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ABSTRACT
Introduction and aim. The objective of the study was to evaluate the effect of Mentat® an herbal formulation in experimental 
models of hypoxia-induced attention deficit hyperactive disorder (ADHD) like behavior in rats.
Material and methods. Mentat® was evaluated at the dose of 100 and 200 mg/kg body weight. per oral., in two experimental 
models of hypoxia in Wistar rats. In the first model, after parturition, on a postnatal day 2 (PND-2), the pups were subjected to 
hypoxic exposure for 10 minutes to induce neonatal hypoxia. Pups were weaned from dams on PND-21 and subjected to drug 
treatments for 10 days. In the second model, phenytoin 150 mg/kg. b.wt. p.o. was administered orally to all pregnant animals 
throughout gestation to induce intrauterine hypoxia. Pups were subjected to assigned treatments after weaning. Behavioral 
and biochemical parameters relevant to ADHD were assessed.
Results. In the positive control group, hypoxic exposure resulted in significant changes in cognitive and neurologic skills com-
pared to normal control. Open field test, elevated plus maze test, and Acetylcholine esterase levels showed a significant in-
crease in positive control compared to normal control. In treatment groups, there was a dose-dependent decrease in all the 
above parameters compared to positive control.  Dopamine and Nor-epinephrine levels in brain homogenate were decreased 
in positive control which subsequently increased with Mentat® treatment.
Conclusion. Mentat® showed a neuroprotective effect in different experimental models of ADHD. It may be recommended for 
the effective/preventive management of ADHD, especially associated with memory impairment and neurologic conditions.
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Introduction 
Attention-Deficit Hyperactivity Condition (ADHD) is 
a neurobehavioral and developmental disorder that is 
chronic and clinically diverse. Prefrontal dopamine in-
sufficiency and insufficient central dopaminergic activity 
are the main causes of ADHD. ADHD is one of the most 
common childhood psychiatric diseases, affecting 3 to 5% 

of all children in the United States and the Netherlands. 
Majority of youngsters are diagnosed with ADHD when 
they start school for the first time. 2 to 16 percent of all 
school-aged children have been diagnosed with ADHD, 
with roughly 75 percent of these children being male.1,2

CNS stimulants such as methylphenidate and am-
phetamine, non-stimulants such as Atomoxetine, Cat-
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echolaminergic antidepressants, alpha-agonists, and 
more recently reported drugs such as Mondafinil and 
nicotinic agonists are the most often used pharmaceu-
ticals for treating ADHD. The most common side ef-
fects with these medicines include nausea, dry mouth, 
lack of appetite, sleep difficulties, dizziness, irritability 
and mood swings, and headache.3 The current study is 
meant to evaluate Mentat® a well-known neuroprotective 
proprietary herbal formulation of the Himalaya Well-
ness Company, Bangalore, India, in experimental mod-
els of hypoxia-induced ADHD-like behaviour in rats, 
according to the safety profile.

There are a variety of environmental and genetic 
factors that may play a role in ADHD such as Cigarette 
smoking, alcohol use, infection and stress during preg-
nancy, brain injury, and heavy metal (lead).4 Variants of 
the dopamine D4 receptor gene, the dopamine D5 re-
ceptor gene, the dopamine transporter gene (DAT), have 
all been found to be strongly related with ADHD in mo-
lecular genetics investigations. Nor epinephrine trans-
porter (NET), monoamine oxidase-A (MAO-A) and 
catechol-o-methyltransferase (COMT), serotonin recep-
tor (HTR1B), serotonin transporter (5-HTT), are some 
of the other genes linked to an elevated risk of ADHD 
(SNAP-25).5 Dopamine is a key neurotransmitter in 
neuropharmacology because it has a role in a variety of 
brain illnesses, including Parkinson’s disease, schizophre-
nia, and attention deficit disorder, as well as drug addic-
tion and endocrine disorders. According to new studies, 
raising dopamine levels in youngsters with ADHD im-
proves their conduct.6 Mentat® was clinically evaluated 
in children for the improvement in cognition, learning 
capacity, mental fatigue and neuroprotective effect. As 
Mentat® was found to be promising in these conditions, 
a preclinical study was performed on rodents to evaluate 
its effect in ADHD condition.7-9 By modulating multiple 
neurotransmitters, Mentat® shown neuroprotective effica-
cy in diverse experimental paradigms. 

Aim
The study’s goal was to see how Mentat® affected differ-
ent psychological markers of ADHD, such as dopamine, 
acetylcholine esterase, and norepinephrine, as well as 
behavioral parameters associated with ADHD.

Material and methods
Phenytoin (Eptoin) manufactured by Abbott India 
Ltd. India, was procured form retail pharmacy store of 
Makali, Bengaluru, India. Mentat® tablets were obtained 
from Himalaya Wellness Company, Bengaluru, India, 
Atomoxetine (Attentrol) manufactured by Sun Pharma-
ceutical Industries, Ltd., India. was procured form re-
tail pharmacy store of Makali, Bengaluru, India all other 
chemicals were of analytical grade and were procured 
from HiMedia Laboratories GmbH, Germany. The rat 

feed was procured from VRK Nutritional Solutions, 
MIDC Miraj, Pune, India. The diet which was provid-
ed to the rats was the standard pellet diet which con-
tains protein (19%), Total fat (4.6%), total carbohydrate 
(60%), total minerals (6.8%), crude fiber (2.5%) with all 
essential amino acids and minerals.

Experimental animals
Inbreed Wistar rats, weighing 200‒250 g were procured 
from central animal facility, R&D Center, Himalaya 
Wellness Company, Makali, Bangalore-562162, India. 
and housed at the temperature of 25 ± 1° C, relative hu-
midity of 45 to 55% and 12:12 h light–dark cycle. The 
Himalaya Wellness Company’s Institutional Animal 
Ethics Committee (IAEC) approved the experimental 
protocol (protocol no 127/13) and the experiments were 
carried out in accordance with the principles and guide-
lines of the Committee for the Purpose of Control and 
Supervision of Experimentation on Animals (CPCSEA), 
Government of India.

Procedure
Monoamine oxidase inhibitor (MAO-B) inhibitory activ-
ity (in-vitro)
Brain homogenate was prepared in 0.25 M sucrose-0.1 
M Tris-0.02 M EDTA buffer (pH 7.4). Centrifugation 
was carried out in three steps; first step homogenate was 
centrifuged at 3000rpm for 20 mins. Supernatant was 
collected and centrifuged at 10000 rpm for 20 min, pel-
lets were collected and washed twice with 0.25 M su-
crose-0.1 M Tris-0.02 M EDTA buffer and pellets were 
resuspended in 10 mM sodium phosphate buffer (pH 
7.4) containing 320 mM sucrose and centrifuged at 
12000 rpm for 30 mins. The whole procedure was car-
ried out at 4°C. Pellets collected and resuspended in 
ice cold 100 mM sodium phosphate buffers (pH 7.4). 
2.5 ml 100 mM sodium phosphate buffer (pH 7.4) was 
taken in test tube, to which 100 µl test drug (Mentat®) 
and 150 µl brain homogenate was added and incubat-
ed at 37°C for 10 min, followed by the addition of 100 
µl Benzylamine (substrate), absorbance was recorded in 
spectrophotometer at 249 nm. Blank (without substrate 
and test drug) and control (without test drug) readings 
were recorded.10

Neonatal hypoxia induced ADHD in rats
Sixteen female Wistar rats of 180‒200 g were kept for 
cohabitation with male rats at 2:1 ratio. To confirm the 
mating vaginal smear was examined from the day‒1 
to day‒5, once the mating is confirmed females were 
separated from the males and checked for abdominal 
enlargement on day-10. The pregnant dams will be iso-
lated and housed individually. After the parturition, on 
PND2 male pups were divided into 5 groups consists of 
8 animals each and they were subjected to hypoxic ex-
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posure on PND2, PND3, PND4 and PND8 for 10 min-
utes. In brief, the pups were placed in an air tight glass 
chamber and made deprived of oxygen, depletion of ox-
ygen within the chamber was confirmed based on the 
combustion principle i.e., by placing a burning candle 
in an air tight chamber and covering it with the lid, can-
dle turns off after few seconds indicating that the oxygen 
within the chamber has been completely used, Animals 
show cyanosis which indicates that there was oxygen 
insufficiency. After the hypoxic exposure all pups were 
shifted to respective dams, after periodic hypoxia expo-
sure the pups were weaned from the dams on PND 21 
and subjected to following drug treatments for 10 days. 
Group‒I and group‒II served as control (normal con-
trol) and positive control (ADHD control), respectively 
and received only vehicle (demineralized water, 10 mL/
kg, p.o.). Group‒III served as reference standard and 
received Atomoxetine 50 mg/kg, p. o, Group‒IV and 
group‒V animals received Mentat® at the dose of 100 and 
200 mg/kg, b. wt, respectively. All the group of animals 
were treated for a period of 10 days. At the end of as-
signed drug treatments, the animals were evaluated for 
hyperactivity and learning impairment and subjected to 
Actophotometer test, open field test and elevated plus 
maze test.11-14 These tests were performed to evaluate the 
locomotor activity,

Following euthanasia with excess of 5% Isoflurane 
inhalation anesthesia, a brain homogenate was pro-
duced with ice cold 0.15 M KCl (10%) and centrifuged 
at 10,000 g for 10 minutes at 4°C, with the post-mito-
chondrial supernatant (PMS) utilised for total protein 
estimate and lipid peroxidation assay. The amount of 
protein in the brain homogenate was determined using 
the Bradford technique and a standard of bovine serum 
albumin.15 The amount of malondialdehyde in the brain 
homogenate was determined quantitatively using the 
Wills method to determine the degree of lipid peroxi-
dation.16 Sedlak and Lindsay’s method was used to cal-
culate reduced glutathione in the brain homogenate.17 

Ellman’s approach was used to calculate acetyl cholines-
terase in brain homogenate.18

Phenytoin induced intrauterine hypoxia model      
Phenytoin when administered to pregnant rats, phenyt-
oin reduces uteroplacental blood flow, resulting in foe-
tal hypoxia, leading to neurological abnormalities such 
as hyperactivity, learning difficulties, mental retardation, 
epilepsy, cerebral palsy, dystonia, and more. Phenyto-
in was produced in deionized water (pH 11.5) and giv-
en orally to pregnant rats from the 7th to the 20th day of 
pregnancy in this study. Following weaning, the pups of 
treated mothers were evaluated for behavioral measures. 
Fourteen female Wistar rats (200‒250 g) were kept for co-
habitation with seven male Wistar rats (200‒250 g) at 2:1 
ratio for five days. To confirm the mating vaginal smear 

was examined from the day‒1 to day‒5, once the mat-
ing is confirmed females were separated from the males 
and checked for abdominal enlargement on day‒10. The 
pregnant dams were isolated and housed individually and 
they were further divided in to 5 groups and consisting of 
two mothers.19 Group‒I and group‒II served as control 
(normal control) and positive control (ADHD control), 
respectively and received only vehicle (demineralized wa-
ter, 10 mL/kg, p.o.). Group‒III served as reference stan-
dard and received Atomoxetine 50 mg/kg, p. o. Group‒IV 
and group‒V animals received Mentat® at the dose of 100 
and 200 mg/kg, b. wt, respectively. All the groups of ani-
mals were treated for a period of 10 days. Phenytoin (150 
mg/kg, p.o.) was administered orally to all pregnant ani-
mals throughout the gestation except group‒I. At the end 
of assigned drug treatments, the animals were subjected 
to the evaluation of hyperactivity and learning impair-
ment by Actophotometer test, open field test and Elevated 
Plus maze test. The treatments and evaluation were com-
pleted between PND30‒PND36.

The behavioral parameters pertaining to ADHD 
like hyperactivity and learning impairment were evalu-
ated by similar procedures as mentioned earlier through 
Actophotometer test, open field test and elevated plus 
maze test.

Dopamine and nor-epinephrine was estimated us-
ing high performance liquid chromatography (HPLC) 
and based on the standard calibration curve of dopamine 
and nor-epinephrine: Briefly the method is explained as, 
the composition of mobile phase was prepared from fil-
tered and degassed mixture of Acetonitrile and 1-Octane 
sulfonic acid in the ratio of 70:30. Pharmaceutical grade 
of dopamine and nor-epinephrine were procured from 
Sigma Aldrich. Stock solution of DA and NE were pre-
pared by dissolving 1 mg in 1 mL of methanol in 10 mL 
volumetric flask separately and volume was made up to 
10 mL using the diluents to get a standard stock solution 
of concentration 0.1 mg/mL (1000 ng/mL). the solutions 
were filtered using 0.2 µ syringe filter and this solution 
was used for analysis. Brain tissue samples (1 mm thick 
slice of brain) were homogenized using individual 1.5 mL 
centrifuge tubes which contain 400 μL of tissue homog-
enizing solution (0.1 M perchloric acid, 1x10-7 M ascor-
bic acid; chilled on ice), the samples were centrifuged at 
10,000 rpm for fifteen minutes. The supernatant samples 
were filtered using 0.2 μm nylon disposable syringe filters 
and used for the analysis.

Statistical analysis
The values were expressed as mean ± SEM. The results 
were analyzed statistically using one-way ANOVA fol-
lowed by Dunnett’s multiple comparison test using 
Prism GraphPad 6.07 (GraphPad Software Inc, San Di-
ego, CA, USA) software. A p value < 0.05 was consid-
ered as statistically significant. 
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Results
Mentat® was evaluated in experimental models of neo-
natal hypoxia and phenytoin induced intrauterine hy-
poxia-brain injury in rats. Neurologic, biochemical, 
morphologic, and histopathologic data were used to 
examine Mentat’s protective® impact. Mentat’s® poten-
tial free radical scavenging and antioxidant activities 
were further investigated using in vitro antioxidant 
tests. In the present study IC50 values of MOA-B in-
hibitory activity of Mentat® and Amitriptyline was 
found to be 9.70 mg/mL and 0.45 mg/mL respectively. 
In the experimental model of neonatal hypoxia. Men-
tat® at 200 mg/kg showed a significant improvement in 
locomotor activity (Figure 1, Table 1) and associated 
parameters when compared to positive control, in el-
evated plus maze Mentat® at 200 mg/kg showed sig-
nificant improvement in exploratory score (p<0.05) 
and transfer latency at dose 100 mg (p<0.001), 200 mg 
(p<0.05) (Table 2) 

Table 1. Behavioural parameters of the rats treated with 
Mentat® in open field test (neonatal hypoxia) 

Groups

Time spent 
with mo-
vement 

(seconds)

No. of 
squares 
crossed

Time spent 
in periphery 

(seconds)

No. of re-
aring

Control 8.25 ± 1.95 2.57 ± 0.37 15 ± 3.45 4.429 ± 0.57
Positive 
control

16.8± 1.79# 4.75 ± 0.8# 18.22 ± 3.37## 10 ± 1.59##

Atomoxetine 
(50 mg/kg)

9.83 ± 3.72 2.83 ± 0.54* 10.60 ± 2.68** 3.5 ± 1.18***

Mentat®  
(100 mg/kg)

2.83 ± 0.66*** 2.25 ± 0.25** 1.50 ± 
0.34****

1.125 ± 
0.64****

Mentat®

(200 mg/kg)
3 ± 1.38*** 2.43 ± 0.2** 3.6 ± 1.6** 1.857 ± 

0.8****

a All the values are expressed as mean ± SEM, mean of all 
the groups were compared by one way ANOVA followed 
by Dunnett’s test using Graph pad Prism software version 
6.07 for windows, “p” value less than 0.05 was considered to 
be statistically significant. #p<0.05, ##p<0.01 compare to 
control, ****p<0.0001, ***p<0.001 and **p<0.01 compare 
to positive control

when compared to positive control. In ADHD induced 
group there was a free radical generation which is in-
dicated by increased MDA and decreased GSH levels 
with respect to normal control. Mentat® at 200 mg/kg 
significantly (p<0.05) decreased the malonaldehyde 
(MDA) in lipid peroxidation assay and significantly 
increased the GSH levels at dose 100 and 200 mg/kg 
(p<0.05) which showed its protective effect against 
free radical generation and offered significant protec-
tion against hypoxia induced lipid peroxidation. The 
findings are provided in (Table 3), where the concen-
tration of MDA was expressed as Nmoles MDA/mg 

of protein in the brain homogenate AChE activity in 
positive control was more than normal control and in 
the treatment groups there was a significant decrease 
at dose 100mg/kg (p<0.05), 200 mg/kg (p<0.01) (Fig-
ure 2) with respect to positive control. Dopamine (Fig-
ure 3) and nor-epinephrine (Figure 4) levels which are 
the hallmarks in ADHD were increased with the treat-
ment of Mentat®. 

Table 2. Behaviorial parameters of rats treated with 
Mentat® in elevated plus maze test (neonatal hypoxia) a

Groups
Exploratory 

score
Transfer Latency

Control 2.25 ± 0.25 73.63 ± 6.77
Positive control 4.25 ± 0.45# 35.71 ± 2.37##

Atomoxetine (50 mg/kg) 2 ± 0.03*** 90 ± 0.01**

Mentat® (100 mg/kg) 2 ± 0.04 57.25 ± 13.15***

Mentat® (200 mg/kg) 2.571 ± 0.36* 78 ± 12.01*

a All the values are expressed as mean±SEM, mean of all 
the groups were compared by one way ANOVA followed 
by Dunnett’s test using Graph pad Prism software version 
6.07 for windows, “p” value less than 0.05 was considered 
to be statistically significant. #p<0.05, ##p<0.01 compared 
to control, ***p<0.001, **p<0.01 and *p<0.05 compared to 
positive control

In the experimental model of phenytoin induced 
hypoxia. Mentat® at 100 mg/kg showed a significant im-
provement in locomotor activity (p<0.05) (Figure 5, 
Table 4) and associated parameters when compared to 
positive control, in elevated plus maze Mentat® showed 
significant improvement in exploratory score and trans-
fer latency at dose 100 and 200mg/kg (p<0.01) (Table 5) 
when compared to positive control.

Table 3. Effect of Mentat® on glutathione, lipid 
peroxidation, dopamine and norepinephrine levels a

Groups

Parameters

GSH
µmol/L

LPO
nmol MDA/
µg proteins

Dopamine
mg/g protein

Norepinephrine
mg/g protein

Control 0.7 350 0.0025 0.0048
Positive 0.25# 450 0.0017 0.0036

Atomoxetine 0.7** 375 0.0022 0.0047
Mentat®  

(100 mg/kg)
0.4* 325 0.0025 0.0039

Mentat®  
(200 mg/kg)

0.3* 300* 0.0024 0.0047

a The mean values of all the groups were compared by one 
way ANOVA followed by Dunnett’s test using Graph pad 
Prism software version 6.07 for windows, “p” value less than 
0.05 was considered to be statistically significant. #p<0.05 
compare to control, *p<0.05 and **p<0.01 compare to 
positive control
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Table 4. Locomotor activity of animals treated with Mentat® 
(phenytoin induced hypoxia) a

Group

Time spent 
with

movement 
(seconds)

No of squares 
in centre

No of squares 
crossed in peri-
phery (seconds)

No of 
rearing

Control 32.83 ± 4.191 2.8 ± 0.374 25 ± 2.076
4.667 ± 

0.989
Positive 
control

59.33 ± 9.656# 7 ± 0.7303# 46 ± 5.468* 18.33 ± 
2.155###

Atomoxetine 
50mg/kg

22.6 ± 5.115** 2.5 ± 0.289* 20 ± 3.467** 7.2 ± 2.709

Mentat® 

100mg/kg
36.8 ± 4.954 5 ± 1.225 23 ± 6.807

22.4 ± 
2.293

Mentat®

200mg/kg
36.5 ± 10.53 4.333 ± 2.333 29 ± 9.452

20.25 ± 
2.016

a All the values are expressed as mean±SEM, mean of all 
the groups were compared by one way ANOVA followed 
by Dunnett’s test using Graph pad Prism software version 
6.07 for windows, “p” value less than 0.05 was considered 
to be statistically significant #p<0.05 compared to control, 
*p<0.05 and **P<0.01 compared to positive control

Table 5. Effect of Mentat® on the behaviour of the rats in 
EPM (Phenytoin induced hypoxia)a

Group Transfer latency Exploratory score
Control 74.2 ± 7.14 3.667 ± 0.615

Positive control 27 ± 3.67 5.667 ± 0.615#

Atomoxetine 50mg/kg 66 ± 15.68 2.4 ± 0.4**

Mentat® 100mg/kg 59.4 ± 17.37 2.4 ± 0.4**

Mentat® 200mg/kg 47 ± 24.83 2.5 ± 0.5**

a All the values are expressed as mean±SEM, mean of all 
the groups were compared by one way ANOVA followed 
by Dunnett’s test using Graph pad Prism software version 
6.07 for windows, “p” value less than 0.05 was considered 
to be statistically significant #p<0.05 compare to control, 
**P<0.01 compare to positive control

Fig. 1. Locomotor activity of the animals treated with 
Mentat® in Actophotometer  (Neonatal hypoxia), all the 
values are expressed as mean ± SEM, mean of all the 
groups were compared by  One-way ANOVA followed by 
Dunnett’s test, “p” value less than 0.05 was considered to be 
statistically significant. ####p<0.0001compared to control, 
**p<0.01 and ***p<0.001 compared to positive control

Fig. 2. Effect of Mentat® on acetylcholine esterase inhibitory 
activity, all the values are expressed as mean±SEM, mean 
of all the groups were compared by one way ANOVA 
followed by Dunnett’s test, “p” value less than 0.05 was 
considered to be statistically significant #p<0.05 compare 
to control, *p<0.05 and **p<0.01 compare to positive 
control

Fig. 3. HPLC Chromatogram of standard Dopamine

Fig. 4. HPLC Chromatogram of standard Nor-epinephrine 
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Fig. 5. Locomotor activity of animals treated with Mentat® 
(Phenytoin induced hypoxia), All the values are expressed 
as mean±SEM, mean of all the groups were compared by 
one Way ANOVA followed by Dunnett’s test, “p” value less 
than 0.05 was considered to be statistically significant 
#p<0.05 Compare to control, *p<0.05 compare to positive 
control

Discussion
ADHD is one of the most common childhood disorders, 
and it can last far into adulthood.” Treatment for ADHD 
includes variety of stimulant drugs as well as more nat-
ural therapies. Many neurons are packed into distinct 
regions of brain when it comes to brain function. Each 
region performs a certain function in our body and is re-
sponsible for it. Neurotransmitters are created in min-
ute amounts by neurons. Their job is to deliver messages. 
They excite the relevant cell in the brain, ensuring that the 
message is delivered to the correct brain region.20

ADHD is caused by a shortage in certain neurotrans-
mitters such as adrenaline and dopamine, according to 
brain scientists. Brain uses neurotransmitters to acti-
vate or inhibit activation in brain cells. The brain must 
be sufficiently aroused in order to pay attention. Areas 
of the brain must be effectively controlled, repressed, or 
slowed down in order to have proper control over our 
impulses. Both the stimulation and repression mecha-
nisms are malfunctioning in ADHD children.21 The di-
agnosis of ADHD is a multi-step process that takes a lot 
of time. Parents, teachers, and other caregivers should 
all be involved in the child’s evaluation.22

Stimulant drugs work by inducing the brain to gen-
erate more nor epinephrine; non-stimulant medications 
work by reducing the pace at which nor epinephrine is 
broken down. The brain operates normally once the lev-
el has been corrected.23 Dietary supplements are becom-
ing the preferred choice as they are easily accessible and 
with relatively no side effects. Essential fatty acids are 
among the most popular. Essential fatty acids are need-

ed for proper cerebral functioning and may aid in the 
transmission of nerve impulses. Many children with 
ADHD cannot absorb essential fatty acids normally. 
There are evidences that herbal medications ameliorate 
the behavior of ADHD patients. Ginkgo Biloba is effec-
tive for neuronal disorders such as memory impairment. 
Lemon balm is known to help restore the balance and 
function of the brain and nerve cells 

Mentat® which is a proprietary polyherbal formula-
tion of Himalaya Wellness Company is used for neuro-
protective activity. It has been found to be beneficial in 
rat models of transient global ischemia and reperfusion–
induced brain injuries.24 Mentat’s® protective impact was 
assessed by evaluating its ability to alleviate cognitive, 
motor, and behavioral impairments caused by I/R-in-
duced brain injury.25 It improves memory and learning 
abilities. Mentat® contains natural substances that boost 
mental quotient, memory span, and attention, as well 
as treating neurological illnesses. Mentat® lowers tribu-
lin levels, an endogenous monoamine oxidase inhibitor 
that rises during anxiety. Mentat® has relaxing properties 
that help with insomnia and seizures. Mentat® is useful 
as an adjuvant in the treatment of epilepsy and enure-
sis because of its anticholinesterase, dopaminergic-neu-
roprotective (important neurotransmitter in the brain), 
adaptogenic, and antioxidant qualities.26,27 Because there 
is no evidence of Mentat® effects on ADHD, experimen-
tal models of neonatal hypoxia and Phenytoin-induced 
hypoxia were chosen to assess the drug’s efficacy. Rats 
subjected to neonatal hypoxia presented global brain 
atrophy ipsilateral to arterial occlusion in the regions 
analyzed: the total hemisphere, cerebral cortex, white 
matter, hippocampus and striatum. In addition, con-
tralateral white matter was also affected by the hypoxia 
procedure.28 Hypoxia in perinatal rats causes a malfunc-
tioning nigrostriatal dopaminergic system, which is 
thought to produce ADHD behavior by increasing 
the expression of vesicular monoamine transporter 2 
(VMAT2) and D1 receptor in the striatum. When phe-
nytoin, a powerful anticonvulsant, is given to pregnant 
women, it reduces utero-placental blood flow, resulting 
in foetal hypoxia. Hypoxia during pregnancy might re-
sult in temporary or permanent brain damage. Through 
overstimulation of excitatory amino acid receptors, cel-
lular calcium influx, and the production of free radicals 
and nitric oxide, the hypoxia/ischemia cascade causes 
neuronal cell death. Reactive oxygen species cause em-
bryonic mortality or teratogenicity by oxidizing molec-
ular targets such as DNA, protein, and lipid.29

Bacopa monnieri (Brahmi), Withania somnif-
era (Ashwagandha), Centella asiatica (Mandookapar-
ni), Valeriana wallichi (Tagar), Evolvulus alsinoides 
(Shankhapuspi) are important herbal extracts present 
in Mentat® which in combination are responsible for 
showing the desired efficacy. Bacopa monnieri is most 
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studied nootropic plant for ADHD patients’ Clinical 
trials have shown that it improves memory. B. mon-
nieri revitalizes the nervous system, strengthens the 
mind, and promotes both energy and sleep; it is fre-
quently used to treat insomnia. It is also used to aid in 
the recovery from fatigue and stress. It is prescribed 
for conditions such as Parkinson’s disease, Alzhei-
mer’s disease, dementia, and ADHD, and B. monnieri 
demonstrated a 66% reduction in total ADHD score.30 
Withania somnifera roots contain active phytoconstit-
uents, primarily withanolides; alkaloids used in treat-
ment of a variety of brain disorders, and have a wide 
range of neuroprotective properties. Clinical research 
suggests that W. somnifera may help children with 
ADHD improve their attention and behavioral control 
by enhancing normal brain development. According 
to research, W. somnifera accomplishes this by inhib-
iting the activity of the enzyme that degrades acetyl-
choline, a neurotransmitter associated with cognition 
and memory, as well as stimulating neuronal growth.31 
Centella asiatica is a brain tonic that improves memo-
ry and brain strength. It improves the ability to speak 
and the poetic imagination. It is an effective treatment 
for children who are mentally retarded or emotionally 
disturbed. It aids in the treatment of stress, insomnia, 
ADHD, depression, mental fatigue, and anxiety.32 Vale-
riana wallichi has primarily antioxidant properties and 
is a choline esterase inhibitor. V. wallichi roots aid in 
the reduction of anxiety and the improvement of sleep 
by relaxing the central nervous system due to their 
sedative and anxiolytic properties.33 Evolvulus alsi-
noides balances neurotransmitter levels of noradren-
aline, glutamate, and acetylcholine in children and 
provides neuroprotection against free oxidative radi-
cals and amyloid-induced neurotoxicity with its high 
antioxidant compounds. E. alsinoides lowers cortisol 
levels and helps to combat stress. It relaxes the ner-
vous system and is extremely effective against insom-
nia.34 When these herbal extracts are combined, they 
may have a synergistic effect that will be beneficial in 
treating ADHD.

Conclusion
Mentat® showed improvement in the behavior of ADHD 
rats, which exerts its effect by increasing the dopaminer-
gic and norepinephrine response, decreasing the acetyl-
choline esterase and inhibiting the monoaminoxidase 
activity. As Mentat® showed a neuroprotective effect in 
different experimental models of ADHD, it may be rec-
ommended for the effective/preventive management of 
ADHD, especially associated with memory impairment 
and neurologic conditions. It can also be recommended 
as an adjuvant along with modern medicine in the man-
agement of ADHD. However clinical trials are required 
to further support the claim.
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