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 Melatonin is the specific pineal hormone, that is secreted mainly at 

night. It ameliorates and stimulates the immune system function. 

Macrophages are connective tissue cells that are well known as one of 

the most important members in the immune system. This study was done 

to evaluate the effect of exogenous melatonin on thymic macrophages as 

an example of connective tissue cells. Adult male rats were supplied 

with dietary melatonin for 30 consecutive days. The animals were 

separated into 6 groups. The first group was designated as the control 

group, while groups two - six were given melatonin in a daily dose of 

125, 250, 500, 750 and 1000 µg/kg body weight, correspondingly. At the 

end of the experiment, the left thymic lobe was dissected under 

anesthesia for subsequent histological study. The study showed 

stimulating effect of melatonin on the macrophages at its normal dosage, 

where as its effect was injurious and harmful at it overdosage. In 

conclusion, dietary melatonin had good effects on the rats’ thymic 

macrophages, on its normal small doses, but it has damaging effects on 

its large dose. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Melatonin is the principal neurohormone secreted by pineal gland mainly at night and it has great role in 

maintaining the body circadian rhythm, in addition to other functions. Nowadays, exogenous melatonin is 

widely used in the form of tablets and syrup as a sleep aid and prescribed as an over-the-counter 

medication. This increases the likelihood of misuse and the risk of overdosage [1- 3]. The immunity is an 

important aspect of body defense against various intruders who could disturb the body natural systems and 

interfere with their function and it is well known that immunity is affected greatly by melatonin hormone 

[4- 6]. Thymus is the central organ in immune system that plays a pivot role in the maturation of T-

lymphocytes, which in turn participate in different aspects of immunological reactions [7]. 

 

The macrophages are the phagocytes normally present in the body connective tissue, and thus are found in 

various organs and body systems, including the thymus. These cells could be free or fixed type (histocytes) 

[8]. 
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The macrophages constitute one entity of the most important members in body immunity [9- 11], so they 

are affected by the level of melatonin [12], [13], and the macrophages have a known vital role in the body 

immunity. As a result, it will be of grand significance to evaluate the effect of melatonin at various doses on 

thymic phagocytes (namely the macrophages). 

 

2. Materials and Methods 

Thirty adult male Wister albino rats were put in an animal room, with a light dark cycle of about 12:12 h; 

the temperature was regulated at 22±2 ℃. 

 

They were provided with water ad libitum; they fed a controlled diet freely, except for two hours prior to 

melatonin supplement. Dietary melatonin was supplemented once daily two hours preceding sunset [12], 

[14]. 

 

Animals were divided into 6 groups, each consisting of five rats. Group 1 was designated as the control 

group, in which rats were supplemented with ordinary meal (minus melatonin) [placebo]. In addition, they 

were also left without food 2 hours prior to the time of supplement of melatonin, exactly as the other 

groups. 

 

Groups 2, 3, 4, 5, and 6 were supplemented with dietary melatonin at a daily dose of 125, 250, 500, 750, 

and 1000 µg/kg body weight, respectively for 30 consecutive days. 

 

The melatonin used in this study was n- acetyl 5- methoxy tryptamine in the form of melatonin tablets 

(NATURES BOUNTY INC, bohemia NY 11716, USA). 

 

Following the final day of melatonin supplement, animals from control & test groups were dissected under 

anesthesia using diethyl ether. 

 

The right lobe of the thymus was removed and processed for histological changes in each group of rats 

using [hematoxylin and eosin] for staining and paraffin for embedding. 

 

For each rat, 5 serial sections of 5 µm thickness were obtained for subsequent histological study [2], [5], 

[15]. 

 

Histological study was performed as morphometric and descriptive study. 

 

Objective micrometer on light microscope was used to undergo the morphometric study, in which a 

distance of 10 µm could be estimated. The average diameter of the thymic macrophages as well as the 

diameter of their nuclei were calculated [5], [9].  

 

Statistical analysis was done using SPSS software (IBM, USA). The obtained data was evaluated as mean 

±SD of 5 biological samples. Paired t test was used to assess the significance of variance between control 

and test groups [16]. 

 

3. RESULTS 

 

3.1 The descriptive results 

On all treated group in comparison with the control group, showed appearance of the unusual types of 
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macrophages in different proportions in different groups, as follows: 

The first type of macrophages observed was large sized macrophages, seen mainly in test groups 2 and 3. 

These macrophages were polygonal in shape and have darkly stained cytoplasm with many vesicles, 

vacuoles, and particles. These cells had eccentric, basophilic nuclei that were large in size and pale in 

appearance. These types of macrophages appeared to present mainly near the blood vessels (Figure.1). 

 

 
Figure 1 Histological section of rat thymus showing large macrophages, mainly near blood vessels. H. & E. 

stain. 100X 

 

The second type of macrophages appeared in the form of epithelioid cells; with large size and capacious 

cytoplasm that show pinkish stain. The nucleus was, also, basophilic, pale and mostly eccentric. These cells 

were observed largely in groups 4, 5 and 6 (Figure.2). 

 

 
Figure 2 Histological section of rat thymus showing epitheliod cell (arrow). H. & E. stain. 100X 

 

The other type of macrophages was the multinucleated giant cells. They viewed only in group of animals 

received dose of 750 and 1000 µg/kg. These types of cells were irregular in shape with abundant, 

acidophilic, pale cytoplasm. Their cytoplasm was crammed with particles, debris, granules and vesicles 

(Figure.3). 
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Figure 3 Histological section of rat thymus showing Multinucleated giant cell (arrow) (irregular in shape 

with abundant, acidophilic, pale cytoplasm). H. & E. stain. 100X 

 

3.2 The morphometric results 

Evaluation of the morphometric results showed that a significant increase in the average diameter of the 

macrophages and the average diameter of the nuclei was observed in all groups [P<0.05] [table 1]. The 

average diameter of thymic macrophages increased proportionally with the increased dose of melatonin. 

 

Table 1: morphometric measurement of average diameter of nuclei of thymic macrophage and the widest 

diameter of thymic macrophages cells in adult rats receiving exogenous (dietary) melatonin. The results are 

expressed in µm. 

Melatonin’ daily 

dose (µg/kg body 
wt.) 

Average thymic 

macrophages widest diameter 
[µm]  

Average nuclear diameter of 

thymic macrophages [µm] 

Control 15.9±1.4 9.3± 1.2 

125 18.7±1.6* 10.8±1.6* 

250 29.3±2.6 **** 14.7±2.5*** 

500 43.9±4.8**** 18.5±3.9*** 

750 89.9 ±11.1*** 20.9±6.9** 

1000 168.1±21.3*** 23.7±8.8** 

Data were expressed as mean ± SD. 

[*P<0.05; **P<0.01; *** P<O.001; **** P<0.0001]. 

 

4. DISCUSSION 

In our study, we attribute the significant increase of cell and nucleus diameter to the activity of these cells 

[5], [9], [17], and it is well known that the physiological condition of these cells are determined by their 

histological appearance, accordingly, they are regarded as active and over functioning whenever they have 

larger with pale large nuclei, where as they are considered to have low activity and less working whenever 

they have relative smaller size with somewhat dark small nucleus [15], [18- 20]. 

 

So, in the group of animals which were given the dose of 125 and 250 µm/kg; the large type of these 

macrophages was seen and are usually not observed in untreated animals, while the epithelioid type of cells 

appears only in case of over functioning and hyperstimulation status [2], [21- 23]. 
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The third type of cell that is rarely seen except in pathological conditions is the multinucleated giant cell, 

which if present reflect a toxic condition, and can lead to a serious illness [2], [9]. This type of cell is 

produced when group of epithelioid cells fuse ton constrict what is called as foreign body giant cells (huge, 

multinucleated mass of tissue that has a poorly defined cell-membrane). This type of cell is known to be 

well-documented in toxic and pathological conditions. The unusual appearance (granulation) of the three 

different types of macrophages in the study was attributed to the activation of melatonin hormone. This 

hormone is known to exert its physiological effects in varying dose-dependent manner. It can stimulate the 

cell's natural response at a given dose (therapeutic dose), while could be pathogenic at higher dose level 

[14], [24], [25]. 

 

These finding could be described as a result of direct and / or indirect melatonin effect on macrophages. The 

direct effect is achieved through the melatonin receptors that are found normally in all body cells and tissue. 

On the other hand, the indirect effect is achieved as a result of the effect of one the important growth 

factors; namely granulocytes-macrophage colony stimulating factor [GM-CSF]. The growth factor GM-

CSF, which is secreted by the macrophage’s cells, endothelial cells and t-lymphocytes act by enhancing the 

effect of macrophage colony stimulating factor[M-CSF] and / or by activating these specific cells directly. 

The melatonin is well documented as the main director of all types of immunity [12], [13], [21], [22]. 

 

The study also revealed that the average diameter of the nuclei of different types of macrophages was 

significantly higher than that of the control group. This suggests that melatonin can affect the activities of 

the cell's central hub, the nucleus. As a result, most of the cell activities will be affected [5], [26], [27], [28]. 

 

Our results revealed that there is variation in the body response to exogenous melatonin administration 

depending on the dose. In that, small dose in the therapeutic range could boost the body immunity. 

However, the results of the study also indicated that the hormone has a negative effect on the body's 

immunity when it is administered in overdosage [18], [29- 32]. 

 

5. Conclusion 

The results of this study indicate that dietary melatonin had good effects on the rats’ thymic macrophages, 

on its normal small doses, but it has damaging effects on its large dose.  
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