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Abstract

Background The purpose of the present study was to enhance the memory-boosting activity of the standardized
hydroalcoholic Camellia sinensis extract (CSE) by the formation of nanophytosomes with Leciva S70 phospholipid.
The central composite design was used to optimize the solvent evaporation method for the formulation of C. sinesis
phytosomes (CSP).

Results The optimized formulation had a mean particle size of 212.3 nm +0.39, PDI of 0.238 +0.0197, and zeta
potential of —42.02+0.995 mV. C. sinensis phytosome formation was confirmed by analytical techniques. The agueous
solubility of the developed CSP was 95.92+0.31, which is 7.34 times greater than that of pure CSE (13.07 +0.19). CSP
was found more effective than either pure CSE (26,42 +0.4654%) or the physical mixture (32.15 +0.4596%) in releas-
ing the CSE from the formulation (72.16 +£0.5248%). Acute toxicity study corroborated the safety of CSP in rats. CSP
demonstrated a significant (p < 0.05) reduction in escape and transferred latency on both days (15th and 16th)

as compared to CSE, indicating the improvement of the memory-boosting activity. Furthermore, CSP-treated rats sig-
nificantly improved acetylcholine (Ach) levels and brain tissue concentration compared with CSE. Moreover, the phy-
tosomal formulation of CSP exhibited its rationality with an improvement of bioavailability by 3.21 folds compared
with pure CSE.

Conclusion The presence of phospholipids in the CSP formulation and the formation of smaller particles may

aid in crossing the blood-brain barrier, increasing brain tissue concentration and bioavailability. This, in turn, leads

to an increase in memory-boosting activity.
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Background

Neurodegenerative diseases are chronic, debilitating
conditions marked by significant cognitive impairments,
gradual death of neurons, and secondary abnormalities in
the white matter tract [1]. Alzheimer’s disease (AD) is a
progressive, neurodegenerative brain disease that affects
memory and other cognitive abilities over time. It causes
dementia, behavioral changes, memory and thinking skill
impairments, personality disorders, and diffuse anatomi-
cal abnormalities in the brain [2]. AD is characterized by
the deposition of 1 amyloid peptide plaque deposition,
cholinergic cell loss, especially in the basal forebrain, and
neurofibrillary tangles [3]. Acetylcholine (Ach), a neuro-
transmitter, is lost along with cholinergic cells. Dementia
appears to be caused mainly by a decline in Ach in the
brains of AD patients [4]. In 50 to 70% of cases, Alzhei-
mer’s dementia affects persons in their middle to late
years. As people become older, the prevalence of AD
doubles every five years after the age of 65.

Currently, individuals diagnosed with AD and other
forms of dementia, such as transient ischemic episodes,
stroke, organic brain disorders, mental retardation,
and multi-infarct dementia, have limited pharmaceuti-
cal treatment alternatives at their disposal. The current
therapies are essentially symptomatic; there has not
been a noteworthy therapeutic breakthrough that pre-
vents, modifies, or controls dementia and AD [5]. The
most popular AChE inhibitors used to treat choliner-
gic deficiency in the brain are donepezil, rivastigmine,
and galantamine; however, they have limitations such
as a short duration of action, a low bioavailability, and
a restricted therapeutic index [6]. Additionally, due to
additional negative effects and non-specificity in the site
of action, several synthetic drugs promoted as cognitive
enhancers, including piracetam, amphetamine, pemo-
line, pyritinol, and others, are not safe for long-term use
in humans. Their usage is also constrained by significant
side effects such as hepatotoxicity [7]. Only one or two of
every 10,000 of these chemical and synthetic compounds
are clinically successful and safe enough for regulatory
approval in the clinical process, despite the drawn-out
development process. In reality, clinical trials for approx-
imately half of all drug candidates fail. So considering
these major drawbacks of synthetic molecules, many
pharmaceutical firms are currently focusing on the devel-
opment of plant-derived drug delivery systems [8].

Over the past decade, herbal and ayurvedic drugs
from the plant kingdom have become a subject of world
importance in neurodegenerative disorders with both
medicinal and economic implications. Regular and wide-
spread use of herbs throughout the world has increased
serious concerns over their quality, safety, and effi-
cacy. Thus, proper scientific evidence or assessment has
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become the criteria for the acceptance of herbal health
claims [9]. However, the scientific literature supporting
the efficacy of herbal therapies is incomplete. Few well-
controlled studies support the efficacy of herbal remedies
in the treatment and clinical improvement of patients
with neurodegenerative disorders like dementia, AD,
and Parkinson’s disease. Available scientific evidence
has not yet confirmed the validity of their popular role
in the treatment of these diseases [10]. The use of herbal
medicine becoming popular due to the toxicity and side
effects of allopathic medicines. Medicinal plants play an
important role in the development of potent therapeutic
agents.

The herbs acting on the brain are called Nootropic
herbs and their isolated constituents are referred to as
smart drugs. These herbs enhance memory as well as
increase blood circulation in the brain. Different plants
have been used as memory enhancers in folkloric medi-
cine [11]. Therefore, it is necessary to prepare herbal
formulations by using some reputed herbal sources as a
memory enhancer. However, water-soluble phytocon-
stituents (like flavonoids, tannins, glycoside & aglycones,
etc.) are poorly absorbed either due to their large molec-
ular size which cannot absorb by passive diffusion or due
to their poor lipid solubility; severely limiting their ability
to pass across the lipid-rich biological membranes, result-
ing poor bioavailability [12]. Lipid solubility and molecu-
lar size represent the primary limiting factors for drug
molecules to traverse biological membranes and achieve
systemic absorption following oral or topical administra-
tion. The particle size reduction is achieved by using two
novel techniques phytosomes and nanonization to eas-
ily pass through the blood—brain barrier for maintaining
their concentration at the site of action [13, 14]. Stand-
ardized plant extracts or mainly polar phytoconstituents
like flavonoids, terpenoids, tannins, and xanthones when
complexed with phospholipids like phosphatidylcholine
give rise to a new drug delivery technology called phy-
tosome (or herbosome) showing much better absorption
profile following oral administration owing to improved
lipid solubility which enables them to cross the biologi-
cal membrane, resulting enhanced bioavailability at lesser
dose [15, 16].

The Theaceae family includes the C. sinensis plant,
generally referred to as the tea plant. It is a promi-
nent medicinal herb in many indigenous medical sys-
tems, including Ayurveda, Unani, and homeopathy,
and is utilized extensively by tribal people in China
and India. Polyphenols, including (but are not limited
to) catechin, gallocatechin, epicatechin, epigallocat-
echin, epicatechin gallate, and epigallocatechin gallate
(EGCQ), are found in C. sinensis, with EGCG having
the highest concentration and being the most active
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phytoconstituents. It contains alkaloids (caffeine, theo-
bromine, and theophylline), polysaccharides, vitamins,
volatile oils, and minerals [17]. It has many biologi-
cal activities, including stimulant, diuretic, astringent,
antioxidant, anticancer, anti-inflammatory, anti-obesity,
antistress, hepatoprotective, cardioprotective, antivi-
ral, antidiabetic, neuroprotective, gastrointestinal tract
problem relieving activity, anti-inflammatory, analgesic,
antipyretic, antiallergic, and skeleton muscle system
reducing activity. These factors contribute to its enor-
mous popularity. Green tea’s potent effect on creating
or lowering neurotransmitters, including acetylcho-
line, dopamine, and serotonin, all of which are involved
in memory and learning, contributes to its ability to
improve these processes [18, 19]. Polyphenols may also
aid in the prevention and treatment of dementia [20].
The main objective of the present investigation was to
increase the water solubility, bioavailability, and mem-
ory-enhancing activity of the standardized hydroalco-
holic C. sinensis extract by forming a vesicular complex
with Leciva S70 phospholipid in the form of phytosomes.

Material and methods

Materials

The standardized hydroalcoholic C. sinensis leaf extract
was provided by Arjuna Remedies in Kerala. Leciva S70
(Phospholipid) was provided by VAV Life Sciences Pvt.
Ltd, Mumbai Sigma-Aldrich supplied Epigallocatechin 3
gallate (EGCG), scopolamine HBr (hydrobromide), and
piracetam. The dialysis membrane 60 was provided by
Analab Fine Chemicals. Ethanol, methanol, n-octanol,
and chloroform were furnished by Sigma-Aldrich Corpo-
ration. The rest of the materials were of superb analytical
quality.

Methods

Preparation of C. sinensis phytosomes

The formulations for the C. sinensis leaf extract-loaded
phytosomes (CSP) were developed using solvent evapo-
ration techniques. 250-ml round-bottom flasks were
filled with various ratios of C. sinensis extract (CSE) and
Leciva S70 (1:1, 1:2, and 1:3). Then, 50 ml of ethanol was
added to this. The reaction was conducted by maintain-
ing the RBF-containing reaction mixture at different tem-
peratures (40, 50, and 60 °C) for a predetermined time
(1/2, 3 h), following the CCD. During heating, the reac-
tion mixture was stirred. The solution was then evapo-
rated and stored in a vacuum desiccator for a night to
remove any trace of solvent that might have been left
over after the initial incubation. The dry mixture was
held in an amber bottle for later use [20].
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Table 1 Experimental central composite design factors at three
levels regions

Central composite design (CCD) Coded factors Levels

-1 0 +1
Independent variables
Phospholipid: drug ratio (% w/w) X 1 2 3
Temperature (°C) Y 40 50 60
Time (Hr) Z 1 2 3

Dependent variable: Entrapment efficiency in % (A)

Experimental design and statistics

The effects of independent parameters like drug ratio
(% w/w), temperature (°c), and time (Hr), on entrap-
ment efficiency (EE), were analyzed using central com-
posite design (CCD), an optimization tool based on the
response surface methodology. Using Design Expert 7.0.0
software, the experimental data were analyzed. Table 1
lists the levels of the considered independent variables
and their experimental ranges for EE (% w/w).

Entrapment Efficiency (EE)

The efficiency of the developed phytosomes was assessed
through a solvent extraction method as described previ-
ously. One hundred mg of the formulation was weighed
and evenly dispersed throughout 10 ml chloroform. The
produced phytosomes and Leciva S70 were dissolved in
chloroform making CSE insoluble. The resulting mix-
ture was centrifuged (Remi, Mumbai) at 5000 RPM.
The sediment was removed from the transparent super-
natant solution. Alcohol (ethanol) was used as the sol-
vent in a UV/VIS spectrophotometer (UV 3000+, LAB
INDIA) for non-aggregated CSE which showed a peak at
274 nm. Finally, a calibration curve was used to estimate
the Epigallocatechin 3 gallate concentration using the
Y =0.02275x+0.017429 regression equation.

Particle size

Particle size distribution and mean particle size of the
optimized batch of CSP were determined at a constant
temperature of 25 °C using Malvern Instrument, Mal-
vern, UK (Model: ZEN 3600). The water was used to
distribute the particles evenly. The polydispersity index
(PDI) was used to determine the extent to which size dis-
tributions varied [21].

Zeta potential determination

The zeta potential was analyzed using the Scientific
SZ-100 HORIBA (for Windows [Z Type] Ver2.40) ana-
lyzer. The optimum CSP formulation was tested for
stability by zeta potential analysis. The average zeta
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potential, charge, and mobility of optimized CSP were
measured after 60 s of study [22].

FTIR spectroscopy

The FTIR spectra of CSE, physical mixture (PM), CSP,
and Leciva S70 (phospholipid) were obtained using an
FTIR-7600 (Lambda Scientific) spectrophotometer. All
samples were dried in a hot air oven at 50 °C for two
hours to remove moisture. Each sample (~1 mg) was
evenly mixed with potassium bromide (approximately
100 mg), then compressed at a pressure of 10 Ton/nm? to
form a disk-shaped pellet. The resulting pellet was placed
inside the sample container and scanned from 4000 to
500 cm-1 at a resolution of 4 cm-1.

Powder X-ray diffraction (XRD)

The polymorphic states of CSE, Leciva S70, PM, and CSP
were investigated utilizing a powder X-ray diffractometer
(Model: D8 Advance, Bruker AXS, USA) equipped with
a Bragg—Brentano geometry (8/2) optical setup to record
X-ray diffraction patterns. The samples were scanned
between 3 and 60 degrees, with a setup angle range of
between 0.2 and 20 and a count time of 0.5 s.

Solubility analysis

The solubility of CSE, PM, and CSP was determined by
using the method already described [23]. Briefly, the
excessive amount of samples was dissolved in either
water or n-octanol (10 ml) in airtight glass containers at
room temperature (25 °C). The glass bottles containing
the solutions were shaken with an orbital shaker (RIV-
OTEK) for 24 h and centrifuged for 20 min at 4000 RPM
(REMI, India). The clear supernatant was isolated and
passed through a membrane filter (0.45p). 1 ml of this
filtrate was then diluted appropriately and analyzed at
274 nm using a UV/ VIS spectrophotometer (UV 3000+,
LAB INDIA).

In Vitro release studies

The in vitro release of CSE, PM, and CSP was performed
using a dialysis membrane (MW cut off>12,000 KDa).
Before filling the samples, the dialysis membrane was
soaked in distilled water for 1 min. Fifty mg of CSE was
dissolved in a buffer solution (4 ml) to form a suspension.
Under the same conditions, an equivalent amount of CSP
was dispersed into to buffer solution. The dialysis bag was
filled with the prepared dispersions and tied from both
ends. The dialysis membrane bag containing the sam-
ple was suspended in a mixture of phosphate-buffered
saline (PBS) (200 ml, pH 7.4) and Tween 20 (1% w/v) in a
glass beaker. The buffer solution was stirred under mag-
netic stirring at 100 RPM maintaining a temperature of
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37+0.5 °C. The samples (5 ml) were withdrawn at a pre-
determined time interval and replenished with an equal
volume of freshly prepared buffer to maintain the sink
condition. The aliquots were filtered using a 0.45-micron
membrane filter before being measured at 274 nm (Tel-
ange et al. 2017) using a UV/VIS spectrophotometer (UV
3000+, LAB INDIA). In addition to these studies, we
have performed Differential scanning calorimetry (DSC),
Scanning electron microscopy (SEM), Proton Nuclear
Magnetic Resonance and stability study. The detailed
experimental methods of these studies is provided in
Additional file 1.

Acute toxicity study

All animal handlings and experiments were approved by
the Animal Ethical Committee of Crystal Biological Solu-
tion, Pune, with approval number CRY/2122/070. Acute
toxicity testing was performed on healthy, non-pregnant,
and nulliparous female Wistar rats. Four experimental
groups of 12 female rats (n=3) were formed. Groups
I and II were given CSP formulations at 300 mg/kg bw,
while groups III and IV received 2000 mg/kg bw. The
dose titration was done with the population from each
group’s safety in mind. The Wistar rats were starved for
three hours before and after the dosage. Throughout the
trial, water was available at all times. Individual animals
were monitored for the first 30, 60, 120, 180, and 240 min
following treatment and once a day for the next 14 days
[24].

Dosing and sampling schedule

For the in vivo memory-enhancing activity investigation,
36 Wistar rats of both sexes (male and female) weighing
175-240 gm were employed. The animals were divided
into six groups each containing 6 in each groups. As per
CPCSEA guidelines, rats were provided with free access
to food and water and kept in an animal house with
standard laboratory conditions (constant room tempera-
ture (25+2 °C), relative humidity (50-70% RH), and a
12-h light/dark cycle). Carboxymethyl cellulose (CMC)
0.5% (10 ml/kg bw) was administered to Group I (Con-
trol) for 15 days, (Negative control) Scopolamine HBr
(0.4 mg/kg bw) was received to Group II (Negative con-
trol) by i.p. route on the 15th day. In Group III (the Posi-
tive control group), subjects were given piracetam orally
at a regular dose (200 mg/kg body weight) for 15 days.
Group IV received an oral dose of C. sinensis extract
(CSE) (250 mg/kg bw) for 15 days, followed 45 min later
by an i.p injection of scopolamine HBr (0.4 mg/kg bw).
After 15 days of oral administration of CSP formula-
tion (equal to 250 mg/kg bw of CSE), scopolamine HBr
(0.4 mg/kg bw) was injected (i.p.) after 45 min of CSP



Mane et al. Future Journal of Pharmaceutical Sciences (2024) 10:66

formulation administration in Group V, 15 days of oral
piracetam (200 mg/kg bw) were followed by 45 min of
injection (i.p) of scopolamine HBr (0.4 mg/kg bw) in
Group VL

In 0.5% (w/v) CMC solution, CSE, CSP, and piracetam
solutions were produced. All animals were treated
according to the schedule and exposed to a behavioral
analysis study. Simultaneously, the same groups were
employed for three different models. Animals were pre-
treated with MWMT, EPMT, and PCT on alternating
days before the tests. On day 15, 90 min following the
administration of the relevant dose, the transfer latency
(TL)/ or the escape latency (EL) was determined. Both
of these measurements took place. After 24 h had passed
since the last session, the retention of all learned tasks
was assessed [25].

In vivo memory-enhancing/boosting activity

In this study, the term “memory-enhancing/boosting
activity” means to elevate the memory and cognitive
functions which were determined using various behav-
ioral tests including Morris Water Maze Test, Elevated
Plus Maze Test, Pole Climbing Test, and the measured
outcomes like escape latency, transfer latency, acetyl-
choline, serotonine, and dopamine levels. The memory-
enhancing efficacy of optimized CSP in contrast to CSE
was compared.

Elevated plus maze test

Using an exteroceptive behavioral paradigm, the EPMT
was utilized to examine the effects of training on rat
memory and learning (where the stimulus was exter-
nal to the body). The apparatus had two bare arms
(each 50 cmx10 c¢m) and two covered arms (each
50 cm x40 cm X 10 cm). Extending the arms from a cen-
tral platform, the maze was raised to 50 cm from the floor
(10 cm x 10 cm). On day one, the rats were placed one by
one at the very tip of the open arm, with their backs to
the platform in the middle. The rat’s opposite gender was
identified in any covered areas to see if the test rat’s reten-
tive memory caused it to go quicker toward that region.
The TL was determined by recording the time it took the
rat to move inside any of the covered arms containing
the opposing gender while using all four of its legs. On
the first day, each animal’s TL was noted. Within the first
90 s, the animal was allowed to enter one of the covered
arms. If it did not, it was coaxed into gently entering one
of the arms. A time limit of 90 s was imposed there. After
the rat had explored the maze for ten more seconds, it
was put back in its cage. The retention of this learned
task was evaluated 24 h after the last dose or on day 16
of treatment. A considerable decrease in the TL value of
retention showed memory improvement [26].
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Morris water maze test

The MWMT was performed in a circular swimming pool
of 100 ¢cm in diameter and 50 cm in height. The circu-
lar pool was built with filling and draining facilities and
installed on a framework with the water level at waist
height. The circular tank’s floor was divided into four
equal quadrants. Up to a depth of 30 cm of water was
added. One of the pool’s four corners has a plastic plat-
form dug 2 cm below the water’s surface (9 cm in diam-
eter and 28 cm in height). The milk was used to make the
pool opaque. The trial platform was consistently situated
in the same spot.

The rats were trained to swim without a platform
on the first day of the test. Then, after a brief introduc-
tion, the animals were released into the tank and given
10 s to explore the exhibit, including sitting on the secret
platform. After 90 s, if the rat still had not found the
platform, it was placed on it and left there for 10 s. On
alternating days, rats were trained for 15 days. The trial
was successful when the rat sat on the hidden platform
within 90 s. If rats spend more than three minutes look-
ing for the hidden platform, that is a mistake. Throughout
the investigation, the experimental setting remained the
same. Memory improvement was indicated by a consid-
erable fall in the EL value [27].

Pole climbing test

The cognitive processes of learning and memory reten-
tion were studied using Cook’s pole climbing equipment.
The apparatus consists of a soundproof experimental
chamber (25X25x%25 cm) with a floor grid. The cham-
ber’s floor grid is made of stainless-steel rods. The cham-
ber’s floor grid received a scrambled shock (6 mA). A hole
at the room’s center top was used to suspend a pole with
a diameter of around 2.5 cm. Wistar rats were placed in
the chamber and given 45 s to investigate their surround-
ings. The buzzer served as the conditioned stimulus (CS),
and the 45 s of electrical shock through the grid floor
served as the unconditioned stimulus (US). Once the ani-
mal connected the sound of the buzzer to the impend-
ing foot shock, it could avoid the pain by climbing the
pole after the signal was given. A record of the EL quan-
tity was kept. The animals were initially screened using
this paradigm, and only those who exhibited an escape
response on at least one of the trials were included [26].

Estimation of acetylcholinesterase activity in rat’s brain

On the 16th day, after conducting MWMT, EPMT, and
PCT, Five Wistar rats from each group were anesthe-
tized by giving an intramuscular injection (Ketamine
Hydrochloride IP) and decapitated. Instantaneously after
removal, the brains were washed in icy saline and frozen
at -80°C for later use. 0.1 M phosphate buffer (pH 8.0)
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was used to homogenize the tissue after measuring its
weight (0.1 gm of tissue per ml of phosphate buffer). Two
and a half milliliters of buffer and one hundred microlit-
ers of DTNB 5,5-dithio bis (2-nitrobenzoic acid) were
placed in a cuvette. Then, 4 ml aliquots of the homoge-
nate were added. The resulting mixture was well mixed,
and the absorbance was measured in a photometric cal-
orimeter at 412 nm. After recording the basal measure-
ment, 20 ml of the substrate (i.e., acetylthiocholine) was
added to the solution mentioned above when the absorb-
ance reached a steady value. The change in absorbance
was measured every two minutes for 10 min. [27].

Estimation of dopamine concentration in Rat’s brain

DA GENLISA™ ELISA kit was used for the quantitative
determination of dopamine in Wistar rat brain homogen-
ate solution by sandwich ELISA technique. Fifty pl of pre-
pared rat dopamine (DA) standard solutions of 0.3, 0.6,
1.2, 2.4, 4.8, and 9.6 ng/ml was added to respective stand-
ard wells. These standard solutions were used for the
construction of the calibration curve. Forty pl of Wistar
rat brain homogenate sample solution from groups I to
VI was added to respective sample wells. Ten ul of bioti-
nylated DA antibody was added to the respective sample
wells. The biotinylated DA antibody was not added to
standard wells because the standard solution contains
the biotinylated antibody. Fifty pl of streptavidin-HRP
conjugate was added to all sample wells. Mixed well. The
plate was covered with a sealer and incubated for 60 min
at 37 °C. The plate was aspirated, washed four times with
diluted wash buffer (1X), and the residual buffer was
blotted by firmly tapping the plate upside down on absor-
bent paper. Wipe out all liquid from the bottom outside
of the microtiter wells, as any residue can interfere with
the reading step. Fifty ul TMB Substrate A was added fol-
lowed by 50 pl TMB Substrate B in all the wells. The plate
was covered and incubated at 37 °C for 10 min. The wells
had turned bluish. Fifty pl of stop solution was added
to all wells. The wells were turned from blue to yellow.
Absorbance was recorded at 450 nm with a microplate
reader within 10-15 min after the addition of the stop
solution [28].

Estimation of serotonin concentration in rat’s brain

The Rat Serotonin, ST GENLISA™ ELISA kit was used
for the quantitative determination of serotonin in Wistar
rat brain-homogenated solution by sandwich ELISA
technique. Fifty pl of prepared serotonin (ST) stand-
ard solutions of 7.5, 15, 30, 60, 120, and 240 ng/ml was
added to respective standard wells. These standard solu-
tions were used for the construction of the calibration
curve. Forty ul of Wistar rat brain homogenate sample
solution from groups I to VI were added to respective
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sample wells. Ten pl of biotinylated ST antibody was
added to the respective sample wells. The biotinylated
ST antibody was not added to standard wells because
the standard solution contains the biotinylated antibody.
Fifty pl of streptavidin-HRP conjugate was added to the
respective sample wells and also the standard wells. The
streptavidin-HRP conjugate was not added to the blank
well. Mixed well. The plate was covered with a sealer and
incubated for 60 min at 37 °C. The plate was aspirated
and washed four times with diluted wash buffer (1X), and
the residual buffer was blotted by firmly tapping the plate
upside down on absorbent paper. Wipe out all liquid
from the bottom outside of the microtiter wells, as any
residue can interfere with the reading step. Fifty ul TMB
Substrate A was added, followed by 50 pul TMB Substrate
B in all the wells. The plate was covered and incubated
at 37 °C for 10 min. The wells had turned bluish. Fifty ul
of stop solution was added to all wells. The wells were
turned from blue to yellow. Absorbance was recorded at
450 nm with a microplate reader within 10—15 min after
the addition of the stop solution [29].

Histopathological study

One animal from each group received an intramuscu-
lar dose of Ketamine Hydrochloride IP at the end of the
treatment session, rendering it unconscious so that its
brain could be dissected. The removed brain was stored
in a 10% (v/v) formalin solution. A hematoxylin and eosin
reagent was used to stain between 3- and 5-p-thick sec-
tions. The brain slices were studied with an optical micro-
scope, and pictures were taken with the microscope’s
attached digital camera at a magnification of 400x.

Procedure for estimation of the concentration of CSE

and CSP in brain tissue

The concentration of CSE and CSP in brain tissue was
determined using a brain-homogenated solution (4 ml)
from animal groups IV and V. The homogenized brain
solutions were placed into two distinct 5-ml centrifuge
tubes and spun for 15 min at 10,000 rpm. CSE and CSP
clear supernatants were separated and used for HPLC
analysis.

High-Performance liquid chromatography (HPLC)

Epigallocatechin 3 gallate was used as a marker to estimate
the CSE and CSP in brain tissue. A bioanalytical HPLC
(Model: Waters 2695 alliance) approach was developed for
the Epigallocatechin 3 gallate marker. A Zorbax SB C18 5u
(4.6x150) mm column was utilized. This experiment was
conducted using the chromatographic gradient technique.
As a mobile phase, water with 0.1% (v/v) formic acid and
acetonitrile (ACN) with 0.08% (v/v) formic acid were
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observed. Mobile phase filtration was performed using
a 0.45-m millipore filter. The mobile phase flow rate was
maintained at 1.0 ml/min, and the column temperature
was held at 30°c. At 274 nm, a PDA-type detector was uti-
lized [30]. (Regression Equation: ¥Y'=44,929.71 X-4900.50
and Retention time: 7.417 Minutes).

Comparative pharmacokinetic study of CSP and CSE

in the blood plasma compartment

18 Wistar albino rats (both sexes) weighing between
240 and 370 g were used in the pharmacokinetic study.
Wistar albino rats were housed in a standard labo-
ratory setting and provided free access to food and
water as per CPCSEA guidelines. For the study, ani-
mals were fasted overnight until 2 h after medication
and then given food. Animals were divided into three
groups containing six in each group. Group I (Con-
trol): 0.5% (w/v) CMC solution (10 ml/kg bw), Group
II: CSE (250 mg/kg bw and Group III: CSP formulation
(equivalent to 250 mg/kg bw of CSE). CSP and CSE
were dissolved individually in a 0.5% (w/v) CMC solu-
tion and given to the different groups orally. All Wistar
rats were anesthetized with Ketamine Hydrochloride
IP (intramuscular injection). The retro-orbital vein was
punctured to collect blood samples (0.5-0.7 ml) and
collected in Eppendorf tubes at intervals of 0, 0.5, 1,
2, 3,4, 6,8, 12, and 24 h. Plasma was separated using
centrifugation (Remi, Mumbai, India) at 10,000 rpm for
10 min, and the sample was then frozen at -40°c for fur-
ther drug analysis [31].

Preparation of plasma samples for HPLC analysis

One ml of purified plasma and 2 ml of methanol were
placed in the centrifuge tube. After 30 s of vigorous agita-
tion, centrifugation at 10,000 rpm for 10 min, and collec-
tion of the clear supernatant, the tube was discarded. The
protein-free solution was stored in a tube at -40°c in the
freezer until HPLC analysis was done.

Estimation of pharmacokinetic parameters

A protein-free clear supernatant (20 pl) was put into the
chromatographic system that had been designed. The
calculated concentration at each time was based on the
obtained peak area. Then, directly from plasma concen-
tration—time data estimated by one extravascular com-
partment model using PK Solver, the pharmacokinetic
parameters (maximum plasma concentration) C max,
(area under the concentration—time curve) AUC, (cor-
responding time) t max, (half-life, clearance) CL/F, and
(volume of distribution) V/F were calculated.
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Results
Preparation of CSP and statistical analysis of EE
Table 2 summarizes all the formulation batches as per
CCD with independent and dependent variables. Table 3
summarizes the model statistics suggesting a quadratic
model.

Based on the proposed model, the following polyno-
mial quadratic equation was predicted

% EE =87.06 4+ 9.37 X +4.02Y +3.45Z + 0.83 XY —2.65 XZ
—0.74YZ —4.08 X>— 0.43 Y?>—0.31 Z2

The positive sign suggested a favorable effect on the
reaction, while the negative sign indicated the opposite.
Table 4 displays the ANOVA results for the quadratic
model of the response surface.

The model F value was found to be 48.66, making it
statistically significant. A model F value this large could
only have occurred by chance 0.01% of the time. There
is only a 0.01% chance that a model F value this large
is due to noise. The likelihood of error value (prob > F)
was then used to evaluate the significance of each model
term. If “ prob>F” is less than 0.0500, then the model
terms are significant; if it is more than 0.1000, they are
not significant. Based on the F values, all three inde-
pendent factors substantially impacted the EE of the
developed phytosomes. When controlling for factors
like temperature and time, the phospholipid-to-drug
ratio (%w/w) was the most crucial factor in EE (%). It
has also been found that the phospholipid: drug ratio
and temperature positively affected EE (%). The lack-
of-fit test indicated that independent variables have
a considerable effect on the response if their value is
insignificant. Nonsignificant lack of fit, however, is
good. The lack-of-fit F score of 1.72 indicates that the
lack of fit is not statistically significant compared to the
total error. R? value, which measures how well a model
fits data, was calculated to be 0.9777, indicating that the
model has a good fit. The corrected R? value of 0.9576
agrees reasonably well with the expected value of 0.8812
for the same variable. The signal-to-noise ratio is the
standard by which accuracy is judged. It is preferable if
the ratio is higher than 4. In this scenario, the signal-
to-noise ratio of 25.039 was satisfactory [32]. They also
prove the model’s utility for steering one’s way through
the design process. 3D response surface plots are shown
in Fig. 1 and indicate a strong influence of the studied
factors X, Y, and Z on the EE. Increasing levels of X, Y,
and Z were found to be favorable conditions for obtain-
ing higher EE.
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Table 2 Three independent factors central composite design matrix and corresponding entrapment efficiencies from the experiment

CCD batches Factor X FactorY Factor Z Response
Phospholipid: drug ratio (% Temperature (°C) Time (Hr) Entrapment
w/w) efficiency (%)
1 1 40 1 62.11+£0.95
2 3 40 1 83.14+£1.01
3 1 60 1 70.06+1.36
4 3 60 1 94414133
5 1 40 3 77.09+0.97
6 3 40 3 87.50+£092
7 1 60 3 82.05+0.98
8 3 60 3 9581+£1.04
9 032 50 2 59.15+1.06
10 3.68 50 2 93.90+1.15
" 2 33.18 2 80.22+0.99
12 2 66.82 2 9351+1.38
13 2 50 032 82.94+1.06
14 2 50 3.68 9148+1.33
15 2 50 2 88.56+1.44
16 2 50 2 86.68+0.77
17 2 50 2 86.71+£0.96
18 2 50 2 85.02+1.21
19 2 50 2 89.61+0.86
20 2 50 2 8542+1.29
The data are shown as the Mean + Standard Deviation (n=3)
Table 3 Summarized data from the model statistics
Source SD R? Adjusted R? Predicted R? PRESS Comment
Linear 4675979 0.818925 0.784973 0.696805 585.7707
2FI 4670834 0.8532 0.785446 0.612729 748.2049
Quadratic 2076719 0977677 0.957587 0.881202 229517 Suggested
Cubic 2.090348 0.98643 0.957028 -0.1948 2308.345 Aliased
Validation of the Model Particle size

An additional batch of the CSP formulation was for-
mulated and tested for model validation. The EE of the
optimized batch was found to be 94.75 + 1.06%, which
is very near to the model predicted value, confirming
the validity and applicability of the suggested model.
The percentage bias was estimated using the following
equation and was found to be 1.82, less than 3%, con-
firming the model’s relative robustness [33].

Bias (%) = Predicted value—Observed value
/ Predicted value x 100.

The particle size of the optimized formulation was
determined to be 212.3 nm+0.39 and is exhibited in
Fig. 2a. The polydispersity index (PDI) for the opti-
mized formulation was found to be 0.238 +0.0197.

Zeta potential

The zeta potential is another critical parameter used to
evaluate the stability of the formulation and is shown
in Fig. 2b. The optimized formulation obtained after
preparation was measured to have a zeta potential of
—42.02+0.995 mV.



Mane et al. Future Journal of Pharmaceutical Sciences (2024) 10:66 Page 10 of 24
Table 4 Analysis of variance data revealing how different factors affect the EE

Source Sum of squares df Mean square FValue p value Prob >F Comment
Model 1888.865 9 209.8738 48.66342 <0.0001 Significant
X-Phospholipid: drug 1199.546 1 1199.546 2781387 <0.0001

ratio (% w/w)

Y-Temperature 2202219 1 2202219 51.06282 <0.0001

Z-Time 162.3877 1 162.3877 37.65281 0.0001

XY 5561113 1 5561113 1.289454 0.2826

XZ 56.23301 1 56.23301 13.03874 0.0048

YZ 4425312 1 4425312 1.026097 0335

X2 240.3307 1 240.3307 55.72545 <0.0001

\& 2639323 1 2639323 0.611979 04522

7? 1.349202 1 1.349202 0312839 0.5882

Residual 4312764 10 4312764

Lack of fit 27.27864 5 5455727 1.721158 0.2829 Not significant
Pure error 15.849 5 3.1698

Cor total 1931.992 19

Fourier transform infrared spectroscopy (FTIR)

The FTIR spectra of CSE, Leciva S70, Physical mix-
ture (PM) of CSE and Leciva S70, and CSP are shown in
Fig. 3 (from a to d). In CSE spectra, (a) peak appeared at
3417.96 cm ™, representing OH stretching vibration for
intermolecular hydrogen bonding substituted on a cyclic
ringed structure left to the peak at 2925.48 cm™ due to
C-H stretching in Alkanes. The presence of a peak due
to C-O stretching at 1238.08 cm™! because of conjuga-
tion of the oxygen with the ring, along with the presence
of a peak at 1342.21 cm™" due to O-H in planer bend-
ing absorption, confirmed the phenolic structure. The
presence of a peak at 1629.55 cm™! and 1452.14 cm™
due to aromatic C=C stretching and 1693.19 cm ™" due
to C=0 stretching confirmed the presence of the car-
bonyl is in conjugation with the aryl group. Generally,
the C=0 group from ketone appears in the range of
1720-1708 cm™! for simple aliphatic ketone. Still, this
band shifted to a lower frequency (1700-1680 cm™)
when the C=0 group was in conjugation with the phe-
nyl or aryl group. C—N stretching absorption occurred at
1093.44 cm™" in CSE.

FTIR spectra of pure Leciva S70 (b) revealed a peak
at 3415.32 due to OH stretch. The peak appeared at
292548 cm™! and 2856.06 cm™' (C-H stretching pre-
sent in the long fatty acid chain), 1743.33 cm™! (C=0
stretch in the fatty acids), 1236.15 cm™ (P=0 stretch),
109344 cm™! (P-O-C stretch) and 970.02 cm™! (-
NT(CH,), stretch).

PM FTIR spectra (c) showed peaks that were charac-
teristics of CSE and Leciva S70 phospholipid at 3415.32,
3010.34, 2929.34, 2856.06, 1737.55, 1631.48, 1463.71,
1230.36, 1087.66, and 968.09 cm ™.

The FTIR spectra of CSP formulation (d) exhibited a
broad peak at 3403.03 cm™! (intermolecular hydrogen
bonded O-H stretch), 2925.48 cm™ (intense peak related
to CSE due to C-H stretch), 1743.33(C=0 stretch),
1625.70 and 1461.78 (due to C=C stretching in the aro-
matic ring), 1193.72 (P=0O stretching), 1093.44 cm™*
(P-O-C stretch) and 973.88 cm™ (—=N"(CH,); stretch).

Powder X-ray diffraction

Figure 4 shows CSE, Leciva S70, PM, and CSP x-ray
diffraction patterns. CSE was found to be crystalline
because its diffraction pattern showed several strong,
sharp peaks, and one relatively broad peak. The presence
of several sharp peaks and one relatively broad peak in
the diffraction pattern is indicative of a crystalline mate-
rial, as described by Andersan et al. [34]. Peaks for crys-
tallinity in CSE were observed at 20 values of 9.5, 12.45,
14.29, 24.14, 30.79, 34.20, 35.98, and 38.83°. Leciva S70
phospholipid exhibited two small and relatively broad
peaks at 20 values of 5.6, 7.5, and 20.27°, respectively.
The physical mixture (PM) diffractogram presented few
crystalline peaks with lower intensity than CSE and two
peaks associated with Leciva S70 at 26 values of 7.6, 9.47,
12.48, 19.93, 30.76, and 34.23°. Possible causes for the
diminished crystalline peak strength include the in situ
production of partial aggregates between CSE and Leciva
S70, a decrease in the amount of CSE in the sample, and
interference from the Leciva S70 molecule.

Solubility analysis
The solubility tests were performed on CSE, PM, and
CSP using water and octanol. The lipophilic character
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of CSE was demonstrated by its lower aqueous solubility
(13.07 £0.19 pg/ml) and comparatively higher n-octanol
solubility (383+2.00 pug/ml). Compared to the CSE, the
physical mixture (PM) had 1.74 times higher aqueous
solubility but no significant difference in n-octanol solu-
bility. On the other hand, CSP had a much higher aque-
ous solubility (7.34 times) than CSE (p <0.05).

In vitro release study

Results of in vitro release of CSE, PM, and CSP are shown
in Fig. 5. The release profiles of CSE and PM were found
to be identical and nonsignificant throughout the study

period. The release profile of CSE after 12 h was found
to be 26.42 + 0.4654%, and for PM, it was 32.15 + 0.4596%.
CSP followed a similar release pattern as CSE and PM
during the initial 20 min. However, CSE’s release from
CSP significantly increased and reached 72.16 +0.5248%
after 12 h. In addition to these results few study results
are provided in additional file 1. Differential scanning
calorimetry (DSC) result is presented in Fig. S1. Scanning
electron microscopy (SEM) results is shown in Fig. S2
and Proton Nuclear Magnetic Resonance data presented
in Fig. S3. Also, the stability study result of the CSP for-
mulation is shown in Table S1.
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Acute toxicity study

Female rats administered 300, and 2000 mg/kg bw of a
CSP formulation showed no signs of death. Furthermore,
all the animals did not show any clinical signs of toxicity
immediately after dosing and appeared normal for up to
4 h.

In vivo memory-enhancing activity

EL/TL on the first day (i.e., the 15th day of drug treat-
ment) reflected the acquisition of learning behavior, and
the second day (i.e., the 16th day) reflected the reten-
tion of knowledge or memory in the animals. Evidence
of memory enhancement was seen in a statistically
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Mane et al. Future Journal of Pharmaceutical Sciences (2024) 10:66

significant (p <0.05) drop in EL and TL values. The find-
ings of an in vivo investigation on memory enhancement
can be seen in Fig. 6(a—c).

Elevated Plus Maze Test

TL parameter (in seconds) was measured in EPMT.
The reduction in TL was considered to be a memory
improvement. The results of EPMT are shown in Fig. 6a.
The animal group administered with scopolamine HBr
showed a significant increase in TL (p<0.05) on the
15th and (p< 0.001) on the 16th day compared with the
vehicle-treated control group. The piracetam, CSP + sco-
polamine HBr, and piracetam + scopolamine HBr-treated
group revealed a significant reduction in TL (p<0.001,
p<0.0001, and p<0.01) on the 15th day and (p<0.001,
p<0.0001 and p<0.001) on 16th day respectively when
compared to vehicle-treated group. A significant reduc-
tion in TL (p<0.0001) on both days was found in
piracetam, CSE+scopolamine HBr, CSP+scopolamine
HBr, and piracetam +scopolamine HBr-treated groups
when compared to scopolamine HBr-treated group.
When CSE+scopolamine HBr was compared to the
piracetam-treated group, an increase in TL (p < 0.05) was
noticed. CSP +scopolamine HBr-treated group showed a
significant decrease in TL (p< 0.01) on the 15th day and
(p<0.001) on the 16th day compared to the CSE+sco-
polamine HBr-administered group. Overall, there was a
significant decrease in TL of CSP formulation adminis-
tered in animals compared to all groups.

Morris water maze test

The results of MWMT are shown in Fig. 6b. On day
16, EL was higher in the scopolamine HBr group
(p<0.05) compared to the control group. On days 15
and 16, EL was considerably (p <0.0001) lower in the
piracetam and CSP+scopolamine HBr-treated ani-
mal group compared to the control and scopolamine
HBr-administered animal group. The CSE +scopola-
mine HBr-administered group exhibited a decrease in
EL (p<0.01) on the 15th and (p<0.001) on the 16th
day as compared to the scopolamine HBr-treated
group. When the CSE+scopolamine HBr group was
compared with the piracetam-treated group, it was
observed that EL (p<0.01) significantly increased on
both days, i.e., the 15th and 16th day. When the EL of
the CSP +scopolamine HBr group was compared to
that of the CSE + scopolamine HBr group, a statistically
significant drop was found on day 15 (p <0.01) and day
16 (p<0.001). The group given piracetam + scopola-
mine HBr had a significantly lower EL when compared
to the control, scopolamine HBr, and CSE +scopola-
mine HBr-treated groups (p<0.0001, p<0.0001, and
p<0.05) on the 15th day and (p<0.001, p<0.0001,
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and p<0.05) on the 16th day, respectively. However,
the CSP +scopolamine HBr-treated group reduced EL
significantly compared with CSE +scopolamine HBr,
piracetam, and piracetam + scopolamine HBr-adminis-
tered groups [26].

Pole climbing test

In the Pole Climbing Test, EL is the amount of time it
takes the animal to ascend to avoid a foot shock following
the sound of a buzzer. The reduction in EL (in seconds)
was considered a memory improvement. The results of
PCT are shown in Fig. 6¢ and found that the scopola-
mine HBr-administered group increased EL on the 15th
(p<0.05) and (p< 0.001) on the 16th day when compared
with a control-treated group. Compared to scopolamine
HBr-treated rats, piracetam and CSP+scopolamine
HBr showed a statistically significant reduction in EL
(p<0.0001) on both days. Both CSE+scopolamine HBr
and piracetam+scopolamine HBr resulted in lower EL
levels 15 days after administration (p <0.01, p <0.001) and
16 days after administration (p<0.001, p<0.0001). It was
noticed that the CSP formulation-treated group revealed
a significant reduction in EL as compared to pure extract.
In the case of all treated groups except scopolamine HBr,
no significant increase or decrease in EL was observed
compared to the control group on both days [26].

Acetylcholine esterase activity

CSE and CSP were tested for their influence on brain
Ach esterase activity in scopolamine HBr-induced
Wistar rats. The results are depicted in Fig. 7. For this
study, we evaluated Ach esterase activity using one-way
ANOVA, then Tukey’s multiple comparison test. Com-
pared to the control group that received the vehicle,
the scopolamine HBr group showed a statistically sig-
nificant (p<0.01) increase in Ach esterase activity. This
leads to a decrease in Ach transmitter level due to the
breakdown of Ach by activated Ach esterase enzyme. A
significant (»<0.001) reduction in Ach esterase activity
was seen in the CSP+scopolamine HBr-treated group
compared to the control group. Compared to the vehi-
cle-treated control group, Ach esterase activity was not
significantly different in any treatment groups besides
those receiving scopolamine HBr and CSP + scopolamine
HBr. Treatment with piracetam, CSP + scopolamine HBr,
piracetam +scopolamine HBr, or CSE + scopolamine HBr
significantly reduced Ach esterase activity (p<0.0001,
p<0.0001, p<0.0001, p<0.001) and increased Ach level
at the cholinergic synapse compared to scopolamine HBr
administration. Animals who were given CSP +scopola-
mine HBr showed a more significant reduction in ace-
tylcholine esterase activity (p<0.01) than those given
CSE +scopolamine HBr group.
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Fig. 7 Effect of CSE and CSP on brain Ach esterase activity in scopolamine-induced Wistar rats. Data are shown as the Mean + SEM values (n=5
in each group). a=compared to the vehicle-treated normal control group, b=compared to the scopolamine HBr-treated group and ¢=compared
to the CSE +scopolamine HBr-treated group (*p <0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001) (one-way ANOVA followed by Tukey’s multiple

comparisons test)

Estimation of dopamine concentration in Rat’s Brain

The brain dopamine estimation was carried out by sand-
wich ELISA, and one-way ANOVA followed by Tukey’s
multiple comparison tests was used for the evaluation of
dopamine level. The brain dopamine concentration level
is shown in Fig. 8. The brain dopamine concentration
was significantly increased in the piracetam and CSP-
scopolamine HBr-treated groups (p<0.01) when com-
pared to the control. Piracetam and CSE-scopolamine
HBr, CSP-scopolamine HBr, and piracetam-scopolamine
HBr-treated groups showed significantly increased in
dopamine level (p<0.0001, p<0.05, p<0.0001, p<0.05)
compared to scopolamine HBr-treated group. When the
CSP-scopolamine HBr-treated group was compared with
the CSE-scopolamine HBr-treated group, we found a sig-
nificantly increased dopamine level (p<0.05). The brain
dopamine concentration was found to be 18.07+1.790
and 11.60+1.718 ng/ml in the CSP and pure extract-
treated groups, respectively.

Estimation of serotonin concentration in rat’s brain

The brain serotonin level was determined by sandwich
ELISA techniques. The result is exhibited in Fig. 9. A
one-way ANOVA followed by Tukey’s multiple com-
parison tests was used for the evaluation of serotonin
levels. There was a significantly increased level of sero-
tonin in piracetam, CSE-scopolamine HBr, CSP-scopol-
amine HBr, and piracetam-scopolamine HBr (p <0.0001,
p<0.01, p<0.0001, p<0.01) compared to the control
group. Brain serotonin levels were significantly increased
(p<0.0001) in all groups when compared to the sco-
polamine HBr-treated group. There has been a signifi-
cantly increased level of serotonin (p<0.0001) in the
CSP formulation-treated group when compared to the
CSE-scopolamine HBr-treated group. The brain sero-
tonin concentration was found to be 47.92+1.690 and
36.99+1.742 ng/ml in the CSP formulation and pure
extract-treated groups respectively.
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Fig. 8 Brain dopamine concentration level. Data are expressed as Mean + SEM values (n=5 in each group). a=compared to a vehicle-treated
normal control group; b=compared to the scopolamine HBr-treated group; c=compared with CSE+scopolamine HBr-treated group. (*p < 0.05,
**p <0.01,**p <0.001, ****p < 0.0001) (one-way ANOVA followed by Tukey’s multiple comparisons test)

Histopathological study

The results of the histopathological examination of the
brain are shown in Fig. 10. The normal control group did
not exhibit any toxicity in terms of neuronal and vascular
degeneration or glial cell infiltration (Fig. 10a). Moderate
vascular deterioration, cerebral neuronal degeneration,
necrosis, and glial cell infiltration were all observed in the
brain of the disease-control animal (Fig. 10b). However,
other animals belonging to different treatment groups
showed mild pathological changes when compared with
disease control. A mild type of glial cell infiltration and
neuronal and vascular degeneration was observed in the
piracetam (Fig. 10c) and CSE (Fig. 10d) administered
group. The brains of CSP-treated animals showed only
mild neuronal and vascular degeneration and glial cell
infiltration as compared to CSE-treated group (Fig. 10e).

Estimation of the concentration of CSE and CSP in brain
tissue

CSE and CSP concentrations were measured in given ani-
mals over 15 days and were found to be 1.143+0.045 pg/
ml and 2.683 +0.21 pg/ml, respectively.

Comparative pharmacokinetic study of CSE and CSP

in the blood plasma compartment

Table 5 displays the pharmacokinetic parameters that
were determined using the PK Solver software. The
results of the research showed that C_,,, T, .., and AUC
0.0 Were significantly higher (p<0.05) in animals given
CSP as compared to those given CSE. Additionally, a
longer absorption half-life was found for CSP. The fact
that the CL/F and V/F were significantly (p < 0.05) lower
in the CSP-administered group mice compared to the
CSE-treated animals provided additional support for
CSP’s longer residency and duration of effect.

Discussion

C. sinensis phytosomes were formulated by a solvent
evaporation method using Leciva S70 as a phospholipid
at varying phospholipid: drug ratio, temperature, and
time. The effects of these independent variables were
determined on the EE of C. sinensis extract. In the opti-
mization study, the optimal criterion was the achieve-
ment of maximum EE at specific concentrations of the
three independent variables. The optimum response
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Fig. 9 Brain serotonin concentration level. Data are expressed as Mean £ SEM values (n=5 in each group). a=compared to a vehicle-treated normal
control group; b=compared to the scopolamine HBr-treated group; ¢=compared with CSE + scopolamine HBr-treated group, d =compared
to piracetam-treated group. (*p < 0.05, **p < 0.01, ***p < 0.001, ***p < 0.0007) (one-way ANOVA followed by Tukey’s multiple comparisons test)

of EE was reported to be 96.51% at phospholipid: drug
concentration of 3% w/w, at a temperature of 60 °C, and
time of 3 h using the desirability function, with good
desirability of 1. The particle size of the phytosomes is
quite an important parameter that needs to be consid-
ered during the development of formulations. Particle
size significantly influences the distribution of the for-
mulation within tissues and organs. It has been noted
that the average particle size for drug distribution to the
brain and other organs ranges from approximately 100 to
about 1000 nm, with the precise value contingent upon
the dosage form and administration method. A PDI value
of up to 0.3 is considered to be acceptable. It suggests a
homogeneous population of phospholipid vesicles, which
is desirable in lipid-based drug delivery applications like
liposome and nanoliposome formulation [35]. Values of
zeta potential greater than -30 mv are considered as sat-
isfactory and indicative of solid physical stability. Phos-
pholipid type and structure determine the zeta potential
value. This indicated that the developed CSP formulation
had good physical strength due to its nanometer particle
size, low PDI, and moderate zeta potential value [36].

When FTIR spectra of CSP were compared with CSE
and Leciva S70 phospholipid spectra, it was observed
that the OH stretching frequency of CSE at 3417.96 cm™
changed to 3403.03 cm™! in the CSP formulation indi-
cated the presence of weak intermolecular interac-
tions. The CSE peaks at 1033.66, 1147.44, 1238.08,
and 1342.21 cm™ were found to be disappeared and
appeared to be new broad doublet strong peak at 1093.44
(similar to the peak of Leciva S70 but more intense as
compared to Leciva $70) and 1193.72 cm™!. The absorp-
tion frequency and intensity of peak at 1629.55 cm™! in
CSE appeared too shortened along with a slight change
in absorption frequency in CSP formulation and found
at 1625.70 cm™'. In CSE and Leciva S70 FTIR spectra, a
tiny peak was observed at 1093.44 cm™, which appeared
strong and intense in the CSP formulation and indicated
the presence of interaction. The changes in absorp-
tion frequencies of peaks in CSP formulation compared
to CSE and Leciva S70 revealed the presence of weak
intermolecular interaction between CSE and Leciva S70
phospholipid may be the reason for the formation of CSP
[37, 38]. X-ray diffraction study was used to identify the
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Fig. 10 Histopathology micrographs of rat brain a] Group |, b Group II, ¢ Group Ill, d Group IV, e] Group V, and f Group VI. Yellow, white, and red
colored arrow indicates vascular degeneration, glial cell infiltration, and neuronal degeneration, respectively

crystal structure of various solid compounds. It is used
to determine the degree of crystallinity. Amorphous
material scatters at all wavelengths and gives a scattered
pattern (continuous background); however, the crystal-
line material includes a crystal structure and produces
definite diffraction lines or spots. The diffraction pattern
of CSP revealed only one broad peak at 20 values from
18.83 to 27.14°, and maximum peat height was obtained
at 22.97°. Most of the prominent crystalline peaks often
seen in diffraction patterns of CSE were not present in
those of CSP. As a result of CSE phospholipid complex

formation, most of the crystalline peaks of CSE disap-
peared. Based on its diffraction pattern, CSP indicated
that CSE in the Leciva S70 matrix might exist in either a
molecularly distributed or amorphous form [39].

The optimized formulation followed a zero-order drug
release kinetic model with a significance value of P<0.05.
The higher wettability and solubility of CSE in the pre-
pared CSP formulation may account for the considerable
difference in CSP release rate from CSE and PM. In the
CSP formulation, CSE was changed from a crystalline to
an amorphous state, which extended both the rate and
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Table 5 Results of comparative biocavailability study after oral
administration of CSE and CSP formulation

Pharmacokinetic parameters Treatment
CSE (250 mg/kg)  CSP ¢

250 mg/kg of

CSE)
Crnax (g/ml) 0404+0.116 0.828+0.134
Trmax (hours) 1.71+0.013 3.72+0.018
AUC 0-t (ug/ml*h) 2492+40.164 8.666+0.186
AUC 0-inf (ug/mi*h) 2.762+0.119 8.864+0.131
t1/2 ka (hours) 0.549+£0.123 1.867+£0.224
V/F (mg/kg)/(ug/ml) 86741+0.019 300.74+0.039
CL/F (mg/kg)/(ug/mi)/h 180.99+0.14 5641+0.124

" The information is shown as Mean + SD values (n=6)

the extent of release over 12 h. The enhanced solubility
of CSP was due to the amphiphilic nature of LECIVA S
70. The increased wettability and enhanced dispersion
of CSP due to changes in the structural morphology of
crystalline CSE into partial amorphization imparted due
to the amphiphilic nature of LECIVA S 70 phospholipid
[40]. There was no significant change in the CSP formula-
tion during 6 months. However, a slight drop in EE and
an increase in vitro release were detected throughout
the storage period. This could be due to the release of
drugs from the lipid matrix [20]. The temperature influ-
ences the lipid matrix over time, resulting in slender drug
release from the interior and a modest increase in drug
release. As the length of the storage period increased,
slight increases in particle size and a slight decrease in
zeta potential were observed. This could be attributed
to the effect of temperature, which causes disturbances
in the formed electrically double diffuse layer of formu-
lation, but it could also be attributed to something else.
Animals showed no clinical signs of intoxication at daily
observations up to 14 days at a studied dose. There-
fore, under the OECD 423 Guidelines and the speci-
fied laboratory circumstances, the LD50 value for CSP
was determined to be >2000—5000 mg/kg body weight,
placing it in GHS Category 5 and making it safe for use.
CSP exhibited higher efficiency compared with CSE in
MWMT, EPMT, and PCT. Administration of CSE, CSP,
and piracetam for 15 consecutive days protected memory
from memory impairment to different extents induced
by scopolamine HBr. Hence, there was no observed
increase in EL/TL even after the administration of sco-
polamine HBr on the 16th day. Thus, there was no sig-
nificant practical effect on memory retention on the 16th
day. Piracetam was used as a Positive control and showed
significant improvements in memory in terms of EL/
TL, as expected. Smaller particle size and the interaction
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between phospholipid and CSE, which improves the
overall hydrophilicity and solubility of CSE, may account
for the relative absorption of CSP after oral administra-
tion. From this, we can infer that the EL/TL in MWT,
EPMT, and PCT were significantly lower in the CSP
formulation-administered group compared to the CSE-
administered group. Administration of CSP dose equiva-
lent to pure extract (CSE) significantly increased the Ach
level and inhibited Ach esterase activity. Acetylcholine
is essential in controlling cognitive function in experi-
mental and clinical settings. So CSP was more effective
in increasing the level of Ach than CSE by decreasing
the AchE activity [41, 42]. Dopaminergic neurons pro-
jecting from the substantia nigra to the striatum play a
critical role in motor functions, while dopaminergic neu-
rons originating in the ventral tegmental area (VTA) and
projecting to the nucleus accumbens, hippocampus, and
other cortical structures regulate rewarding learning [43].
Dopamine is the principal neurotransmitter involved in
both the central nervous system (CNS) and peripheral
nervous systems and plays a critical role in learning and
memory. This release of dopamine helps us learn to asso-
ciate the rewarding stimulus with the behavior that led to
it [44]. Dopamine also plays a role in the consolidation
of memories. This is the process by which memories are
stored in the long term. When we learn something new,
dopamine helps to strengthen the connections between
the neurons that represent that information. This makes
it more likely that we will be able to remember the infor-
mation in the future. Dopamine levels are also impor-
tant for working memory. This is a type of short-term
memory that allows us to hold information in mind while
we are working on a task. Dopamine helps keep infor-
mation in working memory by increasing the activity of
neurons in the prefrontal cortex. This allows us to focus
on the task at hand and avoid distractions [45]. The pre-
pared phytosome formulation (CSP) protects memory
from scopolamine-induced memory impairment and
enhances cognitive function by increasing dopamine
concentration. A decline in DA concentration or inhibi-
tion of its synthesis or metabolism rates in the CNS can
result in impairment of critical neurologic functions,
such as cognition, behavior, and fine movements. The
neurodegenerative disease often affects mental perfor-
mance, particularly memory processes, and pathological
changes have been reported to occur in the cholinergic,
glutamatergic, serotonergic, and noradrenergic transmit-
ter systems [45]. From these findings, it appears that sev-
eral neurotransmitters are in some way involved in the
formation and retrieval of memory traces. Measurement
of cognitive performance in rats incorporates modula-
tory functions such as sensory, attentional, motivational,
emotional, and motor processes. Serotonergic activity
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has been linked to emotional processes and may play a
particular role in emotional-related work. Serotonin, one
of the most important neurotransmitters in the central
nervous system, is synthesized by the amino acid trypto-
phan and is important in learning and memory. Indeed,
5-HT pathways, 5-HT reuptake site/transporter (SERT),
and 5-HT receptors are present in brain areas implicated
in learning and memory [46]. Serotonergic projections
originate in the ascending raphe nuclei localized in the
brain stem, where 5-HT synthesis, storage, and reuptake
occur, and extend to almost all forebrain areas involved
in learning and memory [47]. 5-HT exerts an influence
via cholinergic and glutamatergic pathways over the
transfer of information. Decreased brain serotonin lev-
els impaired memory [48]. So, in this study, we found
a significantly increased serotonin level in the CSP for-
mulation-treated group as compared to the pure extract,
which exhibited an increase in memory and learning.
Acute and chronic central nervous system illnesses share
the characteristics of neuroinflammation. Neuroinflam-
mation is caused by glial cells like astrocytes and micro-
glia being persistently activated in the brain and releasing
inflammatory mediators such as cytokines, matrix met-
alloproteinases (MMPs), reactive oxygen species (ROS),
and nitric oxide [10]. An unpaired t test was used to com-
pare CSE and CSP results, and it was observed that the
concentration of CSP was significantly (p <0.05) greater
than that of CSE. This demonstrates how CSE was deliv-
ered to the brain more effectively when it was a phyto-
some formulation rather than a pure extract. This could
be the result of phospholipid being present in phyto-
somes, which might have changed GI permeability and
prevented an apically directed efflux mechanism. It was
found that the bioavailability of the CSP formulation
was 3.21 times higher than that of the CSE formulation.
Molecular aggregates and phospholipids work together
to promote intestinal absorption and water solubility,
which increases the plasma bioavailability of CSP after a
single oral dosage.

Saima Rubab et al. also studied the neuropharmaco-
logical potential of various morphological parts of C.
sinensis and it was observed that both leaves and seeds
are active as neuropharmacological agents and can be
used as memory-boosting agents. Neuropharmacologi-
cal evaluation of seed and leaf extracts on mice revealed
dose-dependent effects. Seed extract demonstrated sig-
nificant stimulant activity, while leaf extract induced
notable calmness and moderation. Tests including head
dip, open field, and rearing showed increased motor
function with both extracts, with leaf extract notably
calming. Seed extract exhibited greater stimulant effects
in cage cross, swimming, and traction tests. Leaf extract
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showed similar effects but induced more calmness at
higher doses. Micro-morphological investigation of
Camellia sinensis is suggested for accurate identification.
These findings highlight differing effects of plant parts,
with seed extract being more stimulating and leaf extract
inducing calming effects [49]. Similarly, Saima Rubab
et al. performed phytochemical and pharmacological
potential of C. sinensis. both seed and leaf showed signifi-
cant analgesic effects. However, compared to seed extract
which showed highly significant (p<0.001) increase in
concentration dependent manner, leaf extract displayed
highly significant results even at low dose with better
results at high dose compared with standard [50, 51].
Muhammet Emin Cam et al. performed Morris’s Water
Maze Test to determine the potential of C. Sinensis leaves
hydroalcoholic extract in AD. It was observed that the
AD group reached the target quadrant later than the con-
trol group (p<0.05) in all days and the total time spent
in the quadrant decreased. In the MWM test, rats under-
went spatial learning evaluation. Throughout training, all
groups showed reduced time to locate the underwater
platform, indicating learning. However, the Alzheimer’s
disease (AD) group exhibited prolonged training dura-
tion, indicating spatial memory impairment. Metformin
treatment notably improved learning abilities, as evi-
denced by decreased training time compared to the AD
group. Overall, the MWM test revealed enhanced spa-
tial learning with metformin treatment, highlighting its
potential therapeutic efficacy in cognitive decline associ-
ated with AD [52]. Similar observations were also noted
in our experiments. The culmination of our investigation
aligns with the outcomes observed by other research
groups, affirming the potential efficacy of CSP formula-
tion as a cognitive enhancer, surpassing the effects elic-
ited by conventional CSE methodologies. This assertion
is substantiated by a collective appraisal of research find-
ings across various groups, suggesting a notable advan-
tage conferred by CSP in enhancing memory functions.

Conclusion

Overall, the findings of this study suggest that the devel-
oped CSP formulation holds significant promise as a
memory-enhancing agent, outperforming the effects of
the conventional CSE. The observed improvements in
memory, cognitive function, and bioavailability under-
score the potential of nanophytosomes in enhancing the
therapeutic properties of natural extracts for neurologi-
cal applications. Further research and clinical studies are
warranted to explore the translational potential of this
CSP formulation in the context of cognitive disorders and
related conditions.
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Abbreviations

CSE Camellia sinensis Extract
Ccsp Camellia sinesis Phytosomes
Ach Acetylcholine

AD Alzheimer’s disease

EGCG Epigallocatechin gallate

EE Entrapment efficiency

cCcb Central composite design
PDI Polydispersity index

DSC Differential scanning calorimetry
PBS Phosphate-buffered saline
EPMT Elevated Plus Maze Test
MWMT  Morris Water Maze Test

(@) Conditioned stimulus

us Unconditioned stimulus
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