre-
vent old thymus cells from apoptosis both in vivo and 
in vitro conditions (28, 29). Our results in the pinea-
lectomy group with an increase in the IFN-γ levels and 
a decrease in the IL-10 levels may be associated with 
these interactions. Reduction of melatonin after pinea-
lectomy is likely to have formed based on the hormone 
secretion profile of the pineal gland due to aging. Be-
cause the aging process consociates with a low-chronic 
stage, inflammation is induced by an exchange from the 
fine stability of Th1 and Th2 cytokines to a pro-inflam-
matory (Th1) phase (30). 

In vitro melatonin administration had a dose-de-
pendent effect on the thymocyte medium prepared from 
pinealectomized rats. Administration of 10µM melato-
nin in the nonstimulated and Con A-stimulated thymo-
cytes caused significant increases in the IFN-γ levels and 
decreases in the IL-10 levels. However, the IL-4 concen-
trations were unchanged in both thymocyte media. When 
100µM melatonin was administered to the nonstimula-
ted and Con A-stimulated thymocytes, the IFN-γ, IL-10 
and IL-4 levels were not significantly different from the 
control group. However, when the pinealectomy+10µM 
melatonin and pinealectomy+100µM melatonin groups 
were compared to the pinealectomy group, it was obser-
ved that 100 µM dose of melatonin significantly reduced 
the IFN-γ levels in both thymocyte media. The IL-10 
level in the nonstimulated thymocytes was significant-
ly higher than the pinealectomy group only. Thus, our 
results indicate that the high dose of in vitro melatonin 
exert a modulating effect on the pinealectomy-induced 
alterations in the IFN-γ and IL-10. This finding does not 
seem to be consistent with the general idea that melato-
nin enhances the IFN-γ production (31, 32). However, 
Park and Chun (33) reported that 10 μM melatonin can 
effectively modulate LPS-induced proinflammatory me-
diators and phagocytic activity of activated BV2 micro-
glia. The fact that high melatonin dose caused a reduc-
tion in the IFN-γ production may have resulted from a 
decrease in the melatonin receptor expression related to 
the phenomena of downregulation. In our experiments, 
the possibility of such interactions remains a question, 
because we treated in vitro melatonin only to the pinea-
lectomized groups. Jimenez-Jorge et al. (26) suggested 
that melatonin content of the thymus gland was higher 
in pinealectomized rats than sham-pinealectomized 
rats. In general, while extrapineal melatonin may play 
an autocrine and paracrine role in the body structures 
where it is synthesized, pineal melatonin appears to play 
a regulatory role as an endocrine signal in the body by 
exerting a neuroendocrine activity connecting its target 
cells via the blood circulation (20, 34, 35). These data 
indicate that the pineal gland is an essential regulator 
of melatonin synthesis in the thymus gland and other 
body areas. However, according to our results, it is not 

possible to explain these interactions because the mela-
tonin levels are not evaluated in plasma or in thymocyte 
media.

Our experimental design may be another important 
factor in this context because most others studies were 
conducted on different cell types such as splenocytes, 
peripheral blood mononuclear cells (PBMC), and plas-
ma or serum. The effect of melatonin on PBMC was in-
vestigated by Garcia-Mauriño et al. (31), who observed 
that melatonin was able to activate human Th1 lympho-
cytes by increasing the generation of IL-2 and IFN-γ. 
Therefore, the data we collected on the effect of pinea-
lectomy and in vitro melatonin on IFN-γ levels seem to 
contradict the results of earlier studies. Regarding the 
Th2 cytokines, it has been reported that melatonin has 
a negative correlation with the IL-10 production in hu-
mans (36), whereas many researchers claimed that this 
hormone does not affect IL-4 production (31, 36). Inte-
restingly, melatonin can enhance Th2 activities in such 
a way that it not only stimulates the secretion of IFN-γ 
and IL-2 but also of IL-10 (37). 

It is not well known, whether the characteristics of 
the cytokine expression in the peripheral immune struc-
tures such as lymph nodes, tonsils, spleen, and payer’s 
patches PBMC or other cells thymocyte are different 
from each other or not. It has been reported that some 
differences may be in the function of the cytokine sys-
tem located in the thymus and peripheral compartments 
of the immune system (38). The functions of some 
cytokines in the thymus can be significantly different 
from those in the periphery of the immune system. For 
example, proinflammatory cytokines act in the thymus 
as factors or cofactors of thymocyte. In addition, they act 
in the activation, proliferation or differentiation of thy-
mic epithelial cells. The key cytokines of Th1 and Th2 
cells, IFNγ and IL-4, do not participate in the immune 
response but mediate the autoregulation of the thymo-
cyte population. However, the thymus produces hor-
mones and cytokines that regulate the immune function 
(39). The main producers of cytokines in the thymus are 
thymocytes and thymic epithelial cells, but all types of 
thymic cells are able to produce cytokines either spon-
taneously or after stimulation (38). A previous study 
noted that cytokine secretion by T lymphocytes has a 
vital role in mounting adaptive immune responses (40). 
The thymic production of Treg cells requires IL-2, and 
IL-4 that is synergistic with IL-2 in the induction of thy-
mocyte proliferation in fetal thymic organ culture (41, 
42). IL-10 produced by Treg cells, and other chronically 
stimulated T helper cells and B cells are important for 
maintaining immune homeostasis at mucosal surfaces 
and also contributes to immune suppression (43-45). 
IFN-γ activates thymic epithelial cells and increases 
surface expression of MHC classes I and II, and other 
membrane proteins (46). Furthermore, IFN-γ supports 
thymocyte differentiation through its effect on functions 
of thymic epithelial cells. These reports indicate that the 
functions of numerous cytokines in the thymus are not 
well understood. Understanding the effects of intrathy-
mic cytokines may help to reveal some unknown aspects 
of thymic physiology (39). Unfortunately, there are not 
enough studies to picture the interaction of the pineal 
gland or melatonin with thymus cytokine production. 
Therefore, our results are important for contributing to 
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the thymic physiology.
In conclusion, pinealectomy caused an increase in 

the IFN-γ level and a decrease in the IL-10 level in 
the nonstimulated and Con A-stimulated thymocytes. 
Moreover, in vitro melatonin treatment revealed a mo-
dulating effect on these cytokines in a dose-dependent 
manner in pinealectomized rats. Our results indicate that 
the immunomodulatory role of pineal gland/melatonin 
includes the cytokine production of the thymus gland. 
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