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1. Introduction

DVS is approved for management depression, chemically 
unrelated to other existing options (tricyclics/tetracyclic, 
dual-acting reuptake inhibitor of serotonin-norepinephrine 
(SNRI) (Solem  et  al., 2016). Preclinically DVS found to 
inhibit reuptake of serotonin (5-HT), norepinephrine (NE) 
and weakly dopamine (DA). DVS is relatively more potent 
inhibitor of norepinephrine transporter (NET) than pure 
venlafaxine findings at testifies its less potent actions on 

NET than on the serotonin reuptake pumps (Asokan et al., 
2014, Santos Junior  et  al., 2002). DVS is an atypical 
antidepressant which is used in neurological illnesses, 
blocks transporter proteins especially for neurotransmitters 
affecting mood, hence, increase neurochemicals (5-HT 
and NE) at synaptic space. Roughly it is inhibits 5-HT 
reuptake ten times more affinity than norepinephrine 
(Deecher et al., 2006).
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Resumo
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2.4 Maximal electroshock (MES)-induced convulsion

Rodents selected randomly and divided into four 
groups (n=6), administered either saline or DVS (10, 20 or 
30 mg/kg, i.p.). The electric current stimulus (18 mA, 50 Hz 
for 0.2 s) after 30 min using an electroconvulsometer by 
corneal electrodes. Proportion protection and hind limb 
extension time (i.e., hind limbs outstretched at 180° to their 
body axis) noted. 100% protection considered as absolute 
lack of hind limb extension (Viswanatha et al., 2016).

2.5 Rota rod test

Ataxia in mice was assessed employing the rotarod 
test. Animals located diameter on a 6 cm rod rotating at 
25 rpm, (height 25 cm from the floor). Mice grouped into 
4 sets (n=6) and educated to stay on the rod for 3 sequential 
trials (1 min/trial). Subsequent day, animals of each set 
administered either saline or DVS (10, 20 or 30 mg/kg, i.p.). 
30 min later, every single mice positioned on rotating rod 
for 1 min. % of animals presenting motor incordination 
calculated (Tirumalasetti et al., 2015).

2.6 Estimation of brain GABA (gamma-Aminobutyric acid) 
in PTZ-induced mice

After sacrificing animals, brain was isolated instantaneously. 
The assessment of brain GABA levels done according to 
formerly described procedures (Herrera-Calderon et al., 2018a).

2.7 Estimation of oxidative stress parameters in PTZ-
induced mice

The extent of LPO measured as malondialdehyde (MDA) 
content in the tissue, SOD and GSH valued in the brain 
tissue, conferring to earlier stated approaches (Herrera-
Calderon et al., 2018a, Reddy et al., 2018, Noor et al., 2015).

2.8 Statistical analysis

Results are shown as means ± standard error of the 
mean. All the other variables were scrutinized by one way 
ANOVA tracked by a post hoc test (Dunnett’s). P<0.05 were 
considered as significant. GraphPad used for statistical 
calculations (Prism Software).

3. Results

3.1 PTZ-, STR-, and pilocarpine-induced convulsion

Treatment of DVS significantly (P<0.01) affected the PTZ-
induced convulsions (Table 1); STR-induced convulsions 
(Table  2) and pilocarpine-induced convulsions in mice 
(Table 3), respectively. Statistical analysis (Dunnett’s post 
hoc test) results claims that DVS administration (10, 20 or 
30 mg/kg, i.p.) significantly (P<0.01) amplified latencies 
to develop convulsion and duration of myoclonic seizure 
as compared to control group. DVS exhibited noteworthy 
defense against mortality as well as tremors.

3.2 MES-induced convulsions test

DVS treatment considerably (P<0.01) affected MES-
induced seizures in mice. Statistical analysis depicted that 

Depression co-exists with epileptic disorder often, 
considerably found responsible for suicide tendencies in 
epileptic patients. Researchers have already claimed that 
proper antidepressant medications improve the outcome of 
both disorders (Cardamone et al., 2013). The antidepressants 
inhibit reuptake of NE and 5-HT presynaptic nerve 
terminals, investigators endorsed both the antidepressant 
and convulsant liabilities to these same pharmacodynamic 
responses (Fasipe, 2018). Finally, it has been reported 
that selective reuptake inhibitors of serotonin (SSRI) and 
norepinephrine/ serotonin reuptake inhibitors (SNRI) reveal 
the least proseizure activity and suggested as choice of drugs 
in patients with depression and epilepsy as co-morbidity 
(Cardamone et al., 2013). Nemrous experimental findings 
established noradrenergic and serotonergic agonism 
results antidepressant and anticonvulsant effects (Blier 
and El Mansari, 2013). 5-HT-like NE exhibits antiseizure 
character in most convulsion models of rodents (Tupal and 
Faingold, 2019; Nayana, 2014). Present study intended to 
explore an innovative strategy to intensify the usefulness of 
anticonvulsant therapy and to find/indicate antidepressants 
in the treatment of epilepsy. It has not been reported yet 
that either the DVS affects convulsion in mice or not. Hence 
this protocol designed to evaluate the antiepileptic potential 
of DVS using different paradigm in mice.

2. Materials and Methods

2.1 Animals

Male healthy albino mice of 6-7 weeks were selected & 
housed under maintained standard ecological conditions. 
The animals had unrestricted access to a normal pellet 
diet and water ad libitum. The animal study was permitted 
by Local bioethics committee of Jouf University, Sakakah, 
Saudi Arab. Experimental rodents were ingenuous to drug 
treatments at the start of the study. Animals shifted to the 
experimental area with home cages and acclimatized to 
this new environmental condition for one hour before 
conducting experiments. Testing done in a counter-balanced 
directive concerning the experiments in a noise-free area.

2.2. Drugs and Chemicals

DVS, pentylenetetrazole (PTZ), strychnine (STR) and 
pilocarpine (Sigma-Aldrich Co, St. Louis, MO, USA).

2.3 PTZ-, STR-, and pilocarpine-induced convulsion models

Experimental animals administered DVS (10, 20, or 30 
mg/kg, i.p.) 30 minutes before to the exposure of PTZ (85 
mg/kg/ i.p.) (Azimi and Asgarpanah, 2021), STR (75 mg/
kg/i.p.), and pilocarpine (400 mg/kg, subcutaneously). 
Animals then replaced back to their home cages and 
observed for next 30 min. Latency to first seizure, % 
animals demonstrating convulsions, latency in mortalities, 
and % of deaths were recorded (Wlaź et al., 2015, Dighe 
and Barve, 2019). Animals those did not show any tonic 
or clonic convulsion within 30 mins duration of PTZ, STR 
and pilocarpine exposure reported as protected. Control 
group administered with saline instead of DVS.
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3.5 Effect of DVS on oxidative stress

The MDA levels significantly elevated in PTZ-induced 
convulsive mices (Table 6). However, MDA levels found 

DVS (10, 20 or 30 mg/kg, i.p.) considerably (P<0.01) declined 
the time spent during hindlimb extension as compared 
to the normal control animals (Table 4). DVS exhibited 
significant protection against mortality and convulsions.

3.3 Rotarod test

Statistical assessments point out that DVS administration 
(10, 20 or 30 mg/kg, i.p.) did not cause any motor in-
coordination in rotarod study.

3.4 Effect of DVS on brain GABA level

The brain inhibitory neurotransmitter (GABA) levels 
were considerably (P<0.01) and dose-dependently elevated 
by DVS (10, 20 or 30 mg/kg, i.p.) usage as compared to PTZ 
control group (Table 5).

Table 2. Effects of DVS on STR-induced convulsion.

Group Dose (mg/kg, i.p.)
Latency for 

convulsion (sec)
Duration of 

myoclonic jerks (sec)
% protection 

against seizures
% protection 

against mortality

Control 10 ml 25.5 ± 3.0 12.50 ± 1.1 0 0

DVS 10 45.5 ± 3.5 18.50 ± 1.3 34.0 35.9

20 54.5 ± 4.4* 20.49 ± 2.4* 47.5 46.0

30 80.6 ± 5.6* 25.83 ± 2.6* 55.9 58.7

DVS-desvenlafaxine, STR- strychnine; mean ± SEM; *P<0.01 vs. saline treatment (Analyzed by post hoc test).

Table 1. Effects of DVS on PTZ-induced convulsion.

Group Dose (mg/kg, i.p.)
Latency for 

convulsion (sec)
Duration of 

myoclonic jerks (sec)
% protection 

against seizures
% protection 

against mortality

Control 10 ml 118.3 ± 7.5 12.5 ± 1.2 0 0

DVS 10 182.2 ± 8.8 21.5 ± 0.7 58.2 60

20 244.8 ± 18.7* 25.6 ± 0.9* 76.8 78

30 269.7 ± 17.1* 29.8 ± 0.4* 80.3 80

DVS-desvenlafaxine, PTZ- pentylenetetrazole; mean ± SEM; *P<0.01 vs. saline treatment (Analyzed by post hoc test)

Table 4. Effects of DVS on MES-induced seizures.

Group Dose (mg/kg, i.p.)
Duration of hind limb 

extension (sec)
% protection against 

seizures
% protection against 

mortality

Control 10 ml 10.3 ± 1.1 0 0

DVS 10 5.8 ± 0.4 50.0 63.1

20 3.0 ± 0.5* 67.5 83.3

30 0.8 ± 0.3* 91.3 98.6

DVS-desvenlafaxine, MES- maximal electroshock; mean ± SEM; *P<0.01 vs. saline treatment (Analyzed by post hoc test).

Table 3. Effects of DVS on pilocarpine - induced seizures.

Group Dose (mg/kg, i.p.)
Latency for 

convulsion (sec)
Duration of 

myoclonic jerks (sec)
% protection 

against seizures
% protection 

against mortality

Control 10 ml 410.3 ± 44.9 15.50 ± 1.2 0 0

DVS 10 716.8 ± 29.6 19.50 ± 0.7 51.2 59.9

20 844.0 ± 59.5 22.66 ± 0.9* 60.5 68.5

30 1040.0 ± 45.4* 24.83 ± 0.4* 69.7 71.2

DVS-desvenlafaxine; mean ± SEM; *P<0.01 vs. saline treatment (Analyzed by post hoc test).

Table 5. Effects of DVS on PTZ-induced convulsion in brain GABA 
in mice.

Group
Dose  

(mg/kg, i.p.)
GABA  

(ng/g of brain tissue)

Control 10 ml 17.5 ± 1.0

DVS 10 22.4 ± 0.5*

20 31.5 ± 0.5** 

30 48.3 ± 0.5**

DVS-desvenlafaxine, GABA-gamma-Aminobutyric acid; Mean ± SEM; 
*P<0.01; **P<0.001 vs. saline treatment (Analyzed by post hoc test).
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findings showed protective effect in the hippocampus and 
improved after dexmedetomidine on pilocarpine-induced 
status epilepticus (Tan et al., 2019).

STR-induced convulsions involve blocking of mainly 
glycine response at spinal cord. Glycine functions as 
inhibitory neurochemical and STR cause selective 
antagonism of all glycine receptors (Nakahata  et  al., 
2017). Findings of our experiments revealed that STR-
induced convulsions are moderately suppressed by DVS 
administration.

GABA a universal inhibitory neurochemical plays 
a vivacious role in numerous neurological disorders, 
together with a seizures (Kim and Yoon, 2017). It has been 
documented earlier that the SSRIs has slight impact on 
GABAergic conduction in the brain (Walia and Gilhotra, 
2017). The present research investigated the antiepileptic 
potential of DVS using different animal models and 
behavioral and biochemical considerations against PTZ-
induced convulsions. Results of this research demonstrated 
that DVS significantly attenuated the alterations in GABA 
levels and free radical scavenging enzymes in PTZ-induced 
mice.

In the present study, pretreatment with DVS showed 
significantly increased latencies for convulsion and duration 
of myoclonic jerks which may be due to increasing GABA 
levels. These findings suggest that DVS may have an effect 
on the GABA receptor, which shows the anti-convulsion 
potential.

The DVS against MDA levels might be related to the 
antiseizure activity, MDA measurements describes the level 
of LPO. Increased oxidative free radicals and dysfunctional 
mitochondria served as important contributing factors 
in the development of epilepsies as well as many other 
neurological diseases (Faghihi and Mohammadi, 2017). 
Results of our experiments depicted that MDA was 
considerably elevated following convulsions in mice and 
DVS showed considerable safety against lipid peroxidation 
(MDA). It is well documented that LPO cause destruction 
of biological membranes and affect the function as well 
(Herrera-Calderon et al., 2018b).

Results of our present research depicted that DVS 
treatment to animals significantly increased brain SOD and 
GSH levels. Earlier scientific reports suggested correlation 
in convulsion and elevated oxidative free radicals (Pearson-
Smith and Patel, 2017, Geronzi et al., 2018). Some others 
documented that decreased SOD can lead in neuronal 
damage (Wang et al., 2018). The reduced SOD levels in 
PTZ-induced seizures normalized by the dose-dependent 
manner of DVS. To be attested our findings, a previous 

declined (P<0.01) in DVS exposed animals at different 
dose levels (10, 20 and 30 mg/kg) and PTZ control group. 
In PTZ control animals were considerably (P<0.01) reduced 
SOD and GSH actions. While treatment with DVS caused 
noticeably (P<0.01) and increments dose-dependent in 
SOD and GSH levels compared to PTZ control mice group.

4. Discussion

Present scientific findings report first the anticonvulsant 
effect of DVS in experimental animal models. By these 
observations, we conclude that DVS exhibit anticonvulsant 
action against PTZ, STR and pilocarpine-induced 
convulsions. Further, DVS administration to the rodents 
did no cause any sign of motor in-cordination.

DVS may be effective in treating epilepsy-associated 
serotonin and noradrenaline reuptake inhibitor 
(Kumar  et  al., 2016). Depression in epileptic pateints 
fundamentally differs than common depressive disroders. 
Drugs targeting serotonin at synapse (SSRIs) are most 
recommended antidepressants in epileptic patients. 
The previous study highlighted that SSRIs might have 
antiepileptic effects in animal induced epilepsy models 
(Kanner, 2016).

Present study intended to investigate DVS using 
convulsions paradigm viz., MES, PTZ, STR and pilocarpine-
induced mice. Results of MES-induced convulsion paradigm 
exhibited that DVS dose-dependently reduced the tonic 
convulsions interval (hind limb extension).

Although, anticonvulsant mechanism action of DVS 
against MES induced epilepsies is not clear. In the PTZ-
induced convulsion experiment, DVS dose-dependently 
increased latencies to produce convulsions as well as 
duration to myoclonic jerks, suggesting a protective 
effect. DVS reduce serotonin level at synapse, reserved 
pentylenetetrazole-induced fits. This finding indicate that 
there may be other mechanisms that offer antiepileptic 
effect of antidepressant drugs (Heydari and Davoudi, 2017). 
DVS had no effect on motor coordination also.

Pilocarpine muscarinic receptor agonist, these receptors 
predominantly found in the hippocampus, striatum, and 
cortex. Pilocarpine administration leads to recurring 
limbic convulsions and status epilepticus, replicating some 
features of human temporal lobe epilepsy in rodents (Borges 
Fernandes et al., 2012). Results of current experiments 
advocates that DVS administration prevent pilocarpine-
induced tremors, indicating that DVS antagonize muscarinic 
receptors in mice brain (Deecher  et  al., 2006). Earlier 

Table 6. Effects of DVS on PTZ-induced alteration in oxidative stress in mice.

Group Dose (mg/kg, i.p.) MDA (nmol/g of brain tissue) SOD (U/mg of protein) GSH (μg/mg of protein)

Control 10 ml 2.3 ± 1.0 3.40 ± 0.4 0.80 ± 0.05

DVS 10 1.7 ± 0.5* 7.80 ± 0.5* 2.15 ± 0.3*

20 1.5 ± 0.5** 10.20 ± 0.7** 2.68 ± 0.3**

30 1.2 ± 0.5** 10.90 ± 0.7** 2.78 ± 0.2**

DVS-desvenlafaxine, MDA-Malondialdehyde, SOD-Superoxide dismutase, GSH-Glutathione; Mean ± SEM; *P<0.01; **P<0.001 vs. saline 
treatment (Analyzed by post hoc test).
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research documented protective effect of DVS on SOD level 
in mice (Silva et al., 2016). As mentioned earlier SOD is a 
potent scavenger of toxic O2 free radicals that converted 
to hydrogen peroxide (H2O2) (Mukherjee  et  al., 2017, 
Adil et al., 2016). The next step in this cascade of reaction 
encompasses one more essential antioxidant “GSH”. 
Scientists have reported already that PTZ administration 
significantly reduces GSH levels (Erkec et al., 2018, Abdel-
Salam et al., 2019). Findings of our experimental protocol 
depicted DVS at dose-dependent manner significantly 
elevated brain GSH levels in PTZ-treated mice. Findings of 
our experiments interprets that DVS possess anticonvulsant 
activity by preventing serotonergic and/or noradrenergic 
mechanisms in convulsion activity.

5. Conclusion

The present study revealed that administration of 
DVS exhibit concentration dependant anticonvulsant 
activity in experimental animals. These findings support 
the hypothesis that DVS play a role in inhibition of 
convulsions in mice under control condition and attenuate 
the convulsion-induced oxidative damage.
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