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Abstract

Goats are the primary producers of meat, milk and leather in the tropical and 
temperate countries from time unknown. In global as well as Indian economic 
scenario goats are regarded as “Poor man’s Cow”. But, the management of 
immune system of this animal was neglected by the researchers for prolonged 
time. Immune system of the body of an individual is an open circuit and is 
being regulated by a number of hormones (gonadal steroids/ neurohormones/ 
metabolic hormones) and factors (cytokines, chemokines and lymphokines). 
Some of the hormones are having immune suppressive functions (particularly 
the gonadal steroids and cortisol/ corticosterone) or some of them are having 
neutral effect on immune modulation. Goats are ruminant short day breeders 
and their seasonality in terms of reproduction and immunity is under influence 
of melatonin. Melatonin is regarded as immunostimulator in most of the species 
having a direct correlation with interleukins (particularly with IL-2) in a paracrine 
manner it regulates immunity. Administration of exogenous hormones in vitro is 
an approach that can directly measure the effects of said hormone on immune 
cell proliferation. It also helps in understanding the cross-talk between the 
metabolic (thyroxin, cortisol), gonadal steroid (testosterone, estrogens) and 
circulatory cytokines (IL-2, IL-6, TNF-α, IFN-γ) with potent immunostimulator 
melatonin on isolated goat splenocytes and thymocytes. In the present review 
we elaborated the effects of different hormones in vivo and in vitro along with 
melatonin in a seasonal short day breeder i.e. goat. 
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will be helpful in increasing the overall productivity of tropical goat 
farming systems. Despite of the large goat population, diversity and 
their economic significance, the caprine research in India particularly 
to the indigenous goats has been neglected by ruminant researchers. 
Although small ruminants are a major component of the livestock 
sector in most parts of the world including India, yet the information 
about goats and its physiology is very limited and fragmented. The 
importance of small ruminants for meat production in the tropics was 
well recognized by Payne [5]. However, small-ruminant production 
has some constraints and disease, which are associated with high 
mortality, decline in productivity and reproductive performance and 
even public health concerns [6,7].

Why to study goats?
The goat is known as a poor man’s cow all over the world. 

In Switzerland, the milk goat is said to be the “Swiss baby’s foster 
mother”. The goat is an animal that adapts itself readily to almost 
any climate. The goat is the principal meat producing animal in India 
and its flesh is preferred over other animals’ meat. Goats’ flesh also 
provides better price than mutton and beef in most of the urban 
markets. Mohair from Angora goats and Pashmina from Kashmiri 
goats are greatly valued for the manufacture of superior dress 
fabrics and shawls. The intestines of goats are used to make cat-gut. 
The average milk production of a (Indigenous/local) doe in India 
is 55 kilograms per lactation term. Goats along with sheep have an 
important role in income generation, capital storage, employment 
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Introduction
Goats are cosmopolitan and found across all agro-ecological 

environments and nearly in all livestock production systems 
[1]. Goats are suitable for very extensive to highly mechanized 
production system [2,3]. India is bestowed with 17% of total world’s 
goat population comprised of 21 recognized and many non-descript 
local breeds [4]. In the tropics and sub-tropics, the interest in goat 
production has grown only in recent years. In the bio-industry, goats 
are underutilized and poorly understood resource even more under 
estimated in terms of veterinary research. A fair understanding of 
goat physiology and its industrial capabilities and economic outputs 
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generation and improving household nutrition. The manures of goats 
are used as herbal fertilizers by the rural Indians.

Goats as an experimental model
Goats are large mammals which have many similarities to 

humans in terms of physiology. They are easy to handle and suffer 
from many diseases which affect humans. They also have short 
gestation periods yet give birth to young of a similar weight to 
human babies, making them excellent for studying development and 
genetics. They are also used extensively in veterinary research, studies 
of digestion in ruminants, and research on the impact of farming on 
the environment. Goats are frequently used as a model for cattle and 
other large mammals, as they are smaller, less expensive to keep and 
easier to breed. Moreover, goats are ruminant short day breeders 
and seasonality in terms of reproduction and immunity has not been 
explored in this animal model even after domestication. Thus, this 
animal has been made an interesting model for endocrine research 
particularly for melatonin hormone.

Role of different hormones in sex dependent immune 
response

There is evidence that differential environmental and social 
interactions can account for some of the sex differences in mortality, 
it is clear that males and females differ in immune function [8] for 
several immune indices [9]. In general, sexually mature females seem 
to have higher immune activity than male co-specifics. For example, 
females of many species, including humans, have higher circulating 
immunoglobulin levels than male co-specifics [10]. Females also 
mount higher antibody responses after an immunological challenge 
than males [9]. However, virtually all studies indicate that females 
exhibit higher resistance to tumour and parasites than males [11,12]. 
Many sex differences in immune function appear to be organized 
early in development and are activated at the time of puberty [11], 
although some appear only to be activated by peri-pubertal increases 
in sex steroid levels. Females are also more resistant than males 
for/against many diseases [9]. The disadvantages for such superior 
immunological function and resistance to disease among females 
include enhanced proclivity for developing autoimmune disease 
[9]. Animal models for many human autoimmune diseases exist, 
and hormonal manipulations in these animal models have indicated 
the involvement of sex steroid hormones in their expression [13]. 
Furthermore, natural hormonal changes in humans (e.g., pregnancy, 
menopause) have an effect on immune function and some diseases. 
Generally, estrogens are immune stimulatory, glucocorticoid and 
androgens are immune compromising, and thyroxin can be either 
stimulatory or suppressive of immune function in species specific 
manner. In our study on goats the sexual dimorphism in terms of 
immune modulation has prevalence and will be discussed in the 
subsequent sections. But, reports regarding immunomodulatory roles 
of different hormones in goats are not well documented so we will 
be confining our review on the data obtained from our results with 
reference from the rodents on roles of hormones in immunity and 
roles of hormones in modulation of various physiological functions 
in goats.

Role of gonadal steroids in immune modulation
Steroid genesis is the biological process by which steroids are 

generated from cholesterol and transformed into other steroids. 

Both clinical and experimental evidence support the hypothesis 
that gonadal steroids regulate immune function. This conclusion is 
based on the following observations: (i) a sexual dimorphism exists 
in the immune response; (ii) the immune response is altered by 
gonadectomy and sex steroid hormone replacement; (iii) the immune 
response is altered during pregnancy when the amount of sex steroid 
hormone is increased; and (iv) the organs responsible for the immune 
response contain specific receptors for gonadal steroids. However the 
effects/ involvement of gonadal steroids in regulation of immunity 
of goats have never been discussed in season and gender dependent 
manner.

Role of testosterone
It is apparent that the immune and reproductive systems 

are intimately interconnected and that androgens are important 
components of these interactions. Indeed, the immune system can 
be modulated by androgens in some cases; conversely, activation 
of the immune system, particularly the innate arm, is associated 
with suppression of the reproductive neuro endocrine axis [14]. 
As evidenced trade-offs between reproduction and immune 
function may be mediated directly via communication between the 
reproductive and immune systems in certain contexts [15], although 
these interactions tend to be complex. Several studies in both animals 
and humans have been performed to understand the influence of sex 
steroids on the immune system. Testosterone generally suppresses 
immune function as castration of adult male rodent’s results in 
increased immunoglobulin levels, increased hum oral and cell-
mediated immunity, and increased lymphatic organ size, including 
thymic, splenic, and lymph nodal masses [9]. Androgen receptors 
have been identified in thymic tissues, particularly in the epithelial, 
lymphatic portion of the thymus [16]. Androgenic effects on 
lymphocytes may be in direct or through aromatization of androgens 
to estrogens, because no androgen receptors have been found on 
circulating lymphocytes [8].

 The apparent immunosuppressive effects of androgens may 
sometimes be due to glucocorticoids [17,18] at least in certain 
experimental contexts. Androgens exert considerable effects on 
the size and composition of the thymus. In one study, testosterone 
replacement in castrated male mice caused thymic regression, with 
a shift towards expression of mature thymocytes and predominance 
of the suppressor/cytotoxic CD4- CD8+ phenotype over the helper 
CD4+ CD8- phenotype [19]. Mechanisms of testosterone-induced 
thymus involution are incompletely understood, but decreased cell 
proliferation; changes in cell trafficking and increased apoptosis 
are some of the possible mechanisms involved. On the other hand, 
documentation of classical AR expression in peripheral T cells has 
not been reported but the net effect of androgen action (direct or 
indirect) seems to be an enhanced suppressor effect [20]. The number 
of pre-B cells in bone marrow and mature peripheral B cells increases 
in male mice after castration [21]. It has been reported that treatment 
of mice with dihydrotestosterone (a non-aromatized androgen) 
suppressed the expansion of lineage precursors (IL-7 responsive 
precursors) when added to short-term co-cultures of lymphocytes 
and stromal cells [22]. There are conflicting data concerning the 
effects of castration and androgens on peripheral B cells. CD5+ 
cell subsets have been implicated as an important source of auto-
antibodies. In a recent study, castration in male mice was shown to 
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selectively increase splenic cellularity and the number of peripheral 
blood lymphocytes due to newly emigrated immature B cells. 

However, in goats the effect of testosterone in modulation of 
reproduction is well documented [23-25] but role of this gonadal 
steroid in immune modulation has never been studied in goats or 
sheep except for a single study of [26] demonstrating the circulatory 
level of testosterone and seasonality in immune functions in Indian 
goats C. hircus. In most of studies with goats in relation with hormone 
testosterone generally focus on their reproductive seasonality in arid 
[27] or semi-arid [28] conditions in rams and goats respectively. But, 
role of testosterone on goat/sheep immune modulation is totally 
lacking. In the present studies on goats in our lab, we found interesting 
results on splenocyte and thymocyte cultures to note cell mediated 
immunity upon testosterone supplementation in vitro in a season and 
sex dependent manner. An immune suppressive role of testosterone 
was noted in vitro which not only reduced cell proliferation in terms 
of % Stimulation Ratio (%SR) in a season dependent manner but also 
reduced the release of cytokines (IL-2, IL-6, TNF-α) [29].

Role of oestrogens
Sex steroids act as negative regulators in both the thymus and 

bone marrow, but androgens and oestrogen tend to affect different 
subsets of immune cells. In general, androgens seem to inhibit 
immune activity, while oestrogen seems to have a more powerful 
effect on immune cells and to stimulate immune activity. Oestrogen 
receptors have been localized in the cytosol of circulating lymphocytes 
[11], CD8+ cells [30] and thymic cells [31]. Physiological treatment 
of estrogens, or the estrogens receptor antagonists, tamoxifen and 
FC1157a, enhances pokeweed mitogen induced immunoglobulin 
synthesis of B-lymphocytes [32]. Cyclic exposures to pharmacological 
doses of estrogens are more effective in boosting antibody formation 
than chronic oestrogen exposure [9]. Pharmacological doses of 
estrogens also suppress cell-mediated immunity [33]. Tamoxifen 
inhibits the effects of estrogens on antibody formation and cell-
mediated immunity [34]. Taken together, the effects of physiological 
doses of oestrogen appear to enhance immune function. Oestrogen 
stimulates CD4+CD8- cells and can activate an extra-thymic 
pathway of auto-reactive T cell differentiation in the liver [35]. 
Several studies have established that oestrogen is a potent inhibitor 
of stromal cell-dependent B cell lymphopoiesis in vitro. Oestrogen 
also affects peripheral B cells and hum oral immunity. Manipulation 
of female reproduction by exogenous oestrogen treatment is a very 
common and ancient practice in milk cattle breeds. In the study 
of sheep particularly the effect of oestrogen is very much prevalent 
in female reproduction [36] but not in immunity. Studies were 
performed in goats with circulatory levels of oestrogen [37] but 
the immunomodulatory role or oestrogen has never been tested in 
sheep or goats. The study of [38] in mice suggests that oestrogen is 
immunestimularatory in nature. On the contrary, our present study 
on female goats suggests that oestrogen supplementation in vitro has 
suppressed immunity in different seasons being in equivocal with 
similar results as reported by others and cited previously [33].

Role of stress hormone – Glucocorticoid
Glucocorticoids are the principal negative regulators of an 

important neuroendocrine axis (Hypothalamus–Pituitary–Adrenal 
(HPA) axis. Glucocorticoids are now recognized as powerful 

mediators of many physiological processes including reproduction 
and immune activity. Unlike other hormones, glucocorticoids tend 
to suppress both reproduction and immune function [39]. High 
circulating corticosterone concentrations suppress innate (i.e. 
natural killer cell activity), cell-mediated (i.e. cytokine production) 
and hum oral (i.e. antibody production) immune responses in 
laboratory rats and mice [40]. Males and females often differ in the 
types of stressors they encounter, especially during the breeding 
season [41]. Thus, exposure to stressors may influence sex differences 
in immune function and subsequent resistance to infection [42]. 
Interaction between glucocorticoids and the immune system is 
complex and bidirectional. Stressor- induced elevated glucocorticoid 
concentrations can modulate immune activity; however, activation of 
the immune system can also drive the production of glucocorticoids 
[43]. Because glucocorticoids tend to suppress inflammation but be 
induced by pro-inflammatory stimuli, they have been conceptualized 
as ‘brakes’ on the immune system, having evolved to prevent runaway 
inflammation and promote fine-tuning of the immune response 
[44]. A wealth of information demonstrates how glucocorticoids 
suppress immune function [43], which led to the conjecture that 
glucocorticoids are largely responsible for decrements in immune 
activity in free-living animals in winter [45]. Now there is compelling 
evidence that in certain contexts glucocorticoids can enhance aspects 
of immune function which may be immune redistribution in disguise 
[46]. Particularly, in goats the circulatory level of corticosterone has 
been reported under normal as well as under thermal stress has been 
reported by correlating it with plasma melatonin level [47]. But, 
literature on the immunomodulatory role of glucocorticoids in goats 
are completely lacking. Our data on the in vitro supplementation of 
dexamet has one (a synthetic glucocorticoid) to delineate its role goat 
immune modulation in a season and sex dependent manner suggest 
that in both males and females it is immune suppressive in terms of 
%SR. However, effect of dexamethas one supplementation in females 
is more prominent during winter under in vitro proliferation assay 
as during winter females are under gestational as well as cold stress 
(Somenath Ghosh, Ph. D thesis; unpublished data). 

Role of metabolic hormone – Thyroxin in 
immunomodulation

Thyroid hormones are basically known to regulate Basal 
Metabolic Rate (BMR) of the body. But the immunomodulatory 
role of this hormone is least known and in need to be elucidated. 
However, reports suggest that it is helpful in differentiation, growth, 
metamorphosis, metabolism [48] and play a prominent role in 
regulation of reproduction [49]. Some previous reports suggest that 
thyroxin (T4) caused thymus enlargement and increase in number 
of peripheral lymphocyte [50]. However, thyroidectomise resulted 
in hypoplasia of lymphoid organs [51] as thyroid hormones are 
reported to increase the nucleated cells in spleen and thus improving 
the immune status of an immune compromised animal to the 
threshold level [52]. Some of the reports are contradictory to the 
previous citations some scientist [53] reported that under in vivo 
and in vitro conditions thyroxin has no role in immune modulation. 
Some other report [54] suggests that thyroxin in immune inhibitor 
in nature. Most of these reports are mainly from birds but not from 
mammals. Some partial report [55] suggests that thyroid hormone 
functions may be modulated by melatonin and it can also affect the 
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lymphoid organ function by modulating Pineal-Thyroid Axis [51]. 
But, the exact role of thyroid hormone function in modulation of 
immunity is till date controversial or partial and needs to be explored 
in details. In goats particularly, the role of thyroxin even including 
the circulatory level was not studied. However, from energetic and 
metabolic point of view this is an excellent animal model and its 
adaptability to different environmental conditions may suggest the 
speciality in its metabolism under the influence of thyroxin. Our in 
vitro results of goat thymocyte and splenocyte culture in sex and 
season dependent manner is first of its kind suggesting that there is 
lack of immune enhancing or immune suppressive role of thyroxin 
alone in goat immune modulation, however, in combination with 
melatonin it acts as immune stimulatory (Somenath Ghosh, Ph. D 
thesis; unpublished data). 

Role of prolactin (Prl) in immunomodulation
In most of the studies prolactin is regarded as the hormone of 

lactation and it is being used as enhancement of milk production 
from very long time [56]. Its role in immunity has never been studied 
in sheep or goats. Some partial reports [57] suggested that the 
circulatory level of prolactin and its role in reproduction and post-
gestation in goats but, immunological aspect of this hormone is totally 
lacking in both sheep and goats. In our present study of spelnocytes 
and of thymocytes culture it was well evident that individually Prl was 
immunostimulatory in nature particularly in females during winter 
(Kaushalendra, Ph. D thesis; unpublished data). The results were 
significant in the sense that goats are short day breeders and during 
winter particularly for females it is exerting its immunostimulatory 
role in ameliorating cold as well as gestational stress.

Role of Growth Hormone (GH) in immunomodulation
Growth Hormone (GH) in most the cases is regarded as immune 

neutral under different clinical [58] or pathological [59] conditions. 
But, role of this hormone in general physiological or immunological 
condition has never been studied in any well established laboratory 
animal model (rat, hamster) or any other model (like human, sheep). 
For goats even the circulatory level of growth hormone in different 
age groups and in sex dependent manner is not known till date. Our 
present study in immunological model in terms of supplementation 
with GH with splenocyte and thymocyte culture under in vitro 
condition has focussed some role on of this particular hormone on 
immune- modulation is significant. The reason is that this hormone is 
least explored in immune – modulation and our study on goats is the 
first one is to study the role of this hormone in immunomodulation in 
a positive manner and further to explore out the same for our future 
studies (Kaushalendra, Ph. D thesis; unpublished data). 

Melatonin and immune function
In recent years much attention has been devoted to the possible 

interaction between melatonin and the immune system [60]. 
Melatonin has significant immunomodulatory roles in immune 
compromised states. In 1986, Maestroni et al. [61] first showed that 
inhibition of melatonin synthesis causes inhibition of cellular and 
hum oral responses in mice. Late afternoon injection of melatonin 
increases both the primary and secondary antibody responses to 
SRBC [62]. 

Melatonin and innate immunity
A number of studies support the immune regulatory action of 

melatonin on the body’s innate immunity [60]. Melatonin stimulates 
the production of progenitor cells for Granulocytes and Macrophages 
(GM-CFU) and has a general stimulatory action on hemopoiesis 
in rodents [63]. Melatonin receptors are detectable in monocyte/
macrophage lineage [64] and melatonin binding to these receptors 
stimulates the production of GM-CFU cells [65]. Exogenous 
melatonin augments NK cells and monocytes in both the bone 
marrow and the spleen with a latency of 7 to 14 days in mice [66]. As 
both these cells are components of the non-specific immune system, 
the findings suggest that melatonin could be an effective way for 
arresting neoplastic growth and for destroying virus-infected cells. 
Stromal cells contain receptors for kappa opioid cytokine peptides, 
melatonin-induced release of opioid peptides from these stromal cells 
in bone marrow could be involved in the regulation of hemopoietic 
cell proliferation [63]. Macrophages have been shown to form large 
amounts of Nitric Oxide (NO) upon activation by ROS that mediate 
their microbicidal properties. This excessive production of NO 
can be harmful to the body as it can result in the development of 
degenerative diseases [67]. In a recent study melatonin was found to 
decrease NO concentration in macrophages by suppressing inducible 
NO syntheses expression [39]. 

Studies demonstrated that the thymus is a primary target of 
melatonin’s action. Thymus is an organ of youth in mammals, yet any 
influences on the thymus in youth will have profound effects on the 
immune system of elderly mammals. The severe loss of thymocytes 
with age is the main cause of structural thymic atrophy and thymic 
weight loss. Melatonin administration increased the total number 
of thymocytes in old mice by inhibiting glucocorticoid- or hydroxyl 
radical-induced thymic apoptosis [68]. The reversal of age-associated 
thymic involution by melatonin added further support to the concept 
that melatonin can be a potential therapeutic agent for correcting 
immunodeficiency state associated with aging and possibly other 
immune compromised states like severe stress [69]. Finally, Yu et al 
(2000) [70], demonstrated that orally administered melatonin can 
substantially promote the survival (anti-apoptosis) of precursor B 
lymphocytes which is responsible for hum oral immunity.

Melatonins enhance both cell-mediated and hum oral immunity. 
The immune enhancing effect of melatonin involves opioid peptides; 
melatonin stimulates cells to secrete opioid peptides that have up-
regulatory effects on a variety of immune cells [71]. According 
to [72], melatonin is a part of a complex physiological system that 
coordinates reproductive, immunological and other physiological 
processes to cope up with energetic stressors during winter. There is a 
possibility that melatonin could act as an autocue in bone marrow as 
shown by the demonstration of melatonin synthesis in bone marrow 
cells of mice and humans [73]. The existence of specific melatonin 
binding sites in lymphoid cells provides evidence for a direct effect 
of melatonin in the regulation of the immune system. Melatonin 
also counteracted the inhibitory effect of prostaglandin E2 on IL-2 
production in human lymphocytes via its MT1 membrane receptor 
[74]. Collectively, these studies indicate that melatonin possesses 
important immune enhancing properties and suggest that melatonin 
may favour a Th-1 response. Besides the release of pro-inflammatory 
Th-1 cytokines, such as IFN-γ and IL-2 administration of melatonin 
to antigen-primed mice increased the production of IL-10, indicating 
that melatonin can also activate anti-inflammatory Th-2-like immune 
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responses in certain circumstances [75]. Therefore, it is not yet clear 
whether melatonin acts only on Th-1 cells or also affects Th-2 cells. 
This is an important subject as the Th-1/Th-2 balance is significant 
for the immune response [71]. In addition, an inhibitory influence 
of melatonin on parameters of the immune function has also been 
demonstrated, i.e., in human NK cell activity, DNA synthesis, IFN-γ 
and TNF-α synthesis, as well as the proliferation of T lymphocytes 
and lymphoblastic cell lines were depressed by melatonin [71]. 

The role of melatonin in modulation of goat reproduction and 
maintenance of seasonality is documented in goats [76] particularly 
focussing on its regulatory role in reproductive seasonality. 
Melatonin, in goats can also be possible to present its data in immune 
ameliorating actions (when treated with testosterone, oestrogen, 
glucocorticoid, thyroxin, growth hormone and prolactin). In our 
in vitro study of thymocyte and splenocyte culture melatonin 
supplementation not only improves immunity but also ameliorates 
gonadal steroid (testosterone/estrogen) [29] and dexamethasone 
induced immune compromised condition up to the control level 
(Somenath Ghosh, Ph. D thesis; unpublished data). Thus, melatonin 
act as a buffer-hormone to regulate immunity even under stressful 
conditions and under immune-suppressed condition caused due to 
gonadal steroid. The role of melatonin supplementation with thyroxin 
was quite interesting. In our study, thyroxin played non-significant 
role in improvement of immunity. But, co-supplementation with 
melatonin significantly improved immune status; particularly in 
females during winter (Somenath Ghosh, Ph. D thesis; unpublished 
data). This may be due to the fact that winter is stressful for both 
the sexes due to “cold stress” and particularly for the females due to 
gestational stress. At that time circulatory level of thyroxin was also 
high (Somenath Ghosh, Ph. D thesis; unpublished data) in females. 
The same scenario was repeated for the case of prolactin which 
during winter plays immunostimulatory action with melatonin. 
However, growth hormone presented neutral effect on immunity but 
co-supplementation with melatonin and growth hormone has been 
shown to immunostimulatory. Thus, it may be possible that melatonin 
behaved like an opportunistic hormone to use thyroxin in immune 
enhancement even though thyroxin alone is immunologically neutral. 

Expression of hormone by Immune cells
Lymphocytes express receptors for a wide variety of hormones, 

including cortisol, prolactin, GH and melatonin. Immune cells are also 
capable themselves of expressing many hormones. Over 20 different 
neuroendocrine hormones and/or mRNA for hormones including 
ACTH, Thyroid Stimulating Hormone (TSH), GH, prolactin and 
CRH are expressed by lymphocytes and/or monocytes [76]. In our 
studies on goats we found significant variations in MT1, MT2, AR 
and ERα expressions in thymus in sex and season dependent manner. 
We have also found that particularly the thymus is having its own 
machinery for steroid genesis and both thymus and spleen are having 
own enzymatic system for melatonin synthesis [29]. Thus, it may be 
possible that melatonin is modulating immunity in goats not only 
by its higher circulatory level in season and sex dependent manner 
but also modulates immunity by making hormonal-microcircuit at 
lymphatic tissue levels [77].

Conclusion
It was previously believed that the immune system of the body 

is a “closed circuit” being regulated by cytokines. But, with the 
advancement of molecular science research, now it is well established 
that open circuit system of immunity is regulated by a number of factors 
and hormones. Hormones regulate different physiological functions 
like reproduction, metabolism and stress management. Gonadal 
steroids are of prime importance for reproduction but concerning 
about immunity testosterone and estradiol are immunosuppressive 
in nature. Thyroxin in general is responsible for regulation of body 
metabolism and hence was less examined for immune system but some 
reports suggest it as immune-enhancer or immunologically neutral. 
Glucocorticoid is principally responsible for stress management of 
the body and also a known immunesupressor. Melatonin, the prime 
regulator of seasonality in reproduction and immunity in seasonal 
breeders is immune-enhancer in almost all organisms including 
human. Though, endocrine regulation of immunity in maintenance 
of body homeostasis is well documented in different species but 
less effort was given to goats. Goats are ruminant short day breeder 
and free grazing animals. During summer they are under “heat 
stress” with low level of melatonin. During monsoon they are highly 
infected with different endo and ecto-parasites and thus are under 
“inflammatory stress” with high level of cortisol and moderately high 
level of melatonin. Besides this, monsoon is reproductive preparatory 
phase for goats with high levels of testosterone and oestradiol. 
Reproduction is executed during winter in terms of gestation in 
females. Thus, during winter male goats are only under “cold stress” 
but females are under both gestational and cold stress with high level 
of melatonin, thyroxin and prolactin. As our results suggest during 
summer, monsoon and winter melatonin along with other hormones 
either acting as a buffer to ameliorate the immunosuppressive effects of 
gonadal and/adrenal steroids or acts as an opportunistic hormone by 
making thyroxin as an immunoenhancer to enhance immunity. Thus, 
in this context the present attempt of ours may through some light 
on the complex regulation of immunity by different hormones. This 
may drag attention of different veterinarians and basic researchers to 
work on this economically important seasonal short day breeder to 
maintain them healthy and productive in a farm.

Acknowledgement
Instrument gift by Alexander von Humboldt (AvH) Foundation, 

Germany and financial support to CH by Department of Biotechnology 
(DBT), New Delhi by a project are gratefully acknowledged. Financial 
support to SG (as JRF and SRF) by Council of Scientific and Industrial 
Research (CSIR), New Delhi, is gratefully acknowledged. 

References
1. Winrock International. Sheep and goats in developing countries: Their present 

and potential role. A World Bank Technical Paper, World Bank: Washington, 
DC. 1983.

2. Wilson RT. Husbandry, nutrition and productivity of goats and sheep in 
tropical Africa. Joint IFS/ILCA workshop on -small ruminant research in 
the tropics. IFS Provisional Report, International Foundation for Science, 
Stockholm. 1983; 14: 19–34. 

3. Food and agricultural Organization at United Nations 1987. 

4. Mir MR, Chishti MZ, Rashid M, Dar SA, Katoch R, Mehraj M, et al. The 
epidemiology of caprine fascioliasis in Jammu (J&K)-India. Int J Food Ag Vet 
Sci. 2013; 3: 233-237. 

5. Payne WJA. An Introduction to Animal Husbandry in the tropics. 4th edn. 
London: Longman Group Ltd. 1990. 

http://trove.nla.gov.au/work/21738256?selectedversion=NBD2976734
http://trove.nla.gov.au/work/21738256?selectedversion=NBD2976734
http://trove.nla.gov.au/work/21738256?selectedversion=NBD2976734
http://www.cibtech.org/J FOOD AGRI VETERINARY SCIENCES/PUBLICATIONS/2013/Vol_3_No_1/47-055...Muzaffar Rasool...The Epidemiology...India.pdf
http://www.cibtech.org/J FOOD AGRI VETERINARY SCIENCES/PUBLICATIONS/2013/Vol_3_No_1/47-055...Muzaffar Rasool...The Epidemiology...India.pdf
http://www.cibtech.org/J FOOD AGRI VETERINARY SCIENCES/PUBLICATIONS/2013/Vol_3_No_1/47-055...Muzaffar Rasool...The Epidemiology...India.pdf
http://www.cabdirect.org/abstracts/19990104720.html;jsessionid=AD27BC987E9F9F5BB8550AC52DBCFB81
http://www.cabdirect.org/abstracts/19990104720.html;jsessionid=AD27BC987E9F9F5BB8550AC52DBCFB81


J Immun Res 1(1): id1004 (2014)  - Page - 06

Haldar C Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

6. Mbise AN, Nyanze JFC, Mbasha EMS. An outbreak of anthrax in wildlife 
in LakaManyara National Park, Tanzania. Proceedings of the Second 
Tanzania Veterinary Association Scientific Conference. Sokoine University of 
Agriculture, Morogoro, Tanzania. 1984. 

7. Nyange JFC. Animal health trends in northern Tanzania. Proceedings of the 
Second Tanzania Veterinary Association Scientific Conference. Sokoine 
University of Agriculture, Morogoro, Tanzania. 1984.

8. McCruden AB, Stimson WH. Sex hormones and immune function. Ader R, 
Cohen J, editors. In: Psychoneuroimmunology. Academic Press. 1991; 475-
493. 

9. Schuurs AH, Verheul HA. Effects of gender and sex steroids on the immune 
response. J Steroid Biochem. 1990; 35: 157-172.

10. Nelson JL, Steinberg AD. Sex steroids, autoimmunity and autoimmune 
disease. Berczi I, Kovacs K, editors. In: Hormones and immunity. MTP Press, 
1987; 93-119. 

11. Grossman CJ. Regulation of the immune system by sex steroids. Endocr 
Rev. 1984; 5: 435-455.

12. Ansar Ahmed S, Penhale WJ, Talal N. Sex hormones, immune responses, 
and autoimmune diseases. Mechanisms of sex hormone action. Am J Pathol. 
1985; 121: 531-551.

13. Raveche ES, Klassen LW, Steinberg AD. Sex differences in formation of anti-
T-cell antibodies. Nature. 1976; 263: 415-416.

14. Turnbull AV, Rivier C. Corticotropin-releasing factor (CRF) and endocrine 
responses to stress: CRF receptors, binding protein, and related peptides. 
Proc Soc Exp Biol Med. 1997; 215: 1-10.

15. Ahmad R, Haldar C. Effect of intra-testicular melatonin injection on testicular 
functions, local and general immunity of a tropical rodent Funambulus 
pennanti. Endocrine. 2010; 37: 479-488.

16. McCruden AB, Stimson WH. Androgen receptor in the human thymus. 
Immunol Lett. 1984; 8: 49-53.

17. Evans SJ, Murray TF, Moore FL. Partial purification and biochemical 
characterization of a membrane glucocorticoid receptor from an amphibian 
brain. J Steroid Biochem Mol Biol. 2000; 72: 209–221. 

18. Berger S, Wolfer DP, Selbach O, Alter H, Erdmann G, Reichardt HM, et al. 
Loss of the limbic mineralocorticoid receptor impairs behavioral plasticity. 
Proc Natl Acad Sci USA. 2006; 103: 195-200.

19. Olsen NJ, Watson MB, Kovacs WJ. Studies of immunological function in mice 
with defective androgen action. Distinction between alterations in immune 
function due to hormonal insensitivity and alterations due to other genetic 
factors. Immunol. 1991; 73:52-57. 

20. Olsen NJ, Kovacs WJ. Gonadal steroids and immunity. Endocr Rev. 1996; 
17: 369-384.

21. Wilson FD, Konrad PN, Greenberg BR, Klein AK, Walling PA. Cytogenetic 
studies on bone marrow fibroblasts from a male-female hematopoietic 
chimera. Evidence that stromal elements in human transplantation recipients 
are of host type. Transplantation. 1978; 25: 87-88. 

22. Smithson G, Medina K, Ponting I, Kincade PW. Estrogen suppresses stromal 
cell-dependent lymphopoiesis in culture. J Immunol. 1995; 155: 3409-3417.

23. Gunnarsson D, Selstam G, Ridderstråle Y, Holm L, Ekstedt E, Madej A. 
Effects of dietary phytoestrogens on plasma testosterone and triiodothyronine 
(T3) levels in male goat kids. Acta Vet Scand. 2009; 51.

24. Iwata E, Wakabayashi Y, Kakuma Y, Kikusui T, Takeuchi Y, Mori Y. 
Testosterone-dependent primer pheromone production in the sebaceous 
gland of male goat. Biol Reprod. 2000; 62: 806-810.

25. Todini L, Malfatti A, Terzano GM, Borghese A, Pizzillo M, Debenedetti A. 
Seasonality of plasma testosterone in males of four Mediterranean goat 
breeds and in three different climatic conditions. Theriogenol. 2007; 67: 627-
631. 

26. Kaushalendra, Haldar C. Correlation between peripheral melatonin and 
general immune status of domestic goat Capra hircus: A seasonal and sex-

dependant variation. Small Rumin Res. 2012; 107: 146-156. 

27. Moghaddam G, Pourseif M, Asadpour R, Rafat SA, Jafari-Jozani R. 
Relationship between levels of peripheral blood testosterone, sexual 
behaviour, scrotal circumference and seminal parameters in crossbreed 
rams. Acta Sci Vet. 2012; 40: 1049-1055. 

28. Bezerra FQG, Aguiar Filho CR, Freitas Neto LM, Santos Junior ER, Chaves 
RM, Azevedo EMP, et al. Body weight, scrotal circumference and testosterone 
concentration in young Boer goat males born during the dry or rainy seasons. 
South Af J Anim Sci. 2009; 39: 301–306. 

29. Ghosh S, Singh AK, Haldar C. Seasonal modulation of immunity by melatonin 
and gonadal steroids in a short day breeder goat Capra hircus. Theriogenol. 
2014. 

30. Stimson WH. Oestrogen and human T lymphocytes: presence of specific 
receptors in the T-suppressor/cytotoxic subset. Scand J Immunol. 1988; 28: 
345-350.

31. Weusten JJ, Blankenstein MA, Gmelig-Meyling FH, Schuurman HJ, Kater L, 
Thijssen JH. Presence of oestrogen receptors in human blood mononuclear 
cells and thymocytes. Acta Endocrinol (Copenh). 1986; 112: 409-414.

32. Sthoeger ZM, Chiorazzi N, Lahita RG. Regulation of the immune response by 
sex hormones. I. In vitro effects of estradiol and testosterone on pokeweed 
mitogen-induced human B cell differentiation. J Immunol. 1988; 141: 91-98.

33. Grossman CJ. Interactions between the gonadal steroids and the immune 
system. Science. 1985; 227: 257-261.

34. Nagy E, Berczi I. Immunomodulation by tamoxifen and pergolide. 
Immunopharmacology. 1986; 12: 145-153.

35. Müller AM, Medvinsky A, Strouboulis J, Grosveld F, Dzierzak E. Development 
of hematopoietic stem cell activity in the mouse embryo. Immunity. 1994; 1: 
291-301.

36. Abou Akkada AR, El-Shazly K. Application of synthetic estrogen in sheep. 
Environ Qual Saf Suppl. 1976; 99-108.

37. Paula NR, Galeati G, Teixeira DI, Lopes Júnior ES, Freitas VJ, Rondina D. 
Responsiveness to progestagen-eCG-cloprostenol treatment in goat food 
restricted for long period and refed. Reprod Domest Anim. 2005; 40: 108-110.

38. Calippe B, Douin-Echinard V, Laffargue M, Laurell H, Rana-Poussine 
V, Pipy B, et al. Chronic estradiol administration in vivo promotes the 
proinflammatory response of macrophages to TLR4 activation: involvement 
of the phosphatidylinositol 3-kinase pathway. J Immunol. 2008; 180: 7980-
7988.

39. Gupta S, Haldar C. Physiological crosstalk between melatonin and 
glucocorticoid receptor modulates T-cell mediated immune responses in a 
wild tropical rodent, Funambulus pennanti. J Steroid Biochem Mol Biol. 2013; 
134: 23-36. 

40. Khansari DN, Murgo AJ, Faith RE. Effects of stress on the immune system. 
Immunol Today. 1990; 11: 170-175.

41. Klein SL, Nelson RJ. Activation of the immune-endocrine system with 
lipopolysaccharide reduces affiliative behaviors in voles. Behav Neurosci. 
1999; 113: 1042-1048.

42. Zuk M, McKean KA. Sex differences in parasite infections: patterns and 
processes. Int J Parasitol. 1996; 26: 1009-1023.

43. McEwen BS, Biron CA, Brunson KW, Bulloch K, Chambers WH, Dhabhar FS, 
et al. The role of adrenocorticoids as modulators of immune function in health 
and disease: neural, endocrine and immune interactions. Brain Res Brain 
Res Rev. 1997; 23: 79-133.

44. Sapolsky RM, Romero LM, Munck AU. How do glucocorticoids influence 
stress responses? Integrating permissive, suppressive, stimulatory, and 
preparative actions. Endocr Rev. 2000; 21: 55-89. 

45. Nelson RJ, Demas GE, Klein SL, Kriegsfeld LJ. Seasonal Patterns of Stress, 
Immune Function, and Disease. 1st edn. Cambridge: Cambridge University 
Press. 2002. 

46. Braude S, Tang-Martinez Z, Taylor GT. Stress, testosterone, and the 

http://www.ncbi.nlm.nih.gov/pubmed/2407902
http://www.ncbi.nlm.nih.gov/pubmed/2407902
http://www.ncbi.nlm.nih.gov/pubmed/6381037
http://www.ncbi.nlm.nih.gov/pubmed/6381037
http://www.ncbi.nlm.nih.gov/pubmed/3907369
http://www.ncbi.nlm.nih.gov/pubmed/3907369
http://www.ncbi.nlm.nih.gov/pubmed/3907369
http://www.ncbi.nlm.nih.gov/pubmed/1085915
http://www.ncbi.nlm.nih.gov/pubmed/1085915
http://www.ncbi.nlm.nih.gov/pubmed/20960172
http://www.ncbi.nlm.nih.gov/pubmed/20960172
http://www.ncbi.nlm.nih.gov/pubmed/20960172
http://www.ncbi.nlm.nih.gov/pubmed/10822010
http://www.ncbi.nlm.nih.gov/pubmed/10822010
http://www.ncbi.nlm.nih.gov/pubmed/10822010
http://www.ncbi.nlm.nih.gov/pubmed/16368758
http://www.ncbi.nlm.nih.gov/pubmed/16368758
http://www.ncbi.nlm.nih.gov/pubmed/16368758
http://www.ncbi.nlm.nih.gov/pubmed/2045127
http://www.ncbi.nlm.nih.gov/pubmed/2045127
http://www.ncbi.nlm.nih.gov/pubmed/2045127
http://www.ncbi.nlm.nih.gov/pubmed/2045127
http://www.ncbi.nlm.nih.gov/pubmed/8854050
http://www.ncbi.nlm.nih.gov/pubmed/8854050
http://www.ncbi.nlm.nih.gov/pubmed/341430
http://www.ncbi.nlm.nih.gov/pubmed/341430
http://www.ncbi.nlm.nih.gov/pubmed/341430
http://www.ncbi.nlm.nih.gov/pubmed/341430
http://www.ncbi.nlm.nih.gov/pubmed/7561035
http://www.ncbi.nlm.nih.gov/pubmed/7561035
http://www.ncbi.nlm.nih.gov/pubmed/20003293
http://www.ncbi.nlm.nih.gov/pubmed/20003293
http://www.ncbi.nlm.nih.gov/pubmed/20003293
http://www.ncbi.nlm.nih.gov/pubmed/10684827
http://www.ncbi.nlm.nih.gov/pubmed/10684827
http://www.ncbi.nlm.nih.gov/pubmed/10684827
http://www.ncbi.nlm.nih.gov/pubmed/17101172
http://www.ncbi.nlm.nih.gov/pubmed/17101172
http://www.ncbi.nlm.nih.gov/pubmed/17101172
http://www.ncbi.nlm.nih.gov/pubmed/17101172
http://www.srbce.org/forum/Rumin kaushal.pdf
http://www.srbce.org/forum/Rumin kaushal.pdf
http://www.srbce.org/forum/Rumin kaushal.pdf
http://connection.ebscohost.com/c/articles/79756185
http://connection.ebscohost.com/c/articles/79756185
http://connection.ebscohost.com/c/articles/79756185
http://connection.ebscohost.com/c/articles/79756185
http://www.ajol.info/index.php/sajas/article/view/51123
http://www.ajol.info/index.php/sajas/article/view/51123
http://www.ajol.info/index.php/sajas/article/view/51123
http://www.ajol.info/index.php/sajas/article/view/51123
http://www.theriojournal.com/article/S0093-691X(14)00401-4/abstract
http://www.theriojournal.com/article/S0093-691X(14)00401-4/abstract
http://www.theriojournal.com/article/S0093-691X(14)00401-4/abstract
http://www.ncbi.nlm.nih.gov/pubmed/2973658
http://www.ncbi.nlm.nih.gov/pubmed/2973658
http://www.ncbi.nlm.nih.gov/pubmed/2973658
http://www.ncbi.nlm.nih.gov/pubmed/3489342
http://www.ncbi.nlm.nih.gov/pubmed/3489342
http://www.ncbi.nlm.nih.gov/pubmed/3489342
http://www.ncbi.nlm.nih.gov/pubmed/3288699
http://www.ncbi.nlm.nih.gov/pubmed/3288699
http://www.ncbi.nlm.nih.gov/pubmed/3288699
http://www.ncbi.nlm.nih.gov/pubmed/3871252
http://www.ncbi.nlm.nih.gov/pubmed/3871252
http://www.ncbi.nlm.nih.gov/pubmed/3771192
http://www.ncbi.nlm.nih.gov/pubmed/3771192
http://www.ncbi.nlm.nih.gov/pubmed/7889417
http://www.ncbi.nlm.nih.gov/pubmed/7889417
http://www.ncbi.nlm.nih.gov/pubmed/7889417
http://www.ncbi.nlm.nih.gov/pubmed/821749
http://www.ncbi.nlm.nih.gov/pubmed/821749
http://www.ncbi.nlm.nih.gov/pubmed/15819957
http://www.ncbi.nlm.nih.gov/pubmed/15819957
http://www.ncbi.nlm.nih.gov/pubmed/15819957
http://www.ncbi.nlm.nih.gov/pubmed/18523261
http://www.ncbi.nlm.nih.gov/pubmed/18523261
http://www.ncbi.nlm.nih.gov/pubmed/18523261
http://www.ncbi.nlm.nih.gov/pubmed/18523261
http://www.ncbi.nlm.nih.gov/pubmed/18523261
http://www.ncbi.nlm.nih.gov/pubmed/23059469
http://www.ncbi.nlm.nih.gov/pubmed/23059469
http://www.ncbi.nlm.nih.gov/pubmed/23059469
http://www.ncbi.nlm.nih.gov/pubmed/23059469
http://www.ncbi.nlm.nih.gov/pubmed/2186751
http://www.ncbi.nlm.nih.gov/pubmed/2186751
http://www.ncbi.nlm.nih.gov/pubmed/10571486
http://www.ncbi.nlm.nih.gov/pubmed/10571486
http://www.ncbi.nlm.nih.gov/pubmed/10571486
http://www.ncbi.nlm.nih.gov/pubmed/8982783
http://www.ncbi.nlm.nih.gov/pubmed/8982783
http://www.ncbi.nlm.nih.gov/pubmed/9063588
http://www.ncbi.nlm.nih.gov/pubmed/9063588
http://www.ncbi.nlm.nih.gov/pubmed/9063588
http://www.ncbi.nlm.nih.gov/pubmed/9063588
http://www.ncbi.nlm.nih.gov/pubmed/10696570
http://www.ncbi.nlm.nih.gov/pubmed/10696570
http://www.ncbi.nlm.nih.gov/pubmed/10696570
http://www.amazon.com/Seasonal-published-Cambridge-University-Hardcover/dp/B008IT8ZJI
http://www.amazon.com/Seasonal-published-Cambridge-University-Hardcover/dp/B008IT8ZJI
http://www.amazon.com/Seasonal-published-Cambridge-University-Hardcover/dp/B008IT8ZJI
http://beheco.oxfordjournals.org/content/10/3/345.full


J Immun Res 1(1): id1004 (2014)  - Page - 07

Haldar C Austin Publishing Group

Submit your Manuscript | www.austinpublishinggroup.com

immunoredistribution hypothesis. Behav Ecol. 1999; 10: 345-350. 

47. Sejian V, Srivastava RS, Varshney VP. Pineal-adrenal relationship: 
modulating effects of glucocorticoids on pineal function to ameliorate thermal-
stress in goats. Asian-Aust J Anim Sci. 2008; 21: 988-994. 

48. Lewinski A. Some aspects of pineal-thyroid interrelationships and their 
possible involvement in the regulation of function and growth of these two 
glands. Reiter RJ, Lukaszyk K, editors. In: Advances in Pineal Research. 
John Libey & Co Ltd. 1990; 175–188. 

49. Haldar C, Shavali SS, Singh S. Photoperiodic response of pineal-thyroid axis 
of the female Indian palm squirrel, Funambulus pennanti. J Neural Transm 
Gen Sect. 1992; 90: 45-52.

50. Hassman RA, Lazarus JH, Dieguez C, Weetman AP, Hall R, McGregor 
AM. The influence of lithium chloride on experimental autoimmune thyroid 
disease. Clin Exp Immunol. 1985; 61: 49-57.

51. Rai S, Haldar C, Singh SS. Trade-off between L-thyroxin and melatonin in 
immune regulation of the Indian palm squirrel, Funambulus pennanti during 
the reproductively inactive phase. Neuroendocrinology. 2005; 82: 103-110.

52. Baroni CD, Fabris N, Bertoli G. Effects of hormones on development and 
function of lymphoid tissues. Synergistic action of thyroxin and somatotropic 
hormone in pituitary dwarf mice. Immunology. 1969; 17: 303-314.

53. Weetman AP, McGregor AM, Ludgate M, Hall R. Effect of tri-iodothyronine on 
normal human lymphocyte function. J Endocrinol. 1984; 101: 81-86.

54. Gupta BB, Thapliyal JP. Role of thyroid and testicular hormones in the 
oxidative metabolism of the Indian garden lizard, Calotes versicolor. Gen 
Comp Endocrinol. 1985; 58: 20-27.

55. Shavali SS, Haldar C. Effects of continuous light, continuous darkness 
and pinealectomy on pineal-thyroid-gonadal axis of the female Indian palm 
squirrel, Funambulus pennanti. J Neural Transm. 1998; 105: 407-413.

56. Collier RJ, Bauman DE, Hays RL. Effect of reserpine on milk production and 
serum prolactin of cows hormonally induced into lactation. J Dairy Sci. 1977; 
60: 896-901.

57. von Brackel-Bodenhausen A, Wuttke W, Holtz W. Effects of photoperiod and 
slow-release preparations of bromocryptine and melatonin on reproductive 
activity and prolactin secretion in female goats. J Anim Sci. 1994; 72: 955-
962.

58. Brown PA, Davis WC, Draghia-Akli R. Immune-enhancing effects of 
growth hormone-releasing hormone delivered by plasmid injection and 
electroporation. Mol Ther. 2004; 10: 644-651.

59. Heijligenberg R, Sauerwein HP, Brabant G, Endert E, Hommes MJ, Romijn 
JA. Circadian growth hormone secretion in asymptomatic human immune 
deficiency virus infection and acquired immunodeficiency syndrome. J Clin 
Endocrinol Metab. 1996; 81: 4028-4032. 

60. Guerrero JM, Reiter RJ. Melatonin-immune system relationships. Curr Top 
Med Chem. 2002; 2: 167-179.

61. Maestroni GJ, Conti A, Pierpaoli W. Role of the pineal gland in immunity. 
Circadian synthesis and release of melatonin modulates the antibody 
response and antagonizes the immunosuppressive effect of corticosterone. J 
Neuroimmunol. 1986; 13: 19-30.

62. Maestroni GJ, Conti A, Pierpaoli W. The pineal gland and the circadian, 
opiatergic, immunoregulatory role of melatonin. Ann N Y Acad Sci. 1987; 
496: 67-77.

63. Maestroni GJ. The photoperiod transducer melatonin and the immune-
hematopoietic system. J Photochem Photobiol B. 1998; 43: 186-192.

64. García-Mauriño S, Pozo D, Calvo JR, Guerrero JM. Correlation between 
nuclear melatonin receptor expression and enhanced cytokine production in 
human lymphocytic and monocytic cell lines. J Pineal Res. 2000; 29:129-137. 

65. Maestroni GJ, Conti A, Lissoni P. Colony-stimulating activity and 
hematopoietic rescue from cancer chemotherapy compounds are induced by 
melatonin via endogenous interleukin 4. Cancer Res. 1994; 54: 4740-4743.

66. Currier NL, Sun LZ, Miller SC. Exogenous melatonin: quantitative enhancement 
in vivo of cells mediating non-specific immunity. J Neuroimmunol. 2000; 104: 
101-108.

67. Minagar A, Hardjasudarma M, Kelley RE. Neurosarcoidosis. Neurology. 
2002; 59: 477.

68. Tian YM, Li PP, Jiang XF, Zhang GY, Dai YR. Rejuvenation of degenerative 
thymus by oral melatonin administration and the antagonistic action of 
melatonin against hydroxyl radical-induced apoptosis of cultured thymocytes 
in mice. J Pineal Res. 2001; 31: 214-221.

69. Maestroni GJ. The immunoneuroendocrine role of melatonin. J Pineal Res. 
1993; 14: 1-10.

70. Yu CX, Zhu B, Xu SF, Cao XD, Wu GC. The analgesic effects of peripheral 
and central administration of melatonin in rats. Eur J Pharmacol. 2000; 403: 
49-53.

71. Maestroni GJ. The immunotherapeutic potential of melatonin. Expert Opin 
Investig Drugs. 2001; 10: 467-476.

72. Nelson RJ, Drazen DL. Melatonin mediates seasonal changes in immune 
function. Ann N Y Acad Sci. 2000; 917: 404-415.

73. Conti A, Conconi S, Hertens E, Skwarlo-Sonta K, Markowska M, Maestroni 
JM. Evidence for melatonin synthesis in mouse and human bone marrow 
cells. J Pineal Res. 2000; 28: 193-202.

74. Carrillo-Vico A, Lardone PJ, Fernández-Santos JM, Martín-Lacave I, Calvo 
JR, Karasek M, et al. Human lymphocyte-synthesized melatonin is involved 
in the regulation of the interleukin-2/interleukin-2 receptor system. J Clin 
Endocrinol Metab. 2005; 90: 992-1000.

75. Raghavendra V, Singh V, Kulkarni SK, Agrewala JN. Melatonin enhances Th2 
cell mediated immune responses: lack of sensitivity to reversal by naltrexone 
or benzodiazepine receptor antagonists. Mol Cell Biochem. 2001; 221: 57-62.

76. Zarazaga LA, Gatica MC, Celi I, Guzmán JL. Reproductive performance 
is improved during seasonal anoestrus when female and male Murciano-
Granadina goats receive melatonin implants and in Payoya goats when 
females are thus treated. Reprod Domest Anim. 2012; 47: 436-442. 

77. Blalock JE. The syntax of immune-neuroendocrine communication. Immunol 
Today. 1994; 15: 504-511.

Citation: Haldar C and Ghosh S. Immune Modulation in Goats by Melatonin and Other Hormones: A Novel 
Horizon of Research. J Immun Res. 2014;1(1): 7.

J Immun Res - Volume 1 Issue 1 - 2014
ISSN : 2471-0261 | www.austinpublishinggroup.com 
Haldar et al. © All rights are reserved

http://beheco.oxfordjournals.org/content/10/3/345.full
http://ajas.info/upload/pdf/21-138.pdf
http://ajas.info/upload/pdf/21-138.pdf
http://ajas.info/upload/pdf/21-138.pdf
http://www.ncbi.nlm.nih.gov/pubmed/1466877
http://www.ncbi.nlm.nih.gov/pubmed/1466877
http://www.ncbi.nlm.nih.gov/pubmed/1466877
http://www.ncbi.nlm.nih.gov/pubmed/2994922
http://www.ncbi.nlm.nih.gov/pubmed/2994922
http://www.ncbi.nlm.nih.gov/pubmed/2994922
http://www.ncbi.nlm.nih.gov/pubmed/16424677
http://www.ncbi.nlm.nih.gov/pubmed/16424677
http://www.ncbi.nlm.nih.gov/pubmed/16424677
http://www.ncbi.nlm.nih.gov/pubmed/5804539
http://www.ncbi.nlm.nih.gov/pubmed/5804539
http://www.ncbi.nlm.nih.gov/pubmed/5804539
http://www.ncbi.nlm.nih.gov/pubmed/6608572
http://www.ncbi.nlm.nih.gov/pubmed/6608572
http://www.ncbi.nlm.nih.gov/pubmed/3988035
http://www.ncbi.nlm.nih.gov/pubmed/3988035
http://www.ncbi.nlm.nih.gov/pubmed/3988035
http://www.ncbi.nlm.nih.gov/pubmed/9720970
http://www.ncbi.nlm.nih.gov/pubmed/9720970
http://www.ncbi.nlm.nih.gov/pubmed/9720970
http://www.ncbi.nlm.nih.gov/pubmed/559698
http://www.ncbi.nlm.nih.gov/pubmed/559698
http://www.ncbi.nlm.nih.gov/pubmed/559698
http://www.ncbi.nlm.nih.gov/pubmed/8014162
http://www.ncbi.nlm.nih.gov/pubmed/8014162
http://www.ncbi.nlm.nih.gov/pubmed/8014162
http://www.ncbi.nlm.nih.gov/pubmed/8014162
http://www.ncbi.nlm.nih.gov/pubmed/15451448
http://www.ncbi.nlm.nih.gov/pubmed/15451448
http://www.ncbi.nlm.nih.gov/pubmed/15451448
http://www.ncbi.nlm.nih.gov/pubmed/8923855
http://www.ncbi.nlm.nih.gov/pubmed/8923855
http://www.ncbi.nlm.nih.gov/pubmed/8923855
http://www.ncbi.nlm.nih.gov/pubmed/8923855
http://www.ncbi.nlm.nih.gov/pubmed/11899099
http://www.ncbi.nlm.nih.gov/pubmed/11899099
http://www.ncbi.nlm.nih.gov/pubmed/2944914
http://www.ncbi.nlm.nih.gov/pubmed/2944914
http://www.ncbi.nlm.nih.gov/pubmed/2944914
http://www.ncbi.nlm.nih.gov/pubmed/2944914
http://www.ncbi.nlm.nih.gov/pubmed/3474997
http://www.ncbi.nlm.nih.gov/pubmed/3474997
http://www.ncbi.nlm.nih.gov/pubmed/3474997
http://www.ncbi.nlm.nih.gov/pubmed/9718719
http://www.ncbi.nlm.nih.gov/pubmed/9718719
http://www.ncbi.nlm.nih.gov/pubmed/11034109
http://www.ncbi.nlm.nih.gov/pubmed/11034109
http://www.ncbi.nlm.nih.gov/pubmed/11034109
http://www.ncbi.nlm.nih.gov/pubmed/7914829
http://www.ncbi.nlm.nih.gov/pubmed/7914829
http://www.ncbi.nlm.nih.gov/pubmed/7914829
http://www.ncbi.nlm.nih.gov/pubmed/10713348
http://www.ncbi.nlm.nih.gov/pubmed/10713348
http://www.ncbi.nlm.nih.gov/pubmed/10713348
http://www.ncbi.nlm.nih.gov/pubmed/12177402
http://www.ncbi.nlm.nih.gov/pubmed/12177402
http://www.ncbi.nlm.nih.gov/pubmed/11589755
http://www.ncbi.nlm.nih.gov/pubmed/11589755
http://www.ncbi.nlm.nih.gov/pubmed/11589755
http://www.ncbi.nlm.nih.gov/pubmed/11589755
http://www.ncbi.nlm.nih.gov/pubmed/8483103
http://www.ncbi.nlm.nih.gov/pubmed/8483103
http://www.ncbi.nlm.nih.gov/pubmed/10969143
http://www.ncbi.nlm.nih.gov/pubmed/10969143
http://www.ncbi.nlm.nih.gov/pubmed/10969143
http://www.ncbi.nlm.nih.gov/pubmed/11227046
http://www.ncbi.nlm.nih.gov/pubmed/11227046
http://www.ncbi.nlm.nih.gov/pubmed/11268368
http://www.ncbi.nlm.nih.gov/pubmed/11268368
http://www.ncbi.nlm.nih.gov/pubmed/10831154
http://www.ncbi.nlm.nih.gov/pubmed/10831154
http://www.ncbi.nlm.nih.gov/pubmed/10831154
http://www.ncbi.nlm.nih.gov/pubmed/11506187
http://www.ncbi.nlm.nih.gov/pubmed/11506187
http://www.ncbi.nlm.nih.gov/pubmed/11506187
http://www.ncbi.nlm.nih.gov/pubmed/22022882
http://www.ncbi.nlm.nih.gov/pubmed/22022882
http://www.ncbi.nlm.nih.gov/pubmed/22022882
http://www.ncbi.nlm.nih.gov/pubmed/22022882
http://www.ncbi.nlm.nih.gov/pubmed/7802919
http://www.ncbi.nlm.nih.gov/pubmed/7802919

	Title
	Abstract
	Abbreviations
	Introduction
	Why to study goats?
	Goats as an experimental model
	Role of different hormones in sex dependent immune response
	Role of gonadal steroids in immune modulation
	Role of testosterone
	Role of oestrogens
	Role of stress hormone - Glucocorticoid
	Role of metabolic hormone - Thyroxin in immunomodulation
	Role of prolactin (Prl) in immunomodulation
	Role of Growth Hormone (GH) in immunomodulation
	Melatonin and immune function
	Melatonin and innate immunity
	Expression of hormone by Immune cells

	Conclusion
	Acknowledgement
	References

