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  ABSTRACT  
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 Glucocorticoids are used in the treatment of several diseases, but they 

have many side effects such as hypertension. It has been discovered 

many actions for vitamin D due to its strong antioxidant properties. The 

aim of the present study was to detect the protective effect of vitamin D 

against glucocorticoids induced hypertension. 24 adult male wistar 

albino rats were included in the study. Rats were randomly allocated into 

4 groups, group1 (control), group 2 given (vitamin D), group 3 given 

(Dexamethasone) and group 4 given (dexamethasone with vitamin D). 

Blood pressure (BP) was measured. Fasting serum glucose, insulin, 

triglycerides (TGs), total cholesterol (TC), low density lipoprotein 

(LDL) and high density lipoprotein (HDL) were assessed. Nitric oxide 

(NO), superoxide dismutase (SOD) and malondialdehyde (MDA) were 

measured. Also, angiotensin receptor 1 (AT1) gene expression was 

detected. Dexamethasone resulted in hypertension, hyperglycemia and 

dyslipidemia. It also caused significant decrease of NO, SOD and 

increase of MDA with an increase of AT1 gene expression. Giving 

vitamin D with dexamethasone minimized these results. Vitamin D 

prevented dexamethasone induced hypertension due to prevention of 

insulin resistance, antioxidant properties and down regulation of AT1. 

 

 

 

   

 

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

International License. 

 

 

1. INTRODUCTION 

Glucocorticoids are extensively used in almost every subspecialty of medicine, dexamethasone is one of the 

most commonly used glucocorticoids. They may be used in acute or chronic manner. Indications for acute 

short-term steroid therapy include acute gout, exacerbation of chronic obstructive pulmonary disease, 

chemotherapy protocols, bacterial meningitis and for fetal lung maturation [58]. Chronic glucocorticoid 

therapy can be used in many diseases like pulmonary diseases such as idiopathic interstitial pneumonia, 

hypersensitivity pneumonitis and sarcoidosis; neurologic diseases such as myasthenia gravis and multiple 

sclerosis and autoimmune diseases. More recently, chronic glucocorticoid therapy plays an important role in 
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modulating the immune system following solid organ transplantation [71]. It has been discovered that they 

are very important in treating and reducing mortality of the pandemic infection, COVID- 19 [28], [54]. 

Although glucocorticoids are widely used as anti-inflammatory drugs and immunosuppressants, they have 

many side effects such as osteoporosis, diabetes mellitus and peptic ulcer [41]. Hypertension also is one of 

the most common side effects. Sustained elevation of BP may lead to many complications as heart diseases, 

stroke and limb ischemia [80]. Vitamin D is a prohormone that is synthesized from exposure of the Skin to 

the sun. Ultraviolet rays convert 7-dehydrocholesterol to cholecalciferol which is converted in the liver into 

25- hydroxycholecalciferol. In the kidney, 25- hydroxycholecalciferol is converted into 1,25 

dihydroxycholecalciferols (1,25(OH)2D) which is the active form of vitamin D by the action of 1α 

hydroxylase enzyme [72]. 1,25(OH)2D has been well recognized for its role in calcium and phosphate 

homeostasis. However, over the last two decades intensive researches have confimed that vitamin D may 

also be a critical modulator for several non-skeletal systems and related diseases [19]. Vitamin D has been 

reported to play a role in cardiovascular and metabolic disorders [73]. For example, some studies have 

linked low 25-hydroxyvitamin D levels to higher blood pressure and cardiovascular diseases [82]. It has 

also a protective role against oxidative stress, inflammation and apoptosis [84]. Also, vitamin D has been 

found to affect the immune functions as it exerts an immunomodulation role by increasing innate immunity 

via secretion of antiviral peptides, so giving vitamin D can play a role in COVID-19 treatment [42].  

 

The aim of this work is to clarify the beneficial effects of vitamin D on prevention of hypertension induced 

by glucocorticoids and the possible mechanisms for such effects. 

 

2. Materials and Methods 

 

2.1 Animals and maintenance 

Twenty four adult male wistar albino rats weighing about 200-250gm were included. The animals were 

housed six per cage (75x50x25cm) with free access to compact food and water. Animals were kept under 

constant laboratory conditions 18°C to 21°C room temperature, humidity, and illumination of 12-h cycles of 

light and darkness. The study protocol was approved by ethical and scientific committee of Beni-Suef 

University with approval number (019_72). 

 

2.2 Chemicals 

Dexamethasone was purchased from Amriya company (Cairo, Egypt). 1,25dihydroxycholecalciferol was 

purchased from Sigma, USA. Glucose colorimetric assay kit was obtained from 9(Cairo, Egypt). Insulin 

ELISA kit was purchased from Biosource (San Diego, USA). TC, TGs, HDL, LDL, Nitric oxide (NO), 

superoxide dismutase (SOD) and malondialdehyde (MDA) colorimetric assay kits were obtained from 

Biodiagnostic company (Cairo, Egypt). Na+, K+ and Ca++ colorimetric assay kits were purchased from 

Biovision company (Cairo, Egypt). Angiotensin receptor 1 (AT1) -qPCR kits were purchased from Qiagen, 

Germantown, USA. 

 

2.3 Drugs Administration 

Dexamethasone was in the form of liquid ampoules with concentration of 8mg/2ml. It was injected 

intraperitoneally as 1mg/Kg/day to groups 3 and 4. Animals were weighed weekly to adjust the dose for 

each animal. 1,25dihydroxycholecalciferol was in the form of a powder and was dissolved in paraffin oil. 

The concentration of vitamin D was arranged as 0.5 μg /ml. It was injected intraperitoneally as 1.25 μg /kg 

/day to groups 2 and 4. Animals were weighed weekly to adjust the dose for each animal. 

 

2.4 Experimental design 

https://www.teikyomedicaljournal.com/
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Rats were divided into 4 groups (6 rats for each one) as follow:  

1- Group 1: the control group 

2- Group 2: (1,25dihydroxycholecalciferol (Vit D) group) which was given 

1,25dihydroxycholecalciferol only as 1.25 μg /kg /day i.p for 2 weeks [61], [95]. 

3- Group 3: (Dexamethasone (Dex) group) which was given dexamethasone as 1mg/kg/day i.p for 2 

weeks [75], [18]. 

4- Group 4: (Dexamethasone + 1,25dihydroxycholecalciferol (Dex+vit D) group) which was given 

dexamethasone as 1 mg/kg/day [75], [18] combined with 1,25-(OH)2D3 (1.25 μg /kg /day) i.p for 2 weeks 

[61], [95]. 

 

After the last dose, rats were fasted for 12 hours then sacrified under ether anesthesia. 

 

Blood samples were taken for biochemical and histopathological analysis. 

 

2.5 Sample preparation 

For biochemical analysis, blood samples were taken from retro orbital plexus by capillary tube and left to 

be clotted then centrifuged at 8000rpm for 20 minutes then serum was separated and kept frozen at -80°C 

till analysis of serum glucose, insulin, lipid profile, electrolytes (Na+, K+, Ca++) besides,SOD, MDA and 

NO. Aorta was excised and homogenized in phosphate buffer saline then centrifuged at 10000 rpm for 20 

min, the supernatant was kept in -80°C for measurement of (AT1) gene expression. 

 

2.6 Measurement of BP 

It was measured by noninvasive tail cuff method in conjunction with a PowerLab system from 

ADInstruments company (Australia). The noninvasive blood pressure (NIBP) System output the pressure 

and pulse signals to a PowerLab via a Bayonet Neill–Concelman (BNC) connection [53], [29]. 

 

2.7 Measurement of Serum Glucose (mmol/L) 

The kits for of measurement were supplied from BioMed Pharmaceutical Industry Glucose is determined 

according to the following reactions: 

Oxidation of glucose under the influence of glucose oxidase into gluconic acid, and hydrogen peroxide 

which acts on amino-4-antipyrine in the presence of phenol, giving rise to a colored complex 

(quinoneimine) which can be determined colorimetrically [83]. 

 

2.8 Measurment of Serum insulin (MIu/ml) 

Insulin ELISA kit was purchased from Biosource (San Diego, USA). It is based on the direct sandwich 

technique in which two monoclonal antibodies are directed against separate antigenic determinants on the 

insulin molecule. During incubation, insulin in the sample reacts with peroxidase conjugated anti-insulin 

antibodies and anti-insulin antibodies bound to the micro titer wells. The bound conjugate is detected by 

reaction with 3, 3’, 5, 5’- tetramethylbenzidine. The reaction is stopped by adding acid to give a 

colorimetric end point result that is read spectrophotometrically [34]. 

 

2.9 Calculation of insulin resistance 

Homoeostasis model assessment (HOMA) of IR (HOMA-IR) was calculated by the HOMA method using 

the following equation: 

(HOMA-IR) = (fasting glucose (mmol/l) x fasting insulin (MIu/ml)/22.5 [59]. 

 

2.10 Measurement of serum TGs 



Rateb, et.al, 2021                                                                                                           Teikyo Medical Journal 

 

1392 
 

The plasma triglyceride was measured by quantitative – enzymatic –colorimetric determination of 

triglycerides in serum [10]. 

 Glycerol and fatty acids were first formed by lipase on triglycerides. 

 Glycerol was then phoshorylated by ATP to produce glycerol -3-phosphate and adenosine -5'-

diphosphate in a reaction catalyzed by glycerol kinase. 

 Glycerol -3-phosphate was oxidized by glyceryl phosphate oxidase producing dihyroxyacetone 

phosphate and hydrogen peroxide. 

 

Peroxide reacts with a 4- aminoantipyrine and 4-chlorophenol under the catalytic influence of peroxidase to 

form quinoneimine. 

 

2.11 Measurement of total Cholesterol 

The total plasma cholesterol was measured by quantative – Enzymatic –Colorimetric determination of Total 

and HDL cholesterol in serum [87]. The enzymatic approach to cholesterol methodology was done, using 

cholesterol oxidase of bacterial origin following chemical saponification of cholesterol esters. The method 

presented is based on the Allian procedure and utilizes these enzymes in combination with the peroxidase 

/phenol -4-antipyrine reagent of Triender. The intensity of the final red color is proportional to the total 

cholesterol concentration. 

 

2.12 Measurement of HDL 

HDL-Cholesterol is obtained through selective percipitation of LDL and VLDL lipoproteins, thus HDL 

lipoproteins remain in solution. HDL-Cholesterol in supernatant was treated as a sample for cholesterol 

assay, and after many reactions a colored compound was yielded. The color was measured at 546 nm and 

was proportional to HDL-Cholesterol concentration in sample when used as directed [2]. 

 

2.13 Mesurement of LDL 

LDL was calculated by Friedewald equation [32] 

LDL = total cholesterol - HDL - (TG/5) 

 

2.14 Measurement of NO (Mmol/L) 

NO colorimetric assay kit was purchased from Biodiagnostic company (Cairo, Egypt). In acid medium and 

in the presence of nitrite the formed nitrous acid diazotise sulphanilamide and the product were coupled 

with N-(1–naphthyl) ethylenediamine. The resulting azo dye had a bright reddish – purple color which 

cauld be measured at 540 nm [65]. 

 

2.15 Measurement of serum SOD activity (U/ml) 

SOD colorimetric kit was purchased from Biodiagnostic company (Cairo, Egypt). Depending on the ability 

of the enzyme to suppress the phenazine metho sulphate-mediated reduction of nitro blue tetrazolium dye 

[68]. 

 

2.16 Measurement of serum MDA (nmol/ml) 

MDA colorimetric kit was purchased from Biodiagnostic company (Cairo, Egypt). In acid medium at 95°C, 

thiobarbituric acid (TBA) reacted with MDA for 30 min to form thiobarbituric acid reactive product, the 

absorbance of the resultant pink product cauld be measured at 534 nm [69]. 

 

2.17 Measurement of AT 1 gene expression 

2.17.1 Quantitative real time PCR 

https://www.teikyomedicaljournal.com/
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1. RNA extraction: 

Total RNA was isolated using Qiagen tissue extraction kit (Qiagen, USA) according to instructions of 

manufacture. 

2. cDNA synthesis: 

The total RNA (0.5–2 μg) was used for cDNA conversion using high capacity cDNA reverse transcription 

kits (Fermentas, USA). 

3. Real-time qPCR using SYBR Green I: 

Real-time qPCR amplification and analysis were performed using an Applied Biosystem with software 

version 3.1 (StepOne™, USA). The qPCR assay with the primer sets were optimized at the annealing 

temperature. The primer sequences are as the following: For AT1, Forward primer: 5-

GTGGGAGAAAGTTTGCCAGG-3, Reverse primer:5- GTAGGAAGAGAGGGAAGAGG-3 and for Beta 

actin gene, Forward 5′- ATCACCATCTTCCAGGAGCG-3′, Reverse 5′-CCTGCTTCACCACCTTCTTG-

3′ 

 

2.17.2 Calculation of Relative Quantification (RQ) (relative expression) 

The relative quantitation was calculated according to Applied Bio system software using the following 

equation: 

 

∆ Ct = Ct gene test – Ct endogenous control 

∆∆Ct = ∆Ct sample1 – ∆Ct calibrator 

RQ = Relative quantification = 2-∆∆Ct 

 

The RQ is the fold change compared to the calibrator (untreated sample) 

 

2.18 Measurement of serum Na+ (mmol/L) 

Na+ colorimetric assay kit was purchased from Biovision company (Cairo, Egypt). Two- step colorimetric 

assay was based on the requirement of sodium ion as a cofactor for the enzymatic activity of β-

Galactosidase (βG) [4]. 

 

Step 1    Apo βG   Sodium    βG  

 

Step 2    Substrate   βG   Hydrolysis Products   Na Developer   Chromophore (OD 405 nm)  

 

 

2.19 Measurement of serum K+ (mmol/L) 

K+ colorimetric assay kit was purchased from Biovision company (Cairo, Egypt). It was based on a 

potassium detection agent that was activated by potassium. The detection agent catalyzed a reaction 

between two substrates in presence of potassium. The rate of the reaction is proportional to the potassium 

concentration present in the sample. A sodium masking agent had been included to prevent any activation 

caused due to sodium present in serum delivering highly specific for the detection of potassium [5]. 

 

Substrate I + Substrate II 
 𝐾+

𝐷𝑒𝑡𝑒𝑐𝑡𝑖𝑜𝑛 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
 intermediate 

 𝐷𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑟

𝑃𝑟𝑜𝑏𝑒
  (Fluorescence (Ex/Em 535/587 

nm). 

 

2.20 Measurement of serum Ca++ (mg/dl) 

Calcium colorimetric assay kit was purchased from Biovision company, Cairo, Egypt). Colorimetric 

Calcium Assay depended on the utilization the chromogenic complex (λ = 575 nm) formed between 
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calcium ions and 0-cresolphthalein to provide a simple assay in the physiologically important range of 

calcium concentration 0.4-100 mg/dL (0.1-25 mM) [37]. 

 

2.21 Statistical analysis 

Data was presented as mean ± standard deviation for quantitative variables. Comparisons between groups 

using analysis of variance (ANOVA) with multiple comparisons post hoc test. Correlations between 

quantitative variables were done using Pearson correlation coefficient [12]. P-values less than 0.05 were 

considered as statistically significant. 

 

3. Results 

 

3.1 Effect of dexamethasone and vitamin D on Blood pressure (BP) 

As shown in table (1), at the beginning of experiment before administration of any drugs, no significant 

difference in BP was found among the 4 groups. (P>0.05). At the end of the experiment, there was no 

significant difference in BP between the control and Vit D (P>0.05). However, administration of 

dexamethasone resulted in a significant increase in BP as compared to control and Vit D groups (P<0.05). 

 

After giving vitamin D with dexamethasone, a significant increase of BP was still found as compared to 

control and Vit D groups (P<0.05). However, BP was significantly decreased in Dex+Vit D group as 

compared to Dex group (P<0.05). 

 

Table (1) Comparison of BP among all groups at the beginning and the end of the experiment 

 Control group Vit D group Dex group Dex+vit D group 

Basal BP (mmHg) 108.83±2.93 104.83±5.49 106.67±1.75 105.17±5.42 

Final BP (mmHg) 118.83±2.4 116.67±4.63 169.5±3.94 *# 125.17±1.33 *#$ 

*: statistically significant compared to corresponding value in control group (P<0.05)  

#: statistically significant compared to corresponding value in Vit D group (P<0.05) 

$: statistically significant compared to corresponding value in Dex group (P<0.05) 

 

3.2 Effect of dexamethasone and vitamin D on serum glucose, insulin and HOMA-IR 

As shown in table (2), no significant difference between control and Vit d group as regards serum glucose, 

insulin and HOMA-IR (P>0.05).  

 

On the other hand, Administration of dexamethasone caused significant increase of serum glucose, insulin 

and HOMA-IR as compared to control and Vit D groups (P<0.05). 

 

Administration of vit D with dexamethasone showed a significant increase of serum glucose, insulin and 

HOMA-IR as compared to control and Vit D groups (P<0.05). However, this group showed a significant 

decrease of fasting serum glucose, insulin and HOMA-IR as compared to Dex group (P<0.05). 

 

Table (2): Comparison of fasting serum (glucose, insulin), Homa IR, among all groups 

 Control group Vit D group Dex group Dex+vit D group 

Fasting serum glucose 

(mmol/L) 
4.84±0.2 4.75±0.26 14.65±1.21 *# 7.26±0.33 *#$ 

https://www.teikyomedicaljournal.com/
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Fasting serum insulin 

(MIu/ml) 
7.35±0.48 7.17±0.9 18.62±0.97 *# 9.88±0.46 *#$ 

Homa-IR test 1.52±0.17 1.48±0.18 12.03±1.16 *# 3.15±0.21 *#$ 

*: statistically significant compared to corresponding value in control group (P<0.05).  

#: statistically significant compared to corresponding value in Vit D group (P<0.05). 

$: statistically significant compared to corresponding value in Dex group (P<0.05). 

 

3.3 Effect of dexamethasone and vitamin D on serum TGs, TC, LDL and HDL 

As observed in table (3), no significant difference was found between Vit D group and control group as 

regards serum triglycerides, cholesterol, LDL and HDL (P>0.05). 

 

However, administration of dexamethasone caused a significant increase in each of triglycerides, total 

cholesterol and LDL as compared to control and Vit D groups (P<0.05), while HDL was significantly 

decreased in Dex group as compared to control and Vit D group (P<0.05). 

 

In Dex + vit D group, a significant increase in each of triglycerides, cholesterol and LDL was found as 

compared to control and Vit D groups (P<0.05). However, a significant decrease in this group was observed 

as compared to Dex group (P<0.05). On the contrary, HDL was still decreased significantly in Dex + Vit D 

group as compared to control and Vit D group (P<0.05), while it was increased significantly when 

compared to Dex group (P<0.05) 

 

Table (3): Comparison of Serum triglycerides, cholesterol, LDL and HDL among all groups. 

 Control group Vit D group Dex group Dex+vit D group 

Serum Triglycerides 

(mg/dl) 
99.9±2.92 90.87±8.24 173.38±8.89 *# 122.63±5.66 *#$ 

Serum Cholesterol 

(mg/dl) 
138.15±3.34 130.18±3.27 231.08±10.51 *# 158.75±8.04 *#$ 

Serum LDL (mg/dl) 52.79±6.06 43.82±4.7 170.46±7.8 *# 81.31±7.51 *#$ 

Serum HDL (mg/dl) 65.45±3.61 70.2±3.13 25.92±5.17 *# 55.27±4.45 *#$ 

*: statistically significant compared to corresponding value in control group (P<0.05).  

#: statistically significant compared to corresponding value in Vit D group (P<0.05). 

$: statistically significant compared to corresponding value in Dex group (P<0.05). 

 

3.4 Effect of dexamethasone and vitamin D on serum NO, SOD and MDA 

As observed in figures (1-3), NO and SOD showed a significant increase in Vit D group with mean values 

(60.37±5.5, 10.30±0.93) respectively as compared to control with mean values (52.1±5.49, 8.95±0.8) 

respectively (P<0.05), while MDA showed a significant decrease in Vit D group with a mean value 

38.55±3.11 as compared to control group with a mean value 49.53±5.17 (P<0.05). 

 

Dex group showed a significant decrease of NO and SOD with mean values (14.7±4.04, 2.25±0.3) as 

compared to control and Vit D groups (P<0.05) and a significant increase of MDA with a mean value 

123.1±12.93 as compared to control and Vit D groups (P<0.05). After administration of vitamin D with 

dexamethasone in group 4, a significant decrease in NO and SOD was still observed with mean values 

(43.17±4.1, 6.37±0.7) as compared to control and Vit D groups (P<0.05), while a significant increase in NO 

and SOD was observed as compared to Dex group (P<0.05). MDA level in Dex +Vit D group was still 

significantly higher with a mean value 75.47±3.98 as compared to control and Vit D groups (P<0.05) but 

was significantly lower as compared to Dex group (P<0.05). 
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Figure (1): Comparison of serum NO among all groups 

 

*: statistically significant compared to corresponding value in control group (P<0.05)  

#: statistically significant compared to corresponding value in Vit D group (P<0.05) 

$: statistically significant compared to corresponding value in Dex group group (P<0.05) 

 

 
Figure (2): Comparison of serum SOD among all groups 

 

*: statistically significant compared to corresponding value in control group (P<0.05)  

#: statistically significant compared to corresponding value in Vit D group (P<0.05) 

$: statistically significant compared to corresponding value in Dex group group (P<0.05) 
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Figure (3): Comparison of serum MDA among all groups 

 

*: statistically significant compared to corresponding value in control group (P<0.05)  

#: statistically significant compared to corresponding value in Vit D group (P<0.05) 

$: statistically significant compared to corresponding value in Dex group group (P<0.05) 

 

3.5 Effect of dexamethasone and vitamin D on AT 1 gene expression 

As shown in figure (4), no significant difference was found in AT1 gene expression between control and 

Vit D groups with mean values 1.01±0.01, 0.72±0.31 respectively (P>0.05), while rats given 

dexamethasone showed a significant increase of AT1 expression with a mean value 5.99±1 as compared to 

control and Vit D groups (P<0.05). 

 

Giving vitamin D with dexamethasone caused a partial down regulation of AT1 expression and a significant 

increase with a mean value 2.26±0.6 as compared to control and Vit D groups (P<0.05), However 

AT1expression showed a significant decrease in Dex+Vit D group as compared to Dex group (P<0.05). 

 

 
Figure (4): Comparison of AT1 gene expression among all groups 

 

Figure (5) showed a negative correlation between AT1 expression and NO while a positive correlation was 

detected between AT1 expression and blood pressure in figure (6). 
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Figure (5): A Negative correlation between AT1 and serum NO 

 

 
Figure (6): A positive correlation between AT1 and final BP 

 

3.6 Effect of dexamethasone and vitamin D on serum Na+, K+ and Ca++ 

Table (4) showed no significant difference in control, Vit D, Dex and Dex+Vit D as regards Na+ and K+ 

(P>0.05). 

 

On the other hand, no significant difference in Ca++ level between Vit D group and control group (P>0.05), 

however giving dexamethasone caused a significant decrease of serum Ca++ as compared to control and Vit 

D groups (P<0.05). 

 

Combination of vitamin D with dexamethasone resulted in a complete protective effect against 

dexamethasone induced hypocalcaemia as no significant difference in serum Ca++ was found in Dex +Vit 

D group as compared to control and Vit D groups (P>0.05). There was a significant increase of serum Ca++ 

in Dex +Vit D group as compared to Dex group (P<0.05).  
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Table (4): Comparison of serum Na+, K+ and Ca++ among all groups. 

 Control group Vit D group Dex group Dex+vit D group 

Serum Na+ (mmol/L) 144.83±2.67 142.77±4.28 148.60±1.09 145.30±3.27 

Serum K+(mmol/L) 4.80±0.26 4.90±0.16 4.47±0.33 4.70±0.34 

Serum Ca++ (mg/dl) 10.3±0.38 10.48±0.32 8.64±0.45 *# 10.15±0.5 $ 

*: statistically significant compared to corresponding value in control group (P<0.05)  

#: statistically significant compared to corresponding value in Vit D group (P<0.05) 

$: statistically significant compared to corresponding value in Dex group (P<0.05) 

 

4. Discussion 

Glucocorticoids are widely used in different aspects of medicine. Dexamethasone is one of the most 

common used glucocorticoids and it has a great value in treatment of allergic and inflammatory diseases. It 

has been found to be of great value in the management of COVID- 19 infection [28]. However, it has 

various side effects including hypertension and diabetes mellitus [44]. Vitamin D is a prohormone 

responsible for homeostasis of calcium and phosphorus besides several other biological functions [85]. It 

also has immunomodulatory function, so it helps in the treatment of COVID-19 [42]. The present work 

aimed to study the effect of vitamin D on protection against dexamethasone induced hypertension. 

Regarding effect of dexamethasone on systolic BP, results showed a significant elevation of BP in 

dexamethasone group as compared to control group in accordance with previous studies [81]. 

Administration of vitamin D with dexamethasone decreased BP significantly as compared to dex group as 

reported before [45]. Concerning fasting serum glucose, insulin and Homa-IR, the results revealed that 

dexamethasone induced a significant increase in serum glucose, insulin and HOMA-IR as compared to 

control in accordance with [23]. Dexamethasone increases glucose level by many mechanisms. It decreases 

glucose uptake in muscles by keeping glucose transporter GLUT4 away from the plasma membrane [97]. It 

also inhibits glycogen synthesis, increases hepatic gluconeogenesis and decreases β cell sensitivity to 

glucose by decreasing the level of GLUT2 [46]. Insulin receptor (IR)/Insulin receptor substrate (IRS) 

/Phosphoinositol3 kinase (PI3K)/Akt is an essential axis for insulin-mediated glucose uptake in tissues. 

Dexamethasone induces insulin resistance by decreasing expression, activity and affinity of IR, decreasing 

IRS, PI3K and Akt expression [62]. Also, it inhibits adenosine monophosphate-activated protein kinase 

(AMPK) expression [60]. Dexamethasone was reported to cause insulin resistance before hypertension as 

reported by [78]. Insulin resistance in turn predisposes to hypertension through increased oxidative stress, 

impairment of NO and activation of the renin angiotensin system resulting in vasoconstriction of blood 

vessels [63]. Giving vit D with dexamethasone caused significant decrease of glucose, insulin and HOMA-

IR as compared to dex group in accordance with [25]. Vitamin D maintains glucose homeostasis by 

different mechanisms. It increases glucose uptake in muscles through increasing GLUT4 expression [93]. 

Also it increases hepatic glycogen synthesis, inhibits gluconeogenesis and enhances sensitivity of B cells of 

pancreas to glucose by increasing the expression of GLUT2 [66]. 

 

Vitamin D can decrease insulin resistance by increasing IR, IRS-1, PI3K, Akt and also AMPK expression. 

It also has strong antioxidant activity resulting in increasing glucose uptake in tissues and insulin sensitivity 

[38]. Regarding lipid, the results showed that dexamethasone administration caused significant increase in 

serum TGs, TC and LDL and significant decrease of serum HDL as compared to control in accordance with 

[64]. On the other hand, [23] found that dexamethasone administration to rats caused significant increase in 

serum triglycerides, cholesterol and LDL but didn’t affect HDL level. This may be due to shorter duration 

of treatment used in that study. Dexamethasone causes dyslipidemia. It increases serum TGs by stimulating 

hepatic denovo lipogenesis via upregulation of both acetyl-CoA carboxylase, fatty acid synthase and 

reducing lipoprotein lipase (LPL) level [1]. Dexamethasone induces hypercholesterolemia by increasing of 
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3‐hydroxy‐3‐methylglutaryl coenzyme A reductase (HMG-CoA reductase), and decreasing the activity of 

lecithin: cholesterol acyltransferase [46]. Dexamethasone also increases LDL level in blood by inhibition of 

catabolism and uptake of LDL. It also down-regulates LDL receptor, and LPL activity [57]. On the other 

hand, dexamethasone decreases HDL concentration and this is may be due to the presence of Cholesterol 

Ester Transfer Protein (CETP) enzyme in the circulation which transfers TGs from VLDL to HDL. HDL 

then becomes enriched with TGs which are rapidly hydrolysed, leading to its reduction [88]. Dyslipidemia 

in turn can causes elevated blood pressure through impairment of endothelial function, which disrupsts NO 

production, reducing baroreflex sensitivity, decreasing large elastic arteries distensibility and insulin 

resistance development [70]. In the current study, giving vitamin D with dexamethasone resulted in a 

significant decrease of serum TGs, cholesterol and LDL and significant increase of serum HDL as 

compared to dex group but there was still significant difference in these parameters as compared to control. 

in agreement with [38]. 

 

Vitamin D can prevent dyslipidemia through prevention of TGs elevation via inhibition of hepatic denovo 

lipogenesis by down regulation of both acetyl-CoA carboxylase, fatty acid synthase and activation of LPL 

[9]. It also reduces insulin resistance leading to decreased TGs [38]. Vitamin D can reduce LDL level by 

increasing the expression of LDL receptor in liver and upregulating LPL [52]. On the other hand, vitamin d 

increases HDL through reduction of insulin resistance [38]. In the present study, dexamethasone caused a 

significant decrease of serum NO as compared to control rats in agreement with previous studies [40]. 

Dexamethasone leads to a down‐regulation of eNOS mRNA expression besides reduction of L‐arginin level 

which is essential for NO synthesis. It also caused dihydrofolate reductase (DHFR) deficiency which 

converts BH2 into BH4 which is an important cofactor in NO synthesis [8]. Administration of vitamin D 

with dexamethasone caused a significant elevation of serum NO level as compared to dex group in 

agreement with others [50], vitamin D increases the expression of eNOS enzyme responsible for NO 

synthesis [86]. Also, absence of VDR gene was found to decrease L-arginine bioavailability due to 

increased arginase-2 enzyme expression causing a decrease of L- arginine available for NO synthesis [50]. 

It was confirmed that impaired NO signaling has a role in the pathogenesis of hypertension. [6] reported 

that increase in NO level reduced BP through vasorelaxation, NO level was decreased in hypertensive rats. 

NO plays a vital role in regulation of smooth muscle tone, through production of cGMP leading to 

activation of protein kinase G (PKG), which in turn modulates the activity of many targets. PKG can do a 

number of signaling mechanisms in vascular smooth muscle cells (VSMC) which include a decrease of 

intracellular Ca2+, hyperpolarization of cell membrane, and inhibition of myosin light chain phosphorylation 

leading to vasorelaxation [31]. 

 

In the current study, dexamethasone caused a significant decrease of serum SOD as compared to control 

group in agreement with [21], dexamethasone is known to dysregulate the endogenous antioxidant 

mechanisms through a reduction in the antioxidant enzyme SOD activity [24]. In vit D group, a significant 

elevation of SOD was detected as compared to control group. Also, vit D caused a significant elevation of 

SOD in dex + vit D group as compared to dex group in accordance with others [76]. Vitamin D stimulates 

the synthesis of metal ion protein carriers, such as Zn and Cu [14], leading to increase in the bioavailability 

of these ions in the cell which act as cofactors for the activity of several enzymes, including antioxidant 

enzymes as SOD. In the present study, administration of dexamethasone caused a significant elevation of 

serum MDA in accordance with previous studies [20]. Administration of vitamin D caused a significant 

decrease of MDA level as compared to all groups as reported before [48]. Vitamin D acts as an antioxidant 

via VDR by interactions between several nuclear coactivators or corepressors that mediate the regulation of 

gene transcription [17]. In the current study, dexamethasone increased AT1 gene expression in accordance 

with previous studies [91]. Dexamethasone administration causes an increase of GR nuclear translocation 
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and GR binding glucocorticoid response Element (GREs) at AT1R [91]. Dexamethasone also decreases 

expression of ACE2 and angiotensin (1-7) as reported by before [36] leading to upregulation of AT1 gene 

expression [15]. Dexamethasone causes a decrease of AMP-activated protein kinase (AMPK) as reported 

by [27] leading to up-regulated of genes encoding AT1R expression [39]. In addition, decreasing AMPK 

activates NADPH oxidase, which is an upstream target of AT1R [94]. In the present study, vit D caused a 

significant decrease of AT1 gene expression in aorta as compared to dex group as described before [35]. 

Vitamin D suppresses renin expression by blocking the activity of the cyclic-AMP response element (CRE) 

which is found in the renin gene promoter [43] leading to downregulation of AT1R [55]. Vitamin D also 

upregulates ACE2 [90] which in turn downregulates AT1R [15]. Also vitamin D increases AMPK leading 

to inhibition of AT1 gene expression as disscussed above [39]. 

 

A strong negative correlation between AT1 gene expression and NO was found in the present study 

showing that the vasoconstrictor action of AT1 stimulation may be augmented by decreasing NO level. This 

result was in agreement with others [79]. On the other hand, a strong positive correlation between AT1 

expression and BP was detected showing the link between hypertension and renin angiotensin system 

activity as reported before [77]. In the present study, administration of dexamethasone didn’t cause a 

significant change in serum Na+ or K+ level as compared to control group as detected previously [33]. 

Glucocorticoids have mineralocorticoid activity with subsequent Na+ and water retention and K+ excretion 

but dexamethasone has a negligible mineralocorticoid effect as reported by [3]. On the other hand, 

activation of renin angiotensin causes aldosterone release by adrenal cortex, but this effect is masked by 

dexamethasone through decrease in ACTH release that affects aldosterone secretion [22]. Furthermore, 

Dexamethasone increases naturetic peptide activity through increase the expression of its receptors (A & C 

receptors), this action balances Na+ and water reabsorption created by Angiotensin II through AT1 receptors 

[56]. At the same time, dexamethasone causes decrease of the synthesis of cGMP so the activation of 

naturetic peptide by dexamethasone resulted in naturesis and diuresis without its vasodilator effects. So, salt 

and water retention caused by angiotensin II is supressed without affection of its vasoconstrictor effect with 

undisturbed Na+ and K+ level by dexamethasone [55]. Also, Vitamin D administration didn’t cause 

significant difference in serum Na+ or K+ level as compared to dex or control group in agreement with 

previous studies [47]. Vitamin D has inhibitory effect on renin angiotensin system as it reduces renin 

expression [43]. It also decreases AT1 gene expression [16], so it may decrease Na+ and increase K+ level 

due to decreased aldosterone secretion [11]. But on the other hand, vitamin D Increases Na+/K+ atpase 

activity through stimulation of klotho expression [51], this can balance the suppression of renin angiotensin 

system, so no significant change occurred in Na+ or K+ level. 

 

In the current study, dexamethasone caused significant decline in serum Ca++ level as compared to control 

and vit D group as reported previously [26]. It was found that dexamethasone causes hypocalcaemia by 

decreasing Ca++ absorption from intestine and increasing its urinary excretion. Dexamethasone decreases 

intestinal absorption of Ca++ through decreasing the duodenal expression of epithelial Ca++ channel, 

transient receptor potential vanilloid-5 (TRPV5), active calcium-transporting proteins, Ca++ binding protein 

9K (CaBP-9k) and plasma membrane Ca++ ATPase (PMCA1). It also increases Ca++ excretion in the kidney 

due to decreased protein levels of TRPV5, TRPV6, CaBP-9k and PMCA1 [98]. It was reported that 

dexamethasone causes hypocalcaemia also by activating Calcium sensing receptor (CaSR) in the kidney 

which inhibit Ca++ reabsorption and facilitating its excretion in urine [96]. Activation of CaSR elicits a Gq 

G-protein cascade that activates the phospholipase C pathway and prevents exocytosis of PTH hormone 

resulting in decreased blood level of Ca++ [74]. In vitamin D group, there was no significant difference in 

serum Ca++ as compared to control as detected previously [67]. While vitamin D administration with 

dexamethasone resulted in a significant increase in serum Ca++ as compared to dexamethasone group to 
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reach the serum level in control as reported before [7]. Vitamin D plays an important role in Ca++ 

homeostasis through its actions on intestine, kidney and bone. Regarding its actions on intestine, it increases 

Ca++ absorption through increased expression of TRPV6, calbindin D and the ATP-dependent calcium 

pump [89]. Vitamin D also increases paracellular Ca++ transport through regulation of intercellular adhesion 

molecules (e.g. claudin-2) in the intestine [13]. Furthermore, vitamin D increases the number and activity of 

lysosomes and the release of lysosomal enzymes from enterocytes [30]. A novel mechanism for intestinal 

Ca++ absorption is called transcaltachia which is the rapid absorption of calcium occurs within minutes of 

exposing enterocytes to vitamin D. It occurs through vitamin D membrane receptor on the basolateral 

surface in absorptive epithelial cells [92]. 

 

Vitamin D mediates Ca++ reabsorption through the action on DCT. The movement of calcium across the 

DCT epithelium has many similarities to that for the intestinal epithelium except that paracellular transport 

is minimal due to the expression of tight junctions that do not have cation pore properties. Vitamin D 

increases the expression of renal TRPV5, the calbindins, and the CaATPase (PMCA1b) [49]. In 

hypocalcaemia conditions, vitamin D mediates bone resorption with the mobilization of calcium through 

increase the expression of RANK ligand by osteoblasts causing differentiation and increasing the activity of 

osteoclasts, mediating bone resorption [49]. 

 

5. Conclusion 

Dexamethasone caused elevated blood pressure due to many factors including insulin resistance, 

dyslipidemia, reduction of NO level, increasing of oxidative stress and increasing AT1 gene expression 

reflecting increased renin angiotensin system activity. Vitamin D administration prevented dexamethasone 

induced hypertension through antagonizing the previous mechanisms. Other studies can be performed to 

continue the results of this study, through increasing the dose of vitamin D or the duration of administration 

to reach a complete protection. 
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