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Abstract. Hormone secretion by the hypothalamic-pituitary-adrenocortical (HPA) axis is modulated by multiple factors which include the circadian rhythm, various types of stressors and glucocorticoids. Treatment with synthetic glucocorticoids as e.g. dexamethasone or dermocorticosteroids and repeated immobilization stress, decreases the total body weight gain of animals by disturbing the HPA axis function and accelerating the catabolism of the organism. Synthetic glucocorticoids are widely used as anti-inflammatory and anti-allergic drugs. Neverteheless, their administration may cause side effects in the normal functioning of several organs. Starting from the above findings and from the important physiological roles of the glucocorticoids in the metabolism, we investigated the reactions of the adrenal and thymus,  the evolution of the body and organ weight and the level of the free radicals  after adrenaline- and fluocinolon stress. In this study, we used electron paramagnetic resonance spectroscopy for the direct detection of free radical content in the organs o f stressed Wistar rats. We followed the changes of the blood glucose level, body weight,structural modification and whole redox state of the rats during adrenaline and Fluocinolon-acetonid N treatment, as endogenous and exogenous sources of elevated glucocoticoid levels. We found a relationship between changes of the redox state and modified homeostasis of the organism, as an effect of elevated glucocorticoid levels. The oxidative stress induced by adrenalin treatment seemed to be an inducer rather than the result of the tissue damage.  
Keywords: stress, thymus, adrenal, free radicals.   
Introduction Synthetic glucocorticoids are widely used as anti-inflammatory and anti-allergic drugs (Kis and Crăciun 2006, Adcock and Mumby 2017, Barnes 2017). Nevertheless, their administration may cause side effects in the normal 
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functioning of several organs. Organisms survive by maintaining equilibrium with their environment. The stress system is critical to this homeostasis. Glucocorticoids modulate the stress response at a molecular level by altering gene expression, transcription, and translation, among other pathways. Glucocorticoids also modulate the growth, reproductive and thyroid axes (Kis and Crăciun 2006). It is well known that glucocorticoids are stress hormones produced in response to many common stressors, such as immobilization, cold and physical overload, and are essential for general adaptive responses. Excessive glucocorticoid secretion or treatment, on the other hand, has been reported to have deleterious effects on the organism - it can induce tissue injury and even cell death (Crăciun et al., 1997, Crăciun et al., 1998). Madar and co-workers (1993) have studied the effect of excessive glucocorticoid levels generated through repeated formaldehide stress or Fluocinolon acetonid-N (FC) treatment in rats. Formaldehide was used as an endogenous glucocorticoid inducer, while FC was an exogenous source of the hormone. Both formaldehide- and FC-treated groups showed significant metabolic disorders. The exact mechanism of glucocorticoid-induced cell death is unknown, but several reports indicate that the glucocorticoid-mediated generation of reactive oxygen species (ROS) occurs with the concomitant increase of calcium influx and morphological degeneration and apoptosis of different cells (Landfield and Eldridge 1994, Liu  
et al., 2018, Deng et al., 2019). In recent studies elsewhere we have reported that the short-term and long-term percutaneous applications of halogenated glucocorticosteroids in pregnant rats induced changes of thymus oxidative status of dams and newborn animals (Kis and Andras 2017). In immobilization-stressed rats, where glucocorticoid levels were slightly elevated, a marked increase in lipid peroxidation was measured in addition to the inhibition of total body weight gain, showing the involvement of ROS (Yan et al., 2000).  Despite numerous investigations, the involvement of free radicals in glucocorticoid-induced alteration is not fully elucidated. In our experiments we followed the changes of body- and some gland weight, the level of free radicals in these glands and the histological aspects of the rat thymus and adrenals during adrenalin (ADR) and Fluocinolon (FC) treatment. We used andrenalin and Fluocinolon-acetonid-N oitment, as endogenous and exogenous sources of elevated glucocorticoid levels. Therefore, the main objective of this study is to determine correlations between glucocorticoid excess and free radical parameters induced by FC and ADR treatment. 
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Materials and methods  The experiments were carried out in male Wistar rats. The animals 
were kept under standardized bioclimatic conditions and fed on common rat 
chow, with water ad libitum. Commercial Fluocinolon-acetonid-N ointment containing 25 mg Fluocinolon-acetonid-N/100 g excipient, was applied topically to the skin at 2 cm2, for five consecutive days, by smearing 50 mg ointment/100 g bw. on the inguinal region, the daily dose of ointment being equal to 12,5 μg/100 g bw. The ADR-treated animals were injected subcutaneously with 0.125 ml of adrenalin (0.1%) solution. The animals were divided into the following groups:  C-control group, untreated animals.  FC-Fluocinolon-acetonid-N-treated animals  ADR- adrenalin-treated group  After 16 hours of fasting and 24 hours following the cessation of treatments, the treated animals together with controls were sacrificed by exsanguination. Blood samples were obtained from all rats at the end of the experiment and blood glucose levels were measured with Spekol spectrophotometer. The value of the glucose was expressed in mg glucose per 100 ml blood. The body, adrenals and thymus weights of male rats were measured with an accuracy of 0.00001 g immediately after excision. Before the tissue withered away, they were placed in frozen liquid nitrogen to examine the total level of free radical of the glands. The free radical concentration in frozen samples was measured by electron spin resonance (ESR) spectroscopy. Reduced gluthatione (GSH) and gluthatione disulfide (GSSG) ratio was determined by tissue homogenization (Kis 2012, Schafer and  Buettner 2001, Tietze 1969). The experimental data were evaluated using the computer program statistica 99. The mass, ESR signal intensity, antioxidant capacit and GSH/GSSG ratio values showed a non-parametric distribution (Mann-Whitney U test), so the significance levels were determined by parametric t-test. A p <0.05 was considered statistically significant. The thymus and adrenal gland were fixed in Bouin liquid and afterwards processed in view of being embedded in paraffin. The fragments were sectioned at the Reichart microtome with a thickness of 7 µ. The staining of glands was carried out by the method of Hurduc and co-workers (Mureșan et al., 1974). The histological preparations obtained were examined on the IORC4 optical microscopy.  
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Results  

The effects of adrenalin and Fluocinolon-acetonid-N treatments upon 
the blood glucose level In both treated groups we observed a significant increase of blood glucose level (Fig.1), which means that the blood level of the glucocorticoids increases, on the one hand due to the treatment with exogenous glucocorticoid, and on the other hand, due to adrenalin stress. We used glicemy as an indirect indicator for the action of glucocorticoids. We assumed that the high blood glucose level in our experimental protocol was caused by high levels of glucocorticoids.    

 
Figure 1. Blood glucose level in controls and treated animals with FC and ADR 

 
 

The effects of adrenalin and Fluocinolon-acetonid-N treatments upon 
the body weight The results presented in fig. 2 show that in our experiment fc treatment and adr stress caused a progressive inhibition of total body weight gain of animals compared to the controls.  
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Figure 2. Evolution of the body weight under adrenalin (ADR)  and Fluocinolon (FC) treatment in comparation with control.  The Fluocinolon-acetonid-N treatment caused a significant weight loss in contrast with the control group (Fig. 3). However, a significant weight loss in FC group was observed as compared to the ADR treated animals. Body weight loss in ADR-treated group was lower than in the FC-treated one, showing that ADR induces a milder stress than the direct cortisol treatment.  

 
Figure 3. The body weight in the last day of the treatments  in control and treated groups  
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The effects of adrenalin and Fluocinolon-acetonid-N treatments upon 
the adrenal gland The relative adrenal weight (Fig. 4.) decreased in FC group comparative with the contol and ADR group. In the ADR group we observed a slight increase of the gland weight. These findings are in compliance with our histological results. The free radical concentration increased considerable in the FC group and decreased in the ADR group compared to controls (Fig. 5).   

 
Figure 4. The relative weight of the adrenal gland  (SW-suprarenal weight, BW-body weight) in control and treated groups  

 
Figure 5. Steady state free radical concentration in adrenal gland  under FC and ADR treatment in comparation to the control 
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Modification of the gland weight and the free radical concentration are in concordance with the results of the microscopical examination (Fig. 6 a). The suprarenal gland of animals treated with Fluocinolon is atrophied in the cortical part (Fig. 6 b), whereas in animals treated with adrenalin we observed the hypertrophy of the gland in the cortical zone (Fig. 6 c). In the FC treated group we observed a hypertrophy of the medullary part of the gland, suggesting a stressful effect of the glucocorticoid treatment. Spongyocites and balonated cortical cells appeared in this group. In the medullary part we observed congested capillary. In the ADR group we observed dark zone in the cortical part of the gland, suggesting an increased synthetic activity of the cells.  

 
Figure 6. Histological aspect of adrenal gland: a) normal aspect, b) hypertrophy  of medullary part (B) and atrophy of the cortical zone (A) in FC group,  c) hypertrophy of cortical zone (A) and atrophy  of medullary part (B) in ADR group(x 20). 

 

The effects of adrenalin and Fluocinolon-acetonid-N treatments upon 
the thymus The relative thymus weight was significantly reduced in FC group (Fig. 7) During the adrenaline treatment we observed a slight decrease of the thymus weight. The steady state free radical concentration increased in FC group in comparison with the control group. These finding are in concordance with the loss of weight in FC group. In ADR group we observed a significant decrease of the steady state free radical concentration in comparison with FC group. The ratio of GSH/GSSG increased significantly in ADR group as compared with controls (Fig. 8). Modification of steady state free radicals and the GSH/GSSG ratios indicated changes in the redox state of organs of treated animals (Fig. 9). 
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Figure 7. The relative weight of the thymus in control and treated groups 

 
Figure 8. Steady state free radical concentration in the thymus,  in control and treated groups 

   
Figure 9. GSH/GSSG in thymus in control and treated groups 
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The microscopic studies confirm the weight loss of the thymus (Fig. 10 a). Fluocinolon treatment caused the atrophy of the thymus (Fig. 10 b), while in the animals treated with adrenalin the thymus structure hardly differed from the control group (Fig. 10 c). In the FC treated group (Fig. 10 b) we observed a significant rarefication of the corticol and medullary zone of thymic lobule. This means that FC induced an acceleration of thymocites apoptosis.  

  
Figure 10. Histological aspects of thymus a) normal structure, A-cortical part  of the thymic lobule, B -medullary part of the lobule b) relatively normal aspect  of thymus in ADR group, c) moderately altered in FC group (x10) 

 

Discussion The most frequently studied effect of glucocorticoid application was the impact on blood sugar level. The excess of glucocorticoids increases in liver the storage of glycogen, obstructs the movement of glicogen in the blood and stimulates the glucogenesis (Ivy et al., 2016, Waldron et al., 2013). Glucocorticoids inhibit the uptake and usage of sugar in the muscle and adipose tissues (Gounarides et al., 2008, Lundgren et al., 2004)]. In a long term  glucocorticoid application, initial insuline resistance appears at the final stage of diabetes mellitus (Madar et al., 1993). On the basis of these data from the literature corroborated with our experimental data we can conclude that the high level of glucose from the blood is an indicator of the increased level of glucocorticoids. Excessive glucocorticoid level can also activate the HPA axis (Paragliola et al., 2017). Adrenalin has been shown to stimulate both glucose metabolism and H2O2 release by macrophages (Costa Rosa et al., 1995). Excessive exogen glucocorticoid administration inhibits somatotrophic hormone release (Kis et al., 2001)  and can cause significant decrease of total body weight [Crăciun et al., 1998,  Crăciun et al., 1997,  Kis and Crăciun 2006, Orzechowski et al., 2000a). In our work, we used FC ointment as a synthetic source of glucocorticoids and ADR as an endogenous inducer of glucocorticoid production in rats. The observed changes in total body mass and in some organs 
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weight modification indicate that both exogenously added and ADR-induced glucocorticoid increase induced the activation of catabolic pathways in the rat organism, only ADR turned out to be a milder stressor than FC. A similar situation has been described, where formaldehyde treatment resulted to be less stressful to rats than FC (Madar et al., 1993). Stress causes disturbances in the homeostasis of the organism, which may lead to tissue injury. Glucocorticoids are widely used as anti-inflammatory drugs because of their immunosuppressive activity (Daley-Yates 2015). Yet, the presence of high glucocorticoid levels can cause secondary side effects such as tissue damage and cell death (Deng et al., 2019, Mann et al., 2000, Nittoh et al., 1998, Orzechowski et al., 2000b, Sapolsky  et al., 1999, 2000).  We have detected a severe degeneration of the thymus in response to FC treatment and adrenal atrophy, although Madar and co-workers (1993) was able to detect adrenal atrophy induced by a two-fold higher dose of FC. To find out whether glucocorticoid-induced tissue damage was related to oxidative stress, we have measured several redox parameters such as steady state level of free radicals and the ratio of GSH/GSSG. Orzechowski and co-workers (Orzechowski et al., 2000a) described a strong oxidative stress in old and young rats induced by dexamethasone treatment, which was manifested by a significant decrease of blood GSH levels and spleen atrophy. Mild oxidative stress was detected in rats treated with two times lower dose of dexamethasone, as measured by enhanced glutathione peroxidase and catalase activities, as well as reduced thiobarbituric acid reactive substance content in thymus and spleen (Pereira et al., 1998,  1999). In every case, oxidative stress was associated with organ atrophy indicating that tissue degeneration may be related to changes in the redox state of the organs. Glutamine oxidation is stimulated by adrenaline, thus providing increased substrate (malate) for NADP (+)-dependent 'malic' enzyme (Madar et al., 1993, Pereira et al., 1995).  In our experiments, ADR treatment resulted in mild thymus atrophy, which was associated with drastically increased GSH/GSSG ratio. Free radical concentration in the organ was not elevated suggesting that the glutathione antioxidant machinery has been induced by pro-oxidants and was able to prevent the development of oxidative stress in the tissue. FC, on the other hand, induced severe thymus atrophy followed by high free radical concentrations. Interestingly, GSH/GSSG ratio remained normal, suggesting that the antioxidant machinery was not induced anymore and was unable to prevent oxidative injury. The changes in the antioxidant defense system of the thymus may be an explanation why this organ is more susceptible to FC treatment. An intensive glucocorticoid treatment or chronic stress can cause changes in the redox state of the lymphoid organs, modifying the activity of antioxidant enzymes and can influence the antibacterial and antiviral defense (Gavan et al., 1997, Seiji et al., 1997, Pereira et al., 1999).   
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The fact that the antioxidant system of thymus was induced before the atrophy developed suggests that pro-oxidants are generated at a very early stage of tissue degeneration. By the time organ atrophy fully developed, the induction of GSH synthesis ceased and oxidative stress evolved in thymus and adrenal gland. These observations suggest that oxidative species are present at the very beginning of glucocorticoid-induced tissue injury and may participate in the process of organ degeneration. It will be interesting to investigate whether co-administration of glucocorticoids to rats with different antioxidants could be useful in preventing organ atrophy. 
Conclusions In summary, we can conclude: Glucocorticoids can induce oxidative stress and lead to tissue injury even at relatively low doses.  Milder and more severe organ atrophies were observed in the thymus and adrenal of ADR and FC treated rats, which was associated with oxidative stress measured in these tissues.  The response to elevated glucocorticoid levels was tissue-dependent, thymus being the most susceptible to injury from among the studied organs.  The oxidative stress takes place in the organs from the very beginning of the atrophic process, suggesting that it is not merely a result but rather an active participant of degeneration.    
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