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Parkinson’s disease (PD) is a complex, age-related neurodegenerative disease that causes neuronal loss and dysfunction over time.
An imbalance of redox potential of oxidative stress in the cell causes neurodegenerative diseases and dysfunction of neurons.
Plants are a rich source of bioactive substances that attenuate oxidative stress in a variety of neurological disorders. �e aim of the
present study was to evaluate the Prunus armeniaca L. methanolic extract (PAME) for anti-Parkinson activity in rats. PD was
induced with haloperidol (1mg/kg, IP). �e PAME was administered orally at 100, 300, and 800mg/kg dose levels for 21 days.
Behavioral studies (catalepsy test, hang test, open-�eld test, narrow beam walk, and hole-board test), oxidative stress biomarkers
(SOD, CAT, GSH, andMDA) levels, neurotransmitters (dopamine, serotonin, and noradrenaline) levels, and acetylcholinesterase
activity were quanti�ed in the brain homogenate. Liver function tests (LFTs), renal function tests (RFTs), complete blood count
(CBC), and lipid pro�les were measured in the blood/serum samples to note the side e�ects of PAME at the selected doses.
Histopathological analysis was performed on the brain (anti-PD study), liver, heart, and kidney (to check the toxicity of PAME on
these vital organs). Motor functions were improved in the behavioral studies. Dopamine, serotonin, and noradrenaline levels were
signi�cantly increased (P< 0.001), whereas the level of acetylcholinesterase was decreased signi�cantly (P< 0.001). �e levels of
superoxide dismutase (SOD), catalase (CAT), and reduced glutathione (GSH) were increased, while malondialdehyde (MDA) and
nitrite levels were decreased in the PAME-treated groups signi�cantly compared with the disease control group, hence reducing
oxidative stress. �e incidence of toxicity was determined by biochemical analysis of LFT and RFT biomarkers testing. �e
histopathological analysis indicated that neuro�brillary tangles and plaques decreased in a dose-dependent manner in the PAME-
treated groups. Based on the data, it is concluded that PAME possessed good anti-Parkinson activity, rationalizing the plant’s
traditional use as a neuroprotective agent.

1. Introduction

Neurological diseases are a divergent group of diseases of the
sensory system that include the brain, peripheral nerves, and
spinal cord [1]. Proteostasis, strain, neuroin¡ammation,
apoptosis, and oxidative stress are involved in the pathology
of neurodegenerative disorders, which are all responsible for
continuous neuronal damage and destruction [2]. Dementia,

Parkinson’s disease (PD), and motor neuron dysfunction are
important neurodegenerative disorders. It is estimated that,
in Pakistan, 450,000 people are su�ering from PD.
According to theWHO, the death rate associated with PD in
Pakistanis is 1.87% of the total population.

PD is a complex neurodegenerative disease that happens
due to continuous damage of dopaminergic neurons pro-
jecting from the substantia nigra (pars compacta) to the
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corpus striatum. /e disease was explicated for the first time
by Dr. James Parkinson in 1817 in his “Essay on the shaking
palsy”. /ere are two forms of PD: familial (genetically
inherited) and sporadic (idiopathic). It is a slowly pro-
gressive degenerative disorder with both motor and non-
motor features. Signs and symptoms of PD include tremor at
rest, postural or gait abnormalities, muscle rigidity, and
bradykinesia [3]. /e pathological characteristic of PD is
Lewy bodies. /ey are α-synuclein-immunoreactive clusters
of proteins that majorly cause proteolysis. /ese include
ubiquitin and reduction in the level of dopaminergic neu-
rons in the striatum, expressed as a reduction in voluntary
movements. As PD progresses, the spread of Lewy bodies
expands to the neocortical and cortical regions [4].

/e disease usually begins at the age of 65 to 70 years and
is more occurring in men than women [5]. /e neuro-
pathological mechanisms of PD are multifactorial and in-
volve genetic as well as nongenetic and environmental
factors. Protein aggregate accumulation, mitochondrial
damage, impaired protein clearance pathways, neuro-
inflammation, oxidative stress, excitotoxicity, and genetic
mutations are the main pathological mechanisms [6]. Cases
of PD involve genetics-based origin, only constituting 5–10
in number out of 100 cases. Some of the variant genes
control a cluster of molecular pathways, and when they are
disturbed, they cause neurological dysfunction leading to PD
[7]. Tremendous genome-wide association studies (GWASs)
propose a specific acquired encoding for proteins that are
linked to these molecular pathways and play a role in
sporadic PD. Examples of different pathways are mito-
chondrial function abnormality and neuronal
inflammation [8].

/e current medication of PD treats only symptoms;
neither slows down the progression of the disease nor halts
the dopaminergic neuron degradation [9]. Regarding the
treatment of PD, many guidelines are available in which
dopamine agonists are used in treating young-onset patients
and levodopa for older patients. For initial therapy, patients
who go through first motor fluctuations, MAO-B inhibitors
act as a better treatment option. Similarly, COMT inhibitors
enhance the action of levodopa if any wearing-off symptoms
present [10]. Treatments such as pharmacological dopamine
replacement and the use of deep brain stimulation are ex-
tremely effective. In recent decades, PD has been effectively
managed by enhancing one’s quality of life [11]. Different
strategies will be developed in the future to identify people
who are at high risk to develop PD [12]. Newer formulations
are also under development to enhance the efficacy and re-
duce the toxicity of available drugs [13]. A novel compound
such β-asarone also showed good potential against PD [14].

/ere are a number of plant species that have been
recognized to have excellent therapeutic potential against
neurodegenerative disorders [4]. /ese have been found to
exert a diverse range of protective effects that mitigate the
devastating neurodegeneration [15]. Generally, plant species
with antioxidant properties have been broadly recognized to
ameliorate the disease process [16–19]. P. armeniaca
L. contains various flavonoids such as quercetin, a potent
antioxidant that has been credited to protect neurons from

free radical-associated cellular degeneration in PD [20].
However, there is a long list of isolated bioactive compounds
from therapeutic plants that have been found to ameliorate
the neurodegenerative disorders [21].

P. armeniaca L. (apricot) is a significant plant species
from the family Rosaceae and is traditionally used for
treating different ailments [22]. /is plant is found in China,
Turkey, Iran, Italy, France, Morocco, Pakistan, Spain, USA,
and India [23]. Apricots are high in oils, proteins, fatty acids,
vitamins, carotenoids (β-carotene, c-carotene), minerals
(calcium, Na+, K+, PO4

3-, Mg2+, Fe2+, Zn2+), polyphenols,
and flavonoids [24,25]. According to the Unani system, it is
utilized as an antidiarrheal, emetic, and anthelmintic in liver
disorders, ear infection, and deafness and as an expectorant
for dry throat, laryngitis, lung ailments, and abscesses [24].
/e present study was designed to assess the potential of
P. armeniaca L. methanolic extract (PAME) for the man-
agement of PD on the basis of scientific grounds by using
a haloperidol-induced PD animal model.

2. Materials and Methods

2.1. Plant Collection and Identification. Fresh kernels of
P. armeniaca were obtained from the local market of Fai-
salabad, they were verified by the Botany Department of
Government College University Faisalabad by Taxonomist
Dr. Qasim Ali under authentication number 279-BOT-21,
and the voucher specimen was placed in the herbarium.

2.2. Plant Extract Preparation. /e fresh kernels were col-
lected, washed to remove filth, superfluous substances, and
dried under shade for 1 month. /en, the dried kernels were
crushed into powder by utilizing an electronic blender. /e
powder of P. armeniaca was weighed in three beakers of
1000mL capacity. /e microwave was adjusted at 9000
watts. In the 1st cycle, 100 g of powder and 750mLmethanol
were added in all beakers./en, these beakers were placed in
a microwave oven and the oven was heated for two minutes;
then stopped the oven and opened it for 30 seconds. /is
specific method was repeated for 5 times. At the end, the
supernatant was filtered by using filtered paper or muslin
cloth. In the 2nd cycle, again 500mL methanol was added in
each beaker and then all beakers were placed in a microwave
oven. /e oven heated up for 2 minutes and stopped for 30
seconds./e same method was repeated for 5 times. And the
supernatant was filtered by using muslin cloth. In the 3rd
cycle, 500mL methanol was added in each beaker, and the
same method was repeated for 5 times. Filtrates were pooled
in the same reservoir. In the rotary evaporator, the distillate
was evaporated under reduced pressure at 4 rpm. After the
evaporation of the solvent, the semisolid material of Prunus
armeniaca L. methanolic extract (PAME) was formed [4].

2.3. Plant Characterization

2.3.1. Physicochemical Analysis. /e physical and chemical
properties of the powder plant material were investigated to
calculate the moisture content, total ash, acid indissoluble
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ash, aqueous indissoluble ash, water, alcohol dissoluble
extractives, and sulfated ash content; all these analysis were
performed according to established protocols and already
performed in our previous published articles [26].

2.3.2. Phytochemical Analysis. To investigate the alkaloid,
phenolic, and flavonoid contents of the plant extract, the
phytochemical analysis was performed according to pre-
vious published protocols [4,26].

Estimation of Total Phenolic Content (TPC).
Folin–Ciocalteu’s phenol reagent (0.2 mL) was mixed in
the test tubes with the sample and standard solution
(0.2 mL), and after 4 minutes, 1 mL of sodium bicarbonate
solution (15%) was added into these test tubes. For the
next 2 hours, the solution was kept at room temperature,
and various concentrations of standard reference at 10, 20,
30, 40, 50, and 60 μg/mL were formed to build up a linear
regression equation. /en, the absorbance was taken at
760 nm. /e test tube standard had all reagents except the
analyte, and for drawing the standard curve gallic acid was
used [27]. As a result, the total phenolic content of the test
sample was measured as mg of gallic acid equivalents
(GAEqs)/g of the extract and is calculated using the
following equation:

total phenolic content

�
gallic acid equivalents × extract volume

sample (g)
.

(1)

Estimation of Total Flavonoid Content (TFC). 10% alu-
minum nitrate solution (0.1mL), 1M potassium acetate
(0.1mL), and 4.6mL distilled water were mixed with the
sample (0.2mL) and standard solution (0.2mL) in test tubes
(0.2mL). /en, for the next 45 minutes, the mixture pre-
pared was placed at room temperature for incubation. /e
test tube standard has all reagents except analyte, and
quercetin (QTN) will be used for drawing the standard
curve. Standard curves for reference sample solution were
taken at different concentrations 10, 20, 30, 40 50, and 60 μg/
mL and at 415 nm, and the absorbance was measured [27].
/e TFC was measured as mg of quercetin equivalents/g
(QEqs/g) of the extract and is determined using the fol-
lowing equation:

total flavonoid content

�
QTNequivalents × extract volume

sample (g)
.

(2)

Estimation of Total Alkaloids. /e gallic acid solution in
5%methanol (100 L), concentrated H2SO4 (2 L), and sample/
standard alcoholic solution (100 L) were combined in a test
tube. For the next 10 minutes, the solution was boiled, and at
660 nm the absorbance wasmeasured./e test tube standard
has all reagents except the sample. For drawing the standard
curve, atropine was used. Standard atropine solutions at
different concentrations 10, 20, 30, 40, 50, and 60 μg/mL
were made. Presence of total alkaloids in the extract was

measured as milligrams of atropine equivalents (AEqs/g) of
the extract, and total alkaloids are figured out using the
following equation [28]:

total alkaloids

�
piperine equivalents × extract volume

sample (g)
.

(3)

Determination of Antioxidant Activity Using DPPH
Assay. Various concentrations of the sample will be used to
determine the antioxidant activity. DPPH will be dissolved
in methanol. In a total volume of 4mL methanol, 200 μL of
0.05%DPPHwill be mixed with 80 μL of the sample. And for
the next 30minutes it was kept in darkness. /e results will
be expressed as a percentage of inhibition using the percent
inhibition relationship [22]:

%scavenging effect

�
absorbance of control − absorbance of sample

absorbance of control
× 100.

(4)

2.4. ExperimentalAnimals. /irty-six healthy albinoWistar
rats weighing 150–200 g of either sex were used for in vivo
anti-Parkinson activity. /e rats were acquired and placed
in an animal house under proper conditions (12-hour light
and dark cycle, room temperature 25°C) in polypropylene
cages. Animals were divided into 6 groups after one-week
normal feeding with water ad libitum. /e study was
started after getting ethical approval (Ref. No. GCUF/ERC/
2222) from the Institutional Review Board of Government
College University Faisalabad ruling under the regulation
of the Institute of Laboratory Animal Resources, Com-
mission on Life Sciences, National Research Council
(1996).

2.5. Evaluation of Anti-Parkinson Activity

2.5.1. Disease Induction. In rats, haloperidol (1mg/kg) was
given once daily (intraperitoneally) for twenty-one days to
induce Parkinson’s disease except the normal control group.
It was injected before one hour of extract treatment [15].

2.5.2. Study Design. /irty-six healthy albino Wistar rats
(almost equal from each sex) were divided into 6 groups
(n� 6 each group). Group 1 was served as normal control
and was given the vehicle only. Group 2 or the disease
control group received 1mg/kg of haloperidol via in-
traperitoneal injection. Group 3 or the standard group re-
ceived 100mg/kg of levodopa and 25mg/kg carbidopa [29].
Groups 4, 5, and 6 or treatment groups received the kernel
extract of PAME at doses 100, 300, and 800mg/kg.

All the groups were treated for consecutive 21 days.
Behavioral and weight alterations were measured at the
beginning, during, and end of the study. After 21 days of
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treatment, all the rats were euthanized and observations
were recorded by biochemical and histological experiments.
Brains from all the groups were separated and rinsed with
normal saline and preserved in chilled phosphate buffer
(pH 7.4) for measurement of neurotransmitters (dopamine,
serotonin, norepinephrine) and oxidative stress biomarkers.
Blood samples of the animals were taken by cardiac
puncture. LFTs and RFTs were performed on blood plasma
and serum, respectively. /e vital organs such as brain, liver,
heart, and kidney were preserved in 10% buffered formalin
for further toxicity studies and histopathological
observations.

2.5.3. Behavioral Analysis. /e catalepsy, open field, hang,
hole board, swim, narrow beam walk, elevated plus maze,
and Y-maze tests were conducted to investigate the be-
havioral analysis [29].

Catalepsy Test. Catalepsy is the inability of rats to response to
external stimuli and rigidity of muscles. Briefly, the rats were
placed on a wooden bar (1 cm diameter and 3–9 cm elevated)
with their forelimbs after giving haloperidol and the time
taken to correct the imposed posture was recorded as
a catalepsy indicator. Catalepsy ends when either the rats
climb up the bar or their forelimbs touched the floor. /ese
observations were noted after 30, 60, 90, and 120 minutes
[29]. All findings were done in a quiet environment at 23–25
degrees Celsius, with a 5-minute cut-off time [30].

/e scoring of catalepsy was as follows:

(i) Score 0: when the rats were placed on the table, they
moved normally

(ii) Score 0.5: when pushed or touched, the rats behaved
normally

(iii) Score 2: in 10 seconds, the rats were unable to
correct the imposed posture; 1 score for every paw

Open-Field Test. /is test was conducted to evaluate the
locomotor and exploratory behavior patterns of experi-
mental rats. For this test, a square-shaped wooden box
(100 cm width× 100 cm diameter× 45 cm height) was made
of plywoodmaterial painted with white color and black-line-
coated floor has been splinted into 25 blocks. Ethanol was
used to wash the apparatus. For 5 minutes, the rats were
positioned in the center of the field and let them enter the
box freely, and then both central and horizontal numbers of
squares crossed and the number of crossings, time of stretch
attend, defecation, freezing, and postures were
recorded [29].

Hole Board Test. For the evaluation of behavioral compo-
nents of the experimental animals, the hole board test is
used. /e apparatus consisted of a (30 cm length (L)× 30 cm
width (W)) square-shaped area that contained 16 equidis-
tant holes. On the 20th day of dosing, each animal was
acclimatized for 30 minutes near the apparatus before being
placed in the center of the hole board apparatus for the
evaluation of test. Focused (edge sniffing and head dipping),

horizontal (walking and immobile sniffing), and vertical
(climbing and rearing) exploratory activities, as well as
immobility events, were observed during a 120-second
session with each animal [4].

Narrow Beam Walk Test. /is said test was carried out to
analyze the motor coordination and balance in the Parkinson’s
model. /e rats were taught to walk for 120 seconds through
a narrow stationary flat wooden plank measuring 100 cm in
length and 4 cm in width. /e time it took to cross a narrow
beam with two ends pointing in opposite directions was
recorded as a measure of motor coordination and balance [29].

Swim Test. It is the characteristic test for the observation of
depression in the animal, therefore called behavior despair
test. /e test was designed in a cylindrical setting (16 cm
H× 40 cm L× 25 cm W) that was filled with water to check
the immobility or mobility potential of the animal. /e
typical observation of this test was that the animal remains
immobile with its head above the surface of water. It was a 2-
day procedure, after the first trial on 20th day, and the final
trial was done on the 21st day of experiment. /e rats were
placed individually in a cylinder containing 19 cm of water,
and the temperature was kept constant at 23°C. Each animal
was subjected to a 6-minute swim test. /e swimming be-
havior was examined, and the duration of immobility in the
last four minutes was recorded, followed by 2 minutes of
acclimatization [31].

Y-Maze Test. In the Y-maze test, spontaneous alterations
were used as an index of working short-term memory. /e
maze was considered of a triangular central area with three
A, B, and C equilateral arms of (35 cm L× 25 cm H× 10 cm
W) each rat was placed in the central area facing one of the
arms. When all four paws of the rat were in the arm, the
entry was scored. Consecutive entries (ABC, BCA, or CAB
but not CAC) into all three arms were defined as sponta-
neous alterations in behavior. Maximum spontaneous al-
teration (total number of arms entered) and percentage of
spontaneous alteration (actual/maximum alterations× 100)
were calculated [32].

2.5.4. Evaluation of Biochemical Parameters. /e levels of
oxidative stress biomarkers GSH, SOD, CAT, and MDA
were quantified in the brain, liver, heart, and kidney ho-
mogenates; whereas acetylcholinesterase activity and do-
pamine, serotonin, and norepinephrine levels were
measured in the brain tissue homogenate [15].

Established protocols as already published and employed
in our previous studies were followed for the estimation of
catalase activity (CAT), dismutase activity (SOD), gluta-
thione (GSH), and malondialdehyde (MDA) levels in brain
homogenates [29].

2.5.5. Estimation of Total Protein. Solution A was prepared
by adding 2% Na2CO3 in 0.1N NaOH; solution B, 1%
sodium potassium tartrate in H2O; solution C, 0.5% CuSO4
in H2O; reagent 1, 48mL of solution A, 1mL of solution B,
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and 1mL of solution C; and reagent 2, 1 part of Folin phenol
in part of water in 1 :1 ratio.

Bovine serum albumin (BSA) 0.2mL was added as
a standard in 5 test tubes, and 0.8mL distilled water was
added. /en, in each test tube, reagent 1 (4.5mL) was added
and incubated for 10minutes. Following the initial in-
cubation, 0.5mL of reagent 2 was added and incubated for
another 30minutes. At 660 nm, the absorbance was taken
and a standard graph was drawn. /e standard curve was
constructed by BSA, and the values were expressed in mg/
mL [33]. /e following regression line was used:

absorbance (Y) � 0.00007571x + 0.00004762. (5)

2.5.6. Measurement of Nitrite Levels. Quantification of nitric
oxide can be done in the form of nitrite levels. /e tissue
homogenate and Griess reagent (36mL) were mixed in equal
amounts and incubated for 10 minutes for this assay. /e
absorbance of the reaction mixture was measured at 546 nm
[4,29]. /e following regression line was used:

absorbance (Y) � 0.003432 + 0.0366. (6)

2.5.7. Evaluation of Acetylcholinesterase Activity. In this
assay, 2.6mL phosphate buffer (pH 8) was added to (0.1M)
2,4-di-thio-bis-nitrobenzoic acid (100L) and 0.4mL tissue
homogenate was mixed with acetylthiocholine iodide (20L).
/e resultant mixture became yellow in appearance due to the
reaction ofDTNBwith acetylthiocholine iodide. At 412nm, the
absorbance was recorded. Change in absorbance wasmeasured
after every 2 minutes till the 10minutes of duration [4,34].
AChE activity was determined by using the following formula:

R � 5.74 × 10− 4
×

A

C°, (7)

where CO is the original concentration of tissue (mg/mL), A
is expressed as the variation in absorbance/minute, and R is
the rate inmoles of substrate hydrolyzed/min/gram of tissue.

2.5.8. Tests for the Estimation of Neurotransmitter Levels

Aqueous Phase Preparation. /e brains of all sacrificed rats
were isolated and weighed. /e homogenate of brain
tissue was preserved in 5mL of HCL-butanol and
centrifuged for 10minutes at 2000 rpm. After centrifu-
gation, an aliquot of the supernatant was taken, 0.31mL of
HCL (0.1M) and 2.5 mL of heptane were added, and the
mixture was shaken for 10minutes. /e mixture was
centrifuged at 2000 rpm for 10minutes. Two layers were
separated after centrifugation, and the temperature was
kept at 0°C throughout the procedure. /e liquid phase
(0.2 mL) was used for the determination of neurotrans-
mitter levels [35].

Estimation of Serotonin Levels. 0.25mL O-phthalaldehyde
was added to the liquid phase (0.2mL). To make a fluo-
rophore, the prepared solution was heated to 100°C. /e

solution was then allowed to cool to room temperature
before the absorbance was measured. /e emission wave-
length for the fluorescence method is 340 nm, and the ex-
citation wavelength is 305 nm [34].

Absorbance(Y) � 0.0299x + 0.0918. (8)

Estimation of Dopamine and Noradrenaline Levels. A
0.2mL sample of the aqueous phase was mixed with 0.05mL
HCL (0.4M) and 0.1mL sodium acetate/ethyl-
enediaminetetraacetic acid buffer (pH 6.9). After mixing,
0.1mL of Na2SO3 solution was added to carry out the ox-
idation reaction for 1.5minutes, followed by 0.1mL of acetic
acid. /e solution was heated to 100°C for 6minutes before
cooling to room temperature. /e absorbance of dopamine
and noradrenaline was measured at 350 nm and 450 nm,
respectively [34].

absorbance of dopamine (Y) � 0.0314x + 0.1067. (9)

2.6. Histopathological Analysis. /e brains of all animals
were silver stained, while other organs such as liver, heart,
and kidney were also processed for by using H&E
staining [36].

2.7. Statistical Analysis. /e results were presented as
means± SEM. In GraphPad Prism, version 6, data were
analyzed using one-way/two-way ANOVA followed by
Bonferroni’s multiple comparison as a post hoc test, with P

values of <0.05 considered significant.

3. Results

3.1. Plant Characterization

3.1.1. Physicochemical Analysis. PAME was characterized
for physicochemical parameters that are shown in Table 1.
/e moisture content was found to be 7%, the total ash
content was 22%, and the sulfated ash content was 52%. /e
water-insoluble ash content (39%) was found higher com-
pared with alcohol-insoluble ash (19%); while water- and
alcohol-soluble extractives were 1.6% and 5.8%, respectively.

3.1.2. Phytochemical Analysis. Phytochemical screening of
plant extracts showed different quantities such as poly-
phenolic content (26.07± 0.71mg/g), total alkaloid content
(43± 0.28mg/g), and total flavonoids (70.66± 0.45mg/g).
/ese constituents may be possibly responsible for the bi-
ological activities of P. armeniaca L. Alkaloids were quan-
tified using the gallic acid standard curve with linear
regression equation “y� 0.0006x and R2 � 0.9957,” while
flavonoids and polyphenols were quantified using the
quercetin standard curve with linear regression equation
“y� 0.001x and R2 � 0.9748” and piperine standard curve
with linear regression equation “y� 0.00396x and
R2 � 0.9954,” respectively. /e results are expressed in
Table 2.
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3.1.3. Determination of Antioxidant Activity Using DPPH
Assay. /e antioxidant activity of the phytoconstituents
analyzed increased as the concentration of the extracts in-
creased, according to the 2,2-diphenyl-1-picrylhydrazine
(DPPH) finding. From the curve drawn between concen-
tration and residual DPPH, the extract’s IC50 value was
determined. /e plant extract had an IC50 value of
60.32± 2.73, while ascorbic acid had an IC50 value of
47.51± 1.92.

3.2. BehavioralAnalysis for theEvaluationofAnti-Parkinson’s
Effect of PAME

3.2.1. Catalepsy Test. On the 7th, 14th, and 21st days, all
experimental rats in the respective groups were tested for
cataleptic reaction. Each animal’s cataleptic reaction was
recorded at 30, 60, 90, and 120 minutes following treatment
in all experimental groups. /e results are expressed in
Figure 1. In contrast to the normal control group, the time
spent substantially (P< 0.001) rose in the haloperidol (HAL)
group, which was noted on the 7th, 14th, and 21st days of
treatment. In comparison with the group treated with
haloperidol only, the induced cataleptic outcome of halo-
peridol was dose- and time-dependent (P< 0.001) reversed
by oral administration of levodopa and carbidopa (standard
anti-parkinsonian drugs). /e cataleptic response was re-
duced in all PAME-treated groups in a dose-dependent
manner. When compared with the disease group, the
800mg/kg dose demonstrated a significant (P< 0.001) re-
duction in catalepsy and the lowest score was noted on the
21st day.

3.2.2. Narrow Beam Walk Test. /e latency period for
a narrow beam test conducted was examined as a marker of
motor function as well as coordination on the 21st day
following the administration of doses, whereas the number
of padded faults was utilized to measure balance. /e delay
time and number of foot mistakes in the haloperidol-treated
group were substantially (P< 0.001) higher than those in the

normal control group./erapy with levodopa and carbidopa
reduced the crossing time approximately identically to the
control group (P< 0.001), indicating that treatment elimi-
nated the haloperidol effect. Compared with the disease
control group, the 100 and 300 mg/kg extract-treated groups
had substantially shorter latency times and fewer foot slip
mistakes (P< 0.01). When compared with the disease
control group, the 800mg/kg dosage level of PAME sig-
nificantly (P< 0.001) reduced the number of foot slip
mistakes. /e results are shown in Figure 2.

3.2.3. Open-Field Test. /e effects of PAME on the number
of lines crossed and exploratory behavior are shown in
Figures 3(a) and 3(b)./e treatment groups had a significant
influence on the number of squares traversed, as well as the
central and peripheral explorations (P< 0.001). Post-test
analysis revealed that plant extract at 100mg/kg and
300mg/kg resulted in a substantial increase (P< 0.01) and
the most significant improvement (P< 0.01) in central area
explorations. Although, in terms of the number of squares
traversed, animals in the plant-treated groups showed dose-
dependent recovery, P< 0.05, P< 0.01, and P< 0.001, re-
spectively, at all treatment dosages. As a result, the rats
demonstrated a dose-dependent increase in locomotor ac-
tivity, as well as an increase in exploratory behavior and
crossings. An indication of anxiolytic impact was a sub-
stantial (P< 0.001) reduction in the frequency of both
central and horizontal explorations in the disease
control group.

3.2.4. Hole Board Test. /e hole board test was performed to
evaluate the antianxiety potential and focused horizontal
and vertical exploratory activities in all the groups of

Table 1: Physicochemical analysis of P. armeniaca L.

Sr. no. Physicochemical parameters Percentage
1 Moisture content 7
2 Total ash content 22
3 Sulfated ash 52
4 Water-insoluble ash 39
5 Alcohol-insoluble ash 19
6 Water-soluble extractives 1.6
7 Alcohol-soluble extractives 5.8

Table 2: Phytochemical analysis of P. armeniaca L.

Phytochemical parameters Quantity (mg/g)
Polyphenols 26.07± 0.71
Total alkaloids 43± 0.28
Total flavonoids 70.66± 0.45
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Figure 1: Effects of P. armeniaca L. on measurement of cataleptic
scores. Data are presented as mean± SEM (n� 6), where $P< 0.05,
$$P< 0.01, and $$$P< 0.001 compared with the normal control
group. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001 compared with the
disease control group.
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experimental animals. And the number of rats putting their
heads into the holes is a sign of curiosity. Furthermore,
compared with the only haloperidol-treated group, post
hoc analysis indicated a substantial (P< 0.001) reduction in
the number of hole exploration. /e number of focused
(head dipping, edge sniffing) and vertical exploring be-
haviors decreased significantly (P< 0.001) in the disease
group (Figures 4(a) and 4(b)). All the treatment groups
showed an increase in their exploratory behaviors, with the
100mg/kg and 300mg/kg dosage groups showing fairly
significant recovery (P< 0.01) and the 800mg/kg dose
group of PAME showing a substantial P< 0.001) im-
provement in climbing and rearing. /e plant extract’s
dose-dependent impact suggests that it can protect against
dopaminergic depletion.

3.2.5. Swim Test. In the Parkinson disease model, the se-
verity of parkinsonian signs was evaluated through swim-
ming scores after haloperidol and treatment dose
administration as displayed in Table 3. All the treatment
groups increased their exploratory behaviors, with the
100mg/kg and 300mg/kg dosage groups showing fairly
significant recovery (P< 0.01) and the 800mg/kg dose group
of PAME showing a substantial (P< 0.001) improvement in
climbing and rearing. /e plant extract’s dose-dependent
impact suggests that it can guard against dopaminergic
depletion. In addition, a dose-related significant reduction
(P< 0.001) in the duration of immobility was noticed,
compared with the disease control group. /e standard
treatment group also showed a significant (P< 0.001) im-
provement in swimming. In addition, compared with the
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Figure 3: Effects of P. armeniaca L. on the (a) number of squares crossed and (b) number of central explorations in the open-field test. Data
are presented as mean± SEM (n� 6). $$$P< 0.001 compared with the normal control group. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001
compared with the disease control group.
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disease control group, there was a dose-related substantial
decrease (P< 0.001) in the length of immobility. Swimming
performance was also significantly improved (P< 0.001) in
the standard treatment group.

3.2.6. Y-Maze Test. /e impact of PAME on short-term
memory or working memory was evaluated using the
spontaneous alternation behavior Y-maze test, as stated
previously. In comparison with the normal control group,
a significant (P< 0.001) decrease in spontaneous alternation
behavior after haloperidol administration was revealed. /e
decrease in the relative proportion of spontaneous alter-
nation behavior caused by haloperidol was significantly
reversed dose dependently (P< 0.05, P< 0.01, and P< 0.001)
upon administration of PAME (100, 300, and 800mg/kg).
Haloperidol administration also reduced the number of arm
entries in the disease control group. /e treatment groups,
on the other hand, showed a significant (P< 0.001) recovery
of memory loss. /e percentage of spontaneous alterations
increased significantly (P< 0.001) in the standard and
800mg/kg dosage groups. All the results are shown in
Figures 5(a)–5(c).

3.3. Estimation of Neurotransmitter Levels in the Brain

3.3.1. Estimation of Dopamine and Noradrenaline Levels.
/e levels of dopamine and noradrenaline were measured
in brain’s tissue homogenate. /e treatment groups, on
the other hand, showed a significant (P< 0.001) recovery
of memory loss. /e percentage of spontaneous alter-
ations increased significantly (P< 0.001) in the standard
and 800mg/kg dosage groups. In the standard as well as
plant extract-treated groups, a significant improvement
was seen in the level of both neurotransmitters, which
was a comparable potential to the haloperidol-treated
group. However, all the treatment groups exhibited
a dose-dependent recovery in the levels of dopamine and
noradrenaline (P< 0.05, P< 0.01) at 100mg/kg and
300mg/kg, with a significant (P< 0.001) increase at the
highest dose level 800 mg/kg, as shown in Figures 6(a)
and 6(b).

3.3.2. Estimation of Serotonin Level. When compared with
the disease control group, which had a substantial reduction
in serotonin levels, animals in the levodopa plus carbidopa
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Figure 4: Effects of P. armeniaca L. on the (a) number of focused exploratory activities and (b) number of vertical exploratory activities in
the hole board test. Data are presented as mean± SEM (n� 6). $$$P< 0.001 compared with the normal control group. ∗P< 0.05, ∗∗P< 0.01,
and ∗∗∗P< 0.01 compared with the disease control group.

Table 3: Effects of P. armeniaca L. on the forced swim test.

Groups Dose (mg/kg) Swimming (sec) Climbing (sec) Immobility (sec)
Normal control — 146± 3.65 28.50± 3.17 65.50± 5.05
Disease control (Haloperidol) 1 98.50± 6.08$$$ 15.50± 2.40$ 121± 6.77$$$

Standard (Levodopa +Carbidopa) 100/25 145.50± 4.20∗∗∗ 27.66± 2.87∗∗∗ 79.83± 5.44∗∗∗

Prunus armeniaca L. (PAME)
100 125.16± 3.95∗ 25.67± 2.96∗∗ 109.16± 6.17∗
300 138± 2.84∗∗ 18.5± 3.65∗∗ 93.5± 10.54∗∗
800 142.83± 3.04∗∗∗ 21.5± 3.45∗∗∗ 84.16± 4.81∗∗∗

Data are presented as mean± SEM (n� 6). $P< 0.05, and $$$P< 0.001 in comparison with the normal control group. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001 in
comparison with the disease control group.
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(standard)-treated group showed a highly significant
(P< 0.001) improvement in serotonin levels (Figure 6(c)).
/e decrease in serotonin levels in Parkinson’s disease is
correlated with dyskinesia andmood disturbance. All dosage
levels of PAME restored the diminished level of serotonin in
a dose-dependent way with a substantially significant
(P< 0.001) increase at the highest dose level, i.e., 800mg/kg.

3.3.3. Evaluation of Acetyl Cholinesterase (AChE) Activity.
/eAChE level was substantially increased (P< 0.001) in the
disease control group./e standard treatment group showed
a decrease in AChE levels (P< 0.001). A highly significant
(P< 0.001) reduction in AChE levels was seen in the 800mg/
kg dose group of PAME, whereas, in the case of dose levels of
100mg/kg and 300mg/kg, a significant (P< 0.05) im-
provement was seen (Figure 7).

3.4. Evaluation of Oxidative Stress Parameters in the Brain

3.4.1. Superoxide Dismutase (SOD) Levels. A significant
reduction was found in the SOD levels of brain tissue ho-
mogenates after 21 days of experimentally induced par-
kinsonism with haloperidol (P< 0.001), but groups treated
with PAME of 800mg/kg had significantly enhanced the
level of SOD after 21 days (P< 0.001) (Table 4). Even though
the level of SOD was improved significantly with levodopa
and carbidopa in haloperidol-treated rats, but this increment
was not significant compared with extract-treated animals.

3.4.2. Evaluation of Catalase (CAT) Level. As depicted in
Table 4, when comparing the haloperidol-treated group with
the normal control group for 21 days, there was a statistically
significant (P< 0.001) reduction in catalase levels. /e
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Figure 5: Effects of P. armeniaca L. on (a) arm entries, (b) the number of Triads, and (c) spontaneous alterations (%) in the Y-maze test. Data
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standard group significantly reversed the change in CAT
levels caused by haloperidol. However, a dose-dependent
significant improvement was observed in all the treatment
groups such as 100mg/kg (P< 0.001), 300 (P< 0.001), and
800mg/kg dose levels (P< 0.001) when aqueous methanolic
extract of PAME was administered for 21 days along with
haloperidol administration.

3.4.3. Evaluation of Reduced Glutathione (GSH) Level.
Administration of haloperidol resulted in a significant
depletion of GSH levels in brain tissue homogenates of
the disease control group (P< 0.001), as shown in Table 4.
/e glutathione level reached near normal in the Par-
kinson’s group who received levodopa plus carbidopa
along with haloperidol. /e recovery of GSH content in
the treatment group with a dose of 800 mg/kg was highly

significant (P< 0.001), while the other treatment doses
(100 and 300 mg/kg) showed moderately significant
improvement (P< 0.01), which was comparable to the
replenishment of GSH level in the standard group
(P< 0.05).

3.4.4. Determination of Malondialdehyde (MDA) Levels.
/ere was a significant (P< 0.001) increase in the level of
MDA after exposure of rats to haloperidol in comparison
with the normal control group. Concurrent treatment with
aqueous methanolic extract of the plant had significantly
reduced MDA levels (P< 0.05) at all the treatment doses.
However, the standard treatment group exhibited a signifi-
cant decrease after receiving treatment with levodopa plus
carbidopa for 21 days, which was close to the normal control
group (Table 5).
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Figure 6: Effects of P. armeniaca L. on (a) dopamine, (b) noradrenaline, and (c) serotonin levels in brain homogenates. Data are presented as
mean± S.E.M. (n� 6). $$$P< 0.001 compared with the normal control group. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001 compared with the
disease control group.
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3.4.5. Measurement of Nitrite Levels. PAME when injected
at 100mg/kg indicated a significant reduction (P< 0.05),
whereas 300 and 800mg/kg dose levels exhibited a signifi-
cant decrease in nitrite levels (P< 0.001), as shown in Ta-
ble 5. A significant reduction in the nitrite level was observed
in the standard treatment group (P< 0.001). However,
haloperidol was able to decrease the level of nitrite in the
disease control group.

3.4.6. Estimation of Total Protein Levels. When compared
with the normal control group, tissue protein levels in the
disease control group were significantly lower after treat-
ment with haloperidol alone (P< 0.001). /e groups of
animals treated with different doses of plant extract showed

recovery in the level of protein. /e highest dose of PAME
800mg/kg showed the statistically maximum improvement
in the level of protein (P< 0.05). A more significant increase
was observed in the protein level of the standard treatment
group after treatment with haloperidol and concurrent
administration of levodopa plus carbidopa (P< 0.001)
(Table 5).

3.4.7. Histopathological Examination of Brain Tissue. /e
histopathological changes in brain specimens from various
treated groups are displayed in Figure 8. Microscopic ex-
amination with a light microscope at 40× of brain tissues
from the normal control group showed an intact histological
structure and no histopathological alterations. Animals in
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Figure 7: Effects of P. armeniaca L. on acetylcholinesterase levels in brain homogenates. Data are presented as mean± S.E.M. (n� 6).
$$$P< 0.001 compared with the normal control group. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001 compared with the disease control group.

Table 4: Estimation of SOD, CAT, and GSH levels in brain homogenates.

Groups Dose SOD (μg/mg of protein) CAT (μmol/min/mg of protein) GSH (μg/mg of protein)
Normal control — 2.189± 0.02 30.18± 0.1 12.186± 0.1
Disease control 1mg/kg 1.324± 0.01$$$ 21.58± 0.1$$$ 9.366± 0.1$$$

Standard (levodopa + carbidopa) 100/25mg/kg 2.171± 0.01∗∗∗ 28.64± 0.1∗∗∗ 11.664± 0.1∗∗

Prunus armeniaca L. (PAME)
100mg/kg 1.569± 0.01∗ 23.01± 0.3∗ 9.779± 0.7∗∗
300mg/kg 1.832± 0.01∗∗ 25.71± 0.3∗∗ 10.437± 0.5∗∗
800mg/kg 2.035± 0.01∗∗∗ 27.09± 0.4∗∗∗ 11.172± 0.5∗∗∗

Data are presented as mean± SEM (n� 6). $$$P< 0.001 in comparison with the normal control group. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001 in comparison
with the disease control group.

Table 5: Estimation of MDA, nitrite, and protein levels in brain homogenates.

Groups Dose MDA (nmol/mg of protein) Nitrite
(μg/mg of protein) Protein (μg/mg)

Normal control — 728± 2.4 2.01± 0.2 310.8± 1.2
Disease control 1mg/kg 865± 1.5$$$ 3.89± 0.2$$$ 214.8± 1.5$$$

Standard (levodopa + carbidopa) 100/25mg/kg 741± 1.7∗∗∗ 2.23± 0.2∗∗∗ 295.9± 1.2∗∗∗

Prunus armeniaca L.
100mg/kg 823± 1.5∗∗ 3.42± 0.2∗∗ 240.2± 1.6∗
300mg/kg 791± 1.2∗∗ 2.97± 1.2∗∗∗ 273.1± 1.6∗∗
800mg/kg 765± 1.2∗∗ 2.48± 0.2∗∗∗ 287.7± 1.6∗∗∗

Data are presented as mean± SEM (n� 6). $$$P< 0.001 in comparison with the normal control group. ∗P< 0.05, ∗∗P< 0.01, and ∗∗∗P< 0.001 in comparison
with the disease control group.
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the disease control group, on the other hand, showed
neuronal degeneration, mild congestion in blood vessels,
and slight hemorrhage. In the brain tissues, neurofibrillary
tangles and plaques were also noticed in the haloperidol-
treated group. Furthermore, an improvement in histological
alterations was seen in groups treated with PAME at 100,
300, and 800mg/kg dose levels. /e standard treatment
group was significantly replaced with health active neurons.

4. Discussion

Parkinson’s disease is a complex, age-related nervous system
disorder featured by reduction in the level of dopamine and
the loss of nerve cells in the substantia nigra pars compacta
[5]. Presently, PD is considered the second most prevalent
neurodegenerative disorder [37]. Clinically, motor dys-
function and dementia have been widely attributed to PD.
Neurodegeneration and neuronal dysfunction are consid-
erably modulated by oxidative stress and neuro-
inflammation, leading to the reduction of various
antioxidants. /e reported prevalence of PD increases from
1 to 5% with an increase in age from 65 to 85 years, re-
spectively, and is more occurring in men than women [5,38],
and this gender discrimination is attributed to the neuro-
protective effect of estrogen in females [39–41]. /e neu-
ropathological mechanisms of PD are multifactorial and
include genetic and nongenetic as well as environmental
factors, while the etiology of PD is still largely unknown.
Protein aggregate accumulation, mitochondrial damage,
impaired protein clearance pathways, neuroinflammation,
oxidative stress, excitotoxicity, and genetic mutations are the
main pathological mechanisms. /e current medication of
PD treats only symptoms, neither slows down nor halts the
dopaminergic neurodegeneration [42]. Numerous efforts
have been made to discover, identify, and formulate disease-
modifying agents, but these efforts are still restricted to
symptomatic treatment. Regarding the treatment of PD,
many guidelines are available in which dopamine agonist is
used in treating young-onset patients and levodopa for older
patients. For initial therapy, patients who go through first
motor fluctuations, MAO-B inhibitors act as a better
treatment option. Similarly, COMT inhibitors enhance the
action of levodopa if any wearing-off symptoms present [10].
/ere are many side effects of the currently available anti-
Parkinson drugs, so the current approaches for treatment
focuses on newer agents that will either inhibit or terminate
the progression of the ailment and be economical./erefore,
the need of developing new drugs from plant origin has
preventive yet lesser side effects against Parkinson’s disease.
Plants with potent antioxidant activities have been a long-
established source of potential bioactivity moieties with
neuropharmacological activities. Quercetin, a potent anti-
oxidant flavonoid, is present in Prunus armeniaca. Quer-
cetin, a flavonoid-derived plant flavanol, has recently been
discovered to have neuroprotective properties against
neurodegenerative diseases. It has been proposed as a Par-
kinson’s disease supplemental therapy, and the role of fla-
vonoids in PD treatment has been extensively researched. It
has pharmacological effects in PD by regulating various

molecular pathways [43]. It also has therapeutic potential for
the prevention and treatment of neurodegenerative diseases
such as Alzheimer’s disease (AD) and Parkinson’s disease
(PD) due to its antioxidant and anti-inflammatory prop-
erties, as well as its ability to cross the blood-brain
barrier [20].

/is research was carried out to assess the neuro-
protective potential of the methanolic extract of Prunus
armeniaca (PAME), and the standard drug that was used
throughout the study was L-dopa plus carbidopa to compare
the neuroprotective effect of our methanolic extract with
current strategies and medications being used convention-
ally. Catalepsy is a key biomarker for the evaluation of
Parkinson’s disease, and this behavior was found to be
improved and attenuated upon treatment with PAME
(Figure 1). /e extract understudy improved the muscle
strength of experimental rats in a dose-dependent manner. It
was found that, in a hanging test, PAME improved neu-
romuscular strength, which was compromised by prolonged
haloperidol administration. /e motor coordination was
also found to be improved by extract administration as it was
shown to increase the horizontal bar test time (Figures 2 and
3). /e hazardous effects of oxidative stress are inhibited by
the natural antioxidants present in different plants owing to
the presence of phenolic compounds, flavonoids. /e cur-
rent study suggested that physical strength, balance, and
coordination were improved and maintained by adminis-
tration of extract. In this study, the preliminary qualitative
analysis has revealed large fractions of compounds such as
polyphenols, flavonoids, and alkaloids in the PAME, which
were also present abundantly in different plants in previous
studies showing neuroprotective effects [44]. Considering
the antioxidant potential of P. armeniaca L. plant, we
conducted an antioxidant assay of the extract to confirm the
presence of this compound in sufficient quantity to show
antioxidant properties. /e antioxidant capacity of the ex-
tract was determined using the DPPH assay, and it was
confirmed that PAME has an excellent antioxidant potential
(Table 5). Different behavior analyses such as open field, hole
board, narrow beam, swim, elevated plus maze, and cata-
lepsy tests were performed, and the changes in the behavior
of experimental animals were evaluated (Figures 3–6). All
behavior parameters of experimental animals were im-
proved in response to administration of PAME and standard
drugs. Administration of the extract resulted in improve-
ment of locomotor activity, motor coordination, exploratory
activities, and reduction in depression, anxiety, and reduced
episodes of catalepsy (Figures 3–6). Numerous previous
studies have shown that increased oxidative stress in the
body and antioxidant enzyme imbalance can be related to
development of neurodegenerative disorders [45]. Provoked
oxidative stress and disturbed normal state of cells can lead
to production of free radicals and peroxides, leaving toxic
effects on brain cells. /e increased level of free radicals and
peroxides can lead to damaging of all cell components in-
cluding lipids, proteins, and DNA. Haloperidol has been
reported to deteriorate the levels of normal storage of an-
tioxidant enzymes in the body by increasing oxidative stress
on administration, which was indicated by increased lipid
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peroxidation and decreased SOD, CAT, and GSH that guard
against oxidative stress [46]. One of the major causes of
neurodegeneration is oxidative stress, and to evaluate the
test doses, the levels of all oxidative stress biomarkers were
measured. In the current study, PAME significantly restored
the levels of antioxidant enzymes including SOD, CAT, and
GSH (Table 4) in the body and reduced the elevated levels of
nitrites and MDA (Table 5). As antioxidant enzymes were
recovered within the body, it might be the reason of im-
provement in behavior and different brain functions. In the
current study, different parameters were evaluated to esti-
mate the neurotransmitter levels in the body and the results
showed that the levels of neurotransmitters including do-
pamine, serotonin, and noradrenaline were significantly
increased (P< 0.001), whereas the level of acetylcholines-
terase was decreased significantly (P< 0.001) (Figures 6 and
7). Histopathological data showed improvement in histo-
logical alterations, such as neurofibrillary tangles and pla-
ques (Figure 8). Data regarding the toxicity study performed
on heart, kidney, and liver are given in supplementary data
(Tables S1–S6). /e incidence of side effects was inquired by
biochemical analysis via LFTs and RFTs, and none of the
abnormally raised values were determined (Tables S7 and
S8). Nonsignificant differences in values among different
groups were seen. Furthermore, the histopathological ex-
aminations also revealed normal histological findings for all
vital organs such as heart, kidney, and liver (Figures S1–S3).

5. Conclusion

In this study, the therapeutic potential of PAME in Par-
kinson’s disease was investigated. /e antioxidant potential
of PAME was evaluated through behavioral, biochemical,
and histological analyses and estimation of neurotransmitter
levels, and its anti-Parkinson’s activity was confirmed. It has
been found to improve motor function deficits, behavioral
disturbances, and neurotransmitter levels in a haloperidol-
induced PD rat model. It has been observed that, in this
disease, oxidative stress can be reduced and antioxidant
enzymes can be recovered. It was also discovered to inhibit
the acetylcholinesterase enzyme’s activity in the brain tissue.
/erefore, it can be concluded that this PAME might have
a potential in the treatment of PD, and further research in
this regardmay open a new era of research if the study can be
extended to the molecular level.

Data Availability

/e data used to support the findings of this study are
available from the corresponding author upon reasonable
request.
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Figure 8: Histopathological examination of brain tissue: (a) normal control; (b) disease control; (c) standard; (d) extract 100mg/kg;
(e) extract 300mg/kg; and (f) extract 800mg/kg. /e pictures were taken at 40×. T: neurofibrillary tangles; P: plaques.
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Supplementary Materials

Prunus armeniaca L. methanolic extract (PAME) and tox-
icity studies performed on the heart, liver, and kidney. All
the toxicity data are provided in the supplementary material
file and cited in the relevant section of the main text and
supplementary material file. (Supplementary Materials)
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Objective. Gastrodin is a main medicinal component of traditional Chinese medicine (TCM) Gastrodia elata Blume (G. elata),
presenting the potential for the treatment of attention-de�cit/hyperactivity disorder (ADHD). However, the underlying targets
and action mechanisms of the treatment have not been identi�ed. Methods. �e gastrodin-related microarray dataset GSE85871
was obtained from the GEO database and analyzed by GEO2R to obtain di�erentially expressed genes (DEGs). Subsequently, the
targets of gastrodin were supplemented by the Encyclopedia of Traditional Chinese Medicine (ETCM), PubChem, STITCH, and
SwissTargetPrediction databases. ADHD-associated genes were collected from six available disease databases (i.e., TTD,
DrugBank, OMIM, PharmGKB, GAD, and KEGG DISEASE). �e potential targets of gastrodin during ADHD treatment were
obtained by mapping gastrodin-related targets with ADHD genes, and their protein–protein interaction (PPI) relationship was
constructed by the STRING database. �e GO function and KEGG pathway enrichment analyses were performed using the
ClueGO plug-in in the Cytoscape software and DAVID database, respectively. Finally, the binding a£nity between gastrodin and
important targets was veri�ed by molecular docking. Results. A total of 460 gastrodin-related DEGs were identi�ed from
GSE85871, and 124 known gastrodin targets were supplemented from 4 databases, including ETCM. A total of 440 genes were
collected from the above 6 disease databases, and 267 ADHD-relevant genes were obtained after duplicate removal. �rough
mapping the 584 gastrodin targets to the 267 ADHD genes, 16 potential therapeutic targets were obtained, among which the
important ones were DRD2, DRD4, CHRNA3, CYP1A1, TNF, IL6, and KCNJ3.�e enrichment analysis results indicated that 16
potential targets were involved in 25 biological processes (e.g., dopamine (DA) transport) and 22 molecular functions (e.g.,
postsynaptic neurotransmitter receptor activity), which were mainly localized at excitatory synapses. �e neuroactive ligand-
receptor interaction, cholinergic synapse, and dopaminergic synapse might be the core pathways of gastrodin in ADHD
treatment. �rough molecular docking, it was preliminarily veri�ed that gastrodin showed good binding activity to seven
important targets and formed stable binding conformations. Conclusions. Gastrodin might exert an anti-ADHD e�ect by
upgrading the dopaminergic system and central cholinergic system, inhibiting the in¨ammatory response and GIRK channel, and
exerting a synergistic e�ect with other drugs on ADHD. For this reason, gastrodin should be considered a multitarget drug for
ADHD treatment.

1. Introduction

Attention-de�cit/hyperactivity disorder (ADHD) is a com-
mon neurodevelopmental disorder clinically, mainly char-
acterized by inattention, hyperactivity, and impulsiveness [1].

According to the results of the latest meta-analysis, the global
prevalence of ADHD in children and adults was 7.2% and
6.76%, respectively [2, 3], indicating persistent lifetime
symptoms in most ADHD patients. Additionally, ADHD is
often accompanied by other psychiatric conditions, such as
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depression disorder, severe anxiety, and oppositional defiant
disorder [4]. With the rising incidence in recent years,
ADHD has become a global public health concern [5].

ADHD has been defined as a complex, multifactorial
disorder, with its etiology and pathogenesis not well under-
stood [6]. Among many hypotheses of ADHD, the abnor-
malities in the functions of monoamine neurotransmitters
have been the research focus; especially, the “dopamine deficit
theory” has been confirmed [7, 8]. At present, methylphe-
nidate (MPH) is the most commonly used drug in clinical
practice and shows a significant advantage in the temporary
control of ADHD symptoms [9]. Unfortunately, MPH is a
stimulant thatproducespotential digestive andcardiovascular
side effects. It also causes recurrent symptoms after discon-
tinuation, resulting in poor compliance of patients with
treatment [10–12]. *erefore, it is essential to explore a more
efficient and safer drug for ADHD treatment.

Considering the clear curative effect, multiple targets,
and other advantages of traditional Chinese medicine
(TCM) with a long history, Chinese herbs and their main
active ingredients have gradually become the major re-
sources of new drugs, represented by artemisinin from
Artemisia annua [13, 14]. Gastrodia elata Blume (G. elata) is
a high-frequency herb used in the TCM prescription for
ADHD treatment [15]. Gastrodin, chemically known as 4-
hydroxymethylphenyl β-D-glucopyranoside, is the key
characteristic medicinal component ofG. elata [16]. Modern
pharmacological studies have revealed that gastrodin has the
properties of the regulationofmonoamineneurotransmitters

[17], anti-inflammation [18], antioxidation [19], antianxiety
[20], neuronprotection [21], etc., closely related to the known
ADHD pathogenesis. Moreover, gastrodin exhibits excellent
oral bioavailability, rapid penetration of the blood-brain
barrier, and almost nontoxicity [22, 23]. However, the
mechanism of gastrodin, as a potential drug for ADHD
treatment, on ADHD still remains unclear.

Recent years have seen the emerging bioinformatics and
network pharmacology in the field of life science and
pharmacology, which offer new methods to elucidate the
molecular mechanisms of diseases and drug therapy targets
[24]. On this basis, this study was designed to use bio-
informatics coupled with network pharmacology to screen
and predict the potential targets and signal pathways of
gastrodin in ADHD treatment and to verify the predicted
results by molecular docking. *is study is expected to lay a
basis for the follow-up experiment and novel drug devel-
opment. A flowchart of our study is presented in Figure 1.

2. Materials and Methods

2.1. Identification of Gastrodin Targets. *e microarray
dataset GSE85871 was obtained by searching the gene ex-
pression omnibus (GEO) database (https://www.ncbi.nlm.
nih.gov/geo/) with “gastrodin” as the keyword. *e data of
GSE85871 were based on the affymetrix human genome
U133A 2.0 array (GPL571), containing the gene expression
data of 102 TCM ingredient-treated MCF7 cells. Dimethyl
sulfoxide (DMSO) treatment was used as a control. Only

gastrodin
related DEGs known targets

drug targets disease genes

potential therapeutic targets

PPI network enrichment analysis

gastrodin

ADHD

molecular docking analysis

Figure 1: Flowchart of the study on the molecular mechanism of gastrodin in attention-deficit/hyperactivity disorder (ADHD) treatment.
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data from the two gastrodin intervention groups and the two
DMSOcontrol groups were extracted and subsequently
analyzed. GEO2R (https://www.ncbi.nlm.nih.gov/geo/
geo2r/) was used to standardize the raw data and investigate
the differentially expressed genes (DEGs). Genes with
P<0.01and | fold change (FC)| < 2 were considered DEGs, all
of which were displayed by the heatmap and volcano plot.

Afterward, the Encyclopedia of Traditional Chinese
Medicine (ETCM) (https://www.tcmip.cn/ETCM/), Pub-
Chem (https://pubchem.ncbi.nlm.nih.gov/), STITCH
(https://stitch.embl.de/), and SwissTargetPrediction (https://
www.swisstargetprediction.ch/) databases were retrieved
with “gastrodin” as the keyword, respectively. *en the
gastrodin-related drug targets were gained by combining the
targets obtained from the above four databases with the
DEGs analyzed by the dataset GSE85871.

2.2. Collection of ADHD Disease Genes. By retrieving the
*erapeutic Target Database (TTD, https://bidd.nus.edu.sg/
group/cjttd/), DrugBank (https://go.drugbank.com/),
Online Mendelian Inheritance in Man (OMIM, https://
www.omim.org/), Pharmacogenomics Knowledge Base
(PharmGKB, https://www.pharmgkb.org/), Genetic Asso-
ciation Database (GAD, https://geneticassociationdb.nih.
gov/), and KEGG DISEASE (https://www.kegg.jp/kegg/
disease/), the ADHD disease genes were collected.

2.3. Construction of Protein–Protein Interaction (PPI)
Network. *e potential targets of gastrodin in ADHD
treatment could be obtained by mapping drug targets with
disease genes. *ese potential therapeutic targets were
uploaded to the STRING database (https://cn.string-db.org/)
with a minimum interaction score of 0.4 to obtain the PPI
relationship. *en, they were visualized by the Cytoscape
software.

2.4. Enrichment Analysis. To further explore the main
mechanism of gastrodin in ADHD treatment, the ClueGO
plug-in in the Cytoscape software was employed for gene
ontology (GO) enrichment analysis, covering biological
process (BP), molecular function (MF), and cell composition
(CC). Moreover, the Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analysis was carried
out using the DAVID database (https://david.ncifcrf.gov/),
with P< 0.05 as the cut-off criterion and the result displayed
by the barplot.

2.5. Molecular Docking Analysis. *e key therapeutic targets
were selected for molecular docking with gastrodin to pre-
liminarily verify the mechanism of gastrodin for ADHD
treatment. Briefly, the molecular structure of gastrodin was
downloaded from the PubChem database, and the format
transformation and energy minimization were carried out by
the Chem3D software. *e obtained structure was imported
into the Schrödinger software and saved as the ligand da-
tabase of molecular docking after hydrogenation, structure
optimization, and energy minimization. *e crystal

structures of the key targets were obtained from the RCSB
PDB database (https://www.rcsb.org/) and imported into the
Maestro 11.9 platform. *e proteins were pretreated by the
Protein PreparationWizardmodule in Schrödinger software.
Constrained energy minimization and geometric structure
optimization were performed by the OPLS3e force field.
Finally, using the default software parameters, the standard
precision (SP) method was selected to dock gastrodin with
key therapeutic targets. *e docking results were visualized
by the PyMOL software.

3. Results

3.1. Identification of DEGs and Target Collection of Gastrodin.
With P< 0.01 and |FC|> 2 as the threshold, 460 DEGs
(Supplementary Table 1) were identified from the micro-
array dataset GSE85871, including 253 up-regulated genes
and 207 down-regulated genes between the gastrodin in-
tervention groups and control groups. *e heatmap and
volcano plot were utilized to display the distribution of all
DEGs (Figure 2).

By database retrieval, 16, 7, 6, and 103 gastrodin targets
(Supplementary Table 2) were obtained in ETCM, Pub-
Chem, STITCH, and SwissTargetPrediction, respectively.
*ese targets were combined with 460 DEGs, with the
duplicate values deleted. Finally, 584 gastrodin-associated
drug targets were obtained (Supplementary Table 3).

3.2. Screening of ADHDDisease Genes. A total of 440 known
genes of ADHD were collected from 6 existing databases,
and 267 ADHD disease genes were obtained after duplicate
removal (Supplementary Table 4).

3.3. Identification of 
erapeutic Targets and Construction of
PPI Network. Among the 584 drug targets and 267 disease
genes, 16 common targets were found. By uploading the 16
targets to the STRING database, a PPI network including 14
interactive nodes and 2 independent nodes was obtained and
visualized by the Cytoscape software (Table 1 and Figure 3).
*e NetworkAnalyzer plug-in was employed to evaluate the
degree value (i.e., the number of edges linked to a node) of
each node. A greater degree value indicates a more signif-
icant target in the PPI network and greater biological
functions of the target [25]. Only targets with a degree
greater than the average value (3.0) were considered im-
portant, including DRD2, DRD4, CHRNA3, CYP1A1, TNF,
IL6, and KCNJ3.

3.4. GO Function and KEGG Pathway Enrichment. *e
ClueGO plug-in in the Cytoscape software was utilized to
perform the enrichment analysis of BP, MF, and CC on the
above 16 targets. As shown in Figure 4(a), 25 biological
processes were obtained and clustered into 3 groups:
membrane repolarization during ventricular cardiac muscle
cell action potential, dopamine (DA) transport, and re-
sponse to nicotine. Among the three groups, DA transport
had close ties to the pathological mechanism of ADHD,
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covering 44.0% of all BP terms. As can be seen in Figure 4(b),
16 targets mediated 22 molecular functions, which were also
clustered into three groups, i.e., the postsynaptic neuro-
transmitter receptor activity, arachidonic acid mono-
oxygenase activity, and voltage-gated potassium channel
activity involved in ventricular cardiac muscle cell action
potential repolarization. Among them, the postsynaptic
neurotransmitter receptor activity was the main enriched
molecular function, covering 54.55% of all MF terms.*e CC
result demonstrated that the potential targets of gastrodin
duringADHDtreatmentwere located on14 cell compositions
clustered into 8 groups (Figure 4(c)). Among them, the

excitatory synapsewas themain enrichedarea (covering50%).
*e KEGG pathway enrichment analysis indicated 16 targets
associated with 7 pathways (P< 0.05), mainly including the
neuroactive ligand-receptor interaction, cholinergic synapse,
and dopaminergic synapse (Figure 5).

3.5. Molecular Docking of Gastrodin with Important 
era-
peutic Targets. Gastrodin was docked with DRD2, DRD4,
CHRNA3, CYP1A1, TNF, IL6, and KCNJ3, respectively, to
evaluate the binding affinity between gastrodin and these
target proteins. Generally, binding energy less than 0

Table 1: Basic information of 16 potential therapeutic targets.

No. Gene symbol Gene name Degree logFC
1 DRD2 Dopamine receptor D2 6 2.4680278
2 DRD4 Dopamine receptor D4 5 —
3 CHRNA3 Cholinergic receptor nicotinic alpha 3 subunit 4 2.5349484
4 CYP1A1 Cytochrome P450 family 1 subfamily A, member 1 4 −3.8387415
5 TNF Tumor necrosis factor 4 —
6 IL6 Interleukin 6 4 —
7 KCNJ3 Potassium inwardly rectifying channel, subfamily J, member 3 4 −1.1164583
8 CYP2E1 Cytochrome P450 family 2, subfamily E, member 1 3 2.7216362
9 SLC6A2 Solute carrier family 6, member 2 3 2.5546023
10 TPH1 Tryptophan hydroxylase 1 3 2.1948648
11 NTRK2 Neurotrophic receptor tyrosine kinase 2 3 2.7099514
12 KCND3 Potassium voltage-gated channel subfamily D, member 3 2 3.0669291
13 KCNH2 Potassium voltage-gated channel subfamily H, member 2 2 1.127879
14 CHRM5 Cholinergic receptor muscarinic 5 1 1.8235883
15 GGH Gamma-glutamyl hydrolase 0 —
16 NLGN3 Neuroligin 3 0 −1.8037092
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Figure 2: Heatmap and volcano plot of differentially expressed genes (DEGs). (a) Heatmap of 460 DEGs identified with the threshold of
P< 0.01 and |logFC|> 1. Pink and blue indicate gastrodin intervention groups and DMSO control groups, respectively. *e color gradient
from red to green represents differential expression values from high to low. Red represents the up-regulated genes, while green denotes the
down-regulated genes. (b) Volcano plot of all genes. *e red dots indicate up-regulated genes, the blue dots indicate down-regulated genes,
and the gray dots indicate genes with no significant difference.
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indicates that the ligand can bind to the receptor sponta-
neously [26]; binding energy less than −5.00 kcal/mol im-
plies strong binding activity [27]. As can be seen from
Table 2, the binding energies of gastrodin and seven im-
portant targets were all less than −6.00 kcal/mol. As shown
in Figure 6, gastrodin could form stable complexes with
seven target proteins mainly through the formation of hy-
drogen bonds or hydrophobic interaction. In short, the
docking results provide data support for the subsequent
verification of the regulatory relationship between gastrodin
and these targets.

4. Discussion

ADHDwas previously considered a behavioral disorder only
in childhood, with the symptoms disappearing with age.
Nevertheless, growing evidence has revealed that more than
half of patients will continue to suffer from ADHD until
adulthood and even throughout life [28, 29]. ADHD leads to
declining academic performance, cognitive impairment,
various emotional problems, and increasing social crime and
suicide rates [30, 31], resulting in significant negative con-
sequences for individual patients, their families, and society
[32]. Due to the complex etiology and pathogenesis, it is
difficult to eliminate the symptoms using the existing
therapeutic drugs, which have many side effects and thus
pose severe challenges to clinical treatment [33]. Fortu-
nately, Chinese herbs and their active ingredients bring new
opportunities for drug research and development, repre-
sented by a frequently used herb G. elata in ADHD treat-
ment, with gastrodin as its key component [34]. *erefore,
elucidation of the specific mechanism of gastrodin during
ADHD treatment can provide guidance for new drug de-
velopment and clinical treatment.

*is study systematically analyzed potential targets and
signal pathways of gastrodin during ADHD treatment. By

retrieving the GEO database, several drug databases, and
disease databases, 16 potential therapeutic targets were
identified, among which the important were DRD2, DRD4,
CHRNA3, CYP1A1, TNF, IL6, and KCNJ3. Both DRD2 and
DRD4 belonged to DA D2-like receptors, participating in
DA transmission [35]. DA is a key neurotransmitter regu-
lating physical movement, emotion, and neuroendocrine
activities [36], stored in the synaptic vesicles of dopami-
nergic neurons after synthesis. When nerve impulses are
afferent, DA is released into the synaptic cleft and binds to
DA receptors to performmultiple functions [37]. A genome-
wide association study of first-line pharmacotherapeutics for
ADHD suggested that DRD2 might be a secondary target of
MPH and amphetamine (AMP) [38]. Decreased DRD2
expression could lead to hyperactive behavior in mice [39].
A neuroimaging experiment has also confirmed that the
decreasingly available DA D2 autoreceptors were closely
related to impulsive traits [40]. According to our results
(Table 1 and Figure 3), gastrodin might promote DRD2
expression, suggesting the potential ameliorative effects of
gastrodin on the impulsive and hyperactive symptoms of
ADHD by increasing the number of DRD2 or its sensitivity
to DA. Regarded as a therapeutic target for ADHD [41],
DRD4 represented a lower density in multiple brain regions
of ADHD patients than that of normal individuals [42, 43].
*e application of highly selective DRD4 agonists could
significantly improve the cognitive ability of ADHD model
rats; moreover, it did not increase the risk of substance abuse
compared with psychostimulant therapy [44, 45]. To our
knowledge, the targeting relationship between gastrodin and
DRD4 has not been reported. Our molecular docking results
showed a strong binding affinity of gastrodin with DRD4
(binding energy: −7.13 kcal/mol). As shown in Figure 6(b),
gastrodin could interact withmultiple amino acid residues of
DRD4 through hydrophobic interaction and hydrogen
bonding. *erefore, DRD4 might become a new target for

TPH1

SLC6A2

DRD4

DRD2

KCNJ3

KCNH2 KCND3

CHRM5

CHRNA3

IL6

CYP1A1

CYP2E1

TNFNTRK2

NLGN3 GGH

Figure 3: Protein–protein interaction (PPI) network diagram of potential therapeutic targets. Each node in the network represents a target.
*e node size represents the degree value, and the different color represents differential expression values. Red indicates the up-regulated
targets, green indicates the down-regulated targets, yellow indicates targets supplemented by four drug databases, and there is no logFC value.
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gastrodin in disease treatment. Particularly in ADHD
treatment, gastrodin might play a role similar to that of a
DRD4 agonist. CHRNA3 is a member of the nicotinic
acetylcholine receptor (nAChR) family, and nAChR dys-
function plays an important role in the pathological
mechanism of attention deficit [46]. Several novel nAChR
agonists have been developed, such as AZD3480, ABT-894,

and ABT-089. *ey can improve adult ADHD symptoms to
a certain extent according to the randomized controlled
phase II clinical trials [47–49], indicating the feasibility of
using gastrodin to treat ADHD by increasing CHRNA3
expression. CYP1A1 is an important paralog of CYP1A2,
both of which are members of the cytochrome P450
(CYP450) superfamily [50]. CYP450 is among the most
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Figure 4: Results of gene ontology (GO) function enrichment analysis. *e cluster network and the pie chart of (a) biological process (BP),
(b) molecular function (MF), and (c) cell composition (CC). In the cluster network, each node represents a GO term, with the most
important term in each group highlighted. *e pie chart shows the proportion of each cluster group.
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critical drug metabolic enzymes capable of catalyzing phase I
reactions of drugs [51]. AMP, atomoxetine, and tricyclic
antidepressants, commonly used in ADHD treatment, are
metabolized by CYP1A2 [52], but their relationship with
CYP1A1 has not been reported. Our results suggested that
gastrodin might down-regulate CYP1A1 expression. It was
speculated that a beneficial interaction existed between the
CYP450-metabolized therapeutic drugs for ADHD and
gastrodin. Specifically, gastrodin might reduce the metabolic

rate of these drugs in vivo by inhibiting CYP1A1 activity,
thereby improving their efficacy. TNF and IL6 are well-
known important cytokines of inflammation and immune
response. Excess inflammatory cytokines could influence the
turnover of monoamine neurotransmitters and induce
various neuropsychiatric disorders [53]. Inflammation has
been implicated as a trigger of ADHD [54], and gastrodin
has been proved to have anti-inflammatory pharmacological
effects, which can alleviate cognitive impairment by
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Figure 5: Barplot of the KEGG pathway enrichment.*e horizontal axis represents the gene ratio, and the vertical axis represents the KEGG
pathways. *e color gradient of bars from red to blue indicates the (P) values from low to high.

Table 2: *e result of molecular docking.

Target PDB ID Binding energy (kcal/mol)
DRD2 6CM4 −7.46
DRD4 5WIV −7.13
CHRNA3 4ZK4 −7.93
CYP1A1 4I8V −7.33
TNF 7KPA −8.35
IL6 4O9H −6.64
KCNJ3 2QKS −6.52

(a) (b) (c) (d)

(e) (f ) (g)

Figure 6: Docking model of gastrodin with seven important targets. (a) DRD2 and gastrodin; (b) DRD4 and gastrodin; (c) CHRNA3 and
gastrodin; (d) CYP1A1 and gastrodin; (e) TNF and gastrodin; (f ) IL6 and gastrodin; (g) KCNJ3 and gastrodin.
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lessening TNF-α and IL-6 levels [18]. KCNJ3, also termed
GIRK1 or Kir3.1, is extensively expressed in the central
nervous system and binds to three other potassium channel
proteins (i.e., KCNJ6/GIRK2, KCNJ9/GIRK3, and KCNJ5/
GIRK4) to form the G protein-gated inwardly rectifying
potassium (GIRK) channel [55, 56]. *e GIRK channel can
bind to DA D2-like receptors, resulting in neuron self-in-
hibition and reduced DA release [57]. *is is relevant to the
pathogenesis of many neuropsychiatric disorders, such as
ADHD, schizophrenia, and epilepsy [58]. GIRK channel
blockers could prevent drug-induced hyperactivity in mice
[59]. In our study, gastrodin might down-regulate KCNJ3
expression, implying that inhibition of the GIRK channel
through KCNJ3 might be a main mechanism of gastrodin
during ADHD treatment.

Subsequently, further functional analysis was conducted
on the potential targets of gastrodin in ADHD treatment. As
shown in Figure 4, these targets mainly participated in the
biological process of DA transport and the molecular
function of postsynaptic neurotransmitter receptor activity,
mainly located at excitatory synapses. *e KEGG pathway
enrichment analysis results highlighted that the neuroactive
ligand-receptor interaction, cholinergic synapse, and do-
paminergic synapse were the main pathways for the gas-
trodin therapeutic effect (Figure 5). According to the results
obtained in this study, the important targets and pathways of
gastrodin in ADHD treatment were closely related to DA
receptor activity, nAChR activity, drug interaction, in-
flammatory response, GIRK channel, and neurotransmitter
transmission. *erefore, the specific mechanisms of gas-
trodin in ADHD treatment could be concluded from the
following aspects: (1) Above all, gastrodin might promote the
release and transport of DA by enhancing the function of DA
receptors, as well as inhibiting proinflammatory cytokines
and GIRK channel. (2) Gastrodin elevated the function of the
central cholinergic system by acting on nAChR. (3) Gas-
trodin might reduce the metabolic rate of CYP450-metab-
olized therapeutic drugs for ADHD, and the combination of
gastrodin with these drugs might have a synergistic effect.

Our study also has some limitations. First of all, the
sample size in the gastrodin intervention group was poor in
dataset GSE85871, which took MCF7 cells as the object to
analyze the gene expression of different TCM ingredients.
*e results would definitely vary if different human cells and
tissues were used for research. Second, the FC value of
gastrodin targets supplemented by the four drug databases
could not be obtained, and the exact effects of gastrodin on
the predicted targets and pathways need further experi-
mental verification. Finally, distinguishment was not made
between the ADHD subtypes. In accordance with the Di-
agnostic and Statistical Manual of Mental Disorders, 5th
edition (DSM-5), ADHD could be classified as hyperactive/
impulsive type, inattentive type, and combined type [60],
which presented diverse clinical manifestations and path-
ogenesis [61]. In the future, based on the results of this study,
the effective mechanisms of gastrodin in ADHD treatment
will be first verified. *en, detailed clinical and experimental
research programs are expected to be designed to observe the
effects of gastrodin on different subtypes of ADHD.

5. Conclusions

In conclusion, according to bioinformatics and network
pharmacology studies, the main targets of gastrodin for
ADHD treatment might be DRD2, DRD4, CHRNA3,
CYP1A1, TNF, IL6, and KCNJ3, which were preliminarily
verified by molecular docking. Gastrodin might exert an
anti-ADHD effect by enhancing the function of the dopa-
minergic system and central cholinergic system, inhibiting
the inflammatory response and GIRK channel, and exerting
a synergistic effect with other drugs on ADHD. Among
them, gastrodin might promote the release and transport of
DA through various mechanisms, which deserves the most
attention. Gastrodin should be considered amultitarget drug
for ADHD treatment. Taken together, the present study is
expected to provide important information to further
complement the pharmacological effects of gastrodin and
the clinical ADHD treatment.
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“Prevalence and correlates of adult attention-deficit hyper-
activity disorder: meta-analysis,” British Journal of Psychiatry,
vol. 194, no. 3, pp. 204–211, 2009.

[30] W. Retz, Y. Ginsberg, D. Turner et al., “Attention-deficit/
hyperactivity disorder (ADHD), antisociality and delinquent
behavior over the lifespan,” Neuroscience & Biobehavioral
Reviews, vol. 120, pp. 236–248, 2021.

[31] A. Gbessemehlan, J. Arsandaux, M. Orri et al., “Perceived
stress partially accounts for the association between attention
deficit hyperactivity disorder (ADHD) symptoms and suicidal
ideation among students,” Psychiatry Research, vol. 291,
Article ID 113284, 2020.

[32] P. Jennum, L. H. Hastrup, R. Ibsen, J. Kjellberg, and
E. Simonsen, “Welfare consequences for people diagnosed
with attention deficit hyperactivity disorder (ADHD): a
matched nationwide study in Denmark,” European Neuro-
psychopharmacology, vol. 37, pp. 29–38, 2020.

Evidence-Based Complementary and Alternative Medicine 11



[33] V. Rahi and P. Kumar, “Animal models of attention-deficit
hyperactivity disorder (ADHD),” International Journal of
Developmental Neuroscience, vol. 81, no. 2, pp. 107–124, 2021.

[34] X. Ye, Y. Wang, J. Zhao et al., “Identification and charac-
terization of key chemical constituents in processed Gastrodia
elata using UHPLC-MS/MS and chemometric methods,”
Journal of Analytical Methods in Chemistry, vol. 2019, Article
ID 4396201, 10 pages, 2019.

[35] J. C. Martel and S. Gatti McArthur, “Dopamine receptor
subtypes, physiology and pharmacology: new ligands and
concepts in schizophrenia,” Frontiers in Pharmacology,
vol. 11, p. 1003, 2020.

[36] M. Li, L. Zhou, X. Sun et al., “Dopamine, a co-regulatory
component, bridges the central nervous system and the im-
mune system,” Biomedicine & Pharmacotherapy, vol. 145,
Article ID 112458, 2022.

[37] C. Liu, P. Goel, and P. S. Kaeser, “Spatial and temporal scales
of dopamine transmission,” Nature Reviews Neuroscience,
vol. 22, no. 6, pp. 345–358, 2021.

[38] T. A. Hegvik, K. Waløen, S. K. Pandey, S. V. Faraone,
J. Haavik, and T. Zayats, “Druggable genome in attention
deficit/hyperactivity disorder and its co-morbid conditions.
New avenues for treatment,” Molecular Psychiatry, vol. 26,
no. 8, pp. 4004–4015, 2021.

[39] M. Zhou, H. Rebholz, C. Brocia et al., “Forebrain over-
expression of CK1δ leads to down-regulation of dopamine
receptors and altered locomotor activity reminiscent of
ADHD,” Proceedings of the National Academy of Sciences,
vol. 107, no. 9, pp. 4401–4406, 2010.

[40] J. W. Buckholtz, M. T. Treadway, R. L. Cowan et al., “Do-
paminergic network differences in human impulsivity,” Sci-
ence, vol. 329, no. 5991, p. 532, 2010.

[41] F. ElBazMohamed, T. M. Kamal, S. S. Zahra, M. A. H. Khfagy,
and A. M. Youssef, “Dopamine D4 receptor gene polymor-
phism in a sample of Egyptian children with attention-deficit
hyperactivity disorder (ADHD),” Journal of Child Neurology,
vol. 32, no. 2, pp. 188–193, 2017.

[42] S. Cortese, “*e neurobiology and genetics of attention-
deficit/hyperactivity disorder (ADHD): what every clinician
should know,” European Journal of Paediatric Neurology,
vol. 16, no. 5, pp. 422–433, 2012.

[43] G. Tripp and J. R. Wickens, “Neurobiology of ADHD,”
Neuropharmacology, vol. 57, no. 7-8, pp. 579–589, 2009.

[44] K. E. Browman, P. Curzon, J. B. Pan et al., “A-412997, a
selective dopamine D4 agonist, improves cognitive perfor-
mance in rats,” Pharmacology Biochemistry and Behavior,
vol. 82, no. 1, pp. 148–155, 2005.

[45] M. L. Woolley, K. A. Waters, C. Reavill et al., “Selective
dopamine D4 receptor agonist (A-412997) improves cognitive
performance and stimulates motor activity without influ-
encing reward-related behaviour in rat,” Behavioural Phar-
macology, vol. 19, no. 8, pp. 765–776, 2008.

[46] A. Hayward, L. Adamson, and J. C. Neill, “Partial agonism at
the α7 nicotinic acetylcholine receptor improves attention,
impulsive action and vigilance in low attentive rats,” European
Neuropsychopharmacology, vol. 27, no. 4, pp. 325–335, 2017.

[47] A. S. Potter, G. Dunbar, E. Mazzulla, D. Hosford, and
P. A. Newhouse, “AZD3480, a novel nicotinic receptor ag-
onist, for the treatment of attention-deficit/hyperactivity
disorder in adults,” Biological Psychiatry, vol. 75, no. 3,
pp. 207–214, 2014.

[48] C. Fleisher and J. McGough, “Sofinicline: a novel nicotinic
acetylcholine receptor agonist in the treatment of attention-

deficit/hyperactivity disorder,” Expert Opinion on Investiga-
tional Drugs, vol. 23, no. 8, pp. 1157–1163, 2014.

[49] A. Childress and F. R. Sallee, “Pozanicline for the treatment of
attention-deficit/hyperactivity disorder,” Expert Opinion on
Investigational Drugs, vol. 23, no. 11, pp. 1585–1593, 2014.

[50] Y. M. Abd-Elhakim, G. G. Moustafa, N. I. El-Sharkawy,
M. M. A. Hussein, M. H. Ghoneim, and M. M. El Deib, “*e
ameliorative effect of curcumin on hepatic CYP1A1 and
CYP1A2 genes dysregulation and hepatorenal damage in-
duced by fenitrothion oral intoxication in male rats,” Pesticide
Biochemistry and Physiology, vol. 179, Article ID 104959, 2021.

[51] G. Magliocco, A. *omas, J. Desmeules, and Y. Daali,
“Phenotyping of human CYP450 enzymes by endobiotics:
current knowledge and methodological approaches,” Clinical
Pharmacokinetics, vol. 58, no. 11, pp. 1373–1391, 2019.

[52] A. Sharma and J. Couture, “A review of the pathophysiology,
etiology, and treatment of attention-deficit hyperactivity
disorder (ADHD),”Annals of Pharmacotherapy, vol. 48, no. 2,
pp. 209–225, 2014.

[53] J. P. C. Chang, K. P. Su, V. Mondelli, and C. M. Pariante,
“Cortisol and inflammatory biomarker levels in youths with
attention deficit hyperactivity disorder (ADHD): evidence
from a systematic review with meta-analysis,” Translational
Psychiatry, vol. 11, no. 1, p. 430, 2021.
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Polyphenon 60 (PP60) from green tea has long been used as an antioxidant, anticancer, antimicrobial, and antimutagenic. Aim of
the Study. To investigate tyrosinase inhibition-related kinetic mechanism and antimelanogenesis potential of PP60.Materials and
Methods. �e e�ect of PP60 on melanin and tyrosinase was evaluated in A375 melanoma cells and zebra�sh embryos. �e
melanoma cells were treated with 20, 40, and 60 µg/mL of PP60, and tyrosinase expression was induced by using L-DOPA. �e
western blot method was used for the evaluation of tyrosinase expression. Cell lysates were prepared from treated and untreated
cells for cellular tyrosinase and melanin quanti�cation. Furthermore, zebra�sh embryos were treated with 20, 40, and 60 µg/mL of
PP60 and reference drug kojic acid for determination of depigmentation and melanin quanti�cation. In vitro assays were also
performed to examine the impact of PP60 on mushroom tyrosinase activity. To determine cytotoxicity, MTT was used against
melanoma cell line A375. Results. PP60 showed good tyrosinase inhibitory activity with an IC50 value of 0.697± 0.021 µg/mL as
compared to kojic acid a reference drug with an IC50 value of 2.486± 0.085 µg/mL. Kinetic analysis revealed its mixed type of
inhibition against mushroom tyrosinase. In addition, western blot analysis showed that at 60 µg/mL dose of PP60 signi�cantly
reduced L-DOPA-induced tyrosinase expression in melanoma cells. PP60 signi�cantly inhibits the cellular tyrosinase (p< 0.05)
and reduces the melanin (p< 0.05) contents of melanoma cells. Furthermore, PP60 was found to be very potent in signi�cantly
reducing the zebra�sh embryos’ pigmentation (p< 0.05) andmelanin (p< 0.05) content at the dose of 60 µg/mL. Conclusions. Our
results demonstrate that PP60 has a strong potency to reduce pigmentation. It may be useful for the cosmetic industries to develop
skin whitening agents with minimal toxic e�ects.

1. Introduction

In addition to protecting the skin from radiation, melanin is
also accountable for the color of the skin, eyes, and hair [1].
In Human skin melasma, senile lentigines, freckles, birth-
marks, ephelides, nevus, and pigmented acne scars are de-
veloped due to the accumulation of access amount of

melanin [2]. Inmelanocytes, the tyrosinase enzyme regulates
the creation of melanin. Melanocytes reside in the epidermis
(basal layer) [3].

Tyrosinase inhibitors are important in the �ght against
excessive melanin synthesis since it is the principal enzyme
involved in speeding up the process of melanin synthesis [4].
On the other hand, because free radicals may also promote
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melanin synthesis, different natural and synthetic antioxi-
dant systems can scavenge such radicals that might regulate
excessive melanin formation [5, 6].

Membrane-bound copper-containing glycoprotein, ty-
rosinase governs the two reactions, which are most essential
in the formation of melanin, the monophenol to o-diphenols
of ortho hydroxylation and the o-quinones corresponding
oxidation. -e Melanin (eumelanin and pheomelanin)
production pathway in melanosomes has two steps. -e first
step of melanogenesis starts with tyrosine oxidation to
dopaquinone catalyzed by tyrosinase, this first step is rate-
limiting, and all other reactions proceed spontaneously at
optimum pH. After dopaquinone formation by tyrosinase,
the compound is converted to dopa and dopachrome
through auto-oxidation [7].

-e enzyme tyrosinase is found in fungi, plants, and
mammals in abundance [8]. Melanin is a pigment that af-
fects the color of the skin based on its type, quantity, and
distribution in keratinocytes. Melanogenesis is initiated by
the hydrolysis of L-tyrosine to L-dihydroxyphenylalanine
(L-DOPA) followed by oxidation to DOPA quinone [9].
-ese reactions are catalyzed by tyrosinase. Subsequently,
after a series of oxidation-reduction reactions, melanin is
synthesized [10]. Tyrosinase thus plays a significant role in
melanogenesis and it is a very likely target of the skin
pigmentation studies performed globally [10].

Literature has reported tyrosinase as the most significant
and crucial contributor to the deterioration and short half-
life of fruits and vegetables during the postharvest period
[11]. As a result, tyrosinase inhibitors have been of great
interest to several researchers.

Natural products of herbal origin have been gaining
interest among scientists in recent years for their disease
prevention and health promotive roles [12–15]. Polyphenols
are a class of bioactive chemicals found in fruits, vegetables,
and tea [16, 17]. Tea contains a wide range of substances,
particularly polyphenols, and several studies have demon-
strated that these substances lower the risk of a number of
illnesses. In terms of natural polyphenols, green tea extract is
the most abundant source [18, 19]. Polyphenols in green tea
have been extensively studied for their potential benefits,
such as antibacterial, antimutagenic, and anticancer prop-
erties [20]. To the best of our knowledge, the inhibitory
action of polyphenon 60 (PP60) from green tea on melanin
synthesis has not been described hitherto. In the present
work, PP60 in green tea has been shown to suppress me-
lanogenesis both in the A375 melanoma cells and zebrafish
embryos.

2. Material and Methods

2.1.AntityrosinaseActivityAssay. -e antityrosinase activity
against mushroom tyrosinase (Sigma Chemical, USA) was
conducted as described before [21]. Each microplate a well-
contained reaction mixture comprised of tyrosinase (30U/
mL), phosphate buffer (20mM, pH 6.8), and PP60 sample.
-e test plate was incubated at 25°C for 10min. After
preincubation, 20 µL of L-DOPA (0.85mM, Sigma Chem-
icals, USA) was poured into every well and incubated further

for 20min at similar conditions. With the help of an optimal
tunable microplate reader (Sunnyvale, CA, USA), the
dopachrome absorbance was measured at 475 nm. -e
phosphate buffer and kojic acid were used as a negative and
positive control, respectively. -e potential of PP60 inhi-
bition was stated as the percentage of inhibition in activity.
Whereas IC50 was calculated as the amount of PP60 required
to produce 50% inhibition in enzyme activity. All the
concentrations were tested thrice. With the GraphPad
prism, the IC50 values were calculated. -e following
equation was used to compute the tyrosinase inhibition %:

Tyrosinase inhibition(%) �
B − S

B
􏼢 􏼣 × 100. (1)

In the above, the B is for the blank, and S is for the
absorbance of sample.

2.2. Kinetics of Tyrosinase Inhibition. PP60 activity for ty-
rosinase inhibition was studied in a series of tests. PP60
concentrations were 0, 25, 5, 1, and 2 µg/mL. L-DOPA
concentrations ranged from 0.0625 to 2mM. -e method
was similar to the mushroom tyrosinase inhibition test
methodology. -e starting linear component of optical
density was evaluated up to five minutes following enzyme
addition at 30 s intervals. Lineweaver‒Burk plots were used
to determining the enzyme’s inhibition type. To estimate the
EI dissociation constant, 1/V was determined, whereas to
determine the ESI dissociation constant, intercept against
inhibitor concentrations was used.

2.3. Human A375 Melanoma Cell Culture. -e cells (A375
melanoma cell) were provided by the Korean Cell Line Bank
(KCLB) and cultured in DMEM with 10% heat-inactivated
FBS (fetal bovine serum), 50 µg/mL (streptomycin), and
50 µ/ml (penicillin). Incubation in a humidified CO2 incu-
bator (95% O2, 5% CO2) at 37°C was done with cells seeded
at a concentration of 2×105 per ml in cell culture dishes
(35mm) for Western blotting and 96-well plates for
MTT cell viability assays. After two days, the medium was
refreshed, and the same protocol was followed for cell
culturing until 70–75% confluence was achieved. Similarly,
in a new medium, cells were allowed to develop to 70–75%
confluence.

2.4. Cell Viability Assay. MTT test was used for cell viability
assessment. -e A375 cells were seeded in 96-well plates and
treated to varying doses (0–70 µg/mL) of PP60 for 24 hours
at 37°C under CO2. Afterward, ten microliters of MTT re-
agent (0.5 µg/mL) were added to each well for four hours to
create purple formazan crystals. Once the formazan crystals
were formed, 100 µL ofMTTreagent 2 (Solubilization buffer;
10% SDS with 0.01N HCl and DMSO solution) was added,
followed by overnight incubation in a CO2 incubator. At last,
optical density at 595 nm was measured with an OPTIMax
microplate reader (Sunnyvale, CA, USA). -e experiment
was performed three times.
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2.5. Western Blotting. A375-melanoma cells were mixed for
24 hours with 20, 40, or 60 µg/mL PP60 with or without
50mM L-DOPA to induce tyrosinase expression. -e cells
were rinsed with cold 1X PBS twice, harvested and protein
was extracted with radioimmunoprecipitation assay buffer
(50mM tris HCl, 150mM NaCl, pH 7.4, 0.1% SDS, and 1%
Nonidet P-40) along with protease and phosphatase inhibi-
tors. An 8% SDS-polyacrylamide gel was used to separate
equal amounts of proteins.-e size-fragmented proteins were
carefully transferred to nitrocellulose membranes and labeled
for 3 minutes. -ey were then rinsed with 1X Tris-buffered
saline/tween-20 (TBST-20) for 5 minutes and blocked for 1
hour in blocking buffer and 5% nonfat dried skim milk in
TBST-20. After three 1 X TBST washes (30min), upon in-
cubation with primary antibodies for 24 hours at 4°C,
membranes were rinsed and incubated for 3 hours with a 1 :
2000 dilution of horseradish peroxidase-conjugated sec-
ondary antibody followed by a second experiment the next
day. In addition, the membranes were then rinsed thrice with
1X TBST and developed using a chemiluminescence kit
(DOGEN, Seoul, Korea). -e ImageJ program measured
resolved bands for Windows (version 1.46r; NIH, USA). -e
protein GAPDH was used as a load check.

2.6. Cellular Tyrosinase Activity Assay. Cellular tyrosinase
activity assay was performed by adopting the repeating
approach [22].-e A375 cells were maintained and grown at
the concentration of 1× 104 cells in 35mm culture dishes.
-en, cells were exposed to PP60 (20, 40, and 60 µg/mL) and
L-DOPA (50mM) for 72 hours. -e cells were washed twice
with PBS and lysed using radioimmunoprecipitation assay
buffer. -e collected supernatants were incubated afterward
at 37°C with 5 µL of L-DOPA substrate solution for 1 hour.
-e tyrosinase activity of PP60 wasmeasured through a well-
plate reader (OPTIMax Tunable, Sunnyvale, CA, USA).

2.7. Assay of Melanin Contents on Melanoma Cells. -e re-
peated approach of Lee et al., [22] was used to assess
melanoma melanin content. -e A375 cells were grown at
the concentration of 1× 104 cells in 35mm cell culture
dishes. -e impact of PP60 on melanin content was studied
in cells by exposing to 0 to 60 µg/mL of PP60 for 72 hours.
After the predetermined treatment of PP60, the cells were
harvested and collected in PCR tubes at the speed of
1000 rpm for 10minutes. Afterward, the pellet was dissolved
in a solution of 1N NaOH for 90 minutes at 60°C. A
microplate reader measured the absorbance of the super-
natant at 450 nm (OPTIMax Tunable, Sunnyvale, CA, USA).

2.8. ;e In Vivo Zebrafish Assay of Depigmentation. -e in
vivo depigmentation approach in zebrafish was conducted
through a previously reported slightly modified method
[23].

2.8.1. Zebrafish Husbandry. -e animals were obtained
from a commercial vendor and acclimatized for a month at
28± 2°C with a photoperiod of 14 h light and 10 h dark.

Fresh brine shrimp larvae and dry food were provided twice
a day. -e fish were kept alive through chemico-biological,
mechanical filtration, and aeration. Induced spawning was
produced in the presence of light in the morning. All
procedures were performed according to the principles of
laboratory animal care (NIH publication 85–23, revised
1985), and Kongju National University’s Institutional Re-
view Board approved the study (IRB number 2011-2). -e
collection of embryos took 30 minutes.

2.8.2. PP60 Treatment and Phenotype-Based Evaluation.
In 200 µL of E3 medium (Sodium chloride 5mM, KCl
0.17mM, CaCl2 0.33mM, Magnesium sulfate 0.33mM), 2-3
synchronized embryos were pipetted per well into 96-well
plates. After fertilization, they were exposed to the E3
medium for 9 to 72 hours, totaling 63 hours. Kojic acid was
used as a positive control. With the stereomicroscope
(SMZ745T, Nikon, Japan), anesthesia was administered to
embryos with dechorionated cell bodies using tricaine
methanesulfonate (150mg/L) solution (Sigma, Chemicals,
USA). ImageJ software was used to measure pixels (National
Health Institution of USA).

2.9. Identification of Melanin Contents from Zebrafish.
-e approach of and Baek et al. [1, 24] over in vivo de-
pigmentation of zebrafish embryos was used in this study.
-e total synchronized 20 embryos were mixed with 20, 40,
and 60 µg/mL of PP60, and the reference medication was
3mL of kojic acid in E3 medium. In tricaine MS-222 so-
lution, the embryos were anesthetized at 72 hours post
fertilization. After anesthesia, the embryos were washed
thrice in an E3 medium. Additionally, both untreated and
treated embryo eyes were removed. A homogenized embryo
extract (pellet) was then prepared via centrifugation and
homogenization. Analyzing the absorbance at 405 nm in
comparison to a synthetic melanin standard curve allowed
us to determine the melanin content. All experiments were
performed in triplicate.

2.10. Statistical Analysis. With the Statistical Package for
Social Sciences (SPSS version 16.0 Inc. Chicago, Illinois,
USA), data were analyzed by one-way analysis of variance
(ANOVA). A posthoc Tukey‒Kramer test was used when
the normality test failed the Ranks test. -e value difference,
p< 0.05 was considered statistically significant.

3. Results and Discussion

Skin pigmentation is an ever-vibrant field of research around
the globe and the multimillion-dollar cosmetic industry has
undergone a tremendous surge in its research and devel-
opment sector. -is has led to a staggering rise in the variety
of skin products available in the market [9, 25]. -ere has
been a great interest in the use of plant extracts and com-
pounds isolated from natural sources including secondary
metabolites, i.e., polyphenols to investigate new bioactive
compounds targeting melanin production [26]. Tyrosinase
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enzyme along with TRP-1 and 2 proteins are the key players
in the melanogenesis pathway and these can be easy targets
for drug candidates affecting pigmentation. -e suppression
of this enzyme and the proteins is a highly effective way to
decrease melanin synthesis [27].

3.1. Antityrosinase Activity Assay. -e antityrosinase inhib-
itory potential of PP60 was evaluated using an in vitro assay.
For the determination IC50 value, different doses of PP60
ranging from 0 to 10 µg/mL were used in the experiment.
According to the results, PP60 possessed a very competitive
inhibition counter to that of mushroom tyrosinase exhibiting
an IC50 value of 0.697± 0.021 µg/mL compared to kojic acid
with an IC50 value of 2.486± 0.085 µg/mL.-e larger quantity
of catechin in PP60 reported by Jung et al. [28] showed the
therapeutic benefit of PP60 on acne, it may be due to the
participation of catechins in tyrosinase inhibition. Tyrosinase
catalyzes the conversion of tyrosine to L-DOPA which finally
converts to DOPA quinone. -us, most skin-lightening
treatments block tyrosinase to reduce melanogenesis. -e
antioxidative ability of tea polyphenols has been partially
credited with the potential health advantages linked with tea
drinking. Green tea has recently been linked to improved
overall antioxidative status and protection against oxidative
damage in humans when ingested as part of a balanced,
regulated diet [1].

3.2. Kinetic Study. -e manner of PP60 inhibition against
mushroom tyrosinase was studied kinetically (Table 1). By
measuring EI and ESI constants, PP60 was tested for its
ability to inhibit the free enzyme and the enzyme-substrate
complex. Figure 1 shows the Lineweaver–Burk plot of 1/V
versus 1/[L-DOPA] at various PP60 concentrations, which
exhibits a succession of straight lines (A). PP60 intersected
the second quadrant in Figure 1(a). In the rising PP60
concentrations, the decrease of Vmax occurred with the
increase of Km. PP60 inhibits tyrosinase in two ways: by
competitively creating enzyme inhibitor complexes and
noncompetitively interrupting enzyme-substrate inhibitor
complexes. Secondary slope vs. PP60 concentration plots
indicated EI dissociation constants Ki Figure 1(b), whereas
secondary intercept versus PP60 concentration plots gave
ESI dissociation constants Ki′ Figures 1(b) and 1(c). -e
smaller the Ki than Ki′ indicated better enzyme-PP60
binding and so favored competitive over noncompetitive
mechanisms (Table 1).

3.3. Cellular Viability Results of PP60. -e cellular viability
(MTT assay) was performed for the detection of the cellular
toxicity of PP60 targeting A375 cells. -e A375 melanoma
cells were evaluated for 24 h with different concentrations
(0–70 µg/mL). -e results confirmed the noncytotoxicity of
PP60 compared to those of control (Figure 2). However, an
insignificant decrease in cell viability was demonstrated by
PP60 in a concentration dependent manner as shown in
Figure 2. -e cells with no treatment of PP60 were supposed
to be100% viable.

3.4. PP60 Decreases the Expression of the Enzyme Tyrosinase.
In western blots, tyrosinase enzyme expression was assessed.
PP60 was applied to A375 melanoma cells at 0, 20, 40, and
60 µg/mL to examine how it affects tyrosinase activity. Ty-
rosinase expression was induced with L-DOPA. Results
showed the significant induction of tyrosinase expression
(4.39 fold, p< 0.001) in L-DOPA treated cells (Figure 3)
compared to normal control. Most significant (p< 0.001)
inhibition of tyrosinase expression occurred at the dose of
60 µg/mL in comparison to L-DOPA enhanced expression,
while moderate significant (p< 0.05) reduction of tyrosinase
expressions were found at the 20 and 40 µg/mL (Figures 3(a)
and 3(b)). Inhibiting melanin formation has two basic
modes of action. First, it suppresses the tyrosinase enzyme
activity in vitro, and then it reduces tyrosinase protein levels
in cells. Hydroxyquinone, arbutin, and kojic acid are ex-
amples of the first technique [29]. However, many medi-
cations work by blocking tyrosinase expression in cells [30].
However, our data indicated that PP60 inhibits both ex-
pressions of tyrosinase in L-DOPA-induced cells and in vitro
enzyme activity against mushroom tyrosinase.

3.5. Results of PP60 Effect on Cellular Tyrosinase from A375
Melanoma Cells. -e PP60 effect on the activity of cellular
tyrosinase was analyzed; the lysates of the cells were pre-
pared from the A375melanoma cells, mixed for 72 h with 20,
40, and 60 µg/mL of PP60 and 50 µMof L-DOPA.-e results
showed the significant downregulation of cellular tyrosinase
at the concentration of 60 µg/mL PP60 compared to control
and L-DOPA exposed cells. -e above results together with
these results (Figure 4.) consistent with that PP60 have both
modes of inhibition of tyrosinase indirect in vitro and in
cells.

3.6. Melanin Content from Melanoma Cells. In the Mam-
malian skins, melanin contributes a pivotal role in color
determination. -e effects of PP60 as well as L-DOPA and
varying concentration ranges of PP60, on melanin, were
examined in the melanoma cells. For the 3 days of treatment
with 50 µM of L-DOPA, a significant (p< 0.05, Figure 5)
increase was determined. PP60 decreased the melanin
contents significantly as the concentration of PP60 in-
creased; also, the prominent decrease was investigated at
60 µg/mL compared to L-DOPA treated with the control
cells. As Figure 5 indicates that melanin content from
melanoma cells matched with the tyrosinase inhibitory
activities of 60 µg/mL of PP60, it might be melanin down-
regulation due to the inhibition of tyrosinase. -e melanin
activity of the 95% tea ethanolic extracts was higher in vitro.
-is occurrence might be explained by the extract’s in-
creased concentration of antioxidant chemicals, including
natural plant polyphenols. [31].

3.7. PP60 Reduces the Melanogenesis in Zebrafish Embryos.
It is very important to study zebrafish as a vertebrate model
for its similar gene sequence to humans [32]. Because of
these similar and beneficial gene sequences, through in vivo
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Figure 1: A plot of the Lineweaver‒Burk plot for tyrosinase inhibition of PP60. (a) Accordingly, the concentrations of PP60 were 0, 0.25, 0.5,
1.0, and 2.0 µg/mL. -e L-DOPA concentrations of the subjects were, respectively, 0.0625, 0.125, 0.25, 0.5, 1, and 2mM. -e insets (b) are
plots of slopes and (c) of vertical intercepts versus various doses of PP60 to evaluate inhibition constants. Using the least square fit with linear
least squares, the lines were drawn.

Table1: -e kinetic parameters of the L-DOPA activity of mushroom tyrosinase, in the presence of different concentrations of PP60.

Dose (µg/mL) Vmax (ΔA/Sec) km inhibition (mM) type Ki (µg/mL) Ki′ (µg/mL)
0.00 4.891× 10−6 0.043
0.25 4.848×10−6 0.161
0.5 3.727×10−6 0.181 mixed 1.125 11.35
1.0 3.599×10−6 0.204
2.0 3.333×10−6 0.235
Vmax, Km, and Ki are equal to reaction velocity, Michaelis‒Menten constant, and El dissociation constant, respectively.
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assays of zebrafish embryos, we determined the potency of
PP60’s depigmentation ability.-e inhibition effects of PP60
on zebrafish pigmentation were studied using PP60 at dif-
ferent concentrations (20, 40, and 60 µg/mL) as well as kojic
acid at the same concentration as the positive control.
Figure 6(a) shows a significant decrease in pigment level
among zebrafish (p< 0.05) while Figure 6(b) shows a re-
duction of 36% in pigmentation with 60 µg/mL kojic acid
(positive control). Phenolic compounds are well-known for
their wide array of biological functions [33, 34] and anti-
oxidant polyphenols in green tea are well-known for
quenching free radicals [35]. Reactive oxygen species (ROS)

scavenging and interfacing with melanogenic regulators
have been shown to have antimelanoma properties in the
literature [22].

3.8. Effect of PP60 on Zebrafish Melanin Contents. -e
content of melanin was determined from zebrafish embryos.
-ere is a significant reduction of melanin occurs (p< 0.05)
when 60 µg/mL of PP60 is added to the Zebrafish embryos
compared to control kojic acid (a reference drug). Melanin
contents moderately decreased in the kojic acid-treated
embryos, while PP60 decreased the melanin more than the
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kojic acid (Figure 7). As early as 28 hpf, the first zebrafish
larval melanocytes begin to develop, and by 60 hpf, 460
postmitotic melanocytes are contributing to the formation of
the pigment pattern [36]. -ere is a strong correlation be-
tween the decrease in melanin concentration and the loss of
dendritic morphology [37].

4. Conclusions

-e current study demonstrated that PP60 possesses a re-
markable capacity to inhibit tyrosinase activity both com-
petitively and noncompetitively. Moreover, PP60 also
inhibited melanin synthesis in melanoma cell lines as well as
in zebrafish embryos. At a concentration of 60 µg/mL, PP60
caused a significant decrease in melanin synthesis in the
melanoma cells as well as inhibition of tyrosinase activity.
-e results were further confirmed by the findings of western
blot analysis. -e tyrosinase inhibition and, subsequently,
the pigmentation lowering activity of PP60 was assessed in
vitro followed by in vivo examination. -e toxicity profile of
PP60 was also evaluated, and the results of cell viability
revealed no cytotoxicity against A375 melanoma cells and
the zebrafish. -is further confirmed the selective action of
PP60 and adds sustenance to the possibility of developing
minimally cytotoxic antimelanogenic drugs.
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Tridax procumbens (TP) is a traditional Indian therapeutic plant and was evaluated for its blood glucose lowering abilities, as well as for its
ability to curb diabetic neuropathy (DN). Administrating 45mg/kg body weight of streptozotocin (STZ) intraperitoneally for four weeks,
DN was induced in Wistar rats. After the rats’ tails were clipped, the blood glucose levels were measured. Body weight and urine volume
were also assessed. Oxidative stress makers such as superoxide dismutase (SOD), thiobarbituric acid reactive substances (TBARS), catalase
(CAT), in�ammatory cytokines for instance tumor necrosis factor (TNF)-α, and interleukin (IL)-1βwere estimated. Further, protein kinase
C (PKC-β) and vascular endothelial growth factor (VEGF) were also estimated as angiogenic markers. Behavioral parameters were also
evaluated by using cold allodynia using acetone test, hot allodynia using Eddy’s hot plate, grip strength test using Rota rod, and hyperalgesia
test using Tail �ick technique.  e statistical assessment of �ndings was done employing one-way (ANOVA) analysis of variance, and
subsequently Turkey as post hoc with GraphPad Prism software package.  e ingestion of TP for 1 month in DN rats stemmed in a
substantial decline in blood glucose concentrations matched to nontreated rats with DN.  ere had been a considerable improvement in
DN as evident from the �nding from biochemical markers.  e serum level of antioxidant defense enzymes was signi�cantly increased,
while the activities of TBARS had been substantially reduced in the TP treated rats withDN. TP avertedDN-triggered surge levels of TNF-α
and IL-6 in the serum. Further, PKC-β and VEGF concentrations had been also reduced by the treatment TP. e �ndings of this research
demonstrated that the restorative impact of TP on DN rats might be linked to the anti-in�ammatory and antioxidative
antiangiogenic retorts.
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1. Introduction

*e condition of peripheral neuropathy is extremely
complex and prevalent. In the general population, ap-
proximately 8% of individuals have peripheral neuropa-
thy, which rises to 15 percent in individuals older than 40
years [1]. Prediabetes and type 2 diabetes (T2D) are the
utmost common roots of peripheral neuropathy in the
Europe and US. *e majority of diabetic patients, together
with those with type-1 diabetes (T1D), progress to neu-
ropathy at some point in their lives. *e incidence of
prediabetes and type-2 diabetes is increasing worldwide,
especially in countries that consume more western foods.
As more people of America progress to prediabetes and
T2D, the number of those with neuropathy will double.
Currently, more than twenty million American people
have diabetic neuropathy as a result of prediabetes, T1D,
or T2D [2]. *ere are also 316 million people worldwide,
who suffer from prediabetes, and 387 million who suffer
from diabetes, respectively, and despite a lack of exact
figures, the figures suggest that at least 200 million of those
with diabetes suffer from neuropathy.

Multiple forms of peripheral nervous system (PNS)
harm can be caused by diabetes. A stocking-glove neu-
ropathy is the most common type of nerve damage. *is
condition has, therefore, become synonymous with dia-
betic neuropathy (DN). *e pattern of injury is similar in
those possessing prediabetic conditions, auxiliary to the
notion that damage of nerve from diabetes has been related
to blood sugar levels ranging from normal to hypergly-
cemic [3]. A primary characteristic of DN is disordered
sensory processing in the feet, which can lead to positive
and negative symptoms, including tingling, pain, and
tingling sensations (paraesthesia), as well as numbness;
discomfort caused by a loss of sensory function may cause
pain once touched (allodynia) the feet and increased
hyperalgesia (pain sensitivity). Symptoms of motor nerve
dysfunction seem far along in the progression of the disease
and typically manifest as distal weakness of the toes, calves,
and ankles. *ere is currently no explanation as to where
axons-sensory is susceptible to conditions of diabetes more
than axons-motor. Over time, lower extremity sensation, as
well as motor weakness, led to falls, numb, and insensitive
feet.

*e only modifiable treatment for DN is improving
lifestyle and controlling diabetes, despite decades of re-
search. Based on a review from Cochrane database, which
reviewed all the retrieved and available clinical trials, hard
glucose control appears to lower the occurrence of diabetic
neuropathy in patients with T1D but has very little or no
outcome on patients with T2D despite having improved
glucose control for more than 10 years [4]. Callaghan et al.
suggested that it is not one disease, but two, with alike
clinical exhibitions. Clearly, the mechanisms underlying DN
differ between T2D and T1D, and this difference is infor-
mative. For the last two decades, diabetes mellitus patho-
genesis has been studied using glucose and the T1D rat as a

model despite this paradox. All United States trials targeting
an intervention to alter the progressive nature of DN have
botched. Large pharmaceutical companies are now walking
away from the disease due to a lack of basic understanding.
*is causes a high burden on society, but the individual costs
are even greater, owing to the ache and helplessness to work
laterally with deprived quality of life (QWL) each patient
suffers. As a consequence of the enormity of the issue, both
at an individual and societal level, mechanisms need to be
understood, and early diagnosis to prevent poor patient
outcomes is required [5].

It has become more urgent than ever to explore novel
ways for treating diabetes and preventing its onset while
reducing the side effects of other conventional medications.
Despite the fact that conventional therapies are effective and
satisfactory, but there is an increasing number of side effects
associated with them, developing newfangled medicines
sourced from natural sources with lesser adverse effects and
similar effectiveness as conventional medicines is urgently
needed [6–9]. *e popularity of plants is based on their
effectiveness, ease of accessibility, low cost, and relative lack
of harmful effects. For instance, Bacopa monnieri contains
compounds that enhance memory, Curcuma longa has anti-
inflammatory properties, Momordica charantia is hypo-
glycemic, etc. *ese have shown their respective therapeutic
properties without side effects. According to recent reports,
WHO strongly recommends Artemisinin and its derivatives
from Artemisia annua as a treatment for malaria caused by
Plasmodium falciparum, since synthetic antimalarials alone
are ineffective [10]. Similarly, a flavonoid isolated from milk
thistle, that is, Silybum marianum, has been granted ap-
proval as drug for treating various liver disorders in Ger-
many and western countries [10].

Tridax procumbens extracts were found to hold anti-in-
flammatory, analgesic, and antidiabetic functionalities in
animal models. Preclinical studies have indicated that acute
and subacute administration of Tridax procumbens to diabetic
(induced by alloxan) rats reduced fasting glucose levels in
blood, but not those of control rats without diabetes. In rats
loaded with cholesterol (1 g/100 g body weight), Tridax pro-
cumbens also reduced blood levels of total cholesterol (TC),
LDL, VLDL, and triglycerides levels, along with atherogenic
index, and atherogenic coefficient [11]. *e effectiveness of
Tridax procumbens in controlling blood glucose and lowering
cardiovascular risk in diabetics has not been studied in clinical
studies. *ere has been as well a paucity of evidence con-
cerning the molecular mechanisms that underlie the anti-
inflammatory and antihyperglycemic activities of Tridax
procumbens. In this study, Tridax procumbens was evaluated
for its blood glucose lowering abilities as well as for its ability
to curb diabetic neuropathy. *e body weight, urine volume,
and glycated hemoglobin were also assessed. Behavioral pa-
rameters were also assessed using various in vivomodels using
rats. Further, the resolution of this current investigation was
to explore possible mechanisms for antihyperglycemic, anti-
inflammatory, angiogenic, and antioxidant effects in vivo
using various biochemical marker estimations.
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2. Materials and Methods

2.1. <e Plant and the Extracts. Tridax procumbens whole
plant was collected from National Institute of Pharmaceu-
tical Education and Research (NIPER), Mohali, Punjab. *e
collection has been done during the months of August and
September. *e voucher specimen was deposited and was
stored in a publicly available herbarium of the institute with
reference number NIP-H-290. A mechanical grinder was
used to chop and pulverize the plant parts after being shade
dried. After powdering the crude extract (1 kg), ether was
used to defat it. For comprehensive removal of fatty in-
gredients, this step was repeated three times. *e samples
were then subjected to a series of fractionations using in-
creasingly polarized organic solvents: methanol, petroleum
ether, and ethyl acetate. After comprehensive extraction of
the crude drug, the four extracts were received, and under
condensed pressure, the extracts were concentrated. Four
concentrated extracts of Tridax procumbens (TP) were ob-
tained (yield 0.65%, 0.65%, 0.65%, and 0.65% w/w when
calculated with respect to the starting dried plant material).
After that, the final extracts were cooled to 4°C before use.

2.2. Animals. Adult male and female Wister rats (weighing
100–250 g) were employed for this experimentation.*e rats
were arranged from the animal facility, Chitkara College of
Pharmacy, Chitkara University, Punjab. Polypropylene
cages have been used for housing the animals (atmosphere
controlled at 23± 1°C temperature together with a light and
dark cycle of 12 h). An acclimatization period of one week
preceded the experiment for all animals. In addition to a
standard pellet diet, the rats had unrestricted approach to
drinking water. By protocol reference number IAEC/CCP/
21/02/PR-010, the study protocols have been permitted by
the IAEC. During the study, the rats were taken care of and
used in compliance with the standards prescribed by
Committee for the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), India.

2.3. Chemicals and Drugs. Streptozotocin (STZ) and
Gabapentin have been bought from Sigma–Aldrich (St.
Louis, USA). All other drugs and chemicals used in the study
were of standard quality and of analytical grade, which
includes Citric acid (Fisher Scientific), Trisodium citrate
(Fisher Scientific), Sodium dihydrogen phosphate (HiMedia
Laboratories Pvt. Ltd.), Disodium hydrogen phosphate
(HiMedia Laboratories Pvt. Ltd.), Pentobarbital (Kamron
Laboratories Ltd., Gujarat, India), Xylazine (Troikaa Phar-
maceuticals Ltd.), Ketamine (Troikaa Pharmaceuticals Ltd.),
Disodium-EDTA (Fisher Scientific), Isophane insulin in-
jection IP (huminsulin® 30/70) (Eli Lilly and Company Pvt.
Ltd, India), Tropicamide eye drops (Sunways (I.) P. Ltd,
Mumbai, India), and formaldehyde (Qualigens Fine
Chemicals, Mumbai, India). *e various standard ELISA as
well as other biochemical kits used included Rat Glycated
Hemoglobin (KINESISDx), Rat IL-1 β (KRISHGEN Bio-
systems), Rat TNF-α (KRISHGEN Biosystems), Rat VEGF
ELISA (KRISHGEN Biosystems), Rat PKC-β ELISA

(KINESISDx), Rat Lipid Peroxide (LPO) ELISA (KINE-
SISDx), Superoxide Dismutase (SOD) Colorimetric Activity
Kit (ARBOR assays), and Catalase Colorimetric Activity Kit
(ARBOR assays).

2.4. Diabetes Induction. By injecting streptozotocin (STZ) at
an intraperitoneal dosage of 45mg/kg (prepared in 0.1M
citrate buffer at a pH of 4.5) intoWistar rats fasted overnight,
diabetes was induced. Blood levels of glucose were analyzed
initially at 0 time and 48 hours later following the injection
of vehicle or streptozotocin. *e diabetic animals were
considered to be included in the experiment if their blood
glucose levels exceeded 300mg/dl. From the literature study,
in order to decrease the mortality in diabetic rats, 1 unit of
huminsulin was administered if the blood glucose levels are
greater than 450–500mg/dl, and if they are greater than
600mg/dl rats, 2 units of huminsulin via subcutaneous route
was administered [12].

2.5. Design of Experiment. Forty-eight (48) rats had been
grouped into eight groupings at random. In group I
(Normal control), rats were given saline orally, group II
comprised of diabetes rats representing the diabetic group
known as diabetic control group, in group III (Tridax
procumbens per se group), normal rats were given Tridax
procumbens daily for 28 days, and group IV was Gaba-
pentin-treated diabetic rats who received daily Gabapentin
(50mg/kg, p.o); min before administration. *e Gaba-
pentin dose has been selected, referring to an earlier
published literature.*e experimental design and grouping
of animals are summarized as followa:

(i) Group I: Normal control.
(ii) Group II: Positive control (Diabetic).
(iii) Group III: TP per se group.
(iv) Group IV: Gabapentin (50mg/kg body weight).
(v) Group V: TP 250mg/kg.
(vi) Group VI: TP 375mg/kg.
(vii) Group VII: TP 500mg/kg.
(viii) Group VIII: Standard drug (Gabapentin) +TP

500mg/kg

2.6. General Parameters. During the progression of the
study, overnight fasted rats were engaged for blood col-
lection initially at week 0 and thereafter at 48 hrs, 1st week,
2nd week, and 3rd week in each group. *e tails of the rats
were pricked with a syringe, and blood glucose was mea-
sured using an electronic glucometer and glucose test strips
[13]. During the 4th week of observation, a blood sample
varying from 0.5ml to 1ml was stored from the retroorbital
technique for the estimation of glycated hemoglobin
(HbA1c) [13]. Before starting the study (baseline value), and
48 hours after STZ administration, the bodyweight was
noted. Furthermore, bodyweight of control, diabetic rats,
and treated rats was determined from week 1 to week 4 [13].
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After acclimatization for a day, we collected the urine
samples from animals in individual urine collection cages.
From day 0 onward, urine samples were collected from the
control, diabetic control, and treatment groups every week
to establish baseline data [13].

2.7. Biochemical Estimation. In the next step, all rats were
decapitated, and both sciatic nerves were carefully excised
and rinsed in ice-cold saline. All sciatic nerve samples
collected were homogenized in buffer of phosphate &put at a
temperature of −80°C for subsequent investigation and es-
timations of various biochemical markers including catalase
(CAT), thiobarbituric acid reactive substances (TBARS),
superoxide dismutase (SOD), interleukin-1β (IL-1 β), tumor
necrosis factor-alpha (TNF-α), and protein kinase C (PKC-
β) and vascular endothelial growth factor (VEGF).

2.7.1. Angiogenic and Inflammatory Parameters. By
employing Enzyme Linked-Immuno-Sorbent Assay
(ELISA), VEGF levels and PKC activity were determined.
ELISA kits were employed to estimate the IL-1β & TNF-α
levels as previously described in a previous article [14].

2.7.2. Oxidative Stress Parameters. *e amount of thio-
barbituric acid reactive substances (TBARS) was estimated
using the previously described method. A previously de-
scribed method was used to determine the catalase levels in
sciatic nerve homogenate [15]. As was done previously, an
earlier method for measuring SOD was also used to appraise
levels of SOD [16].

2.8. Behavioral Experiments

2.8.1. Cold Allodynia Using Acetone Test. *e mid-plantar
region of the hind leg of every group of Wistar rats was
gently rubbed with acetone drops (50 μL). *ere were no-
ciceptive pain responses seen in the form of paw licking,
rubbing, shaking, and even withdrawal of food in response
to cold stimuli. After application of acetone, a digital
stopwatch was used to measure the response time (1 min-
ute). Both paws were sampled three times for each reading,
and the mean value was considered [17].

2.8.2. Hot Allodynia Using Eddy’s Hot Plate. *e nociceptive
response to TP is estimated through this method [18]. *e
animals were placed on hot plate, which were put at a
constant 55°C temperature for the duration of experiment.
As a feedback response as thermal hyperalgesia, paw licking
and jumping were taken with the help of digital stopwatches
and considered as positive reactions to heat. *e animals
that exceeded the cutoff time were removed from the hot
plate until baseline values were achieved.

2.8.3. Grip Strength Test Using Rota Rod. An accelerating
rotarod apparatus was used to assess rats’ motor coordination
(Ugo Basile, Italy,Model 7750) [19]. Before the experiment, rats

were skilled for three consecutive days at a static speed of 20 to
25 rpm (five minutes each day). During the test day, rats were
placed contrary to the rotating rod, which began at 4 rotations
per minute (rpm) and accelerated gradually up to 20–25 rpm.
A decrease in muscle grip indicates relaxation of muscles. An
index of muscle relaxation is taken from the variance in drop
off time from the rotating rotarod between groups.

2.8.4. Hyperalgesia Using Tail Flick. In this method, the
withdrawal of the tail from the heat is taken as an endpoint
[20]. In order to prevent damage to the tail using a hot plate
at 55°C, 10–12 sec was observed to be cut off. Animals that do
not withdraw their tails within 3–5 seconds are rejected from
the study.*e reaction time was noted after the drug/TP had
been administered at 5, 15, 30, and 60 minutes.

2.9. Statistical Assessment. Each of the data points has been
expressed as a mean+ SD. An ANOVA was conducted as a
one-way test, followed by a Tukey-Kramer test, which were
conducted as post hoc tests based on p< 0.05 statistical dif-
ferences between groups. GraphPad Prism software was used
in this study (version 7, GraphPad Software, SanDiego, USA).

3. Results

3.1. General Parameters

3.1.1. Influence of TP on Blood Glucose, Body Weight, HbA1c,
and Urine Volume. Diabetes results in a significant weight
loss to 158.73± 1.54 (p< 0.01) and a steady statistically sig-
nificant exponential elevation in blood glucose levels as well as
urine volume by approximately 565.22± 4.72 (p< 0.01) and
80.56± 1.27 (p< 0.01), and correspondingly, in assessment
with normal rats (Table 1). Diabetic rats administered with TP
(250, 375, and 500mg/kg) and standard treatment Gaba-
pentin exhibited substantial decline in the blood glucose levels
along with the urine volume as well as upsurge in the
bodyweight in treatment rats as equated with diabetic rats.
Additionally, the combination treatment of highest dose of TP
500mg/kg with the standard drug, Gabapentin, produced an
additive effect in the decreasing the levels of blood glucose
levels but produced nonsignificant differences in the urine
volume and bodyweight (Tables 2 and 3). Upon completion of
the study, the HbA1c levels were estimated for all study
groups. A steady, statistically considerable raise in HbA1c
amount was seen in diabetic rats. Diabetic Wister rats ad-
ministered with TP (250, 375, and 500mg/kg) and standard
Gabapentin showed momentous decrease in HbA1c level.
Additionally, the combination treatment of highest dose of TP
500mg/kg with the standard drug, Gabapentin, produced
nonsignificant differences in HbA1c concentration as equated
to typical and normal Wister rats (Table 4).

3.2. Angiogenic Parameters

3.2.1. Effect of TP on Sciatic VEGF Levels and PKC-β Activity.
Angiogenesis is designated as de novo formation of newer
blood vessels followed by growth. *e role of angiogenesis
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has been available in the literature in development of dia-
betes related complications of nephropathy. Angiogenic
indicators were assessed to be high; namely, PKC-β and
VEGF were augmented in serum STZ-post administration.
PKC- β is an essential marker in determining angiogenesis.
VEGF initiation is thought to occur as a result of PKC- β
activation under tumorigenesis, according to the outdated
view or ischemic conditions that additionally enhance en-
dothelial cells angiogenesis via a paracrine mechanism.
Following STZ administration, PKC- β levels increased in
the serum of Wistar rats, which led to the development of
diabetes. Administration of TP 250, 375, and 500mg/kg and
standard Gabapentin showed noteworthy diminution in
PKC-β levels. Additionally, the combination treatment of
highest dose of TP 500mg/kg with the standard drug,
Gabapentin, produced nonsignificant differences in PKC-β
levels inmaintaining the level of PKC-β to the levels found in
normal rats (Table 5).

VEGF is a potent biological marker entity employed in
appraisal of degree of angiogenesis. From the available lit-
erature, it can be deduced that the increase in the levels of
VEGF is associated in the rat model of diabetes caused by the
administration of STZ. TP (250, 375, and 500mg/kg) ad-
ministration and standard treatment Gabapentin displayed
substantial decrease in the levels of VEGF. Additionally, the
combination treatment of highest dose of TP 500mg/kg with
the standard drug, Gabapentin, produced nonsignificant
differences in maintaining the level of VEGF to the levels
found in normal Wister rats (Table 5).

3.3. Inflammatory Parameters

3.3.1. Effect of TP on Sciatic Levels of IL-1β and TNF-α.
*e concentrations of IL-1β and TNF-α were augmented in
serum of rat after administration of STZ as toxicant. Diabetic
Wister rats treated with TP (250, 375, and 500mg/kg)

accompanied by the standard drug Gabapentin meaning-
fully drained the levels of mediators of inflammatory cascade
such as TNF-α and IL-1β to normal. *e IL-1 β levels as
proinflammatory cytokine are exceptionally high in cir-
cumstances of diabetes associated complications. Admin-
istration of TP (250, 375, and 500mg/kg) and standard
treatment Gabapentin displayed a noteworthy decrease in
the levels of VEGF. Additionally, in the combination
treatment of highest dose of TP 500mg/kg with the standard
drug, Gabapentin, produced nonsignificant differences in
maintaining the IL-1 β level to the levels found in normal
(Table 5).

*ere are several biomarkers for describing the tissue
inflammation grade, including TNF-α as the most common
one. From the literature evidence, it has been found that the
levels of TNF- α significantly increase in animal model of
diabetes administered with STZ. In the research, TP ad-
ministration at mg/kg basis (250, 375, and 500) and standard
Gabapentin showed a noteworthy decrease in the TNF- α
levels. Additionally, the combination treatment of highest
dose of TP 500mg/kg with the standard drug, Gabapentin,
produced nonsignificant differences in maintaining the level
of TNF-α to the levels found in normal rats (Table 5).

3.4. Assessment of Oxidative Stress Parameters

3.4.1. Effect of TP on Sciatic TBARS, CAT, and SOD.
*e TBARS levels in all groups were measured after four
weeks of treatment. *e TBARS levels in diabetic controls
have significantly increased (8.02± 1.20U/mg protein).
Compared to the untreated groups, the TP administered rats
experienced a noteworthy reduction in levels as 6.78± 0.46,
6.06± 0.31, 4.99± 0.24, and 4.57± 0.28U/mg protein for TP
250, 375, and 500mg/kg and Gabapentin +TP 500mg/kg,
respectively (Table 6).

Sciatic nerve homogenates from diabetic control rats
were found to have a significant reduction in SOD
(1.44± 0.39U/mg protein) compared to normal rats
(4.14± 0.37U/mg protein). In disparity, rats in the TP ad-
ministered group had higher levels of SOD—2.33± 0.43,
2.80± 0.05, 3.49± 0.15, and3.83± 0.25U/mg protein in
Group TP 250, 375, and 500mg/kg and TP 500mg/
kg +Gabapentin, respectively (Table 6). In rats treated with
TP and Gabapentin, these have shown significant and dose-
dependent effects.

In diabetic control group, CAT levels had been con-
siderably diminished in the sciatic nerve homogenate
(1.32± 0.29U/mg of protein) when equated to the normal
animals (3.33± 0.45U/mg of protein). A noteworthy

Table 3: Impact of TP on the volume of urine postinduction of diabetes in Wistar albino rats.

Normal
control

Diabetic
control

Standard
(Gabapentin) T.P. 250mg/kg T.P. 375mg/kg T.P. 500mg/kg T.P. 500mg/

kg +Gabapentin
0 Week 13.61± 0.23 12.96± 0.37 14.39± 0.26 13.76± 0.24 14.66± 0.17 14.84± 0.36 13.16± 0.38
Week 1 13.78± 0.38 54.23± 1.33 49.47± 1.22∗∗ 64.2± 0.44∗∗ ,++ 61.29± 2.76∗∗ ,++ 56.16± 0.91∗∗ ,+,a 47.78± 2.85∗∗,a
Week 2 14.03± 0.48 71.53± 1.52 46.58± 0.51∗∗ 56.44± 0.65∗∗ ,++ 54.21± 0.87∗∗ ,+,a 50.22± 0.47∗∗,+,a 41.25± 0.69∗∗ ,+,aa
Week 3 14.06± 0.46 74.47± 1.34 43.36± 0.47∗∗ 54.24± 0.44∗∗ ,++ 51.58± 0.34∗∗ ,+,a 44.14± 0.33∗∗ ,a 35.84± 0.58∗∗ ,+,aa
Week 4 15.75± 0.46 80.56± 1.27### 39.23± 0.47##,∗∗ 56.35± 0.37###,∗∗,+ 47.17± 0.21##,∗∗∗ ,a 36.85± 0.32#,∗∗∗ ,a 27.68± 0.32#,∗∗∗ ,++,aa,b

Table 4: Effect of TP on the glycated hemoglobin (HbA1c) levels
postinduction of diabetes in Wistar albino rats at week 4.

Groups Glycated haemoglobin (HbA1c)
Normal control 3.55± 0.49
Disease control 6.30± 0.33##
TP per se 3.53± 0.39∗∗
Standard (Gabapentin) 3.57± 0.38∗∗
TP 250mg 5.57± 0.19##,∗∗ ,aa
TP 375mg 4.45± 0.19##,∗∗ ,a,b
TP 500mg 3.72± 0.27∗∗ ,bb,c
TP 500mg+Gabapentin 3.55± 0.16∗∗ ,bb,c
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upsurge in CAT levels has been detected in TP treated
rats—1.66± 0.20, 1.91± 0.11, 2.48± 0.21 and 2.70± 0.19U/
mg protein in Group TP 250, 375, and 500mg/kg and TP
500mg/kg +Gabapentin, respectively (Table 6). TP and
Gabapentin were shown to produce significant and dose-
dependent effects in rats.

3.5. Behavioral Experiments

3.5.1. Cold Allodynia Using Acetone Test. Table 7 showed the
results. Group TP 250, 375, and 500mg/kg and TP 500mg/
kg +Gabapentin have recorded average readings of
5.12± 0.57, 4.73± 1.09, 4.67± 0.18, and 4.45± 0.77, respec-
tively, in cold hyperalgesia results equated to week 4
(∗∗p< 0.01). As the diabetes-induced group recorded
delayed responses to hyperalgesia, in the diabetic group,
longer responses were observed.

3.5.2. Hot Allodynia in Hot Plate Technique (Eddy’s Hot
Plate). TP treated rats (250, 375, and 500mg/kg) and TP
500mg/kg +Gabapentin have revealed a mean reaction la-
tency of 6.28± 0.65, 5.14± 1.23, 4.88± 0.23, and 4.56± 0.78,
respectively, on 4 th week (Table 8). In equation to the results
from the diabetic group during 4 th week, the results were
suggestively different (∗∗p< 0.01).

3.5.3. Grip Strength Test Using Rota Rod. Neuromuscular
coordination logged an augmentation of 96.93± 2.62,
106.88± 3.03, 116.75± 3.26, and 124.65± 3.72 for Group TP
250, 375, and 500mg/kg and TP 500mg/kg +Gabapentin,
respectively (Table 9). In comparison to diabetes control rats,
the outcomes from fourth week of experimentation were
quite significant. When comparing all the treated groups to
the diabetic control groups, all the outcomes had a

noteworthy p< 0.01 value.*e healing and protective effects
of TP and Gabapentin were, therefore, highlighted.

3.5.4. Hyperalgesia Using Tail Flick. *e hyperalgesia retorts
of rats treated with TP 250, 375, and 500mg/kg and TP
500mg/kg +Gabapentin have improved to 5.98± 1.62,
6.28± 1.82, 6.39± 1.74, and 6.44± 1.68, correspondingly on
assessment from 4th week findings (Table 10). *e findings
were significant (p< 0.01).

4. Discussion

As of now, no treatment schedule other than belligerent and
strict glycemic control has proven effective at halting dia-
betic neuropathy. Recent studies have demonstrated the
effectiveness of natural products and their derivative bio-
active phytoconstituents against diabetes in animal models
and humans. In the study presented here, TP was investi-
gated to determine whether it had protective effects in
contrast to experimentally induced diabetic neuropathy
(DN) in diabetic animals, building on earlier studies. STZ
administration was linked with significant upsurges in blood
glucose and concentration of HbA1c in the present inves-
tigation, which is reliable and allied with preceding con-
clusions reported earlier. As an eminent cytotoxin of β-cell
of pancreatic tissue, STZ diminishes the insulin secretory
functionalities and elevates blood levels of glucose by in-
creasing cellular oxidative stress [21, 22].

Diabetic rats also lost weight due to diabetes. A decrease
in insulin levels may be causing the accumulation of amino
acids as a result of increased tissue protein turnover for
metabolic energy. *e treatment with TP resulted in dim-
inution of weight loss, blood sugar, andHbA1c levels. Due to
its use as a gauge of glycemic control, HbA1c is habitually
associated with diabetes complications over time [23]. Many

Table 5: Impact of TP on endogenous angiogenic and inflammatory biomarkers in rats.

Groups PKC (ng/ml) VEGF (pg/ml) IL-1β (pg/ml) TNF-α (pg/ml)
Normal control 21.80± 1.9 5.670± 0.26 23.16± 1.21 2.04± 0.23
Disease control 76.73± 4.81### 11.69± 0.73### 47.85± 4.31## 5.70± 0.52###
Standard (Gabapentin) 22.87± 1.97∗∗∗ 6.710± 0.84∗∗∗ 24.09± 1.73∗∗ 2.59± 0.31∗∗
TP per se 22.03± 1.42∗∗∗ 5.902± 0.47∗∗∗ 26.26± 1.88∗∗ 2.39± 0.25∗∗
TP 250mg 36.46± 1.97##,∗ ,a 8.970± 0.52#,aaa 35.40± 2.06##,aa 3.76± 0.71##,a
TP 375mg 31.46± 1.97#,∗∗,a,b 8.193± 0.28#,∗,aa,b 31.61± 1.38#,∗ ,aa,b 3.29± 0.28#,∗ ,b
TP 500mg 25.94± 2.16∗∗∗ ,bb,c 7.165± 0.51∗∗ ,b,c 24.93± 1.46∗∗ ,bb,c 2.53± 0.24∗∗ ,b
TP 500mg+ gabapentin 24.01± 1.56∗∗∗ ,bb,c 6.877± 0.12∗∗ ,bb,cc 23.24± 0.84∗∗ ,bb,c 2.19± 0.12∗∗,b,c

Table 6: Impact of TP on endogenous oxidative stress biomarkers in rats.

Groups TBARS (U/mg protein) Catalase (U/mg protein) SOD (U/mg protein)
Normal control 3.98± 0.42 3.33± 0.45 4.14± 0.37
Disease control 8.02± 1.20### 1.32± 0.29## 1.44± 0.39###
Standard (Gabapentin) 4.94± 0.39∗∗ 2.51± 0.13∗∗ 3.60± 0.53∗∗
TP per se 5.27± 0.31 2.83± 0.25 3.76± 0.29
TP 250mg 6.78± 0.46#,∗∗,aa 1.66± 0.20#,aa 2.33± 0.43#,∗ ,aa
TP 375mg 6.06± 0.31#,∗∗,a 1.91± 0.11#,∗ ,a 2.80± 0.05#,∗ ,a
TP 500mg 4.99± 0.24∗∗ ,b,c 2.48± 0.21∗∗ ,bb,c 3.49± 0.15∗∗ ,b
TP 500mg+Gabapentin 4.57± 0.28∗∗,bb,cc 2.70± 0.19∗∗ ,bb,cc 3.83± 0.25∗∗ ,bb,c
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in vivo and in vitro studies demonstrated antihyperglycemic
properties of TP [24, 25]. Many mechanisms, including
improved insulin discharge and insulin sensitivity, aug-
mented uptake of glucose, and α-glucosidase activity inhi-
bition may underlie TP antihyperglycemic actions. Aside
from amending key enzymes responsible for glucose ho-
meostasis in liver, TP might also be attributed to decrease
glucose production [25]. *ere is no doubt that prolonged
hyperglycemia contributes to deterioration of the nocicep-
tive edge, a reduction of sensory-motor nerve conduction
velocity (NCV), and several manifestations of conjured-
pain, including cold allodynia, hot allodynia, grip weakness,
and hyperalgesia [26].

*e neurobehavioral tests performed in the present
study designated that STZ injections caused impaired sen-
sory function based on cold allodynia, hot allodynia, grip

strength, and hyperalgesia. However, TP amended sensory
aberrations and confirmed significant antinociceptive
properties, as evidenced by a decline in paw withdrawal
threshold and paw withdrawal latency, as well as a reduction
in fall and tail flicking time. As a matter of fact, the results
also indicated that TP demonstrated potentiation of the
antinociceptive effects of Gabapentin as well. In contrast,
while TP treatment altered and ameliorated hyperglycemia
and partly reduced and inverted neuropathic pain, the
combination of TP and Gabapentin exhibited greater re-
versal of DN development, suggesting the involvement of
other mechanisms besides reducing the elevated glucose
levels. *e increased reactive nitrogen/oxygen species, ox-
idative stress, and free radicals, generated by metabolic and
vascular insults, contributed to progressive damage and
dysfunction of nerve fibers in DN. Neuropathy is generally

Table 9: Impact of TP on Grip strength: Rota rod test to assess muscle grip strength to evaluate DPN in Wistar rats.

0 Week 1 Week 2 Week 3 Week 4 Week
Normal control 133.21± 2.32 137.32± 2.62 133.85± 3.32 139.73± 3.92 138.25± 3.42
Disease control 133.51± 2.41 79.88± 4.71# 63.55± 2.14## 46.45± 2.94## 36.58± 2.41##
Standard (Gabapentin) 135.85± 3.12 85.35± 1.14∗ 94.1± 2.39∗∗ 109.95± 3.23∗∗ 123.38± 2.63∗∗∗
TP 250mg/kg 138.85± 2.65 86.75± 2.65a 80.65± 2.23∗∗ ,a 85.25± 3.3∗∗ ,a 96.93± 2.62##,∗∗ ,aa
TP 375mg/kg 138.73± 1.39 84.8± 2.61∗ ,a 90.72± 3.11∗∗ ,aa 90.15± 2.8∗∗ ,a 106.88± 3.03##,∗∗ ,a
TP 500mg/kg 136.75± 2.71 91.55± 3.52 96.32± 3.91∗∗ ,a 99.09± 2.78∗∗ 116.75± 3.26∗∗
TP 500mg+Gabapentin 137.81± 2.91 85.45± 3.29∗ ,bb 93.15± 4.32∗,bb 108.01± 4.18∗∗,b 124.65± 3.72∗∗,bb

Table 8: Impact of TP on *ermal Hyperalgesia: Eddy’s hot plate test to assess diabetic neuropathy in Wistar albino rats.

0 Week 1 Week 2 Week 3 Week 4 Week
Normal control 4.29± 0.21 4.43± 0.051 4.63± 1.22 4.64± 1.82 4.45± 0.51
Disease control 4.5± 0.51 5.99± 1.71 6.68± 1.14 7.69± 1.81 9.73± 1.52##
Standard (Gabapentin) 4.92± 1.1 5.53± 1.01∗ 5.16± 2.51∗∗ 4.99± 1.01∗∗ 4.63± 1.52∗∗∗
TP 250mg/kg 4.92± 1.11 5.96± 1.63a 6.63± 1.61∗∗ ,a 6.36± 0.51∗∗,a 6.28± 0.65##,∗∗ ,aa
TP 375mg/kg 4.82± 1.73 5.96± 1.61∗ ,a 5.74± 2.09∗∗ ,aa 5.34± 1.81∗∗,a 5.14± 1.23##,∗∗ ,a
TP 500mg/kg 4.88± 1.51 5.54± 0.5 5.38± 1.76∗∗ ,a 5.11± 1.56∗∗ 4.88± 0.23∗∗
TP 500mg+Gabapentin 4.94± 1.71 5.45± 1.34∗ ,bb 5.22± 1.21∗ ,bb 5.12± 0.92∗∗,b 4.56± 0.78∗∗,bb

Table 7: Impact of TP on Cold hyperalgesia: acetone drop test in Wistar albino rats.

0 Week 1 Week 2 Week 3 Week 4 Week
Normal control 4.4± 0.22 4.43± 0.05 4.63± 1.21 4.61± 1.72 4.53± 0.62
Disease control 4.18± 0.83 5.95± 1.02 6.86± 1.27 7.85± 1.62 9.75± 1.22##
Standard (Gabapentin) 4.63± 1.02 5.43± 1.1∗ 5.13± 1.32∗∗ 4.83± 1.17∗∗ 4.4± 1.15∗∗∗
TP 250mg/kg 4.33± 0.85 5.93± 1.04a 5.6± 1.05∗∗ ,a 5.18± 0.98∗∗,a 5.12± 0.57##,∗∗ ,aa
TP 375mg/kg 4.53± 0.71 5.89± 1.08a 5.69± 0.98∗∗ ,aa 5.23± 1.11∗∗,a 4.73± 1.09##,∗∗ ,a
TP 500mg/kg 4.73± 1.06 5.58± 0.99∗ ,a 5.34± 1.03∗∗ ,a 5.08± 1.01∗∗ 4.67± 0.18∗∗
TP 500mg+Gabapentin 4.69± 0.86 5.47± 1.02∗ ,bb 5.14± 1.01∗ ,bb 5.03± 0.87∗∗ ,b 4.45± 0.77∗∗,bb

Table 10: Impact of TP on the thermal hyperalgesia in tail flick technique to appraise the neuropathic pain in Wistar rats.

0 Week 1 Week 2 Week 3 Week 4 Week
Normal control 6.29± 0.21 6.49± 1.33 5.91± 1.24 5.69± 0.99 6.55± 1.42
Disease control 6.56± 2.51 5.35± 1.35# 4.44± 1.25## 4.01± 1.92## 3.31± 1.52##
Standard (Gabapentin) 6.51± 1.05 5.48± 1.1∗ 5.64± 1.51∗∗ 5.91± 1.11∗∗ 6.42± 1.41∗∗∗
TP 250mg/kg 6.46± 1.08 5.38± 1.63a 5.45± 1.11∗∗ ,a 5.64± 1.53∗∗ ,a 5.98± 1.62##,∗∗ ,aa
TP 375mg/kg 6.67± 1.21 5.41± 1.76∗ ,a 5.56± 1.39∗∗ ,aa 5.71± 2.09∗∗ ,a 6.28± 1.82##,∗∗ ,a
TP 500mg/kg 6.36± 1.51 5.42± 1.43 5.68± 1.86∗∗ ,a 5.83± 1.68∗∗ 6.39± 1.74∗∗
TP 500mg+Gabapentin 6.59± 1.51 5.58± 1.55∗ ,b 5.69± 1.82∗ ,b 5.89± 1.42∗∗ ,b 6.44± 1.68∗∗,b
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known to be caused by the excess excitability of the afferent
nociceptors and the central neurons present in diabetic
peripheral nerve impairment consequently of oxidative
stress [27]. *e polyol pathway may be responsible for in-
creased NADPH consumption in diabetes, while mito-
chondrial superoxide production, PKC activation, and
glucose autoxidation may also contribute to oxidative stress
[28, 29]. Moreover, previous reports have revealed that
patients with DN have impaired antioxidant defenses
[30, 31].*erefore, antioxidants may assist in treating DN by
reducing oxidative stress. TP treatment diminished protein
carbonylation, as well as lipid peroxidation, and increased
antioxidant actions in the present study. DN may be caused
by oxidative damage to the myelinated structure of nerves,
which predominantly consists of lipids [31].

TP has been demonstrated to be a powerful scavenger of
free radicals, antioxidants, and enzymes (free radical gen-
erating) inhibitor. *e phenolic and flavonoid phyto-
components present in this plant extract might be accredited
to its capability for scavenging free radicals due to its
structural characteristics. *e phytoconstituents in TP
possessed phenolic nuclei as well as structures with unsat-
urated side chains, which eases the ability to generate a
phenoxy radical owing to stabilization by resonance of the
molecules [32].

Oxidative stress is a significant factor in DN progression,
and it is primarily caused by the oxidation of monosac-
charides and proteins [33]. *e findings of the present in-
vestigation presented an extraordinary elevation of TBARS
as biomarker of peroxidation of lipid, in the sciatic nerve
homogenate of diabetic Wister rats. Two endogenous an-
tioxidants, SOD and Catalase (CAT), are considered early
defenses against free radicals and ROS or RNS. *e current
research found that SOD and CAT levels in the sciatic
homogenate of diabetic rats had been substantially reduced.
An imperative antioxidant enzyme that contributes to de-
composition of free radicals is the endogenous defense
mechanisms, amongst which are antioxidant enzymes (SOD
and CAT). Nonetheless, SOD protects biological tissues and
environment from extremely responsive superoxide anions
(O2−) by transforming them into hydrogen peroxide
(H2O2), and hyperglycemia reduces SOD action in the
homogenate of sciatic nerve of Wister rats due to nonen-
zymatic glycosylation [29]. *ese data are in treaty with
findings from this present study, in which diminished SOD
and CAT activity were observed in diabetic rats homoge-
nized isolated sciatic nerves. Contrary to this, CAT is crucial
in catalyzing the decomposition of harmful H2O2 to O2 and
H2O. CAT activation is decreased in diabetes, which de-
creases cellular defense and makes tissues further vulnerable
to free radicals. By inhibiting the enzyme activity in diabetic
rats, we also found a connection between DN and oxidative
stress. *us, the simultaneous reduction in endogenous
antioxidant defenses system renders sciatic nerves more
susceptible to hyperglycemia provoked oxidative stress.

An upsurge in the activity of PKC-β and levels of VEGF
was observed in this current study in diabetic rats induced
with STZ. Hyperglycemia causes impaired nerve conduction
due to the possible impairment of the PKC- β /HuR/VEGF

pathway and increased activity of PKC- β and VEGF. A
substantial upsurge in this enzyme activity was found in
diabetic rats’ sciatic nerves and erythrocytes [34, 35]. Fur-
thermore, the creation and excretion of VEGF have been
described to increase in experimental models of DN. Pre-
vious reports have found that exogenous VEGF can improve
diabetic patient outcomes, and neuronal survival and
maintenance are reliant on these factors. Antioxidant effects
of VEGF may be a result of Bcl-2 upregulation, phosphor
Akt pathway activation, stimulation of mTOR signaling, and
increased activity of endogenous enzymes responsible for
scavenging of free radicals [36]. *e TP treatment signifi-
cantly decreased PKC- β activity, and there was a decrease in
DN and behavioral parameters among STZ-induced diabetic
rats with higher VEGF levels in nerve homogenate. *is
investigation demonstrated that TP reversed elevations in
TNF-α and IL-1 β levels. In reality, cytokines of proin-
flammatory kind, for instance IL-1 β and TNF-α, have been
proven to perform a noteworthy part in the pathophysio-
genesis of neurodegeneration and transmission of pain in
diabetic patient [37]. Furthermore, the activity of IL-1β and
TNF- α is upregulated in dorsal root ganglion region as well
as peripheral nerves under hyperglycemic conditions [38].
Treatment with TP had revealed to avert biochemical and
functional deficits of peripheral nerves in diabetic animals,
as indicated by estimated biomarker levels. *e anti-
hyperuricemia, antioxidant, and antibacterial activity [39],
anti-inflammatory and antiapoptotic actions [40], and
antiosteoporotic activity of TP had been well recognized in
several disease models. According to previous studies, TP
inhibits the expression of proinflammatory cytokines by
constricting NF-κB signaling and NLRP3 inflammasome
activity [40]. *is present investigation demonstrated that
TP enhanced functionality of peripheral nerves in diabetic
rats through improved control of glycemic status, sup-
pression of neuroinflammation, oxidative stress, and inhi-
bition of hallmark biomarkers. Despite this, the combination
therapy improved nociception and nerve conduction ve-
locities by modulating the angiogenic, inflammatory, and
oxidative stress markers more than the individual therapies
and may prove advantageous when treating diabetic patients
with peripheral neuropathy.

5. Conclusion

Based on the findings, Tridax procumbens (TP) offered a
novel and promising complementary approach to the
treatment of diabetes, bringing potential benefits to diabetes
neuropathy management. Human subjects can be included
in future studies in order to determine what dose of TP
extract provides the best control of blood glucose besides
optimum management of diabetic neuropathy. TP extract
alone for mechanistic studies would validate current find-
ings and allow for detailed phytochemical screening and
fractionation for bioactivity-guided assays. In order to de-
termine TP effect on glucose uptake in skeletal muscle cells,
independent of insulin signaling, more research is needed.
Moreover, future studies can be designed to investigate in
more detail the phytochemical composition of the present
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extract. Clinical trials need to be designed to study the
observed therapeutic effect of the plant in relevant human
population.*e present investigation provided evidence that
TP could be beneficial in managing diabetes through im-
proved peripheral nervous health as well as neuroprotective
effect, while offering a mechanistic explanation for the
traditionally attributed antidiabetic and anti-inflammatory
actions.
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Background. Postmenopausal osteoporosis (PMOP) is a common disease in older women that can severely jeopardize their health.
Previous studies have demonstrated the e�ect of Er xian decoction (EXD) or Baduanjin exercise (BE) on PMOP. However, reports
on the e�ect of EXD combined with BE on PMOP are limited. �is study aimed to investigate the impact of EXD combined with
BE on bone mineral density (BMD), lower limb balance, and mental health in women with PMOP. Methods. A 1 :1 :1 simple
randomization technique was employed. Fifty participants with postmenopausal osteoporosis were allocated to three groups: the
EXD group (EXD� 15); the BE group (BE� 18); and the combined group (EXD+BE� 17). After both 8 weeks and 16 weeks of
intervention treatment, participants improved signi�cantly with respect to BMD and the one-leg standing test (OLST), Berg
balance scale (BBS), timed up and go (TUG) test, self-anxiety scale (SAS), and self-rating depression scale (SDS). �e results were
used to compare the e�ect of the intervention on BMD, lower limb balance function, and mental health in patients with PMOP.
Results. Compared to the EXD and BE groups, the EXD+BE group showed the strongest e�ects on BMD, lower limb balance
function, and mental health (p< 0.01). A correlation between BMD and lower limb balance and mental health was noted in the
EXD+BE group. �e change in mental health (SAS score) was correlated with BMD (femoral neck) improvement. Conclusions.
�e present study demonstrates that EXD combined with BE (EXD+BE) may have a therapeutic advantage over both mon-
otherapies for treating BMD, lower limb balance function, and mental health in patients with PMOP. �e feasibility of the
approach for a large-scale RCTwas also con�rmed. Er xian decoction combined with Baduanjin exercise (EXD+BE)might o�er a
viable treatment alternative for participants with postmenopausal osteoporosis given its promising e�ects in disease control and
treatment, with good e�cacy and safety pro�les.

1. Introduction

Osteoporosis is a systemic, multifactorial disease that causes
morbidity and mortality in the elderly and is increasing in
prevalence worldwide [1]. Many factors contribute to

osteoporosis, such as estrogen de�ciency, genetics, nutri-
tional de�ciencies, chronic diseases, and aging. Postmeno-
pausal osteoporosis (PMOP) symptoms are mainly
characterized by a decrease in bone mineral density (BMD)
and changes in biochemical indicators of bone metabolism
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[2], which affect the stability of the lower limbs and increase
the risk of fracture. Meanwhile, the decrease in BMD, bone
loss, and increased fracture risk has a strong negative impact
on the mental health of postmenopausal women with os-
teoporosis [3–8]. Western medicine is still the primary
treatment for women with PMOP. However, the long-term
use of Western medicine still cannot completely cure the
disease. Moreover, most Western drugs are expensive,
have adverse side effects, and damage the patient’s body.
Examples of such medications include bisphosphonates,
tibolone, calcitonin, and parathyroid hormone (PTH)
therapy [9–11]. Many animal studies and clinical ex-
periments have proved that traditional Chinese medicine
has a significant effect on the prevention and treatment of
postmenopausal osteoporosis (PMOP) and has fewer
side effects on the body than chemically synthesized
medicines [12]. +erefore, the treatment of PMOP with
traditional Chinese medicine will be examined in this
paper.

Er xian decoction (EXD) is a multi-herb formula
composed of six herbs, namely, Rhizome curculiginis, Herba
epimedium, Radix Morinda officinalis, Rhizome anemar-
rhenae, Cortex Phellodendron, and Radix Angelica sinensis. It
has several biological and pharmacological effects [13]. It has
long been used to treat osteoporosis, perimenopausal syn-
drome, and age-related diseases in elderly patients [14–16].

EXD can improve BMD [17], promote endocrine activity
and provide antioxidants [13], and treat menopause-related
symptoms [18, 19]. Moreover, studies have reported that
EXD is effective and safe in reducing the frequency and
severity of hot flashes and improving menopausal symptoms
in perimenopausal women in Hong Kong [18]. EXD showed
neuroprotective effects on corticosterone-injured PC12 cells
in vitro and improved depression-like behavior in mice [20].
In OVX rats, atrophy of the uterus and reduction of BMD
were suppressed by treatment with EXD (Herba epimedium)
[17]. Additionally, studies have reported that EXD can
stimulate the secretion of T from Leydig cells, P from luteal
cells, and E2 from granulosa cells [15].

+e effectiveness of Baduanjin as an exercise interven-
tion has been recognized in many international studies [21].
It consists of eight independent, simple, subtle, and smooth
movements and is a form of qigong. BE, an important means
of Chinese traditional rehabilitation therapy [21], can im-
prove patients’ blood microcirculation, transport blood
calcium to the bone, promote calcium absorption, promote
bone mineral salt deposition, promote and increase the
proliferation and activity of bone cells, delay bone loss with
age, and increase BMD [22]. Although the potential effec-
tiveness of each movement may be different, the overall
Baduanjin exercise (BE) has been demonstrated to improve
physical and psychological health [23, 24]. One study has
reported that a 12-week BE program significantly prevents
bone loss in middle-aged women [23]. In addition, clinical
observation shows that BE improves balance and fall risk in
patients with senile osteoporosis [25]. Finally, a compre-
hensive review shows that BE facilitates improvements in
psychological health and may be a suitable choice for in-
terventions [24]. Although several studies have

demonstrated a stimulatory effect of exercise on bone tissue,
it is not recommended as a substitute for medical treatment.

Few published studies have investigated the effects of
combination therapy using physical exercise and drugs to
treat osteoporosis. +erefore, this study aims to evaluate the
effect of EXD combined with BE on patients with PMOP.
After 8 weeks and 16 weeks of intervention, measurements
were performed to investigate the impact of the different
treatments on the BMD, lower limb balance function, and
mental health of study participants.

2. Methods and Materials

2.1. Study Design and Participants

2.1.1. Experimental Design. +is study enrolled 57 partici-
pants. Seven participants dropped out after the first
screening for personal reasons unrelated to the study. Two
had a scheduling conflict, two did not give a reason, and
three could not perform the exercises. +e remaining 50
eligible subjects were enrolled and randomly assigned to the
BE group (BE, n� 18), EXD group (EXD, n� 15), and
combined group (BE+ EXD, n� 17). All participants
completed their intervention (Figure 1).

2.1.2. Participants. From September 2021 to February 2022,
57 older citizens from six villages were randomly selected
from the Lingxi Township of Wenzhou City, Zhejiang
Province, China. +e participants were between 50 and 70
years old, and they were required to have lived in the selected
villages for more than six months in the past year. +e
participants completed a questionnaire survey that included
the inclusion and exclusion criteria. After the screening, two
participants left with no reason provided, two left the study
due to scheduling conflicts, and three were excluded because
their physical conditions were unsuitable. Finally, a total of
50 participants qualified for the study.

2.2. Diagnostic Criteria for Subject Recruitment

2.2.1. Inclusion Criteria. +e inclusion criteria were as
follows: women are aged from 50 to 79 years old and have
been in natural menopause for more than one year; the BMD
T score of the lumbar spine (L2–L4) or femoral shaft is −2.5
or less; the anatomical structure of the lumbar spine is
suitable for dual-energy X-ray bone density measurement,
and there is no severe scoliosis, trauma, or sequelae related to
bones or surgery; the participant is in good health and can
move outdoors for at least 30 minutes every day; the par-
ticipant can understand the research process, is willing to
participate in a treatment trial, and signed the informed
consent form.

2.2.2. Exclusion Criteria. +e exclusion criteria were as
follows: the participant suffers from other severe somatic
diseases or dysfunctions; the participant is unable to stand
stably in place for 30minutes; the participant has taken other
anti-osteoporosis drugs (desquamate, estrogen, raloxifene)
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orally less than three months before entering the group; the
participant suffers from mental illness or cognitive
dysfunction.

2.3. Randomization and Allocation. Fifty participants who
fulfilled the eligibility criteria were randomly allocated to
three intervention-based groups: the BE group (BE, n� 18),
EXD group (EXD, n� 15), or combined group (BE+EXD,
n� 17). To ensure blinding, an independent researcher who
was not a part of this study performed the randomized
allocation. A 1 :1 :1 simple randomization technique was
employed. A unique, random, computer-generated code was
assigned to each participant via SPSS (version 26.0, Armonk,
New York, USA). +e allocation was concealed in sealed,
opaque envelopes that were provided to researchers before
applying the assigned interventions. All study personnel and
participants were blinded to the treatment assignment for
the duration of the trial.+e experimental intervention times
for the three groups were 8 weeks and 16 weeks.

2.4. Intervention. Calcium carbonate D3 tablets (Caltrate), a
health supplement, can positively affect bone density. +ese
primary drugs were given to all participants, who were asked
to take two tablets once a day for 16 weeks (calcium car-
bonate D3 tablets (Caltrate); approval number: Sinopharm
Zhunzi H10950029; manufacturer: Wyeth Pharmaceutical
Co., Ltd.; specification: 600mg).

2.4.1. Baduanjin Exercise Group (BE; n� 17). +e partici-
pants in this group performed BE for 8 weeks and 16 weeks
and continued to use their primary drugs. In the first week,
they were guided by a professional Baduanjin coach. +en,
they began a formal 15-week BE intervention period after
mastering the moving and breathing methods. During this
intervention period, the participants exercised indepen-
dently. Each week, they performed the BE movements no
fewer than five times, for a total duration of 45 minutes per
session [26]. +ey prepared for exercises for 5 minutes

Randomized (n = 50)

Allocated to Er xian decoction
combined with TaiChi exercise

group (n = 18)

Intention-to-treat analysis (n = 15)
Excluded from analysis (n = 0)

Excluded: (n = 7)
No reason provided (n = 2)
Schedule conflict ( n = 2)
No physical conditions (n = 3)

Assessed for eligibility (n = 57)

Allocated to Er xian
decoction group (n = 15)

Allocated to Baduanjin
exercise group (n = 17)

8 weeks after baseline (n = 17)
Lost to follow up (n = 0)

8 weeks after baseline (n = 18)
Lost to follow up (n = 0)

8 weeks after baseline (n = 15)
Lost to follow up (n = 0)

Intention-to-treat analysis (n = 18)
Excluded from analysis (n = 0)

Intention-to-treat analysis (n = 17)
Excluded from analysis (n = 0)

16 weeks after baseline (n = 15)
Lost to follow up (n = 0)

16 weeks after baseline (n = 18)
Lost to follow up (n = 0)

16 weeks after baseline (n = 17)
Lost to follow up (n = 0)

Enrollment

Allocation

Follow-Up

Analysis

Figure 1: Study flow diagram of the progress through the phases of the experiment.
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before practice, and they practiced once a day. Follow-up
was performed every two weeks by the coach who adjusted
the exercise intensity according to the specific situation of
the participants.

2.4.2. Er Xian Decoction Group (EXD; n� 15).
Participants in this group continued to use their primary
drugs and also took EXD. +e medicinal components of
EXD are as follows: Rhizoma curculiginis (15 g), Herba
epimedii (15 g), Radix Angelica sinensis (10 g), Cortex Phel-
lodendri (10 g), Rhizoma anemarrhenae (10 g), and Radix
Morinda officinalis (10 g) [27]. +e medicine was mixed with
800ml water, decocted to 150ml, and taken once daily. +e
participants consumed the EXD for 16 weeks [28].

2.4.3. Combined Group (BE+ EXD; n� 18). In addition to
consuming primary drugs and EXD, the participants in this
group performed the BE for 8 weeks and 16 weeks. In the
first week, they were guided by a professional Baduanjin
coach and then began a formal 15-week intervention period
of BEs after mastering the moving and breathing methods.
During this intervention period, the participants exercised
independently and performed the BE no fewer than five
times per week for a total duration of 45 minutes per session
[26]. +ey prepared for the exercises for 5 minutes before
practice and practiced once a day. Follow-up was performed
every two weeks by the coach who adjusted the exercise
intensity appropriately according to the specific situation of
each participant.

2.5. Measurements

2.5.1. Bone Mineral Density (BMD). A dual-energy X-ray
absorptiometry (DEXA) scan is a valid and reliable tool for
measuring BMD (Prodigy-GE Healthcare, Chicago, IL,
USA) [29]. During a DEXA scan, participants lay supine on
an open X-ray table. +e participants were asked to keep still
during the scan as the large scanning arm passed over their
bodies. A trained radiologist scanned each participant’s hip
and spine regions for approximately 20 minutes. Using the
information from the DEXA scans, the participants were
classified into the normal bone mass density (score between
−1 and 0 or higher), osteopenia (between −1.1 and −2.4), and
osteoporosis (a score of −2.5 or less) [30]. We also calculated
the Z-score, which compares the obtained bone density to
the age-matched normal average bone and is often helpful in
cases of severe osteoporosis [30, 31].

2.5.2. One-Leg Standing Test (OLST). An OLST was used to
assess static balance. +e participants were asked to close
their eyes, stand on their preferred leg, lift the other leg to an
approximately 90° angle at the knee, keep their arms by their
sides, and maintain balance without using any assistive
device. +e test was completed when the stance foot shifted
or when the lifted foot was replaced on the ground
(whichever occurred first). Each participant had three at-
tempts for each leg. +e standing duration (in seconds) was

recorded for each attempt, and the best (longest) score was
selected for analysis [32]. Cronbach’s α value of this test is
0.69.

2.5.3. Berg Balance Scale (BBS). +e BBS includes 14 items:
standing up from a sitting position; standing without sup-
port; sitting position without a backrest, but landing with
both feet or putting them on a stool; sitting down from a
standing position; transferring; closing eyes without sup-
port; standing with both feet together without support;
stretching upper limbs and moving forward in standing
position; picking up articles from the ground in a standing
position; turning to look back in a standing position; turning
360 degrees; putting one foot on a step or stool in a standing
position without support; and standing without support
with one foot in front.+e scoring standard of each item was
from 0 to 4, and the total score was from 0 to 56.+is range is
divided into five grades: zero, poor, fair, good, and normal
[33]. Cronbach’s α value of this test is 0.77.

2.5.4. Timed Up and Go (TUG) Test. In the TUG test,
participants sat on a straight-back chair (the chair’s seat
height is about 45 cm), wearing the shoes they usually wear,
and then leaned against the back of the chair with their
hands crossed at their chest. After the “start” instruction, the
subjects immediately stood up from the chair, walked for-
ward for 3 meters at their normal walking gait, and turned
around after passing the 3-meter marker. +en, they walked
back to the chair and sat down, returning to the starting
position. +e participants could not receive any help during
the test [34]. +e time was recorded (in seconds) with a
stopwatch. Before the formal test, the subjects could practice
once or twice to ensure that they understood the whole test
process. +e formal test was conducted three times, and the
average value was taken.+e scoring criteria are as follows: If
completion time is <10 seconds, the subject can conduct free
movement. If completion time is <20 seconds, the subject
can move independently. If completion time is 20–29 sec-
onds, the subject’s activity is unstable, and there is a high risk
of falling. If completion time is >30 seconds, there is an
obstacle to activity. Cronbach’s α value of this test is 0.71.

2.5.5. Self-Anxiety Scale (SAS). +e SAS is used to evaluate
the subjective feelings of anxiety in patients and can be used
as a self-assessment tool for the clinical understanding of
anxiety symptoms [35]. It consists of 20 items, and the
frequency of symptoms defined by the items is evaluated
according to the following scales: 1–4.1 means “given the
other items, ‘never or rarely’ would be more natural than ‘no
or few’”; 2 means “sometimes”; 3 means “most of the time”;
and 4 means “always.”+e scores of items 5, 9, 13, 17, and 19
must be calculated in reverse, and the rest can be calculated
in sequence. +e scores of the 20 items are added to get the
rough score, and the rough score is multiplied by 1.25 to
obtain the standard score. +e critical standard of anxiety
assessment in China is 50 points, and a score of 50 points or
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more indicates anxiety. Cronbach’s α value of this measure is
0.62.

2.5.6. Self-Rating Depression Scale (SDS). SDS is a short-
term self-rating scale compiled by Zung in 1965 [36]. It is
easy to implement and can effectively reflect the symptoms
of depression, together with their severity and changes. +e
scale consists of 20 declarative sentences and corresponding
question items. Each item is equivalent to a related symp-
tom, which is graded according to four levels: 1 is “never or
rarely,” 2 is “sometimes,” 3 is “most of the time,” and 4 is
“always.” Ten of the 20 items (items 2, 5, 6, 11, 12, 14, 16, 17,
18, and 20) are scored in reverse order. +e scores of the 20
items are summed to obtain the rough score, and the rough
score is multiplied by 1.25 to obtain the standard score.
Cronbach’s α value of this test is 0.85.

2.6. Sample Size. +e sample size was determined based on
our pilot study using G∗ Power 3 [37]. An a priori, repeated-
measure ANOVA indicated that a total sample size of 50 was
needed to achieve 95% power to detect the interaction effect
size of 0.21 at a 0.05 level of significance. A total sample size
of 57 participants was enrolled in the study.

2.7. Statistical Analyses. Statistical analysis was performed
using SPSS (version 26.0, Armonk, New York, USA). +e
Shapiro–Wilk tests were performed to determine the nor-
mality of the data distribution. Normally distributed data
were expressed as means with SDs, and Student’s t-test was
used to compare between-group differences. Non-normally
distributed data were presented using themedian (P25, P75),
and the Mann–Whitney U test was used. +e baseline
characteristics between comparison groups were analyzed
using the chi-square (χ2) test or Fisher’s exact test for
categorical variables described as frequencies (percentages).
We used the paired t-test to compare the differences within
the group at baseline and at 8 and 16 weeks. An ANOVA
with repeated measurements with post hoc tests was used to
compare the differences between different groups, as this
technique is more appropriate for examining the effect of the
combined treatment on BMD, lower limb balance function,
and mental health of patients with PMOP. Statistical sig-
nificance was defined as p< 0.05, and p< 0.01 was the
standard of high statistical significance. +e correlation
analysis was used to analyze the correlation between lower
limb balance, changes in mental health, and BMD
improvement.

3. Results

3.1. Descriptive Statistics of Sociodemographic Information of
the @ree Groups. +e study included 50 participants with
PMOP, and the largest employment group was farmers
(42%). Married participants comprised 84% of the sample.
No significant differences were noted among the three
groups in terms of social demographic data, including age,
occupation, BMI, duration of menopause, duration of

PMOP, and marital status. Table 1 shows the demographic
data.

3.2. BMD in@reeGroups at Baseline, 8Weeks, and 16Weeks.
Before the intervention, there was no significant difference
between the three groups in the BMD of the lumbar spine
(L2–4) and femoral neck (p> 0.05). After both 8 weeks and
16 weeks of intervention, the BMD of the lumbar spine and
femoral neck in the EXD+BE and EXD groups was higher
than that at the baseline (p< 0.05). Furthermore, the BMD
of the lumbar spine and femoral neck was higher in the
EXD+BE group than in the BE group (p< 0.05). +e BMD
of the lumbar spine and femoral neck in the EXD+BE group
was higher than that in the EXD group (p< 0.01; Table 2 and
Figure 2).

3.3. OLST, BBS, and TUG in @ree Groups at Baseline, 8
Weeks, and 16Weeks. Before the intervention, there was no
significant difference in the OLST, BBS, and TUG scores
between the three groups (p> 0.05). After 8 weeks and 16
weeks of intervention, the OLST, BBS, and TUG scores in
the EXD+BE and BE groups were higher than those at the
baseline (p< 0.05). +e OLST, BBS, and TUG scores in the
EXD+BE group were higher than those in the BE group
(p< 0.05). Meanwhile, the OLST, BBS, and TUG scores in
the EXD+BE group were higher than those in the EXD
group (p< 0.01; Table 3 and Figure 3).

3.4. Mental Health in@ree Groups at Baseline, 8 Weeks, and
16 Weeks. Before the intervention, there was no significant
difference between the three groups in SAS and SDS
(p> 0.05). After 8 weeks and 16 weeks of intervention, the
SAS and SDS scores in the EXD+BE, BE, and EXD groups
were higher than those at the baseline (p< 0.05). +e SAS
and SDS scores in the EXD+BE group were higher than
those in the BE and the EXD groups (p< 0.05; Table 4 and
Figure 4).

3.5. Correlation between Changes in Mental Health, Lower
Limb Balance Function, and Improvement of BMD. After 8
weeks and 16 weeks of intervention, the BMD, lower limb
balance, and mental health of participants in all three groups
improved. We used correlation analysis to analyze the
correlation between lower limb balance, changes in mental
health, and BMD improvement. +e results (Table 5 and
Figure 5) show a significant positive correlation between
lower limb balance (BBS) and BMD improvement (LS L2–4;
r� 0.359, p< 0.05). Moreover, the results show a significant
negative correlation between lower limb balance (TUG) and
BMD improvement (LS L2–4; r� 0.521, p< 0.01). However,
there is no significant correlation between BMD and OLST.
In addition, the change in mental health (SAS) was nega-
tively correlated with BMD (FN) improvement (r� −0.576,
p< 0.01). However, there is no significant correlation be-
tween BMD and mental health (SDS).
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Table 1: Demographic data.

Variable EXD (n� 15) BE (n� 17) EXD+BE (n� 18) p

Age (years) 56.41± 1.68 57.02± 1.64 57.31± 1.48 0.317

Employment status

Worker 4 (26.6%) 5 (29.4%) 5 (27.8%)

0.578Manager 0 2 (11.8%) 0
Farmer 6 (40%) 7 (41.2%) 8 (44.4%)
Other 5 (33.4%) 3 (17.6%) 5 (27.8%)

BMI (kg/m2) 24.36± 2.03 24.48± 2.09 24.54± 1.99 0.486
Duration of menopause (years) 6.44± 1.81 6.51± 1.23 6.23± 2.21 0.37
Duration of PMOP (years) 4.66± 1.61 4.47± 1.24 4.31± 1.43 0.547

Marital status Married 13 (86.7%) 14 (82.4%) 15 (83.3%) 0.942Other 2 (13.3%) 3 (17.6%) 3 (16.7%)

Table 2: Changes in BMD in the three groups at baseline, 8 weeks, and 16 weeks (g/cm3, x± s), n� 50.

Variable by group
Mean (SE) From baseline to 16 weeks, mean (95% CI)

No. Baseline 8 wk 16wk Within-group change Between-group difference change
Lumbar spine L2−4 (g/cm3)
EXD 15 0.73± 0.01 0.78± 0.03 0.82± 0.02 0.09 (0.07 to 0.1)a NA
BE 17 0.72± 0.02 0.67± 0.01 0.76± 0.01 0.04 (0.03 to 0.05) NA
EXD+BE 18 0.75± 0.01 0.87± 0.01 0.98± 0.01 0.23 (0.22 to 0.24)a NA
EXD vs. BE NA NA NA NA NA 0.06 (0.05 to 0.07)
EXD vs. EXD+BE NA NA NA NA NA −0.15 (−0.16 to −0.14)a

BE vs. EXD+BE NA NA NA NA NA −0.22 (−0.23 to −0.21)a

Femoral neck (g/cm3)
EXD 15 0.75± 0.01 0.81± 0.01 0.85± 0.01 0.1 (0.09 to 0.11)a NA
BE 17 0.75± 0.01 0.77± 0.01 0.75± 0.01 0 (−0.01 to 0) NA
EXD+BE 18 0.73± 0.01 0.87± 0.01 0.97± 0.01 0.24 (0.23 to 0.25)b NA
EXD vs. BE NA NA NA NA NA 0.1 (−0.09 to 0.11)a

EXD vs. EXD+BE NA NA NA NA NA −0.11 (−0.12 to −0.1)a

BE vs. EXD+BE NA NA NA NA NA −0.21 (−0.22 to −0.2)a

Note. BE: BE group; EXD: EXD group; EXD+BE: EXD combined with BE; LS: lumbar spine L2–4; FN: femoral neck; NA: not applicable. a: p< 0.05, b:
p< 0.01.
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Figure 2: Changes in BMD in the three groups at baseline, 8 weeks, and 16 weeks.
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4. Discussion

+is study aimed to evaluate the effectiveness of the com-
bination of EXD and BE on the BMD, lower limb balance
function, and mental health of patients with PMOP. +e
research reflected the practical need to find a harmless, non-
pharmaceutical intervention with minimal side effects, and
the results support the feasibility and acceptability of EXD
combined with BE in clinical trials. Our main finding is the
significant increase of BMD in patients with PMOP in the
EXD+BE group. In contrast, no significant improvement
was observed in the EXD group or the BE group. Fur-
thermore, participants in the EXD+BE group also showed a
simultaneous improvement in lower limb balance function
and mental health. In addition, these changes in lower limb
balance function and mental health are significantly cor-
related with the improvement of BMD.+e participants had
no adverse reactions during the intervention, and all the
participants were satisfied with the intervention program.

4.1.@e Effects of EXDCombined with BE on BMD inWomen
withPMOP. One of our most remarkable findings is that the
overall effect of the EXD+BE intervention on BMD is
significantly higher than that of the BE or EXD groups. +is
is notable given that most studies, including both population

and experimental studies, have confirmed that EXD or
exercise can improve BMD [12, 14, 23, 38–42].

In addition to medication, exercise can improve BMD.
Exercise has attracted much clinical attention because of its
convenience, affordability, and safety, and it has been rec-
ommended by many guidelines for the prevention and
treatment of osteoporosis [43, 44]. It has been proven that
exercise can effectively intervene in the symptoms of PMOP
[45–48].

+e effect of exercise on estrogen levels may explain its
therapeutic effect. Estrogen deficiency and bone resorption
of osteoclasts are important causes of PMOP. Moreover,
estrogen plays a very important role in the mechanism of
female bone metabolism. Studies have shown that exercise
can promote a slight increase in estrogen concentration [45].
Estrogen inhibits the secretion of thyroid hormone, which,
in turn, reduces bone absorption, promotes the secretion of
calcitonin, and reduces bone resorption. Estrogen receptors
secrete factors that can effectively improve the proliferation
of osteoblasts and promote bone-transforming growth
factor β. Furthermore, the production of bone collagen
molecules indirectly reduces the activity of osteoblasts, in-
creases kidney 25-hydroxyl α-hydroxylase activity, and in-
creases the production of 1, 25-(OH) 2D3 to increase the
calcium absorption rate of the small intestine [48].

Table 3: Changes in OLST, BBS, and TUG in the three groups at baseline, 8 weeks, and 16 weeks (x± s), n� 50.

Variable by group
Mean (SE) From baseline to 16wk, mean (95% CI)

No. Baseline 8wk 16wk Within-group change Between-group difference change
Left leg balance (eyes closed), s
EXD 15 3.74± 0.17 4.11± 0.15 4.83± 0.18 1.09 (0.956 to 1.22)a NA
BE 17 3.66± 0.22 8.76± 0.25 8.82± 0.18 5.16 (5 to 5.31)b NA
EXD+BE 18 3.81± 0.17 9.12± 0.13 9.21± 0.17 5.4 (5.26 to 5.53)b NA
EXD vs. BE NA NA NA NA NA −3.98 (−4.11 to −3.85)b

EXD vs. EXD+BE NA NA NA NA NA −4.38 (−4.51 to −4.25)b

BE vs. EXD+BE NA NA NA NA NA −0.39 (−0.52 to −0.27)
Right leg balance (eyes closed), s
EXD 15 3.55± 0.07 3.54± 0.06 3.66± 0.19 0.11 (−0.02 to 0.24) NA
BE 17 3.74± 0.15 7.71± 0.18 7.23± 0.18 3.48 (3.36 to 3.61)b NA
EXD+BE 18 3.88± 0.22 7.21± 0.18 7.30± 0.19 3.41 (3.26 to 3.57)b NA
EXD vs. BE NA NA NA NA NA −3.56 (−3.7 to −3.42)b

EXD vs. EXD+BE NA NA NA NA NA −3.63 (−3.77 to −3.5)b

BE vs. EXD+BE NA NA NA NA NA −0.07 (−0.2 to 0.05)
TUG, s
EXD 15 7.33± 0.18 7.31± 0.16 7.53± 0.24 0.19 (−0.01 to 0.38) NA
BE 17 7.48± 0.23 7.28± 0.17 7.14± 0.18 −0.34 (−0.49 to −0.19)a NA
EXD+BE 18 7.23± 0.14 6.67± 0.16 6.54± 0.19 −0.68 (−0.77 to −0.59)b NA
EXD vs. BE NA NA NA NA NA 0.38 (0.24 to 0.52)
EXD vs. EXD+BE NA NA NA NA NA 0.98 (0.85 to 1.12)c

BE vs. EXD+BE NA NA NA NA NA 0.6 (0.47 to 0.73)b

BBS
EXD 15 38.36± 2.08 36.33± 1.15 39.24± 1.38 0.87 (−0.43 to 2.18) NA
BE 17 38.33± 1.57 39.33± 1.78 41.39± 2.16 3.06 (1.78 to 4.33)a NA
EXD+BE 18 39.31± 1.26 44.27± 1.58 45.23± 1.02 5.92 (5.12 to 6.72)b NA
EXD vs. BE NA NA NA NA NA −2.15 (−3.29 to −1.01)a

EXD vs. EXD+BE NA NA NA NA NA −5.99 (−7.11 to −4.86)c

BE vs. EXD+BE NA NA NA NA NA −3.84 (−4.92 to −2.75)b

Note. BE: BE group; EXD: EXD group; EXD+BE: EXD combined with BE; OLST: one-leg standing test; BBS: Berg balance scale test score; TUG: timed up and
go test; NA: not applicable. a: p< 0.05, b: p< 0.01, c: p< 0.001.
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Table 4: Change in mental health (SDS, SAS) in the three groups at baseline, 8 weeks, and 16 weeks (n� 50).

Variable by group
Mean (SE) From baseline to 16 weeks, mean (95% CI)

No. Baseline 8 weeks 16 weeks Within-group change Between-group difference change
SDS
EXD 15 51.22± 1.74 49.63± 1.72 47.07± 2.19 −4.14 (−5.33 to −2.95)b NA
BE 17 50.03± 1.85 49.51± 1.38 47.06± 1.81 −2.96 (−4.45 to −1.47)a NA
EXD+BE 18 50.71± 2.04 47.53± 2.01 46.06± 2.26 −4.64 (−6.13 to −3.16)b NA
EXD vs. BE NA NA NA NA NA 0.01 (−1.48 to 1.5)
EXD vs. EXD+BE NA NA NA NA NA 1.01 (−0.46 to 2.49)a

BE vs. EXD+BE NA NA NA NA NA 1 (−0.42 to 2.43)a

SAS
EXD 15 53.45± 1.94 51.39± 2.11 50.55± 2.06 −2.89 (−4.67 to −1.12)a NA
BE 17 50.84± 1.83 49.83± 1.82 46.65± 2.28 −4.18 (−5.38 to −2.98)b NA
EXD+BE 18 53.37± 1.83 49.58± 1.31 46.02± 1.23 −7.34 (−8.56 to −6.13)c NA
EXD vs. BE NA NA NA NA NA 3.89 (2.54 to 5.24)b

EXD vs. EXD+BE NA NA NA NA NA 4.52 (3.19 to 5.86)b

BE vs. EXD+BE NA NA NA NA NA 0.63 (−0.65 to 1.92)
Note. BE: BE group; EXD: EXD group; EXD+BE: EXD combined with BE; SAS: self-anxiety scale; SDS: self-rating depression scales; NA: not applicable. a:
p< 0.05, b: p< 0.01, c: p< 0.001.
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Figure 3: Changes in OLST, BBS, and TUG in the three groups at baseline, 8 weeks, and 16 weeks.
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Figure 4: Change in mental health (SDS, SAS) in the three groups at baseline, 8 weeks, and 16 weeks.

Table 5: Correlations between changes in lower limb balance, mental health, and BMD.

Variable BBS TUG OLST SAS SDS
LS L2−4 0.359a −0.521b −0.041 0.353 0.063
FN −0.089 0.096 0.116 −0.576b −0.266
Note.+edata in the table are the correlation coefficient (r). a: p< 0.05; b: p< 0.01. LSL2–4: lumbar spine L2–4; FN: femoral neck; OLST: one-leg standing test;
BBS: Berg balance scale test score; TUG: timed up and go; SAS: self-anxiety scale; SDS: self-rating depression scales.
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Meanwhile, BE can fully stretch the muscles of the spine,
neck, waist, and hip; increase the flexibility of neck and waist
movement and muscle strength; and stimulate the bone cells
of corresponding segments to strengthen tendons and
bones.

We found that combining EXD with BE (EXD+BE) had
more advantageous effects on the prevention of bone loss
and the improvement of BMD in patients with PMOP than
either intervention on its own. However, this study shows
only that exercise combined with medicine may have a
therapeutic advantage over each monotherapy in improving
BMD; the detailed mechanism is not completely clear as to
whether this is merely an additive benefit or whether there is
some synergistic effect between the two mechanisms. At
present, there is no literature about the mechanism by which
EXD combined with BE improves BMD.+us, a longer-term
trial would be required to evaluate the effects of EXD
combined with BE on BMD.

4.2. @e Effects of EXD Combined with BE on Lower Limb
Balance Function and Mental Health in Women with PMOP.
Our study also demonstrated that the participants in the
EXD+BE group showed significant improvement in lower
limb balance. +e present study supports previous studies
showing the improvement of lower limb balance function
from EXD and BE [17, 21, 40, 49–51]. In addition, there is a
significant positive correlation between lower limb balance
(BBS test score) and BMD improvement (lumbar spine
L2–4; r� 0.402, p< 0.05). Meanwhile, we observed a sig-
nificant negative correlation between lower limb balance
(TUG test score) and BMD improvement (femoral neck;
r� 0.661, p< 0.01). However, there was no significant cor-
relation between BMD and lower limb balance (OLST).
+ese findings were consistent with results reported in other
studies [52, 53].

Second, we observed significant improvements in mental
health from EXD combined with BE. +ese improvements
are related to improving BMD in patients with PMOP, and
this result is consistent with the research of other scholars
[13, 54–59]. In addition, the change in mental health (self-
anxiety score) was negatively correlated with BMD im-
provement (lumbar spine L2–4; r� −0.625, p< 0.01).
However, we observed no significant correlation between
BMD andmental health (self-rating depression score).+ese
findings are in line with other studies [60].

In summary, positive effects of EXD combined with BE
were observed on lower limb balance and mental health in
women with PMOP, but the detailed mechanisms need
further study.

5. Limitations of the Study

+is study has several limitations. First, the study has a small
sample size for exercise intervention research. As a result, its
reference value for new clinical intervention methods is
limited.

Second, our study did not add clinical data for auxiliary
measurement, which led to an increase in the deviation of
the research results. +e patients with PMOP in the
EXD+BE group experienced interference and influence on
indexes related to the investigation, especially on mental
health. +is is due to an increase in group communication
and the Hawthorne effect.

Finally, as this study lacks a follow-up process after the
intervention, it cannot determine whether EXD combined
with BE will maintain the influence on BMD in the long
term. At present, there is no more intensive study on the
combination of EXD and BE, and the mechanism of the
influence remains unclear.

6. Conclusion

+e 16-week intervention of EXD combined with BE im-
proved the BMD of patients with PMOP, especially the
density of the lumbar spine (L2–4) and femoral neck. We
also found that EXD combined with BE can improve balance
and mental health in patients with PMOP. In addition, our
study shows that BE is an effective, safe, and helpful exercise
that can improve the physical and mental health of women
with PMOP. In the future, research should focus on in-
terventions involving combinations of non-pharmaceutical
treatments or the lowest dose of drugs that can provide
health benefits to different groups.
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Background. Diabetes is considered one of the most encyclopedic metabolic disorders owing to an alarming rise in the
number of patients, which is increasing at an exponential rate. With the current therapeutics, which only aims to provide
symptomatic and momentary relief, the scientists are shifting gears to explore alternative therapies which not only can target
diabetes but can also help in limiting the progression of diabetic complications including diabetic neuropathy (DN).
Methods. Tecoma stans leaf methanolic extract was prepared using the Soxhlet method. A streptozotocin (STZ; 45mg/kg)-
induced diabetic animal model was used and treatment with oral dosing of T. stans leaf extract at the di�erent doses of
200mg/kg, 300mg/kg, and highest dose, i.e., 400 mg/kg, was initiated on day 3 after STZ administration. ­e pharma-
cological response for general and biochemical (angiogenic, in�ammatory, and oxidative) parameters and behavioral
parameters were compared using Gabapentin as a standard drug with the results from the test drug. Results. Parameters
associated with the pathogenesis of diabetic neuropathy were evaluated. For general parameters, di�erent doses of T. stans
extract (TSE) on blood sugar showed signi�cant e�ects as compared to the diabetic group. Also, the results from biochemical
analysis and behavioral parameters showed signi�cant positive e�ects in line with general parameters. ­e combination
therapy of TSE at 400mg/kg with a standard drug produced nonsigni�cant e�ects in comparison with the normal group.
Conclusion. ­e leaves of T. stans possess antidiabetic e�ects along with promising e�ects in the management of DN by
producing signi�cant e�ects by exhibiting antioxidative, antiangiogenic, and anti-in�ammatory properties, which are
prognostic markers for DN, and thus, T. stans can be considered as an emerging therapeutic option for DN.
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1. Introduction

Diabetes mellitus is nowadays considered one of the “life-
style” disorders, and over centuries, various species of plants
are considered a fundamental resource of potent hypo-
glycaemic agents [1]. In developing nations, specifically,
medicinal agents are utilized to treat DM to overcome the
cost burden of conventional medications on the population
[2]. Since decades, plants and their byproducts have been
used as a major source of medicines due to their therapeutic
potential. In recent times, treating diseases including DM
utilizing medicinal plant agents is suggested as these plants
possess numerous phytoconstituents, namely, glycosides,
alkaloids, saponins, flavonoids, carotenoids, and terpenoids,
which show hypoglycaemic activity [3]. In one of the recent
studies, it was postulated that the synergistic effect of bio-
logically active constituents such as glucosinolates, lignans,
polyphenols, coumarins, and carotenoids leads to the major
beneficial characteristics of every plant matrix and this
signifies the initial step for understanding its beneficial
actions and biological activities [4]. *e hypoglycaemic
actions which result after treatment with plant extracts are
generally ascribed to their capability to increase the pan-
creatic gland tissue performance, which is achieved by de-
creasing the intestinal absorption of sugar or by enhancing
insulin hormone secretions [5].

*ere is an array of literature available, which describes
the potential of natural products derived from plant origin,
which have the potential to become the drug of choice in
various metabolic disorders. *ese products, when used as
monotherapy or in combination with current allopathic
drugs, were shown to decrease the therapeutic dose, however
achieving the same pharmacological effects [6]. *e least
adverse effects, low cost, and easy availability make these
plant-based formulations the major option among all the
available treatments, specifically in rural regions [7]. On the
other hand, numerous plants are rich resources of bioactive
agents that are free from detrimental adverse effects and
exhibit excellent pharmacological actions [8, 9].

Various studies carried out over the past few decades
confirm the therapeutic potential of various herbal plants in
the management of diabetes and diabetes-associated com-
plications [10]. From these plants, promising results are also
obtained from T. stans, which is considered a drug of choice
in Mexico for the management of diabetes. From the
available evidence in the published literature, the tremen-
dous potential of T. stans in the management of various
disorders can be easily deduced due to the presence of an
array of active phytoconstituents. *is was evident from the
literature that T. stans possesses multiple pharmacological
properties which include anticancer, cardioprotective,
wound-healing, anti-inflammatory, neuroprotective, anti-
microbial, and various other pathological properties, which
are involved directly and indirectly in the pathogenesis of
various metabolic disorders [10]. Multiple studies in the past
had revealed several other uses of different extracts of
T. stans apart from its antidiabetic properties. Studies till
date reported anticancer activity in vivo and in vitro of
methanolic extracts of T. stans flowers [11], antinociceptive

and anti-inflammatory potential of flower extract T. stans
[12], antioxidant and cytotoxic activity of T. stans leaves [13]
along with antidiabetic effects on STZ induced diabetic rats.

An array of in vitro and in vivo studies had been con-
ducted in the past few decades, which had confirmed the
tremendous antidiabetic potential of T. stans. *e available
literature and studies confirm that the plant leaves, flowers,
hardwood, and whole plant can be used to procure active
pharmaceutical ingredients, which can elicit therapeutic
properties. *e antidiabetic effects were mainly mediated by
the presence of alkaloids, flavonoids, and glycosides, which
have been shown to decrease fasting glycemic levels, an area
under the glucose tolerance curve [14]. *ese active con-
stituents can also decrease plasma cholesterol levels and can
exhibit antifungal effects, antimicrobial effects, and even
hepatoprotective effects [15]. In addition, the methanolic
extract of T. stans is known to possess activities that includes
intestinal α-glucosidase inhibition, decreasing hypo-
glycaemic peaks, and even affecting postprandial antidia-
betic effects [16]. *ese effects are not only limited to the
management of diabetes but can also help in reducing tri-
glyceride levels including cholesterol without any changes in
blood fasting glucose levels and is also associated with the
management of various pathological conditions [17].

It has been already confirmed from various research that
T. stans leaf extract contains the monoterpenoid alkaloids
such as tecostanine and tecomine, saponins, and flavonoids,
which have a hypoglycaemic effect and exert varied effects in
multiple pathological conditions. However, no study has
been carried out and is available in the literature to explore
the effect of T. stans in diabetic neuropathy. Hence, through
the undertaken study, we tried to explore the effect of
T. stans on diabetic neuropathy, which is the most common
complication associated with diabetes [18].

2. Materials and Methods

2.1. Plant Material. Fresh leaves of T. stans were collected
from Jaswant Green Nursery, Punjab, India. *e leaves were
authenticated by the National Institute of Pharmaceutical
Education and Research (NIPER), Mohali, Punjab, with
reference number NIP-H-286. *e voucher specimen was
deposited and was stored in a publicly available herbarium of
the institute.

2.2. Extract Preparation. *e leaves were collected (5.0 kg),
washed thoroughly with tap water, and dried. *ey were
coarsely powdered (4–6mm) with simultaneous removal of
ground material (1.3 kg) with methanol solution (60%, 1 :10
ratio, w/v) at 60°C for 30min. *is was followed by their
extraction with a Soxhlet apparatus using 60 g of dried coarse
powder with 300ml of methanol for 6–8 h at room tem-
perature to prepare the methanolic extract. *e remaining
drug was dried to remove the methanol followed by mac-
eration of the dried powder with distilled water for 48 h.
Later, marc was pressed, and the extract was collected. *e
volume was further concentrated using a rotary vacuum
evaporator at a temperature not exceeding 60°C for 30–40
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minutes at 500mm of Hg until it formed a paste which was
further dried till it was converted to powder and stored at
40°C in a well-closed container for further analysis [19].

2.3. ChemicalUsed. All the chemicals used in the study were
collected from the store of Chitkara College of Pharmacy,
Chitkara University, and of analytical grade manufactured
by Loba Chemie. *e standard drug, Gabapentin, was a
benevolent gift sample from Magbro Healthcare Pvt. Ltd.,
Solan, India. *e biochemical kits were obtained from allied
scientific products.

2.4. Animals. *is study involves the in vivo evaluation of
T. stans in Wistar rats (200–250 gm), irrespective of their
sex. *ese animals were approved by Institutional Animal
Ethic Committee (IAEC) from Chitkara College of Phar-
macy, Chitkara University, Punjab.*e animals were kept in
controlled conditions as per the standard procedures having
adequate humidity and ventilation with proper lighting. *e
room temperature was maintained at 23± 1°C. *e care of
these animals was undertaken as per the guidance obtained
from the committee for the purpose of control and super-
vision of experimental animals (CDCSEA), and the research
protocol was submitted to the IAEC under the protocol no.
IAEC/CCP/21/02/PR-007.

Diabetes in these animals was induced using STZ with a
single administration of intraperitoneal (i.p.) streptozotocin
(STZ) injection (dose of 45mg/kg) in 0.1M citrate buffer
having a pH value of 4.5 in overnight fasted Wistar rats [20].
*e preparation of citrate buffer having a pH value of 4.5 was
carried out by adding 25.5ml of 0.1M citric acid solution
(19.2 g/1000ml distilled water) and 24.5ml of 0.1M sodium
citrate dehydrate (C6H9Na3O9) in 29.4 g/1000ml of distilled
water, and after that, pH was confirmed using a pH meter
[21]. Blood glucose levels were estimated prior to induction
of diabetes and 48 hours after STZ injection. Blood glucose
levels in all experimental groups were estimated with a
glucometer along with glucose test strips. Animals with
more than 300mg/dl blood glucose values were considered
diseased (diabetic control) and were considered part of this
present study [22].*e experimental animals were randomly
assigned to the following groups and were marked
accordingly:

(i) Group 1: normal control
(ii) Group 2: diabetic control
(iii) Group 3: T. stans per se
(iv) Group 4: Gabapentin (50mg/kg body weight)-

treated group
(v) Group 5: T. stans extract 200mg/kg-treated group
(vi) Group 6: T. stans extract 300mg/kg-treated group
(vii) Group 7: T. stans extract 400mg/kg-treated group
(viii) Group 8: T. stans extract 400mg/kg +Gabapentin-

treated group

All these groups were analyzed for confirmation of STZ-
induced diabetes by general parameter estimation of blood

glucose levels, biweekly, and increased level of blood glucose
and subsequent mortality were controlled by administration
of huminsulin (1 unit of huminsulin if blood glucose is
greater than 500mg/dl and 2 units if value was greater than
600mg/dl). Also, the biochemical parameters for the con-
firmation of angiogenesis, oxidation, and inflammation were
analyzed using ELISA kits. *ese tests were further backed
with the behavioral parameters, which were further analyzed
to monitor the effect of test and standard drugs in STZ-
induced diabetic neuropathy and associated secondary
complications.

2.5. Statistical Analysis. For statistical analysis, one-way and
two-way ANOVA using GraphPad PRISM version 9.0 was
used and the interpretation was carried out as mean± SD
(n� 6). *e results involved the post hoc use of Tukey–K-
ramer’s multiple comparisons. *e level of statistical sig-
nificance was expressed at p< 0.05, p< 0.01, and p< 0.001.

3. Results

*e dried coarse powdered leaves were subjected to con-
tinuous hot extraction by using methanol as the solvent.
From extraction of leaves of T. stans by the continuous hot
percolation method using methanol, the average yield was
11.6% w/w. Furthermore, 3 different doses were prepared to
determine the activity of methanolic extract of T. stans leaves
at different doses of 200mg/kg, 300mg/kg, and 400mg/kg.
Its activity was determined by analyzing general parameters
like changes in blood glucose levels. *ese results from the
test drugs were then compared with those using a standard
drug, which included Gabapentin. From the literature evi-
dence, it can be concluded that the standard drug exhibits a
statistically significant effect in maintaining these physical
parameters in comparison with the disease control group
[23–25]; however, the effects of Gabapentin in regulating the
blood glucose is limited. *e experimental rats administered
with T. stans extract also showed statistically significant
results in terms of effectiveness and improvements against
the disease control group. Also, using the highest dose in
combination with the standard drugs either produced ad-
ditive effects, or nonsignificant results were seen in com-
parison to the normal rats.

3.1.General Parameters. *e study includes an estimation of
general parameters, which are required for the confirmation
of diabetes in the present study. A general confirmatory test,
which includes blood glucose, was done, which confirmed
that diabetes was induced in the experimental Wistar rats,
which were further evaluated for diabetes-related compli-
cations of neuropathy. Diabetic neuropathy was further
evaluated using biochemical and behavioral parameters.

3.1.1. Estimation of Blood Glucose Levels. *e activity of
methanolic extract of T. stans leaves at different doses of
200mg/kg, 300mg/kg, and 400mg/kg was determined by
analyzing general parameters like increase/decrease in blood
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glucose levels. *ese results from the test drugs were then
compared to those using a standard drug, which included
Gabapentin. *e results from this experiment concluded
that experimental rats administered with T. stans extract also
showed statistically significant results in terms of effec-
tiveness and improvements against the disease control group
but were not able to achieve normal glycemic levels as
compared to normal rats as shown in Figure 1. However,
using the highest dose, i.e., 400mg/kg, in combination with
the standard drug produced nonsignificant results that were
seen in comparison to the standard treatment alone. *is
confirms the dose saturation observed at the dose of 400mg/
kg when used as a combination therapy.

3.2. Determination of Angiogenic Parameters.
Angiogenesis is purported as de novo synthesis of new blood
vessels. From the published literature, angiogenesis has been
considered one of the primary triggers, which is involved in the
pathogenesis of diabetes-related complications of neuropathy
[26]. *e main factors responsible for the pathogenesis
resulting in abnormal/excessive formation of new blood vessels
are mediated by downstream mediators, vascular endothelial
growth factor (VEGF) and protein kinase C (PKC), which were
augmented in the serum postadministration of STZ [27].
Diabetic rats administered with T. stans extract of 200mg/kg,
300mg/kg, and the highest dose, i.e., 400mg/kg, along with the
standard treatment Gabapentin showed a significant decrease
in the levels of angiogenic markers to the normalization levels
in a dose-dependent manner.

3.2.1. Estimation of PKC-β Levels. From the published lit-
erature, it is evident that protein kinase C (PKC) is con-
sidered a crucial marker in determining angiogenesis.
Postadministration of STZ inWistar rats results in increased
levels of PKC, which is involved in the pathogenesis of
diabetes and associated complications [28]. Administration
of T. stans extracts at 200mg/kg, 300mg/kg, and the highest
dose, i.e., 400mg/kg, along with the standard treatment
Gabapentin showed a significant decrease in the levels of
PKC in comparison to the disease control group. In addi-
tion, in the combination treatment of the highest dose of
T. stans, i.e., 400mg/kg with the standard drug, Gabapentin,
produced nonsignificant differences in PKC-β levels in
maintaining the level of PKC-β to the levels found in normal
rats as shown in Figure 2.

3.2.2. Estimation of VEGF Levels. VEGF is a potent bio-
marker and is considered a parameter for the determination
of angiogenesis. From the available literature, it can be
deduced that an increase in levels of VEGF is associated in
the animal model of diabetes induced by the administration
of STZ [29]. Administration of T. stans extract at 200mg/kg,
300mg/kg, and the highest dose, i.e., 400mg/kg, along with
the standard treatment Gabapentin showed a significant
decrease in the levels of VEGF in comparison to the disease
control group [30]. In addition, the combination treatment
of the highest dose of T. stans, i.e., 400mg/kg with the

standard drug, Gabapentin, produced nonsignificant dif-
ferences in maintaining the level of VEGF to the levels found
in normal rats as shown in Figure 3.

3.3. Determination of Inflammatory Parameters. *e levels
of tumor necrosis factor alpha (TNF-α) and interleukin 1
beta (IL-1β) were augmented in the serum of rats after
administration of STZ. Diabetic Wistar rats treated with
T. stans extract at different doses of 200mg/kg, 300mg/kg,
and the highest dose, i.e., 400mg/kg along with the standard
treatment Gabapentin significantly drained the levels of
inflammatory mediators such as IL-1β and TNF-α to the
levels found in the normal rats.

3.3.1. Estimation of IL-β Levels. *e levels of proin-
flammatory cytokines (IL-1β) are exceptionally high in con-
ditions of diabetes-associated complications [31, 32].
Administration of T. stans extracts at 200mg/kg, 300mg/kg,
and the highest dose, i.e., 400mg/kg, along with the standard
treatment Gabapentin showed a significant decrease in the
levels of VEGF in comparison to the disease control group. In
addition, in the combination treatment of the highest dose of
T. stans, i.e., 400mg/kg with the standard drug, Gabapentin,
produced nonsignificant differences in maintaining the level of
IL-1β to the levels found in normal rats as shown in Figure 4.

3.3.2. Estimation of TNF-α Levels. TNF-α is a common
biomarker that depicts the extent of inflammation in any
tissue. From the literature evidence, it has been found that
the levels of TNF-α significantly increase in an animal
model of diabetes administered with STZ. In this study,
administration of T. stans extracts at 200mg/kg, 300mg/
kg, and the highest dose, i.e., 400mg/kg, along with the
standard treatment Gabapentin showed a significant de-
crease in the levels of TNF-α in comparison to the disease
control group [33]. In addition, the combination treat-
ment of the highest dose of T. stans extract, i.e., 400mg/
kg, with the standard drug, Gabapentin, produced non-
significant differences in maintaining the level of TNF-α
to the levels found in normal rats as shown in Figure 5.

Data are expressed as mean ± SD (n � 6). Data were
statistically analyzed using one-way ANOVA followed by
Tukey–Kramer’s multiple comparison test at p< 0.05,
p< 0.01, and p< 0.001. *e values are expressed as
#p< 0.05 and ##p< 0.01 compared with the normal control
group; ∗p< 0.05 and ∗∗p< 0.01 compared with the dia-
betic control group; ap< 0.05 compared with standard
treatment Gabapentin; bp< 0.05 compared with TSE
200mg/kg; and cp< 0.05 compared with TSE 300mg/kg.

3.4. Determination of Oxidation Paramaters. In this study,
the antioxidant parameters were also measured using ELISA
kits. From the literature evidence, it was confirmed that an
increase in the activity of the malondialdehyde (MDA)
enzyme was predominant in the diabetic animal models after
treatment of STZ injection with a simultaneous decrease in
catalase and superoxide dismutase (SOD) activity [34, 35]. In
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this study, administration of T. stans extract at 200mg/kg,
300mg/kg, and 400mg/kg and standard treatment Gaba-
pentin signi�cantly altered the antioxidant enzymes to the
levels found in the normal rats.

3.4.1. Estimation of Catalase Levels. From the published
literature, it is evident that the level of catalase dropped
extensively in the disease control animal group and is re-
sponsible for decreasing antioxidant activity. Administra-
tion of T. stans extract at di�erent doses of 200mg/kg,
300mg/kg, and the highest dose, i.e., 400mg/kg, along with
the standard treatment Gabapentin in disease control ani-
mals showed a statistically signi�cant escalation in the levels
of catalase in comparison against disease control [36]. ­e
combination produced statistically nonsigni�cant e�ects vs.
Gabapentin as shown in Figure 6.

3.4.2. Estimation of SOD Levels. STZ-injected rats depicted a
momentous downfall in SOD levels implicating conditions
with severe oxidative stress. Administration of T. stans
extract at 200mg/kg, 300mg/kg, and the highest dose, i.e.,
400mg/kg, along with the standard treatment Gabapentin in
diabetic rats signi�cantly upregulated the elevation of SOD
against the disease control group [36]. ­e combination
produced nonsigni�cant results vs. Gabapentin-treated
group as shown in Figure 7.

3.4.3. Estimation of TBARS Levels. It has been seen from the
literature evidence that administration of STZ leads to the
substantial increase in the level of serum MDA, which is
considered to be a marker for severe oxidative stress.

Administration of T. stans extract at 200mg/kg, 300mg/kg,
and the highest dose, i.e., 400mg/kg, along with the standard
treatment Gabapentin was shown to signi�cantly decrease
the level of MDA in the treatment group in comparison to
the disease control group [37]. ­e combination produced
statistically nonsigni�cant results in comparison to Gaba-
pentin as shown in Figure 8.

3.5. Determination of Behavioural Parameters

3.5.1. Cold Allodynia Using the Acetone Test. In this ex-
periment, acetone drops (50 μL) were applied gently to the
midplantar surface of the hind paw of Wistar rats for all
groups. Reaction in the form of paw licking, rubbing, or
shaking movement of the hind paw and even food withdrawal
was recorded as a means of nociceptive pain response to the
cold stimuli. ­e response time was noted with a digital
stopwatch (1min duration) after the application of acetone.
For each reading, both paws were sampled 3 times and the
mean was calculated. ­e results are depicted in Table 1.

3.5.2. Hot Allodynia Using Eddy’s Hot Plate. ­is method
involves the estimation of the nociceptive response of
methanolic extract of T. stans. Each animal from all groups
was placed on a hot plate, which was maintained at a
constant temperature of 55°C. ­e reaction in the form of
paw licking or jumping was taken with the help of a digital
stopwatch and considered a positive response to the hot
stimuli, and these responses were considered as a feedback
response as thermal hyperalgesia. ­e animals exceeding the
cuto� time were removed from the hot plate till baseline
values were achieved. ­e results are depicted in Table 2.
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Figure 5: Estimation of TNF-α levels after completion of the study protocol.
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3.5.3. Grip Strength Test Using Rotarod. ­is test is used
to estimate the muscle strength by gripping the rotarod,
and falling-o� time is noted. Since this method
involves the principle of analyzing muscle strength,

muscle relaxation is noted in the animal models of dia-
betic neuropathy. For this experiment, a �xed speed of 20
to 25 rpm is maintained. ­e results are depicted in
Table 3.

#

0

N
or

m
al

co
nt

ro
l

D
ia

be
tic

co
nt

ro
l

G
ab

ap
en

tin
50

 m
g/

kg

TS
E

20
0 

m
g/

kg

TS
E

30
0 

m
g/

kg

TS
E

40
0 

m
g/

kg

TS
E 

40
0 

m
g/

kg
 +

G
ab

ap
en

tin

2

4

TB
A

RS
 (U

/m
g 

pr
ot

ei
n)

6

8

10
TBARS

**

#,*,a #,*,a

**,b,c **,b,c

TSE 300 mg/kg
TSE 400 mg/kg
TSE 400 mg/kg +
Gabapentin

Normal control
Diabetic control
Gabapentin 50 mg/kg
TSE 200 mg/kg

Figure 8: Estimation of TBARS levels after completion of the study protocol. Data are expressed as mean± SD (n� 6). Data were statistically
analyzed using one-way ANOVA followed by Tukey–Kramer’s multiple comparison test at p< 0.05, p< 0.01, and p< 0.001. ­e values are
expressed as #p< 0.05 and ##p< 0.01 compared with the normal control group; ∗p< 0.05 and ∗∗p< 0.01 compared with the diabetic control
group; ap< 0.05 compared with standard treatment, Gabapentin; bp< 0.05 compared with TSE 200mg/kg; and cp< 0.05 compared with
TSE 300mg/kg.

Table 1: E�ect of Tecoma stans extract on cold allodynia.

Normal
Control

Diabetic
Control

Gabapentin 50mg/
kg TSE 200mg/kg TSE 300mg/kg TSE 400mg/

kg
TSE 400mg/

kg +Gabapentin
0 Week 4.42± 0.21 4.21± 0.51 4.65± 1.22 4.35± .051 4.55± 0.51 4.75± 1.6 4.71± 1.8
Week 1 4.45± .051 5.98± 1.82 5.45± 1.12 ∗ 5.95± 1.74 + 5.91± 1.5 + 5.60± 0.40 ∗ ,+ 5.49± 1.25 ∗
Week 2 4.65± 1.22 6.89± 1.25 5.15± 5.62∗∗ 5.62± 1.72 ∗∗,+ 5.71± 0.30 ∗∗,++ 5.36± 1.87 ∗∗,+ 5.16± 1.30 ∗
Week 3 4.63± 1.82 7.88± 1.92 4.85± 6.12∗∗ 5.20± 0.41∗∗ ,+ 5.25± .1.7 ∗∗ ,+ 5.10± 1.67 ∗∗ 5.05± 1.32 ∗∗
Week 4 4.55± 0.51 9.78± 1.52## 4.42± 1.52∗∗∗ 4.93± 0.51##,∗∗ ,++ 4.83± 1.12##,∗∗ ,+ 4.69± 0.14 ∗∗ 4.47± 0.68 ∗∗

Data are expressed as mean± SD (n� 6). Data were statistically analyzed using two-way ANOVA followed by Tukey–Kramer’s multiple comparison test at
p< 0.05, p< 0.01, and p< 0.001. ­e values are expressed as #p< 0.05 and ## p< 0.01 compared with the normal control group at the 4th week; ∗p< 0.05,
∗∗p< 0.01, and ∗∗∗p< 0.001 compared with the diabetic control group; +p< 0.05, ++p< 0.01, and+++p< 0.001 compared with standard treatment Gabapentin.

Table 2: E�ect of Tecoma stans extract on thermal hyperalgesia.

Normal
Control

Diabetic
Control

Gabapentin 50mg/
kg TSE 200mg/kg TSE 300mg/kg TSE 400mg/kg TSE 400mg/

kg +Gabapentin
0 Week 4.21± 0.21 4.51± 0.51 4.83± 1.2 4.85± 1.22 4.73± 1.82 4.75± 1.6 4.81± 1.8
Week 1 4.32± .051 5.88± 1.82 5.42± 1.12 5.75± 1.74 + 5.85± 1.5 + 5.43± 0.40 5.34± 1.25 ∗ ,aa
Week 2 4.55± 1.22 6.59± 1.25 5.05± 2.62∗∗ 5.72± 1.72∗∗ ,++ 5.69± 2.30 ∗∗,++ 5.29± 1.87 ∗∗ ,+ 5.11± 1.30 ∗∗ ,aa
Week 3 4.53± 1.82 7.58± 1.92 4.95± 3.12∗∗ 5.25± 0.41∗∗,++ 5.23± .1.7 ∗∗ ,+ 5.09± 1.67 ∗∗ 5.01± 1.32∗∗ ,a
Week 4 4.35± 0.51 9.58± 1.52## 4.48± 1.52 ∗∗∗ 4.92± 0.51##,∗∗ ,++ 4.88± 1.12##,∗∗ ,+ 4.75± 0.14#,∗∗ 4.45± 0.68∗∗,aa

Data are expressed as mean± SD (n� 6). Data were statistically analyzed using two-way ANOVA followed by Tukey–Kramer’s multiple comparison test at
p< 0.05, p< 0.01, and p< 0.001. ­e values are expressed as #p< 0.05 and ##p< 0.01 compared with the normal control group at the 4th week; ∗p< 0.05,
∗∗p< 0.01, and ∗∗∗p< 0.001 compared with the diabetic control group; +p< 0.05, ++p< 0.01, and +++p< 0.001 compared with standard treatment
Gabapentin; and ap< 0.05 and aap< 0.01 compared with TSE 200mg/kg.
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3.5.4. Hyperalgesia Using Tail Flick. *is method involves
hyperalgesia induced by heat and involves withdrawal of
Wistar rat tail, which is considered an endpoint. Following
the protocol, any animal which fails to withdraw its tail
within 5 seconds is rejected from the experiment. After the
administration of the test drug and standard drug, the re-
action time was noted after 30 minutes. *e results are
depicted in Table 4.

4. Discussion

From the literature survey, it was concluded that T. stans has
shown promising results and beneficial effects in the treat-
ment of diabetes and management of associated hypergly-
cemia [10]. *e effects were not only limited to management
of glucose levels but also have shown promising results as
antioxidants. T. stans flowers, its leaves, and the complete
plant have been used by various scientists in the management
of various metabolic disorders due to their antioxidant ac-
tivity and radical scavenging activity, which are also associ-
ated with decreasing blood glucose levels. *ese effects are
mainly mediated by the presence of various chemical con-
stituents including monoterpenoid alkaloids (specifically
tecostanine and tecomanine), phenolics compounds (sinapic
acids, o-coumaric, vanillic, caffeic, and chlorogenic), p-si-
tosterol, triterpenoids (α-amyrin, oleanolic, and ursolic
acids), and lapachol [10]. *e combined effects of these might
prove beneficial in the management of various metabolic
disorders.

In this study, we hypothesize that T. stans leaves could
help in the management of diabetes-associated compli-
cations of neuropathy. Hence, this study was undertaken
to explore the potential of T. stans extract in the man-
agement of diabetic-associated complications of neu-
ropathy. Also, we evaluated the modulation of glycemic,
angiogenic, inflammatory, and oxidative pathways in the
pathogenesis of diabetic neuropathy. *e methanolic
extract of T. stans was used based on the literature
findings, as most of the active constituents which includes
complex indole alkaloids were found to be more soluble in
the methanolic extract.

Pathogens act as a trigger to activate phagocytes which
ultimately results in the activation of the immune complex
leading to the generation of highly toxic reactive oxygen
species (RoS), which are responsible for the ingestion of
pathogens. It has been seen that NADPH oxidase mediates
increased consumption of oxygen, which is required for
the production of superoxide radicals and ultimately
results in the oxidative burst [38]. From the literature
studies and the available data, various oxidants such as
nitric oxide radical, hydrogen peroxide, and peroxynitrite
radicals are responsible for the induction of oxidative
stress in the case of diabetic neuropathy [39]. *ese agents
serve as a trigger for the generation of oxidative stress in
various animal models as well. *e peroxidation
byproducts of lipids are used for the estimation of RoS
[40]. Also, the polyunsaturated fatty acids are peroxidized
by MDA which acts as a stabilizing agent in the cellular
membrane. In conditions of inflammation, the level of
MDA is found to be significantly increased. *is condition
holds true for the animal model of diabetic neuropathy as
well.

Wistar rats with STZ-induced diabetes were employed as
an experimental model where the study was capped as 28
days for the development of diabetic neuropathy. *e study
had ten groups with six rats in each. Gabapentin (10mg/kg)
was used as a standard antidiabetic drug in the treatment of
diabetic neuropathy. As evident from the literature, Gaba-
pentin exhibits its effect as an antioxidant and anti-in-
flammatory agent, the combined effect of which resulted in
decreased blood glucose levels; however, it may not be
sufficient in comparison to the standard care of treatment for
diabetes mellitus alone [41].

Methanolic extract of T. stans leaves at different concen-
trations of 200mg/kg, 300mg/kg, and 400mg/kg was employed
as a test drug, and the effects were compared with the standard
care of treatment with Gabapentin in diabetic neuropathy. For
the general parameters, blood glucose was estimated weekly for
a period of 4 weeks.*ereafter, animals were sacrificed after the
4th week and the blood was collected via cardiac puncture.
Various biomarkers for oxidative stress, angiogenesis, and in-
flammation were evaluated using ELISA kits.

Table 3: Effect of Tecoma stans extract on the grip strength test.

Normal
Control

Diabetic
Control

Gabapentin
50mg/kg TSE 200mg/kg TSE 300mg/kg TSE 400mg/kg TSE 400mg/

kg +Gabapentin
0
Week 124.21± 2.21 124.51± 2.51 123.85± 3.22 128.85± 2.76 126.73± 1282 124.75± 2.6 127.81± 2.8

Week
1 125.32± 2.51 69.88± 4.82 75.35± 1.12∗ 74.75± 2.74 73.85± 2.52 + 79.55± 4.40 ∗ ,+ 74.50± 4.25 ∗

Week
2 123.85± 3.22 52.59± 2.25 83.05± 5.62∗∗ 70.72± 4.12 ∗∗ ,+ 79.69± 3.30∗∗ ,++ 85.29± 4.87 ∗∗ ,+,a 82.11± 5.30 ∗ ,aa

Week
3 129.73± 3.82 35.58± 4.92 99.95± 6.12∗∗ 75.25± 3.41 ∗∗ ,++ 80.15± .2.71 ∗∗,++ 89.09± 2.67 ∗∗ ,aa 98.01± 4.32 ∗∗,aa

Week
4 128.25± 3.51 23.58± 3.52## 114.38± 2.52∗∗∗ 84.93± 4.51##,∗∗ ,+++ 94.88± 3.12##,∗∗ ,+ 104.75± 3.14#,∗∗∗ ,aa 116.45± 3.68

∗∗ ,aaa

Data are expressed as mean± SD (n� 6). Data were statistically analyzed using two-way ANOVA followed by Tukey–Kramer’s multiple comparison test at
p< 0.05, p< 0.01, and p< 0.001. *e values are expressed as #p< 0.05 and ##p< 0.01 compared with the normal control group at 4th week; ∗p< 0.05,
∗∗p< 0.01, and ∗∗∗p< 0.001 compared with the diabetic control group; +p< 0.05, ++p< 0.01, and +++p< 0.001 compared with standard treatment
Gabapentin; ap< 0.05 and aap< 0.01 compared with TSE 200mg/kg.
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T. stans at various doses (200, 300, and 400mg/kg) in lieu
of its antioxidant effects significantly demolished the levels of
MDA and was found to be responsible to safeguard the
structural integrity of the cellular membranes. Also, the levels
of biomarkers including catalase and SOD which were de-
creased significantly in disease control groups were embarked
with normalization following the treatment ofT. stans extract.
To establish the decreased pain threshold as determined by
increased flinching in the formalin test and decreased
withdrawal latency in hot plate and tail flick tests, which is a
known secondary complication of DN, behavioral parameters
which included hot and cold hyperalgesia along with tail flick
were analyzed. Similarly, the rotarod test was employed to
assess the effect of treatment on motor coordination. Non-
significant differences were seen for TSE at 300 and 400mg/
kg when compared with the standard treatment. Also, the
combination therapy brings similar results in line with the
standard treatment of Gabapentin.*us, it may be concluded
based on the findings and available literature that the
pharmacological activity possessed by the T. stans is mainly
attributed to the presence of alkaloids, flavonoids, and gly-
cosides, which act as an active pharmaceutical ingredient for
these therapeutic mechanisms showing antioxidant, anti-
angiogenic and anti-inflammatory properties.

5. Conclusion

T. stansmethanolic extract has provided promising results as
an antioxidant, antiangiogenic, and anti-inflammatory
mainly at 300mg/kg and 400mg/kg doses, an activity in line
with the standard drug Gabapentin. Moreover, the meth-
anolic extract of T. stans has shown tremendous potential as
an immune-modulating agent and was found to significantly
affect the levels of inflammatory cytokines which included
TNF-α as an IL-1β.

*e herbal drugs appear to prevent oxidative stress-
mediated damage by altering the responses of endogenous
enzymes of antioxidant, thereby highlighting beneficial ef-
fects. *e concentrations of thiobarbituric acid reactive
substances (TBARS) were lowered on treatment, while the
activity of catalase and SOD was increased. *e concen-
trations of angiogenic parameters VEGF and PKC were also
lowered in treated animal groups as compared to control
groups indicating the beneficial effect of the herbal extract in
attenuating angiogenesis mediated diabetes-associated
neuropathy. Similarly, promising results were obtained from

behavioral parameters, where TSE (300 and 400mg/kg)
produced nonsignificant differences when compared with
the standard treatment, depicting its antihyperalgesia and
effect of motor coordination.

*erefore, the study evidently signifies the effective role
of methanolic extract of T. stans in the management of
neuropathy by acting as antioxidant, antiangiogenic, and
anti-inflammatory agents and thus further research will
warrant the ethnomedicinal use of this plant in the man-
agement of diabetic neuropathy.
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Traumatic brain injuries due to sudden accidents cause major physical and mental health problems and are one of the main
reasons behind the mortality and disability of patients. Research on alternate natural sources could be a boon for the rehabilitation
of poor TBI patients. �e literature indicates theMarrubium vulgare Linn. and its secondary metabolite marrubiin (furan labdane
diterpene) possess various pharmacological properties such as vasorelaxant, calcium channel blocker, antioxidant, and anti-
edematogenic activities. Hence, in the present research, bothmarrubiin and hydroalcoholic extracts of the plant were evaluated for
their neuroprotective e�ect after TBI. �e neurological severity score and oxidative stress parameters are signi�cantly altered by
the test samples. Moreover, the neurotransmitter analysis indicated a signi�cant change in GABA and glutamate. �e histo-
pathological study also supported the observed results. �e improved neuroprotective potential of the extract could be attributed
to the presence of a large number of secondary metabolites including marrubiin.

1. Introduction

Injuries are a major public health problem today. Trau-
matic brain injury (TBI) is de�ned as damage to the brain
resulting from an external mechanical force, such as that
caused by rapid acceleration or deceleration, blast waves,

crush, or impact, and can lead to temporary or permanent
impairment of cognitive, physical, and psychosocial
functions [1–3]. TBIs in India have been increasing sig-
ni�cantly due to rapid motorization, industrialization,
migration, and changing value systems of Indian society.
Also, the Centre for Disease Control and Prevention
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estimated that the incidence of TBI affects a large number
of the population worldwide. Apart from instantaneous
deaths, the suffering and poor quality of life among
survivors is a living testimony to the impact of TBIs. +e
total volume of TBI in India is unknown, but estimates
suggest that there are more than a million trauma-related
deaths in India per year, of which 50% are TBI-related
[4, 5]. It involves a complex cascade of changes including
pathological, metabolic, and gene-related changes which
not only include cell damage but also contribute to the
activation of inflammatory cytokines (IL-6, TNF-α), in-
crease in intracellular calcium regulation, oxidative stress,
and mitochondrial dysfunction that contributes to neu-
rodegeneration. Other pathological changes as part of
secondary injury include the neurological deficit, activa-
tion of microglial cells, disruption of the blood-brain
barrier, cerebral edema, intestinal damage, and abnormal
nitrite, glutamate, and calcium level [6–8]. +e study of
the literature indicated that there is not any particular
treatment strategy for TBI and research on new com-
pounds or plant metabolites is highly required to improve
the quality of life [9]. Enough pieces of evidence are
present in the literature which could prove the phyto-
chemicals/extracts to be effective and protective in TBI. A
huge number of herbal extracts or plant actives are also
reported to possess a significant role in neuroprotection,
reduction of inflammation, and management of oxidative
stress [10–14].

+e Marrubium genus (Family: Lamiaceae) has nearly
thirty plant species and is indigenous to Europe and Asian
countries. Among various species,Marrubium vulgare L. is a
perennial herb commonly known as “white horehound” in
different regions of Europe [15]. +e hydroalcoholic extract
of selected medicinal herbs was reported to possess signif-
icant pharmacological properties by inhibiting the action of
neurotransmitters such as acetylcholine, prostaglandin E,
histamine, and bradykinin [16–19]. +e various secondary
metabolites of different categories such as marrubiin
(diterpene), arenarioside, acteoside, forsythoside B, and
ballotetroside (phenylpropanoids esters) have been isolated
and identified from the plant extracts [20–24]. +e phar-
macological potential of marrubiin as anti-inflammatory,
vasorelaxant, antioxidant, and calcium channel (L-type)
blocker has been well established [25]. +e other diterpenes
present in the plant extract like marrubinic acid and mar-
rubenol also exhibited analgesic and antiedematogenic ac-
tivities [23]. Moreover, the various phenylpropanoid esters
of the herb showed significant anti-inflammatory potential
due to the inhibition of the cyclooxygenase-2 (COX-2)
enzyme [22].

On the basis of a literature study, the hydroalcoholic
extract of Marrubium vulgare L. and marrubiin, a potential
and well-tolerated diterpene (LD50 370mg/kg) of the herb,
are selected to evaluate their protective effect against TBI in
experimental mice. Further, the research work is also ex-
tended to evaluate the possible synergistic protective effect of
plant active (marrubiin)/extract with some selected mar-
keted drugs like lixisenatide (L), nimodipine (N), acam-
prosate (A), and celecoxib (C) (Figure 1) [12, 26, 27].

2. Results and Discussion

+e selected medicinal plant, Marrubium vulgare L., and its
active constituent, marrubiin, are reported to possess nu-
merous pharmacological properties such as vasorelaxant,
antioxidant, antihypertensive, antispasmodic, anti-inflam-
matory, antiedematogenic, and antidiabetic properties
[17, 25]. Hence, in the present study, the plant active and
hydroalcoholic extract of the herb is explored for its neu-
roprotective potential against TBI. Moreover, the selected
dose of plant extract/active is also investigated for protective
action in combination with some marketed drugs like lix-
isenatide, celecoxib, nimodipine, and acamprosate.

+e powdered sample of the plant was extracted by cold
maceration method and a dark brown extract was obtained
with a percentage yield of 8.5± 1.2% (w/w). +e extract was
also analyzed by HPTLC for marrubiin concentration and
was calculated to be present in 7.1± 0.8% (w/w) concen-
tration. On the basis of literature and the result of extract
analysis, two doses of the extract, 700mg/kg and 1400mg/kg,
were selected for the present experimental protocol.+e Swiss
albino mice were used to study the neuroprotective effect of
the herb and its active principle along with selected marketed
drugs. TBI was induced in the animals of different groups,
except control, by the weight drop method.

2.1. Assessment of Neurological Severity Score. After TBI, the
assessment of NSS reflects the rough magnitude of motor
and cognitive deficiency such as difficulty in memory, at-
tention deficits, and decrease in concentration in affected
animals. Early assessment of NSS is a simple and reliable
method to evaluate the motor ability and cognitive skills in
injured rodents. Numbers of tasks were performed to check
the NSS like straight walk, exit circle, grip strength, startle
reflex, beam walk, and round stick balance. NSS of 5–7
indicated moderate injury in the experimental animals of
negative control (group 2) [28–30].+e NSS of animals from
different groups was presented in Figure 2.

+e interpretation of data confirmed that plant extracts
at 1400mg/kg significantly altered the score in the treated
group as compared to the −ve control after the 7th day of
treatment protocol (p< 0.05). Further, this extract in
combination with selected marketed drugs (Group 8)
significantly reduced the severity score even after the 4th
and 7th days of treatment (p< 0.01). +e assessment of NSS
gives a fair idea about the neuroprotective effect of plant
extract alone and in combination with marketed drugs.
Further, the motor coordination, mobility, and memory
potential in trauma-affected animals were evaluated by per-
formance in the open field, rotarod, and plus-maze activities.

2.1.1. Open Field Performance Analysis. On the 7th day of the
experimental protocol, the mobility/locomotor performance
in various animals was further analyzed by open field and
rotarod performance analysis. In this test, the number of
lines crossed by mice from different groups was counted for
at least 5 minutes and presented graphically in Figure 3(a).
Results confirmed that the trauma significantly (p< 0.001)
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reduced the number of lines crossed by mice (77± 6.4) as
compared to the control group (160± 12.4). Further, the
animals treated with plant extract (1400mg/kg) enhanced
their mobility (p< 0.05) which was further improved sig-
ni�cantly when this extract was supplemented with mar-
keted drugs (p< 0.01).

2.1.2. Rotarod Performance Analysis. Motor coordination in
the experimental animals was further investigated by
analysis of rotarod performance. In this experiment, the
falling latency of animals of various groups from a rotating
rod (25 rpm) for �ve minutes was observed and noted
(Figure 3(b)). Falling latency in the control group
(43± 2.510) was signi�cantly (p< 0.01) reduced in the TBI-
a�ected group (7.6± 1.631). Delay in falls was also altered in
animals treated with marrubiin at di�erent doses but the
change was not signi�cant as compared to the a�ected group

(p> 0.05). Moreover, the extract of the selected medicinal
plant at a higher dose signi�cantly enhanced the falling
latency of experimental animals (p< 0.01). �e signi�cance
of the result was further improved when the selected dose
(1400mg/kg) of the extract was administered along with all
marketed drugs (p< 0.001).

2.1.3. Elevated Plus Maze Study. TBI can also cause the
short-term loss in memory of the animals under the pro-
tocol. A simple apparatus such as an elevated plus maze
could be employed to evaluate the cognitive function in
di�erent groups. On the seventh day of the experiment, the
number of entries in the closed arm of the elevated plus maze
was recorded for a minimum of 5minutes (Figure 3(c)). Loss
in memory potential of injured mice was indicated by the
signi�cant reduction (p< 0.001) in the number of entries
(1.6± 0.32) as compared to the control group (12± 1.1).
Treatment with plant extracts/active constituents and dif-
ferent drugs altered the memory de�cit induced by the TBI.
But the improvement in impaired memory function was
signi�cant in animals fed with plant extract at high doses
(p< 0.01). Further, the synergistic neuroprotective e�ect was
exhibited by rodents on giving the extract along with se-
lected commercial drugs.

2.1.4. Estimation of Biochemical Parameters. �e concen-
tration of various endogenous oxidative stress parameters
(GSH, MDA, Catalase) was determined and was indicated in
Figure 4. TBI signi�cantly reduced the GSH concentration as
compared to the control group (p< 0.001) whereas the level
of malondialdehyde and catalase increased signi�cantly
(p< 0.01) (Figure 5). Further, the results suggested that the
plant extract alone in higher concentration and along with
the marketed drugs signi�cantly altered the oxidative stress
parameters (p< 0.05 and p< 0.01, respectively). Moreover,
the total protein content in the test samples was determined
and concentration was found to be signi�cantly altered in
treated groups (Figure 6). Also, the nitric oxide (NO)

REASON FOR SELECTION OF DIFFERENT MARKETD DRUGS AND PLANT ACTIVE EXTRACT
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Figure 1: Pharmacological rationale for the selection of various test samples (plant active/extract) and marketed drugs for the present study.
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concentration was altered by test groups but the change was
signi�cant with the marrubiin (50mg/kg) and plant extract
at a higher dose (p< 0.05).

2.1.5. Neurotransmitters (GABA and Glutamate) Analysis.
�e concentration of inhibitory (GABA) and excitatory
(Glutamate) neurotransmitters was modulated signi�cantly
(p< 0.001) in the animals su�ering from traumatic brain
injury (Figure 6). Treatment with test drugs (extract and
plant active) at di�erent doses enhanced the GABA con-
centration but the change was insigni�cant (p> 0.05) with a
low dose of marrubiin and plant extract. But a higher dose of
the extract (p< 0.01) and active constituent (p< 0.05) of the
herb displayed a signi�cant change in the quantity of GABA.
Further, the glutamate analysis con�rmed the signi�cant
reduction (p< 0.01) in its level on treatment with Mar-
rubium vulgare extract at an elevated dose (1400mg/kg).
Also, there is a synergistic alteration in the e�ect produced
by herbal extract in combination with marketed drugs
(p< 0.001).

2.1.6. Histopathological Study. On the 8th day of the ex-
perimental protocol, the histopathological changes in the
cerebral cortex of brain sections from the animals of dif-
ferent treated groups were observed. �e nuclei (pink stain)
and cytoplasm (violet color) could be easily di�erentiated in
the neuronal cell of brain tissue. �e intact neuronal cell
from the samples of di�erent treated groups was depicted as
a black arrow in the photographs, but when there is no clear

distinction between cytoplasm and nuclei, then it was dis-
played as a red arrow in the section pictures (Figure 7).

Trauma due to accidents, blasts, and falls is the most
prevalent cause of injury to the brain [31]. TBI not only
causes the mortality of individuals but also produced a
large number of short- and long-term consequences to
brain functions. According to an estimate, TBI con-
tributes to more than 30% of all injury-related deaths in
the USA, and about half of the survivors (43%) faced
signi�cant chronic disabilities due to the nonavailability
of clinically e�ective treatment protocol [32, 33]. After
the TBI, there occur di�erent primary and secondary
pathological signaling cascades. �e e�ect due to primary
insult cannot be treated but can be prevented whereas the
functional impairment and chronic disability of neurons
after secondary injury because of oxidative stress, exci-
totoxicity, in¨ammation, and mitochondrial dysfunction
could be targeted for the improvement of patient life after
injury [8, 34].

�e selected medicinal plant Marrubium vulgare L. and
marrubiin (plant active) were investigated for neuro-
protective e�ects after TBI. After TBI, the assessment of NSS
re¨ects the rough magnitude of motor and cognitive de�-
ciency such as di©culty in memory, attention de�cits, and
decrease in concentration in a�ected animals. Improvement
in the motor ability and cognitive skills of injured rodents
was exhibited by the various test groups especially the plant
extract in a higher dose and its combination with marketed
drugs. �e literature revealed that marrubiin itself and the
plant extract are potent calcium channel blockers and the
signi�cantly altered functional ability of mice might be due
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Figure 3: E�ect of di�erent neurobehavioral tests: (a) open �eld, (b) rotarod, and (c) elevated plus maze in di�erent groups (1: control; 2:
(−ve) control (TBI); 3: marketed drugs (L +C+N+A); 4, 5: marrubiin (50,100mg/kg); 6, 7: M. vulgare extract (700,1400mg kg); 8:
M. vulgare extract (1400mg/kg) +marketed drugs) (∧p< 0.05; ∧∧p< 0.01; ∧∧∧p< 0.001 as compared to the control group; ∗p< 0.05;
∗∗p< 0.01; ∗∗∗p< 0.001 as compared to the −ve control).
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to this action [16, 35]. Also, the scientists had proved that the
calcium channel blockers not only improved the behavioral
de�cits but also prevent the disruption in spatial memory of
experimental animals [36, 37].

Moreover, sudden trauma to the brain triggers the
di�erent signaling pathways in astrocytes and neurons that
lead to the upregulation of calcium and downregulation of
endothelial nitric oxide synthase (eNOS). It further en-
hanced the concentration of reactive oxidative species (ROS)
and leads to mitochondrial dysfunction and apoptosis
[38, 39]. It has also been reported that NO, which is a unique

molecule, causes cytotoxicity due to enhanced oxidative
stress, and the plant extract signi�cantly altered the various
stress parameters along with the NO to exert the neuro-
protective e�ect in the injured animals [40]. �e observed
results could be attributed to the blockage of Cav 1.2 and Cav
1.3 (L-type) postsynaptic calcium channels localized in the
soma, spines, and shaft of dendrites which further help in the
downregulation of enhanced calcium in¨ow and decrease
the ROS production which could help in the restoration of
the mitochondrial respiratory chain and its integrity
[16, 35, 37]. In past, the treatment with plant extract was also
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Figure 4: Evaluation of various biochemical (oxidative stress) parameters: (a) total protein content, (b) nitric oxide, (c) malondialdehyde
(MDA), (d) glutathione (GSH), and (e) catalase, in di�erent groups (1: control; 2: (−ve) control (TBI); 3: marketed drugs (L +C+N+A); 4,
5: marrubiin (50,100mg/kg); 6, 7: M. vulgare extract (700,1400mg kg); 8: M. vulgare extract (1400mg/kg) +marketed drugs; ∧p< 0.05;
∧∧p< 0.01; ∧∧∧p< 0.001 as compared to the control group; ∗p< 0.05; ∗∗p< 0.01; ∗∗∗p< 0.001 as compared to the −ve control).
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Figure 5: Neurotransmitter: (a) GABA (inhibitory) and (b) glutamate (excitatory) analysis in di�erent groups (1: control; 2: (−ve) control
(TBI); 3: marketed drugs (L +C+N+A); 4, 5: marrubiin (50,100mg/kg); 6, 7: M. vulgare extract (700,1400mg kg); 8: M. vulgare extract
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Figure 6: Photomicrographs of brain sections of experimental animals from di�erent groups (a) control; (b) (−ve) control (TBI);
(c) marketed drugs (L +C+N+A); (d, e) marrubiin (50,100mg/kg); (f, g) M. vulgare extract (700,1400mg kg); (h) M. vulgare extract
(1400mg/kg) +marketed drugs) depicting intact neuron by black arrow and nonintact cells by red arrow.
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postulated to reduce themicroglial activation which could be
another reason for better neuroprotective action by affecting
the inflammatory cascade after TBI [18, 41, 42].

+e results of the neurotransmitters analysis indicated
that there is a significant alteration in GABA (↓) and glu-
tamate levels (↑) after the injury. +ese findings match with
previous investigations which enhanced the glutamate level
and excitotoxicity induced signaling cascades which resulted
in neurodegeneration [43]. Also, it has been postulated that
the imbalance between these neurotransmitters leads to
neurodegeneration in the brain [44–46]. But treatment with
Marrubium vulgare extract and marrubiin significantly
modulates their concentration in a positive manner. +e
neuroprotective effect of the test samples implies that
excitotoxicity due to enhanced glutamate was reduced and
the balance between GABA and glutamate was improved to
bring out this action. Further, the calcium channel blockers,
especially of L-type, were reported to reduce the necrosis in
glutamate toxicity; therefore, the present results could be
attributed to the inhibition of voltage-gated cation (Ca2+)
channels by plant active and extract [16, 35, 47]. Also, the
vasospasm is the obvious feature in a significant number of
traumatic cases and vasorelaxant action of the plant active/
extract could further enhance the recovery in the victims
after injury [33, 48]. Moreover, the photomicrographs of the
histopathology of brain sections further confirmed the
neuroprotective nature of plant extract at a higher dose and
its combination with selected marketed/commercial drugs.

+e present findings indicated that recovery after the
injury was more significant with the herb extract as com-
pared to plant active alone. Such results could be due to the
presence of pharmacologically important secondary

metabolites including marrubiin, in the plant extract.
Marrubiin was reported to block the L-type calcium
channels and thus bring out the vasorelaxant and anti-
excitotoxicity effect of herb. Also, the inhibition of these
cation channels could reduce the activation of resident
microglial cells and thus lessen the release of proin-
flammatory cytokines (IL- 1α, IL-6) [18, 41, 42]. Further, the
previous investigations established that the different phy-
tochemicals such as renarioside, acteoside, forsythoside B,
and ballotetroside as phenylpropanoid esters present in the
extract can inhibit the cyclooxygenase-2 (COX-2) enzymes
and thus are responsible for the anti-inflammatory action of
herb (C) [21, 24, 49]. Moreover, the hydroalcoholic extract
was also reported to reduce the spasm induced by acetyl-
choline and oxytocin at experimental conditions [50]. In
addition, oxidative stress was considered to be as one of
significant parameters in inducing the secondary effects after
TBI [51]. +e level of GSH was reduced whereas the MDA
and catalase concentration enhanced significantly after the
injury in experimental animals. Treatment with the plant
extract at higher dose significantly altered the oxidative
stress parameters. +e antioxidant potential of the herbal
extract could be due to the presence of total phenolic and
flavonoid content in addition to marrubiin which could also
be a possible reason behind the fast recovery of injured
animals [17, 52–54]. Finally, TBI also reported to induce the
oedema in the brain which is mainly responsible for the
significant number of mortality in the head injury cases and
the selected plant extract/marrubiin also possess the anti-
oedematogenic properties [23, 55]. Hence, the improved
neuroprotective effect of the selected medicinal plant could
also be attributed to the antioedematogenic potential along

Figure 7: Proposed site of action of Marrubium vulgare extract/marrubiin to bring out the protective effect after TBI.
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with other discussed properties. On the basis of the above
discussion, the proposed site of action of plant extract/active
to bring out the protective e�ect in the pathological cascade
of TBI is depicted in Figure 7.

3. Materials and Methods

3.1. Plant Sample and Reagents. �e selected herb, Mar-
rubium vulgare L., was collected from the local district of
Nainital, Uttarakhand, and identi�ed by a botanist. A
voucher specimen was also kept in the laboratory of the
department for future reference. All the procured chemicals
and reagents were of analytical grade. �e plant active,
marrubiin, was purchased from the reliable commercial
source, Extrasynthese (France).

3.2. Extraction of Plant Sample and Analysis. �e collected
sample of the whole plant was thoroughly washed in running
tap water and shade dried. �e dried herb was powdered,
sieved (60–80), and extracted with hydroalcoholic solvent
(50%) by the cold macerationmethod.�e powdered sample
(100 g) was kept in a round bottom ¨ask with solvent (1 :15)
at room temperature for 10 days with occasional stirring.
�e extract obtained was concentrated, lyophilized, and
stored at low temperature in an airtight container till further
study. Also, the qualitative and quantitative analysis of the
extract for the marrubiin concentration was performed
using a validated HPTLC protocol which was previously
developed in our laboratory [56, 57].

3.3.Animals. For the present research, the swiss albino mice
(25–30 g) were procured from the disease-free small animal
house of Lala Lajpat Rai University of Veterinary and
Animal Sciences (LLRUVAS), Hisar, India. �e animals
were housed in the group of �ve (n� 5) in polypropylene
cages (29× 22×14 cm) lined with proper bedding.�ey were
acclimatized as per the standard CPCSEA guidelines for at
least two weeks under natural light/dark cycle at 25± 2°C.
During this period, they have free access to standard rodent
feed and water ad libitum.

3.4. Experimental Protocol and Induction of Traumatic Brain
Injury. TBI is followed by not only the immediate primary
e�ects but also some cellular, genomic, and biochemical
changes termed the secondary insult. �ese e�ects could last
up to some minutes to some days [58]. Hence, the exper-
imental protocol should be kept for seven days to e�ectively
evaluate the protective e�ect of the selected plant active/
extract against secondary insult after TBI. Prior to the
commencement of experiments, the research protocol was
duly approved by the institutional animal ethical committee
(1767/RE/S/14/CPCSEA/CAH/153–165, dated-17/12/18),
MDU, Rohtak. After the speci�ed time period (15 days) of
acclimatization of experimental animals, they were divided
into twelve groups (n� 5). �e detailed experimental pro-
tocol is illustrated in Figure 8. �e TBI was induced in the
animals of all groups except the �rst group (control) by the
standard weight-drop method. Animals were placed in a
closed chamber and anesthesia was induced with 4%
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isoflurane. After 5–7 minutes, the mouse was removed from
the closed chamber and placed on the open circuit with 2%
isoflurane maintenance. +e reflexes were checked by
pressing the hind paw and observing the eye movements. In
the absence of reflexes, the mouse was placed on the foaming
bed, and a midline incision was given over the head of mice
and exposed the skull. +e metallic disc was fixed over the
exposed skull and placed properly under the metallic pipe
(1m long). After that, 66 g weight (spherical brass ball) was
dropped through the upper end of the pipe to induce closed
head injury. After brain trauma, the scalp was sutured,
neosporin powder (GlaxoSmithKline Pharmaceuticals Ltd.,
Banglore, India) was applied over the scalp, and the mouse
was returned to their cage for recovery [59]. +e test drugs/
extracts were given to animals of different groups as per the
protocol for seven days. +e neurological severity score for
each group was calculated after 24 hrs, 4th day, and 7th day,
and behavioral parameters were studied on the 7th day of the
experimental study. On the next day, the animals were
sacrificed by cervical dislocation and used for histological
and biochemical study.

3.5. Neurobehavioral Study. Immediate after the TBI, the
pathological cascade is initiated and it reflects through
impairment in motor coordination, balance, and locomotor
dysfunction of animals. Also, due to impact, there could be a
loss of memory in experimental mice. +e magnitude of
these parameters could be assessed as per the following
protocols.

3.5.1. Assessment of Neurological Severity Score. +e neu-
rological severity score (NSS) roughly determines the
magnitude of loss in motor and locomotor function. +e
various tasks like exit circle, beam walk, round stick, straight
walk, startle reflex, and grip strength after 24 hrs (2nd day),
4th day, and 7th day of injury were performed to calculate it.
One point was given for non/delayed performance and zero
points for the completion of tasks. All the tasks were carried
out as per the standard procedures. Briefly, in the exit circle,
the mice were placed in the center of the circle and the time
taken to exit the circular instrument was monitored for three
minutes. In beam walk, the animal was kept on the wooden
beam on an elevated surface (60 cm). On the other end, a box
(20× 25× 24 cm) with a 10 cm opening was placed. +e time
taken by the mice to reach the box was noted and compared
with the control for the calculation of scores. For grip
strength, the mice were held up by the tail, and their paws
were touched by the anatomical forceps. If the mouse grips
the forceps, 0 points were counted, and on failure or per-
formance with very low intensity, 1 point was added. In the
straight walk test, the mouse was placed on a clear surface
and observed for the walking pattern. +e impaired gait
pattern and failure to actively explore environs by the animal
are credited for 1 point and a normal walk earns nil. In the
round stick balance test, the ability of mice to balance over a
round stick (Φ 5mm) for 10 seconds was evaluated. +e
alertness of the mice and response to the sound of a hand
clap was evaluated in the starlet reflex test [60].

3.5.2. Open Field Test. After the injury, the motor and ex-
ploratory behavior of mice can be evaluated by this simple
test. In this, the mice were placed in the middle of the
apparatus (70× 70× 25 cm) and the number of squares
crossed by at least the anterior paw of animals was recorded
for 5min by visual inspection [61].

3.5.3. Rota Rod Test. +e coordination in the motor skills
can further be evaluated by this test. +e ability of the
animals to hold on to the accelerated rotating rod depicts the
motor functions. In this test, the mice were placed on a
rotating rod (5 rpm), and it was accelerated at a speed of
5 rpm every 40 seconds. +e animals were kept on the ro-
tating rod till the rod speed reached 25 rpm. +e average
latency in the fall of mice from the rod was noted for 5
minutes [62].

3.5.4. Elevated Plus Maze. +e learning and memory po-
tential of the drug in the experimental mice can be evaluated
by the previously described methods. In this test, a wooden
plus maze with open and closed arms was kept in an elevated
place (25 cm from the floor). +e mice were placed on the
open arm of the elevated plus maze, and no entries in the
closed arm and open arm were recorded for 5min [63].

3.6.Analysis ofBiochemicalParameters. On the eighth day of
the experimental study, the whole brain of animals from
each group was isolated and cleaned with ice-cold normal
saline.+e brain samples were homogenized with phosphate
buffer (pH 7.4) and immediately centrifuged at 2500 rpm for
15min. +e homogenate was used to analyze the various
biochemical parameters.

3.6.1. Total Protein Content. Alkaline copper solution 5ml
was added to 1ml of brain tissue homogenate and allowed to
stand for 10 minutes. Further, the 0.5ml of diluted Folin’s
reagent (1 : 2) was added and mixed properly. After 30
minutes, the absorbance of the prepared solution was taken
at 750 nm in a UV-Visible spectrophotometer. +e total
protein content was determined in mg/mL [64].

3.6.2. Estimation of Catalase. +e catalase assay of the
different samples was performed by the method described
by Sinha et al., [65]. In this, the small portion of brain
homogenate (0.1mL) was mixed with 0.1mL of phosphate
buffer (0.01M, pH 7.4) and 0.4ml of distilled water. Fur-
ther, the addition of 0.5ml of H2O2 (2M) initiated the
reaction. +e mixture was incubated for 1min at room
temperature and the reaction was ended by mixing 2ml of
potassium dichromate-acetic acid reagent.+e solution was
kept for 15 minutes in a boiling water bath. On cooling the
solution, the green color appeared and the absorbance was
taken at 570 nm in a UV-Visible spectrophotometer. +e
concentration of catalase was expressed as μmoles/mg of
protein [66].
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3.6.3. Estimation of Malondialdehyde (MDA).
Malondialdehyde is an indicator of lipid peroxidation and
was estimated as previously described [67]. +e supernatant
of tissue homogenate was mixed with various reagents like
acetic acid (1.5ml, 20%), thiobarbituric acid (1.5ml, 0.8%),
and sodium dodecyl sulfate (0.2ml, 8.1%). +e mixture was
heated at 100°C for 60min and cooled. After cooling, 5ml of
n-butanol: pyridine (15 :1 v/v) and distilled water (1ml) were
added with vigorous shaking. +e solution was centrifuged
at 4000 rpm for 10min, and the separated organic layer was
removed and absorbance was measured at 532 nm using a
UV-Visible spectrophotometer (Shimadzu UV Spectro-
photometer, UV-1800 Series, India). +e amount of
malondialdehyde present in the sample was expressed as
nmol/mg protein.

3.6.4. Nitric Oxide (NO) Assay. +e accumulation of nitrite
was assayed spectrophotometrically using a Greiss reagent.
+e supernatant (100 μl) was mixed with an equal volume of
Greiss reagent and kept for 10min at room temperature.+e
absorbance of the reaction mixture was measured at 540 nm
against a blank solution (distilled water). +e concentration
of NO in the sample was calculated by plotting the standard
curve of sodium nitrite (5–30 μmol/ml) and was expressed as
μmoles of NO/mg protein [68].

3.6.5. Measurement of Reduced Glutathione (GSH). +e
reduced glutathione content in the tissue homogenate was
measured by the previously described method using a UV-
Visible spectrophotometer.+e processed sample was mixed
with an equal volume of sulfosalicylic acid (5%) and then
centrifuged at 2000 rpm at 4°C for 10min to separate out the
proteins. Take the supernatant and add phosphate buffer
(2mL, pH 8.4), 5,5′-dithiobis (2-nitrobenzoic acid, (0.5mL),
and distilled water (0.4ml) thoroughly and take the ab-
sorbance at 412 nm.+e concentration of GSH in the sample
was determined using a standard curve prepared with ref-
erence GSH (5–25 μg/ml) and expressed as μg of GSH/mg
protein [17, 69].

3.6.6. Estimation of GABA and Glutamate. +e
Υ-aminobutyric acid (GABA) and glutamate concentration
in the brain samples of various test groups were estimated
using HPTLC. +e spots of the test and standard samples
were applied with the help of a Linomat 5 applicator
(CAMAG, Switzerland) on precoated silica gel plates
(20×10 cm). +e chromatogram was developed with
n-butanol: glacial acetic acid: water (5 : 3 : 2) as a mobile
phase. +e plate was sprayed with ninhydrin (0.2%) and
dried in an oven at 60–65°C for 3-4 minutes to visualize
desired compounds. +e developed plate was scanned at
482 nm and the area under the curve (AUC) of various
components was quantitatively analyzed with the WINCAT
software [70, 71].

3.7. Statistical Analysis. +e statistical analysis of the data
was performed by PrismGraph pad (version 9) software.+e

data is represented as mean± SD (standard deviation) and
the statistical significance of the data obtained in the various
tests was carried out by the analysis of variance (ANOVA)
followed by the Tukey test. +e different significant level of
data as compared to the control (group 1) or negative
control (group 2) is also represented in bar diagrams and
p< 0.05 is considered significant.

3.8. Histopathological Study. On the 8th day of the experi-
mental study, the mice were sacrificed and some of the brain
samples from each group were dissected for histopatho-
logical study.+e tissue was fixed in Bouin’s fixative for 72 h.
After following all standard procedures, the tissues were
embedded in wax blocks and trimming of tissue (7 μm
thickness) was done using a microtome. +e tissue sections
were stained with eosin and hematoxylin dyes and the
counterstaining was done with Dibutylphthalate Polystyrene
Xylene. +e stained tissue sections were analyzed at
20× under a light microscope [72].

4. Conclusion

Increased incidences of the TBI posed a great challenge in
terms of the physical, mental, economical, and social well-
being of the victims. +e secondary insult modulates not
only the various neurobehavioral functions required for
normal motor and cognitive functions but also induced the
neurotoxic cascades due to enhanced oxidative stress and
causes cell death and necrosis. Even the long back after the
injury, the survivors of TBI, remained at the risk of in-
flammatory and immune-mediated pathological cascade
leading to apoptosis and sudden death.+e literature study
revealed that along with the other alternatives, several
herbal products (decoctions, pills, extracts) were also used
for the management of TBI. +e selected medicinal plant,
Marrubium vulgare L., is traditionally used as a decoction
in the Jammu and Kashmir region for many ailments. +e
results of the present study indicated that herb extract can
also be used as neuroprotective after a traumatic head
injury. Further, it is suggested that after establishing the
role of the herb in the reduction of proinflammatory
cytokines, the plant could be used for the faster recovery
and rehabilitation of victims after TBI. Moreover, the fi-
nancial burden of the secondary treatment cost for the
poor patients with TBI could also be reduced by the use of
such herbs.
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In the current study, the folklore medicine, Syzygium cumini, was experimentally evaluated for anti-inflammatory, analgesic,
sedative, and muscle relaxant effects. )e extract and fractions of S. cumini were found safe up to 1000mg/kg with no mortality,
except for slight sedation as a minor side effect. Both, the extract and various fractions of S. cumini demonstrated significant
inhibition (86.34%) of carrageenan-induced inflammation in mice. Acetic acid induced writhes were attenuated (p< 0.001) by
S. cumini in a dose-dependent manner, except for the n-hexane fraction.)emaximum effect was observed at a dose of 500mg/kg
in mice. )e maximum muscle relaxant effect of all tested samples was recorded at a dose of 500mg/kg bodyweight, where the
percent inhibition exhibited by dichloromethane fraction was 82.34%, followed by chloroform fractions (71.43%) and methanolic
extract (70.91%). Our findings validate the folklore medicinal claims of S. cumini, as an analgesic and anti-inflammatory agent.

1. Introduction

Syzygium cumini L. (Myrtaceae), commonly known as
jamun, jambolan, black plum, and jambolao, is widely
distributed in India, Africa, South America, and Pakistan
[1–3]. )is genus is famous for its multimedicinal usage as
an antidiabetic and laxative [3]. Various parts of S. cumini
have been reported for the presence of diverse bioactive

natural compounds. S. cumini leaves are used for the
treatment of constipation, dermopathies, leucorrhea, dia-
betes, and gastropathies, and its bark is used as an anthel-
mintic, carminative, and astringent. Apart from its role in
diabetes, S. cumini is also used as diuretic and astringent
[4–6]. S. cumini has been documented for diverse phar-
macological properties, such as anti-inflammatory, anti-
hyperglycemic, antioxidant, antimicrobial, and
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cardioprotective [7–11]. )e crude extract of bark and its
various fractions have been documented for excellent
α-glucosidase, urease, and phosphodiesterase inhibitory
potential [12]. Previous phytochemical investigations on
S. cumini indicated the presence of various classes of bio-
active compounds such as alkaloids, flavonoids, terpene,
phenols, carbohydrates, saponins, and glycosides [12].
S. cumini leaves comprise of high level of flavonoids mainly
myricetin, kaempferol, and quercetin. Other phytochemicals
isolated from S. cumini include ferulic acid, ellagic acid,
gallic acid, and chlorogenic acid [13–15]. Seed of S. cumini
has been reported for the presence of α-terpineol, betulinic
acid, eugenol, and other phenolic acids [16, 17]. )e fruits
are a rich source of anthocyanins such as delphinidin,
cyaniding, and petudinine [17]. )e stem of S. cumini is
mainly composed phenolic acids, flavonoids, and terpenes
[6, 16]. )e major chemical constitutes isolated from
S. cumini, chlorogenic acid and delphinidin (Figure 1),
might be involved in its various biological actions. Con-
sidering the multimedicinal usage of S. cumini, the current
study was designed to evaluate its crude extracts and various
fractions for in vivo anti-inflammatory, analgesic, muscle
relaxation, and toxicological effects.

2. Materials and Methods

2.1. Plant Materials. )e plant materials were collected in
the month of July, 2020, from the local area of Anbar, Swabi,
Khyber Pakhtunkhwa, Pakistan (GPS coordinates latitude
34°53′40.41″N, longitude 72° 1′42.48″E).)e plant specimen
was identified and authenticated by Dr. Muhammad Ilyas,
Department of Botany, University of Swabi, Swabi, Khyber
Pakhtunkhwa, Pakistan. )e specimen was tagged under
voucher number UOS/Bot-103. )e specimen was stored in
the same department.

2.2. Preparation of Extract. S. cumini stem (10.76 kg) was
washed with tap water to remove dust particles. )e washed
plant materials were dried under shade for 20 days.)e dried
plant material was ground with a grinding machine. )e
plant material was soaked in commercial grade methanol for
18 days until the extraction of polar and nonpolar com-
pounds was almost complete. )e methanolic extract was
concentrated under low pressure and temperature to prevent
the decomposition of heat-labile molecules. )e dried
methanolic extract (176.00 g) was subjected to fractionation
using various solvents to obtain hexane (12.87 g), chloro-
form (37.66 g), dichloromethane (DCM) (42.32 g), and ethyl
acetate (25.11 g) fractions. Commercial grade solvents were
used for extractions and fractionations. )e obtained frac-
tions were dried and stored in the freezer for biological
screening.

2.3. Animals. Healthy animals were purchased from Paki-
stan Council of Scientific and Industrial Research (PCSIR),
Peshawar, and were maintained in the animal house of the
Department of Pharmacy University of Swabi. )e healthy
mice of either sex were selected for in vivo pharmacological

activities. Mice were fed with standard laboratory food and
water ad libitum. All the experimental procedures were
approved form the Ethical Committee (UOS/Pharm11),
Department of Pharmacy, University of Swabi, Khyber
Pakhtunkhwa, Pakistan.

2.4. Toxicological Study. An acute toxicological study was
done on healthy mice according to the published methods
[18]. )e animals of each group were treated either with
distilled water or extract/fractions at dose of 100, 250, 500,
and 1000mg/kg animal bodyweight. Each animal was ob-
served for 6 h for gross behavioral changes after the ad-
ministration of dose and then checked for mortality after
24 h.

2.5. Anti-Inflammatory Activity. )e carrageenan-induced
paw edema model was practiced for the evaluation of the
anti-inflammatory effect of all the tested samples following a
standard procedure [19]. Animals were classified into var-
ious groups (n� 6): negative control (animals were treated
with distilled water, 10ml/kg, IP), positive control (animals
were treated with diclofenac, 5mg/kg, IP), and test groups
(animals were treatedwith 25, 50, 100, 200, 250, and 500mg/kg,
PO with various extract and fractions). After 30 minutes of
the treatments, each animal’s subplanter of the hind paw was
injected with 1% carrageenan solution. )e induced edema
(inflammation) was quantified through plethysmometer just
after administration of carrageenan and then after 1 h, 2 h,
3 h, 4 h, and 5 h. )e percent attenuation in edema was
quantified using the following formula.

% inhibition �
A − B

A
× 100, (1)

where A and B represent the percent effect of negative
control and tested group, respectively.

2.6. Analgesic Activity. )e acetic acid-induced writhing test
was used for evaluation of the antinociceptive effect of the
extract and various fractions as per a previously reported
method [20]. All the experimental healthy animals were
fasted 2 h before the start of experiment. After 30 minutes of
administration of distilled water (10ml/kg), diclofenac
(5mg/kg), and extract/fractions (25, 50, 100, 200, 250, and
500mg/kg), animals were treated with 1% acetic acid. After
5min, the abdominal constrictions (writhes) were counted
for 10min. )e attenuation in writhes during 10 minutes
reflects the antinociceptive effect of the drugs.

2.7. Muscle Relaxation Activity. )e crude extracts and
various fractions were assessed for muscle relaxation po-
tential by using the standard procedure [21].

2.7.1. Inclined Plane Model. )e inclined plane was used in
screening and contained two plywood boards, which are
connected in such a way that one board is aligned from the
base while the other at 60o from the base. All animals were
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distributed into several groups, and each group composed
six animals (n� 6). Animals of every group were adminis-
tered with distilled water (10ml/kg), standard drug (diaz-
epam, 1mg/kg), and extract/fractions at 25, 50, 100, 200,
250, and 500mg/kg. After the above administrations, ani-
mals were tested at 30 minutes, 60 minutes, and 90 minutes
for the muscle coordination effect by allowing animals on
the higher portion of the inclined plane for 30 seconds to
hang or fall.

2.7.2. Traction Model. )e traction model was designed
using a metallic wire covered with rubbers. )e wire was
linked with each other with the help of a stand, around 60 cm
above the lab bench. )e animals were divided in groups,
treated, and tested at regular intervals. After that, all animals
were suspended with wire to hang.

2.8. Sedative Activity. )e sedative effect of extract and all
fractions was performed as per standard methods [18]. )e
animals were divided into different groups (n� 6). )e
apparatus used in this screening comprised of an area of the
white wood having 150 cm diameter bordered by stainless
steel walls and was divided into nineteen squares by black
lines.)en, the open-field apparatus was positioned inside of
a light and sound attenuated room. Different groups of
animals were fed with distilled water, diazepam, and extract/
fractions as above. )irty minutes after administration, all
groups of animals were allowed to move from the center of
the design box. )e animals which crossed the maximum
number of lines were recorded as “no sedation,” while
animals with delayed movement were considered as
“sedated.”

2.9. Statistical Analysis. )e results have been displayed as
mean± standard error of the mean (SEM), and statistical
significance was tested using one-way ANOVA. GraphPad
Prism was used for statistical analysis.

3. Results

3.1. Toxicological Profile. )e acute toxicology profile is
given in Table 1. )ere was no mortality observed in any
extract or fraction treated groups, even at the highest ad-
ministered dose (1000mg/kg bodyweight) during 24 hours

of administration. However, at higher doses of various
fractions, the locomotion was decreased, which is a deter-
minant of sedative potential of the extract or fractions. )e
animals used for toxicity studies survived and did not exhibit
any signs of delayed toxicity, even after 14 days observation.

3.2. Anti-Inflammatory Effect. )e percentage anti-in-
flammatory effect is shown in Figure 2. )e maximum
percent inhibition effect was observed at the third hour of
experiment in both standard and test samples. Among test
samples, the methanolic crude extract demonstrated
maximum inhibition (86.11%) at the third hour of ex-
periment compared to other fractions. )e percent anti-
inflammatory potential of ethyl acetate (67.09%),
dichloromethane (63.23%), and chloroform fractions
(59.25%) of S. cuminiwas also significant, with least activity
of n-hexane fraction.

3.3. Analgesic Effect. )e analgesic potential of extract and
fractions at various doses is given in Table 2. )e crude
extract of S. cumini dose-dependently inhibited the number
of writhes at 50 and 100mg/kg (p< 0.05). )is effect was
further potentiated at a dose of 250 and 500mg/kg body-
weight (p< 0.001). )e chloroform, DCM, and ethyl acetate
fractions exhibited comparatively similar effect as meth-
anolic extract. However, the n-hexane fraction was devoid of
any analgesic effect.)e analgesic activity of test samples was
compared to the standard drug, diclofenac (5mg/kg).

3.4. Muscle Relaxant Effect. )e muscle relaxant effect of
S. cumini extract and various fractions is given in Table 3. In
both the inclined plane and traction models, a uniform effect
was observed. )e effect was measured at 30, 60, and 90
minutes later after sample administration. A time and dose-
dependent effect was seen with extract and various fractions
except for n-hexane. )e maximummuscle relaxant effect of
all tested plant samples was recorded at a dose of 500mg/kg
bodyweight, where the percent inhibition for dichloro-
methane was maximum (82.34%), followed by chloroform
fractions (71.43%), methanolic extract (70.91%), and ethyl
acetate fraction (69.22%). )e activity of all test samples was
compared to the muscle relaxant effect produced by the
standard drug diazepam (1mg/kg bodyweight), which was
considered 100%.
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Figure 1: Chemical structures of major compounds isolated from S. cumini.
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3.5. SedativeEffects. )e sedative effect of methanolic extract
and fractions of S. cumini is given in Table 4. A significant
(p< 0.001) sedation was noticed at higher doses (250 and
500mg/kg) of the crude extract and various fractions of
S. cumini except for n-hexane fraction. )e tested samples
were compared to the sedative effect produced by 0.5mg/kg
bodyweight of diazepam, which was the standard drug
applied in this study.

4. Discussion

Natural products as therapeutic agents are the emerging,
safe, and effective options in themodern era, especially in the
developing world [22, 23]. Plant extracts as well as their

isolated constituents are gaining popularity as therapeutic
agents, e.g., ivy leaf (antitussive) and silymarin (hep-
atoprotective). Considering the promising efficacy and

Table 1: Toxicological profile of crude extract and various fractions of Syzygium cumini in open-field screening.

Treatment Doses (mg/kg) Number of died animals/6 % mortality Gross behavior changes
Normal saline 10ml/kg 0/6 — —

Methanolic extract

100 0/6 — —
250 0/6 — —
500 0/6 — Inactive
1000 0/6 — Inactive

Hexane

100 0/6 — —
250 0/6 — —
500 0/6 — —
1000 0/6 — —

Chloroform

100 0/6 — —
250 0/6 — —
500 0/6 — Inactive
1000 0/6 — Inactive

DCM

100 0/6 — —
250 0/6 — Inactive
500 0/6 — Inactive
1000 0/6 — Inactive

Ethyl acetate

100 0/6 — —
250 0/6 — Inactive
500 0/6 — Inactive
1000 0/6 — Inactive
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Figure 2: Anti-inflammatory screening of extract/fractions of
Syzygium cumini.

Table 2: Analgesic potential of crude extract and various fractions
of Syzygium cumini.

Tested samples Dose (mg/kg) No. of writhes
Normal saline 10mL/kg 61.098± 2.00
Diclofenac sodium 5 29.32± 2.20∗∗∗

Methanolic extract

25 44.09± 1.88
50 39.34± 1.93∗
100 34.43± 2.19∗
250 29.98± 2.00∗∗∗
500 25.09± 2.06∗∗∗

n-Hexane

25 62.65± 2.65
50 57.21± 2.12
100 51.32± 2.08
250 45.54± 1.90
500 40.32± 1.87

Chloroform

25 53.09± 2.12
50 48.09± 3.01
100 42.09± 2.98
250 36.09± 2.06∗
500 30.98± 2.43∗∗∗

DCM

25 41.34± 1.66
50 35.66± 1.76∗
100 29.11± 2.09∗∗∗
250 23.09± 2.87∗∗∗
500 18.34± 2.08∗∗∗

Ethyl acetate

25 46.09± 1.56
50 39.34± 1.32∗
100 33.98± 1.34∗
250 27.98± 1.34∗∗∗
500 22.87± 1.76∗∗∗

∗P< 0.05; ∗∗P< 0.01, ∗∗∗P< 0.001.
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Table 3: Muscle relaxant effect of crude and various fractions of S. cumini.

Group Dose (mg/ml)
Inclined plan model (%) Traction screening (%)

30min 60min 90min 30min 60min 90min
Distilled water 10mL/kg 0.0 0.0 0.0 0.0 0.0 0.0
Diazepam 1 100 100 100 100 100 100

Methanolic extract

25 35.65 44.23 53.09 34.80 43.00 52.36
50 41.54 50.98 59.23 42.43 51.11 60.32
100 45.21 54.87 63.12 44.21 53.87 64.04
250 48.23 57.54 66.32 47.23 56.98 67.06
500 52.00 61.23 70.91 51.87 60.08 69.98

n-Hexane

25 12.22 20.03 29.98 11.30 19.76 30.70
50 16.17 25.66 33.54 17.00 26.23 34.09
100 21.28 28.23 37.11 20.32 27.06 36.60
250 24.98 33.43 41.09 23.37 30.32 40.09
500 28.87 36.98 44.21 27.43 35.21 43.08

Chloroform

25 30.11 39.43 48.94 29.01 38.06 47.66
50 36.32 45.77 54.76 35.88 44.98 53.56
100 42.12 51.43 60.70 41.54 50.32 59.54
250 47.43 56.32 65.83 46.43 55.32 64.76
500 53.98 62.87 71.43 52.98 61.90 70.03

DCM

25 38.08 47.51 56.01 37.50 46.70 55.91
50 44.65 53.57 62.43 45.00 54.01 63.07
100 50.23 59.60 68.22 51.89 60.90 67.32
250 57.42 66.68 75.19 56.86 65.02 74.00
500 64.21 73.76 82.34 63.01 72.98 81.03

Ethyl acetate

25 27.43 36.21 45.45 26.76 35.08 44.14
50 33.60 42.98 51.12 32.86 41.16 50.87
100 39.09 48.76 57.98 40.00 49.83 58.72
250 45.43 54.23 63.09 44.87 53.98 62.43
500 51.66 60.65 69.22 50.94 59.98 68.88

Table 4: Sedative effect of crude and various fractions of Syzygium cumini in open-field screening.

Samples Dose (mg/ml) Number of lines crossed
Control 5ml 130.00± 3.65
Diazepam 0.5 9.23± 0.55∗∗∗

Methanolic extract

25 88.32± 3.01
50 82.04± 2.79
100 75.54± 2.70∗
250 67.09± 2.65∗∗
500 60.21± 1.40∗∗∗

n-Hexane

25 112.09± 2.09
50 108.32± 2.30
100 101.87± 2.44
250 95.32± 2.54
500 89.01± 2.05

Chloroform

25 80.23± 2.13
50 74.98± 2.12
100 68.23± 2.30
250 62.09± 2.34∗∗∗
500 57.12± 2.88∗∗∗

DCM

25 43.98± 2.11∗
50 37.01± 2.73∗∗
100 32.32± 2.60∗∗∗
250 26.21± 2.43∗∗∗
500 20.90± 2.00∗∗∗

Ethyl acetate

25 75.8± 3.00
50 69.65± 2.83
100 63.87± 2.50∗
250 57.23± 2.12∗∗
500 52.56± 1.82∗∗∗

∗P< 0.05; ∗∗P< 0.01. ∗∗∗P< 0.001.
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significant safety profile of natural products as therapeutic
agents, the researchers got interested in screening these
potential medicinal plants to validate their folkloric uses and
claims [24–26]. In the current research work, the crude
extract and various fractions of S. cumini were tested for
various pharmacological activities. S. cumini is traditionally
used for various inflammatory, painful conditions, seda-
tion, and muscle relaxant [27–29]. )e toxicity profile of
S. cumini exhibited slight sedation and cessation of loco-
motion at a higher dosage of 500mg/kg with zero mortality
at maximum applied dose of 1000mg/kg. )e safe dose
range for in vivo activities of the crude extracts and
fractions was ascertained to be 25–500mg/kg bodyweight.
)e tested S. cumini extracts and various fractions sig-
nificantly attenuated edema induced by carrageenan.
Crude methanolic extract of S. cumini inhibited paw edema
more effectively followed by ethyl acetate, dichloro-
methane, chloroform, and n-hexane fractions, respectively.
)e analgesic activity of S. cumini extract exhibited dose-
dependent analgesia with the same pattern of activity
across various fractions, i.e., more effective methanolic
extract followed by ethyl acetate, dichloromethane, chlo-
roform, and n-hexane fractions, respectively. )e inflam-
mation induced by carrageenan is related to the release of
various inflammatory mediators such as prostaglandins
(PGs), bradykinin, and histamine [30]. Among these me-
diators, majorly, PGs are responsible for induction of pain,
inflammation, and fever [31]. S. cumini probably inhibits
cyclo-oxygenase (COX) and thus blocks the production of
PGs and other intracellular cascade that leads to pain,
inflammation, and pyrexia. In addition to the inhibition of
PGs, S. cumini also exhibited sedative and muscle relaxant
effects, which reflects its capability to modify some other
pharmacodynamics pathways. S. cumini extracts exhibited
potent muscle relaxant and sedative effects. )e sedative
and muscle relaxant effects suggested that the chemical
constituents of S. cumini keep the anion neuronal channels
open, especially the chloride channels, which leads to the
depression of the central nervous system. )e induction of
anion influx is mostly related to stimulation of GABA
(gamma aminobutyric acid) receptors, thereby hyper-
polarizing the neuronal membrane via elevated chloride
influx. )ese results further suggest that the crude extract
or fractions might accelerate the action of GABA neuro-
transmitters, which is responsible for sedation and muscle
relaxant effects [32]. However, further mechanistic studies
should be conducted on various isolated constituents of
S. cumini to know the exact mechanism of its activities.

5. Conclusion

S. cumini is a folklore medicinal plant traditionally, which is
used in various health conditions. )e present study sub-
stantiates the folklore medicinal claims about S. cumini as an
anti-inflammatory, analgesic, sedative, and muscle relaxant
and concludes that S. cumini, especially its crude methanol
extract, has a significant role as anti-inflammatory, analgesic,
sedative, and muscle relaxant. )is study provides leads for
researchers to isolate new and novel compounds from

S. cumini, which have the biological potential for the
treatment of various diseases.
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)e incidence of obesity and over bodyweight is emerging as a major health concern. Obesity is a complex metabolic disease with
multiple pathophysiological clinical conditions as comorbidities are associated with obesity such as diabetes, hypertension,
cardiovascular disorders, sleep apnea, osteoarthritis, some cancers, and inflammation-based clinical conditions. In obese in-
dividuals, adipocyte cells increased the expression of leptin, angiotensin, adipocytokines, plasminogen activators, and C-reactive
protein. Currently, options for treatment and lifestyle behaviors interventions are limited, and keeping a healthy lifestyle is
challenging. Various types of phytochemicals have been investigated for antiobesity potential. Here, we discuss pathophysiology
and signaling pathways in obesity, epigenetic regulations, regulatory mechanism, functional ingredients in natural antiobesity
products, and therapeutic application of phytochemicals in obesity.

1. Introduction

Globally, according to the World Health Organization
(WHO), obesity is a major metabolic and heritable dis-
order, in which more than 1.9 billion adults are suffering
from overweight and more than 600 million of them are
having the issues of being clinically obese [1, 2]. It is one of
the most severe metabolic disorder conditions, which
generally develop due to improper energy intake versus
energy workout [3–7], stress [8], sedentary lifestyle [9],
alcohol consumption [10], depression [11], insufficient
nutritional knowledge about the food supplements, and
then, ultimately these leads to the accumulation of ex-
cessive fats in adipose tissues, which is one of the most
prominent factors behind the various chronic disorders
such as hypertension, hyperlipidemia, type 2 diabetes,
coronary heart disease, and many others [2]. Primarily
obesity is an endocrine disorder [12], and interestingly, a

recent study also reveals that obesity is not caused by
overeating [13].

Food field research that has recently aroused consid-
erable interest is the potential of natural products to
counteract obesity [2, 14, 15]. Nature represents an
enormous reservoir of biologically active compounds to
treat various ailments from times immemorial [16]. Be-
cause of the side effects encountered with long time usage
of synthetic drugs and due to stringent guidelines to be
fulfilled during drug approvals, plant-herbal drugs have
gained much attention as a reliable option to clinical
remedy, and the claim for these herbal remedies has greatly
increased recently. A variety of phytochemicals are in-
vestigated such as polyphenols, alkaloids, terpenoids, fla-
vonoids, tannins, saponins, glycosides, steroids, and
proteins present in plants, and their products are key
factors in the treatment of several disorders [2]. )ese
products contain dietary phytochemicals with a high

Hindawi
Evidence-Based Complementary and Alternative Medicine
Volume 2022, Article ID 6852276, 20 pages
https://doi.org/10.1155/2022/6852276

mailto:rajeevsingla26@gmail.com
https://orcid.org/0000-0002-9994-8904
https://orcid.org/0000-0002-9913-5620
https://orcid.org/0000-0002-3353-7897
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/6852276


potential for health promotion and disease prevention
[17, 18]. Multiple phytochemicals combinations may result
in synergistic activity that increases their bioavailability
and their action on multiple molecular targets, thus of-
fering advantages over treatments with single chemicals
[15, 19]. )e antiobesity effects of these compounds are
mediated by the regulation of various pathways, including
lipid absorption, intake, and expenditure of energy, in-
creasing lipolysis, and decrease lipogenesis, and differen-
tiation and proliferation of preadipocytes as shown in
Figure 1 [15]. A good number of phytoconstituents such as
guggulsterone, hydroxycitric acid, apigenin, genistein,
gymnemic acid, caffeine, theophylline, ephedrine, capsai-
cin, piperine, ellagic acid, and catechins have been reported
to possess antilipidaemic and prohealth properties
[15, 20, 21]. Although some of these compounds are used in
preparing antiobesity drugs/formulations, they lack ade-
quate clinical investigations and scientific validation to be
authentic and recommended for obesity therapy.

In other words, the potential of plants, herbs, and their
derivatives for the treatment of obesity is still largely un-
explored and can be an excellent alternative to develop safe
and effective natural product-based antiobesity drugs [22].
)e potential of phytochemicals as a source of new drugs
opens a wide field for scientific investigation owing to the
abundant availability of (250,000–500,000) known species,
of which only a small percentage has been phytochemically
investigated and evaluated for pharmacological potential
[23]. Even from the plants known for traditional medicinal
use, many still have not been studied for their effectiveness
and safety. )erefore, a necessity has arisen for alternative

therapies, especially based on natural products with minimal
or no side effects in place of the present therapeutics.

2. Pathophysiology and Signaling
Pathways in Obesity

)e pathophysiology of obesity is contributed by different
endocrine factors and one of the most studied is leptin
hormone deficiency. )e leptin deficiency triggers hyper-
phagia mediated through the arcuate nucleus of the hypo-
thalamus. )is region expresses neurocircuits involved in
the control of feeding process which is regulated by com-
plicated signaling pathways. )e variation in nutrition
during the gestation period is strongly associated with the
onset of neonatal and postnatal obesity. )e thrifty gene
hypothesis and predation release are two opposite theories
that link the evolution process as a cause of obesity. )e
genome and epigenome studies have associated different
genes with obesity. )e hypomethylation and hyper-
methylation of genes and transcriptional factors have been
linked with the pathogenesis of obesity. )e endocrine-
disrupting chemicals (EDC) induce obesity by interfering
with various transcriptional factors which regulate fatty acid
metabolism, fat absorption, adipocyte differentiation, and
adipogenesis as discussed in Figure 2.

2.1. Endocrinology of Obesity. )e free fatty acids (FFA) are
long chains of hydrocarbons with terminal carboxylic acid
which bind to glycerol via the esterification process to form
fats. )e excess amount of energy is stored in form of fat in
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Figure 1: Phytochemicals and their role in obesity to preventive and therapeutic approaches.
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adipocytes of adipose tissues. During energy-deprived
conditions such as fasting, adipocytes release FFA and
glycerol which are oxidized aerobically to form ATP [24].
)e adipose tissue can be classified as brown adipose tissue
(BAT) which is good fat and white adipose tissue (WAT)
which is bad fat. )is attribute is because BAT is highly
vascularised, rich in mitochondria, and is associated with
thermogenesis. WAT is most abundant, low in mitochon-
dria, and is least vascularised [25]. )e intercapsular BAT is
utilized for thermoregulation apart from shivering and
sweating to control the body temperature.)e adipose tissue
not responds to endocrine signals as well as it is involved in
the generation of endocrine signals such as leptin and as-
sociated cytokines.

)e leptin hormone is secreted by adipocytes and is an
important link between obesity and homeostasis of energy as
shown in Figure 2. )e leptin deficiency causes less ex-
penditure of energy and is associated with obesity but ex-
ceptionally in many individuals, who are obese, elevated
leptin concentrations are found. )is probably indicates the
prevalence of leptin resistance behind the pathogenesis of
obesity [26]. )e full effect of leptin in regulating obesity is
governed by the central nervous system and particularly
important is the hypothalamus.

)e hypothalamus consists of agouti-related protein
(AgRP) neurons in the arcuate nucleus region. )ese
neurons produce endocrine signals such as neuropeptide
Y (NPY), AgRP protein, and gamma-aminobutyric acid
which is an inhibitory neurotransmitter [27]. )ese
neurons get activated during fasting due to the reduction
of leptin and insulin hormone which induce hunger. )e
high concentration of leptin and insulin inhibits AgRP
neurons. Abnormal activation of AgRP neurons causes
hyperphagic, i.e., excessive feeding behavior. Clustered
near AgRP neurons, there are Proopiomelanocortin
(POMC) neurons in the arcuate nucleus which release α-
melanocortical stimulating hormone. )e activation of
these neurons induces satiety [28]. In the deficiency of
leptin hormone, POMC neurons are inhibited while AgRP
neurons are activated, therefore causing uncontrollable
feeding and still induces the feeling of hunger. )e genetic
mutations in the melanocortin system hence cause hy-
perphagic obesity. Exceptionally, the calcitonin gene-re-
lated protein (CGRP) neurons located in the para
branchial nucleus surrounding the superior cerebellar
peduncle cause anorexia which is potentially fatal. CGRP-
PBN neurons are inhibited by AgRP neurons which in-
creases the meal volume [29].
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Figure 2: Pathophysiology and signaling pathways in obesity, illustrating different endocrine signaling interactions affected in the
progression of obesity. )e leptin, insulin, and adiponectin bind to LR, IR, and CR, respectively, and activate different TFs via PI3K and
STATpathways.)e estrogen activates cAMP signaling via GPCR-E receptor while oxysterol bind with cell receptors to induce activation of
signaling cascade and activate through LXR and RXR transcription factors.)e activated transcription factors translocate to the nucleus and
bind with DNA to regulate thousands of genes and associated gene expressions. LR: eptin receptor; IR: insulin receptor; CR: cytokines
receptor; GPCR-E: G-protein coupled receptor for estrogen; RTK: receptor tyrosine kinase; AC: adenyl cyclase; cAMP: cyclic adenosine
3′,5′-monophosphate; TF: transcription factor; PKA: protein kinase A; MYC: myc proto-oncogene; MITF: microphthalmia-associated
transcription factor; RAF: RAF family of serine/threonine kinases; ERK: extracellular-signal-regulated kinase; MEK: mitogen-activated
protein kinase kinase; PI3K: phosphoinositide-3-kinase; JAK: Janus kinase; STAT: signal transducer and activator of transcription; AKT:
protein kinase B; LXR: liver X receptor; RXR: retinoid X receptor.).
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Since the concentration of leptin is directly proportional
to the body fat volume, therefore, generally low leptin
concentration is unable to fully activate neurocircuits in-
volved in feedback inhibition of the feeding process and
causes obesity [30]. Insulin deficiency or insulin resistance
also contributes to obesity by lowering the levels of phos-
pholipase enzyme while the excess phospholipase D1 andD2
expressed in rodents suppress obesity [31]. )e postprandial
concentration of glucose is regulated by the release of insulin
from the pancreatic beta islet of Langerhans which also
activates phospholipases [32, 33]. Obesity is a major risk
factor for the development of insulin resistance and pro-
gression to diabetes which may cause hyperglycemia and
leads to cardiovascular disease, sleep apnea, and renal failure
[34]. )e transition of obesity to diabetes is complex and
involves signaling pathways such as Janus kinases (JAK)/
signal transducers and activators of transcription factors
(STAT) pathway. )e binding of growth factor/cytokine on
plasma membrane receptors of adipocytes causes stimula-
tion of receptor-associated JKA. )e JKA are of 3 types
JAK1, JAK2, and JAK3. )e signal transducers and tran-
scription factors proteins are of seven types STAT1, STAT2,
STAT3, STAT4, STAT5a, STAT5b, and STAT6 containing
tyrosine residues that are phosphorylated during activation
[22]. )e phosphorylated receptor subunit contains specific
binding sites for the SH2 (Src homology 2) domain of STAT
proteins. After binding to the cytoplasmic tail of JAK
proteins in adipocytes, the STAT proteins are phosphory-
lated at the carboxyl terminus of tyrosine residues. )is
causes a conformational change in STATdimer units further
to dissociate from JAK and promote their transport to the
nucleus. Upon binding with DNA, the STAT proteins ac-
tivate thousands of genes [35, 36].)e feedback inhibition of
this important cytokine signaling involves the suppression of
cytokine signaling (SOCS) molecules and protein tyrosine
phosphatases (PTP) as shown in Figure 2.

)e leptin binds to the beta isoform of leptin receptors,
causes activation of JAK-2 by autophosphorylation which
further carries phosphorylation of its cytoplasmic tail at
tyrosine (Tyr or Y) residues, i.e., Tyr-985, Tyr-1077, and Tyr-
1138.)is initiates phosphorylation of STAT-3 and STAT-5.
)e phosphorylation of STAT proteins causes alteration in
their conformation and their accumulation in the nucleus to
regulate gene transcription [37]. )e STAT-3 activation
increases gene expression of proopiomelanocortin (POMC)
and inhibits AgRP/NPY expression in the arcuate nucleus
region of the hypothalamus, thus inducing satiety and
inhibiting hyperphagic behavior. )e STAT-3 activation
parallelly induces the SOCS-3 feedback inhibition loop for
the leptin signaling pathway [38]. )e protein tyrosine
phosphatase (PTP) performs dephosphorylation of JAK and
inhibits the JAK/STAT pathway as shown in Figure 2. Ex-
perimentally targeted STAT locus deletion in mice causes
severe obesity due to probable induction of leptin resistance.
)e importance of leptin is also indicated by early mutation
studies of the ob/ob gene and ob/db gene in mice. )e ob
gene encodes leptin hormone and the db gene encodes leptin
receptor. It is observed that mutations in the ob/db gene
reduce responsiveness to leptin presence andmay contribute

to leptin resistance [39] in individuals. )us, the absence of
leptin in individuals with sufficient energy due to inborn
error promotes obesity. )e leptin acts on two types of
neurons: (a) orexigenic or feed-inducing neurons which
expresses NPY and AgRP and (b) anorexigenic or feed-
suppressing neurons which expresses cocaine- and am-
phetamine-related transcript (CART) and α-melanocyte
stimulating hormone (α-MSH). In the arcuate nucleus,
leptin-regulated proopiomelanocortin (POMC) is an im-
portant precursor for the α-MSH hormone which binds to
the melanocortin-4 receptor (MC4R) and induces anorexic
and feeding suppression properties. )e AgRP and α-MSH
are antagonistic for the MC4R receptor and produce op-
posite effects upon binding [40]. )e MC4R receptor is
activated by α-MSH and hence suppresses feeding behavior.
MC4R inhibition by AgRP promotes feeding and decreases
leptin response. Similar to AgRP, the NPY also increases the
feeding process while suppresses catabolism and promotes
anabolism [41]. )e insulin suppresses both food intake and
expression of NPY in the arcuate nucleus. )e study of
agouti mice revealed that the agouti protein mimics the
structural properties of α-MSH, and therefore, it inhibits
α-MSH binding to MC4R receptors. A similar heterozygous
mutation at this locus reported in four to five percent of
human beings causes severe obesity. )e regulation of
paraventricular hypothalamic nuclei by leptin-controlled
arcuate nucleus neuron terminals is strongly involved in the
pathogenesis of obesity.

2.2. Neonatal Development. )e intake of food is regulated
by stomach distention in infants. In neonates, the arcuate
nucleus projects into the brain and expresses the POMC
gene. During development, arcuate nucleus then sequen-
tially express NPY followed by GABA and then AgRP [42].

Random axonal growth occurs from the first to the third
week of the postnatal period. During the gestation period,
depending upon the metabolic state, the signals frommother
to fetus influences the property of AN neurons to increase
the volume of POMC neurons or NPY forms, i.e., an-
orexigenic or orexigenic forms. Both overnourishment as
well as undernourishment of mother during pregnancy is
associated with a risk factor of obesity in the offspring.
Incidentally, maternal obesity during pregnancy reduces the
mass of neurons that expresses leptin receptors and may
cause leptin resistance, while undernutrition or malnutrition
causes the delayed response to presynaptic GABA and
postsynaptic AgRP neurons to stimulus [42, 43].

)e leptin deficiency is also associated with decreases in
BAT stores. )e most accepted yet controversial hypothesis
of thrifty genes in human beings states that obese individuals
are evolutionarily superior to survive in starving conditions
such as famine or flood. Hence, it is the normal approach of
the body to defend against stressful conditions by storing
more energy in form of fats. )is energy in obese individuals
may be used in adverse conditions [44]. In opposition to the
thrifty gene hypothesis, predation release theory hypothe-
sizes that societal development and invent of weapons by
humans have resulted in superiority over much stronger
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predators of the ancient era which removed the pressure of
natural selection and survival of the fittest against predators.
)is resulted in the drifting of obesity traits overcoming
generations [45]. )e genome-wide association study
(GWAS) is a new technique used to associate specific ge-
notypes with diseased phenotypes. )e method involves
analysis of the genome in masses and then identification of
genetic markers to envisage the disease. It has recognized
different gene variants for obesity. )e GWAS analysis in
mice has associated genemutations in Apoe, Ppm1l, Lpl, and
Lactb genes with obesity. )ese mutations cause defective
apolipoprotein E, protein phosphatase 1 like protein, lipo-
protein lipase, and lactamase b, respectively, that are
strongly associated with obesity [46]. Some of the literature
also indicates that genetic engineering of wheat and other
cereal crops is responsible for causing obesity. It is predicted
that the genetic engineering of wheat varieties has caused a
modification in starch content and therefore induce obesity
[47]. )e interaction between genes and environment and
particularly the sedentary lifestyle along with elevated stress
levels also are associated with obesity. Fat mass and obesity
(FTO) associated gene is expressed in adipocytes and hy-
pothalamus which encodes FTO protein (alpha-ketogluta-
rate dependent dioxygenase). A single base pair variation
within the first intronic sequence of FTO proteins is asso-
ciated with obesity in individuals [48]. )is means that not
only the disruption of coding sequences of DNA but also
noncoding sequences play a major role in obesity.

2.3. Epigenetic Modifications. Epigenetics is the study of
heritable phenotypic traits caused by modifications in
chromosomes without significant variations in sequences of
DNA.)e epigenome-wide association analysis (EWAS) has
associated hypermethylation and hypomethylation of DNA
in WAT with proinflammatory pathways and obesity. )e
hypermethylation of β-adrenoceptor (ADRB3) and hypo-
methylation in the leptin (Lep) gene are associated with
obesity.)e folic acid deficiency also suppresses methylation
by inhibiting the DNA methylase enzyme. Endocrine-dis-
rupting chemicals (EDCs) induce hypermethylation of DNA
sequences and promote obesity [49]. EDCs are environ-
mental chemicals that interfere with the endocrine system
and promote obesity. Some of the EDCs are tributyltin,
diethylstilbesterol, dichlorodiphenyltrichloroethane (DDT),
phytoestrogens, parabens, etc. )e transcription factors such
as peroxisome proliferator-activated receptors (PPARs) are
classified into PPAR gamma, alpha, and epsilon, which
regulate and control genome throughout the life wherein
EDCs binding with nuclear receptors of PPAR gamma is
related to obesity. )e PPARs are ligand-activated tran-
scription factors that cause the formation of the dimer with
retinoid X receptors (RXRs) and promote adipocyte dif-
ferentiation and adipogenesis. Maternal obesity as well as
maternal malnutrition both are associated with risk factors
of obesity in the offspring. During gestation, maternal
obesity is associated with a high risk of being transferred to
offspring caused by decreased methylation of developmental
gene Znf483. Likewise, early gestation exposure to

malnutrition increases risk factors of obesity [50–52]. )e
gut microflora dysbiosis is also the most important con-
tributor to obesity. )e bacterial strains of Gram-positive
Firmicutes and Gram-negative Bacteroidetes form general
gut microflora. )e higher ratio of Firmicutes : Bacteroidetes
is associated with the risk of obesity [53].

2.4. Metabolism of Fatty Acids. During starvation and low
glucose levels, the adipose tissue releases FFA in blood which
are then utilized as an energy source by starving cells and
tissues. )e fat synthesis in the body occurs in two ways via
ingestion of a fat-rich diet and by biosynthesis of fat [54].
Upon ingestion, the fat undergoes lipolysis by forming FFA
and glycerol by intestinal lipases. )ey are then transported
to intestinal enterocytes cells through transporter protein.
Once inside the enterocyte cells, the FFA and glycerol are
reassembled to form triglycerides [55]. At the same time, the
cholesterol is converted to cholesterol esters. Finally, the
association of triglycerides, cholesterol, and lipoprotein in
form of chylomicrons is completed. )e very low-density
lipoprotein and triglycerides are produced in the liver. Both
chylomicron and very-low-density lipoprotein under the
stimulation of insulin hormone and lipoprotein lipase en-
zyme transports FFA and triglycerides into muscles and
adipose tissues via the blood. )e residual chylomicrons and
very-low-density lipoprotein decrease in size and then forms
low-density lipoprotein. )ey are then consumed by he-
patocytes which lower cholesterol levels and low-density
lipoprotein levels. )e HDL or high-density lipoprotein
removes cholesterol from extrahepatic peripheral tissues and
transports it to the liver [56]. During fat biosynthesis, the
glucose under energy-rich conditions is converted into fatty
acids via the formation of malonyl coenzyme A and in-
volving fatty acid synthase complex [57]. )e adipocytes
hypertrophy is a condition in which there is an increase in
the size of the adipocytes which leads to obesity while ad-
ipocyte hyperplasia is a condition in which there is an in-
crease in numbers of adipocytes caused by differentiation of
preadipocytes which also leads to obesity. Mild obesity in-
volves adipocyte hypertrophy Severe obesity involves both
hypertrophy and hyper plasticity [58]. Hyperplastic adipo-
cytes are metabolically active and generally harmless but
hypertrophic adipocytes are pathogenic and store unhealthy
fat. Due to hypoxia and low space, they produce inflam-
matory cytokines such as interleukin-6, tumor necrosis
factor-alpha, and leptin but downregulate production of
adiponectin hormone [59]. Adiponectin is an anti-inflam-
matory hormone that is released by adipocytes. It is im-
portant in the regulation of the sugar level and fatty acid
breakdown [60]. At the same time, obesity and overweight
are the main carters of metabolic syndromes and nonal-
coholic fatty liver disease (NAFLD).

NAFLD is a continuum of hepatic ailments linked with
metabolic and cardiovascular disorders, such as obesity,
dyslipidemia, type 2 diabetes, insulin resistance, and hy-
pertension. It is characterised by increase in liver fat contents
(>5%) followed by inflammation and fibrosis [61, 62]. In this
condition, the FFA release rate from adipose tissue and
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delivery to skeletal muscle and liver is also increased in obese
subjects with NAFLD, which outcomes in escalation in
muscle and hepatic FFA uptake. Other than this, intra-
hepatic de novo lipogenesis (DNL) of FFA is more in
subjects suffered with NAFLD as compared with normal
intrahepatic triglyceride (IHTG), which promote the ac-
cretion of intracellular fatty acids [61]. )e formation and
release of TG in VLDL is amplified in subjects with NAFLD,
which provides a mechanism for removing IHTG. Aug-
mented blood sugar and insulin accompanying with NAFLD
stimulate DNL and slow down the fatty acid oxidation, by
distressing sterol regulatory element binding proteins
(SREBP-1c) and carbohydrate responsive element binding
proteins (ChREBP). All these abnormal metabolic pro-
gression proliferate the intracellular fatty acids that are not
oxidized or disseminated within VLDL-TG, and which are
subsequently esterified to TG and deposited within lipid
vesicles and at the same time, some lipid metabolites of fatty
acid can impair the insulin signaling process which leads to
the tissue insulin resistance [61, 62].

2.5. Adipogenesis. )e preadipocytes convert into mature
adipocytes via two processes: preadipocyte proliferation
and adipocyte differentiation.)e adipocyte differentiation
involves sequential morphological changes: (a) growth
arrest, (b) mitotic clonal expansion, (c) early differentia-
tion, and (d) terminal differentiation. All the above steps
are triggered by preadipocyte factor 1 (pref-1) and CCAAT
enhancer-binding protein (C/EBP) [63, 64]. )e C/EBP-
beta and -delta are transcription factors that induce activity
and expression of peroxisome proliferator-activated re-
ceptor-gamma (PPAR-gamma). )e PPAR-gamma is an
inducer of C/EBP-alpha that binds to the promoter of
PPAR-gamma and -alpha and promotes the differentiation
process [64]. After completion of the differentiation pro-
cess, all markers of mature adipocytes are well expressed.
To produce energy, the triglycerides degrade into FFA and
glycerol in absence of glucose as a carbon source. )ere is a
natural hierarchy for catabolic activities to generate energy.
In this hierarchy, carbohydrates reserves are first con-
sumed to generate energy followed by lipids and then the
proteins [65]. )e WAT performs the breakdown of tri-
glycerides into FFA and glycerol during lipolysis. In the
cytoplasm of WAT, the adipose triglyceride lipase, mon-
oacylglycerol lipase, and hormone-sensitive lipases in acute
energy need to convert triglycerides into FFA and glycerol.
)ese FFA are used as energy sources in organs and tissues
via beta-oxidation [66]. )e energy imbalance within the
adipocytes produces endoplasmic reticulum stress and
mitochondrial stress.)e free fatty acid oxidation occurs in
two sites namely peroxisomes and mitochondria. )e free
fatty acid oxidation in peroxisomes is strictly utilized for
free fatty acid biosynthesis; on the other hand, mito-
chondrial free fatty acid oxidation is used for energy
production during the crisis. )e obese individual tends to
depend upon glucose oxidation more than fatty acid ox-
idation revealing that mitochondrial fatty acid oxidation is
compromised [67].

3. Progression of Antiobesity Pharmaceuticals

Obesity is now a global problem [68] and is associated with
several chronic conditions including osteoarthritis, ob-
structive sleep apnea, gallstones, fatty liver disease, re-
productive and gastrointestinal cancers, dyslipidemia,
hypertension, type 2 diabetes, heart failure, coronary artery
disease, and stroke [69]. However, many medications have
been used to manage obesity over the years. For research
scientists, there are now numerous molecular targets for
antiobesity drugs: central receptors for biogenic amines,
cannabinoids, hypothalamic neuropeptides, peripheral β3-
adrenoceptor, and UCPs; and dominating all obesity re-
search is leptin—a tantalizing but frustrating obesity target.
However, most of the antiobesity drugs that were approved
and marketed have now been withdrawn due to serious
adverse effects. In the 1990s, fenfluramine and dexfen-
fluramine were withdrawn from the market because of
heart valve damage [70]. In 2000, the European Medicines
Agency (EMA) recommended the market withdrawal of
several antiobesity drugs, including phentermine, dieth-
ylpropion, and mazindol, due to an unfavorable risk-to-
benefit ratio [71]. )e first selective CB1 receptor blocker,
rimonabant, was available in 56 countries from 2006 but
was never approved by the U.S. Food and Drug Admin-
istration (FDA) due to an increased risk of psychiatric
adverse events, including depression, anxiety, and suicidal
ideation [72]. Subsequently, rimonabant was withdrawn
from the European market in 2009. Recently, many newer
agents have been tried, though only orlistat and sibutr-
amine have been approved for long-term use. In October
2010, sibutramine, widely used after approval by the U.S.
FDA in 1997, was withdrawn from the market because of an
association with increased cardiovascular events and
strokes [73]. More recently, in February 2011, the U.S. FDA
rejected approval of the bupropion/naltrexone combina-
tion marketed as Contrave due to concerns over potential
cardiovascular risks. Currently, some of the US-FDA ap-
proved antiobesity active pharmaceutical ingredients, i.e.,
phentermine, lorcaserin, naltrexone, orlistat, and liraglu-
tide are clinically tested (Table 1) and available in the
market [74].

)e long-term safety and efficacy of newly developed
drugs should also be evaluated in the management of
obesity, which often requires continuous treatment to
achieve and maintain weight loss, though the rigidity of a
regulatory committee for the approval of novel antiobesity
drugs and the regulatory guidelines for antiobesity therapy
represents a significant limitation to developing drugs
[75, 76].

Antiobese drugs generally have the potentials to decrease
appetite or increase satiety, such as sibutramine; those that
are adrenergic and also reduce the appetite, such as the
amphetamines; and those that alter the digestion, such as
orlistat. Besides, most of the treatments available have only
revealed short-term assistances and are not recommended
for sustained weight loss due to the liver enzyme abnor-
malities and liver disease. Fenfluramine is an example of a
drug that is no longer approved for the treatment of obesity
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because of safety concerns. Elevations of aminotransferases
and/or alkaline phosphatase have been reported with
sibutramine use in placebo-controlled trials [77]. Drugs used
for the management of obesity comorbidity disease such as
NAFLD, diabetes, hypertension, and hyperlipidemia also
have serious hepatotoxicity. Antidiabetic drugs, i.e., gli-
benclamide/glyburide, chlorpropamide, tolbutamide, tola-
zamide, metformin, pioglitazone, and rosiglitazone are
reported for hepatotoxicity in terms of cholestasis, hepatitis,
and liver failure.

Antihypertensive drugs, i.e., nifedipine, diltiazem,
amlodipine, losartan, candesartan, valsartan, enalapril,
ramipril, captopril, and fosinopril are also reported for
severe hepatitis in liver [78]. At the same time, some
natural products or phytochemicals are also reported for
hepatotoxicity, which have been widely used for the
obesity management since last many decades [79]. )e
extract of Germander causes the drug-induced liver injury
(DILI), which is probably mediated by furano neo-
clerodane diterpenoids. )e desert shrub Chaparral was
marketed for weight loss, but its active phytochemical
nordihydroguaiaretic acid is reported to have the liver
toxicity in recent studies. Kava preparation of rhizome of
Piper methysticum marketed for anxiolytic and mood
enhancer, but some studies described the kava associated
immune-mediated liver toxicity, with CYP2D6 deficiency.
)e roots of “Chelidonium majus” herb contain the bio-
logically active phytoconstituents chelerythrine and
sanguinarine, and their principia are similar to the opium
and reported for hepatotoxic effects. Phytochemicals of
“Lycopodium serratum” also reported for idiosyncratic or
hypersensitivity reaction based cholestatic type hepato-
toxicity [80]. In view of such serious toxicity of herbal or
natural products, there is a great need of authenticated
safe and effective treatment for obesity and its comor-
bidity diseases.

4. Obesity Regulating Mechanisms of
Natural Phytochemicals

4.1. Proliferation in Energy Outflow. )e BAT is highly
vascularised, rich in mitochondria, and is strongly asso-
ciated with heat generation or thermogenesis. During
low-temperature conditions, the BAT helps in the

regulation of body temperature [81]. )e BAT consumes
excess energy for heat generation by a process that in-
volves leakage of protons produced during the electron
transport chain and oxidative phosphorylation [81, 82].
Interestingly, BAT escapes ATP formation and results in
leakage of protons from perimitochondrial space through
uncoupling protein (UCP-1 or UCP-3) which generates
excess energy in form of metabolic heat and also promotes
higher oxidation rates of FFA [82]. )e WATwhich stores
unhealthy fat can be converted into BAT in a process of
adipocyte differentiation known as browning. )erefore,
the proliferation of BAT and browning of WAT can
contribute towards the treatment of obesity by releasing
excess stored energy in form of heat [83]. Natural phy-
tochemicals have been found helpful in the treatment of
obesity. Particularly, the phytochemicals rutin, nar-
ingenin, luteolin, and quercetin promote browning of
WAT and prevents obesity (Table 2). )e genistein and
myricetin cause prevention of obesity by elevation of
UCP-1 expression, peroxisome proliferator-activated re-
ceptor gamma coactivator 1-alpha (PGC-1a), and PRDM-
16 which promotes brown adipogenesis through PPAR-
gamma as shown in Figure 3 [84].

4.2. Craving Suppressant Influence. )e reduction of ap-
petite or induction of satiety can be of great significance
in the regulation of obesity. )e studies revealed that
certain systems in the central nervous system are
modulators of metabolic activities. )e hypothalamus is
one such major modulator in regulating hunger [85]. )e
uncontrolled hunger in which satiety is not achieved due
to inborn errors of metabolism is related to obesity. )e
arcuate nucleus in the hypothalamus expresses NPY and
AgRP which induces hunger and food craving while the
CART and POMC pathway suppresses hunger [86]. )e
recent advances in obesity treatment have considered
apigenin flavonoid to regulate hyperphagia or excessive
feeding behavior. )e apigenin activates POMC and
CART pathways in the brain [87]. )e other similar
phytochemicals include isoflavone genistein and flavo-
noid cyanidin which also suppresses feeding by regula-
tion of leptin concentration in the brain (Table 2). )ese
approaches shall be greatly helpful in controlling obesity
in the future [88, 89] as shown in Figure 3.

Table 1: A comparison of FDA-approved antiobesity drugs [74].

Drug Dose concentration Approving bodies Mechanism of action Weight reduces
up to kg/year Side effects

Phentermine 46mg–92mg once daily. Approved by FDA
in 2012. Reduces appetite 8.6 Dizziness, pulmonary

hypertension

Lorcaserin 10mg twice daily Approved by FDA
in 2012. 5-HT2C receptor activation 3.6 Headache, dizziness

Naltrexone 64mg/720mg tablets
two times daily

Approved by FDA
in 2014.

Noradrenaline and dopamine
reuptake inhibitor. 4.8 Vomiting, dizziness

Orlistat 60–120mg three times
daily

Approved by FDA
in 1999. Pancreatic lipase inhibitor 3.4 Hepatotoxic,

steatorrhea

Liraglutide 3.0mg injection once
daily

Approved by FDA
in 2014. GLP-1 receptor agonist 5.9 Nausea, pancreatitis
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Table 2: Antiobesity phytochemicals’ mechanism of action, signaling pathway, and their classification.

Mechanism of action Signaling pathway Classification Phytochemical Reference

Proliferation in energy
outflow

(1) Browning of WAT into BAT Flavanoid Rutin, naringenin, luteolin, quercetin,
genistein, and myricetin [81–84](2) )ermogenesis via UCP 1/UCP 3

(3) Escaping ATP formation
Phenols

p-hydroxybenzoic, cinnamic acid,
ferulic acid, caffeic acid, p-coumaric,

and cinnamic acid
[139–141](4) PPAR-gamma, PGC 1 a, PRDM 16

Craving suppressant
influence

(1) Upregulation of POMC and CART
pathway Flavanoid Apigenin, genistein, and cyanidin [1–89]

(2) Downregulation of AgRP and NPY
pathway Alkaloid Halfordinol [136–138]

Inhibition of lipase
and other enzyme
activity

(1) Inhibition of pancreatic phosphor lipase
enzyme Flavanoid

Epigallocatechin-3,5-digallate and other
related flavan-3-ol-digallate esters,
catechins, resveratrol, and galangin [90–92]

(2) Inhibition of alpha amylase enzyme Anthocyanin Cyanidin

Adipocyte
differentiation control

(1) Regulation of adipogenesis by PPAR-
gamma, C/EBP families such as C/EBP alpha,
beta, and epsilon

Flavanoid
Apigenin, guggul sterols, naringenin,

genistein, hesperidin, myricetin,
kaempferol, and rutin

[98–102]

(2) )e SREBP 1a, SREBP 1c, and SREBP 2
induce cholesterol biosynthesis. )e SREBP
1c promotes differentiation of adipocytes and
may activate PPAR-gamma. )e inhibition
of C/EBP alpha, PPAR-gamma, and SREBP
may be effective for obesity treatment
(3) Adipocyte differentiation by apigenin is
linked with inhibition of interleukin 6, leptin
production, and monocyte chemoattractant
protein 1(MCP-1). )e suppression of the
expression of PPAR-gamma, SREBP-1c, and
GLUT-4 via JNK signaling

Alkaloid Synephrine, nuciferine, piperine, and
piperlongumine

(4) Interaction with PPAR- gamma and
decreases adipocyte differentiation

Regulation of fat
metabolism activity

(1) Downregulation of perilipin-1
Flavanoid Genistein, daidzein, kaempferol,

apigenin, hesperidin, and berberine

[104, 105]

(2) Promoting lipolysis and inhibition of
insulin-dependent lipogenesis
(3) )e downregulation of PPAR-gamma/
EBP beta, SREBP-1, and genes of triglyceride
biosynthesis Phytosterols

Ampesterol, brassicasterol,
guggulsterone, sitosterol, diosgenin,

and stigmasterol(4) )e lowering of triacylglycerol
concentrations in adipocytes by regulating
lipolysis

Proliferation in Energy
Outflow

Craving Suppressant
Influence

Regulation of fat
metabolism activity

Adipocyte
Differentiation Control

Inhibition of Lipase
enzyme activity

Induce browning of
Adipose tissue to form

BAT

BAT escapes ATP
formation and release
H+ ions via UCP-1/3

PGC-1a and PRDM-16
modulates brown

adipogenesis

Activate POMC and
CART pathways

Regulation of anabolic
and catabolic reactions

of lipids
Regulation of PPAR-

Gamma, c/EBP, SREBP Binding with Pancreatic
lipase in intestinal

lumen

Inhibit the absorption of
lipids

Increase in the release
of fat from body

Regulation of Adipocyte
differentiation and

cholesterol biosynthesis

Stops or reduce
adipocyte hypertrophy

and hyperplagia

Targeting Perilipin and
its overexpression

Down regulation of
PPAR-gamma, EBP-Beta

& SREBP-1 to reduce
triglycerides
biosynthesis

Regulates Hyperphagia

Regulate leptin 
concentration by
suppress feeding

Obesity Regulating Mechanisms of Phytochemicals

Figure 3: Obesity-regulating mechanisms of natural phytochemicals.
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4.3. Inhibition of Lipase Enzyme Activity. One of the im-
portant factors which contribute to obesity is the elevated
absorption of lipids and carbohydrates via the gastroin-
testinal tract. )e inhibition of such digestive enzymes
which carry absorption of carbohydrate and lipid from the
intestine shall reduce obesity [90]. )e enzyme phospho-
lipase is secreted in pancreatic juice which triggers the
breakdown of triglycerides into FFA andmonoglycerides in
the intestinal lumen. After absorption of FFA and
monoglycerides in blood, they are transported towards
chylomicrons for reassembly of the triglycerides and the
formation of cholesterol esters [91]. )e inhibition of the
pancreatic phospholipase enzyme can be promising for the
treatment of obesity. )e side effects studies of such in-
hibition processes must be thoroughly performed, since it
may cause stomach flatulence and distention. An inhibitor
of the alpha-amylase enzyme may prevent fatty acid bio-
synthesis under excess consumption of glucose and related
sugars [92]. Generally, under low energy requirements,
excess glucose is converted into fatty acids via the for-
mation of malonyl CoA. In this process, the mitochondrial
citrate is transported to the cytoplasm where it is used to
regenerate acetyl coenzyme A. )e acetyl coenzyme A is
converted to malonyl coenzyme A by acetyl-coenzyme A
carboxylase enzyme. )e cytoplasmic fatty acid synthase
complex uses malonyl CoA and synthesizes fatty acid
chains [93]. )e plant-derived flavonoid luteolin is a strong
phospholipase inhibitor. Similarly, epigallocatechin-3,5-
digallate and other related flavan-3-ol-digallate esters offer
very high phospholipase inhibition properties [94] (Ta-
ble 2). One of the latest isolated flavone compounds has
shown the highest inhibition level alpha-amylase enzyme,
as shown in Figure 3 [95].

4.4. Adipocyte Differentiation Control. Certain phytochem-
icals possess adipocyte proliferation and differentiation
regulatory properties. )e formation of new adipocytes is
referred to as adipogenesis. It is regulated by adipocyte-
specific genes belonging to PPAR-gamma, C/EBP families
such as C/EBP alpha, beta, and epsilon. Interdependence of
C/EBP alpha and PPAR-gamma controls adipocyte differ-
entiation process [96]. Sterol regulatory element-binding
proteins (SREBPs) also play important role in cholesterol
balance, free fatty acid metabolism, and differentiation of
adipocytes. )e SREBP 1a, SREBP 1c, and SREBP 2 induce
cholesterol biosynthesis. SREBP 1c promotes differentiation
of adipocytes and may activate PPAR-gamma. )e inhibi-
tion of C/EBP alpha, PPAR-gamma, and SREBP may be
effective for obesity treatment [97].)e phytochemicals such
as apigenin [98], guggul sterols [99], naringenin, genistein
[100], hesperidin, myricetin, kaempferol, and rutin [101]
have been proven effective in downregulating the differ-
entiation of adipocytes (Table 2).)is inhibition of adipocyte
differentiation by apigenin is linked with possible inhibition
of interleukin 6, leptin production, and monocyte chemo-
attractant protein 1 (MCP-1). )e genistein suppresses the
expression of PPAR-gamma, SREBP-1c, and GLUT-4 via
JNK signaling. Myricetin interacts with PPAR-gamma and

decreases adipocyte differentiation, as shown in Figure 3
[102].

4.5. Regulation of Fat Metabolism Activity. )e release of
FFA and glycerol in adipocytes is controlled by several
mechanisms. )e stores of WAT are determinants for the
plasma concentrations of FFA.)e elevated rates of lipolysis
during feeding process contribute to the high ratio of cir-
culating fatty acid level. )erefore, the phytochemical which
may target the important steps in the catabolism of fats shall
prevent obesity [101]. Likewise, perilipin lipid droplet
coating protein blocks the lipases to reach triglycerides
present in adipocytes. )e enzymes protein kinase A causes
phosphorylation of perilipin and induces conformational
change. )is promotes the binding of protein lipase A and
initiates lipolysis. )e low perilipin has been proven helpful
for the treatment of obesity in high-fat-diet-fed rats [103].
)e genistein along with daidzein downregulated perilipin-
1. It also promoted lipolysis and inhibited insulin-dependent
lipogenesis [104]. )e kaempferol downregulated PPAR-
gamma/EBP beta, SREBP-1, and genes of triglyceride bio-
synthesis [105]. Apigenin, kaempferol, and hesperidin
(Table 2) decrease triacylglycerol concentrations in adipo-
cytes by regulating lipolysis, as shown in Figure 3 [106].

5. Functional Ingredients in Natural
Antiobesity Products

5.1. Plant Metabolites/Phytochemicals. )e plethora of in-
vestigations conducted on plant metabolites provides ample
evidence that demonstrates the therapeutic potential of these
phytochemicals in treating obesity and the related diseases.
Millions of phytochemicals exist that are broadly classified
under polyphenols, alkaloids, and terpenoids. )ese phy-
tochemicals/plant metabolites exert their antiobesity effects
(Table 3) either alone or synergistically via the following
mechanisms: (a) enhancing energy expenditure, thermo-
genesis, lipolysis, and lipid metabolism, modulating adipose
tissue, acting as appetite suppressants, regulating adipo-
genesis, inhibiting the activity of the enzyme pancreatic
lipase, acting as antioxidants, and preventing oxidative
damage in living systems [107].

5.2. Polyunsaturated Fatty Acids (PUFAs). One of the most
important ingredients used to combat obesity is the type of
dietary fat being used. Although people opine that fat is the
main reason for obesity but that does not hold true as the
amount and type of fat being used plays a crucial role in
weight management via modulating metabolism and adi-
pose tissue function [108]. Consequently, dietary fats rich in
monounsaturated fatty acids (MUFAs) and polyunsaturated
fatty acids (PUFAs) are considered to enhance body
metabolism. PUFAs are known to show excellent antiobesity
effects and are further classified intoω-3 andω-6 groups.ω-3
PUFAs consist of two types of fatty acids, one is eicosa-
pentaenoic acid (EPA) and the other one is docosahexaenoic
acid (DHA).)ere is an intermediate fatty acid between EPA
and DHA known as docosapentaenoic acid (DPA) [109].
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Table 3: Chemical structure and therapeutic application of phytochemicals in obesity.

Plant source Name of
phytochemical Structure Antiobesity effect Phyto

molecules Reference

Coriandrum sativum Quercetin HO

OH

OH

OH

OH

O

O

Reduces the process of
adipogenesis by activation

AMPK signaling
mechanism

Flavonoids [131]

Curcuma longa Curcumin

HO

CH3

CH3
O

O O

OH

O

Enhanced β-oxidation,
inhibition of fatty acid

synthesis, and decreased fat
storage

Flavonoids [132]

Vitis vinifera Catechins
HO

OH

OH

OHO

OH

Prevents α-glucosidase
activity and micelle

formation in reducing
carbohydrates absorption in

the small intestine

Flavonoids [133]

Arachis hypogaea,
Vitis vinifera, and
Cyanococcus

Resveratrol
HO

OH

OH

Prevents transcriptional
activity and reduce

adipogenesis
Flavonoids [134]

Alpinia galangal and
Helichrysm
aureonitens

Galangin
HO

OH

OH

O

O
Reduces the collection of

hepatic triglycerides Flavonoids [131–134]

Cyclopia falcata and
Cyclopia subternata

Phloretin-3′,5′-
di-c-glucoside

HO

HO

HO
OH

OH
OH

OH

OH OH

OH

O

HO

HO

O

O Inhibits the expression of
peroxisome proliferator-

activated receptor-2 (PPAR-
2) and adipogenesis.

Flavonoids [131–134]

Glycine max Genistein

HO

OH O

O

OH

Antiadipogenic effects by
suppressing PPAR-α and

causing
Flavonoids [131–134]

Matricaria
chamomilla Apigenin

HO

OH O

O

OH

Antiobesity effect in visceral
adipose tissue Flavonoids [136]

Camellia sinensis and
Coffea arabica Caffeine

H3C

CH3

CH3

O N

N

N

N

O

Exerts lipolytic and
thermogenic actions Alkaloids [136]

Capsicum annuum Capsaicin

OCH3

HO

N
H

O

CH3

CH3 Enhanced lipid oxidation
and increased energy

expenditure
Alkaloids [138]
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Table 3: Continued.

Plant source Name of
phytochemical Structure Antiobesity effect Phyto

molecules Reference

Nicotiana tabacum
and Capsicum annum Nicotine

H

N

N

Prevents food intake and
increase metabolic rate Alkaloids [136–138]

Citrus aurantium p-synephrine

OH

HO

H
N Increases metabolic rate and

reduces weight loss Alkaloids [136–138]

Aegle marmelos Halfordinol

N

N
O

OH

Prevents food intake and
increase metabolic rate Alkaloids [136–138]

Glycine max and
Coffea canephora

Chlorogenic
acid

HO

HO

OH

OH

OH

CO2H

O

O Reduces the absorption of
carbohydrate Phenols [141]

Hordeum vulgare and
Asparagus officinalis Ferulic acid

CH3

HO

O OH

O Improves the glucose and
lipid homeostasis in a high-
fat diet and reduce obesity

Phenols [139]

Coffea arabica Caffeic acid
HO

OH

O

HO

Modulated gut microbiota
dysbiosis Phenols [140]

Arachis hypogaea,
Citrullus Colocynth,
and Bauhinia
variegate

Sitosterol

O

O

H H

H Reduce the absorption of
cholesterol by lowering the
level of cholesterol and LDL
(low-density lipoprotein)

Phytosterol [142]

Dioscorea villosa β-sitosterol

HO

H3C

H3C
H3C CH3

CH3

CH3

H H

H
Exhibited antiobesity effects

by suppressing sterol
regulatory elements

Phytosterol [143]

Trigonella
foenumgraecum and
Dioscorea villosa

Diosgenin

HO
H

H

H
H
O

H
O

Inhibits accumulation of
triglyceride and expression

of lipogenic genes
Phytosterol [144]

Trapa natans and
Tribulus terrestris Protodioscin

HO

HO

HO HO

HO

OH

OH

O
O

O
H H

H

H

H

HO

HO OH

OH

OH

OO

O

O

OH

O
O Reduces blood levels of

triglyceride, cholesterol,
LDL

Phytosterol [142–144]
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PUFAs can be obtained from fish and fish oils. Numerous
investigational studies reported that dietary fatty acids are
involved in modulating adipose tissue properties and ho-
meostasis between glucose and insulin. Substantial evidence
from literature quote several mechanisms by which
ω-3PUFAs could exert their antiobesity effects: (a) increase
in fatty acid β-oxidation, (b) enhanced energy expenditure
via thermogenesis, (c) alteration in epigenetic effects and
gene expression in fat tissue, (d) modulation in adipokine
pathways leading to altered adipokines release, and (e) re-
duction in enzymatic activity of fatty acid synthase and
stearoyl-CoA desaturase-1 (lipid synthesizing enzymes) fi-
nally appetite suppression [110]. However, a balanced ω-6/
ω-3 ratio of 1 : 2/1 along with physical activity of some
degree is identified to be a key factor in the treatment of
obesity and related diseases [111].

5.3.Dietary Fiber. )e role of dietary fibers (DFs) in treating
obesity and related disorders has become prominent. DFs
are either analogous carbohydrates or edible plant parts that
exhibited altered digestion patterns in the human intestine.
DF is of two types: soluble dietary fiber (SDF) and insoluble
dietary fiber (IDF). SDF is generally fermented by the
microbiota of the gut releasing short-chain fatty acids
(SCFAs) metabolites. SDFs (especially guar gum, pectin,
psyllium, and β-glucans) are viscous [112]. )is physico-
chemical property of SDFs helps them to form a barrier like
gel in the small intestine which enables to delay absorption
and gastric emptying altering postprandial metabolism. On
the other hand, IDF which is seen in cellulose, hemicellulose,
and lignin is regarded as fecal bulk-forming agents [113].
)e physiological mechanisms contributing to weight loss
strategies include (a) appetite suppression through satiating
properties of the fiber, (b) delayed gastric emptying, (c)
alteration in the transport mechanism involving glucose and
fat, (d) its fiber regulates the defecation rhythm, and (e) it has
a role in the growth of gut microbiota [114]. Evidence from
studies reported that DF is fermentable by the gut micro-
biota which in turn helps in the production of SCFAs which
are known to enhance satiating properties of DF that is
inversely proportional to the weight gain in humans [115].

DF also altered blood lipid concentrations and glycemic
response in humans. )ere exists robust epidemiologic
evidence that proves that dietary fiber intake can help
overcome overweight and obesity; however, many more
interventional studies are needed to ascertain these effects
removing all the practical interventional hurdles.

5.4. Proteins. A balanced diet essentially consists of dietary
proteins. A diet that has 1.2–1.6 gm of protein/kg/day and
which has approximately 25–30 gm of the protein-rich meal
regarded as higher protein. A high-protein diet (HPD) is
generally associated with weight loss strategies, improved
satiety, fat mass loss, etc. Evidence from scientific studies has
put forth several mechanisms by which dietary protein can
help in weight loss and management: (1) improved satiety
that is associated with enhanced thermic effects and (2)
enhanced energy expenditure [116]. Dietary proteins also
enhance the fat-free mass which is attributed to an im-
provement in body composition. It is evident from research
data that HPD elevates levels of anorexigenic hormones such
as glucagon-like peptide-1, cholecystokinin, and peptide
tyrosine-tyrosine whilst reducing levels of orexigenic hor-
mones (such as ghrelin), ultimately increasing satiety and
reduction in food intake. HPD induced thermic effects also
called diet-induced thermogenesis (DIT) might be due to
increased amino acid oxidation levels postprandial resulting
in increased oxygen demand essential for the movement of
proteins and finally enhanced satiety. Hence, it can be
concluded that HPD can be used as a safe tool for efficacious
weight reduction and weight management to overcome
obesity and the related diseases. However, to confirm the
beneficial effects of HPD, in-depth clinical trials for a longer
period must be conducted [117].

5.5. Antiobesity Effect of Dietary Calcium. Calcium (Ca) is
regarded as the most versatile nutrient that acts as a prolific
second messenger in several physiological processes and a
signaling agent. Calcium helps in the fertilization and de-
velopment process, nerve signal transduction, cell prolif-
eration, neuronal plasticity, flexibility in mammals through

Table 3: Continued.

Plant source Name of
phytochemical Structure Antiobesity effect Phyto

molecules Reference

Punica granatum and
Momordica Punicic acid

HO

CH3

O

Enhances the activity of
PPAR-α, PAR c-responsive

genes and reduces the
deposition of adipose tissue

Terpenoid [145–148]

Orthosiphon aristatus Betulinic acid

HO
H

H

H
H
O

H
O

Suppresses tyrosine
phosphatase 1B and

enhances the antiobesity
potential

Terpenoid [145–148]
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muscular movements, skeletal integrity, bone metabolism,
blood coagulation, cellular differentiation, and cell death
[118, 119]. )e array of diverse functions exhibited by Ca2+
led scientists to investigate its role in diseases. Epidemiologic
data from several studies indicate that there exists a strong
association between dietary calcium intake and the preva-
lence of obesity [120]. )e plausible mechanisms by which
the amount calcium intake can regulate the bodyweight or
modulate obesity are as follows: (1) high Ca2+ intake in-
creases fecal fat and EE (energy expenditure). )is is
probably due to increased dietary calcium which binds to
more fatty acids and or to bile salts in the colon, leading to
the formation of insoluble calcium-fatty acid soaps and
thereby inhibiting fat absorption and hence reducing weight
[121]. (2) Intracellular calcium levels are regulated by
hormones, such as parathyroid hormone (PTH) and 1,25-
hydroxyvitamin D (1,25-(OH)(2)-D). High dietary calcium
intake could stimulate lipolysis, inhibit fat accumulation
mainly by preventing the release of parathyroid hormones
and 1,25-(OH)(2)-D. Hence, it is opined that calcium intake
can influence lipogenesis or lipolysis based on the influx of
Ca2+ in adipocytes [122]. Several studies in both humans and
animals were conducted but the data reported are incon-
sistent related to the impact of Ca2+ intake on anthropo-
metric measurements and the prevalence of obesity
warranting further elaborative investigation with conclusive
results.

5.6. Probiotics. Microbes that are commensals in the human
intestines play a crucial role in the absorption, lysis, and
storage of nutrients. )ey are also essential in several
physiological processes of humans such as metabolism,
digestion, circadian rhythms, and vitamin synthesis [123].
Additional roles of gut microbiota are to influence tissue-
fatty acid composition, stimulate energy production, and
inflammation. Gut microbiota dysbiosis is found to be in-
herently associated with metabolic disorders leading to
obesity. Modulation of gut microbiota using nutraceuticals
(probiotics and prebiotics) has shown promising effects in
the treatment of obesity [124]. Probiotics are nutraceuticals
composed of live bacteria, especially Lactobacilli and Bifi-
dobacteria, which help in improving gut microbiome and
health status. )e gut microbiome along with the probiotic
supplementation has a positive impact on health conditions
such as type 2 diabetes, immune, infectious diseases, and also
cardiovascular diseases. Its impact on the neurotransmission
signaling and functionality of the brain has a significant
influence on weight management and obesity. Probiotics
help in weight loss by inhibiting fat accumulation, leading to
inflammation reduction, and also have the capability to
reduce insulin resistance. Apart from this, they influence
gastrointestinal peptides and neuropeptides [125]. Prebiotics
are dietary substrates defined as “dietary ingredients that on
selective fermentation lead to changes, gut microbiota es-
pecially its composition and function those of which are
associated with potential health benefits to the host” [126].
Several studies conducted reported that usage of prebiotics
especially insulin-type fructans help in the colonization of

arabinoxylan, Roseburia, and Clostridium cluster XIVa,
which further increases species such as Bacteroides and
Bifidobacterium along with Roseburia exhibiting the anti-
adipogenic effect in obese mice fed with the high-fat diet.
Although these findings prove the importance of prebiotics
and probiotics in obesity management with experimental
evidence from animal studies, significant supportive data
from human clinical trials are unavailable [127, 128].

6. Therapeutic Application of
Phytochemicals in Obesity

Some clinically important secondary metabolites are used as
antiobesity agents [129]. Several phytochemicals are
employed to reduce the process of adipogenesis, carbohy-
drates absorption in the small intestine, collection of hepatic
triglycerides, deposition of adipose tissue, weight loss, and
enhances the antiobesity potential, activity of PPAR-α and
PAR c-responsive genes (Table 3) [130, 131]. Flavonoids
have the potential to inhibit lipase activity and control
adipogenesis, such as quercetin, catechins, resveratrol, and
galangin. Cyanidin and cyanidin 3-glucoside molecules
isolated from Ribes nigrum and Morus alba, respectively,
both molecules reduce triglycerides and normalized adi-
pocytokine secretion [131–134]. Adipogenic transcription
factor (C/EBP) increases lipolysis and fatty acid oxidation
and normalizes adipocytokine secretion. Some other fla-
vonoids and genistein increase the HDL (high-density li-
poprotein) and decrease the BMI (body mass index).
Naringin and berberine reduce the hypercholesterolemic
level, decrease the blood lipid and quercetin molecules, and
increase the blood HDL [134, 135]. Alkaloid with antiobesity
property isolated, synephrine from Citrus aurantium,
nuciferine from Nelumbo nucifera, piperine and piperlon-
gumine from Piper nigrum. Green coffee reduced body fat by
decreasing the absorption of glucose [136–138]. Phenols are
an important phytochemical and reduce the risk of obesity
such as p-hydroxybenzoic, cinnamic acid, ferulic acid, caffeic
acid, p-coumaric, and cinnamic acid [139–141]. Phytosterols
are naturally occurring phytochemicals and reduce obesity
and decrease LDL-cholesterol such as campesterol, brassi-
casterol, guggulsterone, sitosterol, diosgenin, and stigmas-
terol and appear to reduce obesity, and high intakes of these
compounds decrease LDL-cholesterol levels in the intestinal
lumen. Phytosterols compete with cholesterol for micelle
[142–144]. Chemically modified terpenes are found in plants
and consist of both primary and secondary metabolites
[145–148]. Some terpene molecules are ligands with her-
meneutic potential to stimulate PPAR and act as dietary
sensors and regulate glucose metabolism and control energy
homeostasis metabolism [145–148]. In the recent era of
research and development, the natural phytochemicals are
also playing very important role for the treatment of
NAFLD. Epidemiological evidence recommends that a
healthy dietary habits with cumulative intake of several
plant-based natural phytochemicals, i.e., spirulina, berber-
ine, oleuropein, garlic, curcumin, resveratrol, coffee, gin-
seng, glycyrrhizin, cocoa powder, bromelain, and
epigallocatechin-3-gallate could lower the risk of NAFLD
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[149, 150], and researchers are working to develop the
phytochemicals based on conventional, safe, and effective
dose formulations via the clinical studies. Some of the
important bioactive components of antiobesity preclinical
screening details are discussed in Table 4.

7. Clinical Studies: Translational Potential of
Natural Products from Bench to Bedside

)ere are very limited clinical studies reported on the
antiobesogenic activity of numerous herbal plant extracts
and their active phytochemicals. Hydroxyl citric acid iso-
lated from the herbal plant Garcinia cambogia has been
reported to have potent lipogenesis and ATP citrate lyase
inhibitor activity and decreased serum triglyceride in obese
women [162]. Isolated natural phytoconstituent curcumin
from Curcuma longa, polyphenols from Salacia oblonga,
terpenoids from Emblica officinalis exposed to have hypo-
lipidemic, blood glucose-lowering, and antioxidant activity
in diabetic and obese patients during the clinical studies
[163]. Herbal tea extract of Salacia oblonga has the potential
to improve the lipid profile and decrease fasting blood
glucose and HbA1c levels in obese and diabetic patients
[164]. Crude extract of Portulaca oleracea L. seeds also has a
significant role in ameliorating lipid profiles in obese ado-
lescents [165]. Hibiscus sabdariffa plant extract is stated to
decrease the body weight, BMI, body fat, and waist-to-hip
ratio in clinical studies with a BMI of ≧27 and aged 18–65
[166]. Dietary supplement with Phaseolus vulgaris extracts
was also reported to have the α-amylase-inhibiting activity,
which significantly reduced the body weight, fat mass, and
waist/hip perimeters [167]. )e antiobesity mechanisms
reported for C. annuum, in which the effect on fat oxidation
was observed, are due to the stimulation of catecholamine
secretion, promoting energy expenditure and reducing the
accumulation of body fat mass [168]. In the catechines class,
green tea and coffee were also reported for the significant
reduction of body weight and maintenance of the body
weight in average condition. Sorghum bicolor L. has been
demonstrated to be a worthy substitute to control obesity in
weighty men because it reduces body fat fraction and

amplifies daily carbohydrate and dietary fiber consumption
when compared to wheat consumption [169]. Nowadays,
people are having a great interest in herbal plant compo-
sitions or phytochemicals due to safer and efficacious effects,
and the clinical studies must not be limited to in vitro or in
vivo levels for their development.

8. Conclusions and Current and Future
Inclinations on Biogenic Antiobesity Agents

Obesity is a multifaceted, long-lasting disorder triggered by
an interaction of causative aspects such as lifestyle, dietary
pattern, and environmental and genetic factors [140].
Healthy lifestyle and behavioral interventions are the main
aspects of body weight loss and natural product-based
treatment is more beneficial than synthesized molecules-
based treatment in terms of toxicity [139–142]. Natural
product-based molecules are also more beneficial in
hyperlipidaemic activities, antidiabetic, cancer due to obe-
sity, and hypercholesteremia [141, 142]. It is indeed that
natural product-based molecules will provide the new and
more appropriate platform for antiobesity treatment.

Abbreviations

JAK: Janus kinase
STAT: Signal transducer and activator of transcription
SH2: Src homology 2
SOCS: Suppression of cytokine signaling
PTP: Protein tyrosine phosphatase
POMC: Proopiomelanocortin
NPY: Neuropeptide Y
CART: Cocaine- and amphetamine-related transcript
MSH: Melanocyte stimulating hormone
AgRP: Agouti-related protein
MC4R: Melanocortin 4 receptor
CGRP: Calcitonin gene-related protein
BAT: Brown adipose tissue
WAT: White adipose tissue
GWAS: Genome-wide association studies
FTO: Fat mass and obesity

Table 4: Efficacy of natural products-based antiobesity bioactive components.

S.
N.

Name of the natural
product Bioactive component Duration of HFD (high-fat diet) in

male mice
Reduction in body weight

in (%) References

1 Morus alba Resveratrol anthocyanin HFD (fat: 45%, w/w) for 12 weeks 53.5% [151]
2 Curcuma longa Curcumin HFD (fat: 60%, w/w) for 12 weeks 15.9% [152]
3 Rhizoma coptidis Berberine HFD (fat: 16.2%, w/w) for 6 weeks 13.2% [153]
4 Capsicum annuum Capsicin HFD (fat: 45%, w/w) for 9 weeks 8% [154]
5 Acacia mollissima Robinetinidol HFD (fat: 60%, w/w) for 7 weeks 23.2% [155]

6 Zingiber officinale Gingerol, paradol, d
shogoal HFD (fat: 30%, w/w) for 5 weeks 38.6% [156]

7 Nelumbo nucifera Alkaloids HFD (fat: 20%, w/w) for 6 weeks 9.81% [157]
8 Camellia sinensis Caffeine HFD (10%, w/w) for 6 weeks 11.3%–16.9%; [107]
9 Coffea Arabica Caffeoyl, quinic acids HFD (fat: 30%, w/w) for 2–15 weeks 14.3% [158]
10 Glycine max Protein isolated HFD (25%, w/w) for 12 weeks 10.0%. [159]
11 Vaccinium ashei Anthocyanins HFD (45%, w/w) for 12 weeks 9.81% [160]
12 Citrus depressa Flavonoids HFD (35%, w/w) for 4 weeks 10.0%. [161]
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EDC: Endocrine disrupting chemicals
C/EBP: CCAAT enhancer binding protein
PPAR: Peroxisome proliferator-activated receptor
US-FDA: U.S. Food and Drug Administration
UCP: Uncoupling protein
SREBP: Sterol regulatory element binding protein
MUFA: Monounsaturated fatty acid
PUFA: Polyunsaturated fatty acid
EPA: Eicosapentaenoic acid
DHA: Docosahexaenoic acid
DPA: Docosapentaenoic acid
DF: Dietary fibers
SDF: Soluble dietary fiber
IDF: Insoluble dietary fiber
SCFAs: Short-chain fatty acids
HPD: High-protein diet.
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