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ABSTRACT  

Introduction: Doxazosin is an alpha-1 antagonist used for the treatment of benign prostatic 

hypertrophy (BPH) symptoms and hypertension. An α (1)-adrenergic receptor antagonist called 

Doxazosin is used to treat benign prostatic hyperplasia and excessive blood pressure. There is 

evidence linking peripheral α-adrenergic receptors to inflammation.  

Aim and Objective: To study the antidepressant effect of   Doxazosin by an experimental model 

in swiss albino mice.  
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Material and Methods: The study was conducted in the Department of Pharmacology & 

Therapeutics at King George’s Medical University, Lucknow.  The present study was designed to 

evaluate antidepressant in an experimental model in Swiss albino mice. A   total number of 18 

female Swiss albino mice were included in the study. They were kept in the institutional animal 

house under standard conditions. They received normal pellet diet and water ad libitum. They 

were allowed to get acclimatized to the new environment for a period of 2 weeks. Mice were 

randomly divided into 3 groups, each group containing 6 mice.  

Results:  In the present study antidepressant activity was observed by the period of immobility in 

Forced swim test. Each activity was conducted on 18 mice, 6 mice in each group (Group A: 

Vehicle, Group B: Doxazosin, Group C: Imipramine). Therefore on Day 1, period of immobility 

of mice in the above 3 groups was found to be comparable. On Day 11, period of immobility of 

mice in the above 3 groups was found to be comparable again. It was observed that there was a 

slight decrease in period of immobility indicating that Doxazosin (4 mg/kg) may have some 

weak antidepressant activity at Day 21. Decreasing period of immobility significantly more than 

control indicating that Doxazosin (4 mg/kg) may have moderate antidepressant activity at Day 31.  

Conclusion: Doxazosin (4 mg/kg) appeared to be a promising therapy option for patients 

presenting with depression. 

Keywords:  Doxazosin, Swiss albino mice, Imipramine, Forced swim test, depression 

INTRODUCTION  

The World Health Organisation (WHO) reported in its 2019 report   that disorders like metabolic, 

respiratory, and cardiovascular conditions impact about 1.6 million, 4 million, and 18 million 

individuals, respectively. Additionally, it stated that stress, poor lifestyle choices, and little to no 

physical activity are the main factors raising the risk of chronic illnesses. These illnesses have the 

potential to increase mortality as well as cause long-term effects like obesity and elevated blood 

pressure, which account for 12.8% of all deaths (roughly 7.5 million) [1, 2]. They may also act as 

a trigger for conditions like depression, hypertension, vascular diseases, and cerebral vessel 

remodelling.  
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There are number of symptoms associated with depression include low mood, loss of interest in 

routine tasks, anhedonia, feelings of worthlessness, problems sleeping, and suicidal thoughts. 

The major mechanisms are heightened oxidative and nitrosative damage [3], as well as 

anomalies related to monoamine neurotransmitters [2]. According to the monoamine theory, 

depression results from a decrease in monoamines including dopamine, serotonin, and 

norepinephrine in the frontal cortex, limbic system, and hippocampal regions [4]. Monoamine 

oxidase (MAO) is the main enzyme involved in the metabolism of these monoamines. 

Significantly depressed patients showed elevated oxidative and nitrosative stress and decreased 

antioxidant levels [5].  

Some of these symptoms become resistant and even unresponsive to painkillers, tricyclic 

antidepressants, antiarrhythmic drugs and anticonvulsants[6]. Recent studies have demonstrated 

the role of α1-adrenoceptor antagonists in the modulation of pain perception, depression and 

anxiety.   

Corticotrophin-releasing hormone hypersecretion and glucocorticoid response are impaired in 

depression [7]. Around 50% of depressive people (80% if seriously depressed) have 

hyperactivity in the hypothalamic–pituitary–adrenal axis. Antidepressants are thought to work on 

the central monoaminergic systems, primarily serotonergic and nor-adrenergic synaptic 

neurotransmission, in major depression. The most typically given medicines are selective 

serotonin-reuptake inhibitors such as Paroxetine and fluoxetine, as well as specialized serotonin-

noradrenaline reuptake inhibitors such as Reboxetine and Desipramine [8].  Even though they are 

successful in treating most depressive episodes, a considerable proportion of depressed 

individuals do not show symptoms of improvement until 2–3 weeks after starting treatment. In 

addition, around a third of these individuals respond to treatment either partially or not at all [9]. 

Moreover, these medications might cause sedation, anticholinergic effects, seizures, impotence, 

postural hypotension, anxiety, dizziness, respiratory issues, weight gain, cheese response, cardiac 

dysrhythmias, insomnia, agitation, and fatigue [10].   

Doxazosin is a traditional α1-adrenergic receptor (α1AR) antagonist that can inhibit hypertension. 

This drug has several potential additional advantages, including a long half-life of 22 h, minimal 
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impacts on renal function, and an outstanding antihypertensive effect due to the reduction of 

smooth muscle tension in peripheral vascular beds that thereby reduces the total peripheral 

resistance without significantly affecting the heart rate or cardiac output [11-13].  

In benign prostatic hyperplasia, Doxazosin relieves bladder outflow obstruction by reducing the 

prostate tone mediated by α1AR blockade.  Doxazosin can also inhibit prostate cancer by 

inhibiting protein kinase B (PKB)/Akt activation and thereby inducing cell apoptosis via an 

α1ARindependent mechanism [14].  The antifibrotic effect of Doxazosin on hamsters has been 

reported, and Prazosin, another α1AR antagonist, has been reported to have a hemodynamic 

effect on the reduction in Pulmonary hypertension, suggesting that α1AR antagonists play 

important roles in the treatment of liver fibrosis [15].  

In comparative studies Doxazosin has proven to be very effective as the comparator drug in the 

treatment of hypertension. Doxazosin has also been used such in combination with β-blockers, 

calcium channel antagonists, diuretics and angiotensin-converting enzyme (ACE) inhibitors in 

patients with hypertension that is  not controlled with monotherapy.  

Doxazosin has a beneficial effect on some of the risk factors associated with coronary 

heart disease, impaired glucose metabolism, insulin resistance, elevated serum lipid levels and 

left ventricular hypertrophy. Significant decreases in total cholesterol, triglycerides and low 

density lipoprotein cholesterol are also seen with Doxazosin therapy; while small increases in 

high density lipoprotein cholesterol and the high density lipoprotein cholesterol or total 

cholesterol ratio are consistently reported [16]. Some studies have reported an improvement in 

glucose tolerance although this effect has been more consistently seen in nondiabetic patients 

than in patients with non-insulin-dependent diabetes mellitus. Also it has been mentioned in 

literature that Doxazosin may produce a similar decrease in left ventricular hypertrophy as was 

seen in other antihypertensive agents [17,18].   

In terms of long-term research, Doxazosin has withdrawal rates and an incidence of side effects 

comparable to other α1-adrenoceptor antagonists in the same class. 

Recent clinical trials have confirmed Doxazosin's status as a reliable antihypertensive medication 

and extended its therapeutic range to encompass the management of PTSD, chronic 

prostatitis/chronic pelvic pain syndrome, and benign prostatic hyperplasia [19]. Therefore, the 
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present study was undertaken to study the antidepressant effect of Doxazosin using an 

experimental model in Swiss albino mice.  

MATERIAL AND METHODS  

The study was conducted in the Department of Pharmacology & Therapeutics, King George’s 

Medical University, Lucknow, after getting approval from the Institutional Animal Ethics 

Committee.   

Experimental animals:  

A total of 18 adult healthy female Swiss albino mice, weighing 20-30 gm (n=6 mice/group) were 

used in the study. Mice were obtained from animal house of Indian Institute of Toxicology 

Research (IITR), Lucknow. IITR is one of the certified center by Committee for Control and 

Supervision of Experiments on Animals (CCSEA) for breeding and housing of animals. The 

animals were allowed to access food and water ad libitum and were kept in the institutional 

animal house under temperature controlled environment [25±2◦C] with 12 hours light/12 hours 

dark cycle. A minimum of 14 days acclimatization period was allowed before the 

commencement of the study and their health was monitored regularly by a veterinary physician. 

The normal pellet diet was procured from Bharat Science Solution Company, Loknagar, Unnao, 

Uttar Pradesh.  

The study was started after the approval of Institutional Animal Ethic Committee (IAEC) of King 

George's Medical University (K.G.M.U), Lucknow (Project No 129/IAEC/2020). 

All experiments in the study were conducted as per the guidelines laid down by the Committee 

for Control and Supervision of Experiments on Animals (CCSEA).  

DOSAGE FORMS, DOSAGE AND SOURCES OF THE DRUGS  

Drugs and chemicals:  

All test drugs and chemicals were purchased from Sigma chemical company, USA. Other 

chemicals were purchased from TCI, Japan.  
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Drugs  

1) Doxazosin – Test drug[20]  

Administered in a dose of 4 mg/kg body weight.  

Route: Intraperitoneal injection  

2) Imipramine – Standard for depression model [21,22] 

Administered in a dose of 20 mg/kg body weight. 

Route: Intraperitoneal injection  

Technique of intraperitoneal injection  

The desired dose of drug was calculated and loaded in the syringe. The mouse was restrained 

manually by holding the complete body using all fingers and by gripping the loose skin at the 

nape of neck and tail restrained between ring and little finger, so as to avoid any trauma during 

the procedure. The abdomen was exposed and an imaginary line was drawn across the abdomen 

just above the knees. The injection site was disinfected and a 26 gauge needle with bevel facing 

up was inserted into the right lower quadrant of the abdomen at a point on this imaginary line 

close to the midline at an angle of 30-40°. This was done so as to avoid injury to any of the 

abdominal organs. This was also assured by gentle aspiration and if any fluid or blood was 

aspirated, the contaminated solution was discarded and the procedure was repeated.   
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Figure 1 : Technique of intraperitoneal injection  

EXPERIMENTAL PROTOCOL  

The present study has been designed to evaluate antidepressant property of Doxazosin in an 

experimental model in Swiss albino mice.  

ANIMAL GROUPS   

A total number of 18 female Swiss albino mice were included in the study. They were 

kept in the institutional animal house under standard conditions. They received normal pellet diet 

and water ad libitum. They were allowed to get acclimatized to the new environment for a period 

of 2 weeks. Mice were randomly divided into 3 groups A, B,C  groups, each group containing 6 

mice.  

Group A, B, C were used to evaluate the antidepressant effect of Doxazosin and the 

effect was compared with Imipramine. [Group A (vehicle), Group B (Doxazosin), Group C 

(Imipramine)]. 

For assessing antidepressant effect:    

Forced swim test:  
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Forced swim test is the most widely employed behavioural model for assessing 

antidepressant activity. The apparatus consists of a transparent cylinder filled with water at room 

temperature. In this test, each mice was placed in a cylinder with enough water (filled to 15 cm 

depth) so that it could not touch the bottom with its hind paws [24]. Immediately after dropping 

the mice in water, an immediate burst of activity was shown by the mice, it tried to escape, and 

then eventually adopted an “immobile” posture, where it makes only those movements necessary 

to keep its head above water [25,26].  The session for mice was for 6 minutes, consisting of 

pretest (initial 2 mins) and test (last 4 mins). The duration of immobility for baseline was 

recorded one day prior. On the day of testing, 30 mins after i.p. administration of drugs, mice 

were gently dropped individually dropped into the cylinder for 6 min [27].  Duration of 

immobility was recorded during the last 4 min swimming test. Mice were judged to be immobile 

when it floated in an upright position without movement or making minor movements of its 

limbs just necessary to keep it’s head above water [28,29].  The 3 groups received the respective 

treatment for consecutive 30 days and the duration of immobility was noted again on the 11th, 

21st and 31st day. The water was changed after testing each animal and mice were dried before 

returning to their respective home cages.   

Assessment:  

The changes in immobility duration were studied after administering drugs in a separate 

group of animals.  
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Figure 2 : Forced swim test  

Statistical Analysis: The results of tests are expressed as Mean ± SD and analysed using single 

factor ANOVA. Further statistical analysis for individual groups was carried out by Tukey HSD 

post hoc test. The criterion for statistical significance is taken as p < 0.05 in all statistical 

evaluations.  

RESULTS  

The present study was conducted to evaluate the role of antidepressant properties of 

Doxazosin using an  experimental model in Swiss albino mice and assessed against vehicle and 

standard drug used for antidepressant activity. Group wise distribution was done as given in 

Table 1  
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  Table 1: Groupwise distribution of experimental mice  

SN  Activity  Group  Group name  Number of mice  

1.  Antidepressant effect  Group A  Vehicle  6 

Group B  Doxazosin  6 

Group C  Imipramine (Standard)  6 

 

 Assessment of antidepressant activity-  

Antidepressant activity was observed by the period of immobility in Forced swim test. Each 

activity was conducted on 18 mice, 6 mice in each group (Group A: Vehicle, Group B: 

Doxazosin, Group C: Imipramine).  

Table 2: Intergroup comparison of period of immobility (seconds)  

 at Day1, 11, 21, 31  

S. 

No. Group Day 1 Day 11 Day 21 Day 31 

1  

Control (Vehicle  

i.p.)  
188.30±7.72  194.13±10.18  201.67±10.27  214.92±9.32  

2  Doxazosin (4 

mg/kg i.p.)  192.60±10.93  191.63±12.62  

b,d 

185.52±8.14  

a,d 

177.87±7.71  

3  Imipramine (20 

mg/kg i.p.)  184.23±13.14  180.20±9.96  

a 

167.82±10.64  

a 

157.27±7.95  

4  

ANOVA  

F = 0.89 p 

= 0.42  

F = 2.74 p 

= 0.09  

F = 18.1 p 

< 0.001*  

F= 73.29 p 

< 0.001*  

* Statistically significant a p<0.001 as compared to control, b p<0.05 as compared to control, c 

p<0.001 as compared to Imipramine (20 mg/kg), d p<0.05 as compared to Imipramine (20 mg/kg)   
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Figure 3: Mean period of immobility of different groups  

Intergroup comparison:  

On Day 1 (baseline), Doxazosin (4 mg/kg) (192.60±10.93) group had the most increase in 

period of immobility followed by control (vehicle) (188.30±7.72) group and minimum period of 

immobility was recorded for Imipramine (20 mg/kg) (184.23±13.14) group. On comparing the 

intergroup and between group differences of period of immobility, none of the differences 

amongst the groups were significant. Therefore on Day 1, period of immobility of mice in the 

above 3 groups was found to be comparable.  

On Day 11 (After 10 days of administering the drugs), control (vehicle) (194.13±10.18) 

group had the most increase in period of immobility followed by Doxazosin (4 mg/kg) 

(191.63±12.62) group and minimum period of immobility was recorded for Imipramine (20 

mg/kg)  (180.20±9.96) group. On comparing the intergroup and between group differences of 

period of immobility, none of the differences amongst the groups were significant. Therefore on 

Day 11, period of immobility of mice in the above 3 groups was found to be comparable again.  

On Day 21 (20 days after administration of the drugs), period of immobility was least for 

the Imipramine (20 mg/kg) (167.82±10.64) group followed by Doxazosin (4 mg/kg)  

(185.52±8.14) group and most for control (vehicle) (201.67±10.27) group. Intergroup difference 
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was found to be significant (p<0.001). The difference in period of immobility in Forced swim 

test was highly significant (p<0.001) between control (vehicle) (201.67±10.27) group and 

Imipramine (20 mg/kg) (167.82±10.64) group, with Imipramine (20 mg/kg) (167.82±10.64) 

group showing the most reduction period of immobility. The difference in period of immobility 

was less significant  

(p<0.05)  between  Doxazosin  (4 mg/kg) (185.52±8.14) group and Imipramine (20 mg/kg) 

 (167.82±10.64) group and between control (vehicle) (201.67±10.27) group and Doxazosin (4  

mg/kg) (185.52±8.14) group with Doxazosin (4 mg/kg) (185.52±8.14) group showing slight  

decrease in period of immobility indicating that Doxazosin (4 mg/kg)  may have some weak  

antidepressant activity at Day 21.   

On Day 31 (30 days after administration of the drugs), period of immobility was least for 

the Imipramine (20 mg/kg) (157.27±7.95) group followed by Doxazosin (4 mg/kg) (177.87±7.71) 

group and most for control (vehicle) (214.92±9.32) group. Intergroup difference was found to be 

significant (p<0.001). The difference in period of immobility in Forced swim test was highly 

significant (p<0.001) between control (vehicle) (214.92±9.32) group and Imipramine (20 mg/kg)  

(157.27±7.95) group, with Imipramine (20 mg/kg) (157.27±7.95) group showing the most 

reduction period of immobility. The difference in period of immobility in Forced swim test was 

highly significant (p<0.001) between control (vehicle) (214.92±9.32) group and Doxazosin (4 

mg/kg) (177.87±7.71) group, and was less significant (p<0.05) between Doxazosin (4 mg/kg)  

(177.87±7.71) group and Imipramine (20 mg/kg)  (157.27±7.95) group and with Doxazosin (4 

mg/kg) (177.87±7.71) decreasing period of immobility significantly more than control indicating 

that Doxazosin (4 mg/kg)  may have moderate antidepressant activity at Day 31.  
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Figure 4: Trend of period of immobility of different groups  

DISCUSSION  

Non communicable diseases are increasingly becoming a major concern worldwide with a wide 

range of population being afflicted with them. It significantly makes the quality of life to become 

worse and may also lead to increased mortality. Risk factors responsible for the same include 

chronic stress, lack of physical activity and unhealthy lifestyle. This in turn may lead to a cascade 

of other features like obesity, hypertension and diabetes 

Doxazosin is a long-acting α1-blocker structurally related to Prazosin. Its antihypertensive effect 

is produced by a reducing smooth muscle tone of peripheral vascular beds which further 

decreases total peripheral resistance. In benign prostatic hyperplasia, Doxazosin’s effect of 

relieving bladder outlet obstruction through a reduction in prostatic tone mediated via α1-

adrenoceptor blockade.  

In comparative studies Doxazosin has proven to be very effective as the comparator drug in the 

treatment of hypertension. It has been used in a variety of patients including the elderly, smokers 
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and patients with concomitant disease states e.g renal disorders, non-insulin-dependent diabetes 

mellitus (NIDDM), Hypercholesterolemia and respiratory diseases. Doxazosin has also been 

used in combination with β-blockers, calcium channel antagonists, diuretics and angiotensin-

converting enzyme (ACE) inhibitors in patients with hypertension that is not controlled with 

monotherapy.  

The standard drugs used for indications like depression are costly in nature and may lead 

to serious side effects like suicidal tendencies with antidepressants, etc. A lot of them only are 

helpful in providing a temporary relief and in the long term may lead to a plethora of serious side 

effects. Therefore, in the interest of the above points, it is the need of the hour to look for better 

and safer alternatives that are non habit forming, safer as well as cost effective.  

There are various studies that link processes like derangement in RAAS, increase in 

levels of neuroinflammatory cytokines, sympathetic outflow, oxidative stress and calcium 

signalling as underlying pathology in conditions like pain, anxiety and depression. Therefore in 

this present study, we assessed the role of Doxazosin on depression.  

The dose and dosage form chosen for the administration of Doxazosin was as per previous 

studies, Doxazosin (4 mg/kg) [24] was first solubilized in DMSO and then administered 

intraperitoneally through injection after diluting in normal saline.   

Current study comprised a total number of 18 adult healthy female Swiss albino mice , 

randomly divided into 3 groups with 6 mice in each group. All the animals were allowed to get 

acclimatized to the new environment for 2 weeks. Groups A to C were used to assess the effect of 

Doxazosin on antidepressant activity.  

 

Depression is a disorder that affects mood and thought and consists of loss of interest and 

reduced enthusiasm in activities that a person used to enjoy before. It can lead to interference 

among one’s daily activities and can effect daily work and hence can lead to lower productivity. 

The behaviour model for depression that was employed in the current study was forced swim test. 

It is a widely used test and shares similarities with factors influencing depression in humans. It 

has been observed that various other classes of antidepressants show a net decrease in immobility 
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time depending on the dose of the drug administered, hence can be regarded as a useful model 

for screening of antidepressant drugs.   

In this test, mice are placed in sufficient water so that the paws do not reach the bottom of 

the cylinder. The normal reaction elicited is immediate bursts of activity as the mouse tries to 

escape from drowning. It makes movement actively until a particular time comes when the 

animal ends up with an immobile posture leading to the inference that the animal has got 

depressed. Mice were administered the drugs intraperitoneally for 30 days and the test was 

conducted on Day 1, 11, 21 and 31 and observed for 6 min.  

In our study, the test drug Doxazosin showed a decrease in period of immobility that was 

statistically significant (p<0.001) on Day 21 and Day 31 and proves that Doxazosin has 

antidepressant properties. The antidepressant effect of Doxazosin was lower than that of 

Imipramine (Table 2, Figure 4). Intergroup differences were significant on Day 21 and 31 

following administration of drugs. The effect of Doxazosin was less pronounced as compared to 

Imipramine and the order of decrease in period of immobility was Group C > Group B > Group 

A.   

There are various factors that are implicated in the pathophysiology of depression. The loss of 

neurotransmitters such as serotonin as well as noradrenaline have been mentioned an important 

factor in it’s generation. Other factors that may have a role in depression include oxidative stress, 

changes in neurogeneration and inflammation.  

In one instance, Doxazosin (4 mg/kg) showed promise as a treatment modality for patients who 

present with depression. However, it was not able to decrease any parameter more than the 

corresponding standard drug of the research area.  

That is why further testing will be necessary to confirm this finding. 

CONCLUSION  

Although Doxazosin's antidepressant effect was shown to be less than that of Imipramine the 

standard medication, it was nevertheless found to lessen the length of immobility, suggesting that 

Doxazosin may have some antidepressant function. 
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