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Study on the lifespan and antioxidant effects of Dendrobium officinale
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ABSTRACT: Objective To investigate the anti-aging effect and mechanism of Dendrobium candidum
polysaccharides (DOP) based on the natural aging model of Caenorhabditis elegans. Methods Wild type of
Caenorhabditis elegans N2 were randomly divided into control group and Dendrobium officinale polysaccharides
group (low, medium and high) to observe the effects of Dendrobium officinale polysaccharides on lifespan, exercise
capacity and pharyngeal pump capacity of N2 nematodes; the effects of Dendrobium officinale polysaccharide on the
antioxidant capacities of N2 nematodes were evaluated by oxidative stress, antioxidant enzyme kits and reactive

oxygen species. Based on skn-1 defective mutant (EU1) and fluorescent labeled transgenic nematode CL2166, the
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possible mechanism of Dendrobium officinale polysaccharide in prolonging healthy lifespan was analyzed; the
transcription levels of genes related to antioxidant and insulin signaling pathways in nematodes under the action of
Dendrobium officinale polysaccharides were determined by real-time fluorescence quantitative polymerase chain
reaction. Results The middle-dose group of Dendrobium officinale polysaccharides (250 pg/mL) could significantly
prolong the lifespan of N2 nematodes, with an average lifespan extension rate of 12.73%, and significantly improve
the ability of exercise, pharyngeal pump, and anti-oxidative stress, significantly increase catalase (CAT), superoxide
dismutase (SOD) activities and glutathione (GSH) content, decrease reactive oxygen species (ROS) levels and
malondialdehyde (MDA) content. The life-extending effect of Dendrobium officinale polysaccharide treatment on
skn-1 gene-deficient nematodes was missing; the fluorescence intensity of CL2166 nematodes was enhanced. At the
same time, the expression levels of sod-35, sod-3, ctl-1, ctl-2, daf-16 and skn-1 genes were up-regulated, and the
expression level of daf-2 gene was down-regulated. Conclusion Dendrobium officinale polysaccharides may

antagonize oxidative stress by activating Nrf2/SKN-1 and DAF-16 pathways, thereby delaying nematode senescence.
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T FEFEEAUR A 3L A REBR AR AT . YRR ZHESE
FHA KR ) P A AR AR 8 L 52 38 2 R KR & 1, 1E
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TR AR, HMERET S, Ft, FHRMTERE .
FAL. GIRMPUEARY), —E R ST R A

B Bz £ fil(Dendrobium officinale)f {MARARETLLZ ) 103k
“OMRENE, B IEAE BRI RV A e AR
b Gy . Pom S B BRI, 20 K%
PEVIS, BRRA YRR N, ORI e A 310
BRI EZL /. CAEVIRER, B A 28 (Dendrobium
officinale polysaccharides, DOP)R] %5k FH Hi AR BH & F,
FREINE /N LA P P & (malondialdehyde, MDA)F{ 4 i
[ BT B 8 kA= 0577, DOP A —E Wi e 8 /E M, H
LK AT B 5 3 8 S Ak W 57 4k B (superoxide  disumutase,
SOD) 1 & bt 1 K 1 % 1t ¥ i (glutathione peroxidase,
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(real-time  fluorescence quantitative polymerase chain
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PEATHZE, X DOP $U3 & ik — L W R AT & A AT

1 MR5ERZE

1.1 SR¥#R
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BB IR IR K)o
1.2 RAFS5NEE

i & 1k & W (catalase, CAT) . SOD . & Bt H ik
(glutathione, GSH). N - (malondialdehyde, MDAl & iz
Fl G FE RN Y LR N, BCA EEiia . &
% (reactive oxygen species, ROS)Kiilli | &G = K4&Y)
HARF A, AR & (H A TaKaRa 2AH]); JoK
SO al, REHICAL TABRAF); 30%id F b
(A, TRk TR0y A BR A Fl); NaCl(ar#rat, KHEtHr
BT bl X seA 27350 AT BRZY ¥l ); MgSO4. KH,PO,,
Na,HPO (4 M2k, F25b2=ili A IRA wl); #BatiK Rk
I Bl

Infinite® 200 Pro %4> F SlHR X (i 5 2 A R
23 F]); MIX-430 8l R AR (T LS A IR 7); Mini
spin /N 4 2.0 HL (72 [ Eppendorf 23 #]); Sorvall LYNX
6000 7= B0 HL(3E Thermo Fisher Scientific 23] );
EVOS {8 & B35 E AMG 2A#]); YXQ-LS-30SII
o T K B (I RS AT BRSSP T ); CFX96 S
965E Bt PCR {X (35 [ BIO-RAD 22 7)),
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13.1 A e ZBEHEALSENT

SR KBREET0H:, $BORHREL 1:15 (gmL)hn A 4lifk
K, 70°CEFFHE 2 YR(BHIR 1.5 h), T ig)R & FFEw . 17
RN A B R E Y 80%, BEULid#k . 7000 r/min &5
L 10 min(B5.02E420 194 mm), FTASUTTERDN ML 280, %

i sevage 3 o
LW BRI RS BRG] 3R 2R(1):
SMitr /= C X DXV Vg Vo 100% (1)

Mo, C- AbRifE 27 5 T As W, mg/mL; D-#
SRV R RS E VRSNV R R, mL; W S T,
mg.

132 A HERmMAE M9 %4 &by 5 &

Bk i A KRR 3 (nematode growth medium, NGM)
FIHl S EGEARFE DOP MREEK 100 uL M5 TRIETE
NGM L. (¥ i% B S B o SOk A A 00 100 5 56 45
%)[12—13]0

M9 2% i Behl: FREL 0.5 g NaCl, 1.5 g Na,HPO,,
0.5 g KH,PO,, /il 100 mL #4li/K, 121°CKE 30 min, %
HJE 0 0.1 mL JCEE ) 1 mol/L MgSO4 18 M9 Z2 ik .

133 HFo £k
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Z(0°CEF FRFRZ 2 d Bk L4 D ZESA AR DOP i
JEHNGM i, ieE M H N0 d. 25, BRELKLERE
B 5 DOP 1 NGM B3 B9 il SR UL T ME L &
RERIETS . FIWTZ ROFETARIER: 1 B il Pk e 2542 fi ol
AT TCATART S5z oy HLEEASF WA B
1.3.4 EFHhEeH e

BB AR KA N La BT IR 25 b BRI SR 350
5.10.15 d BEATRIN . PR 20 4548 dt N2 B 25 NGM
KEFRMLL, H—% MO St A hi&sh 30 s. SRA7E
BAEE 5L | min NS AT BRI ShVEREL
1.3.5 FEFRRE

YR PR SFEB ] A] 1.3.4, PRE 20 4c48 H N2, FEX)
LM XA T SRR, W SR T8, LAARAE 1 min 4
WA R IS N AU RIS S 4
1.3.6 3R AL w7

A B SRR R] 1.3.4, PREL 60 44k N2, 5%
F 0. 1%y 30% I 1k S0 S5 1 AR U T o il
SRR BUAYFET AE I B 2= 28T, BFIRIAIRE A 30 min. AE
TR AR ER] 1.3.4,

1.3.7 ROS K-

AL TRRE SRR R 1.3.4, BUE R AL, BA 500 uL &
AR R 0 513 G MR e VK RS, 12000 r/min 25
> 10 min JFE_E3E, A 500 pL 2¢GHRER(50 pmol/L), 20°C
HEEIFE 30 min, BERGHATRTIIGRR R ]y 485 nm & 4T

W 528 nm), EEFE S min YT —RINE, BHEREGRE.
fifi Fl BCA 25 (3070 G0 2 50 20 T A 26 R
1.3.8 dAME AR E

2R RRE SR ][R 1.3.4, BOE 4t b v It e
% EP &, TUK E24# )5 2.0 10 min (4°C, 12000 r/min),
B3SO T SOD % J1. CAT % /7. GSH il MDA &4t
W, FARRE R & Ul B ke . g R D E AR
T RCAPREAL AL
1.3.9 £ & CL2166 % B is

25 Wy Ab K5 5% af A R 1.3.4, CL2166 2 #% 4
GST-4::GFP::NLS iz 45 5L R L RL R 2y, H GST4 J/shF
5 GFP @531k, # GFP 2tk &Y GST-4 Fik & AIE
U, Pkt CL2166, 75 M9 ZEmug gl 10 mmol/L
LR ZC TR DKM S W [ 5, FEAF LA 2% BR WA i 2%
¥R b, HATOLERMEE TR, Image J G HIE
BRI
1.3.10 % RNA #R A LB % X EF PCR

ZEYAL PR SR A [R] 1.3.4, Bk BT N2 #E4TH RNA
PRI, A RNA BSOS, FaFT R A 0
cDNA, M8 TaKaRa i &1 54T qPCR Ui, HE4>
FESLE 3 VAT MBI B-actin, T 2744 T k4T
AN E R AT BIYRITANTR 3R 1.

#1 31957
Table 1 Primer sequence
FEH 2475 Bl ]l
sod-3 F: CCAACCAGCGCTGAAATTCAATGG
R: GGAACCGAAGTCGCGCTTAATAGT
sod-5 F: GAACTGCTGTCTTCGGAACTG
R: CCATGAAGTCCTGGTGACAAT
ctl-1 F: GCGGATACCGTACTCGTGAT
R: GTGGCTGCTCGTAGTTGTGA
ctl-2 F: GAGAATGTGCCAGAACTTTGC
R: CTTGACACGAGCTCCAAAATC
daf-16 F: CTTCAAGCCAATGCCACTACC
R: GGAGATGAGTTGGATGTTGATAGC
skn-1 F: GACGTCAATTTATGGAGTGTCG
R: GAAGATGTTTTGTCGTGATCCG
daf-2 F: ATGAAAGCGAAGCAGCGAGAAGG
R: CGTCCGAACTTCCGCATCACTC
p-actin F: TCGGTATGGGACAGAAGGAC

R: CATCCCAGTTGGTGACGATA

1.3.11 %itFik

BRS04 Graphpad Prism 9 %{f. 4HI6] LR
FE 7 220k, G 4R Long-rank test ik,
TALFEFRES I LA x 5 TR P<0.05 HA G H2%E L.
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2 HEBRESH BEXs=H RS0 pg/mL 223250 pg/mLBEs 750 pg/mL
e e AL B 200 ~

21 HEARZHESE

DOP Y%k 3.24%, DOP 46 72.22%, LIBERY T 150 '
WIEWBULRCL memL), BOGIEARG, 2bel E | o i P o B
25, MRyl Y=11.2510+0.0433 ("=0.9906). g é R
22 SEERSENES N2 B HH Ll Z 1B

b ek oo, krscoor e & [HE T 1 Yy
N2 AR . SRR, S IUHIEL, DOP i Bl S H 5 g
(250 pg/mL)HAT 5 R W A AE AR (1 1, P<0.05), HF- o g E X g
)75 G R s FUAT B (R 2, P<0.05, P<0.01), O s W10 T
SIIEFF R IR 12.73%, B KAIEFHRIK 13.32%(F 2). SEE AL

T XA, *P<0.05, T 1A,
2 DOP Xf£k i N2 iz 3188 J1 520 (n=3)
Fig.2 Effects of DOP on exercise capacities of Caenorhabditis
elegans N2 (n=3)

-o- %[
ns-& 50 pg/mL
* —&— 250 pg/mL

3 e TSOngmL 4 ek gEoieEdh N2 TG AL HOBN

& TELE il £ DOP 55 5 d A1 10 d WAL 3%
Z 5, FFEESS 15 d PRI ZH (250 pg/mL)2E HiE 5 &l
BEWEINE 3, P<0.05), ZEG LI ESEE, DL 250 pg/mL 1

0 ! * ! R AR 2R i T e SR
0 10 20 30 40 Ry A LA 2 A T A SR AT
SR RHUd
e SRR EE, *P<0.05, ns P>0.05, B 50 pg/mLEZZ250 pg/mL R 750 pg/mL
B 1 2 N2 TRk 250 -

Fig.l Survival curves of Caenorhabditis elegans N2
200 ~

F2 & N2EHGITR(x s, n=3)
Table 2  Statistical table on the lifespan of Caenorhabditis

’a\ p
£ ?
e £ 150 - % AR
g / / DG
elegans N2 ( x = s, n=3) @_ g 4 %
= g V9 B Rk Rk S0l HD 1k
R = N
i Fifid GEAEY  AAdAERE% = ? 1K
*
M 14.67£0.45 0 20.44+0.71 0 50 é é I:I
/ DC
50 pg/mL 14.77+1.41 068  222£0.72°  8.59 o 7 1K
N2 vl P
250 ug/mL 16.53£0.35° 1273 23.17:0.76" 1332 #5d ﬁlo d #1sd
LI REL
750 pg/mL 16.270.21 1091 21.5£0.5 5.17
T Sx YA, "P<0.05, TP<0.01, K3 DOP A&kt N2 WHAEBE I 5L (n=3)

Fig.3 Effects of DOP on pharyngeal pump capacities of
Caenorhabditis elegans N2 (n=3)

23 SEARZHEXNL%E N2 SR RIS

ASBIF S A WGk B RS i R PP A IS Bl RE T « ‘ i
é'jj:%ﬁi_\" %%gﬁﬂiﬁzﬁg\ﬂgiﬂu’ %,M:ﬂ%ﬁﬁﬂﬁgyﬁ/rﬁ’ H 2.5 %%B’ZE%#%*EX#?&E Nz *ﬁﬁ'ftm%ﬂﬁgj]m?ﬂrﬂ]
FEA: A W SRR B . ST RRLLARE, 45T DOP ZER IR, IEHIEBIRET, LAibukyiEsE iz
IR MAESS 5 d RS 10 d B 3hRE oA W Bk s, (BAES Wrg s . ELZESS 5 d A% 15 d IF, DOP %P4kt 3 e 2R R
15 d B RIE(250 pg/mL)nl B2 T HGE 2hEE (7 2, Wi, 24 DOP AbFRES 10 d I, ] 4R b a b gk
P<0.05) fEJ1(E 4, P<0.01),
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SRR, S50 BREZ AR A U R i S AR T B

2.6 HEARZPEXTZH N2 ROS KERF M
AT L L EAT ROS /KSR, 453 /R, DOP
Al R B N 325102 ROS MIFRE, 45 5.10d 5%
MMM A 2540 ROS KV @ & B (& 5, P<0.01;
P<0.05), M55 15 d A BB TR, BRLEEEWE S,

P>0.05).

2.7 HEARZHENLE N2 RN
Hit—HiE DOP I AE T E R S A RS

B G, AWFFEA 4 RN BT E LR CAT. SOD. GSH
VIR BT A Y MDA #EATRIN . 78 CAT I J3 5 i,
DOP X4k Hu A= i JE I 3 4~ By Be XA 45kt 3 52 i (14 6a
b.c, P<0.01; P<0.05); 7 DOP {EFIfY% 5 d FI%E 10 d 4B i
K SOD i 1 &5 (& 6a. b, P<0.01; P<0.05); DOP
{UAESS 10 d X BIRN GSH & A 2R TH(E 6b,
P<0.05); DOP 1] g 2 F#AIRLk 25 10 d A% 15 d 1) MDA 1
FRE (A 6b. c, P<0.05, P<0.01). LI FEHEFR, DOP fJiE
L AR B LRE T, BB AR

100 - 25 100 - z=H 100 - ZEH
=250 ng/mL 250 pg/mL =250 pg/mL
5ol 50l 50|
i 50 g gz 0
& & &
O 1 1 1 0 L 1 1 O 1 1 ]
0 100 200 300 400 0 100 200 300 400 0 100 200 300
5f 8] /min 58] /min 58] /min
#5d #10d #15d
e HXIR4IAH L, #*P<0.01,
K14 DOP X4 N2 Hi S fb 0 B AE 1 1 52 i
Fig.4 Effects of DOP on oxidative stress resistance of Caenorhabditis elegans N2
35000 #is5d 35000 #10d 35000
30000 |- 30000 [ 30000
» 25000 | . 25000 | 25000
e 20000 |- % 20000 * % 20000
= 15000 |- B 15000 3= 15000
® ) ®
10000 |- o 10000 10000
5000 |- - o 5000 5000
0 0 0
2 250 pg/mL 2 250 pg/mL 2 250 pg/mL
SCIAH SEHGEH SEHZH
T SRIRAAI L, *P<0.05, ¥*P<0.01, ns P>0.05, F[fl.
&5 DOP £t N2 ROS 7K F-HI 520 (n=3)
Fig.5 Effects of DOP on ROS levels of Caenorhabditis elegans N2 (n=3)
a 15 r 50 250
- 50 = 08
g g a0 b o £ 200 | ns 3
g 10 | Hesk & T % g 06
S £ T E 30} g 150 | 3
2 S 2 5 £
® < 2 20 B 100 < 04r T
NS i & o 1
g 8 1w0}f 5 50l % 02+
&) 2} &) o)
0 0 0 = 0
25H 250 pg/mL 251 250 pg/mL 251 250 ug/mL 28H 250 pg/mL
SEHRA SEHH SEHAH SEHAH

6 DOP X2k Ht N2 HL8ALHE T 1520 (n=3)
Fig.6 Effects of DOP on antioxidant capacities of Caenorhabditis elegans N2 (n=3)
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R 5| w Jﬂ{“ 100 i .
g g 10} Z 50k = g2t =
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SO SCGEH SRR SEHA
¢ 15 - 50 250
- = 08
2 g g
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i) =4 <
ﬁkg R 20 I 100 | < 04
W Sr s & iﬂﬂ
st [a) as) T 0.2
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SERGE SEHEH el | SEGA
[ 6(£2) DOP £k dt N2 Hréa (L 1 52 (n=3)
Fig.6 Effects of DOP on antioxidant capacities of Caenorhabditis elegans N2 (n=3)
28 BHAMSERLR EUl ERNEMRESR  REMRES Poo.
N2 i skn-1 EEFRIEKFE 210 KEARZENREREXESERNE
fE 57T Z: L EU1 H, DOP 1) 4 H4F F 4 1 7a, N
TEGRAR R i A 4 A5 A Al (B 7a SERF ], DOP 1T 5B sod-3 . sod-5. ctl-1.

2% 3)o AWFF XA T skn-1 FERAEL B N2 k1500,
EBAE 3 AN BB E FIEE 7o, P<0.05, P<0.01,
P<0.05). V3575t AR R A3 AR 4 o L b M 2 S (3R
3), FHIMEFH R 1.56%, i KIEHH 3.89%, L5 R UL DOP
X £k Bt E AR RS T skn-1 A%

29 SEARZIEX GST-4 RILMF N

ctl-2 FikKF(F 9, P<0.001, P<0.01, P<0.05, 55 5 d
ctl-2 FERBRAN) . daf-2 F daf-16 258 %0558 % h 5%
B b R, XL s S R 52 Y R A B
EVER . SXF B4 A, DOP AXTESS 15 d YT daf-16 %
KR IAA W F IR daf-2 FeHFRIKA W 3E FEARE

L IRLUAH L, DOP ZLPEER 10 d IF, 252521 50 2 (&l 9¢, P<0.01).
a 100 - b 4r w54 4T wmiod 4T #15d
- ZSH
-# 250 pg/mL 3 | 3 3k
. - - L *
o 1
Esot % 2 | <2 <2t L
"% o~ ~
g 1 L =) 1L g 1k
0 1 . 0 _L 0 j_ 0 —L
0 > 1o 150200 25 251 250 pg/mL 2511 250 pg/mL 2511 250 pg/mL
LHAHV Sl S LRl
T ar BRI INE; b LU N2 W shan-1 FERIFRIAKFE,
Exf ERULA EE, "P<0.05, " P<0.01.
B 7 2k BUI AEAEHIZR ALt N2 v skn-1 BRI 263K 7K - (n=3)
Fig.7 Survival curves of Caenorhabditis elegans EU1 and skn-1 gene expression levels in Caenorhabditis elegans N2 (n=3)
®£3 &5 EUL EHEIR( xts, n=3)
Table 3 Statistical table on the lifespan of Caenorhabditis elegans EU1 ( x* s, n=3)
LR 2B V14 ¢ fi/d AL FE FF A % K n/d R IEFF 1%
EUI = 15.99+0.61 0 19.16+0.49 0
250 pg/mL 16.24+0.89 1.56 19.90+0.96 3.89
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T ar 28 CL2166 1 GFP 96561 ; b: 9GS HrEl . SXHRZHAR L, ~"P<0.01, ns P>0.05,
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Fig.8 Effects of DOP on expressions of GST-4 (n=3)
8 r b 8, .
¢ Hsd - s #10d wm E[
6 L 250 pg/mL 6 k- 250 pg/mL
B B .
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[+ 8 .
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B |
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< 4}
é *%
g s b >;_<‘_* T
| S BN B BN
0
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HHEA
H: S5 ER4IM E, *P<0.05, #*P<0.01, ***P<0.001, ns P>0.05,
19  DOP MR KAF SRR M (n=3)
Fig.9 Effects of DOP on aging-related signaling pathways (n=3)
s g Ry — R AE RGBT
3 WikS%Ee T 25 % R0 2 e B o, 0 P Y

KA DOk 38 2 — B AR R B o U5, 0k B s A A
R 1) 2 2 LR A DL RS X S s . o I F SR R, s
PRk e A7 i ADILIA A B Ih BEVR % e R 0T B 55 0 A
W5 &, 250 pg/mL () DOP ] (.35 4E 4 N2 £k F i,
HIHEFF R AT IE 12.73% 03 X 5 B 2% AR TR AR AN &
B, DOP I&AT ML B2 sh AT R RE Sy MR RE T, S ifii
FEAE A R A AR o A, ASBIESERSI T DOP f 4E 77
VEFTR A SHRHULY BAE S8 A G . 4538 W, DOP nJ i
F IR LR AU EL A T Z R, HE—253RB] DOP ]

AALBUG I . BRI AR 2 530 ROS Wi m A 4h, 3
Z 25 ROS R RUS UM 5 & B, 2k dUk N
ROS & Fi KM 2, Fit, BT iR
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