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Immunostimulatory Effects of Blueberry Yeast Fermented Powder Against

Cyclophosphamide-induced Immunosuppressed Model

Do Youn Jeong, Hee Jong Yang, Su Ji Jeong, Min Guk Kim', Chi Young Yun', Hak Yong Lee’, Yang Hee Lee’,
Dong Yeop Shin’, Yea gin Yang’, Hae Seong Lee’, Young Mi Park’*

Microbial Institute for Fermentation Industry (MIFI), 1: Christian Medical Research Center, Presbyterian Medical Center,
2:INVIVO Co. Ltd.

Current studies have been reported that fruits such as berries may contain both antioxidant and antitumor
polyphenols that may be important in this regard. We investigated the immunostimulatory effect of fermented
blueberry (Vaccinium corymbosum L.) on cyclophosphamide-induced immunosuppression in animal model. Rats were
administered blueberry yeast fermented powder (BYFP) at doses 30, 100, and 300 mg/kg for 4 weeks after
cyclophosphamide (Cy) treatment, respectively. The immunomodulatory effect of BYFP were measured both in vitro
and in vivo, and the changes of blood components were also analyzed. We found that BYFP recovered
immunosuppression-mediated decreased liver, spleen, and thymus weights as well as up regulation of white blood cell,
lymphocyte, and neutrophil in blood. Moreover, BYFP up-regulated IL-2, TNF-a, and IFN-y pro-inflammatory cytokine
production compared to immune suppressed control group, respectively. According to histological studies, BYFP
regenerated significantly on Cy-mediated injured spleen at the high doses (BYFP 300) comparison with Cy-treated
groups (immunosuppression). Collectively, these findings suggest that BYFP may have the potential as a dietary

immunostimulatory agent.
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g Oggst A¥e dWste Fa AR AZ AX|6HA7] giZol
t}¥. dajUd(delphinidin), ¥8]Y(malvidin), HEUY(petunidin),
AlotYY(cyanidin) 22|32 HQUU(peonidin) F9 EAJoII
(ACNs)e 3Rals}atge st 7oz oreja Qg Z9kolx, A&
4a, A 243, 89 2 Y 24, WIEF5 g &3 59 &9
£ 980 WA . 13U HAELS o|&3 AL AE A
oA EAjste E2julE, tEAlORY, S2tdLolt 59 X&A} 3t
F2& Odez afdsS 7 "ol oddt HAFHd e
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<ol Sol, AdEd AAFY7sE AF % Aq¥ES &
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2 AFM = o] ofd &% TaFy ¢ UR3 224
2+LE o8&t HWAAAAQ Cyclophosphamide (Cy) Az2jof
ojgt HAAA FERH] Fol & HFANREY cytokine AJ4F, &
A Mz HEE, 2ASA EAZ Folo SR £- UE
+0o] 49 2AET U]R]= FFS LolE LA} S
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1. T2 AE

SR AIEE &FLAN Mu ® LFET SFH
(Vaccinium corymbosum L) 3Uste At&si9on, 25
2 wag Y FRE (DLEOISAINILIN wQetn 9
L Saccharomyces cerevisiae SRCM100936 (KCCM12244P)=
Argstgtt. Zadjg)s wasty] 93t EFS YPD broth
(DifcoTM, MI, USA)O]] SRCM100936< X%35lo] 30°C, 150 rpm
olA 2983t vigEt £ 10,000 rpmoA] 307 PRt g4
FAE 2asz 38 Astel Hag AY AHEZ A8
247 &% & 2% AXE fotoq EFulg HAZ oA

b & 85°Co|A 458 M2 Adsta A FHIE F AEH
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(1.0x10® CFU/ml, OD600 4.0) 10%S HZE3to] 25°Co|A 4Y3t
JR|ste] wascty, HagE Axsie £y aw ¥a 2%
(BYFP)Z A x5}t
2. AdF 5

A= 5L MEetF vlo] @ F-]oH QA Sh)oflA] Specific-pathogen

free (SPF) 9] Wistar rat 533& 2gwol Ao A&
o A1 F Aol ¥¥t uFArg(Samtako, Gyunggi,
Korea)g dololH «&7|7t 5 S+ TEHY © 2845 WY
Zotry AFEA HFStES oigoh AR F 2=+ 23%
I°'C, $& 50+5%, 2360 phoneo]dl, ZHA|ZF 08:00-20:00 (1
124171, ZE 150-300 Lux, &7]= AZHg 103]-123]9] 34
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olg&st ZIAAIE mASHET. AHAFLL AL
(Normal group), tj&#(Control group, BYFP 0 group), 5%
Hzgl] 82 g BY 30 mg/kg S t(blueberry yeast
fermented powder 30 mg/kg, BYFP 30 group), 2&H|2] &
g vy B2 100 mg/kg £ (blueberry yeast fermented
powder 100 mg/kg, BYFP 100 group), 2&H|2] a2 dg &2
9t 300 mg/kg 59 F(blueberry yeast fermented powder 300
mg/kg, BYFP 300 group)e2 E3t0 w4 100}2|% Hg o]
Argsteict.
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A &5t u|A X212 10% formalin oA TAAI AR S
A7 ot (trimming) AM1PAIZ] & mahdo] Rmojste 4 pmo] &
A2 BH/NAEsUct. Hematoxylin-eosin G2 xyleneo] A m}
28-S AASHL &4 }PE AX T hematoxylino] 48, eosin
o 28 S AMsHYTh. o] & FYste] FMH A xuitE
L 749l Olympus BX50 F4 (Olympus, Japan)E o] &3}
of ¢ 9 FYsAt

S|

Al3l A= mean+S.E.02 EAGIYon, A mz iy
(SPSS ver.12.0, SPSS Inc., Chicago, IL, USA)E o|&3lo] HF
tBF QA Mean+S.E)2 AT ZF AldE 719 AR 7
ol AR w2 EAEMNLS ANOVA (one-way analysis of
variance test)E AA|gt & {9JMo] 9= HQ p<0.05 O]gtYd

] Ducan's multiple range test2 A% ZAARsgct

2

L AZH 34 L Ao| YA UAL 9F

2 AYIA R AF NAES AT AW FFLUL £
A A+(Normal group)dt ¥]135t0] cyclophosphamide (Cy)gt
Folgh tiz#(Control group) Cy9] =7t oo ozt &
go| 749 702 Uehdth 48 FRAMY 450 2 AYZ
¥ AE2 FAFo| 225.2+3.8 g, IEF0] 209.6+2.2 g2 CyS
Eojo] mat Aol gostA ZaH Hez Aot ¥ of
223 vlwste] Cyot 28H2] &1 g EU(blueberry yeast
fermented powder, BYFP)2 30 mg/kg £9j§F AJAZX(BYFP 30
group)2 216.1+1.6 g Cye ZZH|g] a7 Y 22 100
mg/kg £ojst AIFF(BYFP 100 group)2 211.7+3.6 g, Cyet
22da a2 95 2% 300 mg/kg F£ojst A'ol—f._L(BYFP 300
group) 220.2+1.7 go 2 Ue}t S22 a8 ¥§ U9 &
o2 qlste] Aol F7tete AFS HolAU sl 57t A
oz xAEQCHFig. 14). 84 2 Alo] AL BE 21FA
2913 xfolg Ho|x] IYTHFig. 1B, C)
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6.13+0.04 git H|w3sto] T2 % 5.53+0.03 g2 §9oJ5lA &
e 7oz FAsgch Wy L3ule 2 Wi PTS Sold Al
d2o ABE £ol2(30 ma/ke)e 5.93:0.02 g FHE S0l
(100 mg/kg)2 5.84+0.05 g, AT Fo|F(300 mg/kg)
5.830.03 g0.2 BE AFZNA dazo] uls) SsH 37k
Aoz HALQcHFie. 2A). WF xR AS YT
0.49+0.37 go g2 Uepgor; tz#2 0.37+0.01 g2 Cy %
of wet x4 FFol fosl AaF Aoz ALY e
22ve] &8 UE 2UL Ad UAZL BYFP 30 Ad2o|
0.36+0.01 g, BYFP 100 A]&o] 0.37+0.01 g, BYFP 300 A&

o] 0.41£0.01 go& VkE EoF 0111\1 H[gz A9 FFo] gz
ZEO 22 5 % Bou} Go/AQl Aol Qe Aoz RAE
9ltHFig. 2B). A XX EHZS_—G_LO] 0.2840.01 goz HAZ9]
0.46+0.01 g7t H|@3IAS W Cys Ao ma} FFo] §9st
A 2448 202 Uegtt. giadat vjasto] BYFP 30 29wt
BYFP 10043822 77t 0.32£0.01 g, 0.34:0.01 go& goJst
Aol 2 Ho]x] gkorout, BYFP 300 AFZL 0.37+0.01 g2 of

z2urt 9ojab 5718 Aoz FArEYrkFig. 20)
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Fig. 1. Effects of BYFP on body weight and dietary style (food and
water intake) in cyclophosphamide-induced immunosuppressed rats.
(A) Changes in body weight over 4 weeks; (B) Food intake; (C) Water
intake of BYFP. The data are shown as mean#S.E. *°Mean values not
sharing a common superscript were significantly different among the
groups  (p<0.05). Normal, Wild type; BYFP 0, Cy-treated
immunosuppression control; BYFP 30, blueberry yeast fermented powder
30 mg/kg with Cy treatment; BYFP 100, blueberry yeast fermented
powder 100 mg/kg with Cy treatment; BYFP 300, blueberry yeast
fermented powder 300 mg/kg with Cy treatment.

3. WA 299 FLAE OjR]:= FF

7+ AP FH 3 wi@(White blood cell, WBC) 4 St
A7o]  4.87+0.14x10%/Let H]@3te] Cy2 Eojst Eﬂi%%
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lo F-l-l
bu rlo

W, BYFP 100 A@7e 2.89+0.08x10°%/L, BYFP 300 A¥H
3.54£0.05x10°/Lo2 &% W& 2|7t {954 F7Het A
EQlE] A tHFig. 3A). 8% WX (lymphocyte, LYM) &9 3
Aol 3.50+0.09%10°/Lo]] v]a] thzzo] 1.17+0.04 x10%/L
2 f98og UA RAE U £o]
AgLY 739 dx<ar dvwsie] BYFP 30 AL
1.57+0.04x10°/L02 =2 7A%2 HPon, BYFP 100 AP
2.00£0.06x10%/L, BYFP 300 A3dZe 2.41+0.03 x10°/Lo&

o5t &2 $&Z Hol: o2 RAEICHFig. 3B). @5
T(neutrophil, NEUT)9] stFs ] Bk =R ]
1.10£0.04x10°/L, =222 0.63+0.01x10°/L& CyS Eoj¥
2t 3530 gl IA Zad Aoz Yyt W EF
iR was J%s Ro% ML 79 BYFP 30 AL

0.71£0.03x10°/L2 dixFi} vl@ste] F7lste 4AFS HAx
BYFP 100 A@#2 0.87+0.02x10°%/L, BYFP 300 Al@#

0.92+0.02x10°/L2 8-9l51A =9FcH(Fig. 3C).
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Fig. 2. Effects of BYFP on weight of liver, spleen, and thymus in
Cy-treated rats. (A) Changes in organ weight of liver; (B) spleen; (C)
thymus. The data are shown as mean+S.E.. *“Mean values not sharing a
common superscript were significantly different among the groups
(p<0.05). Normal, Wild type; BYFP 0, Cy-treated immunosuppression
control; BYFP 30, blueberry yeast fermented powder 30 mg/kg with Cy
treatment; BYFP 100, blueberry yeast fermented powder 100 mg/kg with
Cy treatment; BYFP 300, blueberry yeast fermented powder 300 mg/kg
with Cy treatment.
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Fig. 3. Effects of BYFP on blood components in Cy-treated rats.
Complete blood cell count (CBC) test was conducted by blood
analyzer. (A) Changes in white blood cell; (B) lymphocytes; (C) neutrophil.
The data are shown as mean+S.E.. *“Mean values not sharing a common
superscript were significantly different among the groups (p<0.05).
Normal, Wild type; BYFP 0, Cy-treated immunosuppression control; BYFP
30, blueberry yeast fermented powder 30 mg/kg with Cy treatment; BYFP
100, blueberry yeast fermented powder 100 mg/kg with Cy treatment;
BYFP 300, blueberry yeast fermented powder 300 mg/kg with Cy
treatment.

9#Y cytokines B 57
Cyol o3 9} Aot F2RD BF TNF-o ol UlAE
e BAY 2 BYPS 7.6£03 pe/ml2 GEZY 5702
pe/mishi: RO Aol Bl WY wfulel 52 wa ¢
o 2 BYFP 30 A+ 8.2+0.2 pg/ml2
A QAL 2522 ig";_ﬂ_ BYFP 100 A&3t BYFP 300
.5 pg/ml, 10.5£0.4 pg/ml= EH7<—'.LIL} 3%
o2 lugitkFig. 4A). 2 AY2E
% IFN-y9] &g A% 2 Zdd2 32.118.0 pg/mlz
iz 12.3£6.8 pg/mltt 2 £&& BT} UHH 2
27 g BEUS 203t AP+ BYFP 30 APFL 16.9+4.2
pg/ml, BYFP 100 A3d#E 25.0+4.4 pg/ml2 jx3F1 §9Jst
Zto]2 Holx] Qr9roi} BYFP 300 AFZL 49.747.9 pg/mls
iz {3t Atol§ B YcHFig. 4B). 8% IL-29 &FZ vl
sto] B AAFL 43.1+1.2 pg/ml, 2 FL 36.7+0.8 pg/ml
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2 R Aol wyrh. Cyol #eME) G ¥E PUES £ (Fig 5B). YW MY 2R Us pUe o Ade uy
ofst Alg oA BYFP 30 A3+ 38.9+1.2 pg/ml, BYFP 100 ZAS WESH At BYFP 30 APHoAE izt vwste] 3

AFFL 39.310.7 pg/mlz ixFEC= =2 H3FS, BYFP
300 ’\E“ o2 40.140.9 pg/ml2 jxFHct §o3tA F71E A

TNF-alpha (pg/mL)
-]

Normal 0 30 100 300

CY (5 mg/kg) + BYFP (Ing/Kg)
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42 b
ab ab
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=l N
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CY (5 mg/kg) + BYFP (ng/kg)

Fig. 4. Effects of BYFP on cytokine expression levels of TNF-a, IFN-y,
and IL-2 in the sera were determined by ELISA. Cytokine concentration
of TNF-a(A), IFN-y(B) and IL-2(C). The data are shown as meantS.E.
*dMean values not sharing a common superscript were significantly
different among the groups (p<0.05). Normal, Wild type; BYFP O,
Cy-treated immunosuppression control; BYFP 30, blueberry yeast
fermented powder 30 mg/kg with Cy treatment; BYFP 100, blueberry
yeast fermented powder 100 mg/kg with Cy treatment; BYFP 300,
blueberry yeast fermented powder 300 mg/kg with Cy treatment.
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gol 9on, YZAH(lymph nodule, LN)o] 7PExle] 19
(marginal zone, MZ)o] E2#o] 9lo] AMLA(red pule, RP)x}
o ZA%t Bersl FEE Aoz WRHGIchFis. 5A). WY Cy
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A SHAL gooy WALR™e Bust gase Famoz
o H(Fig. 5C), BYFP 100 A&+
M2 Zwel Jhgatel 7oo] sy 7
$aE A WIEIKI o
YtHFig. 5D). &3] &%
BYFP 300 A&+9 Z<$ Cy A
Lo AE 95 WML 37 3 e 5
Fhgate] Fotol AsA Waslol e FEa FeE Molk
o2 W YIckFig. 5E)

Fig. 5. Effects of BYFP on hlstologlcal feature of spleen. Spleens were
stained with hematoxylin and eosin reagent and observed by optical
microscope. Original magnification: x100. scale bar = 100 pym. (A) Normal;
(B) BYFP 0 (Control); (C) BYFP 30; (D) BYFP 100; (E) BYFP 300. Normal,
Wild type; BYFP 0, Cy-treated immunosuppression control; BYFP 30,
blueberry yeast fermented powder 30 mg/kg with Cy treatment; BYFP
100, blueberry yeast fermented powder 100 mg/kg with Cy treatment;
BYFP 300, blueberry yeast fermented powder 300 mg/kg with Cy
treatment.
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7h Qokn A ok,
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4 v, A9 2RSS 5% A9 A 718
g fA 5717t WEEAH(Fig. 2). Cyol 9afl &
49 ®stE dorjn HFF, WIS

dzol 534 YA fEche ZAoR ¥
, Cyoll 9ol fEs+= HYAA: @A =49 WItE
AP, ML, F4AU2 8 AENer Juot 335
g %56}% Aoz g3d Aot gutsoz Cyg wF
g o] XA HANZ(T, BEZT 5)9
oA 5t 7]7:-]2 o] &5}o] R7IHAASO] R EA|2 o] LE
Gk, o] PN HARoR FH '}i 0] 4% 3+ (Myelodysplastic
syndrome)o] 2AF & it FLJPoIFEEEL ELEEAE
o] QFE zdste WIFLA %(Leukopem ) &g Fa ¥
o2 "ugol Yo, dutdAA N EF WL 4, Yu
"7} Fadz2o] Hjs] Cy A2 ?*;@‘.%*Kﬂﬂ'LOﬂ/\i A

L

=~
e
(5]

q2jsto] A
A7t
A= g
Fej A ot
o] 2ol A
oA {9

1

12 rx mw
9 rlo
.|2 IJ .E U ofn

i)

—°H->.\‘,. _g,q
W:T-%ﬂ_lfmi—
) rF 4
) B
ﬁrlorﬂ.

18

u
S o i P 2R o X2

T R
re lo
$0 oo dor oN N xo mn 42 =|0

E -
T '6‘

o 9 H Triil'“ gonom ;;1(,“;(}30] _n__]l:l]é}ﬂ] A5t

2 UEdcH(Fig. 3). o]2jgt Zik= EFH2] &2 Ta

o7} MA7]% 38 U xPALE MM a9
7t g 4 gk

N ZE B o2 AEOIN AHEL cytokined] st

9l TNF-a (tumor necrosis factor-alpha)= HAA|ZQ T

79 gatgEd] % A4S oo, YA YA 5

2 484 IL-2 (interleukin-2)2 EZslo] MZA ¥

4

oA

Ir
oX
o G

I I'-|E
rrongor
1o
4m

|:||o
fjo
o)
ol
Ol
oh

S o

AlZith 381 HYARAQA Cye X ¢ T4
ZHAAA NREoA AASIUE cytokineo] Bu|ES

o2 Al vt QP [FN-ye Thl A=, T =
A AAEY, T Az 7]%o A3S u]X| 1 macrophage?] 7|
5 FAIE Ao oA do. 2 4ol 2u 9 Yo

HAXA cytokineQl TNF-a, IL-2 18]31 IFN-y9] &% g &
£ 5ol vl FA5t¢E df, B tixol] vlsto] CyA2

oIN| oA RE cytokine O] ZrA7t BWAE|YL, BYFP
T2 sLoERor §Fo] Roujdt 7t EGIch(Fig. 4).
Al sty A5 Foto] BYFP £oi7t Cy &2o o5 LAgst
z s 2 FEHAQ WIS WSt Yutgoz Cy
g AstA =Y vFe AW FHo WAMLAA, YuiA,
AR AA B FRYE Aoz A Yo
A B 2+ FAZWE 71Fos WALA0 ZuTt
£ AMpAar gest FAR FEEHFig. 5A).

i xRS Ao] 2R o] FAZE &S UHA|
oy, LA HESo] Y FEHE FHFEHJO

o, Hjdo] BA3hS WAS 4 QQAckFig. 5B). E3 BYFPE
g ZA9] PE7t CyA

2%0] Zashe Zo|
%}JEI&’iJ_(Flg 5C) BYFPE %5(100 mg/kg)o 2 A5t
o AYAEQl 2A AjAYo] FgPE|o] HALA o] Yes] LEE | A
Aot WALAol §y]7F A9 Ap2bFch(Fig. 5D). BYFPE 1
L(300 mg/kg)2 Fofgt AAL-2 Cyxa] thxolA L3 9

ke

[+
-

MaAel B3 U MR AE SAWSol A Zastgu,
AWAoR £A U sMxte] Siol Ayshl PReC 498 &

A9 Jeg ok o2 WL gIckFig. 5E)
ool Ase FYAu, 22Me a8 wa RU £
£ CyRelE Bo 249 AU 22753 Ao
A4 dxzo ws 248 AF L 2 W, §
SHE 74, B U WTR cylokines] §FE
2A7 delnse e A2E 93 HsYe sk,

olr
fjo
s
ox
ton
>

2 £

e
re
e -‘.—I
rle
Q
<
Q
)
ko)
=
[e]
3
m =
s3]
g
o,
)
f
2
ich
ok
2
) r.E.

E

E
AA7)s AMa SAlo] =A] %’8’5 Kﬂ el A
CyAN2 dizdd 1s=9 BYFPE 3adt¢Z d, Astd A%
E7M3HEAN D)L d28 BFAR7T BFEATE JEEHUG. ®
5 T M= B3l 593t A3r2 3t: cytokineS59 AA:
ozagoz zylstgon, WA &
Hol7} RAEL AL #olstgict. BYFPL nyi
Aotdox HASZF &g HoFo]
7JKﬂ (immunostimulator)2A]2] %&o]
2 AP 2 Ha 389 MAE Sl

Gdxsto 2 TE "L SISO =L

aAaT— o ©

;r
=2
_EL
Iy
B
d
rp>
o
e
ofz

12 rd B oo

o 12 i

oot

o S
Ao -|op
o m?rlj
-

]

ofm

o

-[.
o
r
b
prow
=
= g
>.\‘,.r.9.l'm=lo=lo
lo N
oo o
> )
W &

)
e

=T FEATAZTEI ALY AL 93] o] &



54

D.Y.Jeong et al

L.

10.

11.

12.

References

Son CK. The research of immunological function in
liver. ] Korean Oriental Med. 2001;22(1):3-9.

Kim MS, Kim JS, Ryu M], Kim KH, Hwang K.
Immunomodulation effects of p-1,3/1,6-glucan and
lactic acid bacteria in LP-BM5 murine leukemia

viruses-induced murine acquired
syndrome. Korean ] Food Preserv. 2017;24(8):1158-67.
Arthym ], M, Kruzel
peripheral composition by
Med  Sci

immune deficiency
Zimecki M. Normalization of
blood cell
cyclophosphamide-treated
2004;10(3):BR84-9.

lactoferrin in

mice. Monit.

. Senthikumar S, Devaki T, Manohar BM, Babu MS. Effect

of squalene on cyclophosphamide-induced toxicity. Clin
Chim Acta. 2005;364:335-42.

. Schwenke DC. Focus on fruits and vegetables to reduce

cardiovascular disease and all-cause mortality. Curr
Opin Lipidol. 2013;24:526-7.

Hung HC, Joshipura K], Jiang R, Hu FB, Hunter D,
Smith-Warner SA. Fruit and vegetable intake and risk

of major chronic disease. ] Natl Cancer Inst.

2004;96:1577-84.

. Bazzano LA, Serdula MK, Liu S. Dietary intake of fruit

and vegetables and risk of diabetes mellitus and

cardiovascular  diseases. Curr  Atheroscler

2003;5:492-9.

Rep.

. Manach C, Williamson G, Morand C, Scalbert A, Remesy

C. Bioavailability and bioefficacy of polyphenols in
humans. Am ] Clin Nutr. 2005;81:230S-42.

Xu W, Zhou Q, Yao Y, Li X, Zhang JL, Su GH.
Inhibitory effect of Gardenblue blueberry (Vaccinium
Reade)
lipopolysaccharide-stimulated inflammatory response in

ashei anthocyanin extracts on
RAW 264.7 cells. Journal of Zhejiang University Science
B. 2016;17:425-36.

Wan C, Yuan T, Cirello AL, Seeram NP. Antioxidant
and o-glucosidase
highbush blueberry
2012;135:1929-37.
Brambilla A, Lo Scalzo R, Bertolo G, Torreggiani D.
highbush
corymbosum L.) juice: Phenolic profile and antioxidant

inhibitory phenolics isolated from

flowers. Food Chemistry.

Steam-blanched blueberry  (Vaccinium
capacity in relation to cultivar selection. ] Agric Food
Chem. 2008;56:2643-48.

Nagao K, Higa K, Shirouchi B, Nomura S, Inoue N,
Inafuku M. Effect of Vaccinium ashei reade leaves on

lipid metabolism in Otsuka Long-Evans Tokushima fatty

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

rats. Bioscience, Biotechnology, &
2008;6:1619-22.
Cho CW, Lee KY, Kim YC, Han CH. Immunomodulatory

effects of polysaccharides derived from persimmon

Biochemistry.

leaves on cyclophosphamide-induced
inmmunosuppressed mice. Korea ] Food Sci Technol.
2013;45:636-41.

Xue ZH, Gao ], Zhang Z], Yu WC, Wang H, Kou XH.
Antihyperlipidemic and antitumor effects of chickpea
albumin hydrolysate. Plant Foods for Human Nutrition.
2012;67:393-400.

Rodriguez-Mateos A. Cifuentes-Gomez T, George TW,
Spencer JPE. Impact of cooking, proving, and baking on
the (poly)phenol content of wild blueberry. J Agric Food
Chem. 2014;62:3979-86.

Cordova FM, Watson RR. Food and
polyphenols action in cancer recurrence. San Diego
Academic Press. 2014;191-5.

Jiang MH, Zhu L, Jiang JG. Immunoregulatory actions of

supplement

polysaccharides from Chinese herbal medicine. Expert
Opin Ther Tar. 2010;14:1367-1402.

Zhao C, Li M, Luo Y, Wu W. Isolation and structural
characterization of an immunostimulating

polysaccharide from fuzi, Aconitum carmichaeli.
Carbohyd Res. 2006:;341:485-91.

Chen Y, Tang ], Wang X, Sun F, Liang S. An
immunostimulatory polysaccharide (SCP-Ila) from the
fruit of Schisandra chinensis (Turcz.) Baill. Int ] Biol
Macromol. 2012;50:844-8.

Guo L, Liu J, Hu Y, Wang D, Li Z, Zhang ]. Astragalus
polysaccharide and sulfated epimedium polysaccharide
synergistically resist the immunosuppression. Carbohyd
Polym. 2012;90:1055-60.

Park HR, Lee MS, Jo SY, Won HJ, Lee HS, Lee H.
activities of

Immuno-stimulating polysaccharides

isolated from commercial soy sauce and traditional

Korean soy Korean ] Food Sci Technol.
2012:44:228-34.

Angulo I, de las Heras FG, Garcia-Bustos JF, Gargallo
D, Munoz-Fernandez MA, Fresno M. Nitric
oxide-producing CD11b(+)Ly-6G(Gr-1)(+)CD31(ERMP12)(+)

cells in the spleen of cyclophosphamide-treated mice:

sauce.

Implications for T cell responses in immunosuppressed
mice. Blood. 2000;95:212-20.

Nonaka Y, Ishibashi H, Nakai M, Shibata H, Kiso Y,
Abe S. Effects of the antlered form of Ganoderma

lucidum on tumor growth and metastasis in

cyclophosphamide-treated  mice. Biosci  Biotechnol



D.Y.Jeong et al

55

24.

25.

26.

217.

28.

Biochem. 2008;1399-1408.

Sadeghi B, Jansson M, Hassan Z, Mints M, Hagglund H,
Abedi-Valugerdi M. The effect of administration order
of BU and CY on engraftment and toxicity in HSCT
Marrow Transplant.

mouse model. Bone

2008:41:895-904.

Wang BX, Zhao XH, Qi SB, Kaneko S, Hattori M,
Namba T. Effect of repeated administration of
biochemical changes related to aging in
senescence-accelerated mice. Chem Pharm Bull

1988;36:2587-92.

McKallip RJ, Lombard C, Martin BR, Nagarkatti M,
Nagarkatti PS. Delta(9)-tetrahydrocannabinol -induced
apoptosis in thethymus and spleen as a mechanism of
immunosuppression in vitro and in vivo. ] Pharmacol
Exp Ther. 2002;302:451-65.

Miyauchi A, Hiramine C, Tanaka S, Hojo K. Differential
effects of a single dose of cyclophosphamide on T cell
Flow

Med.

subsets of the thymus and spleen in mice:

cytofluorometry Tohoku ] Exp
1990;162:147-67.
El-Naggar SA, Alm-Eldeen AA, Germoush MO, El-Boray,

KF, Elgebaly HA. Ameliorative effect of propolis against

analysis.

29.

30.

31

32.

33.

cyclophosphamide-induced mice.
Pharmaceutical Biology. 2015;53:235-41.
Son CG, Han SH, Cho JH, Shin JW, Cho CH, Lee YW.

Induction of hemopoiesis by saenghyuldan, a mixture of

toxicity in

Ginseng radix, Paeoniae radix alba, and Hominis
placenta extracts. Acta Pharmacol Sin. 2003:24:120-6.
Pang WW, Pluvinage JV, Price EA, Sridhar K, Arber DA,
Greenberg PL. Hematopoietic stem cell and progenitor
cell mechanisms in myelodysplastic syndromes. Proc
Natl Acad Sci. 2013;110:3011.

Logani MK, Alekseev S, Bhopale MK, Slovinsky WS,
Ziskin MC. Effect of

cyclophosphamide on

millimeter waves and

cytokine regulation.
Immunopharmacol Immunotoxicol 2012;34:107-12.
Ptak W.

Cyclophosphamide uncovers two separate macrophage

Marcinkiewicz ], Bryniarski K,
subpopulations with opposite immunogenic potential and
different patterns of monokine production. Cytokine.
1994:6:472-17.

Bremer ], Heikenwalder M, Haybaeck ],
Krautler NJ, MO.
enhances the susceptibility of mice to peripherally
administered prions. Plos One. 2009;4:7160.

Tiberi C,

Kurrer Repetitive immunization



