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(54) INFLAMMATORY CYTOKINE PRODUCTION INHIBITOR

(57) Inflammatory cytokine production inhibitors con-
taining a tomato extract as an active ingredient, which
inhibit the production of the inflammatory cytokines
TNF-α and IL-6 and can be applied to drugs effective
against inflammatory diseases caused by overproduc-
tion of these inflammatory cytokines, such as rheumatoid

arthritis, ulcerative colitis, Crohn’s disease, and type 2
diabetes, as well as to foods and drinks such as health
foods, wherein the tomato extract is a raw tomato extract
that is a high-molecular-weight fraction having a molec-
ular weight of 10,000 or higher obtained by molecular
weight fractionation.
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Description

TECHNICAL FIELD

[0001] The present invention relates to inflammatory
cytokine production inhibitors containing a tomato extract
as an active ingredient, and inflammatory cytokine pro-
duction inhibitory foods and drinks.

BACKGROUND ART

[0002] Inflammatory cytokines are substances which
are produced from lymphocytes, macrophages, and oth-
er cells and which are involved in inflammatory respons-
es associated with bacterial or viral infection, tumors, or
histological damage. For example, inflammatory cy-
tokines such as interleukin-1 (IL-1), interleukin-6 (IL-6),
and tumor necrosis factor (TNF-α) originally have pur-
poseful functions such as activation of immune functions
against invasion by pathogenic bacteria, but continuous
overproduction thereof due to certain causes is known
to induce a variety of diseases such as rheumatoid ar-
thritis, ulcerative colitis, Crohn’s disease, type 2 diabetes,
and obesity (especially insulin resistance).
[0003] From the standpoint of neuroinflammation, they
are also known to induce depression, for example.
[0004] In this context, studies have been performed for
development of drugs for inhibiting the production of the
inflammatory cytokines such as TNF-α in the pathologi-
cal conditions mentioned above. For example, in addition
to the conventional anti-inflammatory agents such as ibu-
profen and indomethacin, a variety of chemical substanc-
es have been proposed (for example, see Patent Liter-
atures 1 to 3). However, the aforementioned diseases
often follow a chronic course and may require prolonged
treatment. Thus, it is particularly desirable to provide a
safe compound without side effects. In such a situation,
effective compounds have not yet appeared.
[0005] From the aforementioned standpoint, some
studies (Patent Literatures 4 and 5) have proposed in-
flammatory cytokine production inhibitors which contain
juice and/or extract of fruit, or the iron-binding glycopro-
tein lactoferrin, rather than organic compounds, as an
active ingredient mainly for the purpose of ensuring safe-
ty.
[0006] To search inflammatory cytokine production in-
hibitors which are more effective and are safe even when
orally administered, the present inventors analyzed the
effects of extracts of vegetables taken daily and safely.
The present inventors then found that an extracted com-
ponent of tomatoes has an excellent effect of inhibiting
the production of inflammatory cytokines and confirmed
that this tomato extract significantly inhibits production
of inflammatory cytokines, particularly IL-6 and TNF-α.
This has led to the completion of the present invention.
[0007] Meanwhile, the use of a tomato extract as an
anti-allergic agent has been proposed before (Patent Lit-
erature 6) .

[0008] The anti-allergic agent proposed in this patent
literature is due to the effect of inhibiting release of chem-
ical mediators such as histamine and leukotriene from
mast cells according to the actual pathogenic mechanism
of allergic diseases, and does not aim to inhibit the pro-
duction of inflammatory cytokines as in the present in-
vention.
[0009] From this standpoint, tomato extracts are ex-
pected to have a variety of pharmacological actions. The
confirmation of the effect of inhibiting the production of
inflammatory cytokines as analyzed by the present in-
ventors is also considered as a very specific and effective
use of tomato extracts.

CITATION LIST

PATENT LITERATURE

[0010]

Patent Literature 1: JP 2015-174850 A
Patent Literature 2: JP 2014-101329 A
Patent Literature 3: JP 2009-013106 A
Patent Literature 4: JP 2005-089304 A
Patent Literature 5: JP 2006-069995 A
Patent Literature 6: JP 2002-080387 A

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0011] Accordingly, the present invention aims to pro-
vide inflammatory cytokine production inhibitors which
inhibit the production of the inflammatory cytokines TNF-
α and IL-6 and can be applied to drugs effective against
inflammatory diseases caused by overproduction of
these inflammatory cytokines, such as rheumatoid arthri-
tis, ulcerative colitis, Crohn’s disease, and type 2 diabe-
tes, as well as to foods and drinks such as health foods.

SOLUTION TO PROBLEM

[0012] To solve the above issue, the present invention
may be provided as any of the following basic embodi-
ments:

(1) an inflammatory cytokine production inhibitor,
containing a tomato extract as an active ingredient;
(2) the inflammatory cytokine production inhibitor ac-
cording to the embodiment (1), wherein the inflam-
matory cytokine is interleukin-1 (IL-1), interleukin-6
(IL-6), or tumor necrosis factor (TNF-α);
(3) the inflammatory cytokine production inhibitor ac-
cording to the embodiment (1) or (2), wherein the
tomato extract is a fraction having a molecular weight
of 10,000 or higher obtained by molecular weight
fractionation of squeezed juice of raw tomatoes;
(4) a drug or a food or drink, containing the inflam-
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matory cytokine production inhibitor according to the
embodiment (1) to (3); and
(5) the drug or the food or drink according to the
embodiment (4) in an orally administrable or orally
ingestible form.

ADVANTAGEOUS EFFECTS OF INVENTION

[0013] The present invention provides inflammatory
cytokine production inhibitors which are highly safe via
oral administration or ingestion.
[0014] The inflammatory cytokine production inhibitors
provided by the present invention inhibit overproduction
of inflammatory cytokines such as interleukin-1 (IL-1),
interleukin-6 (IL-6), and tumor necrosis factor (TNF-α),
for example. Thus, these inhibitors may serve as thera-
peutic agents effective against a variety of diseases
caused by overproduction of these cytokines, such as
rheumatoid arthritis, ulcerative colitis, and Crohn’s dis-
ease, as well as type 2 diabetes, depression, and obesity.
Further, these inhibitors have the advantage of providing
daily healthcare effectively by daily oral ingestion.

BRIEF DESCRIPTION OF DRAWINGS

[0015]

Fig. 1 is a graph showing the results after three hours
of Experimental Example 1.
Fig. 2 is a graph showing the results after six hours
of Experimental Example 1.
Fig. 3 is a graph showing the results after three hours
of Experimental Example 2.
Fig. 4 is a graph showing the results after six hours
of Experimental Example 2.
Fig. 5 is a graph showing the results after three hours
of Experimental Example 3.
Fig. 6 is a graph showing the results after six hours
of Experimental Example 3.
Fig. 7 is a graph showing the results after three hours
of Experimental Example 4 as a comparative exam-
ple.
Fig. 8 is a graph showing the results after three hours
of Experimental Example 5.
Fig. 9 is a graph showing the results after six hours
of Experimental Example 5.
Fig. 10 is a graph showing the results after three
hours of Experimental Example 6.
Fig. 11 is a graph showing the results after six hours
of Experimental Example 6.
Fig. 12 is a graph showing the results after three
hours of Experimental Example 7.
Fig. 13 is a graph showing the results after six hours
of Experimental Example 7.

DESCRIPTION OF EMBODIMENTS

[0016] As described above, the basic embodiments of

the present invention include inflammatory cytokine pro-
duction inhibitors containing a tomato extract as an active
ingredient.
[0017] The tomato extract, which is an active ingredient
in the inflammatory cytokine production inhibitors provid-
ed by the present invention, is an extract obtained by
homogenizing ripe raw tomatoes and removing solids,
i.e., obtained from squeezed juice.
[0018] The tomato material may be of any cultivar. Any
cultivar eaten raw or processed that is commonly avail-
able in the market may be used.
[0019] In the preparation of squeezed juice from dried
tomatoes, they are usually homogenized together with
an appropriate buffer solution such as purified water or
saline. In contrast, in the present invention in which ripe
raw tomatoes having high water content are used, the
raw tomatoes themselves may be directly crushed with-
out using a buffer solution, and solids may then be re-
moved by a usual method such as centrifugation to obtain
squeezed juice.
[0020] Then, a tomato extract may be obtained from
this squeezed juice. In the present invention, the extrac-
tion may preferably be carried out using a centrifugal ul-
trafilter to obtain the extract as a fraction having a mo-
lecular weight of 10,000 or higher.
[0021] Since squeezed juice of raw tomatoes contains
a large amount of saccharides, the extract is preferably
adjusted to 10,000 or higher on a molecular weight basis.
[0022] Examples of the centrifugal ultrafilter used in-
clude a variety of filters that may be suitable for the target
molecular weight fractionation, such as Amicon Ultra®
series available from Merck Millipore.
[0023] Thus, an extract having a molecular weight of
10,000 or higher can be obtained as a raw tomato extract.
The resulting extract may be used as it is. Alternatively,
it may be prepared into a concentrated liquid by solvent
evaporation or prepared into a dried product before use.
[0024] The drying may be carried out by a usual drying
technique such as vacuum drying, freeze drying, or spray
drying. Among these, freeze drying is preferably per-
formed to form a dried product.
[0025] The raw tomato extract provided by the present
invention has an excellent effect in inhibiting the produc-
tion of inflammatory cytokines such as IL-1, IL-6, and
TNF-α, and is useful as an inflammatory cytokine pro-
duction inhibitor.
[0026] The inflammatory cytokine production inhibitors
of the present invention may be administered in any man-
ner in accordance with the purpose of administration, the
type of disease, and the particular symptoms. The inhib-
itors may be in the dosage form of a tablet, a capsule,
granules, powder, a powdered medicine, liquid, or other
forms for direct administration or may be mixed into a
food or drinking water for administration, and are desir-
ably orally administered.
[0027] These dosage forms can be prepared by usual
conventional methods. Appropriate additives such as
dextrin, lactose, cornstarch, emulsifiers, antiseptics, ve-
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hicles, expanders, sweetening agents, flavors, and col-
orants may be incorporated as long as the advantageous
effect of the present invention is not impaired.
[0028] The inflammatory cytokine production inhibitors
of the present invention may also be used as foods or
drinks. Examples of such foods or drinks include non-
alcoholic drinks such as soft drinks and juices, alcoholic
drinks, fermented drinks such as yogurt, hard sweets
such as tablets and candies, chewable sweets such as
gum and gummies, nutritional supplements containing,
for example, vitamins, minerals, amino acids, or proteins,
and other forms.
[0029] Examples of such foods or drinks functionally
include foods for specified health uses ("TOKUHO"),
foods with nutrient function claims, and foods with func-
tion claims.
[0030] The foregoing agents and foods and drinks
have an ability to inhibit the production of inflammatory
cytokines and can be very useful for the prevention, treat-
ment, improvement or relapse prevention of a variety of
pathological conditions induced by overproduction of in-
flammatory cytokines.
[0031] For the inflammatory cytokine production inhib-
itors of the present invention, the dose for achieving the
ability to inhibit the production of inflammatory cytokines
is not limited, and may vary in accordance with the pur-
pose of administration, the type of disease, and the par-
ticular symptoms. For example, the amount may be ad-
justed so that 1 to 5000 mg, preferably 5 to 1000 mg,
more preferably 10 to 200 mg, of the raw tomato extract
can be ingested per day.
[0032] The raw tomato extract according to the present
invention is obtained from squeezed juice of ripe toma-
toes which are eaten daily, and thus is highly safe and
causes no toxicity problem at the doses used in the
present invention.

EXAMPLES

[0033] The present invention is described in more de-
tail below with reference to examples and experimental
examples. These are mere examples and are not at all
intended to limit the present invention.

Example 1: Preparation of raw tomato extract

[0034] An amount of 103.96 g of ripe raw tomatoes
(grown in Kagoshima Prefecture) were cut and crushed
in a mortar.
[0035] The resulting material was centrifuged at 4000
3 g for 15 minutes and 27.5 mL of the liquid portion was
collected.
[0036] A 20-mL portion of the liquid portion was sub-
jected to centrifugal ultrafiltration at 4000 3 g using the
centrifugal ultrafilter Amicon Ultra-15 (MWCO: 10,000).
[0037] After the centrifugation, a high-molecular-
weight fraction having a molecular weight of 10,000 or
higher and a low-molecular-weight fraction having a mo-

lecular weight of 10,000 or lower were taken and freeze-
dried to obtain raw tomato extracts.
[0038] The raw tomato extract prepared as above
mainly contains saccharides with some proteins and can
be directly used as an inflammatory cytokine production
inhibitor of the present invention.
[0039] The raw tomato extract according to the present
invention corresponds to the molecular weight fraction
having a molecular weight of 10,000 or higher prepared
as above, but for the purpose of comparison, the pre-
pared molecular weight fraction having a molecular
weight of 10,000 or lower was also subjected to the fol-
lowing experiments.
[0040] In the following experiments, the prepared raw
tomato extracts were each adjusted to a concentration
of 100 mg/mL in a DMEN medium (Dulbecco’s modified
Eagle’s medium + 10% bovine serum + 0.1% antibiot-
ic/antimicrobial) before application to cells.

Experimental Example 1: effect of raw tomato extract on 
TNF-α mRNA expression in mouse microglial cells 
(MG6) in presence of LPS

[0041] The following describes a specific procedure.

(1) A 6-well plate was seeded with a mouse microglial
cell line (MG6) at 1 3 105 cells/mL.
(2) After three to four days, solutions of four groups,
i.e., control (DMEN medium, 1 mL/well), LPS (5
ng/mL), LPS (5 ng) + high-molecular-weight raw to-
mato extract (100 mg) (liquid volume: 1 mL), and
high-molecular-weight raw tomato extract (100
mg/mL) were applied to the cells.
(3) After three hours and after six hours, the culture
medium was removed and 0.3 mL of an RLT solution
(RNeasy Mini kit, QIAGEN) (containing 1% β-mer-
captoethanol) was added to each well.
(4) The cells were scraped using a cell scraper.
(5) The cell suspension was mixed with 0.3 mL of
70% ethanol.
(6) The above solution was put into a spin column
(RNeasy Mini kit, QIAGEN) and centrifuged at 8000
3 g for one minute.
(7) To the spin column was added 700 mL of an RW1
solution (RNeasy Mini kit, QIAGEN), followed by
centrifugation at 8000 3 g for one minute.
(8) To the spin column was added 500 mL of an RPE
solution (RNeasy Mini kit, QIAGEN), followed by
centrifugation at 8000 3 g for one minute. This step
was repeated twice.
(9) The spin column was placed in a new tube (1.5
mL) and 50 mL of RNase-free water was added. The
mixture was left to stand for one minute, and then
centrifuged at 12000 3 g for one minute. This step
was repeated twice.
(10) A 11-mL portion of this aqueous solution was
used with Versco cDNA Synthesis Kit (Thermosci-
entific) to prepare cDNA.
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(11) The resulting cDNA solution was diluted 10-fold
with RNase-free water.
(12) This diluted cDNA solution was used to deter-
mine the expression of GAPDH mRNA and TNF-α
mRNA by standard real-time RT-PCR.
(13) The PCR was performed using a 96-well plate.
(14) Each well was charged with 8.5 mL of water, 2.5
mL of cDNA sample solution, 1.5 mL of GAPDH mR-
NA detection primers or TNF-α mRNA detection
primers (forward + reverse), and 12.5 mL of Syber
green mater mix.
(15) The thermal cycle conditions for PCR were as
follows: Hold, 94°C, 10 min + 3 step PCR (40 cycles;
94°C, 30 min + 55°C, 30 sec + 72°C, 30 sec) + Hold,
72°C, 1 min.
(16) For each sample of each group, the TNF-α mR-
NA/GAPDH mRNA value was determined and con-
verted into percentage with the average value of the
control taken as 100%.
(17) A statistical significance test was performed by
analysis of variance followed by the Tukey-Kramer
method.

[0042] The results are shown in Figs. 1 and 2.
[0043] Fig. 1 shows the results after three hours and
Fig. 2 shows the results after six hours.
[0044] As demonstrated from the results shown in Fig.
1, the raw tomato extract according to the present inven-
tion is understood to effectively inhibit the expression of
TNF-α mRNA in the results after three hours.

Experimental Example 2: effect of raw tomato extract on 
IL-1β mRNA expression in mouse microglial cells (MG6) 
in presence of LPS

[0045] The following describes a specific procedure,
which follows Experimental Example 1.

(1) A 6-well plate was seeded with a mouse microglial
cell line (MG6) at 1 3 105 cells/mL.
(2) After three to four days, solutions of four groups,
i.e., control (DMEN medium, 1 mL/well), LPS (5
ng/mL), LPS (5 ng) + high-molecular-weight raw to-
mato extract (100 mg) (liquid volume: 1 mL), and
high-molecular-weight raw tomato extract (100
mg/mL) were applied to the cells.
(3) After three hours and after six hours, the culture
medium was removed and 0.3 mL of an RLT solution
(RNeasy Mini kit, QIAGEN) (containing 1% β-mer-
captoethanol) was added to each well.
(4) The cells were scraped using a cell scraper.
(5) The cell suspension was mixed with 0.3 mL of
70% ethanol.
(6) The above solution was put into a spin column
(RNeasy Mini kit, QIAGEN) and centrifuged at 8000
3 g for one minute.
(7) To the spin column was added 700 mL of an RW1
solution (RNeasy Mini kit, QIAGEN), followed by

centrifugation at 8000 3 g for one minute.
(8) To the spin column was added 500 mL of an RPE
solution (RNeasy Mini kit, QIAGEN), followed by
centrifugation at 8000 3 g for one minute. This step
was repeated twice.
(9) The spin column was placed in a new tube (1.5
mL) and 50 mL of RNase-free water was added. The
mixture was left to stand for one minute, and then
centrifuged at 12000 3 g for one minute. This step
was repeated twice.
(10) A 11-mL portion of this aqueous solution was
used with Versco cDNA Synthesis Kit (Thermosci-
entific) to prepare cDNA.
(11) The resulting cDNA solution was diluted 10-fold
with RNase-free water.
(12) This diluted cDNA solution was used to deter-
mine the expression of GAPDH mRNA and IL-1β
mRNA by standard real-time RT-PCR.
(13) The PCR was performed using a 96-well plate.
(14) Each well was charged with 8.5 mL of water, 2.5
mL of cDNA sample solution, 1.5 mL of GAPDH mR-
NA detection primers or IL-1β mRNA detection prim-
ers (forward + reverse), and 12.5 mL of Syber green
mater mix.
(15) The thermal cycle conditions for PCR were as
follows: Hold, 94°C, 10 min + 3 step PCR (40 cycles;
94°C, 30 min + 55°C, 30 sec + 72°C, 30 sec) + Hold,
72°C, 1 min.
(16) For each sample of each group, the IL-1β mR-
NA/GAPDH mRNA value was determined and con-
verted into percentage with the average value of the
control taken as 100%.
(17) A statistical significance test was performed by
analysis of variance followed by the Tukey-Kramer
method.

[0046] The results are shown in Figs. 3 and 4.
[0047] Fig. 3 shows the results after three hours and
Fig. 4 shows the results after six hours.
[0048] As demonstrated from the results shown in the
figure, the raw tomato extract according to the present
invention is understood to effectively inhibit the expres-
sion of IL-1β mRNA in the results after three hours.

Experimental Example 3: effect of raw tomato extract on 
IL-6 mRNA expression in mouse microglial cells (MG6) 
in presence of LPS

[0049] The following describes a specific procedure,
which follows Experimental Example 1.

(1) A 6-well plate was seeded with a mouse microglial
cell line (MG6) at 1 3 105 cells/mL.
(2) After three to four days, solutions of four groups,
i.e., control (DMEN medium, 1 mL/well), LPS (5
ng/mL), LPS (5 ng) + high-molecular-weight raw to-
mato extract (100 mg) (liquid volume: 1 mL), and
high-molecular-weight raw tomato extract (100
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mg/mL) were applied to the cells.
(3) After three hours and after six hours, the culture
medium was removed and 0.3 mL of an RLT solution
(RNeasy Mini kit, QIAGEN) (containing 1% β-mer-
captoethanol) was added to each well.
(4) The cells were scraped using a cell scraper.
(5) The cell suspension was mixed with 0.3 mL of
70% ethanol.
(6) The above solution was put into a spin column
(RNeasy Mini kit, QIAGEN) and centrifuged at 8000
3 g for one minute.
(7) To the spin column was added 700 mL of an RW1
solution (RNeasy Mini kit, QIAGEN), followed by
centrifugation at 8000 3 g for one minute.
(8) To the spin column was added 500 mL of an RPE
solution (RNeasy Mini kit, QIAGEN), followed by
centrifugation at 8000 3 g for one minute. This step
was repeated twice.
(9) The spin column was placed in a new tube (1.5
mL) and 50 mL of RNase-free water was added. The
mixture was left to stand for one minute, and then
centrifuged at 12000 3 g for one minute. This step
was repeated twice.
(10) A 11-mL portion of this aqueous solution was
used with Versco cDNA Synthesis Kit (Thermosci-
entific) to prepare cDNA.
(11) The resulting cDNA solution was diluted 10-fold
with RNase-free water.
(12) This diluted cDNA solution was used to deter-
mine the expression of GAPDH mRNA and IL-6 mR-
NA by standard real-time RT-PCR.
(13) The PCR was performed using a 96-well plate.
(14) Each well was charged with 8.5 mL of water, 2.5
mL of cDNA sample solution, 1.5 mL of GAPDH mR-
NA detection primers or IL-6 mRNA detection prim-
ers (forward + reverse), and 12.5 mL of Syber green
mater mix.
(15) The thermal cycle conditions for PCR were as
follows: Hold, 94°C, 10 min + 3 step PCR (40 cycles;
94°C, 30 min + 55°C, 30 sec + 72°C, 30 sec) + Hold,
72°C, 1 min.
(16) For each sample of each group, the IL-6 mR-
NA/GAPDH mRNA value was determined and con-
verted into percentage with the average value of the
control taken as 100%.
(17) A statistical significance test was performed by
analysis of variance followed by the Tukey-Kramer
method.

[0050] The results are shown in Figs. 5 and 6.
[0051] Fig. 5 shows the results after three hours and
Fig. 6 shows the results after six hours.
[0052] As demonstrated from the results shown in the
figures, the raw tomato extract according to the present
invention is understood to effectively inhibit the expres-
sion of IL-6 mRNA in the results after three hours and
after six hours.

Experimental Example 4: effect of raw tomato extract on 
TNF-α mRNA expression in mouse microglial cells 
(MG6) in presence of LPS

[0053] For the purpose of comparison, the low-molec-
ular-weight fraction (molecular weight: 10,000 or lower)
as a raw tomato extract was analyzed for the effect of
inhibiting the production of inflammatory cytokines.
[0054] The analysis was carried out by the same pro-
cedure as in Experimental Example 1, but using 100
mg/mL of low-molecular-weight raw tomato extract.
[0055] The results are shown in Fig. 7.
[0056] As demonstrated from the results shown in Fig.
7, the low-molecular-weight raw tomato extract is found
to have no effect in inhibiting the production of inflamma-
tory cytokines, while the high-molecular-weight fraction
raw tomato extract having a molecular weight of 10,000
or higher is found to have an effect of inhibiting the pro-
duction of inflammatory cytokines.

Experimental Example 5: effect of raw tomato extract on 
TNF-α mRNA expression in mouse macrophage 
(Raw264) in presence of LPS

[0057] The analysis was carried out by the same pro-
cedure as in Experimental Example 1, but using a mouse
macrophage cell line (Raw264) instead of the mouse mi-
croglial cell line (MG6).
[0058] Specifically, the analysis was carried out by the
following specific procedure.

(1) A 6-well plate was seeded with a mouse macro-
phage cell line (Raw264) at 1 3 105 cells/mL.
(2) After three to four days, solutions of four groups,
i.e., control (DMEN medium, 1 mL/well), LPS (5
ng/mL), LPS (5 ng) + high-molecular-weight raw to-
mato extract (100 mg) (liquid volume: 1 mL), and
high-molecular-weight raw tomato extract (100
mg/mL) were applied to the cells.
(3) After three hours and after six hours, the culture
medium was removed and 0.3 mL of an RLT solution
(RNeasy Mini kit, QIAGEN) (containing 1% β-mer-
captoethanol) was added to each well.
(4) The cells were scraped using a cell scraper.
(5) The cell suspension was mixed with 0.3 mL of
70% ethanol.
(6) The above solution was put into a spin column
(RNeasy Mini kit, QIAGEN) and centrifuged at 8000
3 g for one minute.
(7) To the spin column was added 700 mL of an RW1
solution (RNeasy Mini kit, QIAGEN), followed by
centrifugation at 8000 3 g for one minute.
(8) To the spin column was added 500 mL of an RPE
solution (RNeasy Mini kit, QIAGEN), followed by
centrifugation at 8000 3 g for one minute. This step
was repeated twice.
(9) The spin column was placed in a new tube (1.5
mL) and 50 mL of RNase-free water was added. The
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mixture was left to stand for one minute, and then
centrifuged at 12000 3 g for one minute. This step
was repeated twice.
(10) A 11 mL portion of this aqueous solution was
used with Versco cDNA Synthesis Kit (Thermosci-
entific) to prepare cDNA.
(11) The resulting cDNA solution was diluted 10-fold
with RNase-free water.
(12) This diluted cDNA solution was used to deter-
mine the expression of GAPDH mRNA and TNF-α
mRNA by standard real-time RT-PCR.
(13) The PCR was performed using a 96-well plate.
(14) Each well was charged with 8.5 mL of water, 2.5
mL of cDNA sample solution, 1.5 mL of GAPDH mR-
NA detection primers or TNF-α mRNA detection
primers (forward + reverse), and 12.5 mL of Syber
green mater mix.
(15) The thermal cycle conditions for PCR were as
follows: Hold, 94°C, 10 min + 3 step PCR (40 cycles;
94°C, 30 min + 55°C, 30 sec + 72°C, 30 sec) + Hold,
72°C, 1 min.
(16) For each sample of each group, the TNF-α mR-
NA/GAPDH mRNA value was determined and con-
verted into percentage with the average value of the
control taken as 100%.
(17) A statistical significance test was performed by
analysis of variance followed by the Tukey-Kramer
method.

[0059] The results are shown in Figs. 8 and 9.
[0060] Fig. 8 shows the results after three hours and
Fig. 9 shows the results after six hours.
[0061] As demonstrated from the results shown in Fig.
9, the raw tomato extract according to the present inven-
tion is understood to effectively inhibit the expression of
TNF-α mRNA in the results after six hours.

Experimental Example 6: effect of raw tomato extract on 
IL-1β mRNA expression in mouse macrophage 
(Raw264) in presence of LPS

[0062] The analysis was performed in accordance with
the procedure of Experimental Example 5.

Specifically,

[0063]

(1) A 6-well plate was seeded with a mouse macro-
phage cell line (Raw264) at 1 3 105 cells/mL.
(2) After three to four days, solutions of four groups,
i.e., control (DMEN medium, 1 mL/well), LPS (5
ng/mL), LPS (5 ng) + high-molecular-weight raw to-
mato extract (100 mg) (liquid volume: 1 mL), and
high-molecular-weight raw tomato extract (100
mg/mL) were applied to the cells.
(3) After three hours and after six hours, the culture
medium was removed and 0.3 mL of an RLT solution

(RNeasy Mini kit, QIAGEN) (containing 1% β-mer-
captoethanol) was added to each well.
(4) The cells were scraped using a cell scraper.
(5) The cell suspension was mixed with 0.3 mL of
70% ethanol.
(6) The above solution was put into a spin column
(RNeasy Mini kit, QIAGEN) and centrifuged at 8000
3 g for one minute.
(7) To the spin column was added 700 mL of an RW1
solution (RNeasy Mini kit, QIAGEN), followed by
centrifugation at 8000 3 g for one minute.
(8) To the spin column was added 500 mL of an RPE
solution (RNeasy Mini kit, QIAGEN), followed by
centrifugation at 8000 3 g for one minute. This step
was repeated twice.
(9) The spin column was placed in a new tube (1.5
mL) and 50 mL of RNase-free water was added. The
mixture was left to stand for one minute, and then
centrifuged at 12000 3 g for one minute. This step
was repeated twice.
(10) A 11-mL portion of this aqueous solution was
used with Versco cDNA Synthesis Kit (Thermosci-
entific) to prepare cDNA.
(11) The resulting cDNA solution was diluted 10-fold
with RNase-free water.
(12) This diluted cDNA solution was used to deter-
mine the expression of GAPDH mRNA and IL-1β
mRNA by standard real-time RT-PCR.
(13) The PCR was performed using a 96-well plate.
(14) Each well was charged with 8.5 mL of water, 2.5
mL of cDNA sample solution, 1.5 mL of GAPDH mR-
NA detection primers or IL-1β mRNA detection prim-
ers (forward + reverse), and 12.5 mL of Syber green
mater mix.
(15) The thermal cycle conditions for PCR were as
follows: Hold, 94°C, 10 min + 3 step PCR (40 cycles;
94°C, 30 min + 55°C, 30 sec + 72°C, 30 sec) + Hold,
72°C, 1 min.
(16) For each sample of each group, the IL-1β mR-
NA/GAPDH mRNA value was determined and con-
verted into percentage with the average value of the
control taken as 100%.
(17) A statistical significance test was performed by
analysis of variance followed by the Tukey-Kramer
method.

[0064] The results are shown in Figs. 10 and 11.
[0065] Fig. 10 shows the results after three hours and
Fig. 11 shows the results after six hours.

Experimental Example 7: effect of raw tomato extract on 
IL-6 mRNA expression in mouse macrophage (Raw264) 
in presence of LPS

[0066] The effect on IL-6 mRNA expression was ana-
lyzed using a mouse macrophage cell line (Raw264) in
accordance with Experimental Examples 5 and 6.
[0067] The results are shown in Figs. 12 and 13.
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[0068] Fig. 12 shows the results after three hours and
Fig. 13 shows the results after six hours.
[0069] From the above analysis results in Experimen-
tal Examples 5 to 7, the raw tomato extract according to
the present invention is understood to significantly inhibit
an increase in TNF-α mRNA expression caused by LSP
stimulation, particularly in the mouse macrophage cell
line (Raw264) .
[0070] As can be well understood from the results of
the above experimental examples, the raw tomato extract
according to the present invention, which is a high-mo-
lecular-weight fraction having a molecular weight of
10,000 or higher, better exhibits an effect of inhibiting the
production of inflammatory cytokines than the low-mo-
lecular-weight fraction. Therefore, it is demonstrated that
the high-molecular-weight tomato extract according to
the present invention has an anti-inflammatory effect.

INDUSTRIAL APPLICABILITY

[0071] The present invention provides inflammatory
cytokine production inhibitors which are highly safe via
oral administration or ingestion.
[0072] The inflammatory cytokine production inhibitors
provided by the present invention inhibit overproduction
of inflammatory cytokines such as interleukin-1 (IL-1),
interleukin-6 (IL-6), and tumor necrosis factor (TNF-α),
and thus may serve as therapeutic agents effective
against a variety of diseases caused by overproduction
of these cytokines, such as rheumatoid arthritis, ulcera-
tive colitis, Crohn’s disease, type 2 diabetes, obesity (es-
pecially insulin resistance), and depression. Further,
these inhibitors have the advantage of providing daily
healthcare effectively by daily oral ingestion. According-
ly, these inhibitors have significant industrial applicability.

Claims

1. An inflammatory cytokine production inhibitor, com-
prising a tomato extract as an active ingredient.

2. The inflammatory cytokine production inhibitor ac-
cording to claim 1,
wherein the inflammatory cytokine is interleukin-1
(IL-1), interleukin-6 (IL-6), or tumor necrosis factor
(TNF-α).

3. The inflammatory cytokine production inhibitor ac-
cording to claim 1 or 2,
wherein the tomato extract is a fraction having a mo-
lecular weight of 10,000 or higher obtained by mo-
lecular weight fractionation of squeezed juice of raw
tomatoes.

4. A drug or a food or drink, comprising the inflamma-
tory cytokine production inhibitor according to claim
1 to 3.

5. The drug or the food or drink according to claim 4,
wherein the drug or the food or drink is in an orally
administrable or orally ingestible form.
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