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Immunomodulatory Effects of Enzymatically Purified
Polysaccharides Derived from Angelica gigas, Cnidium officinale,
and Paeonia lactiflora

En Jin Choi, Ji Eun Shin, Sang Back Kim, Ju Gyeong Kim, Su Bin Bak, and Yong Mu Kim*
Kolmar BNH Co., Ltd., 61, Heolleung-ro 8-gil, Seocho-gu, Seoul 06802, Korea

Abstract — The present study focused on characterizing the structural changes induced by enzymatic treatment and frac-
tionation in polysaccharides originating from Angelica gigas, Cnidium officinale, Paeonia lactiflora, and a mixture of these
herbal extracts, and on evaluating the resulting immunomodulatory activities. Using hot-water extraction, crude polysac-
charides were obtained, and the homogalacturonan (HG) portions considered inactive were selectively broken down through
enzymatic hydrolysis with endo-polygalacturonanase. The enzyme-treated polysaccharides were subsequently separated
using Sephadex G-75 gel filtration chromatography, resulting in the purified fractions HHE-I, AGE-I, COE-I, and PLE-I.
Compositional profiling showed that the purified polysaccharides were rich in arabinose, galactose, thamnose, and galac-
turonic acid, a pattern characteristic of rhamnogalacturonan-1 (RG-I) type structures. The enzymatic treatment shifted the
polysaccharide composition toward RG-I-rich structures by removing inactive starch and HG elements. When evaluated in
murine peritoneal macrophages and splenocyte cultures, the purified high-molecular-weight RG-1 fractions induced strong,
dose-dependent upregulation of cytokines such as IL-6, IL-12, TNF-a, IL-10, and IFN-y. In vivo treatment with the purified
fractions led to a pronounced increase in NK cell-mediated cytotoxicity, demonstrating an enhancement of about two- to
five-fold compared with the control group. These observations imply that reducing HG content while enriching RG-I motifs
strengthens immune regulation via TLR4-associated recognition pathways, resulting in harmonized activation of innate and
adaptive immune responses. Taken together, these findings highlight that RG-I type polysaccharides, obtained via enzymatic
purification from Angelica gigas, Cnidium officinale, and Paeonia lactiflora, may serve as effective natural immunomod-
ulators and valuable candidates for functional food applications.
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Fig. 1. Representative structures of pectic polysaccharides and major constituent monosaccharides. Schematic structures of homo-
galacturonan (HG), rhamnogalacturonan-I (RG-I), rhamnogalacturonan-II (RG-II), glucose, galacturonic acid, and arabinose.
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Fig. 2. Elution patterns of crude polysaccharide samples (AGW-P, COW-P, PLW-P and HHW-P) and enzyme treated polysaccha-
ride samples (AGE-0, COE-0, PLE-0 and HHE-0).
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Fig. 4. Immunostimulatory activity of Angelica giga-derived polysaccharides and fractions. Macrophage viability (a), production of
IL-6 (b), IL-12 (c), and TNF-a (d) in macrophages, splenocyte viability (e), production of IL-10 (f) and IFN-y (g) in splenocytes,
and tumor cell lysis following tail vein injection of AGE-I (h).
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Table 1. Chemical and monosaccharide composition of polysaccharide fractions isolated from Angelica gigas, Cnidium officinale,

and Paeonia lactiflora and herbal mixture

Chemical properties(%) | HHW-P HHE-0 HHE-I HHE-IT HHE-IT AGW-P AGE-0 AGE-I AGE-II AGE-II Ccow-P COE-0 COE-1 COE-II COE-II PLW-P PLE-0 PLE-I PLE-II PLE-IT
Neutral sugar 779419 [ 733421 | 741+14 | 641423 | 296+1.0 | 647124 | 56.0+2.1 | 685+49 | 41.0+1.8 | 304+3.8 | 79.8+3.7 | 68.5+39 7S‘O1i10 56.7+47.7 | 348424 | 79.1+23 | 61.7464 | 76.7+6.0 | 76.9+9.2 427432
Uronic acid 144+46 | 174402 | 19.8+1.0 | 16.2+0.2 | 17.5:04 | 249+0.3 | 325+15 | 20.8+1.3 | 39.3+1.2 | 174+1.8 | 181+1.0 | 266406 | 23.3+1.0 | 36.1+26 | 394+1.0 | 13.6+0.1 | 22.7+1.3 | 16.5+1.0 | 14.0+1.2 21.8+0.7
Protein 23:07 5.6+0.0 2.1:04 15.0:0.1 | 43.1+24 22401 4102 22103 89403 29.1+1.7 1.2+0.1 3101 1.0+0.1 6.0+0.2 20.8+0.7 0.6+0.5 74:02 41:06 9.4:0.1
Polyphenol 0.7+0.1 0.4+0.0 0.4+0.1 0.6+0.0 1.8+0.1 47+0.0 46+0.0 57+0.2 5.6+0.1 15.7+0.1 0.9+0.0 1.7+0.0 0.8+0.0 1.2+0.0 5.0+0.0 1.1+0.0 1.5+0.1 0.9+0.1 0.8+0.0 53+0.0
KDO-like material 47+01 3.2+0.1 3.2+0.1 4.1+0.0 8.1+17 34101 2.8+0.1 2.8+0.1 5.0+0.1 73+02 5.6+0.2 6.7+0.1 59+33 42+02 20.9+0.0
Component sugar(PMP)
Mannose 32:04 0.7+£0.2 09+0.1 3803 05102 04+0.2 1.0+£0.0 0.6+0.0 7.0+0.2 0.6+0.1 15400 0.4+0.0 1.2+0.0 35101
Rhamnose 21+14 19412 6.5+1.3 28+04 8.2+0.0 0.9+0.0 26402 6.0+0.2 15.8+06 7.2+05 0.4+0.0 14102 8.3+0.1 11.8+0.2 | 146406 04100 1.8+0.2 49102 26400 57+0.3
Glucuronic acid 48+0.0 58+16 0.3+0.0 0.2+0.0 26412 1.4+0.1 25+0.0 0.5+0.1 2.0+0.1 04+0.0 15+04
Galacturonic acid 13.9+2.0 | 14.5+09 | 16.6+0.1 149+0.1 | 25.8+1.4 | 37.6+0.2 | 354+3.9 | 144+0.7 | 47.9+5.7 | 20.7+6.4 | 149423 8.0+24 9.8+04 27.5+1.7 9.6+0.0 6.0+1.2 95+34 51+04 37107
Glucose 68.2+4.0 | 634+94 | 229+0.9 | 47.9+0.0 | 27.2+0.6 | 50.2+0.3 | 27.5+1.7 2.0+0.0 3.8+05 26.7+3.7 | 746+2.3 | 76.1+3.0 46+0.0 140+0.3 | 41.4+0.2 | 87.6+1.0 | 525+1.7 | 15.8+04 | 37.2+0.3 748+0.8
Galactose 2734 7.7£29 19.1:05 6.9:0.1 19.7+03 56+00 | 16.6+1.1 | 36.3+05 | 9.7+1.0 | 182£1.9 | 6.210.1 64102 | 46.3:1.6 | 15.0+0.5 | 14.0£0.2 1.810.1 82105 19.9:+0.2 [ 5.1£0.1 5.7:0.1
Xylose 24:03 734104
Arabinose 13.2+80 | 12.5+6.2 | 35.0+0.2 | 27.5+0.3 | 15.8+0.1 5.6+0.1 17.3+1.1 | 41.3:04 52473 8.9+0.6 3.1:02 74:06 26.7+0.2 | 27405 7.8+0.1 3.6+0.1 26.1+1.1 | 51.9+0.9 | 49.4+0.5 59+0.2
Fucose 47+0.8 89+1.0 0.1+0.1 0.8+0.0 22102 3.1+03 0.1+0.1 0.3+0.1 28103
5 =2 =] 25 o
2o & FRIET HO g 7he] A HAE A ST Aol Al v
- = 5 [e)
Ao} FEE(PLW-PY2 79.1%0] S99 13.6%9] A 84 722 deil HGS A4 o= A7 s, Ae|a4de]
=R [e] =] = =z =
FOF o] FofA] thi-io] Bl SRl AT 24 A 4120 RG-IZ RG-II 725 73lete], A9 23S S7HA
S o ~ A
A3}, 87.6%2] glucose, 6.0%2] galacturonic acid, 3.6%<] AL I 24 Ag A AL, ‘:‘r-'.’*] okl o)5
arabinose, 1.8%2] galactose 3 0.4%2] rhamnose= T}H- E4FEE9 _%E]—%Oﬂ‘_ e g Bkt ol HE
= =] =] . =} =] o a5 O [e)
glucan®] XFA|BIAL AH- 29| pectin’] EZ o] EA)= A T2 AEZ 02 F FF7Hglucan)e] SAIZ Qg Z o=
SL0]= . 5 =]
oI5l th. PLE-I arabinose 51.9%, galactose 19.9%, Als =), &gt 72 Q,’—.%’&(GalA)—g FAAEORE o}—c HG
o \ _ 2 A -
galacturonic acid 5.1%, thamnose 4.9%% A& %<l RG-1 & FHo] ok 23tE o] US ASE FAHETH HG F92 4
21 =] B 1 HE] B 5 SR
gle] TG X519 :LFJI 15.8%2] glucose® ¥ = /‘ﬂﬁitl% HEl 22 a-(1—>4) A%E galacturonic acid®Z
[e] 2~ = = = >, = 2
29| glucano] EA1E S U5 1T 4= AT PLEISH o]Fofxl #AF FHE 7| AL 2l om, a4 7] o= A

- 72 AiF oz e 9 glucose’t AEH AL,
ol A 8 F AAEE AEA} glucan® & FRIF T

AR GFEZE(HHW-P)S 77.9%2] 493 14.4%2)
AHFe R o] Rl Zo R HOkS uf A|R9] tiito] T
og O]_,—O-]X] 51101 o] E]—O E]_— _)I: gloi]q- 6‘]—.1% -?—/HDP 1/\4
B4 AI= 68.2%9] glucose, 13.9%2] galacturonic acid,
13.2%2] arabinose, 2.1%2] thamnose”} &% 1t} HHE-R>
arabinose 35%, glucose 22.9%, galactose 19.1%, galacturonic
acid 16.6%, thamnose”} 6.5%% ©]F0]Z] Z10 2 HokS uj
342l RG-I9] 14393 glucano] EA1E FE|US AJA}
i}, o]ol] whell HHE-ISF -IIT 3132 At o= B2 o]
glucose®} galacturonic acid’} ZH2F AEE U=t of=
2oz 22 Fejo] glucand}t T ol ofaf AEAkske
HGe| 3| HAZ= Tt 58], A2k g3t alfdsh= HHE-II
= M|z 2o o] whAE43.1%)0] AZEE A=, HHE-0
O] AEAt @l Y- EAlshd T o] AA] gl o3|
HHE-IIIS.2 E2¥ #o 7 nolt},

H 03]?0]]}\1‘:— ] ;{4% 11-01: 1:;14 /\gol: E.‘g—zzni‘ﬁ ]3

AL FAE &4 A B T GAlste], 22 Asket

_%%Qx]uj, Aa]ggo] A9
02 A2 a4 H2eR] e FEZEE(AGW-P, COW-P,
PLW-P ¥ HHW-P)9] & /43S #4138k Aol A glucose©]
50~87%Z 2}A| 5k, AR S9] v|&A F AJRo| theF T
ol AL IRISHATEY whdoe] a4 AHZH F=
(AGE-0, COE-O PLE-0 ¥ HHE-0) HG %¥o| #af %
AA= ], F& A7 == Rhamnose®} galacturonic amd
o] EAYSIAL 7HAFOZ arabinose} galactose -2 23S

RG-I°] S7Hlth &, 24 Aglel] oalf H|Z/d 79121 HG-4
AA7F B4 299 RG-1 L AEoz =771t
olge] ZEA} M glucose E M 5 glucan E5-E
o] oI5 o= B4 A B 95 £9 A S T3 &
4 A —’FL:J]' Fokl Aot} o] g 24 ¥ske &4
g 25 Astete] Ay 248 SXIANTN7) S1eE EF ol
Hekeb, ”i]‘:d«] RG-I 727} HG ] =2 Aajae
A A} Ag Frg st 2 53, kAl E7(HHE-L AGE-L,
COE-I ¥ PLE-IOIA &3] glucoseRt AEE L T2~ 2
Q'-E_)_\‘ 2l o}g]_u]lf_g: =4 H]Eo] =9k A o] =o

o 84 sk} QAT e HAE A2 SRS

gl A Fe= dEA 2

ZU\:

—



112

ZHolu 4F A2]d §o] AA}L S5 galacturonic
acid 5= glucose $Ho] szobAHA] Tl Bl Zejos 59
BeeBo] AN THEWA AJH o2 IRA L FEA ¥

>
>,
9
o
in)
r
g
2
g

<

o
T
£
N
rr

>
>,
)
i
>
=
2
©
M
)
o

= a4 22| 5 A vpge] 25919 HG7t
sk, BAE-919 RG1 277 95719 2529
Aoz 852 Ak

[*]

z =
A -Ag-AeF 9 Ao BFEE fd 20
oz, a4 A2 HjEA F$](homogalacturonan)s
132 rhamnogalacturonan (RG)-I 541¢] 4 3
S5 AATOZN WSS ST = Ax 38
Hataurk 53] a4 A2 2 18 FAE ol B2
Zo|aL & thA] ) T R E Eole F
Aok AoF BN HEEE AYEA
A 55 2 GAD BRI FHeHH o= ks
o7 AAHT g PAE Ao 2%
A ARE AQAlste] 72 A FHAAE
B7VO BN, T A Aok A AellM =
st 34 AA o] ZAE Algstaich
AE RG-1 FA1E AU 19715 $7L
A7) 54F B dYxd M2 /i
o, 2 Aol Al A|QeE g4 M| W FA| 7]
T 71 98 Y] frE AR s =0l
AAT s A92d A d5e] Aike] 7153ttt o]
g I YEE A2 FojRo R a8HQ] Moy 2
ol 7Ih=, g gx 3 B2 A SHAE &
gk ko] = = Utk o volrt A= fr2 thdA| o] W
=43 AR S-S WA A B BEA| T 2T 1Y
2d EHREY Y 7S AT S8shE, 2 A7
= A2 2 RG-1 thgAle] W &3} 24
EA4S 2AR A 957 2419 W 7R S HAIsE
stRom, M7 )s /MAde BER e 14723 of
et A= 7|9k ofoF Ao e &8 7hedk WS Al

o rie
2
-
rir

(¢3

2 oft

N,
of
r_{

oX,
Mo
o Lo

rr
:
o

i

o|\
ol
tlo

of

2

R, o
o EE ot
Ko ox

o

o
L

o

olr
=
o

fa

fo o o M
oo

il
ot
F{F

rE N
mlogﬁ_]

o

oX, 01'_‘
dr 1 3o

i3
i)
T % o o [o

10.

11.

12.

Kor. J. Pharmacogn.

QA=

rok

. Yach, D., Hawkes, C., Gould, C. L. and Hofman, K. J. (2004)

The global burden of chronic diseases: overcoming imped-
iments to prevention and control. JAMA 291: 2616-2622.

. [jinu, T. P, De Lellis, L. F., Shanmugarama, S., Pérez-Gre-

gorio, R., Sasikumar, P., Ullah, H., Buccato, D. G,, Di Minno,
A., Baldi, A. and Daglia, M. (2023) Anthocyanins as immu-
nomodulatory dietary supplements: a nutraceutical perspec-
tive and micro-/nano-strategies for enhanced bioavailability.
Nutrients 15: 4152.

. Kim, J. H., Kim, D. H,, Jo, S., Cho, M. J., Cho, Y. R,, Lee,

Y. J. and Byun, S. (2022) Immunomodulatory functional foods
and their molecular mechanisms. Experimental & Molecular
Medicine 54: 1-11.

. Banerjee, M., Khursheed, R., Yadav, A. K., Singh, S. K,

Gulati, M., Pandey, D. K., Prabhakar, P. K., Kumar, R., Por-
wal, O., Awasthi, A., Kumari, Y., Kaur, G, Ayinkamiye, C.,
Prashar, R., Mankotia, D. and Pandey, N. K. (2020) A sys-
tematic review on synthetic drugs and phytopharmaceuticals
used to manage diabetes. Curr: Diabetes Rev. 16: 340-356.

. Lee, S.-R. and Kim, G-H. (2001) Development of traditional

Korean snack, dasik using Angelica gigas Nakai. Korean J.
Soc. Food Cookery Sci. 17: 421-425.

. Ahn, K.-S., Sim, W. S., Kim, H. M., Han, S. B. and Kim, I.-

H. (1996) Immunostimulating components from the root of
Angelica gigas Nakai. Kor. J. Pharmacogn. 27: 254-261.

. Choi, S.-W., Kim, E.-O., Leem, H.-H. and Kim, J.-K. (2012)

Anti-inflammatory effects of volatile flavor extracts from
Cnidium officinale and Angelica gigas. J. Korean Soc. Food
Sci. Nutr: 41: 1057-1065.

. Um, J. N, Min, J. W,, Joo, K. S. and Kang, H. C. (2017)

Antioxidant, anti-wrinkle activity and whitening effect of fer-
mented mixture extracts of Angelica gigas, Paeonia lactiflora,
Rehmannia chinensis and Cridium officinale. Korean J. Med.
Crop Sci. 25: 152-159.

. Song, H. E., Oh, S. M., Kim, I. S, Kim, D.-Y., Kim, H.-G,

Yoon, D., Ryu, H. W. and Lee, D. Y. (2024) Selection of chem-
ical marker for Cnidii Rhizoma by Gyeongbuk production
area and harvest time using UPLC-QTOF/MS and multivariate
statistical analysis techniques. J. Appl. Biol. Chem. 67: 113-122.
Park, J. W,, Shin, S.-E., Park, H., Kim, J. A., Yang, E.-J. and Song,
K. S. (2023) Cytotoxic compounds against adenocarcinoma
alveolar epithelial A549 cells from Paeoniae Radix. J. Appl.
Biol. Chem. 66: 272-281.

Lee, Y. J., Choi, M. S. and Choi, P. S. (2022) Optimal con-
ditions for adventitious root organogenesis from peony root
explant callus cultures. J. Plant Biotechnol. 49: 207-212.
Park, H.-R., Jo, S.-K., Jung, U. and Yee, S.-T. (2008) Res-
toration of the immune functions in aged mice by supple-



Vol. 57, No. 2, 2026

13.

14.

15.

16.

17.

18.

19.

20.

21.

mentation with a new herbal composition, HemoHIM. Phytother:
Res. 22: 36-42.

Jo, S.-K., Park, H.-R., Jung, U., Oh, H., Kim, S.-H. and Yee,
S.-T. (2005) Protective effect of a herbal preparation (Hemo-
HIM) on the self-renewal tissues and immune system against
v-irradiation. J. Korean Soc. Food Sci. Nutr 34: 805-813.
Shin, S.-H., Kim, D.-S., Kim, S.-H., Jo, S.-K., Byun, M.-W.
and Yee, S.-T. (2006) Effects of a herbal composition (Hemo-
HIM) on the activation of dendritic cells. J. Korean Soc. Food
Sci. Nutr: 35: 1322-1328.

Park, H.-R., Jo, S.-K., Jung, U., Kim, S.-H. and Yee, S.-T.
(2006) Immunomodulatory effect of a new herbal preparation
(HemoHIM) in cyclophosphamide-treated mice. J. Food Sci.
Nutr: 11: 54-60.

Kim, J.-J., Jo, S.-K., Jung, U., Park, H.-R. and Yee, S.-T. (2009)
Inhibitory effects of a herbal composition (HemoHIM) on the
activation of human mast cell line (HMC-1). J. Life Sci. 19:
1808-1814.

Park, H.-R., Jo, S.-K., Choi, N.-H. and Jung, U. (2012) Hemo-
HIM ameliorates the persistent down-regulation of Thl-like
immune responses in fractionated y-irradiated mice by mod-
ulating the IL-12p70-STAT4 signaling pathway. Radiat. Res.
177: 676-684.

Kim, J.-J., Cho, H. W,, Park, H.-R., Jung, U., Jo, S.-K. and
Yee, S.-T. (2013) Preventative effect of an herbal preparation
(HemoHIM) on development of airway inflammation in mice
via modulation of Th1/2 cells differentiation. PLoS ONE 8:
€68552.

Park, H-R., Jo, S.-K., Jung, U., Yee, S.-T. and Kim, S.-H. (2014)
Protective effects of HemoHIM on immune and hemato-
poietic systems against y-irradiation. Phytother. Res. 28: 245-
251.

Byun, M.-W. and Byun, E.-H. (2015) Immunological syn-
ergistic effects of combined treatment with herbal preparation
(HemoHIM) and red ginseng extracts. J. Korean Soc. Food
Sci. Nutr. 44: 182-190.

Lee, S. J,, Kim, J. J,, Kang, K. Y., Hwang, Y. H., Jeong, G
Y., Jo, S. K., Jung, U., Park, H. R. and Yee, S. T. (2016) Herbal
preparation (HemoHIM) enhanced functional maturation of
bone marrow-derived dendritic cells mediated toll-like recep-

22.

23.

24.

25.

26.

27.

28.

29.

30.

113

tor 4. BMC Complement. Altern. Med. 16: 67.

Kim, S.-K., Kwon, D.-A., Lee, H. S., Kim, H. K. and Kim,
W. K. (2019) Preventive effect of the herbal preparation,
HemoHIM, on cisplatin-induced immune suppression. Evid.-
Based Complement. Altern. Med. 2019: 3494806.

Park, H.-R., Kim, S.-H., Yee, S.-T., Byun, M.-W. and Jo, S.-
K. (2005) Effect of a herb mixture (HIM-I) on the protection
of the hematopoietic-immune system and self-renewal tissues
against radiation damage. J. Korean Soc. Food Sci. Nutr. 34:
605-612.

Jo, S.-K., Jung, U., Park, H.-R., Byun, M.-W,, Jeong, L.-Y,,
Oh, H., Hwang, S.-H., Ryu, C., Lee, Y.-A., Kim, S.-H., Jo,
C.-G, Choi, S.-Y., Choi, H.-J., Kim, C.-B., Jeong, S.-H., Cho,
K.-Y., Park, B.-J. and Kim, J.-H. (2006) Practical use of herb
mixture preparations as functional foods for hemato-immu-
nomodulation and cancer therapy assistance. Korea Atomic
Energy Research Institute, Tacjon. KAERI/RR-2607/2004.
Tzianabos, A. O. (2000) Polysaccharide immunomodulators
as therapeutic agents: structural aspects and biologic function.
Clin. Microbiol. Rev. 13: 523-533.

Popov, S. V., Ovodov, Y. S. (2013) Polypotency of the immu-
nomodulatory effect of pectins. Biochemistry. 78: 823-835
Chung, M.-H., Lim, J.-H. and Oh, H.-S. (1998) Effect of Angel-
icae gigantis Radix extract on experimentally induced hyper-
lipemia in rats. Kor J. Pharmacogn. 29: 300-311.

Kang, S.-A., Han, J.-A., Jang, K.-H. and Choue, R. (2004) DPPH
radical scavenger activity and antioxidant effects of Cham-Dang-
Gui (Angelica gigas). J. Korean Soc. Food Sci. Nutr. 33:
1112-1118.

Ma, J., Liu, W., Wang, X,, Lu, C., Hao, Z., Wang, Y., Ding,
Y. and Li, Y. (2024) Cnidium officinale Makino: phytology,
phytochemistry, toxicology, pharmacology and prescriptions
(1967-2023). Chem. Biodivers. 21: €202301639.

Tran, H. N. K., Cao, T. Q., Kim, J. A., Youn, U. J., Kim, S,,
Woo, M. H. and Min, B. S. (2018) Anti-inflammatory activity
of compounds from the rthizome of Cnidium officinale. Arch.
Pharm. Res. 41: 977-985.

(2096. 3. 13 T, 2096. 4. 24 MAL, 2096. 5. 15 M)



	효소 처리에 따른 당귀·천궁·작약 유래 다당체의 정제 및 면역활성 평가
	Abstract
	재료 및 방법
	결과 및 고찰
	결론
	인용문헌


