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We investigated a physiological function by fermenting a medicinal mushroom, (Cudrania tricuspidata
fruit). A fermentation using lactic acid bacteria and the extracts isolated from 70% ethanol fractiona-
tion was included in cultured mouse spleen cells for cytokine secretion. As a result, total polyphenol
content improved by 47% by organic acid fermentation. This was regarded as immune activity in fer-
mented C tricuspichta fruits, as the levels of interleukin (IL)-2 and IL-4 secretion increased. In addi-
tion, when the extracts were treated with a stimulant lipopolysaccharide, the secretion of helper T (Th)
1 cytokines IL-2, IL-12, and tumor necrosis factor-a was suppressed, while the secretion of Th2 cyto-
kines IL-4, IL-5, IL-6, and IL-10 significantly increased. Therefore, this study suggests that fermentative
C tricuspidata fruit extracts can contribute to the suppression of cellular immune reactions induced
by the expression of Thl cells and activation of the expression of Th2 cells inducing humoral immune
reactions associated with the antibody generation by B lymphocytes.
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Table 1. Contents of total phenolic compounds of C #ricuspica-
tAruit extract (CT) and fermented C fricuspidata fruit
extract (FCT)

Sample Total phenolic contents (ug/mg)*
CT 68.62+2.29
FCT 100.93+1.89

*Values are the mean#S.D.
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Fig. 1. Production of IL-2 cytokine by fermented C tricusprichta-
fruit extract (FCT) and C tricuspidbta fruit extract (CT)
in mouse spleen cells. Spleen cells were cultivated with
10 pg/ml extract for 6, 24, 48, 72 hr respectively. Data
are shown as meantSD. *Significant difference from con-
trol p<0.05.
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Fig. 2. Production of IL-4cytokine by fermented C tricuspidhta-
fruitextract (FCT) and C #ricuspidata fruit extract (CT) in
mouse spleen cells. Spleen cells were cultivated with 10
ug/ml extract for 6, 24, 48, 72 hr respectively. Data are
shown as mean=SD. *Significant difference from control

P<0.05.
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Fig. 3. Production of IL-2 (A),IL-12 (B) and TNF-a (C) cytokines
byfermented C #ricuspidata fruit extract (FCT) and C #ri-
cuspidhta fruit extract (CT) with LPS in mouse spleen
cells. Spleen cells were cultivated with 10 pg/ml extracts
and 2 pg/ml LPS for 6, 24, 48, 72 hr respectively. Data
are shown as mean+SD. *Significant difference from con-
trol p<0.05.
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Production of IL-4 (A), IL-5 (B), IL-6 (C) and IL-10 (D)
cytokines by fermented C tricuspidata fruit extract (FCT)
and C tricuspidata fruit extract (CT) with LPS in mouse
spleen cells. Spleen cells were cultivated with 10 pg/ml
extracts and 2 pg/ml LPS for 6, 24, 48, 72 hr respectively.
Data are shown as meantSD. *Significant difference
from control p<0.05.



686 A= 2013, Vol. 23. No. 5

LPS X130 2I8t cytokines L4, IL-5 IL-6, IL-10
AUAIO| BiS}

A% o7} fakat dae 93] FE5= Th2 cytokine
Ql IL4, IL-5, IL-6, IL-10 ¥¥] 9] W3S lstgich. 1 A3,
IL-49] Euj=ke] W3l FCTS CT7F LPS HEvhyg =&
RS Yl 283 EHle) wske 6A3tel CT7h
FCTS} frAFSE #1l o] Yelst oy, 2441218 FCT7E -9
Aoz Rulgo] Zrlsltt 724kl CT9} fAMSE Hsks
et o] FCT7F A7l mhe} fulo] F7kahe 218 gelst
Ath(Fig. 4A). IL-59] EHl= 27] 6, 2447kl = FCT, CT,
LPS Al B AR 0o W3S Vel 1o, 484131
$5E LPS AP #HlFo] astgl o, FCT, CTollA &
HulFo] Z71lglon, FCT7H B & BolEs UrEhH At
(Fig. 4B). IL-69] EHl= 6A1 A E FAME Bl e BYo
u}, 244 7tel= FCT9}F CT7F LPS A2l £ FHE U
Ehfilom, CT7 FCTE T £& #H1E BYAT 48417k
LPS Ae]3 CTA = 19 ¥shr} glout FCTe #H) %
o] o H oz Frlste] At E& EHlFE el
(Fig. 40). IL-109] &HI:= LPS A2, CT, FCTel A 9] 2&
w19 Waks Bglon, 4847 FHE FCTo|A frodo=
EHlFo] F7hste] 72Al7¥<>ﬂ e —Erﬂl FE Uehhen,
CT¢t LPS A TolAE Brleo] 7438l ¢l thFig. 4D). uhe}
A RS Gl 7L R g o 4 3 Th2 cytokine IL-4, IL-5, TL-6,
IL-109] ERIFS S7FstA o, Alko] et upe} 24
o] FUE= AL Felatyth

=
[l

740l s, A2 A 0g Mcﬂ %nﬂo}wﬂ wa%

Q1TH13, 18]. 3} wF O]E
gt A7 2FH] gho
wfell gt A= wvg A M.

AT FAE "ﬂUH H’r bt wh g ol 93
#Ho3t= cytokined] F
upo A HAAZE 56]] 7453}1
kol ok wra gl osf o] 9l
Zg =9 gFolM FCT7F CTRY o 47% ¥ g
ERUSl=t, o] A¥e AxFo 2Ry $EE 127
sto] LA GrlE LESAS W ST FFo| F
Zo| o3t W] oaf 1 Freko] 35~46% =7
ot AR SHGATH15). o] AHEA FAE du
%ﬂﬁﬂ% Aol HAEd o3 Pl FEHE

2 A5

Aoz gasgon, olde Eeas

N_Qi

Hr ne
U = oo oo
ol e @ o m oo T oo i o 2

O
—

::‘ -
sL'

o

e

]

¥l of

oNorr R

iy
Rulph N i S

AE 715 88EC2A A E s wagte
5 0 549 277 mase] skl
2= —Zr T cell proliferation factor2 4] &/dst¥l T
v‘f— 154G 273818 Teelld] 4 ;_—rﬁd cy-
28311, IL4+ B celld] 433 285 fF=3te
cytokine_ & A T8, 11]. o] 2} gt IL-2¢} IL4 cytokine
o] o] CTS} FCTE A Estsls W AAo] L2 M = Y
EHE YR AAT A3Ee] whE $7]9) FHl o] S718tA
o], B L4 M e & $HFS B3lon, o5 44
< HaAHHE A FCTAA £& TRIFE Uedo] FCT=
IL-2, IL4 cytokined] #HIE 23 2
ato] o] 5] @Asle] e WSS FE3H B celld] 4
A% 35 fTEshe A% g
AtsE
w5 A5 LPSY] F=o o3 Z4zhe] Hukg-of 34
% Thl cellfr= cytokine$] IL-2, IL-12¢] 4§42 FCT¢} CI7}
LPS ARt A4l ES sk em, TNF-ao 442 %
Aol ANH 2.2 FoATL e A el
TNF-a= A4 4534, 348-8S 243t cytokineo] o
F2 &gste oA E A AP E T, TG CD4+ T cello]h
NK celldl M= HAHH AIH2E 2Hste 72 &8
3t cytokine©| TH3, 4]. wEkA] TNF-aol &3 +% é e
o2 WYs frEste HgxdS e, Thl cell % cy-
tokine?} o] oA ol me} 5 WgutE2d qdE Fo
SHA Ag3he Ao 2 ALgHrh 18]al Th2 cell f% cyto-
kine®l TL-4, IL-5, TL-6, IL-10¢] 3-1] &= moﬂ w278
F719 28 $UIFS wYoH, 53 F
Hl &S el 5¢] IL-59 238 f? 71 =& EHlE U
BRI A=, IL-5% Th2 cytokine2. 24 BA| <] 7ol o
331, immunoglobulin®] AAell 71 gteie, 25]. wekA] IL-5
o] A7 dEo] Th2 cell F% cytokine®] Aol F71ghel
B 443 £t wE FAYGo] e HAWSOE
Agate AoZ AR Eh 223 [L-102 Thiz Th2e] ¥
W3-8 WAFZE A (cross regulation)dte] B GRES-S ZA 3=
cytokine®] TH26]. ©] cytokine2] &H7} $7]9] &=
w2} Thi cell®] 287 Th2 cellel] o g HuHg-S 7
ZHste A0R At g ofd whet A dvfe] ¥
/& Thil cell F% cytokine?] #d-2 AA =M, Th2 ce
cytokine®] o] FojE| o, o] AFzA ThZ cell®
stoll oef B =5 2/d3tste] FAHAY HIukS

'6‘
9 Aoz ARdD, ¢
= O]

HU

H:l

F

FDI'FOLtz

i
oL
o m N



WS Bde PAR diE 289 S 7154
FaA L AFNEEZA ] AFAEEA F&o] 7hesi
At E

(610003-03-1-SB110)&] A-HI A el SJai A FHHAF U
Reference
1. Ankathatti Munegowda, M., Xu, S., Freywald, A. and

10.

Xiang, J. 2012. CD4+ Th2 cells function alike effector Trl
and Thl cells through the deletion of a single cytokine IL-6
and IL-10 gene. Mol lmmunol 51, 143-149.

. Bajpai, V., Sharma, A. and Baek, K. H. 2013. Antibacterial

mode of action of Cudrania tricuspichta fruit essential oil, af-
fecting membrane permeability and surface characteristics
of food-borne pathogens. Food Control 32, 582-590.

. Beutler, B., Greenwald, D., Hulmes, ]. D., Chang, M., Pan,

Y. C, Mathison, J., Ulevitch, R. and Cerami, A. 1985. Identity
oftumour necrosis factor and themacrophage-secreted factor
cachectin. Nature 316, 552-554.

. Carswell, E. A., Old, L. ], Kassel, R. L., Green, S., Fiore,

N. and Williamson, B. 1975. An endotoxin-induced serum
factorthat causes necrosis of tumors. Prac Natl Acad Sa USA
72, 3666-3670.

. Choi, S. R, You, D. H, Jang, I, Ahn, M. S, Song, E. ],

Seo, S. Y., Choi, M. K,, Kim, Y. S., Kim, M. K. and Choj,
D. G. 2012. Cytotoxicity of methanol extracts from Cudrania
tricuspidata Bureau. Korean ]| Medicinal Corp Sci 20, 153-158.

. Dubucquoi, S., Desreumaux, P., Janin, A., Klein, O,

Goldman, M., Tavernier, ]J., Capron, A. and Capron, M.
1994. Interleukin 5 synthesis by eosinophils: association with
granules and I mmunoglobulin-dependent secretion. / Exp
Med 179, 703-708.

. Feng, Q., Torii, Y., Uchida, K., Nakamura, Y., Hara, Y., and

Osawa, T. 2002. Black tea polyphenols, theaflavins, prevent
cellular DNA damage by inhibiting oxidative stress and
suppressing cytochrome P450 IAI in cell culture. / Agric Food
Chem 50, 213-220.

. Grabstein, K. H., Eisenman, J., Shanebeck, K., Rauch, C,,

Srinivasan, S., Fung, V. Beers, C. Richardsjon, ],
Schoenborn, M. A., Ahdieh, M., Johnson, L., Alderson, M.
A., Watson, J. D., Anderson, D. M. and Giri, J. G., 19%4.
Cloning of a T cell growth factor that interacts with the beta
chain of the interleukin-2 receptor. Science 264, 965-968.

. Han, S. K, Song, Y. S, Lee, J. S, Bang, J. K, Suh, S. ],

Cho, J. Y., Moon, ]. H. and Park, K. H. 2010. Changes of
the chemical constituents and antioxidant activity during
microbial fermented tea (Camellia sinensis L.) processing.
Korean ] Food Sa Technal 42, 21-26.

Hano, Y., Matsumoto, Y., Sun, J. Y. and Nomura, T. 1990.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

Journal of Life Science 2013, Vol. 23. No.5 687

Structures of three new isoprenylated xanthones, cudrax-
anthones E, F and G. Planta Med 56, 478-481.

Howard, B., Burrascano, M., McCallister, M., Chong, K.,
Gangavalli, R, Severinsson, L., Jolly, D. J., Darrow, T.,
Vervaert, C., Abdel-Wahab, Z., Siegler, H. F. and Barber,
J. R. 1994. Retrovirus-mediated gene transfer of the human
y-IEN gene: a therapy for cancer. Ann N Y Acad Sci 716,
167-187.

Jeong, C. H,, Choi, G. N,, Kim, J. H.,, Kwak, J. H., Heo,
H. J., Shim, K. H,, Cho, B. R, Bae, Y. I. and Choj, J. S. 2006.
Anti-atheroclerotic and anti-inflammatory activities of cat-
echolic xanthones and flavonoids isolated from Cudrania
tricuspidata. Bioorg Med Chem Lett 16, 5580-5583.

Jeong, G. S, Lee, D. S. and Kim, Y. C. 2009.
Cudratricusxanthone A from Cudramia tricuspichta sup-
presses pro-inflammatory mediators through expression of
anti-inflammatory heme oxygenase-1 in RAW264.7
macrophages. Int [mmunopharmacal 9, 241-246.

Joo, H. Y. and Lim, K. T. 2009. Glycoprotein isolated from
Cudrania tricuspidata Bureau inhibits iINO and COX-2 ex-
pression through modulation of NF-kB in LPS-stimulated
RAW 264.7 cells. Environ Toxicol Phar 27, 247-252.

Kang, D. H,, Kim, J. W. and Youn, K. S. 2011. Antioxidant
activities of extracts from fermented mulberry (Cudrania tri-
cuspidata) fruit, and inhibitory actions on elastase and
tyrosinase. Korean J Food Preserv 18, 236-243.

Kim, H. M,, Han, S. B, Oh, G. T,, Kim, Y. H., Hong, D.
H., Hong, N. D. and Yoo, 1. D. 19%. Stimulation of humoral
and cell mediated immunity by polysaccharide from mush-
room Phellinus linteus. Int Imnumopharmacal 18, 295-303.
Lee, B. W, Lee, ]. H, Lee, S, T, Lee, H, S, Lee, W. S, Jeong,
T. S. and Park, K. H. 2005. Antioxidant and cytotoxic activ-
ities of xanthones from Cudrania tricuspidhta. Bioorg Med
Chem Lett 15, 5548-5552.

Lee, I. K, Kim, C. ], Song, K. S., Kim, H. M., Koshino, H.,
Uramoto, M. and Yoo, I. D. 1996. Cytotoxic benzyl dihydro-
flavonols from Cudrania tricuspidata. Phytochemistry 41,
213-216 .

Liblau, R. S., Singer, S. M. and McDevitt, H. O. 1995. Thl
and Th2 CD4+ T cells in the pathogenesis of organ-specific
autoimmune diseases. [mmunol Today 16, 34-38.
Mahomoodally, F., Mesaik, A., Choudhary, M. I, Subratty,
A. H., Gurib-Fakim, A. 2012. /n vitro modulation of oxida-
tive burst via release of reactive oxygen species from im-
mune cells by extracts of selected tropical medicinal herbs
and food plants. Asian Pac | Trop Med 5, 440-447.
Mosmann, T. R. and Coffman, R. L. 1989. TH1 and TH2
cells: Different patterns of lymphokine secretion lead to dif-
ferent functional properties. Ann Rev Immunol 7, 145-173.
Park, K. H., Park, Y. D., Han, ]J. M., Im, K. R, Lee, B. W.,
Jeong, L. Y., Jeong, T. S. and Lee, W. S. 2006. Anti-athero-
sclerotic and anti-inflammatory activities of catecholic xan-
thones and flavonoids isolated from Cudrania tricuspidata.
Bioorg Med Chem Lett 16, 5580-5583.

Rengarajan, J., Szabo, S. J. and Glimcher, L. H. 2000.
Transcriptional regulation of Th1/Th2 polarization. fmmunol



688

A 748k8] 2] 2013, Vol. 23. No. 5

Today 21, 479-483.

Method Enzymol 299, 152-178.

24. Ryu, Y. B., Curtis-Long, M., Lee, ]. W.,, Kim, J. H., Kim, 28. Skapenko, A., Kalden, ]. R, Lipsky, P. E. and
J. Y, Kang, K. Y, Lee, W. S. and Park, K. H. 2009. Schulze-Koops, H. 2005. The IL-4 receptor alpha-chain-bind-
Characteristic of neuraminidase inhibitory xanthones from ing cytokines, IL-4 and IL-13, induce forkhead box
Cudrania tricuspidata. Bioorgan Med Chem 17, 2744-2750. P3-expressing CD25+CD4+ regulatory T cells from CD25—

25. Sanderson, C. ]. 1992. Interleukin-5, eosinophils, and CD4+ precursors. J Immunol 175, 6107-6116.
disease. Blood 79, 3101-3109. 29. Yoshida, Y., Wang, M. Q, Liu, J. N, Shan, B. E.

26. Shawn, B., Danuta, M., Skowronski, G., Kent, H., Robert, and Yamashita, U. 1997. Immunomodulating activity of
C. and Brunham, L. 2004. Aggregate content influences the Chinese medicinal herbs and Oldenlandia diffusa in
Th1/Th2 immuneresponse to influenza vaccine: Evidence particular. [nt Immunopharmacol 19, 359-370.
from a mousemodel. / Med Virol 72, 138-142. 30. Zheng, Z. P., Tan, H. Y., Chen, ]. and Wang, M. 2013.

27. Singleton, V. L., Orthofer, R. and Lamuela-Raventos, R. M. Characterization of tyrosinase inhibitors in the twigs of
1999. Analysis of total phenols and other oxidation sub- Cudrania tricuspidata and their structure - activity relation-
strates andantioxidants by means of Folin Ciocalteu reagent. ship study. Fitoterapia 84, 242-247.

=5 Ug TXE(CQudania ticuspicatd) Lo FE20| ORA HIZMES| cytokine A4Mol| DjX[=
st
MRIY'™ . el - sy el Z10i%? - ofsfet’ - 2eisl - Zasf - e - HHo|
(‘Fotthetal Medi-Farm A3t A7AA S, *Foltigta AW F s, *walggta ety ‘gha)sha

F A8 (Cudrania tricuspidatay) Bv) ) VS 285 HESY] At fakds ol &8t LA 5 70% of
ge FE3 1 FEES w2 HIAA R ZE3 & FHIEE cytokine2 Z W B S A 1 A
o ao] o3 4 %4 HolE T HEdFs S 29 wad o) FysE FaFol oF 47% 77%}9512“1,

T B g o] A cytokine IL-29HL-49] EulFo] F71tglth. 18]l LPS #5419} 3
frE cytokine?! IL-2, IL-12, TNF-09] #Hl= A E A S, Th2 cell F% cytokine$!
, IL-5, IL6 IL- 104 Bugo] Fo]7 o7 Zr}atdnt. 0]; 1q PR YT du FEE0] Thi celle] £&
1 g8 FEHe AMEAY HAAE g JAsH, B g2 o FAN Y AHE IS A9gHES f
Eote Th2 celld] BdS 43 oh= o= A}E—L%E}.



