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o ENEANFRBH M SEGRAN TN, ARR AR B, RIGLAKL G ST RIEL T EH,
I B % 48 B B R F TR A 7 et 1K % B IS & @ (Low Density Lipoprotein, LDL) 4Rt &AL 3p4) X R HAF &
M AERANTE, SREAN, KL LM SBEAHEEE 90.17%3.90%, &4 M4 F 0.14%+0.05%, K24 F
4A47%+1.42% VA BAEBEBR & & 2.53%+1.02%, 4035 F & 23970 Da, EAEM MR LR AHZHEFH HHE. K LM
AR —RM A QRFRRS, T eAdpd LDL AALE 400K R 40 489 & 4, 3.00 mg'mL ™ B4k % it 5 4%
st 47 B F % 549 LDL &AL = £ 695X 2 b %88 R & = 4 (Thiobarbituric Acid Reactive Substances, TBARS) 7]
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Structural Characterization and Antioxidant Activity
of Dendrobium officinale Polysaccharides
LI Xueling', BAI Qinfan®>, SUN Tijie*>, CHEN Liping?, ZHANG Qi’>, LI Suli’, XU Yuannan®*"

(1.College of Tea and Coffee, Pu'er University, Pu'er 665000, China;
2.College of Biology and Chemistry, Pu'er University, Pu'er 665000, China)

Abstract: To study the antioxidant activity of polysaccharides from Dendrobium officinale, the polysaccharide was
extracted and purified from Dendrobium officinale, and its preliminary structure was characterized. Free radical scavenging
activity and inhibition of low density lipoprotein (LDL) in vitro oxidation of Dendrobium officinale polysaccharides were
evaluated. The results showed that the total sugar content of the obtained Dendrobium officinale polysaccharide was
90.17%=+3.90%, the protein content was 0.14%+0.05%, the ash content was 4.47%+1.42% and the glucuronic acid content
was 2.53%+1.02%, the relative molecular weight was 23970 Da and the monosaccharides were mainly mannose and
glucose in this test. Dendrobium officinale polysaccharide had certain free radical scavenging capacity. It could inhibit the
production of conjugated diene in the oxidative modification system of LDL. The inhibition rate of thiobarbituric acid
reactive substances (TBARS) by copper ion reached 57.46%+0.56% when the polysaccharide concentration was
3.00 mg-mL™". This study could provide theoretical support for the development of drugs for diseases such as
arteriosclerosis due to LDL oxidation.
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1% B I8 25 1 (Low Density Lipoprotein, LDL)
FH AR F10T . JIH R RN e S5 52 5 T s, I I ] st
e RE T E B U AUARSZ BN | 2GS TR AR Py 2
S e AR AN R N, LDL #% 5 % A 2 5 S| A v AR
JNAEHE L i R AL S AN T (Malondialdehyde,
MDA) S5 g Bad S Ak ™, DUAR T shlik PeRE | 7 A i
BEHR ARSI IKEETE sl Nk AE s Ee, S sl ko ie
HEALAY R AR, TSk A2 B — R AR AR
AN RAEAR, J2VF 2200 I L A8 958 00 2 A i) 3222 S AL o
1 bk, T 877 30 Ik oA ASE AR ALk b U I L A5 5 1) D i
il LDL b i 19 & A . H AT 32 2838 a3 2 2
He e o R C L P22 192 S W4 ( Thiobarbituric
Acid Reactive Substance, TBARS) fiJ &2 FF4 LDL
EALITRREERT,

2R 2 A it ( Dendrobium officinale Kimura et
Migo), =EbafmtE 2y B REMEY), FESHE . A
bl . BN . AN SR S RSy, o 2R R
AR FEEE M ST, PROBEZE R S R A |
FUBE . BRADBERN H 8207, BAT I 28 r T i 1 0z
1B IR IR, BB BRI R 155 R BE, e
P, BAE “Remrill B —FR . 2R A %24
JHZAME) Z B s | Al k. H
B N SRR B A Rt ek . BoieE .« Pogsy . 1Y
SRR G J5E ) R 0E PR IpE 1 24 BRI M T i iE
I8 BIFSE A IR B A ft e sk 35 e g PR R R Y
Yra bIebR, Pl ESE 2 Bk %, BAT 2 PLE I E
FHE At R Re i SE i . B . B A
AR, TR ST I SORE BBl T 3Rk Sy ok i
B e A AR WANG S50 gipaelio) | syl
ST & B fl 2 A e S50H 7 A I RE JUT 25 G2 1%
/INERIMI A2 TR AR, $8 =/ R LA SegiE 75 JA]
WF AU FEREEN | AR AR e IR B A it RE
PEBEER BTG, AR POBE AR AR, DD 2 LR
AT, T Re AU B =R, MCERE ST T sk
G A SR AL AEPH R IR B A fRHBE RAIG 1T ZRU6 IR
o S5 T I DL AR ol Do I BRI UKL, A Iais
BETIER . AR iEA —E P rE B,
{HREEHPHI LDL 41k H AR WL SCrkiRE . B,
AWFFEAES 5 SCRk kAt _- 202, SRl gk i7 A ik
S RIS 2/ R e = 5 5 ey == QNI e s I L 45 ) 7SI 2N
MU AEATE I AR S AT S I 0T AN TBARS
72 A AR SRR K2 A Rt 22 B AT LDL A Ak Y sz,
SR iRk 2R S KR AR AL S5 rs  TI S VR T 24
Pt R PR 2 RIS
1 #REEE
1.1 MRI5LER

At = S LA SRR R R, S
MR AN Dendrobium officinale Kimura et Migo)
FYZE, BRZIT, A0, i 60 H i, 25 2tk eI ARAF
B FrEE R EET B L. ERiEUL

. YiE 2 C(Vitamin C, Vo). =5 1R | Bilig W4k

Syral, REETT K245 Kkigie . S48k
B Srdrat, RREETT KU AR B A BRA F; 3R
fiR  SrATal, A AR Tl JF & Rl 250 A RS
W IR O . BUSSREL BTRLRE L R R
HEEPERER . o P PR | 2 2,6- AT -
4-H ZL 2K % (Butylated Hydroxytoluene, BHT) | 1,1-
o R 2= AR 8 B (1,1-Diphenyl-2-Picryl-
hydrazyl, DPPH)  #rifEdh, 2E3E>98%, HREAR 1L
Al AR B w5 AR5 B RS 1 (LDL) A
R AR A B E]

PR224ZH/E M7 R BAZEHH AR CR D A R
Z3HE]; UV-2600 2540-1] W56 56E T, LC-20AT &
REE S5 3 A A E PR R S A R A
Thermo ICS 5000+ T {4 &2 4t . Reacti-thermo A\
AR SEEFEBR I REHE A F]; HH-S28s [H
AR w N T A s RHh A B ER) 5 SC-
3616 IR B .Ml ZRP R REIERH R
NI
1.2 SEWHE
1.2.1 R AR IRaiib S iore =
CHEN 2509 Fphi g 250 (1 7 i o FREL— 2 H i 2k
B fgh, FeRb R EE 1:30 JinoK, 70 °C 875 30 min,
VE, $RB 3 YIT-E I, 3000 r/min B5.0, WR4H G
W, AR A b 2 . R A M 0.5% B
WPER, 70 °C PHIEYRT 60 min, 14 3E, WA IER; N
ANZHEERRAAF 1/4 1Y Sevag 157, EE IR L IEL
YRR PIAH LA 22 PR 1, 8000~14000 A4S (L
12 0.20~0.25 nm) % B T /KIEHNT 24 h, Il 4 5 1EFH
95% Z,BEULYE , 4 °C ¥% JiK i3 72, 3000 r/min &5 0>
3 min 32 IO ERY), SEEVEG 2~3 I, VR T
PEASER B A R Ballh . 75 3k [32], SR S
TR BB SN E gt | (AR IR A
2R Py - P2 925 4 S O e 22 W A B 1 T e KA
ORI P B AL
1.2.2  #REZ ARl pE L A5 T
1.2.2.1 ZREZ At 2 WE R4 S 2050 b B
1.00 mg/mL ZZHHIEW, 200~1000 nm 3 KFTH, 43
HITAR Bz A iRk 22 W8 4 SO T D0 X L2l B A T 254
SE . FRFREL 200 mg 5 105 °C T4 FEfH5 & 1Y KBr,
in 2 mg FHREES,, LLAMNT R T I ESAF ek v i s
], R R HLETE -, 4000~500 cm™' $94#, HR PR
WU A Y TR R AE ZE 4544 o
1.2.2.2 ZREZ A2 FRlleE 22 306k
[32], FCHil 5 mg/mL BYAE SR UL, 12000 r/min 250>
10 min, 0.22 pm 74 FLUE B 5 %, 35 °C L 0.6 mL/
min FRIEEVENL . LIS RIAEXT 437 i & 4 Pullulan £
B (Mw 642000, 334000, 49400, 22000, 6300 Da)
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SbRAEST, DA 1gMw XT3 B8 B a] ¢ fSobr b £k, 1154
FESL ST R

1.2.2.3 #RE AR HREH T SRR
&3 By Ty s, BREC 0.50 ¢ Z AL M, Il 1 mL
2 mol/L =3 L BRIEW, 121 °C Jin# 2 h, i &K
T, FEEEEREUE 2~3 K, BT, INJCRKIE S
ZREHR . DA AR . A R . BREENE . BThi A
WL CEZLEE . RBE . HEENE . OB 2O . LB
PR | A A BE IR . H R MHIE TR . o B WIS S AR v
fih, 2R Thermo ICS5000 &5 F {3 22 4t Dionex™
CarboPac™ PA20(150 mmx=3.0 mm, 10 pm) #&AH 4,
AT PR S pL; B AH AC(H,O), 3 AH B
(0.10 mol/L NaOH), ¥ 8l14#H C(0.10 mol/L NaOH,
0.2 mol/L NaAc), i 0.5 mL/min; #E7E 30 °C; BEI
6 : 0 min A #H/B #H/C #H(95:5:0, V/V), 26 min
A AH/B #H/C ¥H(85:5:10, V/V), 42 min A #H/B #H/C
A (85:5:10, V/V), 42.1 min A #H/B #H/C #H (60:
0:40, V/V), 52 min A #H/B #H/C #H(60:40:0, V/V),
52.1 min A AH/B #H/C #8(95:5:0, V/V), 60 min A #H/
B #H/C A#H(95:5:0, V/V), Fr B Z2 B S A ik i B
HHLH A% o

1.2.3 ZREZ ARSI E TSRS Sz
2EFSEEC I R T3, PR R A I i 2k B o i
ZHA DPPH-TEETR . -OH 7B FRALELIFAE S .
1.2.3.1 DPPH-YEBRZIAM E HERIEHL 0. 040,
0.80. 1.20. 1.60, 2.00. 2.50. 3.00 Fl1 4.00 mg/mL [
Z WEFE WL 1.00 mL, Jiil 0.10 mmol/L DPPH & &
3.00 mL, {47, # & 30 min, 517 nm &b W7 56 5

L=

DPPH - /54 % (%) = (1 - 2)><100 2 (D

0
Ko, A, HEESNEWS DPPH AUKEEE; A, Sl
Tk . EEARIE DPPH MIROGEE; A SHIC/K CBEACER
FE SRR WG
1.2.3.2 -OH FFRRAME  435)HL 0. 0.40. 0.80.
1.20. 1.60. 2.00. 2.50. 3.00 Fl 4.00 mg/mL K £ k%
FEWE 1.00 mL, Jil 2.00 mL 9 mmol/L FeSO, ¥ & Fll
5.00 mL 6 mmol/L 7K 4% 2 - B % W, ¥ 27,
1.00 mL 9 mmol/L H,0, %, 35 °C Jx i, 30 min,

AN EE - OH TR R
X @

OHIEBRZE (%) = (1 - A‘g As

0

)xlOO

K, A HRESR G IROCEE; A, HZRIE/KAR
B H,O, WG Ay 7K ACE A IR &
WeSGREE
1.2.3.3 SR JEEESIME 433 HE 0. 0.40. 0.80.
1.20. 1.60. 2.00. 2.50. 3.00 FI 4.00 mg/mL ) Z M
FERE 1.00 mL, Jill 2.50 mL 1% #R5FAEEIAR ., 2.50 mL

10% =521 F1 2.50 mL 0.20 mol/L FIBEHREL 2% i
W (pH6.6) , 1IR=), MHEL 2.00 mL # %, N 0.1%
FeCl; 7K 6.00 mL, %E % 2 10.00 mL, iB2J, )
10 min, 700 nm AP OSGEE . LU Vo o BRPEXTRE, %
JCHE IR RE S W R BT AU AR RE T o

1.2.4 Rz AT LDL AfLsg oy

1.2.4.1 2R}zl 80y TBARS #4600 ¥E
AR LEZ R S W W S AR R v, %) LDL A fk &t
THIWERPE T, SRR A I AN [R5 | iR 500 2%
SR 225, DR R SR P a0 435 A5 H e 3l A 1R
HRPEEPT,

B E CuSO, WK 0.10, 0.25, 0.50,
1.00. 2.00. 3.00. 6.00. 8.00 F1 12.00 mmol/L, LDL
HeBEAR YR M 0.50, 1.00, 2.00, 4.00 mg/mL. 433IHX
50.00 pL A~ [m] ¥k B8 22 BERE U, S 400.00 pL LDL #5
WA 50.00 L CuSO, ¥, MxE 4 DAl E LDL
WWRTE 9 DARFRIUSE CuSO, M T HIOLEE A,
#i5E LDL FIARARE YA B i o

S35IEL 50.00 pL A CH,OH A7 e il FIr A5 14
AS[R]HE BE 2 WAL W, N 400.00 pL #f 529 LDL ¥
WA 50.00 pL fff i W B CuSO, W, 37 °C /K
24 h J5 /i 25.00 uL 1% EDTA-2Na. 1.00 mL15% —
SR 1.00 mL 0.67% Ff L L Z Pl s) B A0, W
JK# 30 min, 532 nm ZMWBOGEETE Y A, L CH;0H
AR A EALZH G EE AL, LA BHT SRy FHMAE XS
8. #20(3) 1148 TBARS #pilil =

TBARSHIH % (%) = (AZAﬂ x 100

2

&)

1.2.42 Rz hEsT LDL & b= 34e — im0
SEM ZREBREN I AEE 18 7 I e R R A Rt iR
Hetgn s e AR W IE 2 AE o O LDL Rl Z WH IS W
(0.20. 0.40. 0.60. 0.80 Fl1 1.00 mg/mL)37 °C i &
5 min, il 2.00 mmol/L CuSO,. 234 nm 4t % 8] b
40 min M-—&WEH. L H,O {8 Cuso,. CH,OH
AL LI ZS (A WOYGE; L CHLOH AR S
SELHWEAE; L BHT SN FHPEXTRE . il ad A [R]Esa) A~
7] 22 M e 52 WG S ABL 1 728 A0 43 BT 4k Bz A vk 22 08 X
LDL %At W3 I it 5
1.3 HiEE

AR SC S BE ATIN A 3 UK, 4 S Ah R
Origin 9.0 #MAGei A IFER.
2 BERSHF
2.1 BREARZEERNR S 7T

SEIGRTIN TR R A R BT B U RSy BT
BRANSELH 5375 1, A5 A th R Zet: )=
FiH: y=0.01409x+0.04732, R>=0.99956; & [ BibrifE
Pl 2R i 2R P4 [T U5 7 B2 oA : y=0.81021x—4.78571, R’=
0.99974; 1= FLBH I R b 1 1 2 19 £ M 191 U5 T B R -
y=0.00438x+0.00375, R>=0.99909. 3 “{~Mk&H7Ei]
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REJLBINL PR R R, ZWIREAG, Yo Afile
BEAE TS EN 0.14%+0.05%, D6 2k Bz 1 fisl 20
AR I BTARMESE 42 Bk, TTRE S b A A I )2
B IRy O i 4.47%+1.42%, Bk i A frt b
AW YT MR N 2.53%+1.02%; B O =
% 90.17%+3.90%.
2.2 R ARISEENEINT RFREE

200~1000 nm XTHEE T34k B2 A it B u 4
PR, R E 1 R,

260 460 660 860
P (nm)
CRERZEY IE2 0 PUEET L
Fig.1 Ultraviolet scanning atlas of Dendrobium officinale
polysaccharides

FH I 1 AT ML Z2 B S AE 280 nm A — /MY
W eds, {0 4tk f5 B Z2BE7E 260 F1 280 nm Ab¥4JC
L, FEHHRE S P AN B8R P SR AR, Al o
23 R ARSIEIIINGEEREE

BRI AR ZZ BRI LA G E i E 2 s .
& 2 AT, 3390 ecm™ A O-H Y i 45 & 3 107 A 1%
2920 cm ' A 1377 cm ' 43 5Ih C-H £ A9 45 = 30
MAZZ PR B 1741 cm ' Fl 1645 cm ' &b Sy Bl 3%
(C=0) FIE I (C=0) B FF FRAH 45 P Bl e g s 78
1250 cm ™' 1 1030 em ™' &b AL L& S C-O 8t 1) fi
5P BB ZF 950 cm ™! AT 810 ecm ™! &b B4 Wiz I S HH
TEAERLIERFR L, 873 em ! B IEM SR WA FAE H 75
PHERILET, FF GBS S5 REE

120
110
100
90
80
70
60

B (%)

5 1 1 1 1 1 1 1
4(1)000 3500 3000 2500 2000 1500 1000 500
PR (em™)

K2 BREAZHI g
Fig.2 Infrared spectrogram of Dendrobium officinale
polysaccharides

24 HEARIZENSF=
aniE 3 fras, HPGPC Pl H (19 Pullulan A3 I

U IR 1) S ZEAE R AE 13~16 min Z (8], LA Pullulan
BEPR 1gMw X B8 B (0]t AR EIAASSE th 205 R
y=—0.7025396x+14.94813, R*=0.9952. [%:Zx4lifkiY
WL S RS 5 (0 s U — PR, AR
FA BRI H A4k B A iRl 22 5355k 23970 Da.

150 115
£100 - 410
: :
2 oL y=07025396> 15 @
= 14.94813
R=0.9952
0 1o
0o 5 10 15 20 25 30

LR BRI ] (min)
3 Pullulan ¥ix HPGPC il £ ANk S 41 fish 20 (3%
Fig.3 HPGPC elution curve of Pullulan and chromatogram of
polysaccharide from Dendrobium officinale

2.5 KA ER BPELE RCNIE
1T AT SHT, A3 A5 BB TR AR BT s E AR
SR T i E AN K 4a FNE 40 BT, R SR
BH , 2k Rz 0 et bk B H 28 0% (75.01wt%) | 7 26 Bl
(21.25wt%) . “BEZLHE(1.70wt%) . FTRAEHE(0.69wt% )
a 150
125
100

75+ 1

W (mV)

50 13

25

0

IS 20 25 30 35 40 45

LR ERETH] (min)

0 5 10

[ox

150
125 |
100 -

75

W) (mV)

50 7
25+
o 24 L1112 .
0 5 10 15 20 25 30 35 40 45

LR EA 5 [E] (min)
Bl 4 HRERIESIR AR (a) 5 (b) (g &l

Fig.4 Chromatograms of monosaccharide mixed standard

solution (a) and sample (b)
T 1.4 W BE (Fucose) ; 2.5 £/ ¥ ( Arabinose) ; 3.5% 2= #if
(Rhamnose); 4.2 FLB# (Galactose ) ; 5. %% ## (Glucose ) ; 6. A KH
( Xylose) ; 7. H & ## ( Mannose) ; 8.5 ## ( Fructose) ; 9.4% i
(Ribose); 10.2-FLEEEE R (Galacturonic Acid); 11.55 %5 B AL iR
(Glucuronic Acid); 12.H #& ¥ 2 (Mannuronic Acid); 13. 77
BHEREFR (Guluronic Acid) .
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] 2 HE TR 192 (0.17wt%) FITH 22 M8 18 152 (0.25wt%) 41
B, FHrp LU H A A0 32, 5 T/ 50 FE S
PEEER fyIFoT—3k

2.6 BREARZSENEIMIELIEN

2.6.1 OB DPPHIEGR 2ol At
BEXT DPPH- U BREEST A0 5 s HRIE 5 AT 4,
BEAEXT IR Vo FEH)E M 0.40 mg/mL B, X DPPH-
THBRAETTIA 94.24% . EREZATIEZHEXT DPPH- (214K
WBRUE ECsy i 3.02 mg/mL. FESMHTHRE N A,
DPPH - W5 REE 1 540 Rl Wik sl o R B i,
MU RO, [ SRS BRAE S R, 2Bk R R
4.00 mg/mL B} DPPH- V4R IA 58.28%, /& T A
fRIZ28E 4.00 mg/mL B DPPH - 1514:%4(40.96% )40,

100 |

o]
(=]
T

S
S
T

DPPH-7E R (%)
N
(=)

—— 2R EC
—— BRI i 2 b

0 08 16 24 32 40
AL (mg'mL™)

[
(=]
T

(=]

K5 BREAf T DPPH- HIERRAE
Fig.5 DPPH- scavenging ability of Dendrobium officinale
polysaccharides

2.6.2 P AP -OH IR Bl il bl
*T-OH B BE ST an1El 6 s . & 6 nl i, PHHE
XTHE Vi ESZE U A 0.40 mg/mL B}, X}-OH A%
BRAE J135 93.24%., £REz A2 FiXt-OH W22 80E
B ECs, SN 3.05 mg/mL, 5%t DPPH- ) ECs,
A—%, 7E 0.00~4.00 mg/mL Y FETE EIPN, A Z2hE
XT-OH 13 BRBE J7 Bifi 25 M B2 1 14 R34 508, e I
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