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Dose Dependent Effects of Breynia cernua
Against the Paraquat Induced Parkinsonism
like Symptoms in Animals’ Model: In Vitro, In
Vivo and Mechanistic Studies
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Abstract

The aims and objectives of the study were to evaluate the antiParkinson’s (PD) potential of B cernua (BCE). B cernua (Poir.) Mdill.
Arg. (B cernua) is a member of the Phyllanthaceae family. HPLC revealed the presence of various phytochemicals. Study was
conducted for 40 days. After PD induction by paraquat behavioural studies were carried out. Biochemical parameters such as
DPPH, NO-scavenging, Ferrous reducing power, MDA, GSH, CAT, SOD, acetylcholinesterase (AChE), neurotransmitter
estimation and TNF-a and IL-6 levels were determined. DPPH, NO-scavenging and Ferrous reducing power assays showed
78.02%, 48.05% and 71.45% inhibitions, respectively. There was significant improvement in motor functions and coordination in
a dose-dependent manner (50 < 250 < 500 mg/kg) in PD rat model. Biochemical markers; SOD, CAT, GPx and GSH showed
significant restoration (P <.001) while MDA showed significant decrease (P <.05). The AChE level was significantly reduced (P <
.05) at 500 mg/kg while neurotransmitters were significantly improved (P <.001) in a dose-dependent fashion. The ELISA results
showed significant (P <.001) down-regulation of IL-6 and TNF-a level. In conclusion, it is suggested that BCE has the potential to
reduce the symptoms of PD.
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Introduction
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Parkinson disease (PD) is an age-dependent neurodegenera-
(PD) & P g Sciences, Government College University, Faisalabad, Pakistan

tive disorder, characterized by increasing extrapyramidal
motor dysfunctions caused by selective depletion of dopamine
in striatum and substantia nigra pars compacta region.' The
pathogenesis of PD is influenced by protein aggregation,
excitotoxicity, inflammation and inhibition of mitochondrial
complex-1. PD is characterized by motor function abnor-
mality, involuntary facial movement, protruding tongue,
dyskinesia and akinesia, etc.”® Dopamine levels in basal
ganglia and caudate are reduced, which leads to pathological
conditions (inclusions of intracellular lewy bodies, neuronal
degeneration and depigmentation). Oxidative stress plays a
main role in the aetiology and progression of PD.* Dopamine
is an unstable chemical that easily undergoes auto-oxidation in
the cytoplasm. Any alteration that increases cytoplasmic
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dopamine can also increase dopamine autoxidation, reactive
oxygen species (ROS) production, and ultimately the devel-
opment of Parkinson’s disease (PD).’

Mitochondrial dysfunction increases the ROS. This causes
oxidative stress and damage proteins, lipids, and DNA and
reduces the glutathione (antioxidant) level. Oxidative stress
causes lewy body protein aggregation, o-synuclein aggrega-
tion and protein degradation (characteristic of PD).® General
mitochondrial stress mechanism is mentioned in Figure 1.

Treatments that currently available are levodopa, carbi-
dopa, dopamine agonist, etc., can reverse the PD symptoms by
enhancing dopamine neurotransmission, but no effect on
disease progression and the chronic administration also causes
hypertension, depression, ulcer and various more toxicities.’
Therefore, it is necessary to find out novel therapeutic option
that not only provide symptomatic relief but also slows down
the progression of the disease.

Exposure to herbicides, pesticides and heavy metals may
have increased incidence of PD in humans, according to
epidemiological research. PQ**, N, N'-dimethyl-4-4'-bipir-
idinium (Paraquat; PQ) is one such environmental toxin. It is a
divalent cation, converted to a monovalent cation by redox
cycling with cellular diaphorases (NADPH oxidase and nitric
oxide synthase). Superoxide radical is produced as a result of
this redox cycle, resulting in oxidative stress—related cyto-
toxicity.® The reactive O, triggers a well-known chain of
events that produces various ROS, including hydrogen per-
oxide (H,0,) and the hydroxyl radical (OH ™). These ROS
promote mitochondrial malfunction, which gradually triggers

the death of dopaminergic neurons. It is believed that this
procedure triggers the development of PD.’ PQ causes par-
ticular neurodegeneration in the substantia nigra region, enters
the CNS by neutral amino acid transporter.'®

Natural compounds originating from plants serve an es-
sential part in human health maintenance. With the ad-
vancement of research on more scientific grounds and
progress in naturopathy, there is increased use of natural
products from organic origin.''"'> Breynia species are pri-
marily distributed in Vietnam, Australia, Malaysia and some
areas of India.'® The majority of Phyllanthaceae family plants
are shrubs, herbs or trees, few of them are climbers and one
species is aquatic.'” Traditionally, the plants of this genus are
used for the treatment of haemorrhages, tonsillitis, malaria,
fevers, dysentery, cough, inflammation, diabetes, cancer,
kidney disorders and skin disorders.

Phytochemical screening of B cernua shows that it contains
secondary metabolites in the form of glycosides, alkaloids,
hydrocarbons, triterpenoids, flavonoids, saponins, tannins and
sterol.'®!” Metals such as Cl, K, Mg and Ca in high percentage
and Cr, Fe, Co and Ni in lower percentage, indicated elemental
concentrations in different cellular structures of plant.*
Traditionally used for the treatment of swollen legs, sores,
ulcers, body pains, coughs, dysentery, malaria and diarrhoeal
complications. B cernua shows broad spectrum of antimi-
crobial activity, and the n-hexane fraction of B cernua shows
cytotoxicity against MCF-7 breast cancer cells.'®

The genus Breynia has gained significance for medicinal
use since it contains secondary metabolites such as glycosides,
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Figure |. Mitochondrial stress mechanisms: Parkinson disease has been associated with aberrant mitochondrial morphology, poor metabolic
function and defective fission-fusion balance. Increased reactive oxygen species diminished the ubiquitin-proteasomal system function.
When intracellular calcium levels rise as a result of excitotoxicity, mitochondria also sequesters calcium. Impaired mitochondrial ATP
production decreases the threshold for ecotoxicity. Cell death is the result of cytochrome c and other ‘pro-apoptotic factors’, including
apoptosis initiating factor, being released by the mitochondria into the cytoplasm, causes neurodegeneration.
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lignins, steroids, terpenoids, alkaloids, nucleosides, tannins
and phenolic compounds. B cernua phytochemicals are least
reported with their medicinal uses against CNS disorders.
Therefore, this research was designed to authenticate the
existence of valuable compounds in B cernua extract holding
neuroprotective potential. Until now, the neuropharmaco-
logical effects of B cernua are not well documented in pre-
vious literature. B cernua extract was further investigated in
paraquat induced PD animal model after Fourier transform
infrared spectroscopy (FTIR) and HPLC analysis and esti-
mation of in-vitro antioxidant assays.

Material and Methods

Plant Collection and Extraction

B.cernua was collected from Lahore (from a nursery). Washed
with water, separated the aerial parts from root and dried under
shade for 15 days. Extraction was done by simple maceration
technique. In 2000 mL of ethanol 700 g of plant material was
suspended, allowed to stand for 3 days at room temperature
with infrequent shaking, every day filtered the material with
Whatman filter paper. After 3 days, menstruum was placed in
rotatory evaporator. Percentage yield was calculated by using
following formula

% Yield — Dry.weight of extract .
Dry weight of plant material
Phytochemical Analysis

The phytochemical analysis of B cernua ariel part extract to
determine the reducing sugars, proteins, fats, saponins, ste-
roidal glycosides, tannins, anthraquinone glycosides, resins
and alkaloids were performed by following previously de-
scribed methods.*!

FTIR Analysis

The plant extract was used for the qualitative analysis by FTIR
fingerprinting. One mg of B cernua extract was combined with
100 mg of KBr and ground into a fine powder. This powder
was added to a die, which was then compacted into a disc
using a hydraulic press. From the disc, FTIR spectrum was
obtained at 4000-400 cm~'. This method was repeated 3
times, with peaks in various places compared to standard
organic compound peaks.

HPLC

A .45 um Millex-HV PVDF (Millipore, New Bedford, MA,
USA) membrane was used to filter the sample. Using an
analytical column (Phenomenex® ODS 100 A 250 mm x
4.60 mm, 5 pm) accompanied by a C18 guard column (2.0 cm

4.0 mm; 5 m), HPLC analysis was carried out on a Shimadzu
chromatographer outfitted with a ternary pump (Shimadzu
LC-20AT) and diode assay detector (Shimadzu SPD-M20A,
Kyoto, Japan). Data processing was carried out using LC
solutions software (version 1.25). Acetonitrile and water were
used as the mobile phase in a gradient chromatography
procedure, with the initial acetonitrile/water ratio being 2:8 v/v
and the final acetonitrile/water ratio being 8:2 v/v at 1 mL/min
flow rate over the course of 30 min with 25°C column tem-
perature and 20 pL injection volume. Every day, the mobile
phase was prepared and sonicated to remove gas before usage.
The UV spectra were observed between 450 and 200 nm. All
of the standard solutions and extracts were made with ethanol.
The concentration of the solution chemical was 2000 g/mL,
whereas the reference solutions were employed in 6 different
concentrations (12.5, 25.0, 100.0, 150.0, 250.0, and
500.0 g/mL).*

In Vitro Antioxidant Activity

DDPH scavenging, ferrous reducing power and NO-scavenging
assays. The antioxidant potential of ethanol extract of B
cernua was determined by DPPH radical scavenging assay
suggested by Sultan, Bhatti and Igbal*® Ferrous reducing
power assay as described by Yen, Duh and Chuang”* and NO-
scavenging activity as described by Francis M. Awah and
Andrew W. Verla.” Dose inhibitory curve and IC50 value was
calculated by using Graph Pad Prism software version 8.0.2.

Total phenolic content. Total phenolic content (TPC) of
Breynia cernua (BCE) was calculated by following procedure:
.SmL of GC (in 5 mL of DW (distilled water) .05 g of extract),
Folin-ciocalteu reagent (.5 mL) and DW (7.5 mL) were added
in a falcon tube, placed at 25°C for 10 min. After 10 min, 20%
of Na,COj5 (1.5 mL) is added, place the solution in dark for
40 min and absorbance was recorded at 725 nm. To construct
the standard curve, Gallic acid is used. Total phenolic content
was measured as GAE (Gallic acid equivalent), results are
expressed in mg/kg of extract'’

Gallic acid equivalent % extract volume
sample (g)

Total phenolics =

Total flavonoid content. Total flavonoid content was measured
by using quercetin as standard (standard curve at 10-130
ppm). For this method, .5 mL of GC solution kept at room
temperature for 5 min. Then .6 mL of 10% AICI; (Aluminium
chloride) were added in the tube and wait for 5 min by keeping
at room temperature. After that 1 M NaOH (sodium hy-
droxide) (2 mL) was added in above solution, 2.4 mL of DW
was added for making a final volume. At 510 nm, absorbance
was calculated by using spectrophotometer. TFC was mea-
sured as quercetin equivalent (CE)*®
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Quercetin equivalent x extract volume
sample (g)

Total flavonoids =

Antiparkinsonian Activity

Experimental Study Design

A total of 30 healthy male (5 in each group) Wistar rats,
weight about 150 g + 10 g were chosen for the experiment.
All animals were placed in separate cages under conven-
tional laboratory temperature and humidity settings, with
easy food and water access. Animals are used in the study
according to the (guide for the Care and use of Laboratory
Animals 8™ edition) published by National Research
Council. Approval was obtained by Ethical Review Com-
mittee of Government College University, Faisalabad,
Pakistan. Animals were randomly grouped into following
groups, such as:

1. Group 1: Negative control (NC) treated with vehicle

orally.

2. Group 2: Standard L-Dopa + 10 mg/kg paraquat
orally.

3. Group 3: Disease control (DC) 10 mg/kg paraquat
orally.

4. Group 4: BCE 50 mg/kg + 10 mg/kg paraquat
orally.

5. Group 5: BCE 250 mg/kg + 10 mg/kg paraquat
orally.

6. Group 6: BCE 500 mg/kg + 10 mg/kg paraquat
orally.

Literature shows that Paraquat (PQ) has a strong effect
on brain functioning by forming the ROS in the brain. The
disease was confirmed by motor incoordination and few
extrapyramidal symptoms, such as stiff muscle, tremors
and abnormal facial movements. This confirms the PD for
the evaluation of study.?’**® This detail is also added in the
manuscript. The doses were prepared in sterilized saline
solution. Study was conducted for 40 days. At the be-
ginning and end of the experiment, behavioural and
physical evaluations were conducted. After behavioural
experiments, by cervical dislocation animals were eutha-
nized. Whole brains of the experimental animals were
collected and washed with phosphate buffer solution (PBS)
and preserved at temperature —80°C.

Behavioural Studies

Open field test. In this experiment, animal mobility, explo-
ration and anxiety were simultaneously examined. It was
constructed of plywood and had walls that were 36 cm thick

and measured 72 cm by 72 cm, look like a white painted
hollow square chamber, divided the floor into 16 squares.
Animals were handled by tail and placed at the centre of
chamber and observed (total distance travelled and total line
crossed) for 10 min, after each trial apparatus was rinsed with
methanol. In 10 min, first 5 min were given to rat to move
freely and after 5 min time spend in central area, postures,
defecation, freezing, rearing, grooming and stretches attend
were observed.”’

Wire hanging test. This test was performed for measurement of
neuromuscular stretches. Apparatus was set as described by
Tillerson and Miller 2003.%° It is a non-invasive, affordable and
straight forward tool for assessing rodents’ grip strength and
neuromuscular coordination. Rats were trained to hold the wire
prior to the experiment. After that rats were placed on wire and
measured the latency time (falling down from wire to surface in
seconds) for 120 seconds. The hanging time of the animals is
used to compare results with BCE-treated groups since animals
with PD symptoms have inadequate neuromuscular power.!

Hole board test. In animals, this test is used to assess anxiety,
stress, neophilia and emotionality. Apparatus is made from
Plexiglas material having 25 x 25 x 30 cm high walls, 16
equidistant holes at floor and hole board apparatus was po-
sitioned 1.5 m high. Total number of head dipping were
calculated for 8 min.*°

Y maze test. This test aimed to determine short-term memory,
cognitive and spatial memory deficiencies in rats. The ap-
paratus has 3 arms (35 x 25 x 10 cm triangular central area)
attached at 120° in the shape of Y. Rats were positioned at the
arm’s one end, and number of entries in each arm were
recorded for 8 min to determine spontaneous alterations. The
following formula was used to calculate the amount of
spontaneous alterations™”

Trials
Total
no. of entries X 100

Spontaneous alteration% = total no. of

Elevated plus-maze test. In mouse models of CNS diseases, the
anxiety related behaviours are assessed by this test. Two
closed arms (oppositely positioned) of 50 x 40 x 10 cm di-
mension, two open arms (oppositely positioned) with 50 x
10 cm dimension, and central area of 10 X 10 cm dimension
make up this ‘“+’-shaped maze that is elevated above the
ground. Rat was positioned at one end of an open arm and
transfer latency (time taken by animal to move from open arm
to closed arm) were noted.*
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Histopathological analysis. The animals were euthanized ac-
cording to the guidlines as already described.sacrificed. The
cerebellum and hippocampus area of brain were isolated and
stored in PBS after being rinsed with ice-cold normal saline.
Slides were prepared by haematoxylin and eosin staining and
observed under microscope at 10X magnification.

Estimation of Biochemical Markers

Brain homogenate preparation. For the preparation of brain
homogenate, small pieces of brain tissue were sliced and
placed in a falcon tube, and then 10 X volumes of phosphate
buffer (.1 mmol/L having pH 7.4) was added into it. Ho-
mogenised with homogenizer, then centrifuged at 6000 r/min
for 10 min. Separated the supernatant, and by using the
isolated supernatant, antioxidant enzymes were determined.”’

Estimation of glutathione reduced activity. In homogenate (1 mL)
10% of trichloroacetic acid (TCA) (1 mL), .1 M phosphate
buffer (pH 7.4) (4 mL) and DTNB (prepared by dissolving
29.78 mg in 25 mL of methanol) (.5 mL) was added in a falcon
tube. At 412 nm absorbance was calculated, the following
formula was used for the determination of GSH level

DF
BT xVu

Y —0.00314 »
0.0314

GSH =

BT (tissue homogenate), Vu (volume of aliquots), Y
(absorbance), DF (dilution factor i-e., 1).*!

Estimation of glutathione peroxidase activity. In .1 mL of brain
homogenate, .2 mL of sodium azide, .2 mL of EDTA and
.2 mL of H,O, were added in falcon’s tube. After few minutes,
reaction was stopped by adding TCA, and then centrifuged for
10 min at 2000 r/min. Supernatant was separated and merged
with disodium hydrogen phosphate (4 mL) and DTNB
(.5 mL). At 420 nm, absorbance was measured.?’

Estimation of superoxide dismutase activity. In brain homogenate
(.1 mL), .05 M sodium phosphate buffer (pH 8.3) (1.2 mL),
nitro blue tetrazolium (.3 mL), phenazine methosulfate
(.1 mL) and triton X (.2 mL) were added in a falcon’s tube.
Then incubated for 90 min at 30°C. After that, for the ter-
mination of chemical reaction, glacial acetic acid was added.
Then with constant stirring 4 mL of n-butanol was added,
allowed to stand for 10 min and centrifuged at 1000 r/min for
10 min. Supernatant was separated and at 560 nm absorbance
was calculated. By using following formula, superoxide
dismutase (SOD) level was calculated®’

Y = 0.0095x + 0.1939

Estimation of catalases activity. In brain homogenate (50 pL),
50 mM phosphate buffer (pH 7.4) (1.95 mL) and 30 mM H,0,
(1 mL) were added in a falcon’s tube. Optical density was

noted at 240 nm, CAT activity was determined by using the
following formula

60.D
E x volume of sample (mL) x mg of protein

CAT activity =

E (extinction coefficient of H,O,) is .071 mmol/cm and
30.D (absorbance shift per minute).*’

Estimation of malondialdehyde activity. In brain homogenate
(2 mL), sodium dodecyl sulphate (8.1%) (.2 mL), .8% TBA
(1.5 mL) and 20% acetic acid (1.5 mL) were mixed and transferred
into DW (4 mL). Then on water bath at 100°C the mixture was
heated for 60 min, cooled and blended with n-butanol (5 mL) and
DW (1 mL). Wait for the appearance of yellow colour, yellow
colour appeared after 120 min; then for 10 min the solution was
centrifuged at 4000 r/min, and overlying top later was separated
and at 532 nm absorbance was measured.”” By using following
formula Malondialdehyde (MDA) level was calculated

MDA =Y x 100 x Vt/1.56 % 10°x Wtx Vu

Vt (total volume of assay mixture), Vu (volume of ali-
quots), Y (absorbance at 532 nm), 1.56 x 10° (molar extinction
coefficient) and Wt (weight of brain).*'

Estimation of AChE activity. In a falcon tube, phosphate buffer
(pH 8.0) (2.6 mL), DTNB (.1 mL) and acetylthiocholine
iodide (20 pl) were added. An aliquot of tissue homogenate
(.4 mL) was added to the reaction mixture. Yellow colour will
appear, and then at 412 nm absorbance was recorded™*

A
R=574x107"=—
(&)

A (change in absorbance/min), C, (tissue homogenate’s
initial concentration) and R (rate in moles of substrate
hydrolysed/minute/g tissue).

Estimation of protein level. In a falcon tube, brain homogenate
(.2 mL) and reagent A (composed of 2% of sodium carbonate,
.1 N NaOH (48 mL), 1% sodium potassium titrate (1 mL) in
DW and .5% CuSO, (1 mL)) (4.5 mL) were added, stayed for
10 min. Then reagent B (prepared by 1 part of H,O and 2 parts
of 2 N Folin-Phenol) (.5 mL) was added and incubated at 37°C
for 30 min. After that at 660 nm absorbance was calculated. By
using BSA as standard, protein level was calculated.?”

Biochemical Analysis

Estimation of Neurotransmitters level

Preparation of tissue extracts. 5075 mg of brain tissues were
homogenized with HCI-Butanol (37% HCI (425 mL) in n-
butanol (50 mL)) (5 mL) for 1 min. Then centrifuged for
10 min at 2000 1/min, supernatant was separated and mixed with
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heptane (2.5 mL) and .1 M HCI (.31 mL), shaking vigorously and
again centrifuged for 10 min at 2000 r/min. Upper aqueous layer
was separated and lower organic layer was discarded.*

Estimation of noradrenaline and dopamine. For the estima-
tion of noradrenaline and dopamine aqueous phase (.2 mL),
.4 M HCI (.05 mL) and EDTA (.1 mL) were added in a falcon
tube. Then for oxidation, iodine solution (.1 mL) was added.
After 2 min reaction was stopped by adding Na,SO5 solution
(.1 mL). Then after 1.5 min Acetic acid (.1 mL) is added,
heated for 6 min at 100°C. The excitation and emission spectra
from the spectrofluorometer were read when the solution
reached room temperature. For dopamine readings were taken
at 330375 nm and for adrenaline 395-485 nm.>® By using
following formula dopamine level was calculated

Y =0.0314X + 0.1067

Estimation of serotonin. For the estimation of serotonin, the
aqueous extract (.2 mL) and O-phthaldialdehyde (OPT)
(.25 mL) reagent were added in a falcon tube. Heated at 100°C
for 10 min fluorophore was developed. When sample reached
at equilibrium reading were taken at 360—470 nm in Spectro
fluorometer.*®

Estimation of inflammatory biomarkers by ELISA. The elabs-
cience ELISA kit of IL-6 and TNF-a was used, protocol is
followed according to the kit description.

Statistical analysis. The data was presented as Mean + SD. The
statistical analysis was done by using Graph Pad Prism
software version 8.0.2. One-way Analysis of Variance (-
ANOVA) by followed by Turkeys multiple compartment tests
as well as Dunnett’s multiple compartment tests were em-
ployed to find out the variation between the groups.

Results

Percentage Yield of Ethanolic Extract Breynia cernua

The percentage yield of ethanolic extract of B cernua found to
be 2%. Total dry weight of extract was 14 gm.

Phytochemical Analysis Ethanolic Extract of
Breynia cernua

Qualitative analysis. For primary phytochemicals, proteins,
carbohydrates and lipids were present. Secondary metabolites,
alkaloids, glycosides, tannins, saponins, terpenoids and resins
were identified. Results are mentioned in Table 1.

Quantitative analysis
FTIR spectrum. The FTIR analysis of B cernua shows the
presence of many pharmacologically active constituents.

Table I. Phytochemical Analysis of Plant Constituents Breynia
cernua (BCE) Whole Plant Extract.

Constituents Tests performed  Ethanolic extract
Reducing sugars Fehling’s tests +++

Proteins Ninhydrin test

Fats Soap formation test _

Saponins Foam test ++

Steroidal glycosides Keller Killani test ~ +++

Tannins Ferric chloride test ++
Anthraquinones glycosides Bontrager’s test +++

Resins Acid anhydride test _

Alkaloids Dragendroff test +

The FTIR spectra of B cernua showed peaks mentioned in
Table 2. These peaks reveal the C—H stretch (alkanes), O-H
stretch (carboxylic acid), N-H stretch (primary ammonium
salts), C—O—H bend (carboxylic acid and alcohols), C-O
stretch (primary alcohols) and C = C stretch (alkyl part of
fatty acid chain). FTIR spectrum is shown in Figures 2 and
3.

HPLC analysis. The HPLC analysis of BCE (Figure 2)
noticeably reveals the presence of 15 compounds, there
structure and names are mentioned in Figure 4 and Table 3.
Phytochemicals pyrogallol, propionic acid, N-methyl-11-
acetoxyhuperzine B, chlorogenic acid, quercetin, catechol,
p-coumaric acid and Y-tocopherol are shown with moderate
peaks. The thioinosinic monophosphate is separated with a
sharp peak.

In Vitro antioxidant activity. The in vitro antioxidant DPPH
assay shows 78.02% inhibition at .5 mg/mL of BCE with
3.4 ng ICsq value, NO-scavenging activity shows 48.05%
inhibition at .25 mg/mL of BCE, and ferrous reducing
power assay shows 71.45% inhibition at .5 mg/mL of BCE.
Results are mentioned in Table 4. The results of these assays
suggest that B cernua exhibited potential antioxidant ac-
tivity. In Ferrous reducing power assay, the ferric of po-
tassium ferricyanate is reduced to ferrous by the
antioxidants of plant.

Total phenolic and flavonoid content. Among secondary
metabolites the phenolic compounds are highest in con-
centration, that is, 17.23% as compared to flavonoid
compounds, that is, 10.23% in ethanol extract of B cer-
nua. Linear regression equation Y =.0716X - .0135 with
R* = .9915 obtained from standard curve of Gallic acid is
used for the quantification of TPC were 17.23%. The
regression equation Y = .0021X + .0149 with R* = .9857
obtained from the standard curve of quercetin is used for
the quantification of total flavonoid content that were
10.23%.
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Table 2. Phytochemical Composition of Ethanolic Extract of Breynia cernua (BCE) Whole Plant Extract Through FTIR Analysis.

Wave number (cm™')

Intensity of estimation

Group or functional group class

3290.21
2931.27

2877.33
1720.23
1590.10
1509.01
1350.15
1230.87
1050.01
998.50
910.05
800.02
71523
675.33

WIIIVVLUIIEIIS SO

O-H stretch (alcohols)

C—H stretch (Alkanes)

N-H stretch (amine salt)

C—H stretch (alkanes)

C=0 stretch (Aldehyde)

C=C stretch (a, B-unsaturated ketone)
N-O stretch (nitro compounds)

O-H bend (carboxylic acid and alchohols)
C-O stretch (alkyl aryl ethers)

C-O stretch (primary alcohols)

C=C bending (monosubstituted alkenes)
C=C bend (alkenes like vanylidine)
C=C bend (trisubstituted alkenes)

C=C bend (cis trisubstituted alkenes)
C—X stretch (halo compounds)

50— -
1 3200.21
4000 3500 3000 2500 2000
Identification

BCE —

1750

Figure 2. Fourier transform infrared spectroscopy spectrum of ethanolic extract of Breynia cernua.

Effect of ethanolic extract of Breynia cernua on behavioural
studies

Open field test. The results of open field test shows that the
number of crossed lines and time spending in central area is
significantly lower in disease control group as compare to
BCE-treated groups (P < .001). It recommends that rats are
typically terrified of open spaces, but once they become ac-
customed to them, they begin to explore the area in quest of
food. The exploratory behaviour of rats was significantly
increased by the treatment with BCE (dose dependent effect).
Results are mentioned in Figure SA and 5B.

Wire hanging test. Neuromuscular strength of rats is inves-
tigated by wire hanging test. Results shows that the neu-
romuscular strength in disease control is significantly
reduced (P < .001) as compare to control group. The BCE
extract showed significant (P < .001) improvement in
hanging time in a dose-dependent manner with following
order 500 > 250 > 50 mg/kg. So high dose of extract can

improve the neuromuscular strength of rats. Results are
depicted in Figure 6.

Hole board test. This test is used to study the learning and
spatial performance in rats or any other rodents. Number of
head dipping are calculated. Results shows that the number of
head dipping in disease control group was significantly re-
duced (P <.001) as compare to standard and control. The BCE
treatments groups shows dose dependent effect as the dose
increases the cognitive and memory functioning was signif-
icantly increased (P < .001). Results are mentioned in
Figure 7.

Y maze test. The exploratory behaviour of rats is determined
by the help of Y-maze. With the help of this maze, the
cognitive deficit in rats is measured. Results of our study
shows that the % alteration and total number of arm entries in
disease control group was significantly reduced (P < .001) as
compare to control. The BCE-treated groups show dose
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dependent improvement in percentage alteration and total
number of arm entries. The high dosage group (500 mg/kg)
shows maximum memory regain. The exploratory behaviour
of rats was significantly increased (P > .001) in all BCE-
treated groups. Results are mentioned in Figure 8A and 8B.

Table 3. Phytochemicals Identified by HPLC from Ethanolic Extract
of Breynia cernua (BCE), their Retention Time.

Sr No Retention time (min) Compounds detected

| .860 Pyridine

2 2.753 Pyrogallol

3 3.50 Propionic acid

4 4.847 TIMP (thioinosinic monophosphate)
5 7.753 N-methyl- | |-acetoxyhuperzine B
6 9.647 4-Hydroxybenzoic acid

7 11.587 Chlorogenic acid

8 14.387 Quercetin

9 15.673 Catechol

10 18.567 2,4-dihydroxybenzoic acid

I 22.587 Ellagic acid

12 25.747 Anisic acid

13 28.547 p-coumaric acid

14 31.107 Y-tocopherol

15 35.440 Cimicifugic acid F

Effect of ethanolic extract of Breynia cernua on histopathological
analysis. The histopathological examination of brain
showed that the brain tissues of control group are normal as
compared to disease control. There is a significant neuronal
damage, haemorrhage, pigmentation, large intracellular
spaces, high amount of lewy bodies and cell death is ob-
served in disease control group. In standard group (levo-
dopa plus carbidopa) there is a significant reduction in
neuronal damage. When compared to BCE-treated groups,
500 mg/kg shows significant reversal of neuronal damage as
compare to 250, and 50 mg/kg. Results are mentioned in
Figure 9.

Effect of Ethanolic Extract of Breynia cernua on
Biochemical Parameters

Estimation of GSH, GPx, SOD, CAT and MDA. The biochemical
parameters (GSH, GPx, SOD and CAT) were significantly
reduced in disease control group (treated with paraquat), but
the MDA level (lipid peroxidation) was increased significantly
(P <.001) in disease control group compared to control. BCE
(250 and 500 mg/kg) and standard shows significant increase
in GSH, GPx, SOD and CAT and significantly reduced the
MDA level. Data is mentioned in Table 5.

Table 4. Effect of Ethanolic Extract of Breynia cernua (BCE) on Antioxidant Biomarkers.

DPPH activity

NO-scavenging activity Ferrous reducing power

Plant name (%) inhibition at .5 mg/mL I1Cso (1g) (%) inhibition at .25 mg/mL Vit. C % equivalent at .5 mg/mL
BCE 78.02 + .015 3.40 + .60 4845 £.11 71.45 + .03
2 307 H B 601
i Control EA Control
w
g Disease control ER Disease control
g 20 o Stnadard = 40+ == Standard
_ =
s 50 mg/kg § mmn 50 mg/kg
= ek
= 10- 2 250 mg/kg “ 204 250 mg/kg
z % 500 mgkg 500 mgkg
0- 0-
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Figure 5. Effect of ethanolic extract of Breynia cernua on open field test in paraquat induced parkinson disease model. (A) Number of lines
crossed and (B) Time spent in central area. Values are shown as the mean  SEM, (n = 5), * (P <.001) compared with control, and ## (P <
.001) compared with disease control. Disease control: Paraquat intoxication, Standard: (L-dopa + carbidopa).
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Figure 6. Effect of ethanolic extract of Breynia cernua on wire
hanging test in paraquat induced parkinson disease model. Values
are shown as the mean £ SEM, (n = 5), *** (P <.001) compared with
control, and ## (P < .001) compared with disease control. Disease
control: Paraquat intoxication, Standard: (L-dopa + carbidopa).
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Figure 7. Effect of ethanolic extract of Breynia cernua on hole board
test in paraquat induced parkinson disease model. Number of head
drippings in holes, Values are shown as the mean * SEM, (n = 5) *#*
(P < .001) compared with control and ## (P < .001) compared with
disease control. Disease control: Paraquat intoxication, Standard:
(L-dopa + carbidopa).

Estimation of neurotransmitter level. In Table 6, the level of
dopamine and noradrenaline in each group of animals is
mentioned. Results show a significant decrease in the level of
dopamine in disease control group than control group. The
treatment groups showed dose dependent effect (increasing
the concentration of extract level of dopamine is also in-
creased). Noradrenaline shows significant (P <.001) variation
and improvement in each group.

Estimation of AChE. In PD, the level of acetylcholine is de-
creased due to the breakdown of choline acetyltransferases,
which is associated with cognitive impairment. BCE showed
significant (P < .001) protective activity for acetylcholine by

inhibiting the acetylcholinesterase (AChE). The level of
AChE was significantly increased (P < .05) in disease control
compared to control. In BCE-treated groups the AChE level
was significantly reduced (P < .001) in a dose-dependent
manner compared to disease control. Results are mentioned in
Figure 10.

Estimation of protein level. Protein level is calculated by linear
regression equation obtained for bovine albumin serum (BSA)
as

Y = 0.00007571X + 0.0000476

Results suggests that protein level was decreased signifi-
cantly (P < .001) in disease control when compared with
control. The BCE-treated groups show dose dependent effect,
as 500 mg/kg shows high normal protein level as compare to
low dosage group. Treatment groups show significant increase
(P < .001) in protein level in brain of rats compared with
disease control. Results are mentioned in Figure 11.

Estimation of inflammatory biomarkers by ELISA. The results
suggested that the level of IL-6 and TNF-a was significantly
high (P > .001) in disease control as compared to control
group. The BCE-treated groups showed dose dependent ef-
fect. The treatment group of 500 mg/kg significantly de-
creased (P > .001) the level of IL-6 and TNF-a compared to
disease control group. Results are shown in Figure 12.

Discussion

Neurodegenerative diseases such as; PD and alzheimer dis-
ease prevalence are increased now a days. Most of the neu-
rodegenerative disorders have a close relation with age and
age dependency is an important factor in their
pathogenesis.>’** The importance of research in novel herbal
neuroprotective compounds is extremely important because
there is lack of specific treatment, increased morbidity and
expensive pharmaceuticals for neurodegenerative diseases.
Phytochemical analyses of B cernua showed its pharma-
cological importance due to the presence of alkaloids, fla-
vonoids, glycosides, lignans, saponins and polyphenolic.
Flavonoids-rich food supplements and plant extracts have
the ability to slow neurodegeneration and also improving
memory, cognitive function and learning. Plant extracts rich in
flavonoids are beneficial for neurodegenerative disorders
because they modulate intracellular signalling pathways that
enhance cell survival and age-related neuronal activities. B
cernua contains a good number of flavonoids and
polyphenolics,**'which are powerful antioxidants with anti-
ischaemic action and can be used as precursor for the de-
velopment of new neuroprotective medicines. Flavonoids
exert their neuroprotective effects primarily via promoting
neuronal regeneration and reducing oxidative stress.>’ So, the
flavonoids present in B cernua extract are the main
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Figure 8. Effect of ethanolic extract of Breynia cernua on Y-maze test in paraquat induced parkinson disease model. (A) total number of arm
entries and (B) %age alterations, Values are shown as the mean + SEM, (n = 5) *¥ (P < .001) compared with control, and ## (P < .001)
compared with disease control. Disease control: Paraquat intoxication, Standard: (L-dopa + carbidopa).
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Figure 9. Brain histopathological analysis. Haematoxylin and eosin staining of transverse brain section at | 0X magnification. Control: showed
the normal architecture of control group. Paraquat: Nft (neurofibrillary tangles), IP (intracellular plaques), AP (amyloid beta plaques), LB
(Lewy bodies) and PG (pigmentation). It indicates the neurodegeneration, inflammation and vacuolated cytoplasm in disease control group.
Nft, IP, AP and LB were less in standard group. Neurodegeneration was slightly improved in 50 mg/kg ethanolic extract of Breynia cernua
treated group. Neuronal loss was improved in 250 mg/kg BCE-treated group. 500 mg/kg BCE-treated group significantly improved the
architecture of transverse brain section. Disease control: Paraquat (PQ) intoxication, Standard: (L-dopa + carbidopa).

compounds for neuroprotective agent’s development. Our
findings of FTIR and HPLC analysis provided the evidence for
neuroprotective and antioxidant potential of B cernua. HPLC
analysis showed the presence of fifteen different compounds.
Majority of them are phenolic and flavonoid compounds.
Phenolic acids like chlorogenic acid, p-coumaric acid and
ellagic acid are best antioxidant compounds found in B cernua

with strong peaks. Previous studies suggested that these
compounds show anti-Parkinson activity by the reduction of
TNF-0, pro-inflammatory cytokines, MDA level and in-
creased SOD level and neurons number in the brain of rats.
They reduced the ROS in brain so act as potent antioxidant
compounds.*? According to the one previous study, the
lycodine-type alkaloids from Lycopodiastrum casuarinoides
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Table 5. Effect of Ethanolic Extract of Breynia cernua (BCE) on MDA, GPx, CAT, SOD and GSH.

Groups MDA (TBA mg/ml) GPx (ug/mg protein) CAT (1U/pl) SOD (1U/ul) GSH (ug/mg protein)
Control 73.13 + .57735 9.25 + 57735 72 + .058 .08  .006 732 £ .012

Disease control 98.04 + .57735%** 3.23 £ 57735%+* .55 £ Q57 .025 + .005%#* .248 + .009*F*
Standard 70.45 + 57735%% 8.66 + .57735%## 715 £ .057™ .058 + .003%# 688 + 009"

50 mglkg 75.57667 + 58%## 446 + 57735™ 672 + .056™ 032 +.004™ 379 £ 015™

250 mglkg 61.62 = .57735%# 10.49 + 57735 698 + .058™ 034 £ .006™ 57 + .02%#

500 mg/kg 46.25 + 57735 10.35 + .57735%## 711 £ .059™ 061 + 0077 717 £ .009%#

Values are shown as the mean + SEM, (n = 5), *** (P < .001) compared with control, and ## (P < .001), ns (non-significant) compared with disease control.

Disease control: Paraquat (PQ) intoxication, Standard: (L-dopa + carbidopa).

Table 6. Effect of Ethanolic Extract of Breynia cernua (BCE) on Neurotransmitters Level: Dopamine, Noradrenaline, and Serotonin.

Groups Dopamine (ug/g of bt) Noradrenaline (ug/pg of bt) Serotonin (ug/pg of bt)
Control .34 + .05 .06 + .005 .65 + .05

Disease control (paraquat) 12 £ Q5% .05 £ .005 27 £ 5%k
Standard (L-dopa + carbidopa) .58 + 057 .07 % .005 .58 + 057

50 mg/kg .36 +.05™ .04 £ .005 .36 £ .05™

250 mglkg 42 + 057 .04 + .005 44 + 05™

500 mgl/kg .54 + 05 .06 £ .005 .56 + 05"

Values are shown as the mean + SEM, (n = 5), ¥ (P < .001) compared with control, and ## (P < .001), ns (non-significant) compared with disease control.
Disease control: Paraquat (PQ) intoxication, Standard: (L-dopa + carbidopa).
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Figure 10. Effect of ethanolic extract of Breynia cernua on
acetylcholinesterase level in brain, values are shown as the mean +
SEM, (n = 5), ** (P < .001) compared with control, and ## (P <.001),
ns (non-significant) compared with disease control. Disease control:
Paraquat intoxication, Standard: (L-dopa + carbidopa).

showed strong AChE inhibitory activity by inhibiting the ROS
the N-methyl-11-acetoxyhuperzine B is elucidated with sharp
peak in B cernua.”® Another study suggests that quercetin is a
potent antioxidant compound, represses TNF-a, reduces pro-
inflammatory cytokines, decreases AChE level in brain and
shows strong anti-neuroinflammatory properties in PD.>>**
Due to the presence of all these compounds in B cernua, the

800+
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=
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Protein Concentration
Figure | 1. Effect of ethanolic extract of Breynia cernua on level of

protein in rat’s brain. Values are shown as the mean + SEM, (n =5),
#ik (P < 001) compared with control, and ## (P < .001) compared
with disease control. Disease control: Paraquat intoxication,
Standard: (L-dopa + carbidopa).

DPPH, NO-scavenging and ferrous reducing power assays
shows highest radical scavenging potential and inhibitory
activity. Therefore, B cernua can play a pivotal role in neu-
rodegenerative diseases induced by oxidative stress such as
PD. As, it is already reported and also established that AChE
inhibition is important in relation to motor function and its
coordination. AChE inhibition enhances the learning and
memory. Additionally, it is responsible for betterment of
cholinergic transmission that enhances the motor coordination
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Figure 12. Effect of ethanolic extract of Breynia cernua on inflammatory markers: IL-6 and TNF-a level. Values are shown as the mean * SEM,
(n = 5), ¥ (P < .001) compared with control, and #*# (P < .001) compared with disease control. Disease control: Paraquat intoxication,

Standard: (L-dopa + carbidopa).

and movements. Thus, AChE estimation is very important
parameter for PD induction and management.””

Paraquat induced neurodegeneration in the SN region by
entering in the CNS via the neutral amino acid transporter in
the disease control group. The wire hanging and hole board
test results suggest that BCE improves neuromuscular coor-
dination and reduces the depression and psychiatric issues
related to PD by increases the hanging time and head dipping
in a dose-dependent manner (50 < 250 < 500 mg/kg) in
treatment groups. Thus, the wire hanging test findings were
according to the previous study by Jay Parkash and Satyndra
Kumar Yadav, in which the Withania somnifera root extracts
significantly improve the hanging time and decrease the ox-
idative stress in the paraquat—induced PD model.'® The hole
board and Y maze test findings were also harmonious with the
previous studies.*>*

Oxidative stress and mitochondrial dysfunction are the
main genetic form of abnormalities that are found in PD.*’
Multiple biological functions are impaired by disruptions in
the physiological regulation of the redox potential in neu-
rons, which eventually results in cell death.*® Body combats
against the effects of free radicals by a defensive system of
antioxidant enzymes (SOD, CAT, GSH, and GPx). Redox
cycling compound (paraquat) increases ROS, mitochondrial
damage and ultimately increases the oxidative stress by
disturbing the mitochondrial function. Thus, mitochondrial
dysfunctionality caused an imbalance of MDA (lipid per-
oxidation) level paraquat treated group.*® In this study, the
level of MDA is increased in disease control group and
decreased in a dose-dependent manner in BCE-treated
groups due to presence of flavonoids, phenols, alkaloids
and saponins. The endogenous antioxidant and homoeo-
stasis of cells depends on the antioxidant enzyme SOD,
CAT, GSH and GPx level.”” In the present project, the level
of these antioxidant enzymes is significantly reduced (P <
.001) while BCE treatment significantly improved these

antioxidant markers in a dose-dependent manner as compare
to disease control. The level of protein is decreased in
diseased model due to the formation of ROS that causes
oxidative stress.”' The study suggested that the high dose of
BCE treated (500 mg/kg) showed significance increase (P <
.001) in protein level as compare to the disease control
group.

The important neuromodulators in basal ganglia are do-
pamine, noradrenaline, serotonin and acetylcholine which
regulates the motor and cognitive abilities. The level of these
neurotransmitters decreased due to the oxidative stress. The
level of acetylcholine is decreased due to deterioration of
choline acetyltransferase, causes cognitive debilities in PD.
Apoptosis causes the loss of dopaminergic neurons in pars
compacta of PD patients and AChE is the key regulator of
apoptosis. AChE interacts with apoptotic protease activating
factor-1 and cytochrome c cause cell death. AChE inhibitors
have a role in preventing neurodegeneration by preventing cell
death.” The BCE treated rat’s group showed a significant
increment (P <.001) in the level of these neurotransmitters by
showing antioxidant property due to the presence of phenolic
compounds. The high dose of BCE (500 mg/kg) showed
significantly improved acetylcholine levels by inhibiting the
AChE because this enzyme breakdown the acetylcholine to its
by-products, that is, acetic acid and choline.

In a previous study, Ashwagandha root extract demon-
strated antiparkinsonian propensity by reducing the duration
of catalepsy and improving oxidative stress by reducing lipid
peroxidation in the Paraquat induced experimental model and
one of our study results were consistent with these findings.>
Therefore, results suggested that BCE improved the behav-
ioural parameters which are evident with improved muscular
strength, locomotion, memory and reduced oxidative stress.

Parkinson disease pathogenesis is strongly linked to
increased expression of pro-inflammatory cytokines like
TNF-a and Interleukin-6. Increased level of TNF-a has an
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ability to enhance the levels of various cytokines which
might cause neurodegeneration.’*>> The higher level of
pro-inflammatory cytokines (TNF-o and IL-6) causes the
dopaminergic cell death in PD brain. TNF-a and IL-6 are
strong mediators of microglial functions, involved in the
dopaminergic neuronal cell death.’® Recent studies re-
ported that neurodegenerative disorders can be treated by
anti-inflammatory agents, present in plants. The IL-6
decreased the level of NF-KB and upregulated the level
of MAPKA pathway, resulting in the neuro-inflamma-
tion.”” In the present study, TNF-a and IL-6 is increased in
disease control group due to damage in basal ganglia
region of brain. The BCE showed dose dependent dec-
remental effects on inflammatory biomarkers level. The
most significant (P <.001) effect was seen at BCE 500 mg/
kg dose group.

The majority of the phytoconstituents have been found to
activate neuroprotective, controlled cell-stress response
pathways. As a result, we came to the conclusion that BCE
acts as a modulator against the behavioural and biochemical
changes caused by Paraquat-induced neurotoxicity, and it
showed a good potential in amelioration of the PD progression
and symptomatology.

Conclusion

The phytochemical screening of B cernua reveals the presence
of both primary and secondary metabolites. Thus, it provides
the rationale for its folkloric uses in inflammatory and neu-
rodegenerative conditions of the brain. But more detailed
molecular mechanism is still warranted to authenticate the
study at clinical level.
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