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Isolation, purification, and structural elucidation of polysaccharide CALB-1
from Aurantii Fructus and study on its immunoregulatory activity
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Abstract: Objective To separate and purify the crude polysaccharide from Aurantii Fructus to obtain CALB-1 and to study the
structure of CALB-1 and immunoregulatory activity. Methods A refined CALB-1 was obtained from F. aurantii by hot water
extraction, then separated and purified by ion exchange resin and ion exchange agarose gel. The molecular weight of CALB-1 was
measured by HPLC. The chemical structure and molecular morphology of CALB-1 were determined by IR, periodate oxidation,
methylation analysis, scanning electron microscopy (SEM), and atomic force microscope (AFM). The immunoregulatory activity of
CALB-1 was evaluated by splenocyte proliferation and mononuclear-macrophage phagocytic function in hypo-immunologic mice.
Results CALB-1 was a homogeneous polysaccharide measured by HPLC and the molecular weight of CALB-1 was estimated to be
3.28 x 10”. Chemical and spectroscopic analyses illustrated that CALB-1 was highly branched acidic polysaccharides, contained Ara,
Man, and Gal as monosaccharide constitutes, and it consisted of backbone chain of 1— and 1—4 linkages. Through SEM and AFM
observations, we indicated that the molecular morphology of CALB-1 was amorphous solid. Besides, CALB-1 significantly stimulated

the splenocyte proliferation in vitro and improved the K value of expurgation index and a value of phagocytic index in
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hypo-immunologic mice. Conclusion CALB-1 is highly branched acidic polysaccharides and uniform relative molecular mass.

Moreover, CALB-1 could present the certain immune regulation in vivo and in vitro. Our study provides a theoretical basis for the

development and utilization of CALB-1.

Key words: Aurantii Fructus; polysaccharides; separation and purification; structure identification; immunoregulatory activity

W 5E Aurantii Fructus 3 2527 B A 0 TR ps
Citrus aurantium L. N IHET AP0 1) T-5 R k2 )
g2, PEROE, BRTE. . R, . B. o Kpal,
FFEFPUN, TP IR AR AN B A
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e BERRAR AT BIRS AR, H B R AR AR
ZIM AR TE . REMARSE . KBRS, Ji4t,
¥4 C. medica L. RARLAE A WAERF K. S
TR Z, IR EME. AW, R
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VERISE, T EDO I 40 B i) 2 fVE AR /N . ERL,
A 2 BB 52 21 SGVE AR 5286 ABSE A1 R F
TG, M A 2 s, R T
WIEWTSE o
1 XEE5HH

HL-2 fHi %% . BS-100N H3hE8 0 WcdEss (Ll
TRV PUAES) ) ; RA0AA/RS508 IR VA VR THEHLCIL
HUBIED AR R AF]D; TGL-16C il 4 303
DML CEMZ S R22A0ES )5 GENLVS B0 (K
R AR DGR PR A ] D5 752 BUERAM AT WL 43k
e CEMEDGIEAESA R A D FA2104 HL-1-4)
MR CEHERSTT ) ELSD-2000 75 & %A ) #%
(Alltech AH]); 2695 EGRAH AR (Waters 24
H]); Agillent7890-5973 TSIk HAX (Agillent 22 1] );
F AT WS (FEI AW)); FTIR-8400S 414k
TR, ST BB (HAR R, 8)E B
Bt (Olympus 2 7]); B TAES R HTIX
AHEA AR AR (Bio-Tek A#F]D; 4K

BRI ZEF (Thermo Scientific 2] ).

SRR & FAC e i FPA9O-CL . 55 FHAERH
BT ASHR I FPC3500 (Amberlite 247]); B 748
B ki DEAE-SepharoseF. F. 744 S8 b vt
JiZ Sephacyrl S-400. #fEH Bl Dexrtna (Pharmacia
Co. A#]); HEtE Shodex sugar KS-805 (Shodex 24
) O G-250 (Amresco AF]); ALV
FEE . M, GalUA. RPMI 1640 20 03537
AN DY UM RS . — B, B ARV (Sigma
NTD; RN LBE. R, BRIR. PR
CREET AR —) D B tral; s Kk
Millipore #B4L7K .

BALB/c /N, BERES:, MiE (20£2) g,
H b 4 R A A PR A AR AL, VR RTHIE S
SCXK (x1) 2012-0001

FAZERIE T W5 R EERA B 5 256 A ], P T
PEHT T &R eIT B 25 K25 rh 2 SR S 0t & 1
P& H B8 % w o EF RN B YR Citrus
aurantium L. I TEEARBGARSL, F56 (R EZ )
2010 “FERUAH O i bRt o
2 ik
21 MEZEIRE. 285414
211 HBUSHZREIE BRI SE2H 0.8 ke,
FHA 5 0 95% L BER I, BRI HEEL 3 7K,
FFX 3 h, RBUSZ5EET T 95% L BEifg, =
T ZEMRAGRI 3 Ik, BRR 12 h, JEE SRS
#, FHHOKTRE 3k, Bk 3h, AHEED. &9
WCEEIEI, SRR, SREDl. BT AR TR
BT HGER 2 BE (CALB).

212 CALB HALTERT X CALB 3L BTt
R IE 20 S B | B BN L) ] 7 A NP e V= )
W R A, R D s e ik e R A
SR BRI s R R

2.1.3 CALB-1 [ kgt B CALB 5 g T
WE Ak, St 59 BT M BT B AT 4 W IR
FPA90-CI™\ §9BH 1 FH & v A2 et fliE FPC3500 AT
Ak, AR 10 mL/min, SRR ERIZAGN,
RICHEA T, RGN, &N, R
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TG 4143 ] DEAE-Sepharose F.F &ERR (4,0 4 (75
ecmX3.5cm) #ATHIP 4025, 0.2 mol/L NaCl 1F Ak
P, ARV 2 mL/min, WCHEG A R4S . i
H Sephacryl S-400 (75 cmX 1.6 cm) e (815 4110k
— B, WAEAKAE N TE W, AR 0.5
mL/min, WEESIMFA S, FEH, AHTE, 5
FKGHIR E 2B, I CALB-1,

214 CALB-1 4% x  HUERE CALB-1 i
BL % 2 mg/mL VA, 0.22 um flFLBERRuERT,
F HPLC FriILai sy, #EFEE 20 pl. KAt
Waters 20 W0 AH (1% R 48 (2996 4%, Alltech
ELSD2000, Shodex sugar KS-805+KS-G), izl
hHBAlK, FHE 25 °C, AFURE 0.8 mL/min.
215 CALB-1 [{AHXZ 7 i (M) WilE RH
HPLC 4355052 CALB-1 ] M. LCUBRUE S S0
Dextran F 41 Hl{EARAE 4L . HUSE 5 CALB-1 F 5 iC
SRR E A 2 mg/mL IR, 0.22 um FfLEE
JEEpERT, PRI A E: Waters FRGRAH (I R4
(2996 2%, Alltech ELSD2000, Shodex sugar KS-805-+
KS-G), UishA halioK, Fik 25 °C, #FRiE 0.5
mL/min, BATRMN, THEFH M.

2.2 CALB-1 B4R

221 ZAMEHE (IRD P FREL CALB-1 £ iE
i, IR 1150 20505 T KBr By WS He
Fro RHLLAMGRALALE 4 000~400 em ' I 5E IR 6

e,
222 LR A AL AT Smith FEAE WE A PR HL

CALB-1 #1ih 25 mg, /b8 /KEE T 25 mL
BEM, SRJEMA 30 mmol/L NalO4 12.5 mL &
7, & N TR RN, EBE 6 h HUREH] 752 U5 4h
AL G VARSI e VSRR, BRI (4D E
fHE NI I 1.5 mL Z %, R34k 30 min &0k
SN, PUSE NalOg [T FEEFI RN AL R . 2801
JKf# NaBH, )5 LK IS 4T GC-MS 434
GC-MS 7 #r4cAt: SEge Al Agillent7890-5973
AR, A S KIERIES (FID) , B HP-5
FBAEOIEFE (30mX320mm, 0.25mm) , N, Ky
#HA, ABURE 1 mL/min, FEETHE: 100 CLREE
3min, LA 3 °C/min 3R 2 220 °C, ff%F 4 min,
HERE I 260 °C, AL 280 Co
223 WIEALSHT RIS R ) Hakomori vA!""3E
7 FIEAL . B FEARE RSB 90% TR T- 100 CHf
KM 6 hy UEZET 5265 1 mol/L BEMR KN, T

B BRI [N, £34 HIEAL BRI S0, f)n T
GC-MS 73 #7,

GC-MS M Hi4ctF: K Agillent7890-5973
JRIEHAL, Bl DB-5 B (30 mX0.25 mm,
0.25 um), FE/FFHE, FE 80 'C, fA¥%F 1 min, LA
5 C/min £ 200 ‘C, L2 C/min % 220 C, LA 10
‘C/min %2270 C, {#FF I min, SSMERS, O
WREE 250 °C, JMREE 1 : 42, AR E 1.2 mL/min.
EI (70 eV), #ERE 250 °C, IR 250 C,
FRER] m/z 43~500, FHEEZ 2.5 scan/s.

2.3 CALB-1 By ME
231 AR TS (SEMD T H
CALB-1 &, JEAVE TR 2B AE s K
55o ¥ CALB-1 ¥ b— 2 ek, & R
) 5~10 nm [F RN, AR5 5 e ] 5
TEMG b, R G AT A, PRAE )
PEES . AT, 78 10 kV HUE FHE4T SEM 49
i, BB IO ECA 1000 F1 3 000 £
232 JATHEEE (AFM) 24" ¥ CALB-1
FE S PC i 100 pg/mL PRI, WP FEAs T HE 24
h, FEMREAL 10 pg/mL 2, FHICEB G
WCH 5 uL BT RR B 10 = BRI, AP TR e B
T AFM W S IS/E Tapping B0 3R, ¥
FEh 50%~60%, HREFA SiNg, AR K 200 um,
HEH 50,12 N/m.,
2.4 CALB-1 B®RZIFATIEEMR
241 CALB-1 X5 il B /s bR k% 40 I 4 1k Dy g
5m BALB/c /N RUMERES-:, fRTR (20+£2)
g, BENLIY N 540, B4 10 2, 2R, B
RIZHF CALB-1 . . f&FIE (400, 200, 100
mg/kg) 4. BEH ig £ 2AFFE CALB-1 FIKE
WL, L 10d, X T A 45T R AR RN 2%
WK TSEEE 1. 4. 8 K, FAILIRIZ45 2541/
Bl sc PRI 80 mg/kg (10 mL/kg) HEATHEME, Kk
Y5245 24 h, 1% 10 mL/kg J2 iv FREENE ST (1%
WIREHRRE 4 £5), BIATTRES, TS 2 min (4)
FT10 min (&) B 5350 NHIRER BRI 20 uL, SZRIIN
AFHAT 2 mL 0.1% Na,CO; FIRE T #EAS, LL 0.1%
NayCOs #AE S A0 I, T 680 nm AL e 6B (4)
B, DEE, SUHEMEASENE,  EUTFIE S BT 23 SR
T, THEENETER (K AR (o).

K=(gd,—1gd,)/(t,— 1)

a= K" X VR i/ (HF i BT D)
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242  CALB-1 X/~ B 40 B 38 56 (0 52 i B
BALB/c /)N ERSUHENE FI AR T, RRIRIAAL, 75% PR
B o JORRHUMIE, H45 5 A i . H RPMI 1640
B IRMEYE 2~3 I, P 10% FBS ¥ RPMI 1640
BRI MR 451X 10° AM/mLs

K IR R M B R T 96 FLERFRIR Y, FEFL
I g 100 pL, BEHLS k4 41 XF R4, CALB-1
W L ARFIE (1000 500 25 mg/L) 4H, BESLN
ZHARN 100 pL, ff CALB-1 &5 27354 0.1
0.05. 0.025 pg/uL, #FH¥ 6 MEAL, EH 5% CO,
Rigefivh 37 CH:F% 4 he BALIMA 5 mg/mL MTT 10
ul, SR 4h, AN FFIEEHA 100 L, T
ERG A FEER] 3 min, EREARY ET 492 nm &b
M5E A (8.
243 Silsediik RA SPSS 1.5 A T8
AbEE,  FTHEE X £5 o, AL 2 SRR R R 5
75 245341 (One-way ANOVA ).
3 #R
31 MEZHEMREN. BS54k
311 CALB [ AbPEpT i AR 7o
W, T3RTE 117 g CALB, HHEENA 14.625%.
2L E 15 CALB [ B 8 81.35%, Hlf 1 R
) 48.76%, HEHEN 17.01%.
312 CALB-Il [W4lE%5E  HHPLC 2 (& D 15
t, CALB-1 A X RRiEE, FoR R 205 A 35— 28k

t/min

1 CALB-1#J HPLC &iL[E
Fig.1 HPLC of CALB-1
3.1.3 CALB-1 ) M W A bRV & A 20
Dextran Z A HITERRUE T2, LA 1gM (A P AEFR (Y,
RPN R Cep) MREARKR (X0 VEFRUERNZE, @7 1gM
5o MEMERIETFERN Y=-0439 3 X+14.01
(R*=0.998 9)., HHEi% 7 FEr 151 CALB-1 [ M

1 3.28%X107,

3.2 CALB-1 RY4#90 i

3.21 IR JGIEMIE  CALB-1 (19 IR it & LA 2,
3.500~3 300 cm ' A7 1 ANBEE, Jy O-H 4450,
T L WEAFAE S T IR 35 T P I AUEE s 3 000~2 800
em IR 1 AN, R C-H MgEHREIRI I, b
KRR 1 620 cm ™' -CHO R 45 4 50
;1420 cm™' 4-COOH ) C-O {4555 1k
eiée, 1330 cm™' A& 4-COOH ] C=0 MR 4545
(R C I AT 1 240 cm ™' 4B [1J-COOH 1) C-H A& ffi ¥
&), XL IRIE ] CALB-1 #£5 F45-COOH,
SEMRTEZ B A5 1 110~1 000 cm ™' 4 3 NIRIR I I,
FHPREER R B LI B, 956 cm ™" AT BE SR B 1)
HAIREN; 890 em ' AT SRS Ky BB AR W
eI, 860 cm™' i AT IR N o3 Ik 22 ) S A A
ff) C-H 28 f R 21 s 765 cm ™ 2y D-HLIRIER KR FRER
R . DL ERWIIZ L0 N £ SRR
(SN

TN R
AT !
- ’ I| | n {.I Vs

- _“ I \n |J | WY

l‘ |"|l \.Il' ll.-' ]

\ ’
. 4 600 3 OOO 2 000 .1 SOO o .1 600 IS(I)O

viem™'

El 2 CALB-1 A9 IR JitE

Fig. 2 IR spectrum of CALB-1
3.2.2 EHUREALA Smith P& CALB-1 £t
FRAALATH 1 BRI N FE R R f 0 103.1
umol, [FJI A= i R 8 22.5 pmol, BEAALELE 1—
BY 16 FEAY, T HL s R v RE R KT R AR R 1
2%, YIHIAEAE 12, 12,6 B 1—4. 1—4, 6 HIHY,

R S AL T B RE 2t e AR /KA . NaBH,

W, AL G T GC-MS 7347, 9% Smith FFfi#
G55, WA 1. (1D SR G 31T 58 2R K i,
K BT R AT HE (Ara) H #& 8 (Man). EFL B (Gal),
i Ara. Man Fil Gal AF7EAN e B SEL b 1 B 7Y
Bl 1—3. 12,3, 13,4, 13,6, 12 3,4 %4
R SR seg Ay [ INERY o (Gly), RAFEAE
1=, 1=2. 1—6 Fl 12, 6 55 rp ) s iy
K /RSl (Ery), REUIBHEETIEAEE 1 >4, 14,
6 SEGE R SRR L (2) MAMRKAR)S, EHTAR



¢ % % Chinese Traditional and Herbal Drugs 35 46 % 285 58] 201543 A 643«
%1 CALB-1 K Smith PERZLER %2 CALB-1 HBREML D
Table 1 Smith degradation results of CALB-1 Table 2 Methylation analysis of CALB-1
o i TR K A BERATED) LYY
EZi A= K BT BN A BTN 1,4,5-tri-O-acetyl-2,3-di-O-methyl-arabinitol —4)-a-Araf-(1—
ity BRI JiiE 1,5-di-acetyl-3,2,4-tri-O-methy-D-arabitol a-Araf-(1—
Xyl B B - B 1,4,6-tri-O-acetyl-2,3,5-tri-O-methyl-D-galactitol ~ —4,6)-Galp-(1—
Ara * * * * 1,3,5-tri-O-acetyl-2,4,6-tri-O-methyl-D-galactitol  —3)-Galp-(1—
Rha B * - B 1,5,6-tri-O-acetyl-2,3 4-tri-O-methyl-D-galactitol —6)-Galp-(1—
Gle B B B B 1,4,6-tri-O-acetyl-2,3,5-tri-O-methyl-D-mannitol  —4, 6)-Man-(1—
Man + * 1,6-di-O-acetyl-2,3 4, 5-tetra-O-methyl-D-mannitol ' —6)-Man-(1—
Gal + * * + 1,3,6-di-O-acetyl-2,4,5-tri-O-methyl-D-mannitol  —3,6)-Man-(1—
Gly + * - 1,3,5,6-tetra-O-acetyl-2,4-di-O-methyl-D-mannitol  —3,6)-Man-(1—
Ery + * _ _ 1,4-di-O-acetyl-2,3,5-tri-O-methyl-rhamnitol —4)-g-Rhap-(1—
b A, = R
“+”-contained, “—"-non-contained

ARy I ASIN EIEWT, BERE AT Ara. ERAEHE
(Rha). Man 1 Gal, #i#] Ara. Rha. Man FI Gal
AEAEANE = LR S A P B R B T S B Bl B R
Ui IEMTAS N IR IR T Gly, B EEsk
FEEAR A AR S R 1> 120 16,
12, 6 SERE A rh [ SO Bl R SERT A Y UTE AT Y
Ara. Man Al Gal, FW F#EPAAAE 3 FiHopl Ara.

Man Al Gal, JfHIX 3 bl LA Sl A 1—
3. 12,3, 13,4, 13,6, 12,3, 4 28R
SR (1) T AP A

323 HHEALDHT CALB-1 ZRHERIE R, HIJE
AJEREAT TR SETERN, 25 9 Bk 3 400 cm ™' 4L TEMR
W, BRI AL Ar . SEA FH AL IRRE S 2K il

I JE A AL J5 31T GC-MS 437 . CALB-1 [ 1 &
PREERIE 2. W ERY], Ara FELL 1—. 1—4
WOWAEAE, Gal T2l 14, 6. 13, 1—6 AL

20 pm TN

76, Man T2 1—4, 6. 1—6. 13, 6 BAEALE,
Rha FHELL 14 @RELE.
3.3 CALB-1 9 FREHI

CALB-1 5> FIEA& DT 45 R W 3. 256500t
3 CALB-1 ¥ i SR DRSS B R B8R 22 43 32
ghiby, PaBCEAEA A IR AR, AN 2 RTE
Hf CALB-1 & —FpdEf A 44, H CALB-1 7E/K%
WA, MRS .
3.4 CALB-1®®REZEFATENE
3.4.1 CALB-1 A HRefic B/ Bl A% 40 M A Ik D e
fsems a8 3 A, SxFAAM L, BRI K
Ao (IR NFE, DS AC /N BRUBEEY ) % Bl
Uj; CALB-1 MPGHI =L 254 SR 4IAHLL, K H
Al o (HTW AR 1 CALB-1 . ] 5
RAE, KAEM o (HWIE ETH, JF 2RI B2
ZE5 (P<0.01). g5R%W], $l5ei—2 8 CALB-1
A S R PN R K AR o [EIIER,

A-SEM [11X 1 000 f5# )1 B-SEM [fJ X3 000 fif# )i C-AFM M)y
A-x1 000 image of SEM  B-x3 000 image of SEM C-AFM image

E 3 CALB-1 99 FREEE
Fig. 3 Molecular morphorlogy images of CALB-1
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PEHA A Py G e i s

3.42 CALB-1 X/NEURANIIEIH W hk 4
A%, CALB-1 i Al 4 A (2 1t /) Bl JIL 0 e 48 e )
TEH], JFRILBFEMEZ2R (P<0.01). 1) CALB-1
% PR OR R I GE v 27 S SR G 25 R,
M Fe¥)— 28 CALB-1 KA ANy iisniE .
% 3 CALB-1 M&ERT /MR BZLMABEMETIEERI I
(X %s,n=10)

Table 3 Effect of CALB-1 on mononuclear-macrophage
phagocytic function in hypo-immunologic mice (X %5, n = 10)

biilh=svd
21 5 . K a
(mgkg )
o — 0.05140.005  6.175+£0.312
HBEIR — 0.0314£0.002"  4.603+0.283"
CALB-1 400 0.04240.003"  5.633+0.356"
200 0.0394+0.002°"  5.439+0.376"
100 0.033+0.005  4.801+0.677

5XIRALHE: PP <0.01; SHRARE: TP<0.01

#Pp <0.01 vs control group; P <0.01 vs model group
%4 CALB-1x1/\FRERRBEISIEIEER9FMT (X £, n=10)
Table 4 Effect of CALB-1 on splenocyte proliferation of mice
(X %s,n=10)

215 plugul™") A
Xif — 0.4160.028
CALB-1 0.1 0.48740.021"
0.05 0.426£0.052
0.025 0.41340.049

x4 TP <0.01

P <0.01 vs control group
4 g

KAk n CALB 34T B alith, 3k
CALB-1, &t HPLC 4 #1#3H CALB-1 43—
LRI M A 3.28 X107, BH] IR Y6k, &l
MRAAAGI. HIEAL A A PSS i 6 CALB-1
(IRIRERIREAT 73BT, 19 CALB-1 2 385411
M2 b, H B2 Ara. Man FIl Gal M)k, H
FELL 1>, 14 #AAF{E. SEM Il AFM J2 =2
SR EIRTST T B, Ludwing ZUSF ] AFM BT T
2Py T8, LA SEM FI AFM Xt
CALB-1 W5 M EAT T 55087, 151 CALB-1
R A b AR A4

FR P SCRR I 2, 208 H A — i W e,
SEVFZ I EEE YRSy, HAA AR
PO PR PUELS !, DR i A
L K S 6 e Bl T e A ARG /) Bl SR A At i

WA FE S s 36 U CALLB-1 1) S 28 4 40 FH 3k
ITHILWIFE, WhFTEs K& CALB-1 A%
BRI TE, X B PR AU BE T3
PR T

SE Ik
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