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The goal of this research is to examine the pharmacokinetics of Zandopa® in rats after oral administration of
Zandopa® herbal formulation. Acclimatization of rats was done for 7 d before the study. The study consisted
of 24 rats which had been separated equally into two groups i.e. vehicle control and Zandopa® control group
with 12 animals in each group. The drug was administered via oral route in male Sprague Dawley rats.
The vehicle control group rats were dosed with 1 % carboxymethyl cellulose and Zandopa® control group
with 775 mg/kg of Zandopa® in 1 % carboxymethyl cellulose. Food was with-held for a further 1 h. The
blood sample was taken between 0, 0.5, 1, 2, 4, 6, 8, 12 and 24 h time intervals after treatment with the
respective drug. Plasma samples were prepared by centrifugation and concentration was measured by high
performance liquid chromatography. Urine was collected at a time interval of 0-1, 1-4, 4-8, 8-24, 24-48 h after
treatment with the respective drug, and kinetic parameters were measured. Then animals were sacrificed
using isoflurane overdose and the liver was isolated and stored for metabolism study. The Cytochrome P-450
concentration and Cytochrome P-450 content was found to be 0.0012 mM and 1.2 nmol/mg/protein compared
with the vehicle control group. The cumulative amount excreted was found to be 64.66 mg. The study of the
pharmacokinetics of Zandopa® in rats was shown to be significant as compared to the vehicle control group.
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Except for Allopathy, herbal drugs account for a
significant portion of all recognized Indian health
systems, including Ayurveda, Yoga, Unani, Siddha,
Homeopathy and Naturopathy!'l. Herbal formulation
is more effective than conventional medicines. It is
cheaper and with fewer side effects. Many of them
are also known to have healing properties that were
used for centuries before modern pharmaceuticals
were developed. Herbal medicines are often
prescribed for common ailments like cold, cough,
pain and anxiety”. A natural remedy, herbal
formulation, or herbal medicine is any mixture of
botanical products that are used for medicinal
purposes. There are many herbs that can be used in
natural remedies and formulations?®*#" Levodopa is
said to be one of the components of Mucuna
pruriens®. In Ayurveda, the beans are used to heal
neurological ailments and arthritis as well as being a
potent aphrodisiac. Mucuna pruriens seed powder is
sold under the brand name Zandopa®. It contains
natural levodopa, which is more effective. There are
many studies, Mucuna pruriens seed extract has
proven to be a successful treatment for Parkinson's
disease!®. The activity of the body on the medication,
which includes absorption, distribution, metabolism,

and excretion, is known as pharmacokinetics.
Absorption is the movement of drug molecules from
the site of administration to blood circulation. Once
absorbed, a drug may be distributed to the various
organs of the body. Distribution describes the
reversible diffusion or transfer of drug molecules
from intravascular space to body tissues. Metabolism
describes the conversion of drugs into metabolites by
enzymes. The major site of metabolism is the liver.
Elimination is the irreversible loss of a drug from the
body by metabolism or excretion. Studying the
pharmacokinetics of any drug requires the
measurement of drug concentration in a suitable
biological fluid such as plasma, serum, blood or urine
at appropriate time intervals using a valid analytical
method!”!. The activity of the body on the medication,
which includes absorption, distribution, metabolism,
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and excretion, is known as pharmacokinetics!”.
Herbal medications are mostly utilised in drug
development, determining drug concentration in the
body, and determining drug efficacy. Today, they
have become more popular for various medicinal
purposes®.. Though herbal formulations are said to
be safe, there is a need for detailed pharmacokinetic
profiling of herbal formulations to enhance its effect
and its active function in the body. A pharmacokinetics
approach to herbal formulations reveals the dynamic
processes of active components including their
absorption, distribution, metabolism, and excretion
which offer guidance for rational uses. This approach
may help for better therapeutic outcomes with the
herbal formulation and help understand the risk to
benefit aspect when to be administered concomitantly
with other medications. One such attempt is made in
this study wherein the pharmacokinetic profiling of
Zandopa® was carried out. This study will enlighten
and form the basis for understanding and predicting
the therapeutic effect of this formulation alone or the
probable interaction when administered
concomitantly with the available Allopathic drug
regimen. Zandopa® herbal formulation manufactured
by Emami Limited, Silavasea, marketed by Zandu,
batch Number-EN0010 (7.5 g powder of Mucuna
pruriens containing 250 mg levodopa) was purchased
from the medical store. In this study analytical-grade
chemicals and reagents are used. Male Sprague
Dawley rats weighing 120-150 g were taken from the
Bombay Veterinary College Parel, Mumbai. In the
animal house of Bharati Vidyapeeth College of
Pharmacy, Navi Mumbai, the rats were housed in a
12:12 h light-dark cycle, at a temperature of 23+2°
and a humidity of 50-65 %. Throughout the study,
the rats were fed with standard rat pellets and water
ad libitum. The Institutional Animal Ethics
Committee approved the study (Protocol Number:
BVCP/IAEC/02/2020), and all animal studies being
performed in accordance with Committee for the
Purpose of Control and Supervision of Experiments
on Animals regulations (CPCSEA). The study
consisted of 24 rats which were divided equally into
two groups i.e. vehicle control and Zandopa® control
group with 12 animals in each group. The drug was
administered via oral route in male Sprague Dawley
rats. The vehicle control group rats were dosed with
1 % carboxymethylcellulose (CMC) and Zandopa®
control group with 775 mg/kg of Zandopa® in 1 %
CMC. In the oral study, approximately 500 pl of the
blood samples were collected from retro-orbital
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plexus of rats at 0, 0.5, 1, 2, 4, 6, 8, 12 and 24 h after
treatment with the respective drug. Blood samples
were collected in pre-labeled
Ethylenediaminetetraacetic Acid (EDTA) tubes at
respective sampling time points. The blood samples
were centrifuged for 5 min at 14 000 revolutions per
minute (rpm) at 4° to collect the plasma. A Shimadzu
High Performance Liquid Chromatography (HPLC)
system with a 600E HPLC pump, RP-18, 5 um,
250%x4.6 mm (Supelco) column, an autosampler, and
Ultraviolet (UV) detector was used for
chromatography. The analyte was detected at 280
nm, and the column temperature was maintained at
40°. The separation was carried out at a flow rate of
0.5 ml/min using a mobile phase comprising
methanol, acetonitrile, and water (pH 4.0) in a
20:30:50 ratio®. The calibration curve was
constructed using Zandopa® standard solution. The
Zandopa® retention time was found to be 7.6 min. In
each marked tube, a methanolic solution of Zandopa®
(25 pl) at a concentration of 100 pg/ml was added to
250 pl of plasma (in quadruplicates) except to the
control tubes. For each configuration of the solvent
system, 25 ul of methanol was supplied to the control
tube. On a vortex mixer, tubes were vortexed for 1
min. The tubes were divided into 3 groups for
extraction using 4 different solvents viz., methanol,
acetonitrile, tetrahydrofuran and diethyl ether. Each
tube was filled with 1 ml of each solvent and vortexed
thoroughly over 2 min at high speed. The tubes were
centrifuged for 10 min at -5° at 5500 rpm. The
organic layers were decanted into a separate set of
tubes that had already been labelled. The tubes were
dried at 35° in a solvent evaporator. The remaining
residues in the tubes were dissolved in 0.5 ml mobile
phase and vortexed for 1 min. The samples were
filtered into HPLC vials using a 0.45 pm syringe
filter, and the HPLC procedure was used to analyse
them. Because acetonitrile provided the best recovery
of Zandopa® from the plasma matrix, it was chosen
as the recovery solvent for further testing. Plasma
samples (250 pl) were extracted with 500 pl
acetonitrile. Using the HPLC method, the
concentration of Zandopa® in plasma was calculated.
The samples were tested using HPLC to determine
the concentration of Zandopa® in the plasma at
various time points after drug administration. The
different concentrations of Zandopa® were made by
dissolving 1 mg of Zandopa® in 1 ml of methanol to
make a 1 mg/ml solution. The stock was serially
diluted with methanol to produce concentrations
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ranging from 0.1 pg/ml to 100 pg/ml. The study of
various concentrations produced a calibration curve.
The sample concentration was calculated from the
peak area using the linear regression equation
established from the calibration curve. Plasma
concentration of Zandopa® was calculated using
calibration curve (peak area vs. concentration) using
Microsoft excel 2019 version 2110 (Build
14527.20276). The plasma concentration-time profile
was used to determine C__ and T, . From 0 to the
last blood sample time (t), Area under the ROC Curve
(AUC) values were determined using a linear
trapezoidal method. The terminal plasma elimination
half-life (t1/2) was computed as 0.693/ Az, where Az
was calculated using linear regression of the plasma
concentration-time curve's terminal log-linear phase.
After scarification of animals, the liver was isolated
immediately. The liver was given thorough washing
with ice-cold saline and refrigerated until further
analysis. The excised livers were carefully chopped
with scissors, and homogenized in a homogenizer
with equal volumes i.e. for 4 g of liver 4 ml of ice-
cold 10 mM Tris-HCL buffer with 0.25 M sucrose,
pH 7.4. The homogenate was centrifuged at 13 000
rpm for 10 min at 4° in a cooling centrifuge, and the
precipitate was discarded. To obtain a final
concentration of 10 mM, 1.47 g calcium chloride
was added to the supernatant (10 ml) with steady
stirring. After stirring for 15-20 min, the solution
was centrifuged at 25 000 rpm for 10 min at 4°. To
get the microsomes, the supernatant was removed
and the residue was homogenised in 100 mM Tris-
HCL buffer containing 20 % w/v glycerol and 10 mM
EDTA at pH 7.4. The microsomes were stored in a
deep freezer until use. The whole microsomal
isolation procedures were carried out in an ice bath
at a temperature of 0-4°l'%, Dilute microsomes in 0.2
M phosphate buffer, pH 7.4, with 0.5 % Triton X-100
and 1 mM EDTA to 1 mg/ml. The mixture was
thoroughly mixed before being divided into two 3 ml
glass cuvettes. By heating formic acid with
concentrated sulfuric acid, carbon monoxide gas was
produced. 30 to 40 carbon monoxide bubbles were
sprayed into the sample and reference cuvettes
containing the microsomal preparations. To achieve
a reduced carbon monoxide vs oxidised carbon
monoxide difference spectrum, sodium dithionite (4
mg) was applied just to the sample cuvette. The
extinction coefficient (450-490 nm) for cytochrome
P450 (CYP) is determined using the formula CYP
concentration (mM)=A/e, where, A=A 450-A 490,

July-August 2023

Indian Journal of Pharmaceutical Sciences

the absorbance difference between 450 and 490 nm
and e=the extinction coefficient (450-490 nm) having
the value 91 mM'cm™. To get the CYP content in the
original undiluted sample, multiply the CYP
concentration (mM) in the diluted sample by the
dilution factor!'l. Total urine samples were taken
from respective groups at 0-1, 1-4, 4-8, 8-24, and 24-
48 h following an oral dosage of 775 mg/kg and
analysed for drug concentration using a UV
spectrophotometer at 280 nm. To eliminate the
matrix, a urine sample was diluted 10 fold with
deionized water. The addition of acetonitrile to urine
samples precipitated proteins; 1 ml of urine was
combined with 9 ml of acetonitrile to precipitate
proteins from the specimen, which was vortexed for
3 min. The dilution procedure at the experimental
stage was taken into account in the calculations.
Thus, the data collected was the volume of urine
collected and the drug concentration in urine during
each intervall'>"3. The rate of excretion and the total
amount excreted were estimated after analysing urine
data (Table 1). Statistical evaluation among groups
was carried out using Paired T-test and p<0.05 was
considered significant. The linear regression equation
was Y=54751 x+108654 with (r> = 0.9969). The
linear range of Zandopa® was found to be sufficient
for this approach to be employed in current
pharmacokinetic research (fig. 1A). With diverse
solvents, such as  methanol, acectonitrile,
tetrahydrofuran, and diethyl ether, the mean
percentage recovery of Zandopa® was 64.07 %, 72.5
%, 34.43 %, and 21.54 %, respectively. Because
acetonitrile yields the highest recovery of Zandopa®,
it was chosen as the solvent for extracting Zandopa®
from the plasma matrix produced after oral dosing.
After oral administration of Zandopa® to rats, the
concentration in plasma was measured at various
time intervals (fig. 1B). At 2 h after oral treatment,
the highest plasma concentration of Zandopa® was
reported to be 21.34+1.20 ng/ml. The AUC®Y of
Zandopa® in Sprague Dawley rats following oral
treatment  was  53.64+£1.45 ng.h/ml.  The
pharmacokinetic parameters obtained were t1/2 as
1.06+0.01 h, T at2hand C_ _as?21.34+1.20 ng/ml
upon oral administration of Zandopa® (Table 2). In
the vehicle control group, CYP concentration and
CYP content was found to be 0.0025 mM and 2.3
nmol/mg/protein respectively. In the Zandopa®
control group, CYP concentration and CYP content
was found to be 0.0012 mM and 1.221 nmol/mg/
protein respectively (Table 3).
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The total amount excreted was found to be 64.66
mg and 0.43 mg in the Zandopa® control group and
vehicle control group respectively. There was a
significant difference found between the vehicle and
Zandopa® control group for total amount excreted and
rate of excretion. The administration of a drug aids
in the achievement of a certain therapeutic aim!'.
The current study looked at the pharmacokinetics
of Zandopa® following oral treatment in Sprague
Dawley rats. The current Zandopa® pharmacokinetic
study was split into three sections that is absorption,
metabolism, and excretion. Acetonitrile was chosen
as the recovery solvent for oral pharmacokinetic
studies because it showed the highest percentage
recovery of Zandopa® The drug concentration
in the samples was below the detection limit after
10 h of oral treatment. The rate at which a drug is
eliminated from the body is affected by its metabolic
biotransformation, which can have a considerable
impact on its efficacy and safety!l. The CYP enzyme
substrates account for around 60 % of all marketed
drugst'®. In this study, 53 % of the reduction was
found in the levels of the CYP enzyme as compared to
the vehicle control group indicating the metabolism
of the drug took preferentially by CYP enzymes.
In the Zandopa® control group, CYP content was
found which is nearly half of the value of the vehicle
control group. In this study, a significant (p<0.05)
drug in the urine sample of the Sprague Dawley rats
was found. The rate of excretion for the Zandopa®
control group was more prominent than the vehicle

control group after the oral administration. The
cumulative amount excreted in the Zandopa® control
group shows a significant difference as compared to
the vehicle control group. By correlating enzyme
activity of a specific CYP, rat liver microsomes are
beneficial in identifying crucial CYP engaged in the
biotransformation of the medication. The liver is the
primary site of drug metabolism, the majority of drugs
must pass through it. A set of CYP enzymes is the
primary mechanism by which the liver metabolises
drugst!l. Levodopa present in Zandopa® formulation
is decarboxylated extensively by the high affinity
amino acid decarboxylase enzyme also called dopa
decarboxylase in the first pass through the liver. The
CYP metabolism is a major metabolic pathway for
the clearance of orally administered levodopal'®.
Hence, we can correlate why the CYP concentration
and CYP content was found decreased as compared
to normal in this study. In conclusion, the role of
pharmacokinetics in drug development is increasingly
important. In herbal drugs, the availability of accurate
pharmacokinetic and metabolic data is a must. Thus,
in the present study, we were able to outline the
maximum concentration, half-life, absorption pattern
in terms of area under the curve, metabolism by CYP
enzyme and preferential excretion by urine. This data
will serve as basics when the interaction of Zandopa®
is to be predicted with other classes of drugs or food
on concomitant use and hence design the therapeutic
regimen for Parkinson’s patients.

TABLE 1: DATA ANALYSIS OF VEHICLE CONTROL AND ZANDOPA® CONTROL GROUP IN URINE

Urine Concentration

Amount Excreted

Cumulative Amount Rate of Excretion

Time interval (h) Excreted

(mg/ml) AU (mg) U (mg) AU/At (mg/h)
Vehicle
0-1 0.001+0.001 0.003x0.001 0.002+0.001 0.000+0.001
1-4 0.003+0.001 0.007+0.001 0.009+0.001 0.002+0.001
4-8 0.011+0.009 0.023+0.019 0.033+0.018 0.002+0.001
8-24 0.158+0.014 0.316x0.029 0.348+0.039 0.014+0.001
0-1 0.002+0.001 0.003+0.001 0.002+0.001 0.000+0.001
Zandopa®
0-1 07.34+0.44 14.70+0.88 14.66+0.88* 4.89+0.29*
1-4 13.17+0.44 26.30+0.88 41.00+1.73* 6.58+0.22*
4-8 10.34+0.72 20.70+1.45 58.33+4.48* 1.29+0.09*
8-24 02.34+0.44 04.70+0.88 63.00+5.03* 0.19+0.04*
24-48 0.84+0.17 01.70+0.34 64.66+5.17* 0.03+0.01*

Note: Value is expressed as mean SEM; n=3, where n is the number measurement in a triplicate set of animals; *p<0.05 as compared with

Zandopa control group by Paired T-test
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Fig. 1: A: Standard calibration curve of Zandopa®; B: Plasma concentration vs. time curve of Zandopa® in Sprague Dawley rats
after oral administration

TABLE 2: THE ABSORPTION STUDIES OF ZANDOPA® IN SPRAGUE DAWLEY RAT PLASMA AFTER
ORAL ADMINISTRATION

Parameters
Parameters
Zandopa® control group Vehicle control group
T,,, (h) 1.06+0.01* 0
T .. (h) 2.00+0* 0
C... (ng/ml) 21.34+1.20* 0
AUC . (ng.h/ml) 53.64+1.45* 0

Note: T,: half-life; T__: time of peak concentration; C__ : peak plasma concentration; AUC: area under curve; Value is expressed as mean

SEM; n=3, where n is the number measurement in a trigeﬁcate set of animals; *p<0.05 as compared with Zandopa® control group by Paired
T-test

TABLE 3: CYP CONCENTRATION AND CYP CONTENT IN VEHICLE CONTROL AND ZANDOPA®
CONTROL GROUP

CYP concentration CYP content
Groups -
(mM) (nmol/mg/protein)
Vehicle 0.0025+0.00023 2.302+0.1608
Zandopa® 0.0012+0.00013* 1.221+0.0876*

Note: Value is expressed as mean SEM; n=12, where n is the number of animals per group; *p<0.05 as compared with Zandopa® control
group by Paired T-test
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