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Dexamethasone induces immunosuppression via modulation of haematological indices and protein concentrations in female Wistar rats.
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Abstract
Introduction: Immunosuppression by pharmaceutical drugs or ultraviolet radiation is dose-dependent and usually transient, while infection with certain pathogens, such as malaria parasites, is persistent, and the resultant immune deficiency is progressive unless the infection is treated. Effective dose of dexamethasone that can bring about immunosuppression in female Wistar rats was therefore examined in this study. Methodology: Fifteen rats weighing 130 ± 20 g were randomized into three groups. Group 1 (negative control) was placed on distilled water and rat pellets only, group 2 (20 mg/kg dexamethasone & 10 mg/kg weekly booster dose dexamethasone), while group 3 (20 mg/kg initial dose & 10 mg/kg daily booster dose). All treatments were for 14 days. The rats were sacrificed, blood collected for biochemical and haematological assessments. Results: Total protein and albumin levels were higher significantly in the test groups in comparison with negative control. The difference in the levels of globulin among the three groups was not significant (p>0.05). The decreased levels of white blood cells count, percentage lymphocytes, eosinophils and platelet count in the test groups were significant when compared with the control, while the percentage neutrophils were significantly increased in the test groups. The differences in the packed cell volume and the haemoglobin content were not significant. Conclusion: The altered biochemical and haematological parameters in the test groups suggest that dexamethasone is an effective immunosuppressive agent particularly at 20mg/kg initial dose and 10mg/kg weekly booster dose.
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The use of immunosuppressants is applicable in the control of severe manifestations of allergic reactions, autoimmune diseases, and transplant-related diseases. Persistent immunosuppression presents a risk of cancer and other diseases (Schulz et al., 2009; Wieland et al., 2014). Neoplastic cells may escape immune surveillance in immunosuppressed individuals. As a result, replication and tumour formation of these cells are greatly enhanced (Rendic and Guengerich, 2012). Immunosuppression by pharmaceutical drugs or by ionizing or ultraviolet radiation is dose-dependent and is usually transient (immune function generally recovers after cessation of exposure). In contrast, infection with certain pathogens, such as human immunodeficiency virus type 1 (HIV-1) or malaria parasites, is persistent, and the immune deficiency that results is progressive unless the infection is effectively treated (Rendic and Guengerich, 2012). Immunosuppression, as a medical therapy, is used to treat autoimmune diseases such as lupus erythematosus or rheumatoid arthritis. Immunosuppressive drugs, usually in much higher dosage, are used to maintain the functional and anatomical integrity of foreign tissues grafted into another individual, such as a kidney or heart transplant (Yu et al., 2014). The first immunosuppressant to be identified was cortisone, but numerous side effects limited its acceptable usage. Though, Azathioprine was made known in 1959, it was the discovery of cyclosporine in 1970 that paved way for great expansion of organ transplantation (Rathee et al., 2013). A set of immunosuppressants may carry out their roles through immunodepletion of effector cells, others are primarily immunomodulatory, acting through cytokine inhibition (Trevillian, 2006). 
Dexamethasone is a very good example of Immunosuppressants. It is a non-selective glucocorticoid used in the treatment of immunological, allergic, and inflammatory diseases (Rafacho et al., 2014; Wu et al., 2014). The several side effects following administration of dexamethasone include: Insulin resistance, hyperglycemia, weight change and hyperlipidemia (Hopkins and Leinung, 2005). Dexamethasone is an over-the-counter drug, and it finds its use as an anti-inflammatory agent and treatment of a number of other conditions, including cerebral edema and also the resultant increases in intracranial pressure due to tumors and metastatic lesions (Stoelting and Hillier, 2006). The immunosuppressive abilities of dexamethasone have also been reported; Anafi et al. (2014) earlier described the effect of dexamethasone as an immunosuppressive agent on some blood parameters in Wistar rats. This study was therefore designed to further investigate the immunosuppressive effect of dexamethasone on female Wistar rats.

MATERIALS AND METHODS

Experimental animals: Fifteen rats weighing 130 ± 20 g were obtained and housed in the animal colony of the Department of Biochemistry, College of Medicine, University of Ibadan, Ibadan, Nigeria. The rats were left to adjust to the new environment for two weeks and were given rat pellets and clean water throughout the experiment. This study was done with adherence to the protocol of Animals Care and Use Research Committee (ACUREC), University of Ibadan, concerning guiding principles for biomedical research involving animals, with approval number UI-ACUREC/19/0027.

Chemicals and Reagents for Analysis: Dexamethasone was purchased from Kunle - Ara Pharmaceuticals, Ibadan Nigeria. All other reagents were of the required analytical grade and were bought from Sigma – Aldrich, 3050 spruce street, St-Louis, USA

Experimental Design: Fifteen (15) rats were randomly distributed into three groups of five animals each for the experiment. Group 1 served as the negative control and received rat pellets and clean water ad libitum, group 2 were treated with an initial dose of dexamethasone (20 mg/kg body weight) intraperitoneally with a weekly booster shot (10 mg/kg body weight) to suppress their immunity, while group 3 received an initial dose of dexamethasone (20 mg/kg body weight) and a daily booster dose (10 mg/kg body weight) for 14 days. Twenty-four hours after the last treatment, the ratswere sacrificed, and blood samples were collected and prepared for haematological and biochemical analysis.

Total Body and Relative Liver Weight Determination: Total body weight of individual rat was measured using a digital chemical balance laboratory scale, SF-400, before the commencement and after the period of experimentation (these were referred to as initial and final body weight, respectively), after which the average body weights for each of the groups were calculated. Changes in weights were expressed as percentage increase in weight where:
Percentage increase in weight was calculated from the formula:
		Wy- Wx  X 100 
	      Wy
Where Wx = initial mean body weight, Wy = final mean body weight 

Determination of Total Protein: The protein concentrations of the various blood samples were determined using the biuret method which was earlier described by Gornall et al. (1949) with slight modifications: (i.e the addition of potassium iodide to prevent precipitation of Cu2+ ions as cuprous oxide).

Estimation of Haematological Parameters: Haematological parameters were analysed using AMP Accos 360 haematology analyzer manufactured by AMEDA Labordiagnostik GmbH, Austria. 
Statistical Analysis of Results: The results are presented as mean ± standard error of mean (SEM). One-way analysis of variance (ANOVA) was adopted for the analysis of the differences between the groups, followed by Tukey’s multiple comparison tests with GraphPad® Prism 6.0. p<0.05 was considered statistically significant for differences in means.

RESULTS

Results from this study revealed the immunosuppressive capacity of dexamethasone. Dexamethasone caused significantly high (4.58 ± 0.05) (p< 0.05) levels of albumin in the dose 1 group (administered 20 mg/kg body weight initial dose and another 10 mg/kg weekly booster shots) when juxtaposed with the negative control (3.58 ± 0.04) (Figure 1). No significant (p> 0.05) increase was seen in the level of albumin in the dose 2 group (administered 20 mg/kg body weight dexamethasone and another 10 mg/kg daily booster shots). There was increase in the serum total proteins of dexamethasone treated groups when place side by side with the negative control.
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Figure 1:
Effect of dexamethasone on total protein, globulins and albumin of female Wistar rats. Results are represented as Mean ± SEM (n = 6), * - Significantly different from control; #- Significantly different from DX Dose 1.  (p < 0.05). Dose 1 = initial dose (20 mg/kg) and weekly booster shot (10 mg/kg). Dose 2 = initial dose (20 mg/kg) and a daily booster of (10 mg/kg). DX- dexamethasone
























[bookmark: _Hlk83386314]Figure 2:
Effect of Dexamethasone on White blood cells, lymphocytes, neutrophils and eosinophils of female Wistar rats. Results are represented as Mean ± SEM (n = 6), * - Significantly different from control (p < 0.05). Dose 1 = initial dose (20 mg/kg) and weekly booster shot (10 mg/kg). Dose 2 = initial dose (20 mg/kg) and a daily booster of (10 mg/kg). LYM- Lymphocytes EO- Eosinophils WBC- White blood cells.




[image: ]
[image: ][image: ]	
	










Figure 3: 
Effect of dexamethasone on platelets, hemoglobin and packed cell volume of female Wistar rats. Results are represented as Mean ± SEM (n = 6)* - Significantly different from control (p < 0.05). Dose 1 = initial dose (20 mg/kg) and weekly booster shot (10 mg/kg). Dose 2 = initial dose (20 mg/kg) and a daily booster of (10mg/kg).  PLT- platelets, PCV- packed cell volume and HBG- haemoglobin



Dexamethasone administration reduced the numbers of circulatory total white blood cells, lymphocytes, and eosinophils significantly (p<0.05), while the number of neutrophils significantly (p<0.05) increased. A decreased level of lymphocyte is an index of immunosuppression.

Platelets play a great role in immune system and are the most abundant cells that respond first in immune function. In this study, dexamethasone caused a significant reduction (p < 0.05) in platelet circulation thereby decreasing immune function. There were no significant differences in the levels of hemoglobin and that of packed cell volume


DISCUSSION
The immune system is to a great extent seen as an army with many soldiers. The immune response against diseases is potentiated by various white blood cells (Nicholson, 2016). From inception, the most significant of these is the innate immune system cells, neutrophils, and macrophages, which are the first at the site of tissue injury or irritation (Wang, 2018). Both cell types are successful executioners (Nicholson, 2016). Upon administration of immunosuppressants, the levels of these immune system cells and other associated parameters were altered (Cangemi et al., 2019). In this study, dexamethasone was shown to cause significant high levels of albumin in the dose 1 group when juxtaposed with the untreated control. There was no significant increase in the level of albumin in dose 2 group when placed side by side with the control. However, serum total protein, a reflection of both albumin and globulins level was significantly elevated in dexamethasone-treated groups when compared with the untreated control. The findings from this study agree with the observations of Kimball et al., (1995) and Sulaiman et al., (2010). The latter administered 10 mg/kg dexamethasone to animals for 28 days and reported a significant high level of total protein in dexamethasone treated group compared to controls. The levels of total protein inferred from this result could be due in part to the difference in duration and route of administration of dexamethasone. Plasma protein synthesis in the liver is regulated through multiple control mechanisms (Mathew et al., 2020). 
The rate of synthesis of albumin is dependent not solely on the availability of amino acids as building subunits, but also on other important specific factors (Blindauer et al., 2009). Albumin concentration (oncotic pressure), bioenergetic factors and hormone levels play very important roles in the regulation of albumin synthesis. A role for dexamethasone in the regulation of gene expression of albumin has been suggested; adrenalectomy resulted in a remarkable decrease in the rate of transcription of albumin gene (Spencer et al., 2010). In another study, the deprivation of dexamethasone led to a decrease in the synthesis of albumin and gene transcription (Kimball et al., 1995). It was hypothesized that these effects may be due to a direct impact of dexamethasone on the transcription of albumin gene, or an indirect impact. Additionally, it has been earlier reported that the 5'-flanking region of the rat albumin gene has a potential glucocorticoid receptor binding site based upon sequence homology to other genes which are known to bind glucocorticoid receptors (Wöltje et al., 2006), suggesting that albumin gene could really be directly regulated through dexamethasone which may explain the increased levels of albumin observed following the administration of dexamethasone. 
Furthermore, the administration of dexamethasone significantly reduced the numbers of circulatory total white blood cells and lymphocytes while neutrophil count was increased significantly. Decreased levels of lymphocytes correlate with immunosuppression (Daka and Loha, 2008). Yasuhiko et al. (2010) studied the acute and the sub-acute effect of dexamethasone on white blood cells count in rats. The study revealed that glucocorticoid administration led to a remarkable decline in the number of WBCs and suppression of WBC was sustainable over the period of administration of glucocorticoids. The findings from this study are consistent with the observations of Sulaiman et al. (2010) and Anafi et al. (2014). On the contrary, Schwab et al. (2005) and Alabdullah et al. (2015), reported decreased levels of neutrophils in dexamethasone-treated animals.
Dexamethasone, a synthetic glucocorticoid, has been reported to influence the level of B cells, T cells, dendritic cells, eosinophils, monocytes and neutrophils differently (Mager et al., 2003; Rhen and Cidlowski, 2005; Strehl et al., 2019). On the one hand, glucocorticoids induce apoptosis in dendritic cells, eosinophils, monocytes, and T lymphocytes, on the other hand, they potently delay the rate of apoptosis in neutrophils. Ronchetti et al. (2018) reported that glucocorticoids induce mobilization of neutrophils from bone marrow and also inhibit apoptosis in circulating neutrophils, while bringing about increase in migration of neutrophils into the tissues. This may explain the increased levels of neutrophils observed following the administration of dexamethasone in this study. Daka and Loha, (2008) demonstrated that decreased levels of lymphocyte are index of immunosuppression which may suggest that the decreased numbers of WBCs, lymphocytes and eosinophils highlight the immunosuppressive effect of dexamethasone as observed in this study. These results are also in line with the findings of Yasuhiko et al., (2010) and Anafi et al., (2014). 
The effects of glucocorticoid on B cells were further supported by the observation of Goodman (1993), who reported that corticosteroids may act directly on B cells to inhibit antibody synthesis and in high concentration may even kill B cells. These support the differences observed in the haematological parameters in the dexamethasone treated groups in this study. The inflammatory cell and the immune response are crucial in oncogenic transformation, disease progression, and patients’ outcomes. Neutrophils and lymphocytes are the most common subsets of leukocyte (Ittiamornlert and Ruengkhachorn, 2019). Neutrophils are bone marrow-derived leukocytes with a short half-life that flow in the blood (Wang, 2018). On the activity of appropriate signs, such as: proinflammatory cytokines, chemokines, and leukotriene B4, neutrophils are mobilized to the tissues to exert various antimicrobial and proinflammatory properties. Their rate of proliferation increases exponentially as they are mobilized into tissues during bacterial or viral diseases, and their diminishing (neutropenia) may be due to chemotherapy prompts or random microbial infections etc (Lustberg, 2012; Gibson and Berliner, 2014).
Continuous administration of dexamethasone meant that neutrophils were constantly being produced in other to combat the action of xenobiotics in the system. This result correlates that of Anafi et al. (2014) which reported that administration of dexamethasone led to a significant increase in neutrophil levels. In this study, there is a significant decrease in the levels of eosinophil when compared with the negative control, which may correlate with the inability of the system to elicit immune responses thereby tilting the balance in favour of immunosuppression. Platelets also play a great role in immune system and are the most abundant cells that respond first in immune function (Duerschmied et al., 2013). Dexamethasone caused a significant reduction in platelet circulation thereby decreasing immune function. However, the differences in the hemoglobin contents and PCV levels of both the treated and control rats were not significant.

CONCLUSION

Taken together, this study shows that dexamethasone is an effective immunosuppressant in female Wistar rats, which acts by significantly reducing the levels of white blood cells, lymphocytes, platelets, and eosinophils with a concomitant increase in total protein and neutrophil levels. Furthermore, administration of 20 mg/kg body weight initial dose of dexamethasone and 10 mg/kg body weight weekly booster shots (dose 1), is a more effective dosage for immunosuppression than 20 mg/kg body weight initial dose and 10 mg/kg body weight daily booster shots (dose 2).
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