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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
B % Sk 55.98%, 5 ¥t 75 A fift Z B 4.00 mg/mL A
FY-OH R 3(58.64% ) A —F4l401

100 +
/? 80 [
>
3 60
Z w0
Q
20 —=— L EC
—— B AR 2
% i 2 3 4

e (mg'mL™)
K6 BB A2 hExt-OH miisBRAE
-OH scavenging ability of Dendrobium officinale
polysaccharides

Fig.6

2.6.3 BRELAMPEEIERBE T RIIIE  BREC AR
W0 EIE IR RE T E S RN 7 s ihilEl 7 ap

H, FESIHTHR BEYO BN, Vo 2R 2 B 5 RE )
IR BE LRSS R W . 22U SRR, WO CRE BT
a5, 2R 4.00 mg/mL B S0 G RE B (IR
TRHPEXTHE Vo, AR R araodt s e ism v

16f
141 H/i/i/*/i/i/l
-‘fj 12+
S of
0.8 —=— YERC
0.6 —— BRI AR

0 0.8 1.6 2.4 32 4.0
el (gL )
K7 BRECA i WAL e
Fig.7 Reducing ability of Dendrobium officinale
polysaccharides

2.7 SREARIZEER LDL SIHER
2.7.1 LDL MG g4 & 3G B = i 2 LDL Fn
CuSO, ¥ imE g R unE 8 Frzn, 0.10~2.00 mmol/L
CuSO, #eFEJEF P, 24 CuSO, Yk [E a2 i), oG
JEEBE LDL ¥ B (4 38 h0 w5 £ <5 0.10~12.00 mmol/L
CuSO, ¥ JEJLFE P, 24 LDL ¥ ¥ [# 52 7£ 0.50. 1.00
1 2.00 mg/mL ¥ E T, WG EAELEA R CuSO, H
N2 LR REMIE SRS 2 LDL ¥ BE [ E 4
4.00 mg/mL B, WS REAH 75 CuSO, ¥ B 5 0.10~
2.00 mmol/L 3 FE] PN il 25 Gk B2 109 39 i 328 W kg K,
TE 2.00~12.00 mmol/L i Bl Py, LWz ' B H BH 5 [
e B, B0 5E f5 St B 2218 S 0 ) PR AR 52
H1 CuSO, ¥ &£ A7 2.00 mmol/L, LDL ¥ & I & F
4.00 mg/mL,
LDL 0.50 mg/mL =3 LDL 1.00 mg/mL
030 =2 LDL2.00 mg/mL !IZI LDL 4.00 mg/mL
02st @ ] A ;"‘r b :* il .
i 0.20 1
§ 0.15
0.10 H
0.05

0.10 0.25 0.50 1.00 2.00 3.00 6.00 8.0012.00
CuSO,#J& (mmol-L")

K8 AT LDL &k 5 et A il /g
Fig.8 Inhibitory effect of Dendrobium officinale
polysaccharides on susceptibility to LDL oxidation

2.7.2 BRI AL BEXT TBARS IS HF
LDL k& 4 Ak 2 v <577 24 T3 1% (Malondialde-
hyde, MDA), MDA & 55840 2 EAHSG,
Itt MDA (1952 8% 1z FAVERR BT AL R 0Tl i s
e MDA FER S R ] 5 TBA k4
2, W 4T 45 ) MDA-TBA 45 &%, ¥ B fE
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532 nm A Fm R WL, P8 AT LLE i TBARS #5l
MDA /K, PR LDL A ALy RE RS

ARSI TR A Rt 2 T LDL IR ot ik 4
1br=4 TBARS 2= plisznm, g5 551 anE 9 s, HE
AT AT Y, SRR R 2 A fft 2 plX TBARS #I4E
FHE 25 . Bl Z B BE BN, Bk Bz A sk 2 pE X
LDL % fbr=4 TBARS BYHPHIE A 58, 520 R 4f
AR AR N, FE Z2 MR R 3.00 mg/mL i, X
TBARS A= il I, “h 57.46%+0.56%, 5 FH
PEXT IR BHT AR 74.46% fE1E—E =05, 30
BRI AR — e B T L] CuSO, 55 LDL
EALBT TBARS BYF=4:=

80
S 70y ——BHT
ﬁ 60k +g*’§(’ﬁ(’&
H4E2
5
M 50 -
<
m
= 40 +
30 1 1 1 1 1 1
0 05 1.0 15 20 25 3.0

WeFE (mg/mL)
K19  ZHExl CuSO, ¥5F LDL A fLif TBARS
B
Fig.9 Effect of polysaccharides on TBARS inhibition rate
during LDL oxidation induced by CuSO,

2.7.3 EREZ A BT I T a0 SE 2 4E A
LDL &8 KW A FIEITR, Aiueifd i,
HAHIESIBEEHAS ApoB100 BV AR . A4 DU
Efi HE [ msle S5 0 o1 A AR I 6, I shig B S Ak B =
R, Az S (] P e G TE 234 nm FEARANA
jt”lﬁl&lll", B, mT R S84 MGG B T AR 56 2.
W7 sk Ta] fg E < e g — 0 2R e 9 AR fh, LU TE A
LDL iR Ee1,
ME 10 FTLUE H, 25 F 4 e S f 2 i i
W S CAEAE 53 AT Bt TR] 38 BBl P9 A B g ra) g s 44 22 1 7t
— {1
—fEEd
0.30  — ZH# 0.2 mg/mL
—— ZH# 0.4 mg/mL
0.25  —— ZH# 0.6 mg/mL
24 0.8 mg/mL

0.20 F —— ZH¥# 1.0 mg/mL
—— BHT 1.0 mg/mL

0 50 100 150 200 250 300
At I (min)
10 N[k B 2ol SR8 — IR i 5
Fig.10 Effect of polysaccharides at different concentrations on
conjugated diene foemation

FaF, [V 280 min J5, a5 FI4H . & S 4H Fn = v
(0.20. 0.40. 0.60. 0.80 5 1.00 mg/mL) B SGIE 53
BIA 0.074. 0.259.0.164.0.160. 0.158. 0.155. 0.149,
B A 28 )5 1) LDL &b b [a] =4 s — Ikl =
RS I (B Iz RIS, BD 1.00 mg/mL BREZ AT
=2 S S B0 s T T UE NI PV €S S P S EE
ZREL MW ARk BR AT I SR AR AT 44
R A R BEREA AUAELE CuSO, 1755 LDL 4%
Al B o T IR AT R, FETTRE{IC LDL S LR,
DT HE L SRk AERE A A TR 1 o
3 g

AW FER KSR BT . Sevag i 8 F FLE AT
A E i H ERVERRI A R R AR N A e, B
PELLFN 3.5: 1, WREERIE 3 A A o1
A 23970 Da., ZHEIAYITE S AR .
UL FUPELLA . BETTERERPS | UL RIS R
BEANZER AR BARSE, (HAH ST R ERFI S+
U ERNT LI RO T RS FSEEA T 4T, I
5y HAA 2R AT B B A b A —
AE ) DPPH-F1-OH & BRAVEH, B E 280 B2 1034
SR RE IR A, RV ARt A R
WA NEALRE J1 . FEPT LDL A LR J5 i, &
R 25 Z2 AR BE B I LDL AAL R B FAAIR, 42k 1z A f
ZHEMPT LDL A Ak HE 175 22 W i 5T BH i B
KFR, AIELE LDL A & b B e —assh
ARG i AT Wl Z2 08U R 3.00 mg/mL Bt
Xt TBARS A= AP HI R AT 35 57.46%+0.56%, i —
ULk B2 A R 2 b B — e PR E T, BeZ M
il LDL 145U kA&, e sh Kk AR R AL R0 i 50
it R T BAA —E S E

© The Author(s) 2024. This is an Open Access article
distributed under the terms of the Creative Commons Attribution

License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S0k
[ 1] ABDELHADY F K, HEGAZI A G, WOLLENWEBER E. Ef-
fect of egyptian propolis on the susceptibility of LDL to oxidative
modification and its antiviral activity with special emphasis on
chemical composition[J]. Zeitschrift fiir Naturforschung C, 2015,
6299(10): 645-655.
[2] HIROFUMI A. Oxidative modification of lipoproteins[J].
Subcellular Biochemistry, 2014, 77(1): 3—14.
[3] R4 THREMNE WY R AR LDL B4 [D].
K& R EAR K, 2014. [ ZHAO Jin. The extraction of antioxi-
dants from clove and their anti-LDL oxidation activity[D]. Tianjin:
Tianjin University of Science & Technology. 2014. ]
[4] MIN Z S, YING S, HUANG F J. An efficient mixed en-
zymesassisted mechanical bioextraction of polysaccharides from
Dendrobium officinale and determination of monosaccharides by
HPLC-Q-TOF/MS[J]. International Journal of Biological Macro-
molecules, 2023, 227(11): 986—1000.
[ 5] WANG Y H. Traditional uses, chemical constituents, pharma-


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

- 38 - £ Tl B4

2024 4F 10 A

cological activities, and toxicological effects of Dendrobium leaves:
A review[J]. Journal of Ethnopharmacology, 2021, 270(9): 113851.
[6] #kt, WM, ZFF, F. BHEHOTIRINE AR B 20
A Ak A [J]. B A3 3 &, 2009, 29(6): 405-408. [ YANG Yong-
sheng, ZHUANG Zengyuan, WANG Jinjin, et al. Effects of shihu-
san on human retinal cells cultured in vitro[J]. Recent Advances in
Ophthalmology, 2009, 29(6): 405—408. ]

[7] fT8k, ik, Mk, . 86 AHRHZE %48 DCPPla-1
sSEaA A AFRBEATALGEAJ]. RAPHHRSE T A,
2007,19(3): 410-414. [ HE Tieguang, YANG Litao, LI Yangrui,
et al. Effects of the polysaccharides DCPPla-1 from suspension-cul-
tured protocorms of Dendrobium candidumon oxygen radical and
lipid peroxidatio[J]. Natural Product Research and Development,
2007, 19(3): 410-414. |

[8] shdte. sk B %At 5 MMM EAE LAY BT L [D]). Se: &
fe T ak X %, 2009. [ BAO Suhua. Studies on antioxidant activity of
polysaccharides from Dendrobium candidum in vitro[D]. Hefei:
Hefei University of Technology, 2009. ]

[9] WEI W, FENG L, NIE S P, et al. Structure characterization
and immunomodulating effects of polysaccharides isolated from
Dendrobium officinale[]]. Agric Food Chem, 2016, 81(S01): S1—
S381.

[10] YONGTZ,SHIQY, DONG D W, et al. Fermented Dendro-
bium officinale polysaccharides protect UVA-induced photoaging of
human skin fibroblasts[J]. Food Science Nutrition, 2022, 10(4):
1275-1288.

[11] RIth, KT, RS, F B A S 4B0 5 B AR R
2 EEA R T]. R E 25,2022, 17(17): 2410-2415. [ ZHAO
Yuanling, ZHANG Xue, CHEN Linzhen, et al. Separation, purifica-
tion, and antiaging activity of caulis Dendrobii officinalis polysac-
charides[J]. World Chinese Medicine, 2022, 17(17): 2410-2415. |
[12] &0 F. Bl B s 8 fRmaoh SRR AERL S AR B
FMWA R (D] A A Tk K %, 2019. [ SHANG Zhenzi.
Study on the dynamic accumulation of nutrients in Dendrobium huo-
shanense and the antitumor activity of its polysaccharides[D].
Hefei: Hefei University of Technology, 2019. |

(13 ] R, ik F3h. 4K fitdm ) L BURME B B 8 0 A 50 3 e
(1. % 8 A 58 5 & & ,2020,34(4):362-367. [ PANG Chen,
ZHANG Xiuling. Research progress in inhibitory epithelium-de-
rived malignant tumors by Dendrobium officinale[J]. Practical On-
cology Journal, 2020, 34(4): 362-367. ]

[14] SHENG C T, ZHI Y R, ZE R Y, et al. Effects of different
molecular weight polysaccharides from Dendrobium officinale
kimuraamp; Migo on human colorectal cancer and transcriptome
analysis of differentially expressed genes[J]. Frontiers in Pharma-
cology, 2021, 3(12): 704486.

[ 15] WANG C, XU L, GUO X, et al. Optimization of the extrac-
tion process of polysaccharides from Dendrobium officinale and
evaluation of the in vivo immunmodulatory activity[J]. Journal of
Food Processing and Preservation, 2018, 42(5): 13598.

[16] sk#, RHER, AT L. Sk BB MR H K T8 2t o9& 3 5] /)
R AT AR R £ 7 AT 1], R A5, 2019, 47(24):
180—-181,249. [ ZHANG Jing, ZHU Yagqin, ZHU Yulong. Study on
the difference of immunomodulatory effects of Dendrobium offici-
nale and its lyophilized power on immunosuppressed mice [J]. Jour-
nal of Anhui Agricultural Sciences, 2019, 47(24): 180—181,249. |
[17] 363, 24, 2@, 5. M SR G Abad s R R S Ak o
®oa I mEALFE 5 EAT R, 2020,37(6): 3-6. [ YUAN lJie,
LIU Jia, WANG Yu, et al. Effects of fresh Dendrobium candidum

powder from Guizhou on immune function in mice[J]. Studies of
Trace Elements and Health, 2020, 37(6): 3—6. |
(18] Flisik, §3E R, # 3%, 5. 4K & BxHiE 2091 4 K KA AR
WA ALIE B IR A Ay e e (). B 25 5 % &, 2013,48(19):
1684-1688. [ ZHOU Haitao, CAO Jianmin, LIN Qiang, et al. Ef-
fect of Dendrobium officinale kimuraet migo on substance
metabolism and exercise capacity in rats after exercise training[J].
Chinese Pharmaceutical Journal, 2013, 48(19): 1684—1688. ]
[19] BRUR, Wik, F4h, 5. 4k B fadE s o7 s RAe SR
#= CNTF mRNA ik 69 %0 [J]. & B 5 8 7 Al 5 & &, 2014,
20(15): 164—167. [ TANG Hanqging, CHEN Hua, WEI Yi, et al.
Effects of Dendrobium officinale on energy metabolism and expres-
sion of CNTF mRNA in athletic fatigue mice[J]. Chinese Journal of
Experimental Traditional Medical Formulae, 2014, 20(15): 164—
167. ]
[20] 4&a%, %48, T 2K, ¥ FL BT R E D RIEST R
R Hrm [T, TP EHKF SR, 2018,41(12):995-
1001. [ HOU Yan, FEI Wenting, WANG Yujie, et al. Effects of
Dendrobium huoshanense on fatigue and energy metabolism in mice
with kidneyyin deficiency [J]. Journal of Beijing University of Tra-
ditional Chinese Medicine, 2018, 41(12):995-1001. |
[21] 258, ERT. RLBA S AR 2 R Rm D R4 s
w4 R [J]. & o5, 2020,41(21): 127-132. [ WANG Yunwei,
WANG Jingxue. Hypoglycemic and lipid-lowering effects of
polysaccharides from Dendrobium officinale stems in type2 diabetic
mice[J]. Food Science, 2020, 41(21): 127-132. ]
[22] ARAL, TR, 2%, 5. SRS B Aoy I f s 5L 7
5 [0]. % B 4k A, 2019, 5(23): 40-41,52. [ HU Zongli, HE Wen-
qian, WANG Qinghua, et al. Experimental study on hypoglycemic
effect of Dendrobium Candidum![J]. Smart Healthcare, 2019, 5(23):
40-41,52. ]
[23] 3%, AT BT BRI LML LRANE
M [J]. B2 s A A, 2022, 33(9): 48-53. [ HUANG Qiong,
HE Yanping. Optimization of extraction process of polysaccharides
from Dendrobium officinale leaves and its antioxidant activity [J].
China Food Additives, 2022, 33(9): 48—53. |
[24] TH, %273, HFH, F 4R MERLSYMMI LY
B A REAMARR (I, R85 A0 T, 2021, 21(1): 93-98. [ DING
Yong, XU Yugqiao, YANG Zongling, et al. Study on the processing
technology of compound beverage of Dendrobium officinale and ap-
ple and its antioxidant activity [J]. Storage and Process, 2021, 21(1):
93-98. ]
[25] #mwedm, Ik & &, HER, F. oML EFRAILEA
&5 A [T]. &5 T 0k, 2021,42(1): 141-146. [ YANG Xi-
aona, CHEN Zihong, XIE Wenying, et al. Microwave-assisted ex-
traction and oxidation resistance of anthocyanins from Dendrobium
officinale[J]. The Food Industry, 2021, 42(1): 141-146. ]
[26] 3RE, @AW, #MTH, 5 AL SHES BRI ER
EAF R U B[] 2 & Tk A3, 2022,43(24); 412-422.
[ ZHANG Xia, BAI Yueming, XIE Xueqin, et al. Research
progress on isolation, purification and pharmacological activities of
Dendrobium officinale polysaccharide[J]. Science and Technology
of Food Industry, 2022, 43(24): 412-422. ]
[27] FE&, i, KER. L GM S BFERMLEHTT].
RIMR 4, 2017, 34(5): 31-33. [ LI Guotao, YANG Hao, FU Qin-
chao. Decolorization of Dendrobium candidum polysaccharide by
activated carbon[J]. Agricultural Technology Service, 2017, 34(5):
31-33.]
(28] ZE-F, £F5 5, AKX, F. KBr-ssxm 28 L2 548


https://doi.org/10.3969/j.issn.1001-6880.2007.03.012
https://doi.org/10.3969/j.issn.1001-6880.2007.03.012
https://doi.org/10.1002/fsn3.2763
https://doi.org/10.11904/j.issn.1002-3070.2020.04.013
https://doi.org/10.11904/j.issn.1002-3070.2020.04.013
https://doi.org/10.11904/j.issn.1002-3070.2020.04.013
https://doi.org/10.11904/j.issn.1002-3070.2020.04.013
https://doi.org/10.1111/jfpp.13598
https://doi.org/10.1111/jfpp.13598
https://doi.org/10.3969/j.issn.0517-6611.2019.24.054
https://doi.org/10.3969/j.issn.0517-6611.2019.24.054
https://doi.org/10.3969/j.issn.0517-6611.2019.24.054
https://doi.org/10.3969/j.issn.1006-2157.2018.12.005
https://doi.org/10.3969/j.issn.1006-2157.2018.12.005
https://doi.org/10.3969/j.issn.1006-2157.2018.12.005
https://doi.org/10.3969/j.issn.1006-2157.2018.12.005
https://doi.org/10.7506/spkx1002-6630-20191101-001
https://doi.org/10.7506/spkx1002-6630-20191101-001
https://doi.org/10.3969/j.issn.1009-6221.2021.01.015
https://doi.org/10.3969/j.issn.1009-6221.2021.01.015
https://doi.org/10.3969/j.issn.1004-8421.2017.05.018
https://doi.org/10.3969/j.issn.1004-8421.2017.05.018

%4534 55 19

R S ARBCA S AR S TR TR ERT -39 -

B F e FARRA D] RS AR L IR, 2021,42(4): 170-174.
[ WANG Yanping, LOU Fanghui, CHEN Yueying, et al. Optimiza-
tion of analytical conditions for the determination of polysaccha-
rides contents in purple yam by phenolsulfuric acid method[J].
Food Research and Development, 2021, 42(4): 170-174. ]
[29] #X4 &M, HE0, F AL HNEELNTROREE T
o W OR AL [J). % B A F 5 H K, 2018,16(4): 143-147.
[ JIANG Dacheng, GAO Shan, GAO Hailun, et al. The Details of
protein content determination by coomassie brilliant blue
staining [J]. Experiment Science and Technology, 2018, 16(4): 143—
147.]
[30 ] CHEN L, HUANG G L. Extraction, characterization and an-
tioxidant activities of pumpkin polysaccharide[J]. International
Journal of Biological Macromolecules, 2018, 118: 770—774.
[31] W48, AL, 25754, F. —HEsh 47 A W0 i 52 %
K mma Il R&F %A R LI A,2020,3209):
1484-1490,1528. [ LU Juan, ZHOU Hui, WANG Guisheng, et al.
Screening and identification of an exopolysaccharide-producing
strain and the investigation of its polysaccharide[J]. Natural Prod-
uct Research and Development, 2020, 32(9): 1484—1490,1528. ]
[32] LIU X X, GUL B, ZHANG G J, et al. Structural characteri-
zation and antioxidant activity of polysaccharides extracted from
Chinese yam by a cellulase-assisted method[J]. Process Biochem-
istry, 2022, 121(10): 178-187.
[33] FRmivh, ¥4k, Bk, . 025 S AR RANLER
[J]. & & #+ % ,2021,42(19): 122-128. [ CHEN Liye, CHANG
Xiguang, FENG Xiaoguang, et al. In vitro antioxidant activity of
Chinese yam polysaccharides[J]. Food Science,2021,42(19):
122-128.]
[34] Zsh, 5, A0, 4. A2 75 5 0y Bk R ROl R G 3 7
B IR R LRI B F R 2R RS 4, 2023,
44(24): 71-77. [ LI Xueling, LONG Ting, YANG Li, et al. Opti-
mization of ultrasound-assisted enzymatic method extraction and an-
tioxidant activity of resveratrol from coffee bean peels[J]. Food Re-
search and Development, 2023, 44(24): 71-77. ]
[35] skan-F, ALHBHE, TR kA, 5. B Ae ik % 4By 4 B shdl B4

20 P8 B B R E AT R (T]. A S Ak AR, 2023, 44(13):
71-78. [ ZHANG Ruiping, REN Zhaohui, ZHANG Haonan, et al.
Isolation, purification, monosaccharide composition and antioxidant
activity of polysaccharides from Cortex periplocaelJ]. Science and
Technology of Food Industry, 2023, 44(13): 71-78. ]

[36] #&FE, TRk, FAtE, 5 B8RS BEMEIER LD E
WAFR[T]. F B & RmAl, 2024,35(2): 26-31. [ CUI Haiyang,
HE Yuxin, LUO Fuyu, et al. Structure characterization and biologi-
cal activity of polysaccharides from Marsdenia tenacissimalJ]. Chi-
na Food Additives, 2024, 35(2):26-31. ]

[37] xime, &, A2 B, F. HX S HEMRRALHFIE[T].
P E F 404 &, 2023, 50(6): 2518-2530. [ LIU Peng, LI Jingjing,
QIAO Yanliang, et al. Extraction and structure characterization of
Scutellaria baicalensis polysaccharide[J]. China Animal Husb-
andry & Veterinary Medicine, 2023, 50(6): 2518-2530. |

[38] F /35 RE =H R BSR4k K B A % 48 P 3245 408,49
HPLC % #7 [J]. W& & AF %, 2022, 30(5): 36-39. [ YU Xiaofang.
HPLC Analysis of monosaccharide composition in polysaccharides
from Dendrobium officinale with different origins and years[J].
Clinical Research, 2022, 30(5): 36-39. ]

[39] £Fk, ERE, G, F. R LM S0 B ALE L
pom (7], & & Tk A3, 2014, 35(4); 122-125. [ BIN Yubo,
WANG Yayun, AN Xin, et al. Dendrobium polysaccharide purifica-
tion and determination of monosaccharide composition[J]. Science
and Technology of Food Industry, 2014, 35(4): 122—-125. ]

[40 ] AR KA G S I T LM E R BRI LA E R
% [D]. A0, &2 Tk k3, 2019. [ WAN Dailin. Research on
chemical structural identification and in vitro antioxidative activity
evaluation of polysaccharides from Dendrobium fimbriatum
Hook[D]. Hefe: Hefeii University of Technology, 2019. ]

[41] STANISLAV K. Diversity of lipid function in atherogenesis:
A focus on endothelial mechanobiology[J]. International Journal of
Molecular Sciences, 2021, 22(21): 11545.

[42] QIN S C.LDL and HDL oxidative modification and atheros-
clerosis[J]. Advances in Experimental Medicine and Biology, 2020,
127(6): 157-169.


https://doi.org/10.12161/j.issn.1005-6521.2021.04.029
https://doi.org/10.12161/j.issn.1005-6521.2021.04.029
https://doi.org/10.3969/j.issn.1672-4550.2018.04.035
https://doi.org/10.3969/j.issn.1672-4550.2018.04.035
https://doi.org/10.1016/j.ijbiomac.2018.06.148
https://doi.org/10.1016/j.ijbiomac.2018.06.148
https://doi.org/10.7506/spkx1002-6630-20201107-073
https://doi.org/10.7506/spkx1002-6630-20201107-073
https://doi.org/10.12161/j.issn.1005-6521.2023.24.010
https://doi.org/10.12161/j.issn.1005-6521.2023.24.010
https://doi.org/10.12161/j.issn.1005-6521.2023.24.010
https://doi.org/10.12161/j.issn.1005-6521.2023.24.010
https://doi.org/10.12385/j.issn.2096-1278(2022)05-0036-04
https://doi.org/10.12385/j.issn.2096-1278(2022)05-0036-04
https://doi.org/10.3390/ijms222111545
https://doi.org/10.3390/ijms222111545

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 铁皮石斛多糖的提取纯化与成分测定
	1.2.2 铁皮石斛多糖的组成分析
	1.2.2.1 铁皮石斛多糖的紫外与红外分析
	1.2.2.2 铁皮石斛多糖的分子量测定
	1.2.2.3 铁皮石斛多糖的单糖组成分析

	1.2.3 铁皮石斛多糖体外抗氧化活性研究
	1.2.3.1 DPPH·清除率的测定
	1.2.3.2 ·OH清除率的测定
	1.2.3.3 总还原能力测定

	1.2.4 铁皮石斛多糖对LDL氧化的影响研究
	1.2.4.1 铁皮石斛多糖的TBARS抑制率检测
	1.2.4.2 铁皮石斛多糖对LDL氧化产物共轭二烯的影响


	1.3 数据处理

	2 结果与分析
	2.1 铁皮石斛多糖的成分分析
	2.2 铁皮石斛多糖的紫外可见扫描鉴定
	2.3 铁皮石斛多糖的红外光谱结构鉴定
	2.4 铁皮石斛多糖的分子量
	2.5 铁皮石斛多糖的单糖组成测定
	2.6 铁皮石斛多糖的体外抗氧化活性
	2.6.1 铁皮石斛多糖的DPPH·清除率
	2.6.2 铁皮石斛多糖的·OH清除率
	2.6.3 铁皮石斛多糖总还原能力的测定

	2.7 铁皮石斛多糖抗LDL氧化结果
	2.7.1 LDL及硫酸铜合适添加量的确定
	2.7.2 铁皮石斛多糖对TBARS生成的影响
	2.7.3 铁皮石斛多糖对共轭二烯形成的延缓作用


	3 结论
	参考文献

