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Study of Macrophage Stimulating Activity of the Polysaccharide
Isolated from Leaves of Carthamus tinctorius L.
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Abstract

In the screening of Korean traditional tea sources for the cellular lysosomal enzyme activity of peritoneal
macrophage from mice, CT-0, a cold—water extract from Carthamus tinctorius L., showed the highest macro-
phage-stimulating activity. CT-1-IIa-2-1, a purified macrophage-stimulation polysaccharide was obtained
by a series of purification steps such as anion exchage chromatography with DEAE-Toyopearl 650M, gel per—
meation chromatography with Sepharose CL-6B, Sephacryl S-200, and HPLC with Superdex G-75. The molecular
weight of homogeneous purified polysaccharide was estimated about 68 kDa. CT -1-Ila-2-1 consisted of xylose
27.44%, arabinose 16.14%, mannose 15.92% and glucose 14.47%. To measure acute toxicity, dose of 50, 100,
500, and 1000 mg/kg were intraperitoneally injected to ICR mice. The LDsy was about 397 mg/kg.
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Y FdFadA FFEGey die AFALAA T

5 4 . B3] X3} (Carthamus tinctorius L)%
L QAR A Aol g A2 793t L83}
%t} Macrophage®] &4 &A 4] ©]-45 & AJ2F2l thio-
glycollate medium-2 Difco(Difco Laboratories, Ditroit, MI)
ZRe| Fd3t9 22 RPMI 1640 medium>} fetal bovine ser—
um(FBS) ¥ DMEM medium< Gibco BRL(Grand Island
Co., NY,, USA)E4¥ =] 3 lypopolysaccharide(E. coli
026:86, LPS)#} p —nitrophenylphosphate, disodium(PNPP)
2 RAW 264.7 A} F-2]-F-2]-& 9 &l AM8-3h+= 1% trypsin
2 Sigma(St. Louis MO., USA)ALERE 143t A}&3}
Aot

A ES

5~87% 9] 34 ICR mouseE WA FPFEATLEY
B| EoFtol F-F chamberoll A &-&A17] F Aol AME-3L
gdom AYEEL &5 2242°C, X 55~60%914 1Y 12

A7 A5-8tel 3 ALRE AR FAATIHEA AL

shd ot

HMB AMZo| =X

A5 A28 A E 63F thate] 7,000 rpmol 4] 3087}
homogenizer(IKA Labotecnik Co., Ultra-turrax T50)Z. ¥
A& F,7,000 rpmel A 3027t A4 el ste] QL ATAL
F%, TAAZEA Fr. I+ 993, AL 49 SA=E
of w2} A4 2 2 hexane, methanol, 5F 52 €22 24]
7B BFEEY T 4G 4SS 55, BAAz

Fr. O, M, V& < 1,000 ug/mL®] ¥ == macrophage
g4 ZA o A
Cell line

Murin macrophage' A i—’r—‘ﬂ RAW 26472 z&#dgx
el A wed Ao Rokdtol wjeksle

nitric oxide®] A& =A 8)¢ith.
etME 24N
A} gkl glucoseE 5 E4 2 3t phenol-sulfuric

acidl (6)2. 2, At &8kL B-D-galacturonic acids %
& E2 2 3} m-hydroxydiphenyl® (7). &, stz st}
& bovine serum albuminS EF 22 3l LowryH(®)
o7 47 Aekstgd on] AT BAL Jones? Albersheim
] "W (9)e)] w2} A 8(2 mg)E alditol acetate FFEAE A
3AIA gas liquid chromatography(GC)Z 241814t

Macrophage lysosomal enzyme activity &8

Mouse®] 7} Wlo] 1.0 mL9 thioglycollate medium<
FUT A 8~7247F Wl BFAL 3|5t 1100/
mLe] HEE AESLFE & 3 96-well plates] 200 uL#
B39} Aldsled 37°C, 5% CO: incubatorel| 4] 2417k &

SRR

]

aF wljoFsted 9213 macrophage monolayerol] 10% FBS&
-3k RPMI 1640 ® %] 9} A 8§ A =] 3} CO: incubator
ol &) 244 7t vi o¥3}e] macrophage® #4344 Z o} &4 5
% macrophage?] monolayerell 0.1% triton X-100-& 7}3}+
macrophage®] Al Z%-& &84 A o] o] ¥4 enzyme
% o —nitrophenyl phosphate$} citrate bufferg ©]8-3+
Hl-S-2]7] ¥ borate buffers 7}5e1 ELISA reader(Bio-rad

3550-UV)E 405 nmol4l &4 3FE H10).

Nitric oxide M4s &8
Keller 5-(11)¢] ¥4 o] u}e} macrophage®] s oFd ol A

2 Arlste] 244175l FAFA T, 96-well plate]
a /‘"5"“?} Griess reagenti Z+2F 100 uLA )3l 537

g ¥ 570 nmolAH FFE=F A3

Macrophage 243} 23 cigto| MM

Azsle] B E3 1 kgd 7,000 rpmol A 3087
homogenizer(IKA Labotecnik Co., Ultra-turrax TS0)Z
A 348t ¥ methanol 3%, ethanol A& A 4|3l 23t
& & CT-1& 2A 8%t} CT-1& DEAE-Toyopearl 650M
column{C!” form, 35%x29 cm)oll F2 A7 F FH7, 01,
0.2,0.3,04,05,1.0, 2 20 M NaCl -9 22 A2 &34
A 974¢] 3 E(CT-1-1, CT-1-0a, CT-1-0Ob, CT-1-10I,

CT-1-V,CT-1-V,CT-1-VI, CT-1-VI, CT-1- VD% 2%

o} ol 5 B 239 84 FEq CT-1-Ta¥ Sepharose
CL-6B column(1.7 X 82cm)& $#A1A CT-1-LOa-1, CT-
1-Oa-2, CT-1-Oa-39 &g A2 Sephacryl S-200
column(1.5X44 cm)& A43te] AAh= CT-1-Oa-2-1
< A4k

Macrophage EAs} 23 24|

Macrophage 242 Yehdl Zoig 3891 CT-1(30 mg)
€ Yamada 59| # (12)o)] whe} periodate(NalO4) oxida-
tion# pronase digestiona A A3} o},

MM cigte &x U X2 &3

22 AA| ggel CT-1-NMa-2-19 €%+ HPLC(Waters
2690, Superdex 75HR 10/30, GPC type, 10x310 mm, RI,
0.2 M NaCl, 0.3 mL/min) & A A 3t4 &4 311 o dextran
T-500(MW: 5% 10%), T-70(MW: 7x10%), T-40(MW: 4x
10Y 2 glucose® EFEA2 g3t vl A3tk

A =M AY
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Z 34 Carthamus tinctorius 1.)H 0.2 %€ B

g3t # 0EF

A MEE AZS2FE{ 2] macrophage #4151 22 ZAH
Table 14| vhebd vle} o] A E2} Al 24 A E(63%)9)
i 3led macrophage lysosomal enzyme &41-& 73 A3t A=}
&3} (Carthamus tinctorius) ¥4 325, A vl{orvzae sa-
tiva) Y552 %, T3H Carthamus tinctorius) L4525,
=2 Cinamonum campora) Y5532 %, - (Adenophora
tryphilla var. japonica) Y& Eol vy £ #4482 1
Hon, o] F F3to] W EFol shAb

lysosomal enzyme ¥4-2 vteblch(Fig. 1).

Macrophage 43} 22| ol

HZ AAdE 9 At B £5F 5 282 R o}
oFgt oF2] &AXo] B.yE 7 9l E3)
ZAo] B =3 glrh(15). b #¥-¢l CT-1914 macro-
phage lysosomal enzyme &A-& vhebll = 48 5418} 7)
$13te] periodate M2l 5 & 745, 8% A= A A4S
2.9l ¥HH, pronase A 2] & & A Foll A= 8% A o] FAfo]
7= ek (Fig. 2).

o] Atz Bol K A el A=
lysosomal enzyme B4 & Jeh=
A& ?—l’ 5 °‘Zl"} thail BR T o

-2- macrophage

%i}ol] /H X macrophage
T B o 2ial

A %+ macrophage

Macrophage 243t 223l HA|
FEH FolAH 27 W4 55 E 9 CT-0¢ ethanol &
A FE) CT-10] 22 205%9F 220%2] T4 & vetgo]
o] A= UA 1 G =t S7HE Bl b, A 22}
£ CT-M# CT-Ex Aol vetx] ek =3 A
Al FA M Q& CT-1-Ta, CT-1-Ta-2, CT-1-Ma-1 ¥
2] B3-L 27} 100 ng/mLe] 5=l 4] 2329, 238%, 243%

¢
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Fig. 1. Macrophage lysosomal enzyme activity of the extracts
from various sources.

At Carthamus tinctorius cold-water, B: Oryzae sative cold-water,
C: Carthamus tinctorius hot-water, D: Cinamomum campora cold—
water, E: Adenophora tryphilla var. japonica cold-water.
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Fig. 2. Macrophage activity of CT-1 by pronase digestion
and sodium periodate (NalQi) oxidation.

A: Naive CT-1, B: Pronase digested CT-1, C: NalO4 oxidated
CT-1.

2 AA|7F A=l w2} macrophage lysosomal enzyme 2
Aol A Fr1stsAch(Fig. 3).
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Fig. 3. Macrophage lysosomal enzyme activity of separated
fractions.

A: CT-0 (cold water extract), B: CT-1 (crude polysaccharide), C:
CT-1-1Ia (subfraction obtained from CT-1 on DEAE toyopearl),
D: CT-1-1la-2 (subfraction obtained from CT-1-Ila on Sepharose
CL-6B), E: CT-1-Ila-2-1 (subfraction obtained from CT-1-1la—2
on Sephacryl S-200, F: CT-M (methanol soluble fraction), G: CT-
E (ethanol soluble fraction).
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Table 1. Macrophage lysosomal enzyme activities of the extracts from traditional tea sources

Sample Relative activity (%)
Korean name Scientific name Fr. IV Fr. or? Fr. IV¥
7 Diospyros kaki 137.51 102.77 180.00
KIE Glycyrrhiza glabra L. 124.14 82.70 158.64
AARZ Glycine max 127.62 108.99 128.09
g A} Cassia tora 110.41 107.55 137.41
A Cinnamomum loureirii 106.76 120.86 135.71
7] Ak Lycium chinense 60.14 101.44 120.07
=9 Citrus unshiu 99.52 110.43 133.75
Yol Capsella bursa-Pastoris 114.05 91.37 140.35
=3t Cinamomum camphora 17175 124.82 153.21
=k Laminaria japonica 102.03 90.28 151.80
2 (37]) Astragalus membranaceus 128.31 98.92 139.62
s 7 Angelica gigas 133.74 96.04 121.98
o3 Zizyphus jujuba var. inermis 7590 117.99 13545
k=] Codonosis lanceolata 132.67 121.22 207.87
=27 Platycodon grandiflorum 113.26 87.74 125.68
F2#RAD) Eucommia ulmoides 146.30 100.49 131.46
F2(3) Eucommia ulmoides 80.18 70.28 150.00
T3 Polygonatum japonicum 108.70 105.19 138.82
=gH(&E7]) Polygonatum japonicum 112.40 107.80 124.75
5% Chrysanthemum motifolium 110.48 8251 122.94
=7 Perilla frutescens var. japonica 134.68 110.36 100.90
2y Pseudoctdonia sinensis 110.10 86.32 106.34
&4 Taraxacum platycarpum 119.26 82.55 124.35
u}-3} Menta arvensis var. japonica 147.42 80.66 116.67
LA ES Opuntia ficus-indica Mill. saboten Makino 140.67 100.94 154.64
e Hordeum vulgare var. hexas tichon 112,63 86.32 175.41
vis}e) Eribotrya japonica 138.61 100.47 121.83
L3 Morus alba 118.46 95.28 131.97
A7 Rubus coreanus 171.19 91.98 141.90
Abf Comus officinalis 98.30 73.11 63.92
FF% Epimedium koreanum 111.78 56.60 130.67
A= Atractylodes japonica 107.67 73.66 91.75
A7 Zingiber officinale 167.81 119.66 112.94
A% Punica granatum 57.43 70.28 125.61
£4 Pinus densiflora 70.50 76.10 120.47
% Artemisia asiatica 117.79 93.27 180.00
o Nelumbo nucifera 116.19 94.34 116.33
£ z+w Acanthopanax sessiliflorum 128.42 9155 134.26
2.0z} Schizandra chinensis 75.23 82.93 104.71
Spp Zea mays 107.85 114.63 193.93
2+ Citrus junos 133.60 101.46 125.74
5 Coix lacryma-jobi var. ma-yuen 131.15 72.20 133.45
229 Akebia quinata 115.13 99.02 14557
<34 Ginkgo biloba 123.42 108.97 116.44
ql4t Panax ginseng 155.95 118.99 169.72
NE(F3h) Carthamus tinctorius 213.40 118.54 17351
Zd Adenophora tryphilla var. japonica 158.14 66.83 142.55
A7 0] Plantago asiatica 139.18 112.20 156.04
2 A} Gardenia jasminoides 107.86 89.34 119.60
XA Cichorium intybus L. 157.33 47.80 124.65
3 Pueraria thunbergiana 130.95 93.17 143.64
ez} Poncirus trifoliata 162.91 84.56 115.49
3= Trichosanthes kirilowii 152.48 11554 11355
=33} Rosa rugosa 128.31 116.19 147.30
#ute]7) Helianthus annus 132.53 86.71 178.10
ol Oryzae sativa 187.47 118.94 118.04
= Juglans sinensis 108.30 83.78 106.23
Zut Cucurbita moschata 11557 100.21 112.46
= Triticum aestivum 96.65 81.23 152.82
33 - 119.38 99.64 101.35
ZHA AR (7 AD Euryale ferox 55.00 90.00 94.00
A ) Ipomoea batatas L. 80.00 80.00 105.00
=7 Diospyros kaki 130.00 86.00 110.00

YExtracted with cold water.
YExtracted with methanol,
¥Extracted with hot water.
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Table 2. Chemical and sugar content of active fractions obtained from CT-0

(%) CT-0 CT-1 CT-1-1la CT-1-1Ia-2 CT-1-Tla-2-1
Total sugar 47.1 43.3 53.2 64.4 76.5
Uronic acid 104 139 9.5 44.1 29.3
Protein 51.3 525 437 30.8 31.1
Component sugar (molar ratio)
Rhamnose 28.5 144 78 15.1 0.6
Fucose 2.1 2.3 5.1 ‘ 2.2 44
Arabinose 9.3 215 5.1 20.6 16.1
Xylose trace”’ trace 3.0 25 274
Mannose 39.0 10.7 7.1 37 159
Galactose 136 274 429 7.0 106
Glucose 75 238 8.9 14 145
Galacturonic acid -2 - - 18.9 46
Glucuronic acid - - 28.8 5.8

i’Detected less than 0.10.
“No detected,

oA, CT-0 & #oll*] = mannose®} rhamnose”} 27+ 39.0%,
285%2 w2 &2 FHslol AUNL CT-1 HRdA =
galactose”} 27.4% 2 7} E9kow, o}-g glucose (23.8%),
arabinose(21.5%6)2] o]t} 3714 mannose FF-& A
2338 £37 glucose$} arabinoserk 71844 & < 91 gtk
T3] H3lZ = sepharose CL-6B @A 7HA] & glucuronic
acid(28.8%)7F 7+ @& FE-S AR|3te] A ko] @
< W& & F o), vk @A el A e At ] v g
o] A}s] ZFashar xylose §eko] 27.4% %, mannose 3F
o] 159%% 7+7; F7lshs M S Bovh AFH o= AA
H CT-1-la-2-12 HPLCAFol| 4] =t peak® 1 &% & &
Astg eH, ek 68 kDad] FAtekg 7HA &=
A ch(Fig. 4).

Yamada 5-°| 431 AlZ.(Bupleurum falcatum) 2% 2)
e84 2 DA (Angelica acutiloba), A Panax ginseng)
& el o 78| 3 2} E(Glyeyrrhiza urdlensis) 5 0 545
B 9] pectic polysaccharided] W& 3 #Aaig A=A A7
ZAEo] R uE¢50](16,17) A1 &4 7199 2 Ee
AFA o ulFol B o], B odpoe] 3 i 23 ql
CT-1-TUa-2-1° oish S 4ds 824 o 344 71583
E AN 2obd £ o FAAQ ARl S #0753l
S o)™ & cellular lysosomal enzyme activity & e}

We FAHS 722 93 £ 9L Aol

vhgo 2 gels

q

r—{m dov

NO Mits

Ton chromatography & £38le] o=l 529 NO A4t
< CT-1-V7} 966 uME 7}A &=9k31, macrophaged)
lysosomal enzyme &A1 5o 712 & CT-1-Tat¥ 82.1 uM,
CT-1-Ta-2+ 86.6 tMZ 7}7 vhebytet. Fig. 5ol vhebd
vhe}t o] bt CT-19 NO A -2 73.0 pMe| L 7+
Ao A 1oyl #B-Eo] AA ) A3 w9 A macrophage
lysosomal enzyme &4 o] Z71ste AT 2L okt o g NO
e AA Sl A4S ehdsich

4h-g- A 4 ARAE-2 macrophage”t 43319 o) JA S

G-75 marker

800

T

] |

8004

o a

2004

§ MW (Log saala)
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oo am N BQ M0 B0 Wm B0 400 400 %00

Minutes

Fig. 4. Homogenecity and molecular weight of CT-1-1la-2-
1 on HPLC. ‘

HPLC was performed on Waters model 2690 equipped with RI
detector and column (GPC type, 10X 310 mm) of Superdex 75 de-
veloped 0.2 M NaCl. T 500, T-70, and T-40 are standard dex-
trans of 5x10°, 7% 10 and 4x10* molecular weight.

100 100

80

60

40

20

Concentration of nitrite (uM)

A BCDETFGHI J K L

Fig. 5. Production of nitrite in RAW 253.7 cell line by fractions
obtained from CT-1.

A: CT-1, B: CT-1-], C: CT-1-IIa, D: CT-1-1Ib, E: CT-1-1I, F:
CT-1-IV, G: CT-1-V, H: CT-1-VI, I CT-1-VI, J: CT-1-VI, K:
CT-1-TIa-1, L: CT-1-lla-2, M: CT-[la-3.

The concentration of each fraction was 1.0 mg/mL.
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EA 2 A nitrogen dioxide® Y 2} A+3H% 3 wo}A] A3}
o] A Eufokey Zrolj A opd Abo] &(NOP) B A4 ©] 2(NOT)
B2 &A% 2A% BCGY IFN- 7y & &5, =& 8
5} macrophage®] HH-&-A & dAMEEolv IL-1 52 Al
27+ B4 Bu7 ZrlkEle 598 2o A A8 §
3 CT-1 343 & =3 IFN- 7y 59 48 A A2
ol NO HA5S 7M1 4 oozl #5490t

=5 Nathan 5ol 2] macrophage7} o1& A=-& wto}
A FAsE AT 2 AHE-8-(microbicidal) ¥ £k A E. X
AbaHg(tumouricidal) & 74t B.32(19)¢F 2] macro-
phage®] ET}E dAMAHE ol et AT SASAY 2 A
7148 377 b macrophage lysosomal enzyme ac-
tivity ©] 9] macrophage’} 7}x &= Eolx Wl &
#E 98 4 9ls ez AzE

=24 F4 Al

AR 5T RE FECA Fo AF 54 Fart
vehden 3% % 1,000 mg/kgTS A8ty oF 244
7 & ZBFAS 3 B3l A5 AR T SUMEs
2 taste A 1y o oA Aol glsieh A
5791 1,000 mg/kgol A& o F 1842k o] o) A&
0] 60%% 32, 404] 7} o] Foll &= 100%2 AFHES VeI AL
2 §ol Ago]7|E stxut nEx R4 F3E BAo] gle

o ot W o

Table 3. Lethal toxicity by intraperitoneally injection of
macrophage-stimulation fraction CT-1-IIa into mice

No. Time (hr) No. of Survival
Growp of 3 6 18 24 40  mice u{;‘;’a
. . (s]
mice Death survived
Saline 10 - - - - - 10 100
50 10 - - - - 1. 9 90
100 10 - - - - 1 9 90
500 10 - - — = 6 4 40
1,000 10 - - 6 2 2 0 0
g -
8 -
7 -
% 6 500 mg/kg
&5
50 mg/kg
4 1 °
3 4 100 mg/ kg
2 -

1 10 100 1000
Log dose (mg/kg)

Fig. 6. Lethal dose 50% (LDso) of the CT-1-IIa by intraper-
itoneally injection into mice.
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Aoz = gdch(Table 3). Fig. 622 %8 4H&3 CT-
1-Ta%] LDs 352 397 mg/kg 2 2 Vebydrl 34 &7
o] oA el CT-1-Ta9 LDsdk2 o £4 o]
A3 2&FA9 AAFRE el B2 399
23 BAL dubr o2 A g o] T2 Hol
gty Qe A FA B4 B ohue} bk A B4,
4d B4 W S 2 E o Aoy 54 A7 A
o} F-5te) ok EFE o] 87 kAl 7 AMF
ko) Fbgstelet AL dH20).
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HAEA} A 2L A5 6352 A2 2 macrophage lysos—
omal enzyme activity & 7 43 A3}, 3 Y4 FEE A4
=2 macrophage lysosomal enzyme &4 (219%)& #7 3
o] W 252 CT-0 & £l B3ted metahnol 35, ethanol
AA =M =HA2E AA 8] macrophage lysosomal
enzyme BAjo] ©)& Z271%1(227%) LA & CT-12 &
glch. o] &2l macrophage 43} A #-2 BAE setst
7] 913} pronase #2lel| 23 vl 3|2t periodates
o] 43k o} 29jo] AeA AF F S HEF A}, pro-
nases A& CT-1o A& ¢k 8% A= &4 715 2l
uknl periodate AFEHE ol A& A o] oF 8% A& i =
710 2 wo} T3} 2 ¥ B macrophage ¥4 & Jehll= W
2229 34 2AE 02 & 5+ Adeh 2vF ¥4
) 2o th&te] anion exchange column chromatography &
A A sted 974 8] B R(CT-1-1~CT-1-W)& 9o &
3} #&Ado] 7 =& CT-1-Ma 8 ¥-& Sepharose CL-6B
= Sephacryl $-2009] gel permeation chromatography
sgste] o &4 videl CT-1-Da-2-1% HAFHLE

A A st At HPLCA A 532 peak® #<1% CT-

1-TMa-2-1-& Ex}gpo] 68 kDa A E2] tidal A2 e}
1} 3 macrophage?] lysosomal enzyme B4 HE2T&
10093 W SLF-L o) 243% 2 viehi ek = A =
A& xylose(27.4%), arabinose(16.1%), mannose(15.9%), ghu-
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