
333Mol. Nutr. Food Res. 2007, 51, 333 –340 DOI 10.1002/mnfr.200600170

Research Article

Dietary lutein modulates inducible nitric oxide
synthase (iNOS) gene and protein expression in
mouse macrophage cells (RAW 264.7)
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Lutein is an oxycarotenoid primarily found in dark-green leafy vegetables such as spinach and kale.
Other dietary sources which contain moderate amounts of lutein include corn, egg yolks, and fruits
like oranges and kiwi. Although a number of in vivo studies have demonstrated the anti-inflammatory
effect of lutein, its in vitro anti-inflammatory molecular mechanism of action is unknown. In this
study, we have investigated the in vitro anti-inflammatory effect of lutein using LPS-stimulated
mouse macrophage cell line (RAW 264.7). The inhibition of LPS-stimulated nitric oxide (NO) was
measured and the expression of inducible NO synthase (iNOS) was assessed at the mRNA and protein
levels in mouse macrophage cells after treatment with lutein. Lutein decreased the LPS-induced NO
production by 50% compared to LPS alone. Real-time PCR analysis showed a 1.9-fold reduction in
iNOS expression at the mRNA level. Western blotting revealed that lutein decreased LPS-induced
iNOS expression at the protein level by 72.5%. The results of this study suggest the anti-inflammatory
properties of lutein demonstrated by the decrease in the expression of iNOS at the mRNA and protein
levels in RAW 264.7 mouse macrophage cells.
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1 Introduction

Carotenoids are plant pigments that contribute to the color
of a variety of fruits and vegetables [1]. Lutein ((3R,39R,
69R)-b,e-carotene-3,39-diol) is an oxycarotenoid that
belongs to the xanthophyll family of carotenoids [2, 3] and
is found in several dark-green leafy vegetables such as kale
and spinach [1, 4] (Fig. 1). Other dietary sources which con-
tain moderate amounts of lutein include corn, egg yolks,
broccoli, water cress, fresh parsley, green peas, and fruits
like orange and kiwi [1, 2].

Lutein and zeaxanthin are not synthesized by the human
body and therefore must be obtained by the consumption of
foods containing sufficient amounts of lutein and zea-

xanthin [2, 5]. Both these xanthophylls are distributed in
different tissues of the human body. The highest concentra-
tion of lutein and zeaxanthin has been reported in the ocular
tissue especially in the macular region of the retina [6, 7]. It
has been found that liver, adrenal, adipose, pancreas, kid-
ney, and breast tissues also contain high concentrations of
lutein [6].

Several epidemiological studies have shown that there is
an inverse association between the intake of vegetables that
are high in lutein and the incidence of ocular diseases
including age-related macular degeneration (AMD) and
cataracts [8–10]. The anti-inflammatory activity of lutein
has been demonstrated in a number of in vivo studies. The
in vivo anti-inflammatory and immunosuppression proper-
ties of lutein were reported in a study conducted by Lee et
al. [11] where a lutein enriched diet reduced UV radiation-
induced inflammation in the ears of mice. In another study,
Gonzalez et al. [12] have shown that ultraviolet B (UVB)-
induced skin inflammation in the ears of mice was sup-
pressed with a diet supplemented with lutein and zea-
xanthin.

LPS, a bacterial endotoxin found in the cell wall of Gram
negative bacteria, plays a major role in the onset of an

Correspondence: Dr. Mohamed M. Rafi, Department of Food
Science, Rutgers University, 65 Dudley Road, New Brunswick, NJ
08901, USA
E-mail: rafi@rci.rutgers.edu
Fax: +1-732-932-6776

Abbreviations: iNOS, inducible nitric oxide synthase; MTT, 3-[4,5-
dimethyl-thiazol-2-yl]-2,5-diphenyltetrazolium bromide; NO, nitric
oxide

i 2007 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim www.mnf-journal.com



M. M. Rafi and Y. Shafaie Mol. Nutr. Food Res. 2007, 51, 333 –340

inflammatory response by the activation of immune cells.
LPS activates monocytes and macrophages of the immune
system by forming a complex with LPS-binding protein,
which binds to the membrane glycophosphatidylinositol-
anchored protein CD14. Activation of monocytes and
macrophages by LPS leads to the activation of protein
kinases, subsequently activating signaling pathways, result-
ing in the expression of the inflammatory gene inducible
nitric oxide synthase (iNOS) [13].

The LPS-induced nitric oxide (NO) response in macro-
phages is an important aspect in inflammation. NO is
synthesized from L-arginine by iNOS as a result of the acti-
vation of immune cells in response to LPS and cytokines.
NO is a short-lived biological mediator involved in various
physiological and pathophysiological processes in the
human body [14]. NO also plays a role in neurotransmis-
sion, vasodilation, and in modulating the immune response
[14]. The production of iNOS by macrophage cells plays a
role in the onset of a number of acute and chronic inflam-
matory diseases [15]. iNOS produces NO at high concentra-
tions during inflammatory response and results in the acti-
vation of a number of transcription factors such as the
NF-jB pathway [16]. This prolonged expression of NO
ultimately results in the increased expression of pro-inflam-
matory genes iNOS and cyclooxygenase-2 (COX-2) [17].
High concentrations of NO have been shown to cause DNA
damage in vitro and in vivo that can ultimately lead to
genetic diseases and cancer [18]. Therefore, inhibiting NO
production by blocking iNOS activity at the mRNA and
protein levels may be a useful strategy for the treatment of
chronic inflammatory disorders.

Many studies have also investigated the in vitro anti-
inflammatory effect of different nutraceuticals such as
b-carotene, genistein, apigenin, quercetin, wogonin, luteo-
lin, and epigallocatechin gallate (EGCG) [19–23].
Although a number of in vivo studies have demonstrated the
anti-inflammatory effect of lutein [11, 12], its in vitro anti-
inflammatory molecular mechanism of action is unknown.
Therefore, in this study we investigated the in vitro anti-
inflammatory molecular mechanism of action of dietary
lutein using mouse macrophage cell line (RAW 264.7).

2 Materials and methods

2.1 Reagents and cells

RAW 264.7 mouse macrophage cells (American Type Cul-
ture Collection (ATCC), Manassas, VA, USA) were cultured
in DMEM supplemented with 10% fetal bovine serum
(FBS), penicillin (100 U/mL), and streptomycin (100 lg/
mL) and held at 378C with 7.5% carbon dioxide. DMEM,
LPS, Tri-Reagent, Griess reagent, monoclonal anti-b-actin
antibody, lutein, and 3-[4,5-dimethyl-thiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). The mouse monoclo-
nal anti-iNOS antibody was purchased from BD Biosciences
Pharmingen (San Diego, CA, USA), and anti-mouse IgG
immunoglobulin/HRP was purchased from DAKO (Carpin-
teria, CA, USA). RAW 264.7 mouse macrophage cells were
treated with LPS alone (positive control) or together with
various concentrations of lutein. Lutein (97% purity, Sigma-
Aldrich) was dissolved in ethanol to prepare a stock solution
of 100 mM which was further diluted to make various con-
centrations of lutein (1.25–10 mM) and cells were incu-
bated at 378C for 18 h in 10 mL of DMEM media to reach a
final concentration of 1.25–10 lM.

2.2 MTT assay for cell viability

MTT is a pale yellow substrate that is reduced by the living
cells to yield a dark blue formazan product. This process
requires active mitochondria and even freshly dead cells do
not reduce significant amounts of MTT. RAW 264.7 mouse
macrophage cells (2.56105) were cultured in a 96-well
flat-bottom plate for 12 h and subsequently treated with
various concentrations of lutein (1.25–30 lM) for 18 h.
Thereafter, the culture medium was aspirated and 100 lL
of MTT dye (1 mg/mL in PBS) was added into each well
and incubated at 378C for 4 h. Acidified isopropanol (0.1 N
HCl) was added to each well to solubilize the blue formazan
crystals [24]. The index of cell viability was determined by
measuring the OD of color produced by MTT dye reduction
at 570 nm and compared with that of the untreated control
cells.
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Figure 1. The chemical structure of lutein.
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2.3 NO measurement

RAW 264.7 mouse macrophage cells were cultured in
DMEM supplemented with 10% FBS, penicillin (100 U/
mL), and streptomycin (100 lg/mL) and held at 378C with
7.5% carbon dioxide in a 96-well flat-bottom tissue culture
plate for 12 h. Cells were then treated with LPS (1 lg/mL)
alone (positive control) or LPS with various concentrations
of lutein (1.25–10 lM) for 18 h. The cell supernatants
were collected at the end of the culture for nitrite, which
were used as a measure of NO production [25]. Equal
volumes of Griess reagent (100 lL; Sigma-Aldrich) were
added to each cell supernatant (100 lL), and the absorbance
was measured at 570 nm. The concentration of nitrite (lM)
was calculated from a standard curve drawn with a known
concentration of sodium nitrite dissolved in DMEM. The
results are presented as the mean l SD of 4 replicates of one
representative experiment and this experiment has been
repeated three times with similar results.

2.4 Real-time PCR

Quantitative gene expression of iNOS was performed on
the iCycler MYIQ real-time PCR detection system
(BioRad, Hercules, CA, USA) using one step Real-Time
PCR (Applied Biosystems, Foster City, CA, USA). Total
RNA was isolated using Tri-reagent (Sigma-Aldrich). Pri-
mers and probes (TaqmanTM) for iNOS were purchased
from Applied Biosystems. TaqMan reaction master mix
was prepared using 2 lL of RNA (100 ng/lL), 19.25 lL of
PCR-grade RNase-DNase free water, 25 lL of TaqManTM

One-step RT-PCR Master Mix (Applied Biosystems),
2.5 lL of TaqMan primers and probes, and 1.25 lL of Taq-
Man enzyme with a total volume of 50 lL. Amplification
was carried out with the following parameters: one cycle at
558C for 15 min, one cycle at 958C for 3 min, and 40 cycles
at 608C for 30 s each. The expression of iNOS genes after
treatment with lutein (10 lM) compared to positive control
(LPS only) was estimated using the comparative CT method
(DDCT) [26]. The threshold cycles (CT) for iNOS and
b-actin were determined for lutein (10 lM) and LPS treated
samples. In this experiment, a comparison was made
between the expression levels of iNOS and b-actin in the
lutein (10 lM) treated and LPS samples. The mean CT value
of each sample was calculated and SDs were determined for
each mean CT value. The DCT values were calculated by
subtracting the average CT value of b-actin from the average
CT value of iNOS for each sample. The DDCT value is then
calculated by subtracting the DCT of lutein (10 lM) from
the DCT value of LPS alone using manufacturer's instruc-
tions (Applied Biosystems).

The relative expressions of the target gene (iNOS) in the
lutein (10 lM) treated and LPS treated samples were calcu-
lated using 2�DDCT . The values of treated samples were
expressed as n-fold difference relative to the expression of
control samples (Applied Biosystems).

2.5 Preparation of total protein lysate for
immunoblot

The RAW 264.7 mouse macrophage cells were cultured
with LPS alone or with various concentrations of lutein
(1.25–10 lM) for 18 h. At the end of the incubation period,
the cells were washed with ice-cold PBS and solubilized in
cold lysis buffer containing 10 mM Tris-base, 5 mM
EDTA, 50 mM NaCl, 1% Triton X-100, 5 mM PMSF,
2 mM sodium orthovanadate, 10 lg/mL of leupeptin,
25 lg/mL of aprotinin, 1 mM sodium pyrophosphate, and
20% glycerol. After incubation for 30 min on ice, lysates
were centrifuged (12 500 rpm, 15 min) and supernatants
were collected and protein concentration in samples was
estimated by BioRad protein assay reagent (BioRad), fol-
lowing manufacturer's instructions.

2.6 Immunoblot (Western blot)

Equal amounts of protein (100 lg) from each sample (con-
trol and treatment) were resolved on an SDS-polyacryla-
mide electrophoresis gel (7.5% separating gel) for 1 h. The
proteins were then transferred to a nitrocellulose membrane
(Amersham Biosciences, Piscataway, NJ, USA). The mem-
brane was then blocked in blocking buffer containing
20 mM sodium phosphate buffer, pH 7.6, 150 mM NaCl,
0.1% Tween-20, and 5% nonfat dry milk for 1 h at room
temperature. Thereafter, the membrane was incubated with
primary iNOS antibody at 48C overnight. The membrane
was then washed every 10 min for 40 min with PBS–
Tween-20. Afterwards, the membrane was incubated with
the secondary antibody at room temperature for 1 h. Speci-
fic bands were detected using enhanced chemilumines-
cence detection system (Amersham Biosciences) by expos-
ing the membrane to X-ray film [24]. The density of the
protein bands were analyzed using BioRad Quantity Onem
1-D Analysis Software (Molecular Imager ChemiDoc XRS
System, BioRad, Richmond, CA, USA).

2.7 Statistical analysis

Data were expressed as mean l SD of indicated experi-
ments. Statistical significance between two groups was
determined by Student's t-test. The significance level was
set at p a 0.05.

3 Results

3.1 Inhibition of LPS-induced NO production from
RAW 264.7 mouse macrophage cells by lutein

LPS was used to stimulate NO production in RAW 264.7
mouse macrophage cells. Since NO has a very short half-
life, the concentration of nitrite was considered as an indi-
cator of NO production. Griess reagent was used to deter-
mine the concentration of nitrites (lM) in cell supernatants
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after 18 h of treatment with LPS (1 lg/mL) alone (positive
control) or with different concentrations of lutein. Upon
treatment with lutein (1.25–30 lM), the nitrite production
by RAW 264.7 mouse macrophage cells was inhibited in a
dose-dependent manner. LPS-induced production of NO is
significantly reduced after treatment with lutein at the
10 lM concentration (p a 0.05; Fig. 2).

3.2 Effect of lutein 10 lM on RAW 264.7 cell
viability

To determine if lutein is cytotoxic to the cells, RAW 264.7
mouse macrophage cells were treated with various concen-
trations of lutein (1.25–30 lM) for 18 h, and cell viability
assay was performed using MTT dye. It was observed that
lutein displayed a dose-dependent response in cell viability
and lutein at 10 lM was observed to be the highest nontoxic
dose. Treatments at 1.25, 2.5, and 5 lM showed no signifi-
cant decrease in cell viability. However, treatments with

concentrations higher than 10 lM (20 and 30 lM) showed
more than 20% decrease in the viability of cells in compar-
ison with control cells (Fig. 3).

3.3 Inhibition of LPS-induced iNOS gene
expression by lutein

In order to investigate whether the decrease in NO produc-
tion is due to a down-regulation of iNOS gene expression
at the mRNA level a real-time PCR assay was carried out.
Extracted RNA was reverse transcribed to yield cDNA fol-
lowed by sequential PCR reactions, as described in Sec-
tion 2. The real-time PCR results indicated that lutein
(10 lM) down-regulates the expression of LPS-induced
iNOS at the mRNA level by 1.9-fold (47% down-regula-
tion in gene expression) (Fig. 4). b-Actin was used as the
housekeeping gene that had a constant expression for the
lutein treated and LPS treated (positive control) RNA sam-
ples.
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Figure 2. Effect of lutein on NO production. RAW 264.7 mouse macrophage cells were treated with 1 lg/mL of LPS alone (positive
control) or with various concentrations of lutein (1.25–10 lM) with LPS for 18 h. The concentration of nitrite in the supernatant was
measured using Griess reagent. Each bar represents mean l SD of four replicates of one representative experiment. This experi-
ment has been repeated three times with similar results. *Represents statistical significance of the difference between LPS (positive
control) and lutein groups + LPS (*p a 0.05).

Figure 3. Effect of lutein on RAW 264.7 mouse macrophage cell viability. RAW 264.7 mouse macrophage cells were treated with
various concentrations of lutein (1.25–30 lM) for 18 h and cell viability assay was performed using MTT dye, as mentioned in Sec-
tion 2. Each bar represents mean l SD of four replicates of one representative experiment. This experiment has been repeated
three times with similar results.
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3.4 Inhibition of LPS-induced iNOS protein
expression by lutein (10 lM)

In order to investigate whether the inhibition of NO produc-
tion was due to a decreased protein expression of iNOS, the
effect of lutein on iNOS protein expression was studied by
immunoblot. Equal amounts of protein (100 lg) were
resolved in SDS-PAGE and then transferred to a nitrocellu-
lose membrane and the expression of iNOS was then
detected using specific antibodies. The results showed that
incubation with lutein (10 lM) after 18 h inhibited iNOS
protein expression in RAW 264.7 mouse macrophage cells.
Treatment with 5 lM lutein for 18 h also showed a down-
regulation in iNOS protein expression. However, the results
indicate that lutein decreases the expression of iNOS at the
protein level in a dose-dependent manner. The detection of
b-actin was also performed in the same blot as an internal
control. The intensity of protein bands were analyzed using
BioRad Quantity One software (Molecular Imager Chemi-
Doc XRS System, BioRad) in three independent experi-
ments and showed an average of 72.5% down-regulation of
iNOS protein after treatment with lutein 10 lM compared
to positive control (LPS) (Fig. 5).

4 Discussion

Lutein is an oxycarotenoid that belongs to the xanthophyll
family of carotenoids and is found primarly in dark-green
leafy vegetables such as spinach and kale [1, 2, 4]. Lutein is
not synthesized by the human body and therefore must be
consumed in the diet [2, 5]. The consumption of lutein is
considered safe as stated by the FDA who has recognized
lutein as one of the GRAS (generally recognized as safe)
supplements for food applications [27].

Carotenoids have been implicated to be important dietary
nutrients due to their antioxidant activity that protects

against oxidative damage by inactivating the reactive oxy-
gen species (ROS) [3]. Carotenoids are involved in scaven-
ging singlet oxygen species and peroxyradicals and this
effect has been shown to be associated with the presence of
conjugated double bonds in carotenoid molecules [9].
Wang et al. [28] have investigated the antioxidant activity
of lutein by photochemiluminescence (PCL) assay and the
b-carotene-linoleic acid model system (B-CLAMS). Lutein
was reported as a more potent antioxidant than b-carotene
and lycopene.

Chronic inflammation is a complex process and involves
the production of a number of proinflammatory mediators
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Figure 4. Effect of lutein (10 lM) on iNOS mRNA expression detected by real-time PCR. RAW 264.7 mouse macrophage cells were
treated with 1 lg/mL of LPS alone (positive control) or with lutein (10 lM) for 18 h. Quantitative gene expression of iNOS was per-
formed on the iCycler MYIQ real-time PCR detection system (BioRad) using one step real-time PCR (Applied Biosystems). The
relative expressions of the target gene (iNOS) in the lutein (10 lM) treated and LPS treated samples were calculated using 2�DDCT ,
according to the manufacturer's instructions (Applied Biosystems). The values of treated samples were expressed as n-fold differ-
ence relative to the expression of control samples.

Figure 5. Inhibition of LPS-induced iNOS protein expression
by lutein detected by immunoblot. RAW 264.7 mouse macro-
phage cells were treated with 1 lg/mL of LPS alone (positive
control) or with lutein (5–10 lM) for 18 h. Western blot anal-
ysis was performed by resolving 100 lg of the total cell lysates
in 8% SDS-PAGE and then transferred to a nitrocellulose
membrane and protein was detected with specific antibodies,
as mentioned in Section 2. This experiment was repeated
twice with similar results. The detection of b-actin was done in
the same blot as control. Lane 1, control (without any treat-
ment); Lane 2, LPS (1 lg/mL); Lane 3, lutein (10 lM) + LPS;
and Lane 4, lutein (5 lM) + LPS. The density of the protein
bands were analyzed using BioRad Quantity One 1-D Analysis
Software (Molecular Imager ChemiDoc XRS System,
BioRad).
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such as NO and cytokines that are involved in the develop-
ment of inflammatory human diseases [29, 30]. Nuclear
factor kappa B (NF-jB) is a transcription factor that is
involved in the activation of several chronic inflammatory
diseases [31, 32]. Bai et al. [20] have investigated the anti-
inflammatory properties of b-carotene and it was demon-
strated that treatment of LPS-induced mouse macrophage
cells (RAW 264.7) with b-carotene inhibited the production
of NO, prostaglandins, and cytokines as well as the expres-
sion of inflammatory genes such as iNOS and COX-2 by
suppressing the activation of transcription factor NF-jB.

Lutein has been shown as an anti-inflammatory com-
pound in several in vivo studies. The in vivo anti-inflamma-
tory and immunosuppression properties of lutein were
reported in a study conducted by Lee et al. [11] where a
lutein enriched diet reduced UV radiation-induced inflam-
mation in the ears of mice. In another study, Gonzalez et al.
[12] have shown that UVB-induced skin inflammation in
the ears of mice was suppressed with a diet supplemented
with lutein and zeaxanthin.

LPS activates macrophages that play a role in the early
immune response in reaction to tissue injury and the pre-
sence of invaders such as bacterial endotoxin [13]. In this
study, LPS was used to induce an inflammatory response in
RAW 264.7 mouse macrophage cells, followed by incuba-
tion with lutein. NO production was measured as the proin-
flammatory mediator involved during inflammatory
response with LPS. We have demonstrated that lutein
(10 lM) inhibited the production of NO in a dose-depen-
dent manner (Fig. 2). Our findings are consistent with stud-
ies on the effect of b-carotene on the inhibition of NO pro-
duction studied by Bai et al. [20]. Their results also indicate
the potential anti-inflammatory effect of b-carotene as
demonstrated by an inhibition of NO production in a dose-
dependent manner. However, the IC50 for the inhibition of
NO by b-carotene was 30 lM [20] in contrast to our current
study which indicates a higher IC50 value with lutein (data
not shown). Our study suggests that lutein may be a more
potent anti-inflammatory molecule compared to b-caro-
tene. Figure 3 clearly indicates that the 1.25 to 10 lM con-
centrations of lutein did not inhibit cell viability. However,
20 and 30 lM lutein concentrations did exhibit a significant
decrease in cell viability. Therefore, a 10 lM lutein concen-
tration was found to be the highest nontoxic dose and was
selected for further studies.

NO is implicated in many physiological and pathological
conditions. NO production was studied in patients with
rheumatoid arthritis (RA) and it was found that NO produc-
tion was markedly increased in RA patients compared to
healthy controls [33]. Furthermore, increased iNOS expres-
sion has been demonstrated in ulcerative colitis patient
samples [34] and in a variety of human malignant tumors
including breast [35], lung [36], prostate [37], bladder [38],
colorectal [39], and melanoma [40]. High expression of

iNOS was observed in each of these tumors compared to
the adjacent normal tissue [41]. Therefore, inhibiting the
overexpression of iNOS may serve as a therapeutic target
for preventing chronic inflammatory disorders.

Much attention has been drawn to the anti-inflammatory
effect of different nutraceuticals. We have chosen to investi-
gate the anti-inflammatory potential of lutein in LPS-
induced NO production using a mouse macrophage cell line
(RAW 264.7). Several studies using mouse macrophage
cells (RAW 264.7) have investigated the in vitro anti-
inflammatory properties of nutraceuticals including several
flavonoids such as apigenin, wogonin, luteolin, tectori-
genin, quercetin [21], (–)-epigallocatechin-3-gallate
(EGCG), apigenin, genistein, kaempferol [22], and garcinol
[42]. In each of these studies the expression of iNOS was
reduced, suggesting a decrease in NO production and the
potential use of these nutraceuticals as natural anti-inflam-
matory compounds. Further research to determine whether
nonprovitamin A carotenoids like lutein may also provide
therapeutic benefits in the suppression and prevention of
inflammatory diseases is warranted.

Since lutein demonstrated the inhibition of LPS-induced
NO production in mouse macrophage cells (RAW 264.7),
we further investigated whether the inhibition of NO pro-
duction was at the mRNA or at the protein level. The real-
time PCR results indicated that the incubation of cells with
lutein down-regulated the expression of LPS-induced iNOS
at the mRNA level (Fig. 4). This finding correlates with the
findings of Bai et al. [20] where b-carotene was shown to
reduce the expression of iNOS at the mRNA level. Further-
more, we investigated whether the inhibition of iNOS was
also exhibited at the protein level. Our results indicate that
the incubation of mouse macrophage cells (RAW 264.7)
with lutein (10 lM) decreased the expression of iNOS pro-
tein in a dose-dependent manner (Fig. 5). Bai et al. [20]
have also shown that b-carotene inhibits iNOS protein
expression in LPS-induced mouse macrophage cells using
immunoblot.

The data from this study suggest the anti-inflammatory
properties of lutein demonstrated by the decrease in the
expression of iNOS at the mRNA and protein levels in
RAW 264.7 mouse macrophage cells. More extensive stud-
ies are currently in progress to further establish how lutein
inhibits iNOS expression at the mRNA and protein levels
by possibly modulating signaling cascades and transcrip-
tion factors.
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