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Rubus coreanus in Raw264.7 Cells and Mouse Peritoneal Macrophages
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ABSTRACT Purple bamboo salt (PuBS) is commonly used as a medicinal food in Korea and has beneficial potentials
such as antioxidant and anti-inflammatory effects. Rubus coreanus is called Bokbunja, which is used as a traditional
medicine for treating asthma, impotence, and allergic diseases in Korea. The aim of present study was to investigate
the immunostimulatory effect of PuBS composed with Rubus coreanus (PuBS-R). We performed comparative analysis
between PuBS and PuBS-R in Raw264.7 cells, which is a mouse macrophage cell line, and peritoneal macrophages
isolated primarily from the mouse peritoneal cavity. We evaluated cytotoxicity and the immune cytokine response
in PuBS- and PuBS-R-treated cells. Both PuBS and PuBS-R did not have any cytotoxicity in Raw264.7 cells up
to 500 pg/mL. Gene and protein levels of immune cytokines such as tumor necrosis factor-a (TNF-a), interferon-y
(IFN-y), interleukin (IL)-10, and IL-12 were significantly elevated by PuBS-R more than PuBS in Raw264.7 cells.
Moreover, we evaluated the immunostimulatory effects of PuBS-R on mouse primary peritoneal macrophages. Protein
levels of inducible nitric oxide synthase, TNF-a, IFN-y, IL-10, and IL-12 were significantly higher in PuBS-R-treated
peritoneal macrophages than PuBS-treated peritoneal macrophages. These results suggest the potential immunostim-
ulatory effect of PuBS-R for immunity against harmful infection.
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Table 1. Gene primer sequences
Gene name Primer sequence (5°-3°) Position cDNA Gene Bank ID
TNF-a FP: CAA CAT ACT GCT AAC CGA CTC CT 253-275 NM_010548
RP: TGA GGG TCT TCA GCT TCT CAC 405-425
IFN-y FP: GGA AGC ACG GCA GCA GAA TA 792-811 NM_008352
RP: AAC TTG AGG GAG AAG TAG GAA TGG 948-971
IL-12 FP: CGT CGT AGC AAA CCA CCA AG 438-457 NM_013693
RP: TTG AAG AGA ACC TGG GAG TAG ACA 564-587
IL-10 FP: CAG CAA CAA CAT AAG CGT CA 370-389 NM_008337.3
RP: CCT CAA ACT TGG CAA TAC TCA 450-470
GAPDH FP: CAT GGC CTT CCG TGT TCC TA 776-795 NM _001289726.1
RP: CCT GCT TCA CCA CCT TCT TGA 859-879
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A7) = AS & 403]) WS FZ 590 Melt curve:s
65°Coll A 95 C Ato]l2 133l Aol AH8-% primer
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Fig. 1. Effect of PuBS and PuBS-R on the proliferation of Raw264.7 cells. Cells in 48-well plate (5X10° cells/well) were treated
with the indicated concentration of (A) PuBS, (B) PuBS-R (5, 10, 50, 100, 500, and 1,000 ug/mL), or LPS (1 pg/mL) for 24 h.

Percentage of control means (sample O.D Value 540 nm/control O.D value 540 nm) X 100. A significant difference at

level compared to the control.

" P<0.001



B AFRY vhes YA ET

Mz =4 ¢
Az o) A 2]3 PuBS% PuBS-Re| 7 HxE AAE7
A8 MTT assayZ 333 th(Fig. 1). PuBS9} PuBS-R
S 5~1,000 pg/mlL 55X 2 Raw264.7 A FEol 24A17F Fot
A g gk A3 PuBSe| 7-9- 500 pg/mL7HA] o=t} & Al
EAS BolFEA] 2tz 1,000 pg/ml % Ag] Al 4
Zo) HE Y& AE F4EZA EH% B oHFig. 1A).
a1} PuBS-RS A28 A2 79 23]8 500 pg/mL
ol Hul Al NAEZ7}F FoaA TAEE ARE A 4
AR (Fig. 1B). o] AL 5L NaClS &3 PuBSHE
t} PuBS-Re| tiA Ao v x| = *Tﬂr“ At
ofe}l tix M xe] T % Egs FrhE 218 YERh
o] A3 Ao we} o] & A H FFHE 50, 100,
500 pg/mL %% PuBS9 PuBS-RS A g 8tgith.

SHE E7t

o
of o) ol
=z
RN

[e]
o
=

A

j&lo >\‘

CHAIMIZZOM M 23 AIO|EFIR! [FTXL H3}
b ARA 43 HEt)E PuBSS PuBS-RE A2 3
Raw264.7 Al3EoA mRNAE &2|38le] 498131tk TNF-

o, IFN-y, IL-12, IL-10% &H18}51TH(Fig. 2). 114 W

HES-o] @ QA2 o AR = TNF-q, [FN-y, [L-12, IL-
A 47 TNF-a

I
[a]
o
<
[©)
L
k=]
L
()
=
©
()
x

Control  LPS 50 100 500 50 100 500

PuBS (pg/mL) PuBS-R (pg/mL)

C 39 IL-12

Relative fold to GAPDH

LPS 50 100 50

Control

PuBS (pg/mL) PuBS-R (ug/mL)

o )}]‘701'

Relative fold to GAPDH
5

2 Al 2ol o & 309

10 53 22 Alo] E7RRIS v Al 27} &4 ste i wrd o]

%7}8}71] Ha olg B & WANEEY] WY v

AN &S &4A ") TNF-a= ti2A%E 2 Thl
ﬂJETH AR E = ALl EFQI O R a4t Bl T E WY
NEE A=3te] Mg {5 9 B3 5o F83 TS
8}= chemokine S wH|sHA 3 WE o] &S F3) HY
AE A AgTH16). IFN—yﬂ Txﬂﬁﬂ 2b-g-5}o] ThlAlE

(T helper 1 cel)9] ¥3&5 A3} E/\l o Th2AM|Z(T

helper 2 cel)?] S4]& Zﬂ 0}04 nAE WA HY
Al FHAA A gofsh Abo] ERRICIB(7). IFN-y= T

A, BN, 357, AAAs) A2, 3] xze] 283}
o @A F glor, gAAxEEA ) AAE 283
MHC class I, I 238$& Z7M17171% o} IL-129 1L-
10 & NO #2 95 Ao} AN FHshE Ao

el
o¥elA A% PAAEFAA F2 4P

919;4 IL-129]

[e)
5

o

=

o] & HANE, F2 WYk x| AArE A E 9}

TAH o &%0}04 IFN-y9o| Aats Frste AxA4d 19

28-S 3oR(18). 1L-109 A% ThmlEOM *B*PEP
3]

TNF-q, [L-1B, IL-6 5-¢] Ak
I Al BRI A #8S =

A A ATH19). o] F Ao E7IQl i v X &
=437 98t v 22 A ] FAAE

18
16
14
12 A

Control 500 500

PuBS (pg/mL) PuBS-R (pg/mL)

0.45 -

O

IL-10
0.4 1
0.35 4
0.3 1
0.25 4
0.2 1
0.15 4

Relative fold to GAPDH

0.1
0.05 -

Control

500

LPS 50 100 50

PuBS (pg/mL) PuBS-R (pg/mL)

Fig. 2. Stimulatory effect of PuBS and PuBS-R on the expression of cytokine (A) TNF-a, (B) IFN-y, (C) IL-12, and (D) IL-10 mRNA
levels in Raw264.7 cells. The levels of mRNAs for cytokines were determined by real time RT-PCR using total RNA extracted
from Raw264.7 cells treated with the indicated concentrations of PuBS, PuBS-R (50, 100, and 500 pg/mL), or LPS (l pg/mL)

for 24 h. A significant difference at 'P<0.05, “P<0.01,

“P<0.001 level compared to the control. A significant difference at

level compared to the PuBS (50 pg/mL). A s1gnlﬁcant difference at

difference at

#p<0.001
"P<0.001 level compared to the PuBS (100 pg/mL). A significant

%5p<0.001 level compared to the PuBS (500 pg/mL).
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Fig. 3. Stimulatory effect of PuBS and PuBS-R on the cytokine production of (A) TNF-a, (B) IFN-y, (C) IL-12, and (D) IL-10
in Raw264,7 cells. Raw264.7 cells were treated with the indicated concentrations of PuBS, PuBS-R (50, 100, and 500 pg/mL),
or LPS (1 pg/mL) for 24 h. Culture supernatants were then isolated and analyzed using ELISA kit for cytokines. A signiﬁcant
difference at P<0.05, P<0.01, P<0.001 level compared to the control. A significant difference at #P<0.05, ##P<0.01, #p<0.001
level compared to the PuBS (50 pg/mL). A significant difference at 'P<0.05, ~P<0.01, ~"P<0.001 level compared to the PuBS

(100 pg/mL). A significant difference at ***P<0.001 level compared to the PuBS (500 pg/mL).
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Fig. 4. Stimulatory effect of PuBS and PuBS-R on the cytokine pro-
duction of (A) TNF-0, (B) IFN-y, (C) IL-12, (D) IL-10, and (E)
iNOs in mouse peritoneal macrophages. Mouse peritoneal macro-
phages were treated with the indicated concentrations of PuBS,
PuBS-R (50, 100, and 500 pg/mL), or LPS (1 ug/mL) for 24 h.
Culture supernatants were then isolated and analyzed using ELISA
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#P<0.001 level compared to the PuBS (50 pg/mL).
P<0.001, TTP<0.001 level
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