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Pharmacokinetics, tissue distribution and excretion study of a
furostanol glycoside-based standardized fenugreek seed extract in rats
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Abstract

The furostanol glycoside isolated from the seed of fenugreek (SFSE-G) has an array of
pharmacological activities. To date, no validated high-performance liquid chromatography
(HPLC) method has been reported for quantification of SFSE-G in biological samples. Hence, the
aim of the present study was to study the pharmacokinetics, tissue distribution and excretion
profiles of SFSE-G after oral administration in rats. A rapid, sensitive, selective, robust and
reproducible HPLC method has been developed for determination of SFSE-G in the rat
biological samples. The chromatographic separation was accomplished on a reversed-phase
C18 column using formic acid and acetonitrile (80:20) as mobile phase at a flow rate of
1.0mL/min and 274 nm as a detection wavelength. The assay was linear for SFSE-G with the
correlation coefficients (R?) >0.996. The analytes were stable during samples storage and
handling, and no matrix effects were observed. After oral dosing of SFSE-G at a dose of
200 mg/kg, the elimination half-life was app. 40.10 h. It showed relatively slowly distribution
and eliminated in urine and feces after 24 h, and could be detected until 108 h post-dosing.
Following oral single dose (200 mg/kg), SFSE-G was detected in lung and brain which indicated
that it could cross the blood-brain barrier. It is a major route of elimination is excretion through
urine and feces. In conclusion, oral administration of SFSE-G showed slow distribution to
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tissues, such as lung and brain, but showed fast renal elimination.

Introduction

Recently, botanical medicines have become popular as
alternative remedies as they are believed to be efficacious,
safe and have over a thousand years’ experience in treating
patients.' Being the advantages of low side effects and
toxicity, the herbal drugs have been widely used throughout
the world for the treatment of various diseases. In general
community, herbal medicines have been utilized progressively
as a replacement or complementary therapeutic medicine and
which is on a self-selection basis.”™

Depending upon the nature of the chemical moieties
undertaken in the study, the measures vary which is related
to the principal therapeutic actions of that moiety.”® However,
currently single chemical molecule with multiple therapeutic
activities has been utilized for the treatment of several
disorders. One such natural product with multifaceted thera-
peutic benefits is Trigonella foenum-graecum (Fenugreek;
family: Fabaceae) seeds. Fenugreek seeds have been widely
used in Ayurvedic and Chinese medicine for the treatment of
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411038, Maharashtra, India. Tel: +91 20 25437237; Fax: +91 20
25439383; E-mail: drslbodh@gmail.com

the array of diseases. The health and therapeutic benefits have
been extensively reviewed in traditional and modern litera-
ture.”"'? These benefits include indi gestion, anorexia, diarrhea,
respiratory disorders, such as chronic cough, bronchitis, sore
throat and mouth ulcers."® The anti-diabetic and hypocholes-
terolemic, 14-16 anti-fertility, anticancer, antimicrobial and anti-
parasitic'’ properties of fenugreek seeds has been proven
clinically and in animal models. However, responsible bio-
active constituents on quantitative basis (standardization) have
not identified in these reports and thus recommended further
investigations.

Fenugreek glycosides are reported to have natural ability to
modulate pro-inflammatory gene expression'® and showed
anti-inflammatory effects clinically'® and in animal models
of inflammation.”>?' It was shown to have adipogenic,?
anabolic®® and androgenic®* activity. The defatted fraction of
fenugreek seeds that are rich in fiber that contains furostanol
glycosides and proteins are mainly associated with many of its
therapeutic activities® including management of male erect-
ile dysfunction.?

The medicinal plants that contain an adequate amount of
bioactive moieties with potential pharmacokinetic (PK)
properties can be accounted for the therapeutic efficacy.
It has been proven clinically as well as pre-clinically that after
administering the herbal medicine only some of the
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phytoconstituents has been getting significantly exposed and
showed good pharmacological effects.”” Hence, PK analysis
of phytoconstituents is an important tool for monitoring and
understanding the link between the herb consumption and its
pharmacological effects. It also played a vital role in the
determination of therapeutic efficacy of the drug, adjustment
of dose and rational use of the drug in the clinic.

Recently, we have reported the method of preparation,
characterization and standardization of furostanol glycoside-
based standardized fenugreek seeds extract (SFSE-G).*®
SFSE-G, the test composition, is glycoside-based standar-
dized fenugreek seed extract with two marker glycosides, i.e.
trigoneoside Ib (76%) and vicenin 1 (15%). However, the
quantitative pharmacokinetic data on SFSE-G are lacking.
Hence, the present work was aimed at developing a simple
and sensitive high-performance liquid chromatography
(HPLC) method and pharmacokinetic evaluation (including
tissue distribution) of SFSE-G with trigoneoside Ib as a
marker compound after single oral dose administration in
laboratory rats.

Materials and methods

Preparation of furostanol glycoside-based standar-
dized fenugreek seeds extract (SFSE-G)

The SFSE-G was prepared from the hydroalcoholic extract of
fenugreek seeds as follows: The fenugreek seeds were
collected during the summer of 2011 from Mandsaur,
Madhya Pradesh, India. An expert taxonomist of Agharkar
Research Institute, Pune, India authenticated the seeds and
voucher specimen is maintained as Authl1-167. Fenugreek
seeds were air dried (moisture content less than 5%) and
flaked to a thickness of less than 2 mm. The flaked material
was extracted with a solvent mixture of ethanol and water
(80:22 v/v). The solvent was passed through the layer of
flaked seeds for 10h at 35°C, and the eluent was recycled.
After 10 h, the extract was filtered through 200-mesh cloth to
get a clear solution, and this was concentrated at 50 °C under
vacuum to a semi-solid mass. The resultant semi-solid mass
was dissolved in deionized water and subjected to counter
current extraction with n-butanol. The clear water layer was
passed through a strong cation exchange column to remove all
the amphoteric compounds like amino acids, proteins and
trigonelline. The column was passed through the resin bed
comprising of Dowex Optipore L493 (highly cross-linked
polymer adsorbent with a high surface area and unique pore
size distribution) for a period of 2h. The adsorption process
was monitored by a thin layer chromatography (TLC) system
comprising of toluene:ethyl acetate:methanol:water (6:3:6:1
v/v/vlv). The bioactive components started eluting at
ethanol:water (70:30 v/v). These fractions were collected,
screened, pooled and concentrated at 50 °C to yield a final
composition.

Characterization of SFSE-G from fenugreek seed

The characterization of SFSE-G was carried out through
HPLC to establish its purity. The eluted compound was highly
purified, characterized using TLC, LC-MS, '"H NMR and '*C
NMR analysis, and used as a reference standard. The HPLC
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conditions are as follows: Column: Kromasil C18 column
(250mm x 4.6 mm, 5pm), detector: UV-2075 (wavelength:
210nm), injection volume: 20pL; flow rate: 1mL/min
(gradient elution technique), mobile phase as acetonitrile:
water starting from 75:25 v/v to 65:35 v/v over 20 min.

Chemicals

Formic acid and acetonitrile (HPLC grade) were purchased
from Merck Company (Merck Specialities Pvt. Ltd., Mumbai,
India). Deionized water was purified by Milli-Q system
(Merck Specialities Pvt. Ltd., Mumbai, India). All other
reagents were of analytical grade and were obtained from
conventional commercial sources.

Animals

Male Wistar rats (180-220g) purchased from the National
Institute of Biosciences, Pune (India), were used for the study.
They were housed in cages at a temperature of 24 + 1 °C and
relative humidity 56-66%, with 12 h fluorescent light and 12 h
dark cycle in an animal house facility. The rats had free access
to water ad libitum throughout the study duration except
during actual measurements. All experiments were carried
out between 09:00h and 17:00 h. Institutional Animal Ethics
Committee (IAEC) of Poona College of Pharmacy, Pune,
India, approved the experimental protocol (CPCSEA/35/
2012). The experiments were performed in accordance with
the ethical guidelines for animal experimentation recom-
mended by the Committee for Control and Supervision of
Experimentation on Animals (CPCSEA), Government of
India, New Delhi, India.

Instrumentation and chromatographic conditions

The HPLC analysis was carried out on chrompass liquid
chromatographic-4000 system (Jasco, Tokyo, Japan) equipped
with auto-sampler and UV-2075 plus detector. Data acquisition
was controlled by JASCO ChromPass Chromatography Data
System software (JASCO GmbH, Grof-Umstadt, Germany).
Chromatographic separation was accomplished on a Kromasil
100-5 C18 (Serial No. E31667) (250 mm x 4.6 mm x 5 pm)
analytical column (Sigma-Aldrich, Mumbiai, India), pump: pu-
2080 plus, UV detector: UV-2075 and auto-sampler: AS-2055
plus. The mobile phase was formic acid (0.3%): acetonitrile
(80:20 v/v) at a flow rate of 1 mL/min. Chromatograms were
monitored at 274 nm with runtime 30 min and the column
temperature was maintained at 25 °C.

Preparation of serum samples

For the assay of serum samples, the internal standard solution
(100 uL) and the mixture (100 uL) of acetic acid and water
corresponding to the volume of the working standard
solutions were added to a glass tube, and the solvent was
evaporated to dryness under the nitrogen gas flow. Serum
sample (2mL) was added to the residue, and the mixture was
vortex mixed for 5min and applied to Tulsicon® ADS-400
(Thermax Limited, Pune, India) (0.40-1.2mm) column
followed by washing with 6mL distilled water. Then
column was eluted with 2mL of methanol and eluate was
concentrated under nitrogen. The resultant residue was mixed
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with 1 mL of distilled water and analyzed by HPLC. A 20 uL.
aliquot was injected into the HPLC system for analysis.

Calibration standards and quality control (QC)
samples preparation

Stock solution of SFSE-G was prepared in methanol to give a
final concentration of 1.0pg/mL. A series of working
solutions were obtained by diluting the SFSE-G stock solution
with methanol. All solutions were stored at —7 °C until used.
Calibration standards of SFSE-G were prepared by spiking
the appropriate amount of the working solutions into 100 pL
drug-free rat plasma or tissue homogenates. The final
concentrations of calibration standard samples were 2.3, 4.6,
6.9, 9.2 and 11.5 pg/mL. QC samples were prepared at the
concentrations of 2.3, 6.9 and 11.5pg/mL for plasma.
Whereas, QC samples were prepared at the concentrations
of 1, 10, 100, 1000 and 5000 pg/mL for different tissue
homogenates, urine and fecal samples.?

General procedure for sample preparation for SFSE-G
Analysis in plasma, tissue, urine and fecal samples

A solid-liquid extraction (SLE) of SFSE-G in biosamples was
performed prior to HPLC analysis. Briefly, 100 pL. of plasma
or tissue samples or clear supernatant of urine or stool was
obtained by centrifuging the whole urine at 10000 rpm at 4 °C
for 20min. Then it passed through Tulsicon® ADS-400
(0.40-1.2 mm) and washed with 6 mL of distilled water and
elute with 2mL of methanol. It was concentrated under
nitrogen and residue was dissolved in 1 mL mobile phase
consisting of formic acid (0.3%): acetonitrile (80:20 v/v). An
aliquot (20 pL) of the supernatant was injected onto the HPLC
system.

Method validation
Specificity
Specificity was assessed by analyzing blank plasma and tissue

homogenate samples, blank plasma and tissue homogenate
samples spiked with SFSE-G.

Calibration curves and lower limit of quantification (LLOQ)

Calibration standard was prepared as described above in
triplicate and analyzed on three consequent days. The lower
limit of quantification (LLOQ) was defined as the lowest
concentration of analyte in a sample which provided a peak
area with a signal-to-noise ratio higher than 10.

Precision and accuracy

Intra-day and inter-day precision and accuracy were evaluated
by analysis of the three QC samples with six determinations per
concentration at the same day while the inter-day precision and
accuracy were measured over three consecutive days. The
precision was defined as the relative standard deviation
(%RSD), while accuracy was determined by calculating the
percentage deviation observed in the analysis of QC samples
and expressed by relative error (%RE). The accepted criteria
for the data were: the precision and accuracy should not exceed
2%, except at the LLOQ where it should not exceed 3%.
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Extraction recovery and stability

The extraction recoveries of SFSE-G were determined at low,
medium and high level of QC samples. Recoveries were
calculated by comparing the observed peak area ratios in
biosamples to those non-processed standard solutions at the
same concentrations.”’

The stability of SFSE-G in plasma and tissue was
determined by different storage or handling conditions.
Short-term stability was assessed by analyzing QC samples
kept at ambient temperature for 8 h. Freeze—thaw stability was
evaluated at three consecutive freeze—thaw cycles. Long-term
stability was studied by assaying samples following a period
of 2 weeks of storage at —70°C.*

In vivo pharmacokinetic study

Six rats were used for pharmacokinetic investigation. SFSE-G
was administered orally at the dose of 200 mg/kg. At the time
points of 0 (pre-dose), 0.083, 0.25, 0.5, 0.75, 1, 1.5, 2, 4, 8,
12, 24, 48, 72 and 96 h post-injection, blood samples (0.5 mL)
were collected in heparinized tubes from the retro-orbital
puncture, and then centrifuged —4 °C at 10000 rpm for 5 min
to obtain the plasma. The plasma was stored at —70 °C prior
to analysis by HPLC.

Tissue distribution study

For tissue distribution study, three rats were used, and SFSE-
G was administered orally at a dose of 200 mg/kg. After
administration, the rats were sacrificed at 72h following
administration, and the tissue specimens including brain,
kidneys, adrenal glands, liver, lungs and small intestine were
collected. Tissue samples were rinsed in saline and blotted
dry with filter paper, and then weighed for wet weight and
homogenized in ice-cold physiological saline solution
(500 mg/mL). The obtained tissue homogenates were stored
at —70°C until analysis performed using the procedure
described above.

Urinary and fecal excretion study

For urinary and fecal excretion study, three rats were used,
and SFSE-G was administered orally at a dose of 200 mg/kg.
The rats were housed in metabolic cages (Techniplast, Varese,
Italy) with free access to water and food was returned
approximately 4 h post-dosing. Urine and feces were collected
at 0-24, 24-48, 48-72, 72-96 and 96—-108 h post-dosing. The
feces were dried at room temperature. The specimens were
stored at —70°C after the urine volume and feces dry weight
for each collection period were measured.

Statistical analysis

All the data were expressed as the mean+S.E.M. The
pharmacokinetic parameters were calculated using the
Kinetica v 5.0 (Alfasoft AB, Goteborg, Sweden).

Results

Characterization of trigoneoside Ib in SFSE-G

The compound corresponding to peak A (RT=2.2min in
HPLC) was isolated and characterized. TLC study using
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toluene:ethyl acetate:methanol:water (6:3:6:1 v/v/v/v), fol-
lowing a 5% anisaldehyde sulphuric acid spray and heating
at 110°C for 15min showed a single greenish brown spot
which was confirmed to glycoside structure. Heating at
110°C for 15min yielded single yellow spot melting
point =220 °C with mass of 906 (M +Na=929) (LC-MS
analysis) confirming presence of glycoside structure. The
NMR study revealed following details: '>*C NMR in CD30D
(100MHz): 6C (ppm) 44.43 (C-1), 71.6 (C-2), 85.8 (C-3),
34.9 (C-4), 44.4 (C-5), 28.4 (C-6), 30.78 (C-7), 34.1 (C-8),
51.7 (C-9), 369 (C-10), 22.0 (C-11), 39.6 (C-12), 41.8
(C-13), 57.8 (C-14), 32.8 (C-15), 82.4 (C-16), 65.06 (C-17),
16.9 (C-18), 12.08 (C-19), 40.8 (C-20), 16.3 (C-21), 114.0
(C-22), 38.5 (C-23), 28.9 (C-24), 34.9 (C-25), 76.0 (C-26),
17.6 (C-27); glucose-I: 102.35 (C-1"), 75.1 (C-2"), 79.3
(C-3), 73.7 (C-4), 77.0 (C-5'), 70.6 (C-6'); xylose: 104.57
(C-1"), 76.05 (C-2"), 78.08 (C-3"), 72.4 (C-4"), 67.0 (C-5");
glucose-1I: 103.0 (C-1""), 76.5 (C-2""), 79.7 (C-3""), 72.1
(C-4"), 82.43 (C-5""), 62.8 (C-6")."H NMR analysis in
CD30D:0.744 (19-H3), 0.869 (18-H3), 0.959 (20-H3), 1.05
(5-H), 1.51 (21-H3), 2.06 (25-H), 2.206 (20-H), 3.48, 4.05
(26-H2), 3.699 (3-H), 4.14 (2-H), 4.04, 5.1 (6'-H2); [a]D24
(c=0.37, pyridine): —41.9°. From the NMR data, the
structure of compound corresponding to peak A was
confirmed to be SFSE-G with purity of 76% as observed
in HPLC (Figure 1).*°

Selection of mobile phase

Biosample preparation was performed using a SLE and
different solvents, such as ethyl acetate, chloroform, hexane,
formic acid and acetonitrile, were investigated. Finally, formic
acid (0.3 %) and acetonitrile in a mixture of 80:20 v/v was
found to be optimal, because it can produce clean chromato-
grams for plasma, tissues, urine and fecal as well as its
yielded the highest recovery for the analytes.
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Method validation
Linearity of calibration curve and LLOQ

The calibration curves showed good linearity over the
concentration range of 100-600 pg/mL in rat plasma and
tissue homogenates with a correlation coefficient (R”) larger
than 0.996. The peak area versus concentration equipped
well with a straight line, with the equation y=1.301x
—31.26 for plasma and tissue homogenates. For the urine
and stool samples, calibration curves showed good linearity
over the concentration range of 1.0-5000pg/mL with a
correlation coefficient (R*) larger than 0.994. The peak area
versus concentration equipped well with a straight line, with
the equation y=9.341x+599.7 for urine and fecal sample.
The current assay offered an LLOD of 37.18 ug/mL,
whereas LLOQ of 112.68 ng/mL for plasma, and tissue
samples. The limits were sufficient for studies of pharma-
cokinetics, tissue distribution and urine—fecal elimin-
ation following a single oral administration of SFSE-G
(Table 1, Figure 2).

Table 1. Linear regression data for the calibration curves

(n=06).

Parameters SFSE-G
Linearity range (png/mL) 100-600
R? 0.996
Slope 1.301
Intercept —31.26
Confidence limit of slope® 1.154-1.449

Confidence limit of intercept® —93.87 to 31.33
S’ 14.66

LLOD 37.185 pg/mL
LLOQ 112.68 pg/mL

Notes: “95% confidence limit.
®Standard deviation of residuals from line.

450,000

o
S

400,000
350,000
300,0005%

Trigoneoside 1b

b
-4

Min

Figure 1. HPLC chromatogram showing the composition of SFSE-G with structures of peak (A) trigoneoside Ib (RT =2.2 min) and peak (B) vicenin 1

(RT = 3.2 min).



1212 A.D. Kandhare et al.

Precision and accuracy

The intra- and inter-day precision and accuracy of the method
are summarized in Table 2. For all the samples spiked with
analytes at three concentration levels, the %RSD of both the
intra-day and inter-day precision was between 0.39% and
1.74% and 0.23% and 0.89%, respectively. Accuracy was
calculated as % recovery, and it was ranged between 99.96%
and 100.42% for the matrices studied for SFSE-G in plasma.
The results demonstrated that the method is accurate and
reproducible for determination of SFSE-G in rat plasma,
tissues, urine and fecal samples. The low values of %RSD was
less than two (<2%), with no significant differences in values
for intra-day and inter-day precision, indicate the method’s
reproducibility with high precision.

Recovery and robustness

The extraction recoveries of SFSE-G ranged between 99.96%
and 100.42% in plasma and tissue samples (Table 2). These
data indicated that the biosample preparation procedure was
satisfied and can achieve the acceptable extraction recovery.
Robustness of the envisaged method studied after deliberate
alterations of the analytical parameters indicated that areas of

@
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[=]
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1
.
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L}
-
o
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o
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Figure 2. Concentration versus residual plot of SFSE-G.
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peaks of interest and retention factor remained unaffected by
small changes in the operational parameters (%RSD <?2).
The summary of validation parameters of the proposed
method is given in Table 2.

Specificity

The HPTLC-UV spectra of SFSE-G shown in Figure 3
indicated A, at 210 nm. The representative chromatograms
for determination of SFSE-G in plasma are shown in Figure
4(B-D) and in tissues (brain and lung were chosen as
representative tissues) are shown in Figure 5(B-C), respect-
ively. The retention time of SFSE-G was about 3.5 min. It was
indicated that analyte was well separated, and no interferences
were detected from endogenous substances or metabolites.

Pharmacokinetics of SFSE-G in rats

The mean plasma concentration—time profiles of SFSE-G in
rats following oral administration at dose of 200 mg/kg are
shown in Figure 6(A), and the corresponding pharmacokinetic
parameters are summarized in Table 3. It was found that the
data were best fitted with a two-compartment model. SFSE-G
had a slow distribution phase as the SFSE-G appeared in
plasma after 30 min which was followed by a relative slow
elimination phase and could be detected by 96 h post-dosing.

Tissue distribution study

The tissue distribution of SFSE-G after single oral adminis-
tration of 200 mg/kg in rats showed that the highest level of
SFSE-G was observed in lung followed by brain. The high
affinity in lung of SFSE-G confirms that it has good curative
effect on respiratory diseases. In addition, the presence of
SFSE-G in brain tissue revealed that it can efficiently cross
the blood-brain barrier that may be good for treating the
disorder related to central nervous system (Table 4).

Urinary and fecal excretion study

The excretion of SFSE-G in urine and feces is illustrated in
Figure 6(B) and (C). After a single oral administration of
200 mg/kg SFSE-G, the mean elimination in urine and feces

Table 2. Intra- and inter-day precision of the HPLC method, recovery and robustness study for SFSE-G.

Concentration obtained”

Precision obtained (%RSD)

Standard drug Nominal concentration® Intra-day Inter-day Intra-day Inter-day
Trigoneoside Ib 200.00 231.60 233.32 1.74 0.89
400.00 510.81 510.97 0.36 0.32
600.00 745.29 551.83 0.59 0.23
Amount taken® (%) Amount added® Total® Amount found?® SD %Recovery %RSD
200 (80) 160 360 359.87 3.34 99.96 0.92
200 (100) 200 400 400.63 6.25 100.15 1.56
200 (120) 240 440 441.88 5.41 100.42 1.22
Parameter SFSE-G (600 pg/mL)
SD of concentration found %RSD
Mobile phase (acetonitrile) composition (+1%) 3.44 0.87
Elution flow rate (+0.1 mL/min) 6.64 1.66
Detection wavelength (+2 nm) 5.29 1.32

Notes: RSD is relative standard deviation; SD is a standard deviation (n=06).

“Concentration in pg/mL.
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20 200 w

Figure 3. UV spectrum of SFSE-G showed the A, at 210 nm.

was after 24 h and could be detected until 108 h post-dosing.
Hence, major unchanged amount of the SFSE-G was
eliminated from the urine and feces over 108 h.

Discussion

In order to understand drug actions, its distributions and
elimination in living organisms there is need to develop a
highly sensitive, robust, validated, sophisticated and precise
analytical method for qualitative and quantitative PK analysis
of the chemical moieties from various biological fluids.
Simultaneous determination of PKs (determination of the
time course of drug concentrations in body fluids) and
pharmacodynamic (PD) (determination of drug effects inten-
sity on the organs) parameters of drug provides more accurate
and sensitive ideas about drug concentrations, and its effects
in human or experimental animal.>'*> Animal models played
the decisive role in the understanding of the PK properties of
various therapeutic moieties.*® In addition, for interpretation
of in vivo disposition as well as evaluation of the various drug
targeted site the knowledge of PD (distribution and excretion)
is necessary. Hence, laboratory rats have been preferred as
suitable animals model for the evaluation of PK-PD after oral
absorption as they mimic all the parameters that have
clinically close resemblance to human.**

For illustration of the mechanism of the chemical moiety
isolated from natural products, it is important to evaluate its
pharmacokinetics profile.>>7 As the use of herbal medicine
as an alternative medicine has been increased day by day
ultimately its herb—drug interactions has been evolved more.
Moreover, this interaction needed to be investigated with the
help of its PK-PD profiling.*® Quantitative structure-PK
relationships (QSPKRs) analysis provides an idea about the
molecular properties and/or functional group presentation in
the PK of compounds which further provides information
about the PK trends within that compound series thus the best

possible pharmacological activities can be derived from this
QSPKR information.**** As the QSPKR analysis is an
important factor of multi-component PK study, hence,
absorption and disposition of chemical moieties in a different
compartment can be identified based on its structure.

Qualitative and quantitative analysis of the bioactive
constituents (PK markers) from natural products was done
according to US-FDA guidelines® in various biosample
including plasma, urine and tissues by using the suitable
analytical methods could be used to substantiate systemic
exposure to the herb.?’” It also played a significant role in the
determination of herb—drug or herb—herb interactions during
toxicity and clinical studies. To date, no validated HPLC
method has been reported in the literature for the quantifi-
cation of furostanol glycoside from fenugreek seed extract in
biological samples. In present investigation, a rapid, sensitive,
selective, specific, robust and reproducible HPLC method for
determination of SFSE-G in rat plasma, different tissues,
feces and urine has been reported. In the current study, sample
preparation was simple and identification of SFSE-G can be
completed within 4min in HPLC. The current method is
satisfactory enough to determine the concentration of SFSE-G
in plasma, tissue, feces and urine after single oral adminis-
tration in rats.

Results of the present investigation showed that an array of
solvents were screened for the selection of mobile phase in
separation of SFSE-G from biosamples however, the best
fitted Ry value was worked out when formic acid (0.3%) and
acetonitrile was used in a mixture of 80:20 v/v it gives the
optimal Ry value of 3.5 min which produce clean chromato-
grams as well as yielding the highest recovery for the
analytes. Table 3 indicates that following a single oral
administration of SFSE-G (200 mg/kg), it showed slow
intestinal absorption and then it eliminated from rat plasma
with 71, of approximately 40.10h and T, 72h. After
following a single oral administration of 200 mg/kg SFSE-G,
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Table 3. Pharmacokinetic parameters for SFSE-G in rats
after receiving a single oral dose at a concentration of

200 mg/kg.
Parameters Units Values
AUC11(cobs) (h) (ng) 0.1775
Cax png/mL 3.030
Tmax h 72
t h 40.10
AUC . (h) (ng/mL) 0.177
AUMC (h)? (ug/mL) 9.538
Rymooth 0.6491
Raccurale 0.2004
. 0.9961
MRT h 53.71

Notes: AUC is an area under curve; AUMC is area under
the first moment curve; ¢y, terminal half-life; MRT is
mean residence time.

Table 4. Concentration of SFSE-G in rat various tissues
after receiving a single oral dose at a concentration of

200 mg/kg.

Organs Availability (ug) % Distribution
Brain 5.75+0.005 0.014
Kidney nd -

Liver nd -
Lungs 18.02 +4.28 0.044
Small Intestine nd -
Adrenal gland nd -

Notes: Data are expressed as mean+S.E.M (n=3). nd,
not detectable.

it showed relatively slow distribution and eliminated in urine
and feces after 24 h and could be detected until 108 h post-
dosing.

In tissue distribution study, following oral administration
of SFSE-G, its concentrations were determined in an array of
tissues including the brain, kidneys, liver, lungs, small
intestine and adrenal glands, respectively. Table 4 depicts
that concentration of SFSE-G was highest in lung and then in
brain which indicated that it has good curative effects on
respiratory system diseases and central nervous system related
diseases. Distribution of SFSE-G in lung and brain is
explained by the high blood flow or perfusion rate to these
organs. However, negligible presence of SFSE-G concentra-
tion in another tissue may result from poor membrane
permeability of drug that is limiting intestinal absorption of
SFSE-G. The presence of sugar moieties with high hydrogen
bond count and polar surface area in the SFSE-G may
produce unfavorable condition for poor membrane perme-
ability of drug.

Conclusion

In conclusion, to the best of our knowledge, this is the first
study where we have developed a simple, rapid and sensitive
method for the quantitative determination of SFSE-G in
biosample including plasma, urine, feces and tissues which
can be applied for pharmacokinetics, tissue distribution and

PKPD study of SFSE-G extract in rats 1217

excretion of furostanol glycoside, i.e. SFSE-G in rats after
oral administration using US-FDA guidelines. The major
distribution tissues of SFSE-G in rats were lungs and brain. It
efficiently crosses the blood-brain barrier to achieve suffi-
cient concentration in the brain. Its major route of elimination
is excretion through urine and feces. The results of the present
in vivo pharmacokinetics and disposition studies of SFSE-G
in rats will provide helpful information for the development of
suitable dosage forms and clinical references on rational
administration.
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