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A B S T R A C T   

Background: Depression is a psychiatric disorder characterized by low mood and loss of interest in daily activities. 
Allopurinol, a xanthine oxidase blocker, is widely administered for the treatment of hyperuricemia. Recently, its 
effects on serotonin and depressive like behaviors have been reported. On the other hand, the level of brain- 
derived neurotrophic factor (BDNF), a protective and regenerative neurotrophic, has been increased by many 
antidepressants. The purpose of this study was to evaluate the antidepressant effects of allopurinol and changes 
in serum level of BDNF compared to those of fluoxetine. 
Methods: Thirty-five male Wistar albino rats divided into five groups (control, 10 mg/kg fluoxetine, 25, 50 and 
100 mg/kg allopurinol; n = 7 per group), that received all treatments intraperitoneally, every day. Forced 
swimming tests (FST), tail suspension test (TST) and open field test (OFT) were performed after 21 days of drug 
administration. Finally, the serum BDNF levels were measured using the sandwich ELISA method. 
Results: All doses of allopurinol and fluoxetine reduced the duration of immobility time in FST and TST. No 
significant changes were observed in the number of lines crossed in OFT between either allopurinol or fluoxetine 
groups and control group. Serum level of BDNF were significantly higher in fluoxetine and allopurinol 50 and 
100 mg/kg groups. 
Conclusions: Long-term administration of allopurinol 50 and 100 mg/kg have shown antidepressant effects in 
behavioral tests along with an increase in the amount of serum BDNF concentration. The OFT results suggested 
that allopurinol did not have any significant effects on motor activity. The increased serum level of the BDNF in 
the allopurinol group was correlated with FST and TST results. However, it is still not clear whether the anti-
depressant effects of allopurinol are due to a direct effects on serotonin and/or BDNF or an indirect effect related 
to its xanthin oxidase inhibition.   

Introduction 

Depression is a widespread chronic psychiatric condition and 
disabling illness which can affect the physical, emotional, and social 
development of adults (Johnson et al., 2018; Stevanovic et al., 2011). It 
is characterized by persistent sadness which can lead to increased sui-
cidal ideation in depressed individuals. The point prevalence of the 
disease has been reported 8–12 % in different countries (Al-Windi, 
2005). 

It is a complex condition with several contributing factors at 
different, genetic (Flint and Kendler, 2014; Shadrina et al., 2018), 

psychological, biological and social levels (Chirita et al., 2015; Ike-
chukwu Ugwua et al., 2022; Ben-Azu et al., 2020; Oladapo et al., 2021; 
Akinluyi et al., 2020; Nutt, 2002). Neuroimmune, neurotrophic and 
neurochemical homeostasis have important role in psychosocial 
stress-induced psychopathologies. It has been shown that neuroactive 
compounds, like quercetin, protects against psychosocial stress-induced 
psychiatric disturbances particularly via neurochemical mechanisms 
(Ikechukwu Ugwua et al., 2022). Targeting neuroinflammation and 
oxidative stress for the prevention of psychosocial stress-induced psy-
chiatric disorders are potential strategies. In another study the effect of 
morin on social-defeat stress (SDS)-induced behavioral, neurochemical, 
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neuroimmune and neuro-oxidative changes showed promising results 
(Ben-Azu et al., 2020; Akinluyi et al., 2020). Also, the effect of naringin 
on social-defeat stress (SDS)-induced behavioral, GABAergic, cholin-
ergic, oxidative, nitrergic, and neuroinflammatory changes has been 
well established in psychiatric disturbances (Oladapo et al., 2021). 

The currently available antidepressants needs long time to start any 
therapeutic effect. In addition, they have many unfavorable adverse 
effect profile. They may cause side effects such as gastric distress, 
sedation, palpitations, urinary retention, postural hypotension, sexual 
dysfunction, delirium and manic states, etc. Furthermore, the hepatic 
metabolism of some antidepressants is mainly dependent on the activity 
of hepatic cytochrome enzymes sometimes producing clinically signifi-
cant drug interactions. Moreover, developing of tolerance or physical 
dependence to their effects have been reported (Al-Windi, 2005; Flint 
and Kendler, 2014; Cipriani et al., 2018). 

Allopurinol which is an effective medication in the treatment of 
hyperuricemia and gout, is known to function as a xanthine oxidase 
enzyme inhibitor. Interestingly, high level of xanthine oxidase have 
been detected in depressed patients (Herken et al., 2007) and its role in 
depression is previously demonstrated by clinical and preclinical in-
vestigations (Gibney et al., 2014; Reus et al., 2015). It is reported that 
allopurinol can increase levels of tryptophan (TRP) which is positively 
correlated with the concentration of serotonin (Gurbuz Ozgur et al., 
2015). 

The brain-derived neurotrophic factor (BDNF) is one of the neuro-
trophies that is important in several mental disorders. Its expression and 
regulation could affect depressive-like behaviors in animal models and 
in depressed patients (Dwivedi, 2009; Yang et al., 2020). Many studies 
have shown the relation between serotonin level and serum level of 
BDNF (Nutt, 2002; Yang et al., 2020). 

Therefore, the present work aimed to determine the antidepressant- 
like effects of allopurinol in chronic administration in FST, TST and OFT 
and to evaluate the changes in BDNF serum levels in the male albino 
rats. 

Materials and methods 

Animals and drug administration and design of study 

Animals were prepared from Pasteur Institute of Tehran, Iran. They 
were kept with 12 h of light and 12 h of darkness, a constant temperature 
of 23 ± 1 ◦C, and humidity levels of 54 ± 1 %. Thirty-five male Wistar 
albino rats (8 weeks old) were divided into five groups: (control (D.W), 
10 mg/kg fluoxetine (PAK-DAROU Pharmaceutical Co, Tehran Iran), 25, 
50 and 100 mg/kg allopurinol (Hakim Pharmaceutical Co., Tehran, 
Iran); n = 7 per group). The allopurinol doses have been chosen based on 
previous work (Gurbuz Ozgur et al., 2015). They received all treatments 
intraperitoneally (i.p) every day. Forced swimming test (FST) tail sus-
pension test (TST) and open field test (OFT) were performed once before 
and after 21 days of drug administration. Finally, the serum BDNF levels 
were measured using the sandwich ELISA method. 

Animals’ maintenance and all the steps of the experiment were 
performed based on the ethical principles mentioned in the Helsinki 
Declaration related to the care and work of laboratory animals and were 
approved by the Ethics Committee in Animal Research of Tehran Islamic 
Azad University of Medical Sciences by ethic code of IR.IAU.PS. 
REC.1399.006. 

Forced swimming test 

One of the most valid and common tests for induction and evaluation 
of rodent depressive-like effects is the forced swimming test (FST). 
Briefly, the rats were placed individually into a cylindrical container 
made of acrylic glass with a diameter of 16 which was filled to a height 
of 30 cm with water of 23–24 ◦C for 6 min in exam day. After the first 2 
min, a video tracking system recorded the animal immobility (in 

seconds) for the last 4 min. Conventionally, the cessation of movements 
of the rat’s limbs and its floating is considered as immobility and its 
duration is considered as immobility time (Brandes et al., 1992). 

Tail suspension test 

Tail suspension test (TST) is also performed to assess the depressive 
features of rats and the extent of frustration and lack of struggle for 
survival. As described by Steru et al. each rat was suspended for 6 min by 
the tail (1–2 cm from the end of the tail) using adhesive tape. Likewise 
FST, after the first 2 min of familiarization with the situation, a video 
tracking system recorded the animal immobility (based on seconds) 
during 4 min (Steru et al., 1985). By definition, an animal was consid-
ered immobile when it ceased any movement in the body. 

Open field test 

The open field consists of a black plastic square board with a side size 
of 50 * 50 cm divided into 25 equal squares by white lines that is sur-
rounded by 50 cm high black walls. Rats were placed in the arena and 
allowed to explore it for 6 min and the number of lines crossed is for last 
4 min. The movements were recorded by a video tracking system and 
stored on a computer. 

Sandwich ELISA for BDNF serum level evaluation 

Finally, the animals were euthanized by Ketamine hydrochloride and 
Xylazin (100 mg/kg and 10 mg/kg, i.p., respectively), and blood sam-
ples were collected from their hearts then centrifuged for 10 min at 
2000 rpm. We used a commercially available sandwich ELISA kit (EK- 
3127–97) as described by the manufacturer. Briefly, 50 μl of sequen-
tially diluted Rat BDNF Standard was poured into each well of rabbit 
anti-human BDNF pre-coated 96-well plates. Then 40 μl of each serum 
sample was transferred to the wells and then 10 μl of biotin-labeled 
antibodies were added to each. In the next step, 50 μl of streptavidin- 
HPR was added to all wells and incubated for 60 min at 37 ℃. At this 
stage, plates were washed 5 times with buffer. Then 50 μl of chromogen 
A and 50 μl of chromogen B solutions were added to all wells, respec-
tively. The microplate was then incubated for 10 min at 37 ℃ to 
determine the amount of BDNF in the serum sample, which is sand-
wiched between two antibodies. At the end of the incubation period, the 
stop solution was added to the plates. Finally, the microplate was placed 
in the ELISA reader (Vira-teb-tajiz, Iran) for 15 min at a wavelength of 
450 nm. 

Statistical analyses 

Statistical analyses were performed in SPSS software version 25. In 
all cases, P value less than 0.05 considered significant. In data analysis, 
first, the normality of the data was examined using a single sample 
Kolmogorov-Smirnov test, with confirmation of the normality, appro-
priate parametric methods such as Student’s t-test and analysis of vari-
ance were used, and in the absence of normal distribution, Kruskal- 
Wallis and Mann-Whitney were applied. 

Results 

Evaluation of depressive-like effects by FST 

As shown in the Fig. 1, swimming times of rats received either 
fluoxetine 10 mg/kg) or allopurinol at all doses (25, 50, and 100 mg / 
kg) were significantly increased (dose-dependently in case of allopu-
rinol) compared to the control group (P = 0.0001, P = 0.002, P =
0.0001, P = 0.0001, respectively). 
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Evaluation of motor function activities by OFT 

OFT was performed to assess the mobility of rats and exploration the 
field. Analysis revealed that there was no significant difference in the 
mean number of lines crosses in the OFT between diverse groups 
(p = 0.592). This indicates that neither fluoxetine nor allopurinol at 
doses of 25, 50, and 100 mg/kg had stimulatory effect on mobility of 
rats (Fig. 2). 

Evaluation of depressive-like behaviors in TST 

As shown in Fig. 3, all groups receiving allopurinol 25, 50, 100 mg/ 
kg and fluoxetine 10 mg\kg had significantly reduced immobility time 
compared to the control group (P = 0.009, P = 0.004, P = 0.004, 
P = 0.0001 respectively), but these three groups did not have a signif-
icant difference in reducing the immobility time of rats compared to the 
group receiving fluoxetine (P = 0.177, P = 0.589, P = 0.537 
respectively). 

Changes in serum levels of BDNF using Sandwich ELISA 

As it is reported in Fig. 4, BDNF concentration in the serum sample of 
rats which received allopurinol 25 mg/kg was not significantly different 
from the control group (P₌0.812), while BDNF serum levels in allopu-
rinol 50 and 100 mg/kg was significantly different from the control 
group (P₌0.000 and P₌0.000, respectively). The serum level of BDNF in 
the group receiving fluoxetine was highest. Allopurinol 100 mg/kg 
showed a comparable effect on the BDNF serum level as well as the 
fluoxetine. 

Discussion 

In recent years, increasing attention has been paid to the antide-
pressant effects of atypical drugs. Allopurinol is a xanthine oxidase 
enzyme inhibitor that apart from its usefulness in gout, helps to improve 
various diseases, including hypoxia-ischemic encephalopathy in new-
borns (Annink et al., 2017), ischemia-reperfusion in various organs 
(Prickaerts et al., 2014), and had been shown to have pro-epileptic ef-
fects (Lakatos et al., 2018). Xanthine oxidase and xanthine has been 
reported to induce mood swings and depressive symptoms that can be 
due to oxidative stress in the brain (Salim et al., 2011). 

The FST is the most commonly used model of depressive like 
behaviour in rodents. This test is very sensitive and relatively specific to 

Fig. 1. The effect of allopurinol 25, 50, and 100 mg/kg, and fluoxetine 10 mg/ 
kg after 3 weeks in immobility time in FST. * * p < 0.01 and * ** p < 0.001 
compared to control group; ### p < 0.001 compared to fluoxetine 
group (n = 7). 

Fig. 2. The effect of allopurinol 25, 50, and 100 mg/kg, and fluoxetine 10 mg/ 
kg after 3 weeks, in number of lines crossed in OFT None of the groups showed 
statistically different performance in OFT (n = 7 per group). 

Fig. 3. The effect of allopurinol 25, 50, and 100 mg/kg, and fluoxetine 10 mg/ 
kg after 3 weeks in immobility time in TST. * * p < 0.01 and * ** p < 0.001 
compared to control group; ### p < 0.001 compared to fluoxetine 
group (n = 7). 

Fig. 4. The effect of allopurinol 25, 50, and 100 mg/kg after 3 weeks, 
compared to fluoxetine and control groups in serum levels of BDNF. BDNF, 
Brain-derived neurotrophic factor; * ** p < 0.001 compared to control group; 
## p < 0.01 compared to fluoxetine group; ### p < 0.001 compared to 
fluoxetine group (n = 7). 
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all major classes of anti-depressant agents. It is widely used in rodents to 
predict anti-depressant potential of drugs. In the test, the immobility 
time of the animal in swimming is ascertained and a drug having anti- 
depressant like effect, decreases the immobility time. This immobility, 
referred to as behavioral despair in animals, is claimed to reproduce a 
condition similar to human depression (Gurbuz Ozgur et al., 2015). 

In this study, the effects of allopurinol 25, 50, 100 mg/kg on 
depressive-like features has been examined and this is the first time that 
changes in serum BDNF also have been measured after 3 weeks in male 
Wistar rats and compared to fluoxetine and control groups. In all 3 
groups that received allopurinol, a significant decrease in immobility 
time was observed dose dependently, in both FST and TST, which in-
dicates an improvement in depressive symptoms similar to the group 
that received fluoxetine. Our results are in line with some published 
articles that mentioned the effect of allopurinol in CNS (Prickaerts et al., 
2014; Kessing et al., 2019; Tovchiga and Shtrygol, 2012). Changes in 
serum BDNF level at higher doses of allopurinol (50 and 100 mg/kg) 
were also correlated with behavioral experiments. Allopurinol had no 
effect on movement profile of animals in OFT that means the drug lack 
any anxiogenic or excitatory activity. Based on the findings, 25 mg/kg of 
Allopurinol did not significantly increase serum BDNF compared to 
control group, even though the performance of these rats in FST and TST 
was significantly improved compared to controls. Therefore, non-BDNF 
related anti-depression mechanisms mediated by Allopurinol might be 
involved. 

BDNF expression in brain is an important sign of depression since its 
reduction was associated with stress and depressive symptoms. 
Increased BDNF indicates improvement in mood and could be effective 
in depression treatment (Duman et al., 1997; Faraguna et al., 2008; 
Huber et al., 2007; Molteni et al., 2006). Yamgata et al. in 1999 pro-
posed that BDNF has protective effects in TrkB-expressing PC12h cells 
against H2O2 free radicals and oxidative stress. One of the important 
sources of free radical production is the xanthine oxidase enzyme and 
BDNF is a factor that had been shown to do its effect by interrupting this 
enzyme’s activity (Yamagata et al., 1999). Therefore, it could be sug-
gested that the increased serum level of BDNF (as an indicator for 
measuring the anti-depressants effect) is the result of inhibiting xanthine 
oxidase activity and free radicals’ production by allopurinol. In this 
regard, the results of our study revealed that higher doses of allopurinol, 
which increased the inhibition of xanthine oxidase, could be associated 
with increased serum levels of BDNF and improved depressive-like 
behaviors. 

Another recent study also reported that tryptophan 2,3 dioxygenase 
activity, which metabolizes tryptophan, was reduced by xanthine oxi-
dase inhibitors (including allopurinol), increased tryptophan and 
elevated serotonin in the brain and exerted antidepressant effects 
(Gurbuz Ozgur et al., 2015). In fact, our results also showed antide-
pressant effects in both behavioral and serum BDNF. In another study 
Karve et al. examined the antidepressant effects of allopurinol and 
Febuxostat using a forced swimming test and showed their strong effect 
on depressive-like behaviors (Kessing et al., 2019). 

However, at pharmacological point of view, it is still not clear 
whether the antidepressant effects of allopurinol are due to a direct ef-
fects on the BDNF or an indirect effect related to its xanthin oxidase 
inhibition. 

Conclusion 

Allopurinol showed depressive-like features in rats and increased 
serum BDNF levels dose-dependently at high concentrations. This is the 
first time that effects of allopurinol on the serum level of BDNF is re-
ported specially in chronic administration. The results compared with 
three behavioral well-known animal model tests (FST, TST and OFT) and 
the correlation with them at high doses is reported. Besides, allopurinol 
had no effects on movement profile of animals with no stimulatory ac-
tion. However, the exact mechanism of allopurinol in rising BDNF is not 

clear. Regarding lower concentration of allopurinol, other mechanisms 
might be involved rather than BDNF rising. 
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