Revista Romdna de Medicina de Laborator Vol. 22, Nr. 1, Martie, 2014 119

oe [ Research article

G
DOL: 10.2478/1Im-2014-0006

Determination of genistein in rat liver and kidney
by a HPLC/UV method. Possible extrapolation
from animals to humans

Determinarea genisteinei din ficat si rinichi de sobolan printr-o metoda
HPLC/UV. Posibilitatea extrapolarii datelor experimentale la om
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Abstract

A simple and selective method for genistein (GNST) determination in rat liver and kidney was validated in
order to study the phytoestrogenic effect of GNST in ovariectomised female Wistar rats. GNST was separated on a
Kromasil 100-RP8 column, 150 mm x 4.6 mm, 5 mm equipped with a Kromasil RP 8 precolumn. The mobile phase
was 55:45 (v /v) phosphoric acid, 15 mmol in water: methanol at a flow rate of 1.3 ml / min. Luteolin 20 ug / ml in
methanol was used as internal standard (1S). The retention time of GNST was t, = 13.22 min and t, =11.60 min for
the IS. Calibration curves in the range 40-400 ug GNST/100g liver and 20-200 ug GNST/100g kidney presented a
coefficient of determination higher than 0.99. The method developed presented a good precision and accuracy at
the lower limit of quantification LLOQ. 10 white Wistar female rats, 8 weeks of age were treated s.c. with 10 mg
GNST/kg bw/day for 8 weeks, while a group of 10 animals were used as controls. The values obtained for GNST in
the liver were 192.12 + 53.46 ug/100g and 74.51 + 12.77 ug/100g in kidney samples.
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Rezumat

A fost validata o metoda simpla si selectiva de determinare a genisteinei (GNST) din ficat i rinichi de sobolan
in vederea studierii efectului fitoestrogenic al GNST la sobolani Wistar de sex feminin ovariectomizati. GNST a
fost separata pe o coloana Kromasil 100-RP8, de 150 mm x 4,6 mm, 5 um prevazutd cu precoloana Kromasil RP 8.
Faza mobila a fost 55:45 (v/v) acid fosforic 15 mmol in apa : metanol la un debit de 1,3 ml/min. Ca standard intern
a fost folosita luteolina 20 ug/ml in metanol. Timpul de retentie al GNST a fost t, = 13,22 min si t, = 11,60 min
pentru standardul intern. Curbele de calibrare pe domeniul 40-400 ug GNST/100g ficat si 20-200 ug GNST/100g

*Corresponding author: Camil-Eugen Vari, University of Medicine and Pharmacy Tirgu Mures, Romania, phone:
+40-265-21 55 51, e-mail: camil.vari@umftgm.ro


mailto:camil.vari@umftgm.ro

120 Revista Romdna de Medicina de Laborator Vol. 22, Nr. 1, Martie, 2014

rinichi au prezentat coeficienti de determinare >0,99. Metoda a prezentat o buna precizie si acuratete la limita de
cuantificare. 10 sobolani albi Wistar de sex feminin, cu varsta de 8 saptamani au fost tratati s.c. cu 10 mg/kg c/zi
solutie GNST timp de 8 saptamdni, in timp ce un lot de 10 animale au folosit ca martor. Valorile obtinute pentru
GNST in ficat au fost 192.12 + 53.46 ug/100g, iar in rinichi 74.51 = 12.77 ug/100g.

Cuvinte cheie: genisteina, fitoestrogeni, HPLC, ficat de sobolan, rinichi de sobolan.
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Introduction

Phytoestrogens are naturally occurring com-
pounds, commonly found in plants from Faba-
ceae family, with low toxicity and remarkable
pharmacological properties. Among these com-
pounds the most frequently used is GNST an
isoflavonoid with affinity for estrogen recep-
tor beta comparable with estradiol -17 beta (1)
with agonist - antagonist activity depending on
serum levels of endogenous agonists. GNST is
highly active in various organs of the reproduc-
tive system such as the vagina, uterus, ovaries or
prostate because of the large number of estrogen
receptors, and recent studies have shown its role
in maintaining blood glucose, body mass, in de-
creasing triglycerides, LDL-cholesterol and total
cholesterol (2).

Another problem that arises is the phy-
toestrogenic effect in young individuals. A study
by Newbold et al (3) show an increase by 31% of
the incidence of cervical cancer in neonatal mice
treated subcutaneous with 50 mg/kg bw/ day for
5 days. Weber et al (4) showed that adult male
rats exposed to soy-like isoflavonoids present-
ed decreased serum levels of androgen hormons
and a decrease in prostate weight, while in CD-1
immature females mice phytoestrogens acceler-
ated vaginal opening.

Additional deposits of phytoestrogens, and
especially GNST, which are found in the liver
or kidney can be an important reservoir of es-
trogen-like substances in postmenopausal wom-
en, especially if data obtained on experimental
animals can be extrapolated to humans. Isofla-

vonoids deposits in various organs and GNST
presence in various body fluids has been the
subject of numerous laboratory animal studies
using ['*C] radiolabelled GNST (5), HPLC -MS
technique (6) or HPLC —DAD (7). These deter-
minations use complex methods of solid phase
extraction or liquid-liquid extraction and hydro-
lysis of glucuronide and sulfo-conjugates by en-
zymatic systems such as beta-glucuronidase or
sulfatase (8).

There is controversy in the literature regard-
ing achieving “steady state” in isoflavonoid level
(highly variable oral absorption, rapid elimina-
tion from plasma). That is why isoflavones pres-
ence in organs as a marker of tissue distribution
has to be argued based on pharmacokinetic fun-
damentals (9).

The purpose of this study was to develop a
simple method for extraction and quantification
of GNST in rat liver and kidney, organs with a
lower number of estrogen receptors that can be
a source of phyestrogens after their elimination
from plasma. This method was developed as part
of a larger study on the effects of GNST in ova-
riectomised Wistar female rats.

Material and methods

1. Analytical method

Chemicals, reagents, solvents. GNST was
purchased from LGC Promochem, Germany and
the IS, luteolin, from Fluka. All solvents: ethyl
acetate and HPLC grade solvents: methanol and
phosphoric acid were bought from Merck (Mer-
ck KGaA, Darmstadt, Germany). Purified water
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used was obtained from Millipore SA, Molsheim,
France, NaOH and HCIl were purchased from
Merck (Merck KGaA, Darmstadt, Germany).

Preparation  of  standard  solutions,
calibration solutions and quality control (QC)
samples. Calibration curve was prepared in the
range of 40-400 ug GNST/100g liver and 20-
200 pg GNST/100g kidney by spiking blank liv-
er and kidney samples with GNST and luteolin,
as internal standard. A stock solution of 1 mg/
ml GNST in methanol was prepared from which
the following standard solutions were obtained
by dilution: 4, 8, 10, 20, 30, 40, 80 pg GNST/
ml. Luteolin was used as an IS with a concentra-
tion of 20 pg/ml in methanol for the liver sam-
ples and 10 pg/ml methanol in kidney samples.
QC samples were prepared similarly by spiking
blanc liver and kidney samples with GNST stan-
dard solutions and were of 20 pg GNST % (QC))
and 40 ug GNST % (QC,).

Extraction method from organ samples
spiked with GNST and IS. 2 g of rat liver was trit-
urated with a spatula of sand, 100 pl calibration
solution (8, 10, 20, 30, 40, 80 pg GNST/ml) and
100 pl IS (20 pg/ml) and was added 5 ml of 10%
NaOH. With the addition of NaOH fats were sa-
ponified. The mixture was stirred for 30 minutes
in an ultrasound bath, than it was filtered and the
filtrate was added 10% HCI to pH=3 for flavone
sodium salts hydrolisis. The filtrate was boiled in
an oven at 100°C for 30 minutes, and after cool-
ing 5 ml of ethyl acetate were added. The organ-
ic phase was evaporated to dryness and added
100 pl mobile phase and stirred vigurosly. 20 ul
were injected in the chromatographic system.

In the case of rat kidney samples, one kidney
of approximately 1 g was triturated with a spat-
ula of sand, 100 pl calibration solution (4, 8, 10,
20, 30, 40 pg GNST/ml) and 100 pl IS (10 pg/
ml). The extraction method used was the same as
in liver samples.

Chromatographic ~ system. Measurements
were performed on a Merck Hitachi chromato-

graphic system consisting of: L-7100 binary
pump with degasser L-7612, L-7200 automatic
injector with thermostat L-7360, DAD 455 de-
tector.

Equipment used: AB54S balance (Met-
tler-Toledo), pH meter MP225 (Mettler-Tole-
do), centrifuge 2-15 (Sigma), mixer 10 (Falc
Instruments), water purification device Direct Q
(Millipore), ultrasonic bath Transsonic T700H
(Elma).

Column. Separation was performed on a
Kromasil 100-RP8 chromatographic column,
150 mm x 4.6 mm, 5 pm with Kromasil RP §
precolumn, at a temperature of 25°C.

Mobile phase. The analysis was carried out
for a period of 20 minutes using a mixture of
55% mobile phase A - 15 mmol/l phosphoric
acid and methanol with a flow rate of 1.3 ml/
min.

Detection was at 259 nm.

2. Experimental procedures on animals

Experimental procedures on animals and
biological sampling were approved by Ethics
Committee of the University of Medicine and
Pharmacy Tirgu Mures.

Preparation of GNST solution for s.c. admin-
istration. GNST was dissolved in a minimum
quantity of dimethyl sulfoxide Merck (Merck
KGaA, Darmstadt, Germany), this solution was
then diluted with corn oil.

20 white Wistar female rats aged 8 weeks
were used. The animals were divided into two
groups of 10 animals. Group I was administered
s.c. a GNST solution of 10 mg /kg bw/day for 8
weeks, while the second group served as a con-
trol to obtain blank samples of liver and kidney.
Animal diet was standardized, controlled with-
out isoflavonoid content.

Extraction method from organ samples ob-
tained from rats treated with GNST. Free GNST
and that obtained by hydrolysis according to the
procedure described above for calibration sam-
ples (saponification of glucuronide and sulfate
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conjugated GNST with 10% NaOH, followed by
acidification with 10% HCl) were quantified in
the biological sample.

Results

Method validation
1. Specificity of the method. 6 blank rat liver
and kidney samples were extracted individual-

ly and injected (Figure 1 and Figure 2). At the
retention time of GNST (13.22 min) and of IS
(11.60 min) interferences are not observed in
blank liver or kidney extract.

2. Linearity domanin and LLOQ. Chromato-
grams of a rat liver and kidney sample at the low-
er limit of quantification LLOQ, spiked with 40
ng/100g GNST (t, = 13.22 min) and 100 pg/100g
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Figure 1. Chromatogram of a blank liver extractive solution
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Figure 2. Chromatogram of blank kidney extractive solution
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IS (t, = 11.60 min) in the case of liver, and
20 pg/100g GNST and 50 pg/100g IS for kid-
ney sample are shown in Figure 3 and Figure 4.
LLOQ was set at the lowest concentration stan-
dard (40 pg GNST/100g liver and 20 pg GN-
ST/100g kidney) with an accuracy and precision
of less than 20%.
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3. Average calibration curve in the concen-
tration range of 40-400 ug GNST/100g liver and
20-200 pg GNST/100g kidney was calculated
with a coefficient of determination greater than
0.991. The calibration curve of the type y = a (+
SD) x + b (£ SD), where SD is the standard de-
viation was 'y = 37.81 (+ 12.35) x - 5.38 (+ 4.56)
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Figure 3. Chromatogram of a LLOQ kidney sample spiked with 40 ng/100g GNST
(tR =13.22 min) and 100 pg/100g IS (tR = 11.60 min)
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Figure 4. Chromatogram of a LLOQ liver sample spiked with 20 ug/100g GNST (tR = 13.22 min)
and 50 pg/100g IS (tR = 11.60 min)
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Table 1. Precision, accuracy and recovery within series (n = 5).

nominal Mean ¢ found
Matrix (ng/100g (ng/100g Recovery% (£SD) Prec1§10n Bias %
biological biological (CV%)
product) product) (£SD)
liver IS 100 72.91(+6.88) 72.91 (£6.88) 9.44 -27.09
GNST 20 15.16 (£1.49) 75.80 (£7.49) 9.89 -24.20
40 31.63 (£2.71) 79.08 (£6.77) 8.57 -20.91
kidney IS 50 38.25 (£2.10) 71.77 (£5.15) 5.50 -28.23
GNST 20 14.70 (£1.98) 73.51 (£9.91) 13.48 -26.49
40 28.64 (£2.07) 71.61 (£5.18) 7.24 - 28.39
Table II. Precision, accuracy and recovery between series (n = 5).
nominal Mean ¢ found
Matrix 15::) gli)lg{:(c)fl tfz)glf)lg(:(c)fl Recovery% (+SD) P(r(t;::ll‘s);)o)n Bias %
product) product) (£SD)
liver IS 100 79.43 (£5.09) 79.43 (£5.09) 6.41 -20.57
GNST 20 16.24 (£1.58) 81.20 (£7.93) 9.77 - 18.80
40 34.98 (£2.99) 87.46 (£7.48) 8.56 -12.54
kidney IS 50 38.17 (£3.30) 76.35 (+8.10) 8.66 -23.65
GNST 20 14.50 (£2.05) 72.50 (£10.25) 14.13 -27.50
40 30.98 (£3.60) 77.46 (£9.02) 11.69 -22.54

for liver and y = 56.32 (+ 13.54) x-7.43 (£ 6.56)

. . . . Table III. Rat liver and kidney values of GNST
with 6 points and 5 calibration measurements for

each point. The residual distribution was within C c
GNST GNST
the limits of + 11%. sample

(ng/100g liver) (ng/100g kidney)
4. Precision, accuracy, recovery. Accuracy

isi ~ 1 233.75 67.45

0 samles (Tt on Tt 1y Precisio : 2675 5547
exiressed bI})f CV% and accuracy expressed by 3 195.39 7423
relative error (bias%) was calculated for 5 sam- 4 61.38 66.55
inj i : 5 144.87 102.44

ples injected in the same day and. on different . 7713 o5
days at both levels .of concentration QC, and - 207 56 s
QC,. The concentrat-lon values 'for QC samples 2 s o
were chosen according to t?le liver and kidney 5 190.67 oo
GNST values tl'la.t othér studies have report.ed‘ af- 0 Sy e
t.er GNST administration by subcutaneous injec- average L s
tion in rats. (9). The average recovery was over D 346 oXT

0 . .
70% for the liver and kidney samples. V% 2782 1714
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5. Stability studies. GNST stability in biolog-
ical samples was tested on QC samples injected
and concentration calculated from the calibra-
tion curve of the day in the rat plasma samples at
room temperature, after three repeated cycles of
freezing and thawing (10, 11).
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Analysis of biological samples

Liver and kidney samples chromatograms
of GNST treated group are shown in Figure 5
and Figure 6. GNST values are 192.12 + 53.46
ng/100g in liver and 74.51 + 12.77 pg/100g in
kidney (Table III). GNST values in the liver is
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Figure 5. Chromatogram of a rat liver sample
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Figure 6. Chromatogram of a rat kidney sample
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double than in kidney but interindividual vari-
ability of results is also much higher.

Discussion

Clinical trials of medicinal products must
be preceded by non-clinical studies (including
pharmacokinetic ones) even if their extrapola-
tion to humans is not conclusive (12, 13). All of-
ficial monographs of drugs (Summary of Prod-
uct Characteristics) validated by the regulatory
authorities (Romanian National Agency of Med-
icine, EMEA, FDA) should include preclinical
safety data. Organ distribution studies in humans
raise ethical issues or require administration of
radiolabeled compounds that are not hazardous
to health and life. Therefore, animal studies are
used as a guide for predicting drug behavior
in humans. In case of food supplements, leg-
islation is more permissive (14). Most dietary
supplements on the market do not have clinical
or non-clinical efficacy data (their use is based
solely on the alleged lack of toxicity and long-
time empirical use).

Hepatic metabolism of genistein varies, with
species specific. While in rats where unmetabo-
lised GNST represents less than 10% of the total
GNST, in humans the proportion of unchanged
substance is highly variable (from 0 to 58.3 %).
Comparative studies on cryopreserved hepato-
cytes showed that the main metabolite of GNST,
both in humans and in rats is 4’ -O- glucuron-
ide-GNST (15). Other compounds obtained in
the phase Il metabolic reactions (4’ -O- sulfate
genistein -7 - O- glucuronide, GNST 4’ -O- glu-
curonide, or GNST-7-O-sulfate and GNST-4’-
O-sulfate) are quantitatively unimportant. The
lack of primary metabolites obtained by phase
I metabolic reaction-3’, 6, 8 aromatic hydroxyl-
ation (although their appearance is predictable
by in silico studies (15)), by means of isoforms
CYP A, CYP,C, CYP,C,, CYP,A, is caused

279 2719

by minor importance of this metabolic pathway
and the enzyme inhibitory activity of GNST on
CYP,, isoforms described by Moon et al (16).

In rats, distribution and storage of genistein
in the organs is age dependent, young rats have
75 % higher levels of GNST in the liver than in
skeletal muscle, in older animals, the storage
capacity of the liver decreases (9). Although all
literature studies show a short half-life of GNST
(being totally eliminated from the blood after
12 hours, unable to speak of a true steady state)
(9), a part of GNST is not renally excreted and
is stored in tissues and organs. Distribution of
GNST and metabolites in different organs is un-
even, as a result of local blood flow and differ-
ences in UDP-glucuronyltransferases activity.

Considering the short half-life of GNST as
parental drug, the compound was administered
parenterally as oily solution. This administration
pathway was necessary to get a saturation lev-
el in targeted organs by the developed method.
This saturation level is in equilibrium with a cva-
sistationary plasma concentration of GNST.

Our results show higher levels of total GNST
(unmetabolised or obtained by hydrolysis of
conjugated metabolites) in liver than in kidney.
These differences may be explained by the fact
that the kidney serves as an elimination organ of
the conjugated compound while at hepatic lev-
el the bile elimination of glucuronides may be
followed by re-absorption of the compound ob-
tained by enzymatic hydrolysis in the duodenum
(enterohepatic circulation). Our study presents
that despite the apparent short half-life of GNST,
some organs serve as storage for GNST in case
of a regular intake of the substance.

The method developed is rapid, sensitive,
reproducible, does not require laborious sam-
ple processing and can serve to quantify izofla-
vonoides in tissue for pharmacokinetic studies,
isolation and identification of metabolites and to
reflect storage capacity of various organs.
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