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Abstract
Traumatic brain damage is common worldwide and the treatments are not de�ned. Vinpocetine is PDE1
inhibitor and reported to protect brain damage following various neurptoxic insults. Here in the current
study we have investigated the neuroprotective potential of vinpocetine against traumatic brain injury.
TBI was induced by Marmarou weight drop method in rats. Brain damage was evaluated using cognition,
motor functions and alterations in biomolecules. Injured rats were treated with different doses of
vinpocetine for four weeks. Traumatic brain injury in rats produced signi�cant deteriotation of cognition
and motor functions. Elevation in markers of oxidative stress, alterations in other monoamines were
observed in injured rats, whereas vinpocetine treated rats showed signi�cant recovery with improved
alterations in cognitive and motor functions and also restored traumatic brain injury induced biochemical
alterations. The observed neuroprotective potential of vinpocetine could be related to its antioxidant
potential and its ability to frestore brain neurohemical alterations under stressful conditions.

1. Introduction
TBI is one of the most intricate injury that occur in the most complex part of the body (Dixon 2017).
Traumatic brain injury (TBI) is the main reason of death and disability among all age groups (Rutland-
Brown et al. 2006). In developing countries the rate of TBI is higher than the developed countries, and it
has been predicted to overcome many other diseases as cause of death and disability by 2030 (Teasdale
and Jennett 2006).

TBI is mechanical or external force that destructs the structure of brain, blood vessels, nerve cell etc
which impede the motor functioning, cognition, state of being conscious and other associated
functioning. The triggered pathophysiological events during TBI include calcium dysregulation, over
activity of voltage gated sodium channels,cerebroenergetic failure, in�ammatory reactions, oxidative
damage etc which propagate the neurodegerative changes (Werner and Engelhard 2007).

The current therapies in clinical use are only palliative and provide symptomatic relief leading to
temporarily limited improvement of clinical symptoms of TBI. Consequently new therapies are needed to
�nd the condition of TBI modifying agents that may delay or stop the neuronal damage.

Vinpocetine targets various pathological events and it is believed to be a smart drug and could relate to
an octopus having its arms includes the improving the cerebral blood �ow neuro-in�ammatory, free
radical scavenging, vasodilatory effects and so on. Undoubtedly vinpocetine targets oxidative stress,
neuroin�ammation, excitotoxicity, Na + channels dysregulation through various mechanisms. Apart from
these remarkable actions of vinpocetine it also acts though PDE1 inhibition Phosphodiesterases (PDEs)
are the enzymes which reduce the level of cyclic nucleotides by their metabolism (Oliva Jr et al.
2012).Inhibition of PDE activity is a way to elevate the second messengers mediated signalling activity
(Deshmukh and Sharma 2013). Thus plays a pivotal role in the modulation of CREB mediated
transcription, brain derived neurotrophic factor (BDNF) levels and other neurotrophic signals key initiation
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factor for Traumatic Brain Injury. It has been well known that secondary messengers i.e. cAMP (cyclic
AMP) and cGMP (cyclic GMP) regulate brain function and has a potential to rescue neurons under stress.
By considering these actions of vinpocetine we could use vinpocetine to delay or inhibit the neuronal
damage followed by TBI. The idea of treating TBI may upbeat the existing symptomatic cure and
therapies. Thus in the present study, we sought to investigate the neuroprotective potential of Vinpocetine
in TBI and associated co-morbidities.

2. Material And Methods

2.1 Experimental animals
Adult Sprague Dawley rats (either sex) weighed 200–300 gm were obtained from Central Animal House
facility at Maharaja Ranjit Singh Punjab Technical University, Bathinda, Punjab (India). The animals were
housed in the polyacrylic cages under controlled environment (room temperature 25 ± 2℃ and 60 ± 10%
relative humidity) with 12h light/dark reverse cycle. The animals were maintained on a commercial food
diet (Ashirwad Industries, Mohali) in the form on dry pellets and water ad libitum. All the behavioural were
assessed between 9:00 am to 5:00 pm. The protocol of the study was duly approved by Institutional
Animal Ethics committee (IAEC) with approval no. MRSPTU/IAEC/2019/04 and was carried out in
accordance with Committee for the Purpose of Control and Supervision of Experiments on Animals
(CPCSEA) guidelines for the use and care of experimental animals.

2.2 Drugs and Chemicals
Vinpocetine was received from M/S Covex Pharma, Spain as an ex-gratia sample. Vinpocetine was
dissolved in saline. All the chemicals used in this study were of analytical grade. Solutions of the drugs
were freshly prepared before use.

2.3 Induction of brain injury
Induction of brain injury is accompanied by method described by (Marmarou et al. 1994) using a TBI
device made by DoPST, MSPTU, Bathinda. Animals were �rstly anaesthetized by intraperitoneally
administration of ketamine and xylazine (80mg/kg and 5mg/kg). Around 1 cm long incision was made
on the scalp of the shaved head of the animal. The metallic disc was placed on the skull between bregma
and lambda to prevent cranium injury. A freely falling cylindrical metallic weight of 250 gm was allowed
to directly hit the head. Animal was laid on a form bed to prevent secondary body injury. The incision was
sutured and neosporin was sprinkled and gentamicin was given to avoid surgical infection (5mg/kg i.p).
After 1 hour sweetened milk was given to animals, proper beddings and care was done.

Figure 2.3.1 a and 2.3.1b

2.3.2 Experimental group and treatment schedule: 
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The animals were kept under rehabilitation for 14 day after TBI. Animals were regularly observed. Drug
treatment was started from same day of injury after 4–5 hours and continued till 28th day. Total 30
animals were used and were divided into �ve groups having 6 animals per group shown as following:

Experiment design: Fig. 2.3.2

3. Parameters Assessed

3.1 Measurement of body weight: 
The body weight was measured before induction of the injury and on the last day before sacri�cing. The
percentage change in the body weight was calculated as follows:

Change in body weight = 
( Body weight of 1st day-body weight of last day) ×100

Body weight of 1st day  

3.2 Behavioural parameters:

3.2.1 Locomotor activity: Rotarod: 
The aim of rotarod is to test the motor coordination and balance of body in case of rodents. This requires
the animal to balance on the rotating rod and their latency of falling is meant as end point and recorded.
The rotarod (IMCORP, Ambala, India) is an automated apparatus with a 3 cm diameter “grooved rod,”
speed controls, and a lever that triggers the timer to stop once the rat falls from the rod.

The animals were �rstly trained for 3 days prior of starting the protocol. On the �rst day of protocol before
inducing injury the fall off time was noted as basal readings. After 1st day on 14th as well as on 28th day
readings were again recorded.

3.2.2 Open �eld Test (OFT)
The open �eld apparatus was used to assess or evaluate spontaneous locomotor activity. OFT is square
arena having white wall and �oor having dimensions (70 ×70× 25). Each animal was singly placed in the
centre of the open �eld and allowed to freely range over for �ve minute. The parameters analysed
included active time, passive time and total number of crossing from one quadrant to another. The whole
parameter was analysed by Maze master video tracking system. The OFT apparatus was cleaned with
10% ethanol between the each session to remove the odour left by other animal.

3.2.3 Object recognition test (ORT): 
This parameter is used to access the recognition memory of the animals. On 27th and 28th day ORT is
done. Rats were individually placed in open �eld arena having dimension (70 ×70× 25) for 5 minutes for
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habituation in arena, 24 hours prior to test. On the test day before taking readings place the animal in
arena for 5 min. In acquisition phase two identical objects (FA1 and FA2) were taken and must be heavy
so that animals can’t able to move it or climb over it, were placed symmetrically. After 24 hours one of the
object was replaced by a novel one (NO) to explore the behaviour again for 10 minutes. The open �eld
arena and all objects were thoroughly cleansed using 10% ethanol between sessions to preclude odour
recognition. The time spent near the object, rearing, sni�ng at distance around 2 cm or touching was
recorded. Successful recognition was revealed by preferential exploration of novel objects discrimination
of visual novelty was assessed by preference index.

Discrimination index =  
Timespentnearnovelobject−Timespentnearoldobject
Timespentnearnovelobject+Timespentnearoldobject  

3.3 Dissection and homogenization: 
Animals were sacri�ced on the last day of protocol and sample of brain ware isolated. 10% (W/V) tissue
homogenate was prepared by using 0.1 M phosphate buffer (pH 7.4) in homogeniser. The homogenate
was centrifuged at 10000 g for 15 minutes. The supernatant was separated and used for various
biochemical estimations.

3.4 Estimation of oxidative stress marker and
acetylcholinesterase level

3.4.1 Measurement of Lipid Peroxidation: 
The extent of lipid peroxidation was determined quantitatively by performing the method as described by
Wills,1966. The amount of malondialdehyde (MDA) was measured by reaction with thiobarbituric acid at
532 nm using spectrophotometer. The procedure can be refereed in our another research paper
(Deshmukh and Sharma 2013)

3.4.2 Estimation of Nitrite: 
The presence of nitrite in the supernatant, which is an indicator of the production of NO was determined
by a colorimetric assay using Griess reagent (0.1% N-(1-napthyl) ethylenediamine dihydrochloride, 1%
sulfanilamide, and 5% phosphoric acid). The concentration of nitrite was expressed as µ mol per mg
protein (Green et al. 1982). The detailed procedure is illustrated by (Deshmukh et al. 2009a).

3.4.3 Estimation of Reduced Glutathione: 
Reduced glutathione was estimated according to the method described by Ellman, 1959. The results were
expressed as µ ml of reduced GSH per mg protein and the detailed procedure can be referred by (Sharma
and Deshmukh 2015).

3.4.4 Estimation of Superoxide dismutase: 



Page 6/25

Superoxide dismutase activity was assayed according to the method of Kono et al. The �nal results
obtained were expressed in units/mg protein, where one unit of enzyme is de�ned as the amount of
enzyme inhibiting the rate of reaction by 50% (Kono 1978). For the complete procedure please refer
(Deshmukh et al. 2009a)

3.4.5 Estimation of Protein: 
The protein content was evaluated by using Biuret reagent. The peptide group of proteins forms a purple
complex with copper ions in an alkaline medium. The OD of the samples was measured at 540 nm
illustrated in (Sharma et al. 2018)
3.4.6 Estimation of Acetylcholinesterase (AChE) Activity: Brain acetylcholinesterase was estimated using
the method of Ellman et al, and the illustration of the procedure is refereed with (Deshmukh et al. 2009a)
The absorbance was then noted at 412 nm using spectrophotometer for 2 min thereafter and the change
in absorbance per min was calculated (Ellman et al. 196)    

3.5 Neurochemical estimation: 

3.5.1 Estimation of brain catecholamines 
The levels of catecholamines in the brain were estimated using the method described by Jamwal et al
and Patel et al (Patel et al. 2005; Jamwal and Kumar 2016).. The levels of catecholamines (DA, serotonin,
and NE) in brain were estimated by high performance liquid chromatography (HPLC) using an
electrochemical detector (ECD). A Waters standard system consists of a high pressure isocratic pump, a
20-µl manual sample injector valve, a C18 reversed-phase column, and an ECD was used in the study.

Preparation of mobile phase
Sodium citrate buffer was prepared by dissolving 860 mg sodium dihydrogen phosphate and 325 mg
sodium citrate in 440 ml of HPLC water. 25mM ethylene diamine tetra acetic acid (EDTA) 2mM sulphonic
acid solution were prepared separately by dissolving 2mg of EDTA and 45 mg sulphonic acid in220 ml of
HPLC water each in different containers. All three solutions were allowed to sonicate for 10 minutes. All
three solutions were mixed in a single container, again sonicated for 10 minutes and pH was adjusted at
4. Solution was �ltered through 0.2 µ �lter. Then 120 ml of acetonitrile was added to the above solution
and allowed for sonication for 10 minutes. (Patel et al. 2005; Jamwal and Kumar 2016).

4. Results

4.1 Effect of vinpocetine on body weight against weight
drop induced TBI in rats.
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Weight drop on the head of the animal induce TBI due to which there is signi�cantly decrease in the body
weight of the animals may be due to the increases hypermetabolic state, thus when compared, of course
TBI treated rats showed signi�cant (p < 0.05) change in body weight as compared to sham control group.
Treatment with vinpocetine dose dependently (2.5, 5 & 5 mg/kg p.o) and signi�cantly revert back the
change in body weight as compared to TBI group (Fig. 4.1).

4.2 Effect of vinpocetine on parameters of locomotor
activity and memory

4.2.1 Effect of vinpocetine on rotarod activity against
weight drop induced TBI in rats
On induction of the injury the locomotor activity declines due to direct impact of the weight on the CNS
which makes the brain to lose its control on movement. Due to which TBI show signi�cant (p < 0.05)
decrease in rotarod activity as compared to sham control group (Fig. 4.2.1). Treatment with vinpocetine
(2.5, 5 & 5 mg/kg p.o) signi�cantly (p < 0.05) prevented the impairment in rotarod activity as compared to
TBI group on 15th and 28th day .Vinpocetine show dose dependent improvement in the fall off time on
rotarod apparatus on 15th as well as 28th day. All three doses showed signi�cant effect between them.

4.2.2 Effect of vinpocetine on active time in open �eld apparatus against weight drop induced TBI in rats
As the induction of the TBI cause gradual decrease in the locomotor activity due to impact of the weight
on brain which causes brain to abolish its control on the movement. The spontaneous active time was
estimated by open �eld on day 1st, 15th, 28th. On 15th day traumatized rats showed signi�cant decrease
in active time in open �led as compared to sham control, while treatment signi�cantly and dose
dependently increase the active time (Fig. 4.2.2a). Highest dose signi�cantly elevates the active time
spent by animals as compared to the lower most and intermediate dose whereas, no signi�cant
difference was observed with 2.5 and 5 mg/kg doses of vinpocetine.

By the weight drop on head, the movement declines and the animal prefer to stay in passive or non
moving stage as compared with the sham group. The passive time was observed by open �eld on 1st,
15th and 28th day of the protocol. On 15th and 28th day the TBI group signi�cantly (p < 0.05) enhance
the passive time spent by the animal as compared to the sham control group while on treatment with
vinpocetine dose dependently and signi�cantly attenuates the passive time spent in arena as compared
to the TBI group ( Fig. 4.2.2b). Highest dose signi�cantly attenuates the passive time spent by animals as
compared to the lower most and intermediate dose whereas, no signi�cant difference was observed with
2.5 and 5 mg/kg doses of vinpocetine.

Similarly the zone entries declines in case of the traumatized animals, The zone entries i.e. total number
of entries in the different zones was estimated by OFT on day 1st, 15th, 28th. On 15th and 28th day TBI
group showed signi�cant effect (p < 0.05) with sham group (Fig. 4.2.2c).
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On treatment with vinpocetine dose dependently and signi�cantly (p < 0.05) increase the no of crossings
as compared to the TBI group. Treatment with highest dose i.e. Vin10 mg/kg found to be highly effective
in treating the locomotion disability associated with TBI. Highest dose signi�cantly elevates the zone
entries of the animals as compared to the lower most and intermediate dose whereas, no signi�cant
difference was observed with 2.5 and 5 mg/kg doses of vinpocetine.

The trajectory pathway followed by the animals in OFT was tracked by Maze master video tracking
system and depicted through Fig. 4.2.2d.

4.2.3 Effect of vinpocetine on novel object recognition task against weight drop induced TBI in rats As the
weight drop on the head causes TBI which may affect the normal physiological functioning of
hypothalamus as well as cortex which attenuates memory and cognitive abilities. On day 27th following
by TBI, in the initial trial (T1) of the ORT was performed. Both the object were similar FA1 & FA2, all the
rats took almost similar time except the TBI group for object exploration depicted through Fig. 4.2.3b and
Fig. 4.2.3a demonstrated the ORT arena with similar as well as different object or novel object .

Whereas on day 28th, when animal exposed with �nal trial (T2) with familiar (already exposed object
FA1) and novel object (new object) showed signi�cant discrimination (Fig. 4.2.3c).TBI control group
showed a statistically signi�cant de�cit in their discriminatory index as compared to sham control group
(P < 0.05) as traumatized rats were unable to discriminate between familiar and novel objects may be due
to abnormal functioning of hypothalamus. Whereas, vinpocetine treatment produced signi�cant
improvement in discriminating ability between familiar and novel object as vinpocetine treatment show
signi�cant improvement in discriminatory index (P < 0.05) as compared to the TBI control group by
possible attenuating the neuronal signalling and functioning of the hypothalamus and other brain parts.
Vinpocetine treated rats spent more time in exploring the Novel object (p < 0.05). (Fig. 4.2.3d)

4.3 Effect of vinpocetine on oxidative stress parameter

4.3.1 Effect of vinpocetine on lipid peroxidation (LPO)
against weight drop induced TBI in rats
Weight drop on head of the animals cause TBI, which was evidenced by elevated level of oxidative stress
markers in animals and reduced systemic antioxidant production. The brain MDA levels were estimated
at the end of the protocol i.e. 28th day. TBI induced rats (TBI control group) produced elevation in lipid
peroxidation as indicated by signi�cant rise in the MDA level (p 0.05), indicating oxidative stress, which
were treated with PDE 1 inhibitor-vinpocetine at the doses of 2.5, 5 and 10 mg/kg signi�cantly attenuates
TBI induced elevation in MDA level. Figure 4.3.1 indicating its antioxidant potential (p < 0.05). Highest
dose i.e. 10mg/kg showed signi�cant effect with lower and intermediate dose, prove its highest
e�ciency.

4.3.2 Effect of vinpocetine on reduced glutathione (GSH)
levels against weight drop induced TBI in rats.
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By dropping the weight on the head of rat causes elevation in the ROS production and decline in the
systemic production of antioxidant including GSH, catalase etc thus state of oxidative stress arises. TBI
group showed decrease in GSH levels as compared with sham group. Vinpocetine treatment dose
dependently and signi�cantly elevates the GSH levels as compared with head trauma control group.
Highest dost showed maximum response and showed signi�cant effect in comparison to the lower and
intermediate dose (Fig. 4.3.2).

4.3.3 Effect of vinpocetine on SOD levels against weight
drop induced TBI in rats.
SOD has been found to play an important role on antioxidant system of body as it is known to detoxify
reactive oxygen species under normal as well as impaired conditions. A signi�cant reduction was seen in
SOD levels in TBI rats as compared to the sham control group. Vinpocetine dose dependently showed
signi�cant increase in SOD levels as compared to TBI group. Vin (10) showed maximal activity among all
three dose regimens, and showed signi�cant effect as compared to the lower most and intermediate
dose. However, intermediate and lower most dose of vinpocetine are not signi�cant with each other.
(Fig. 4.3.3).

4.3.4 Effect of vinpocetine on brain catalase activity against
weight drop induced TBI in rats.
Reactive oxygen species generated after brain trauma trigger a cascade of events resulting in neuronal
death. Despite numerous defenses, the brain is vulnerable to oxidative damage, mainly because of its
high level of ROS and decrease in antioxidant level i.e. catalase, GSH, SOD ETC. Thus, TBI induced
animals signi�cantly decrease the activity of catalase in the brain in comparison to sham control animals
(p < 0.05). Administration of vinpocetine dose dependently & signi�cantly restored the reduced activity of
catalase in brain in comparison to observed in TBI control animals. Vinpocetine treatment on highest
dose i.e. 10mg/kg showed signi�cant effect in elevating the brain catalase level with that of intermediate
as well as lower dose, however lower and intermediate dose were not found to be signi�cant with each
other (Fig. 4.3.4).

4.3.5 Effect of vinpocetine on nitrite levels against weight
drop induced TBI in rats.
Weight drop on head of rats caused TBI which evidenced by rapid increase in nitric oxide within minutes
following TBI. This elevation in nitrite levels is closely linked to a reduction in cerebral blood �ow. TBI
group showed signi�cant increase in nitrite levels as compared with sham group. Treatment with
vinpocetine signi�cantly and dose dependently attenuated the nitrite levels as compared with head
trauma control group. Highest dose i.e. 10mg/kg showed signi�cant effect with lower and intermediate
dose, prove its highest e�ciency. However, intermediate and lowest dose did not show any signi�cant
effect with each other (Fig. 4.3.5).
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4.3.6 Effect of vinpocetine on brain AChE levels against
weight drop induced TBI in rats.
After dropping weight on head of rat, the level of ACh declines due to the elevated AChE level which
increase the breaking of ACh into constituents affecting memory and cognitive impairment. TBI control
group showed signi�cant increase in the levels of AChE enzyme as compared to the sham group (P < 
0.05). All three doses of vinpocetine treatment signi�cantly attenuated the increased AChE activity as
compared with TBI group animals (P < 0.05). Treatment with highest dose i.e. Vin10 mg/kg found to be
highly effective in attenuating the AChE level. Highest dose signi�cantly attenuated AChE in animals as
compared to the lower most and intermediate dose whereas, no signi�cant difference was observed with
2.5 and 5 mg/kg doses of vinpocetine (Fig. 4.3.6).

4.4 Effect of vinpocetine in neurochemical estimation.

4.4.1 Effect of vinpocetine in estimation of catecholamines
level
On induction of the injury there is decline in the level of catecholamines due to the increase in the level of
its metabolism and receptor binding potential which affects mood, emotions, cognition etc.TBI control
group showed signi�cant effect in attenuating the level of catecholamines (dopamine, serotonin as well
as norepinephrine) level compared to the sham group (P < 0.05). All three doses of vinpocetine treatment
signi�cantly and dose dependently restored the level of catecholamine compared with TBI control group
(P < 0.05). Vinpocetine 10mg/kg signi�cantly restore the catecholamines level a compared to its lower
and intermediate effect while no signi�cant difference was observed with 2.5 and 5 mg/kg doses of
vinpocetine i.e. almost found to be equi- effective.

Discussion
The present study demonstrates the neuroprotective potential of Vinpocetine against weight drop induced
traumatic brain injury (TBI) in rats. Currently used weight drop model was described by Marmarou et al
and represents the most widely used model to mimic the real life TBI. TBI generally impacts the whole
brain but the vulnerable areas are frontal and temporal lobes which is clearly observed by (Schwarzbold
et al. 2010) which impairs the cognitive and motor performance which could be co-related with our
�ndings in behavioural parameters.

Herein the current study, weight drop induced TBI caused signi�cant decrease in body weight,
spontaneous locomotor activity. The decline in body weight may be correlated with the associated
hypermetabolic response causing elevation in resting energy expenditure which ultimately results in
weight loss (Charrueau et al. 2009) and may be due to both peripheral and central effects. To understand
the severity of the injury the animals were subjects to a battery of parameters including OFT, rotarod &
ORT. Spontaneous locomotor activity is an important parameter to relate basal ganglionic functions
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which are observed by OFT while Grip strength is estimated by rotarod which also depicts motor learning.
Both parameters are important as already mentioned they indicate the severity of the injury and were
found to be affected as they showed maximum passive time, least number of crossings in OFT and
decreased fall off time in rotarod.

The other important parameter we have performed is ORT which purely indicates the cognitive
impairment. According to various �ndings it is well proved that TBI destruct hippocampus & cortex
(Dempsey and Rao 2003; Xiong et al. 2014) which may be correlated with the poor performance of the
traumatized rats in ORT in which they are unable to discriminate between familial and novel objects also
evidenced by other �ndings con�rming the associated cognitive impairment (Kaur et al. 2018). These
observed �ndings in behavioural parameters con�rm the induction of brain injury. As already stated brain
injury can trigger activation of various deleterious pathways which ultimately result in neurodegenerative
changes. Here in current study vinpocetine treatment through its multihit properties dose dependently
attenuated locomotor and cognitive functions of traumatized rats also supported by many studies in
various models (Zaitone, Abo-Elmatty and Elshazly, 2012, Deshmukh and Sharma, 2013; Sharma and
Deshmukh, 2015).

Communication between neurons at synaptic junctions is an elegant process that facilitates the
transmission of various electro-chemical signals in the central nervous system. According to previous
�ndings alterations in synaptic transmission across synapses have been associated with motor and
cognitive impairment (Deshmukh and Sharma 2013; Sharma and Deshmukh 2015). There are various
neurotransmitters which maintain locomotor activity such as dopamine (DA), serotonin (5-HT),
norepinephrine (NE) and acetylcholine (ACh). Among them, DA, NE and 5-HT are considered to play major
role in locomotion. Frontal lobes are enriched with dopamine, brain injury is known to produce a decline in
synaptic monoaminergic neurotransmission due to its destruction also evidenced by some �ndings (Kaur
et al. 2018; Rashno et al. 2019). It has been reported that the level of norepinephrine and serotonin found
to be declined due to their increased metabolism (PEIRCE 2000). Brain injury produced a signi�cant
decrease in overall monoaminergic transmission levels and can be well co-related with the observed
motor de�cits rats. In contrast, vinpocetine signi�cantly elevates the levels of monoamines towards
normal and improves the locomotor activity. Vinpocetine elevate cyclic nucleotide levels (Deshmukh et al.
2009b) ,as discussed before, cyclic nucleotides known to improve central neurotransmitters including
monoamines and basal ganglionic functions (Sharma and Deshmukh 2015). Results obtained are in line
with the recent studies demonstrating increased striatal dopamine, serotonin and norepinephrine levels
following vinpocetine treatment in other model systems in rats (Kaur et al. 2018; Rashno et al. 2019).
Thus, observed improvement in motor functions following vinpocetine treatment in TBI rats may be due
to restoration of monoamine levels in traumatized rat brains which can be well correlated with the
improvement in OFT and rotarod performance. Another important neurotransmitter ACh that majorly
plays a major role in arousal, memory, locomotion and other functions. In the periphery, besides its role in
parasympathetic function, it is the major transmitter innervating somatic muscles. Not surprisingly,
peripheral dysfunction produces motor impairment and central dysfunction can produce both alterations
in states of consciousness e.g., sleep and memory function (PEIRCE 2000). Brain injury spikes up the
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AChE activity which could relate to ACh levels in the current study. AChE is an enzyme involved in the
metabolism of ACh into acetate and choline. Our TBI induced rats showed elevation in AChE activity is in
line with the other �nding (Wang and Zhang 2018). On the contrary, vinpocetine treatment signi�cantly
and dose dependently attenuated elevated AChE activity in traumatized rats hence result in better
locomotion and cognitive functioning.

TBI is known to trigger the various pathogenetic mechanisms such as excitotoxicity, voltage gated
sodium channels dysregulation, apoptosis, and cerebral dysfunctioning which elevates the production of
reactive oxygen species. A growing body of evidences implicates the destructive role of oxidative &
nitrosative stress followed by brain injury (Attella et al. 1989; Okigbo et al. 2019; Rashno et al. 2019; Ali et
al. 2020). Secondary injury cascade initiates imbalance between the ROS and the endogenous
antioxidant system contributing in the oxidative stress (Wu et al. 2006). The present study showed the
increased lipid peroxidation, nitrite levels, and altered endogenous antioxidant defence system in
traumatized rats. TBI rats indicated a decrease in levels of glutathione peroxidase (GSH), catalase and
superoxide dismutase (SOD). Vinpocetine signi�cantly attenuated oxidative stress in TBI rats and
restored anti-oxidant enzyme levels towards normal. Vinpocetine known to improve cerebral glucose
utilization and up regulate the anti-oxidant enzymatic activities and can scavenge free radicals via its
anti-oxidant, anti-excitotoxicity, and anti-in�ammatory activities (Jha et al. 2012; Deshmukh and Sharma
2013; Ali et al. 2020).

Thus we can conclude that vinpocetine tends to improve locomotor functions, cognitive impairment,
neurochemical, and biochemical alterations induced by weight drop model. Vinpocetine has the potential
to maintain neurochemical balance, cholinergic functions, and attenuates the increased oxidative stress.
Although further studies need to be done to explore the molecular mechanisms involved in the
neuroprotective potential of vinpocetine against weight drop induced impairment.
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2.3.1a: Rat on the weight drop apparatus after induction of TBI.

2.3.1b: Weight drop apparatus

(A) Clamp stand

(B) Cylindrical weight

(C) Foam bed

(D) Anaesthetized rat lying on foam bed

(E) Guide pipe

Figure 2

2.3.2 : Experimental protocol
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Figure 3

4.1 Effect of Vinpocetine on body against weight drop induced TBI in rats.Data analyzed by one way
ANOVA followed by Bonferroni’s multiple comparison. Values are expressed as Mean ± SD.  #p<0.05
versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus Vin (2.5, *p<0.05 versus Vin (5). 
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Figure 4

4.2.1: Effect of Vinpocetine on rotarod activity against weight drop induced TBI in rats (n=6).Data
analyzed by two-way repeated measures ANOVA followed by Bonferroni’s multiple comparison. Values
are expressed as Mean ± SD. #p<0.05 versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus
Vin (2.5), *p<0.05 versus Vin(5).

Figure 5

4.2.2a: Effect of Vinpocetine on active time against weight drop induced TBI in rats (n=6).Data analyzed
by two-way repeated measures ANOVA followed by Bonferroni’s multiple comparison. Values are
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expressed as Mean ± SD.  #p<0.05 versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus Vin
(2.5, *p<0.05 versus Vin(5).

4.2.2b : Effect of Vinpocetine on passive time against weight drop induced TBI in rats (n=6).Data
analyzed by two-way repeated measures ANOVA followed by Bonferroni’s multiple comparison. Values
are expressed as Mean ± SD. #p<0.05 versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus
Vin (2.5, *p<0.05 versus Vin(5).

4.2.2c : Effect of Vinpocetine on zone entries against weight drop induced TBI in rats (n=6).Data analyzed
by two-way repeated measures ANOVA followed by Bonferroni’s multiple comparison. Values are
expressed as Mean ± SD. #p<0.05 versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus Vin
(2.5, *p<0.05 versus Vin(5).

4.2.2d: Effect of Vinpocetine on locomotor activities against weight drop induced TBI in rats. The
trajectory path followed by animals of various group in open �eld.

Figure 6

4.2.3a: The ORT arena showing initial as well as �nal trial.

4.2.3b: Effect of Vinpocetine on exploration time against weight drop induced TBI in rats (n=6).Data
analyzed by two-way repeated measures ANOVA followed by Bonferroni’s multiple comparison. Values
are expressed as Mean ± SD.  #p<0.05 versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus
Vin (2.5, *p<0.05 versus Vin (5).
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4.2.3c: Effect of Vinpocetine on exploration time of FA (familiar) and NO (novel) objects in object
recognition task. (n=6).Data analyzed by two-way repeated measures ANOVA followed by
Bonferroni’s multiple comparison. Values are expressed as Mean ± SD.  #p<0.05 versus Sham control,
@p< 0.05 versus TBI control, $p<0.05 versus Vin (2.5, *p<0.05 versus Vin(5).

4.2.3d: Effect of Vinpocetine on discrimination index in object recognition task (n=6).Data analyzed by
one-way ANOVA followed by Bonferroni’s multiple comparison. Values are expressed as Mean ± SD.  #p<
0.05 versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus Vin (2.5, *p<0.05 versus Vin (5).

Figure 7

4.3.1: Effect of Vinpocetine on lipid peroxidation (LPO) levels against weight drop induced TBI in rats.
Data analyzed by two-way repeated measures ANOVA followed by Bonferroni’s multiple comparison.
Values are expressed as Mean ± SD.   #p<0.05 versus Sham control, @p< 0.05 versus TBI control, $p<0.05
versus Vin (2.5, *p<0.05 versus Vin (5). 
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Figure 8

4.3.2: Effect of Vinpocetine on Glutathione ( GSH) against weight drop induced TBI in rats. Data analyzed
by two-way repeated measures ANOVA followed by Bonferroni’s multiple comparison. Values are
expressed as Mean ± SD.  #p<0.05 versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus Vin
(2.5, *p<0.05 versus Vin(5). 
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Figure 9

4.3.3: Effect of Vinpocetine on SOD against weight drop induced TBI in rats. Data analyzed by two-way
repeated measures ANOVA followed by Bonferroni’s multiple comparison. Values are expressed as Mean
± SD. #p<0.05 versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus Vin (2.5, *p<0.05 versus
Vin(5). 
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Figure 10

4.3.4: Effect of Vinpocetine on Catalase levels against weight drop induced TBI in rats. Data analyzed by
two-way repeated measures ANOVA followed by Bonferroni’s multiple comparison. Values are expressed
as Mean ± SD. #p<0.05 versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus Vin (2.5, *p<0.05
versus Vin (5).
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Figure 11

4.3.5: Effect of Vinpocetine on Nitrite against weight drop induced TBI in rats. Data analyzed by two-way
repeated measures ANOVA followed by Bonferroni’s multiple comparison. Values are expressed as Mean
± SD. #p<0.05versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus Vin (2.5, *p<0.05 versus
Vin (5). 
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Figure 12

4.3.6: Effect of Vinpocetine on AChE levels against weight drop induced TBI in rats. Data analyzed by
two-way repeated measures ANOVA followed by Bonferroni’s multiple comparison. Values are expressed
as Mean ± SD. #p<0.05 versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus Vin (2.5, *p<0.05
versus Vin (5).  
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Figure 13

4.4.1: Effect of Vinpocetine on catecholamines levels against weight drop induced TBI in rats. Data
analyzed by two-way repeated measures ANOVA followed by Bonferroni’s multiple comparison. Values
are expressed as Mean ± SD.  #p<0.05 versus Sham control, @p< 0.05 versus TBI control, $p<0.05 versus
Vin (5) 


