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To investigate the effect of lecithin on FMO3 and FMO5 gene expression, L-a-
lecithin or ethanol 30% (as control) was administrated to female N-mary mice as
intraperitoneal injection and animals were sacrificed 48h after treatment. The relative
expression of mRNA and protein were assessed by real-time PCR and western blotting
analysis. In this study, FMO5 expression was also evaluated in HepG2 cell line. FMO3
mRNA expression in mice liver was increased to 1.8-fold in animal received lecithin
compared to control group, While FMO5 expression did not showed any changes as in
vivo and in vitro experiments. The our results suggest to induce of FMO3 expression by

lecithin.
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The phospholipidsareaclassof lipidsin
body tissues and in plasma that require for the
solubilization of cholesterol and emulsification of
lipids and absorption® 2, Lecithin is the major
phospholipid (>50%) in most mammalian
membranesthat islocalized in the outer surface of
the plasma membrane®. Some studies in animals
have investigated the effects of lecithin on lipid
homeostasis. Inrats, lecithin riched diets modul ate
plasmatotal cholesterol and HDL -cholesterol, also
it can stimulate bile formation and secretion of
biliary bile acids, phospholipid and cholesterol .
In another study by O'Brien and Corrigan, in the
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hyperchol estrolemic guinea pigs was showed that
the feeding of supplemented diet with soybean or
egg lecithin can decreasestotal plasmacholesterol
without decreasing HDL-cholesterol and results
in the 177% increase in HDL-cholesterol without
increasing intotal cholesterol®. Although anumber
of studies in animals demonstrate the beneficial
effects of lecithin on plasma and liver lipids, but
thereislimited to confirm lecithin effectson lipid
homeostasis in human’2. In fact, Recently studies
indicate that intestinal microbes-dependent
metabolism of phosphatidylcholine (lecithin) can
be involved in pathogenesis of cardiovascular
disease®®. Intestinal microbes can convert the
cholinemoiety of lecithinto trimethylamine (TMA)
and TMA is subsequently converted to
trimethylamine-N oxide (TMAO) by members of
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flavin-containing monooxyganase (FMO) family
in liver. TMAO is known as a metabolite that
strongly associated with athrosclerosis'®. Flavin-
containing monooxygenases (FMOs) in mammals
are detoxification enzymes that oxygenate drugs
and xenobiotics containing nitrogen, sulfur and
phosphorus!'™ 22, In the most mammals, there are
fiveisoformsof FMOs, FMO1-5. FMO3isthemost
important isoform that in human and femal e mouse
livers is highly expressed® 4, FMO5 is also
expressed in the livers of human and mice that its
MRNA levelsishigher than other FMOs'>. FMOs
expression can be affected by variousfactors such
asdiet, diseaseand hormonal status'®. For example,
indols that are compounds in the vegatables can
inhibite FM O3 activity®. Inmice, enriched diet with
cholic acid induces hepatic FM O3 expression [ 20].
Morerecent studiesindicatethat changesin FMO3
and FMO5 expression could have physiological
outcomes. For example, it has been found that in
liver of mice, FMO3 contributes to regulation of
cholesterol balance and inflammatory responses®.
In mice that FMO5 gene has been inactivated
(FMO5 knockout gene), from 30 weeks of age, there
is not metabolic changes dependent age such as
increasing body weight or increase in the plasma
cholesterol and glucose, indicating that FMO5 is
involved in metabolic changes associated with
age”?. Forasmuch as, transcriptional changes of
FMO3 and FMO5 genes affected on lipid
metabolism and as af orementioned, lecithinisalso
known to influence on lipid homeostasis, therefor
the objective of the present study was to
investigate FM O3 and FM O5 gene expression at
MmRNA and protein levels in mice, after
administration of lecithin.

METHODANDMATERIAL

Chemicalsand reagents

Dulbeccopus Modified Eagleps medium
(DMED), Trypsin-EDTA, Penicillin/Streptomycin,
3-(4,5-dimethylthiozol-2-yl) -2,5-
diphenyltetrazolium bromide (MTT) and L-a-
phosphatydylcholine-from egg (P3556) (L ecithin)
were obtained from Sigma-Aldrich (Germany). For
cell culture experiments, 100mg from lecithin was
dissolved into 1ml of ethanol (100%) and added
to the medium at interested concentrations, and
for animal experiment this solution wasdiluted as
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1:3with distilled water. Fetal bovine serum (FBS)
was purchased from Gibco Life Technologies
(India). Anti-FM O3, anti-FMO5 antibodies and
Goat anti-rabbit secondary antibody was prepared
from the Abcam Biotech Company (Cambridge,
UK). ). Anti-GAPDH and goat anti-mouse
secondary antibody were from Novus Biological,
LLC (Littleton, USA) and R& D Systems Europe,
Ltd. (Abingdon, UK) respectively. All other
chemicalswere of the molecular grade.
Animalsand treatments

Female N-mary mice (8 to 9 weeks ol d)
werekept at 12h light/dark cycle and chow diet as
ad libitum. The animals were divided into two
groups. Onegroup of micereceived 100 pl of L-a-
lecithin in 30% ethanol (35 mg/ml), equal to 150
mg/kg, as intraperitoneal (ip) injection and the
other group received ethanol 30% asip injection.
Inrodentsthat have ever been studies, the maximal
nontoxic intraperitoneal dose of lecithin was
determined between 1 to 10 g/kg body weight?.
After 48 hours, animals wre sacrificed by high
concentration of CO2. The livers rapidly were
removed, snap frozenin liquid nitrogen and stored
at -80 °C until used.
Cell culture

The HepG2 cell line was cultured in
Dulbeccous Modification of Eagleus Medium
(DMEM) supplemented with 10% fetal bovine
serum (FBS),150 U/ml penicillin/150 pg/mi
streptomycin and was maintained at 5% CO2 and
temperatureof 37°C. For cell treatment. HepG2 cells
were grown to 90% confluency and then themedium
was exchanged to medium containing lecithin with
final concentration of 0.23 mg/ml or 0.46 mg/ml and
incubated for 6, 12 and 24 hours. At the end of
incubation, cells were washed twice with
phosphate buffered saline (PBS) and protein lysis
buffer or tripure reagent (Roche applied science,
Switzerland) was added for protein or RNA
extraction, respectively. Afterward, cells were
detached from dishes and transferred to a
microtubeto store at -80°C.
RNA isolation and cDNA synthesis

Tota RNA from 2-3x10° cells(60 mm dish)
and 20 -30 mg liver tissues were isolated with
Tripure isolation reagent (Roche applied science,
Germany) according to manufacturer’s
instructions. The concentration of extracted RNA
was quantified spectrophotometrically at 260nm.
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The purity and quality of RNA were evaluated with
determination of 260/280 absorbanceratiousinga
ND-1000 nanodrop (Thermo Scientific, USA)
instrument. Integrity of RNA was also assessed
by electrophoresis on 1% agarose gel. For cDNA
synthesis, 1ug of total RNA was applied in afinal
volume of 20 ul of reverse transcription reaction
by Revert Aid first strand cDNA synthesis kit
(Thermo Scientific, USA) according to the
manufacturer’ sinstruction. The cDNA was stored
in-20°C until use.
Real-timePCR

The PCR test was performed using iQ-
SYBR Green supermix kit (BioRad) in StepOne Real-
time PCR System (Applied Biosystems). Reaction
mix of PCR waspreparedin 20 pl volumesconsisted
of: SYBR Super mix 1X (20 mM Tris-HCI, pH 8.4,
0.2 mM each deoxynucleoside-5_-triphosphate, 3
mM MgCl2, 50 mM KCI, 25 U/ml iTag DNA
polymerase, SYBR Green |, 10 nM fluorescein, and
stabilizers), Rox dye (500nM), 2-3 ul cDNA, H20
and specific primers (300-500nM). Table 1 presents
primer sequences, accession numbers, annealing
temperature (Tm) and PCR product size (bp).
Thermal program was as follows: starting
denaturation at 95°C for 10 min that wasfollowed
by 45 cyclesat 95°C denaturation for 10s, annealing
temperature for each primer pair (tablel) for 30s
and extension temperature at 72°C for 30s, at the
end was used one step collecting melting curve
data at 55-95°C with ramping rate of 0.2°C/s.
Hypoxanthin-guanine phosphoribosyl transferas
(HPRT) was used asreference gene and datawere
normalized as the difference between Ct for
interested gene and Ct of HPRT gene. Relative
expression mRNA was cal culated using the delta-
delta CT (22) method from the differences
between treated and control samples.
Western blotting

Western blot experiment was performed
for investigation of gene expression at protein
level. For protein extraction from HepG2, first the
cells were washed with ice-cold PBS buffer, and
then 500ul from RIPA (RadiolmmunoPrecipitation
Assay) buffer (tris-HCI; 50mM PH=7.5, NaCl;
150mM, SDS; 0.01 %, Na-deoxycholate; 0.5%, NP-
40; 1% and EDTA; 1mM) consisted of protease
inhibitor cocktail (1X) (Santa Cruz, USA) and
phenylmethylsulfonyl fluoride, PMSF, (Sigma
Aldrich) ImM, was added to each 60mm dish. Liver
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tissue homogenates were made with 30-40 mg of
tissue in 750-1000ul of RIPA buffer. After
homogenizing with an ultrasonic Homogeni zer
(Hielscher, Germany), the sampleswere centrifuged
at 12000g for 15min at 4°C. Protein concentrations
were determined by the method of BCA
(BicinchoninicAcid) with BCA kit from SantaCruz
Biotechnology (Dallas, Texas, USA). The Proteins
were separated on 10% SDS-acrylamide gel and
transferred onto aPV DF (Polyvinylidene Fluoride)
membrane(0.2um, BIO-RAD, USA). Themembrane
wasblocked for 1 hrin %5 skimmilk in TBST (20
mmol/L Tris, 137 mmol/L NaCl pH 7.6, with %0.5
tween-20) and was incubated for 1-1.5h with
primary antibodies, including: anti-FMO3 (Abcam-
ab126790) at 1/3000 dilutionin TBST, anti-FM O5
(Abcam-ab103973) at 1/5000 dilutionin TBST or
anti-GAPDH (NouosBiological-NB300-328) at 1/
10000 diluted in TBST. After washing The
membraneswith TBST for 3 times (20 min each),
membranes were incubated with the second
antibodies at room temperature for 1.5to 2 hours.
The secondary antibodies were goat anti-rabbit
IgG conjugated to horseradish peroxidase (HRP)
(Abcam-ab97051) diluted 1/20000 for anti-FM O3
and 5 and goat anti-mouse 1gG conjugated-HRP
(R&D system-HAF007) diluted 1/5000 for anti-
GAPDH. Following awashing sequencein TBST,
enhanced chemiluminescence (ECL) substrate
(Perkin Elmer) was added on membrane and
followed by exposure to X-Ray film. The protein
bands were densitometered and were analyzed by
an Image J softwarev1.48.
Satistical analysis

Statistical analysiswas carried out using
SPSS 22 software. The differences between treated
group and control were assessed by Sudent’s t-
test. Results were presented as mean + standard
error of mean (SEM) of 6 mice per group and P-
values <0.05 were considered statistically
significant.

RESULTSAND DISCUSSION

In the present study, we investigated the
expression of FMO3 and FMO5 genes after
intraperitoneal (ip) injection of lecithin to female
NMRI mice. The peritoneal cavity provides a
convenient storage for slow release of lipidsinto
the bloodstream. In general, Lecithin isan edible
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Table 1. Primers used for real-time PCR experiment
gene Forward/Revers Primer sequence product Accession ™ Ref.
size (bp) numbers

hFMO5*  5-ACATTGCCCTCACAGAGTGAA-3 139 XM_006711245 55 [17]
5"-CCACCAAATCAGCAAGCTCT-3

hHPRT® 5-GACCAGTCAACAGGGGACAT-3 182 XM_011531328 56 [17]
5-GTCCTTTTCACCAGCAAGCT-3

mFMO3®  5-CACCACTGAAAAGCACGGTA-3 151 NM_008030.1 57 [29]
5 -CTTATAGTCCCTGCTGTGGAAGC-3

mFMO¢ 5-ATCACACGGATGCTCACCTG-3 234 NM_001161763.1 58 [29]
5-GCTTGCCTACACGGTTCAAG-3

mHPRT®  5-AGCTACTGTAATGATCAGTCAAC-3° 198 NM_013556.2 57 [29]

5-AGAGGTCCTTTTCACCAGCA-3

2human flavin-containing monooxygenase5, ® human hypoxanthine phosphoribosyl transferase (hHPRT), ¢ mouse
flavin-containing monooxygenases3, “mouse flavin-containing monooxygenases5, “mouse hypoxanthine phosphoribosy!
transferase (MHPRT). f Annealing temperature for each primer pair and length of PCR product.

and digestible compound of natural origin that is
used in food industry, it constitutes predominant
phospholipid (>50%) in most mammalian
membranes® %, The metabolism of dietary lecithin
in the intestine produces a variety of products
including cholinethat it ismetabolized by gut flora
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Fig. 1. Hepatic FMO3 and FMO5 gene expressions in mice at 48h after treatment with lecithin (150mg/kg in
ethanol 3%) asasingle doseintraperitoneal injection compare to mice receiving ethanol 30% as controls. A) Real -
time PCR analysis of FMO3 and FM O5 genes that were normalized with HPRT, B) Quantification of FMO3 and
FMOS protein levels in western blotting, C) and D) protein bands of FMO3, FMO5 and GAPDH from treated
lecithin mice and controls. The results represent mean value+ S.E from 6 mice. *: P<0.05 compared to control
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levelsin micelivers, after treatment with lecithin,
was shown in Fig 1. Asit can be seen, the FMO3
MRNA levels increased to 1.8-fold compared to
controls, whichisstatistically significant. However,
no difference was observed between lecithin
treated mice and controls (untreated) at the protein
levels(fig 1). FMO3proteinlevelsincreased at 1.3-
fold after treatment with lecithin but no significant.
Previousreports had indicated to induce of FMO3
gene expression by some factors. In a study on
five strains of both male and female mice,
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researchersfound that FM O3 gene expression was
induced after feeding of mice with cholic acid
enriched diet®. recent studies was shown that
overexpression of FM O3 has profound effects on
lipid and glucose metabolism and hepatic
inflammatory responses®® %, so that increasing of
FMO3 expression increases hepatic lipids and
plasma lipids and glucose that suggests the role
of regulating lipogenesis for FMO3%. The
influence of lecithin on genes involved in lipid
metabolism has been reported previously. A study
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Fig. 2. Effect of lecithin treatment on FMO5 expression in HepG2 cell line. Human hepatoma HepG2 cell line
was treated with lecithin at concentration 0.23 or 0.46 mg/ml for 6, 12 and 24 hours and gene expression
was assessed by Real-time PCR and western blotting. A) Real-time PCR analysis of FMO5 gene, HPRT was
used as internal control for normalization, B) Quantification of FMOS5 protein levels in western blotting,
C), D) and E) protein bands of FMO5 and GAPDH after 6, 12 and 24 hour treatment with lecithin at 0.23
and 0.46 mg/ml. The results represent mean value + Standard Error (S.E) from at |east four separate experiments
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on broiler chicken showed that chicken feeding
with soy-lecithin increasesthe expression of genes
regulating lipogenesis including acetyl-CoA
carboxylase (ACC) , malic enzyme (ME), fatty acid
synthase (FAS) and al so transcription factor sterol
regulatory element binding protein-1 (SREBP-1).
The investigation of FMO5 gene expression in
response to lecithin treatment of mice, was not
shown any changes at both mRNA and protein
levels. Although, some reports have shown that
FMO5 can be affected by some substrates but the
knowledgeinthisfieldisvery low. In humansand
micelivers, FMO5 mRNA levelsishigher than any
other FMO indicating that it may had the
physiological role(s) in the liver. In fact, more
recent studies have shown FMO5 involved in
physiological conditions. The study of Gonzales
malagon et al,??, demonstrated that in mice with
dsturped FMO5 gene (FMO57) changes of
glucose and lipids plasmalevel s after 30 weeks of
age is similar to those levelsin 10 weeks of age,
while in wild-type mice, aging is associated with
increaseglucoseandlipid levelsin plasma, increase
of weight and obesity. In present study, the
changes of FMO5 gene expression were also
investigated in HepG2 cell line. Because of
unlimited availability and easy to culture, hepatoma
cell linelike HepG2 have been used extensively in
studied. Despite the fact that the gene expression
of FMO family islimited in HepG2 cells, FMO5
MRNA level werereported approximately equal to
thoselevelsin primary human hepatocyte?. Figure
2 depicts Thechangesin FMO5 mRNA and protein
expression at concentration of 0.23mg/ml and
0.46mg/ml of lecithin after 6,12 and 24 hours
treatment. No significant changes were seen in
FMO5 mRNA and protein levelsin treated cells
compared to untreated controls. The utility of
lecithinin cell culturemedium of 3T3-L1cell line
has shown the overexpression of proliferator-
activated receptor-y (PPAR-y) and it also promotes
lipid accumulation in human hepatoma HepG27'.
This means that in cell culture medium, lecithin
has potential of influence on gene expression. In
vitro studies have shown the changes of FMO5
gene expression in HepG2 cell line such as the
influence of hyperforin that induces FMO5 gene
expression end testosterone that suppresses its
expression®, It is necessary to do more studies to
determine how and which way, lecithin can change
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FMO3 expression and also, it should be
investigated subsequent physiological outcome(s)
of FMO3 overexpression that is created after
receiving thelecithin.
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