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Abstract

There have been several studies done on the effects of restraint stress and other 

physical and psychological stressors on the immune system. In addition, female sex 

hormones (estrogen and progesterone) are known immunomodulators as well as affectors 

of the neuroendocrine system. There is little research, however, tying the three systems 

together. In this study, I used a simple leukocyte differential count to quantitatively 

analyze the immune response to restraint stress and to see in what way estrogen and 

progesterone alter that response in the prepubescent laboratory mouse (Mus musculus). 

My data show that estrogen and progesterone drastically alter the cellular immune 

response to restraint stress.
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Introduction

The effect of psychological stress on the immune system is well documented. For 

example, Stefanski and Engler (1998) have studied the changes in distribution of 

lymphocytes in response to chronic and acute social psychological stressors. Also, 

studies show that psychological stress affects various neuroendocrine hormones that are 

known to have an effect on the immune system (Golub and Gershwin, 1985; Kelley,

1985; Nukinae/a/., 1998; Paavonen, 1987).

In addition, the immunologic effects of estrogen and progesterone have been 

investigated. Schuurs et al. (1994) discussed the presence of estrogen receptors in 

lymphoid tissues such as CD8+ cells which are class IIMHC restricted T cell subsets. 

These findings indicated that estrogen in some way affects these cells which are part of 

the peripheral immune system. In addition, Szekeres-Bartho etal. (1990) described the 

presence of progesterone receptors in human lymphocytes. It is clear, therefore, that 

there is an interaction between the endocrine system and the immune system.

Although the relationships between the immune system and the endocrine system 

have been well investigated, there are few studies on the specific effect of estrogen on the 

immune response to psychological stress. Measuring the stress response with the 

immune system and then introducing high doses of estrogen and progesterone detects 

influences that the sex hormones may have on the stress reaction of the immune system. 

Since other data suggest strong relationships between estrogen and progesterone and the 

immune response, and psychological stressors and the immune response, I hypothesize 

that estrogen and progesterone will alter the interaction between the immune system and 

psychological stressors.
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Background

Immune System

The scope of this paper will emphasize characteristics associated with peripheral 

circulation of the leukocytes as well as a brief description of the function and control of 

these peripherally circulating cells. Randall etal. (1998) described the immune response 

as having two functions—recognition of and annihilation of foreign matter. The first 

function, recognition, is carried out by the lymphocytes whereas both lymphocytes and 

phagocytes undertake the destruction of alien materials. The two main types of 

lymphocytes are B cells and T cells, the last of which can be divided further into two 

classes—Tc and Th cells. Phagocytic cells can be grouped into two main classes, 

neutrophils and monocytes. There are three ways in which lymphocytes respond to the 

invasion of a pathogen. B cells can develop into plasma cells and secrete antibodies; Tc 

cells can mature into cytotoxic T lymphocytes after recognizing a tumor cell or a 

pathogen-infected cell; and Th cells can secrete cytokines (signal proteins) in response to 

an antigen which stimulates the maturation and response of the B cells, Tc cells, and 

macrophages.

Leukocytes circulate in the blood and the lymph (fluid material that flows in the 

lymph vessels). These cells must undergo extravasation, a process whereby the cells are 

able to squeeze through the vessel wall and move into the tissue directed by a series of 

chemical messages drawing them to the site of infection. A well-known example of one 

of these signal molecules is Interleukin-1 (DL-1). There are a series of endothelial cell- 

surface proteins involved in this process. P-selectin is a protein that binds to the blood



side of the vessel and slows the passing leukocytes. As the P-selectin binds to the 

passing leukocytes, the cells are stimulated to produce integrin receptors that can bind to 

intracellular adhesion molecules (ICAMs). After these leukocytes are firmly adhered to

•  the surface of the endothelium of the blood vessel, they migrate into the infected tissue

(Randall etal., 1998).

Glucocorticoids

Glucocorticoids such as cortisol, cortisone, and corticosterone are hormones 

secreted by the adrenal cortex. Adrenal corticotropic hormone (ACTH), which is 

produced in the adenohypophysis, acts mainly on the cortex and stimulates the release 

and production of corticosteriods such as cortisol (Randall et a l, 1998). Glucocorticoids 

have widespread effects including the mobilization of amino acids and fatty acids, 

stimulation of gluconeogenesis in the liver, anti-inflammatory actions, and involvement 

in the stress response.

In closer examination of the immunomodulatory effects of the glucocorticoids, 

Golub and Gershwin (1985) stated that not only do glucocorticoids cause the 

redistribution of lymphocytes to bone marrow and connective tissue from the peripheral 

blood, they also inhibit enzyme production, slow the processing of antigens, and inhibit
m

the expression of interleukin-1. In addition, glucocorticoids can cause involution of the 

thymus, the principle organ in the maturation of T-lymphocytes. Golub and Gershwin 

(1985, p. 181) stated, “Necropsy of glucocorticoid-treated or stressed rats 

characteristically demonstrates a marked reduction [up to 70%] in the size and weight of 

the thymus.”
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In addition to the immunomodulatory effects, glucocorticoids also respond to a 

variety of stressors. Kelley (1985) pointed out evidence linking glucocorticoids and an 

organism’s response to restraint stress. Restraint caused a threefold increase in plasma 

corticosterone, thymic involution, and leukopenia (reduced white cell count). When 

further experiments were carried out to determine the physiological cause for these 

restraint-induced changes in the immune system, immunosuppression was abolished in 

adrenalectomized rats. To ensure that catecholamines were not responsible for these 

observations, an 11-(5-hydroxylase inhibitor (which inhibits corticosterone synthesis but 

not catecholamine synthesis) was administered to another group of rats that were not 

adrenalectomized. The results for the nonadrenalectomized rats treated with the 11-0- 

hydroxylase inhibitor were the same as the results for the adrenalectomized rats (Kelley, 

1985). While glucocorticoids have widespread effects, it is clear that they play an 

important role in immunomodulation as well as the response to restraint stress.

Estrogen and Progesterone

Estrogens and progesterones are female sex steroids produced from cholesterol by 

the ovaries and in small amounts by the adrenal cortex of both sexes (Randall et al.,

1998). While estrogens do not play a role in the differentiation of the female 

reproductive tract, they do have effects later in life including development of the uterus, 

ovary, vagina, breasts, and regulation of the reproductive cycle. Progesterone maintains 

uterine secretion, stimulates mammary duct formation, and also plays a role in the 

reproductive cycle (Randall et al., 1998). During the estrus cycle, two phases occur. The 

follicular phase begins by follicle stimulating hormone (FSH) promoting the development 

of the ovarian follicles. Then, lutenizing hormone (LH) causes the follicle to synthesize



and secrete androgens. An enzyme produced under the influence of FSH converts the 

androgens to estrogens, which are then secreted. Rising estrogen levels inhibit FSH and 

LH secretion by negative feedback, but during the end of the follicular phase, this 

negative feedback system seems to subside, and the high levels of estrogen then trigger a 

surge in LH levels. The surge of LH stimulates the follicle to release the ovum at the 

surface of the ovary.

During the luteal phase, which follows ovulation, the ruptured follicle becomes 

the corpus luteum, which secretes estrogen and progesterone leading to inhibition of FSH 

and LH. Progesterone also promotes secretion of endometrial fluid and increased 

vascularization of the endometrium in preparation for implantation of the ovum. If no 

fertilization occurs, the corpus luteum degenerates, progesterone and estrogen levels 

subside, and the cycle starts over again (Randall et al., 1998).

Changes in the levels of reproductive hormones have dramatic effects on cell 

mediated immune responses, suggesting that estrogens have an important role in 

immunity (Josefsson et al., 1992). Saphier (1993) stated that high doses of estradiol 

increase antibody responses to various antigens and that high doses of estradiol decrease 

cell-mediated responses. Cyclic exposure that mimics the estrus cycle (as explained 

above) has a greater effect on antibody formation than chronic exposure. Also, estradiol 

has been shown to have variable effects on lymphocytes depending on concentration, 

which changes throughout the estrus cycle (Da Silva, 1994).

In addition to the effects seen on the immune system caused by the female sex 

steroids, studies have focused on the consequences of varying levels of estrogens and 

progesterones on glucocorticoid expression. According to Da Silva (1994),



concentrations of corticosterone in the blood fluctuate during the estrus cycle, being 

higher during the follicular phase when estrogen levels are highest. When 

ovariectomized rats (in which plasma concentrations of corticosteroids were low) were 

treated with estradiol, corticosteroid levels were raised. Da Silva (1994) also addressed 

the possible mechanism for the action of sex hormones on glucocorticoid secretion. He 

pointed out that the overall effects of sex hormones on the HPA axis seem to be mediated 

through the production of corticotropin releasing hormone (CRH). His investigations 

indicate that estrogens increase the responsiveness of the HPA axis by reducing the 

negative feedback of glucocorticoids on the hypothalamus (Da Silva, 1994).

Stress

Stress is defined as a specific response by the body to a stimulus, such as fear or 

pain, which disturbs or interferes with the normal physiological equilibrium. Thus, any 

stressful stimulus, whether it is psychological or physical, which has to be perceived 

through the brain, will cause a change in the body, which can involve any system of 

homeostatic maintenance including the neuroendocrine system. According to Levine 

(1985) the hormonal response to stress depends on how the organism perceives the 

stressor. There are two considerations in determining how the animal perceives the 

stressor. The first depends upon the novelty (not experienced before by the animal) of the 

stressor. The more novel a stressor is, the larger the adrenal-cortical response (Levine, 

1985). Therefore, the organism’s life history plays a role in determining the effect of the 

stressor on the neuro-hormonal axis. Obviously if a study is going to test acute or 

chronic effects of a stressful stimulus, the parameters should be clarified. For example, 

restraint administered once for a short period throughout a study would be considered



acute and would be expected to have a large adrenal-cortical response because of its 

novelty. On the other hand, if the restraint was administered daily for a long period of 

time, it would have been expected (based on this definition of stress) that there would 

have been a different response over time even though the stressor was the same (in both 

cases, restraint) and the same neurochemicals were involved.

The second consideration is whether the animal perceives the stressor as being 

avoidable or unavoidable (fight or flight vs. coping). In each case, different hormonal 

axes will be stimulated. According to Frankenhauser (1980), if the stressor is perceived 

as avoidable, an adrenal medullary response involving release of the catecholamines 

(epinephrine/norepinephrine) will be mounted. In contrast, if the organism perceives the 

stressor as unavoidable; the organism will have to adapt thus a corticosteroid response 

will be initiated. It is widely accepted that psychological stressors affect the body 

through the hypothalamic-pituitary-adrenal axis (HPA axis) (McEwen et al., 1993). 

Stimulation of the hypothalamus causes the release of corticotropin-releasing hormone 

(CRH); the release of CRH stimulates the adenohypophysis to release 

adrenocorticotropin hormone (ACTH) which acts on the adrenal gland causing the 

release of glucocorticoids into the blood. Last, Kelley (1985) commented that restraint 

causes a threefold increase in the concentration of glucocorticoids in the blood, indicating 

that restraint is a successful and potent stressor of laboratory rodents.



Materials and Methods

Animals

I used prepubescent female Swiss-Webster mice (Mus musculus) obtained from 

stock supplies at Charles River Laboratories in Massachusetts. The mice were placed on 

a 12-hour light, 12-hour dark cycle with a room temperature kept at 70° Fahrenheit. The 

mice had free access to tap water and food (Western Family dog food). The mice were 

three to four weeks old during experimentation.

Restraint Procedure

Restraint cages were made from three-inch-long sections of one-inch-diameter 

opaque PVC pipe. Holes were drilled about every centimeter in the pipe to allow for air 

circulation in the cage. The ends of the cage were closed with rubber stoppers to prevent 

escape by mice. I used the amount of time for restraint as described by Stefanski and 

Engler (1998), but substituted restraint for social interaction stress. The mice were 

restrained for a two-hour period administered once during the experimental procedure. 

Phlebotomy

For each experimental group, blood was drawn at the same time each day to 

prevent uncontrolled variation. On days when stress was applied, blood was drawn 

immediately after the restraint was administered. Blood was taken from the capillary 

beds located in the tail. Each time blood was drawn a small nick in the end of the tail 

was made, and a drop of blood was placed directly on a slide to perform a leukocyte 

differential count following the method described by Brosschot et al. (1992).



Drug Preparation

The dosages (table 1) were based on previous work (Dyer et a l, 1980) and were 

recalculated based on relative body weights of the animals. All hormones were 

administered in a sesame oil injection vehicle.

Hormone dosage Concentration

Estrogen Priming Dose 0.01 mg 17 beta-estradiol/mL

Experimental Estrogen Dose 0.2 mg 17 beta-estradiol/mL

Combined Estrogen and 4 mg progesterone and 0.2 mg 17 beta-estradiol/mL

Progesterone Dose

Table 1. All concentrations are based on relative body weights of the animals.

Injections

Controls were given injections of the sesame vehicle only, while experimental 

groups were given the required hormone dosages. To control movement, the mice were 

placed on a wire screen suspended about 10 centimeters above the lab bench while 

subcutaneous injections were given dorsally.

Wright Staining

Neal and Kalbus (1983) described the method for preparing blood slides for 

leukocyte differential counting.



Data Quantification and Statistical Analysis

To quantify the effect of restraint and estrogen/progesterone on peripheral 

leukocyte distribution, I counted 100 cells on each blood slide twice, averaging the 

number of each kind of cell per count and then pooled the averages in each treatment 

group to produce group means and standard deviations. This method is modified from 

Brosschot et al. (1992).

I used a one way analysis of variance (ANOVA) to test for differences in the 

ratios of stress day to baseline data between treatment groups. I used Fisher’s least 

significant difference pairwise comparison to analyze the nature of the significant 

differences between treatment groups. Statistics were carried out using the SYSTAT 

version 5.0 for PC (1990-1992).
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Results

Study one:

Figures la and lb show that stressed mice had a significantly higher percentage of 

^  neutrophils and a lower percentage of lymphocytes in whole blood versus control mice

(see also table 1 for p-values). The neutrophil and lymphocyte counts during the 

recovery period 24 hours after the stress test were not statistically different from the 

baseline counts.

Study two:

When varying the time of application of the restraint following estrogen 

administration, estrogen’s effect was strongest when I had administered the restraint 60 

hours post injection (see figures 2a and 2b). Based on the 60-hour timeline, estrogen 

injections eliminated the rise in neutrophil and decline of lymphocyte numbers caused by 

the restraint stress (see tables 2a and 2b for p-values).

Study three.

The last study compared the effects of no sex hormones, estrogen, progesterone, 

or a combination of estrogen and progesterone on the leukocyte distribution in response 

^  to restraint. Control mice that received only the injection vehicle showed the expected

response to the restraint—lymphocyte numbers decreased and neutrophil numbers 

increased. In estrogen-treated mice, I administered the restraint at 60 hours post hormone 

injection as the previous data suggested would be most effective. The group treated with 

both estrogen and restraint correspondingly showed an alleviation of the stress response. 

Statistically, the group treated with progesterone was no different in the response to 

restraint from the estrogen treatment group. However, the group treated with estrogen
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and progesterone simultaneously had statistically higher percentages of neutrophils and 

statistically lower percentages of lymphocytes from the estrogen-treated group and the 

progesterone-treated group. In comparison with the control group, on the other hand,

$  lymphocyte counts were not statistically different from the group treated with estrogen

and progesterone simultaneously. With respect to the neutrophils, however, the control 

group was significantly higher from the group treated with estrogen and progesterone 

simultaneously (see tables 3a and 3b for the p values of the statistical analysis and figures 

3a and 3b for graphical representation).
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Figure la. Comparisons of mean neutrophil percentages between groups.
This test shows that restraint affects leukocyte distribution in the 
absence of sex hormones.
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Figure lb. Comparisons of mean lymphocyte percentages between groups.
This test shows that restraint affects leukocyte distribution in the 
absence of sex hormones.
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Figure 2a. A comparison of the effect of estrogen on neutrophil distribution at 
different times indicating that the role of estrogen is strongest at 60 
hours.
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at different times indicating that the role of estrogen is strongest at 
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Table 2. Univariate Repeated Measures Analysis Shows that Stress Day and 
Baseline Leukocyte Counts Are Different.

Leukocyte that was counted P-value (p<.05)
Lymphocytes 0.007
Neutrophils 0.004

Table 3a. Fisher's Least-Significant Difference Test Matrix of the Ratios Between 
Stress Day and Baseline Neutrophil Percentages Among Groups.

24 hours 36 hours 48 hours 60 hours
24 hours 1.000
36 hours 0.182 1.000
48 hours 0.767 0.290 1.000
60 hours 0.000* 0.006* 0.001* 1.000

*Denotes significant difference when comparing groups down a column and 
across a row (y< Q5).

Table 3b. Fisher's Least-Significant Difference Test Matrix of the Ratios Between 
Stress Day and Baseline Lymphocyte Percentages Among Groups.

24 hours 36 hours 48 hours 60 hours
24 hours 1.000
36 hours 0.116 1.000
48 hours 0.624 0.262 1.000
60 hours 0.000* 0.000* 0.000* 1.000

*Denotes significant difference when comparing groups down a column and 
across a row (p<.05).
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Table 4a. Fisher's Least-Significant Difference Test Matrix on (l+Log[neutrophil 
ratio]) Differences Among Treatment Groups

Control Estrogen Progesterone Estrogen and 
Progesterone

Control 1.000
§ Estrogen 0.000* 1.000

Progesterone 0.038* 0.053 1.000
Estrogen and 0.036* 0.042* 0.966 1.000
Progesterone

*Denotes significant difference when comparing groups down a column and 
across a row (p< 0S).

Table 4b. Fisher's Least-Significant Difference Test Matrix on (l+Log[lymphocyte 
ratio]) Differences Among Treatment Groups

Control Estrogen Progesterone Estrogen and 
Progesterone

Control
Estrogen

1.000
0.000* 1.000

Progesterone 0.008* 0.233 1.000
Estrogen and 
Progesterone

0.126 0.012* 0.159 1.000

*Denotes significant difference when comparing groups down a column and 
across a row (p< 05).
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Discussion

It is clear that there is a strong interaction between the immune system and the 

neuroendocrine system. In this study, injection of estrogen or progesterone alone 

eliminated the animal’s restraint-induced change in leukocyte distribution while a 

combined dose of estrogen and progesterone seemed to reduce the animal’s restraint- 

induced change in leukocyte distribution. Female sex hormones may affect leukocyte 

differential characteristics through the HPA-lymphocyte feedback system, the cellular 

level, or both.

Studies show that psychological and physical stressors affect the levels of 

glucocorticoids in the peripheral blood. In a study done by Jacobson et al. (1999) on the 

effects of diverse stressors on pituitary-adrenal responses, glucocorticoid levels were 

significantly higher in animals treated with a stressor in relation to animals that were not 

treated with a stressor. In addition, Kelley (1985) stated that restraint causes a threefold 

increase in plasma corticosterone levels in mice. Because stress raises the level of 

glucocorticoids in the blood, it is probable that these stressors are affecting the leukocyte 

distributions through the HPA axis via glucocorticoids. Golub and Gershwin (1985) 

explained the immunomodulatory effects of glucocorticoids on circulating leukocytes. 

After administration of glucocorticoids, there was an absolute increase in neutrophils and 

a depletion of lymphocytes, with T lymphocytes affected most. Kuby (1992) explained 

that corticosteroids have a wide range of immunomodulatory effects such as lympholysis 

and a reduction in the expression of interleukin-1 (a chemotaxis agent secreted by 

monocytes and lymphocytes). Furthermore, Kuby (1992) stated that the hamster, mouse, 

rat, and rabbit are particularly sensitive to corticosteroid-induced lympholysis. These



effects of corticosteroids may explain why we see an absolute increase in the number of 

neutrophils and a decrease in the number of lymphocytes in response to restraint stress.

A decrease in the number of cytokines by monocytes and lymphocytes corresponds to a 

decrease in chemotaxis and extravasation of neutrophils across the vessel wall into the 

tissue. Thus, there are more circulating neutrophils. In addition, mice lymphocytes are 

particularly sensitive to glucocorticoid-induced lympholysis—a fact that may explain 

why we see a decrease in the number of circulating lymphocytes during restraint stress 

when there are increased levels of glucocorticoids in the blood.

There are several possible explanations for how female sex hormones alleviate 

leukocyte redistribution in response to restraint stress. The influence of estrogen and 

progesterone may lie directly on the immune cells themselves as indicated by the findings 

of estrogen receptors on lymphoid cells (Schuurs et al., 1994). In addition, progesterone 

may also affect the immune stress response at the cellular level since there are 

progesterone receptors on lymphoid cells (Szekeres-Bartho etal., 1990).

Although there is evidence that female sex hormones act at the cellular level, they 

may also act indirectly through other organ systems. In vitro studies of the effects of 

estrogen and progesterone on peripheral blood cells have variable and even opposing 

results upon lymphocytes depending on concentration and may be mediated by 

interactions with other immunomodulatory factors such as thymus hormones, growth 

hormone, and prolactin (Da Silva, 1994). The effect of estrogen and progesterone on the 

leukocyte reaction to restraint stress is probably much more complex, however, involving 

an HP A axis-lymphocyte feedback system.



Consistent with my data are studies that reveal the female sex hormones are 

influential in neuroendocrine processes. Baron and Brush (1979) found that the plasma 

corticosterone (the major glucocorticoid hormone) concentrations produced by acute 

stress (four hours) were significantly lower in times of proestrus (highest estrogen 

concentration) than estrus or diestrus. High levels of estrogen (such as those used in this 

study) appear to reduce the level of plasma corticosterone concentrations, thus reducing 

the negative effects of the corticosteroids on lymphocytes. If this is the case, high levels 

of estrogen keep the levels of glucocorticoids low in spite of whether or not the animal 

perceives stress (in this case restraint).

In addition to the study by Baron and Brush (1979) that shows the levels of 

plasma corticosterone are reduced during periods of high estrogen concentration, other 

studies show that female sex hormones can affect leukocyte distribution as well as IL-1 

expression. Josefsson et al. (1992) commented that estrogen reduces the number of 

polymorphonuclear cells (i.e., neutrophils) in the peripheral blood and bone marrow. As 

the stress response shows, the number of neutrophils in the blood increases in response to 

the release of glucocorticoids. Thus, some of the effects of estrogen on the leukocyte 

response to restraint may simply be antagonistic to the effects of corticosteroids at the 

cellular level.

Moreover, there seems to be a negative feedback system between the release of 

glucocorticoids and the expression of DL-1 by lymphocytes and monocytes (Weigent and 

Blalock, 1996). According to these authors, IL-1 stimulates the release of ACTH, thus 

causing an increase in the number of glucocorticoids in the blood. However, increased 

levels of glucocorticoids in the blood cause a decrease in the amount of IL-1 expression
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of immune cells. The glucocorticoids act on the lymphocytes in a negative feedback 

manner, causing the immune cells to quit sending the II-1 signals that stimulate ACTH 

secretion from the pituitary. According to Da Silva (1994), estrogen seems to increase

•  the sensitivity of the hypothalamus to IL-1, thus increasing the level of glucocorticoids in

the blood. The evidence that Da Silva used to support this hypothesis is that 

ovariectomized rats had lower baseline levels of glucocorticoids and replacement therapy 

(injections of estrogen) raised the baseline levels of glucocorticoids. This result is 

paradoxical to what my data suggest because increased levels of glucocorticoids in the 

blood would seem to amplify the stress response seen in the leukocyte differential. 

However, despite having higher levels of glucocorticoids in the blood, females usually 

show stronger immunoreactivity (greater production of IL-1 in particular) and a 

decreased sensitivity to glucocorticoids (Da Silva, 1994). Thus, estrogens induce 

antagonism at the hypothalamic level by the reduction of the glucocorticoid negative 

feedback (Da Silva, 1994). In addition, Da Silva (1994) pointed out that direct 

interactions between sex hormones and glucocorticoids outside the hypothalamus are 

scarce, and sex-related differences in the expression of glucocorticoid receptors have 

been reported in rodents—an effect dependent on female sex hormones. In addition, 

my data show progesterone as being antagonistic to the effects of estrogen on the 

response of leukocytes to restraint when given with estrogen, but acting similarly to 

estrogen when given alone. Bigsby (1993) stated that progesterone can interact with the 

glucocorticoid receptor within the cell, which may explain why progesterone shows an 

anti-glucocorticoid action when given alone. The effect of progesterone on how estrogen 

affects the stress response when both hormones are given simultaneously may be receptor



mediated. Fuentealba et al. (1988) wrote that both the number of estrogen receptors and 

their function, at least with respect to egg transport, mediate progesterone antagonism of 

estrogen.

In conclusion, there are multiple reasons why female sex hormones seem to 

ameliorate the immune stress response. Female sex hormones have a variety of 

interactions, which vary from tissue to tissue, as do the glucocorticoids. There are 

probably multiple antagonistic and synergistic relationships between female sex 

hormones and the glucocorticoids depending upon what tissue the study examines and 

what the different concentrations of hormones are. Although these data raise intriguing 

questions as to how the glucocorticoids and female sex hormones interact to produce the 

results that we see, they are not helpful in discerning exactly what mode of interaction 

actually takes place. Further research could involve the same study, but with assays to 

test the levels of interleukins and glucocorticoids along with other hypothalamic releasing 

factors to try and elucidate a specific model of how female sex hormones and 

glucocorticoids or female sex hormones and the HPA axis in general interact to produce 

the effects of immunomodulation.

25
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