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Suppressive Effect of Defatted Kiwi Fruit Seed Extract on Acute Inflammation and Skin

Pigmentation
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While kiwi fruit seeds are ingested with sarcocarps, biological activities associated with these seeds
have not been examined. We evaluated the effects of the extract of defatted kiwi fruit seeds (KSE) on
inflammation and melanin production. In a mouse writhing model stimulated by acetic acid, KSE (100-400
mg/kg) suppressed the increase in abdominal capillary permeability in a dose-dependent manner. KSE
inhibited lipopolysaccharide-induced prostaglandin (PG) E, production, but not nitric oxide (NO) production
from RAW264 cells. Quercitrin and kaempferol 3-O-rhamnoside, flavonol glycosides isolated from KSE,
suppressed PG E; and NO production only at high concentrations (100x#g/mL). Hence, contribution of these
compounds to the inhibitory activity of KSE appeared to be low. KSE, quercitrin, and kaempferol 3
-O-rhamnoside showed inhibitory effects on tyrosinase activity and melanin production in B16 melanoma
cells. However, daily oral administration of KSE (200-800 mg/kg) for 24 days did not affect melanin
production induced by ultraviolet ray (UV)-B irradiation; instead, it enhanced the disappearance of
pigmentation in the guinea pig skin. Consequently, KSE was found to suppress acute inflammation and

enhance melanin disappearance.

Although flavonol glycosides suppressed melanin production in vitro,

their involvement in anti-inflammatory activity and melanin disappearance of KSE was not clarified.
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Introduction

Kiwi fruit (Actinidia chinensis Planch.) grows naturally
in the central and southern regions of China. The fruits
were propagated to New Zealand at the beginning of the
20th century, and several varieties of high quality were
subsequently developed. Medicinal usage of kiwi fruit has
been described in Chinese materia medica for curing ar-
thritic pain, paralysis, and hemorrhoids. However, only
traditional usages of the fruits have been documented,
and there is no description regarding the application of
the seeds. During the chemical and biological investiga-
tions of kiwi fruit seeds extract (KSE), we isolated two flavo-
nol glycosides, quercitrin and kaempferol 3-O-rhamnoside
(Fig. 1). Quercitrin has been reported to show anti-inflam-
matory activities in various animal inflammation models.
For instance, quercitrin suppressed GOT and GPT eleva-
tion in mouse hepatitis models induced by p-galactosamine/
lipopolysaccharide (LPS) (Matsuda et al., 2002). Quercitrin
was also reported to act as an anti-inflammatory prodrug
to release quercetin (Comalada et al., 2005) and suppressed
bowel inflammation by inhibiting the expression of NF-xB
and inducible nitric oxide synthase (iNOS) (Camuesco et
al., 2004). Moreover, Sanchez de Medina et al. (1996, 2002)
reported that quercitrin showed suppressive activity in a
rat enteritis model. Quercitrin has also been reported to
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inhibit tyrosinase activity that leads to melanin produc-
tion in skin (Jeong and Shim, 2004). Hence, kiwi fruit
seeds containing quercitrin are considered to possess in-
hibitory activities against inflammation and melanin pro-
duction.

Long term skin exposure to ultraviolet ray (UV) -B
irradiation causes various forms of skin damage such as
flare (sunburn) and melanin deposition (suntan). Several
mediators are involved in these skin protective reactions.
Prostaglandin (PG) E; released from Langerhans cells, a
kind of macrophage, causes dilation of dermal capillary
vessel leading to erythema (Kobayashi, 2006). Selective
cyclooxygenase (COX)-2 inhibitor has been demonstrated
to be effective in UV-B-induced skin damage (Wilgus et
al., 2002). NO is also produced from Langerhans cells and
keratinocytes (Chang et al., 2003). NO not only contrib-
utes to skin inflammation (Gillardon et al., 1995) but also
stimulates melanin production (Lassalle et al., 2003). A
recent study shows that NO inhibitors improved the abil-
ity of sunscreen to protect skin against sunburn (Russo
and Halliday, 2006). Hence, examination of PG E, and NO
production was necessary to investigate the effects of
KSE on inflammation and pigmentation. In this study, we
focused on the effect of KSE and its flavonol glycosides on
skin damages and evaluated the effects on inflammation
and melanin production.
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Fig. 1. Chemical Structures of Flavonol Glycosides in KSE.

Materials and Methods

Extraction of KSE and Isolation of Flavonol Glycosides
Kiwi fruit seeds, derived from Qinmei and Yate species
cultivated in Shanxi province in China, were collected
from Chinese beverage companies. Dried kiwi fruit seeds
(1 kg) purchased from Sichuan Xiangzhen Enterprise Co.,
Ltd. (Chengdu, China) were mashed and defatted 3 times
with n-hexane (60°C, 5L) to eliminate interference of oil
components for following extraction step by aqueous
ethanol. After drying at room temperature, the defatted
seeds were extracted (70°C, 2 h) with 70% ethanol (5 L), and
then the solvent was evaporated to obtain KSE (yield:
21%). KSE was further purified by HPLC to obtain
flavonol glycosides. KSE (20 g) was separated by prepara-
tive HPLC [column: ODS (GL Science, Tokyo, Japan, 10
¢mm X250 mm), solvent: 40% MeOH, flow rate: 25 mL/
min] equipped with a UV (254nm) detector. Isolated
flavonols (12.9 and 4.9mg) were identified as quercitrin
and kaempferol 3-O-rhamnoside by their H'-, C®-NMR
spectra (Agrawal, 1989) and MS spectra. The contents of
quercitrin and kaempferol 3-O-rhamnoside in KSE deter-
mined by HPLC were 64.7mg/100g and 24.4mg/100 g.

Acetic Acid-induced Mice Writhing Model Fasted (20
h) male mice (ddY, 5 to 6 weeks; Japan SLC, Inc., Shizuoka,
Japan) were administered the test sample solution that
was suspended with 5% w/v gum arabic in water. Fifty-
five minutes after the administration, 2% pontamine sky
blue dissolved in saline (10 mL/kg) was injected into the
tail vain followed by injection of 1% acetic acid (10 mL/
kg) into the abdominal cavity. Five minutes after the
acetic acid injection, writhing behavior was counted for
15min. Each mouse was sacrificed and the abdominal
cavity was opened. The abdominal cavity was gently
washed with 8 mL saline and the wash solution was filled
up to 10mL with saline. The absorbance of the wash
solution at 590nm was measured, and the amount of
leaked blue dye was calculated from the standard curve
plotted by a series of dilutions of standard pontamine sky
blue solution.

LPS-induced PG E, and NO Production from RAW264
Cells RAW264 cells (1 X10°cells/mL; RIKEN Bioresource
Center, Tsukuba, Japan), mouse leukemic monocytes,
suspended in Dulbecco’s modified Eagle’s medium (Wako
Pure Chemical Industries, Ltd., Osaka, Japan) containing
10% fetal calf serum (FCS, Invitrogen Canada, Ontario,
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Canada), 100 units/mL penicillin G, and 100xg/mL strep-
tomycin were seeded (200uL/well) in a 48-well culture
plate and pre-cultured for 24 h. LPS (final concentration:
10ug/mL, from E. coli, Serotype 0127: B8; Sigma-Aldrich,
St. Louis, MO, USA) and the test sample solution were
added to each well and cultured for 20 h. Indomethacine
(Sigma-Aldrich) was used as a positive control. The su-
pernatant was collected and stored at —80°C. PG E; content
in the supernatant was determined using a commercial
kit (Prostaglandin E; EIA Kit-Monoclonal, Cayman Chem-
ical Corporate, Ann Arbor, MI, USA) and NO content was
determined by the Griess method (Griess reagent Kit;
Dojin Chemical, Kumamoto, Japan).

Examination of Tyrosinase Inhibitory Activity The
test sample solution (70uL) was mixed with an equal
volume of 0.3% L-DOPA (Sigma-Aldrich) and incubated at
37°C for 5min. Tyrosinase (70xL, 1.6 units/mL, Sigma-
Aldrich) derived from mushrooms was added to the test
solution and incubated for 5min. After incubation, the
absorbance was measured at 492 nm.

Melanin Production in B16 Melanoma B16 melanoma
(5X10*cells/mL; Japan Health Science Foundation, Osaka,
Japan), mouse skin melanoma cell lines, in a-modified
Eagle’s medium containing 10% FCS, 100 units/mL peni-
cillin G, 100 #g/mL streptomycin, and 2mM theophylline
were seeded in a 48-well culture plate at 200uL/well.
After 24 h, each sample was added to the culture plates,
and the cells were cultured for 3 days. The medium was
gently removed, and the cells were sonicated in 200uL/
well of phosphate buffered saline. The absorbance of each
well was measured at 415 nm.

UV-B-induced Melanin Production in Guinea Pig Skin
Male guinea pigs (Weiser-Maples, 4 weeks old; Kiwa Re-
search Laboratory, Wakayama, Japan) were orally ad-
ministered KSE once a day for 7 days prior to UV-B
irradiation (day —7). The shaved back skin of the guinea
pigs was then irradiated with UV-B (2000 mJ/cm? using a
UV-ray radiator (Solar simulator type X 150; Ushio, Inc.,,
Tokyo, Japan) for 7 days (days 0-6). KSE was given to the
guinea pigs during the days for UV-B irradiation and
continuously for 10 days after the irradiation (days 0-16).
The brightness intensity (L* value) of the irradiated spot
on the back skin was measured using a spectro color
meter (SE 2000; Nippon Denshoku Industries Co., Ltd.,
Tokyo, Japan) as an indicator of the clearance of the
pigmentation.

Statistics The results are shown as mean=*S.E.
Dunnett’'s multiple range test was used for the evaluation
of significance. P<0.05is considered to indicate statistical
significance.

Results and Discussion

Anti-inflammatory Effects of KSE In acetic acid-induced
mouse writhing model, an acute inflammation model,
KSE (100-400mg/kg) slightly suppressed the writhing
behavior (Fig. 2). However, the effects were not signifi-
cant. In contrast, KSE (100-400 mg/kg) significantly (p <
0.05) suppressed dye leakage due to the increase in perme-
ability of the abdominal capillaries. The maximal inhibi-
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Fig. 2. Analgesic and Anti-inflammatory Effects of KSE on Acetic Acid-induced Mouse Writhing Model.
Each column represents mean and S.E. (n=11). An asterisk denotes significant difference from control *: p <0.05.
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Fig. 3. Effects of KSE and Flavonol Glycosides on PG E, and NO Production from RAW264 cells Induced by LPS.
Each column represents mean with the S.E. (n=6). Asterisks denote significant differences from control. *: p<0.05,
** . p<0.01, respectively. Ind : indomethacin.
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Fig. 4. Inhibitory Effects of KSE and its Flavonol Glyco-

sides on Tyrosinase Activity and Melanin Production from
B16 Melanoma.

Each column represents mean with the S.E. (n=3). Asterisks
denote significant differences from the non-sample-treated
group. *:p<0.05 **: p<0.01, respectively.

tion was 45.6% at 400 mg/kg. These results indicate that
KSE possesses anti-inflammatory activity by oral admin-
istration.

To evaluate the anti-inflammatory property of KSE and
involvement of the flavonol glycosides, we continuously
evaluated the effects of KSE and flavonol glycosides on
PG E; and NO production from LPS-stimulated RAW264
cells. By LPS (10ug/mL) stimulation, PG E, and NO pro-
duction were significantly (p<0.01) increased more than
5.0 and 3.2 fold higher than LPS-untreated cells, respec-
tively. KSE (1-100g/mL) significantly (1ug/mL: p<0.05,
>10ug/mL: p<0.01) suppressed PG E, production from
RAW264 cells (Fig. 3). The maximal inhibition was 49.8%
at 100ug/mL. However, KSE did not suppress NO produc-
tion under identical conditions. High concentrations (100
ng/mL) of quercitrin and kaempferol 3-O-rhamnoside signi-
ficantly (»p<0.01) suppressed PG E, and NO production.
However, both compounds had no effect on PG E; and NO
production at concentrations less than 30ug/mL. These
results indicate that KSE suppresses PG E, production
from RAW264 cells and has no effect on NO production.
Flavonol glycosides are not considered to be involved in
the suppressive effect of KSE on PG E; production too
much, because these compounds showed inhibitory effects
only at high concentrations (100 #g/mL). In a preliminary
examined cytotoxicity test guided by formazan forma-
tion in mitochondria, KSE and flavonol glycosides did not
interfere with cell growth up to 100xg/mL. Other un-
known constituents may suppress PG E, production
through inhibition of cyclooxygenase activity. Moreover,
there remains the possibility that these constituents may
affect other processes of inflammation such as increase in
capillary permeability and production of other in-
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Fig. 5. Effect of KSE on Skin Hyperpigmentation in Guinea
Pigs Induced by UV-B.

Each point represents mean with the S.E. (n=4). Asterisks
denote significant differences from control. *:p<0.05, **:p
<0.01, respectively.

flammatory mediators. Further investigation is required
to identify the inhibitors of PG E, and NO production in
KSE and to clarify the involvement of flavonol glycosides
in other anti-inflammatory mechanisms.

Inhibitory Effect of KSE and Flavonol Glycosides on
Melanin Production To examine the effect of KSE on
melanin production, two in vitro assays were chosen. KSE
and flavonol glycosides inhibited both tyrosinase activity
and melanin production from B16 melanoma at concen-
trations of 10 to 100xg/mL (Fig. 4). Inhibitory effects of
flavonol glycosides on both melanin production models
were well correlated with those of KSE. These results
show that the inhibitory effect of KSE on melanin produc-
tion from melanoma is partially based on tyrosinase in-
hibitory activity. Moreover, flavonol glycosides were con-
firmed to act as inhibitors of melanin production in KSE.

Based on reliable results of in vitro examination, we
evaluated the effect of KSE on melanin production in the
skin of guinea pigs induced by UV-B irradiation. The L*
value that indicates difference of brightness was used as
an indicator of melanin production. Decrease in L* value
reveals a change in color to darker. The change in color
was observed after 8 days. On days 10 and 12 after the
start of UV-Birradiation, L* values were lower than those
of day 8 (Fig.5). KSE did not affect the formation of
pigmentation on days 10 and 12. However, KSE (200-800
mg/kg) enhanced the recovery of L* value from days 14
to 16 in a concentration-dependent manner, contrast to
little change in L™ value of control. The result shows that
KSE does not affect melanin production, but enhance the
disappearance of produced melanin. KSE possibly en-
hances skin metabolism cycle or peripheral blood circula-
tion leading to melanin disappearance. The in vitro study
showed that flavonol glycosides in KSE inhibited melanin
production. However, these compounds do not seem to
act in vivo, and their participation in melanin decomposi-
tion was not clarified. Further studies are required to
examine the effects of flavonol glycosides on the process
of melanin decomposition.

In recent years, many beneficial effects of kiwi fruit
consumption have been reported. For example, Kuriyama
et al. found that frequent intake of kiwi fruits lowered
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plasma 8-isoprostaglandin F,, a lipid peroxidation bio-
marker, in elderly Japanese subjects (Kuriyama et al.,
2006). Duttaroy and Jorgensen reported that platelet
aggregation response and blood triglyceride in human
volunteers were improved by daily intake of two or three
kiwi fruits for 28 days (Duttaroy and Jorgensen, 2004).
Kiwi fruit is well known to contain a large amount of
vitamin C (Szeto et al., 2002) and both authors previously
suggested the contribution of vitamin C to the beneficial
effects of kiwi fruit described above. The edible part of
kiwi fruits contain lignins (Bunzel and Ralph, 2006), pro-
teins including an allergen (Tamburrini et al., 2005) and a
pectin methylesterase (Ciardiello et al., 2004), and polysac-
charides that enhance collagen synthesis in keratinocytes
(Deters et al., 2005). Moreover, actinidic acid, a new tri-
terpene, and other triterpenes have been isolated from the
peel of unripe kiwi fruit (Lahlou et al., 2001). Although
several observations have been reported in recent years,
no ingredients or biological activities of kiwi fruit seed
have been examined so far. In this study we prepared an
aqueous ethanol extract from defatted kiwi fruit seeds
and examined its constituents and biological activities.
As a result, quercitrin and kaempferol 3-O-rhamnoside
were isolated as polyphenolic compounds in the extract.
Hence, we evaluated the biological activity of KSE and
found the anti-inflammatory activity and the pigmenta-
tion clearing effect in in vivo models. Although quercitrin
and kaempferol 3-O-rhamnoside were not found to be
involved in the inhibitory effect of KSE on PG E; and NO
production from macrophages, these compounds were
confirmed to suppress melanin formation in melanoma
cells. However, the compounds do not seem to suppress
melanin production in an in vivo model. In conclusion,
kiwi fruit seed is demonstrated to possess beneficial effects
against inflammation and pigmentation.

References

Agrawal, P.K. (1989). Carbon-13 NMR of flavonoids. In “Organic
Chemistry. 39.”ed. by P. K. Agrawal. Elsevier Science Ltd.,
Amsterdam, 564pp.

Bunzel, M. and Ralph, J. (2006). NMR characterization of lignins
isolated from fruit and vegetable insoluble dietary fiber. oJ.
Agric. Food Chem., 54, 8352-8361.

Camuesco, D., Comalada, M., Rodriguez-Cabezas, M.E., Nieto, A.,
Lorente, M.D,, Concha, A., Zarzuelo, A. and Galvez, J. (2004). The
intestinal anti-inflammatory effect of quercitrin is associated
with an inhibition in iNOS expression. Br. J. Pharmacol., 143,
908-918.

Chang, HR,, Tsao, D.A.,, Wang, S.R. and Yu, H.S. (2003). Expression
of nitric oxide synthases in keratinocytes after UV-B irradia-
tion. Arch. Dermatol. Res., 295, 293-296.

Ciardiello, M.A., Tamburrini, M., Tuppo, L., Carratore, V., Giovane,
A., Mattei, B. and Camardella, L. (2004). Pectin methylesterase
from kiwi and kaki fruits: purification, characterization, and
role of pH in the enzyme regulation and interaction with the
kiwi proteinaceous inhibitor. JJ. Agric. Food Chem. 52, 7700—
7703.

Comalada, M., Camuesco, D., Sierra, S. Ballester, 1., Xaus, J.,

J. TANAKA et al.

Galvez, J. and Zarzuelo, A. (2005). In vivo quercitrin anti-
inflammatory effect involves release of quercetin, which inhib-
its inflammation through down-regulation of the NF-xB path-
way. Eur. J. Immunol., 35, 584-592.

Deters, A.M., Schroder, K.R. and Hensel, A. (2005). Kiwi fruit
(Actinidia chinensis L.) polysaccharides exert stimulating
effects on cell proliferation via enhanced growth factor recep-
tors, energy production, and collagen synthesis of human
keratinocytes, fibroblasts, and skin equivalents..J. Cell Physiol.,
202, 717-722.

Duttaroy, A.K. and Jorgensen, A. (2004). Effects of kiwi fruit
consumption on platelet aggregation and plasma lipids in
healthy human volunteers. Platelets., 15, 287-292.

Gillardon, F., Moll, I, Michel, S., Benrath, J., Weihe E. and
Zimmermann, M. (1995). Calcitonin gene-related peptide and
nitric oxide are involved in ultraviolet radiation-induced im-
munosuppression. Eur. J. Pharmacol., 293, 395-400.

Jeong, C.H. and Shim, K.H. (2004). Tyrosinase inhibitor isolated
from the leaves of Zanthoxylum piperitum. Biosci. Biotechnol.
Biochem., 68, 1984-1987.

Kobayashi, S. (2006). UV-B-induced skin damage and the protec-
tion/treatment-effects of a novel, hydrophilic y-tocopherol de-
rivative. Yakugaku Zasshi., 126, 677-693.

Kuriyama, S., Ebihara, S., Hozawa, A., Ohmori K., Kurashima K.,
Nakaya N., Matsui T., Arai H., Tsubono Y., Sasaki H. and Tsuji
1. (2006). Dietary intakes and plasma 8-iso-prostaglandin F.,
concentrations in community-dwelling elderly Japanese: the
Tsurugaya project. Int. J. Vitam. Nutr. Res., 76, 87-94.

Lahlou, E.H., Hirai, N, Kamo, T., Tsuda, M. and Ohigashi, H. (2001).
Actinidic acid, a new triterpene phytoalexin from unripe kKiwi
fruit. Biosci. Biotechnol. Biochem., 65, 480-483.

Lassalle, M.W, Igarashi, S., Sasaki, M., Wakamatsu, K, Ito, S. and
Horikoshi, T. (2003). Effects of melanogenesis-inducing nitric
oxide and histamine on the production of eumelanin and
pheomelanin in cultured human melanocytes. Pigment Cell
Res., 16, 81-84.

Matsuda, H., Ninomiya, K., Shimoda, H. and Yoshikawa, M. (2002).
Hepatoprotective principles from the flowers of Tilia argentea
(Linden): Structure requirements of tiliroside and mechanisms
of action. Bioorg. Med. Chem., 10, 707-712.

Russo, P.A. and Halliday, G.M. (2006). Inhibition of nitric oxide
and reactive oxygen species production improves the ability
of a sunscreen to protect from sunburn, immunosuppression
and photocarcinogenesis. Br. J. Dermatol., 155, 408-415.

Sanchez de Medina, F., Galvez, J., Romero, J.A. and Zarzuelo, A.
(1996). Effect of quercitrin on acute and chronic experimental
colitis in the rat. J. Pharmacol Exp. Ther., 278, T71-779.

Sanchez de Medina, F., Vera, B, Galvez, J. and Zarzuelo, A. (2002).
Effect of quercitrin on the early stages of hapten induced
colonic inflammation in the rat. Life Sci., 70, 3097-3108.

Szeto, Y.T., Tomlinson, B. and Benzie, LF. (2002). Total antioxi-
dant and ascorbic acid content of fresh fruits and vegetables:
implications for dietary planning and food preservation. Br. ¢J.
Nutr., 87, 55-59.

Tamburrini, M., Cerasuolo, I., Carratore, V., Stanziola, A.A., Zofra,
S., Romano, L. Camardella, L. and Ciardiello, M.A. (2005).
Kiwellin, a novel protein from kiwi fruit. Purification, bio-
chemical characterization and identification as an allergen.
Protein JJ., 24, 423-429.

Wilgus, T.A., Parrett, M.L., Ross, M.S., Tober, K.L., Robertson, F.
M. and Oberyszyn, T.M. (2002). Inhibition of ultraviolet light
B-induced cutaneous inflammation by a specific cyclooxygenase-
2 inhibitor. Adv. Exp. Med. Biol., 507, 85-92.



