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Abstract: The objective of this study was to observe the effect of Astragalus membranaceus on high sugar-
induced Caenorhabditis elegans, and to explore its mechanism of action. UPLC-MS method was used to identify
the components of Astragalus membranaceus. A high glucose model was established by using Caenorhabditis
elegans as a model organism, and the effects of Astragalus membranaceus on body length, body bending,

swallowing frequency, and reactive oxygen species (ROS) of the nematode were determined; the effects of
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Astragalus membranaceus on the expression of mRNA of genes related to the protein skinhead-1 (SKN-1)
signaling pathway were examined by using the real-time fluorescence quantitative polymerase chain reaction
(PCR). The results showed that compared with the normal group, the nematode body length, body bending, and
swallowing frequency expression were significantly reduced and the ROS content in the body was significantly
increased in the high glucose state; after the administration of Astragalus membranaceus, the body length, body
bending, and swallowing frequency expression were significantly increased, and the ROS content was significantly
reduced (P < 0.01). Compared with the normal group, SKN-I, superoxide dismutas-3 (SOD-3), glutathione
S-transferase 4 (GST-4), and glutathione S-transferase 7 (GST-7) expression were significantly decreased in
Caenorhabditis elegans in the high glucose condition; SKN-1, SOD-3, GST-4, and GST-7 expression were
significantly increased after administration of Astragalus membranaceus (P < 0.01). In the present study, we
demonstrated that Astragalus membranaceus has an effect on high glucose-induced Caenorhabditis elegans
nematodes, and its mechanism of action may be through the modulation of the SKN-/ signaling pathwaym in order
to ameliorate the oxidative stress response induced by high glucose.

Key words: Astragalus membranaceus; Caenorhabditis elegans; oxidative stress; protein skinhead-1; high

glucose

B PR 5 A2 — Tl LA vy 00 S 5 A0 P 48 e A
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NS AE R E T E B A S PR BT R SR
J1 2 [B) R AN A7, 8 1A 4T, D= AR A A R
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AT, LX-300); Bt R A R REE (#2[E Leica, SP8).

REKEYMHSIE  REOE KT 50 g, METE
[ JEE K, 010 £ 2 5 B /K A& 2 h, YAt i
WERHR, BEE LIRS ER2RG, &IFIER, ZRBE
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UPLC BEH C18 {4 i 4+ (100 mmx2.1 mm, 1.7 pm); i
A 0.1% FH R K IE R (A)- 21 (B), B B 3 it (0~
15.5 min, 8%~35% B; 15.5~32.5 min, 35%~95% B;
32.5~32.6 min, 95%~8% B; 32.6~35.6 min, 8% B);
PRFIR R 0.2 mL-min™'; #3735 °C, #EFEE S ul.

B2 HmE % B U (ESI); IE B A
ot R AR AR A S fid & RS (full
MS/dd-MS2); F3# 75 FEl 9 m/z 100~1 500, — 2% J5i it 7
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BRI PR ) B AR

BEXNHFWEF & RLIENNEMI KGR
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HEE X4 SOD-3 BN K5 & 3ot 7] 25 4k 4k 22
HI CF1553 LR sy sugp, B K4 AL s AL
T30%. 253 Ra, WELA L2 1.5 mL B LEN,
10 000 r-min B0 90 s, 7 35, 17 550 B IIN 20 pL
JRZ4, RAT 35050, L 2 e, F FL B AR 23 b,
JeIL IR A BAEAT 4 ZE 40 IR, A Image J31F 43
TR HuAd Y (B

IR EE PCR K& A5 kb3 H A K
REZLANMIME R E XA, GHL I EEAD
T 1000%. 4524 K, MO Sl e 28 B, 5%
% 1.5 mL 20 AN 10 000 r-min”, 090 s, 7 L3,
IEE 1.5 mLEOE N . Trizol RIS RNA, I
73 RNA (99 5, S [0 % 55300 &5 U0 B 15 DL RNA
PRI % 57 £ B cDNA, SR i PCR SR [RI ik, 22T
DAt EAR RN R A ' FER G P HE 1

Table 1 The primers using for RT-qPCR analyses

Gene Primer Sequence (5' to 3")

SKN-1 Forward primer ~ACTCCCACCCGAATGTCACT
Reverse primer GCCGTGTTGATCCACCTGTT

GST-4 Forward primer ~ TTTGATGCTCGTGCTCTTGC
Reverse primer GGAGTCGTTGGCTTCAGCTT

GST-7 Forward primer ~ GTCAGATCTTGGCCTACGCT
Reverse primer CCAAGTAACGGGCGATAGCA

SOD-3 Forward primer TCTACTGCTCGCACTGCTTC
Reverse primer TGTTCACGTAGGTGGCATGA

S-Actin Forward primer ~ AGGATCTATCCTCGCCTCCC
Reverse primer TCCGTAAGGCAGATGACGTT

Gt F 54 R SPSS20.0 e it F AR AT 4T

SERUIEIE £ W MEE c£5) BoR, TEESOMHE,
% M [R) P38 R 5 22 93 W, 5 22 5% 4AL 18] 4 7 B 3R
LSD i, 77 2 A5 FH Tamhane #: 5% . JE IEASTE 1 4,
PR TR (Kruskal-Wallis test), 24 P < 0.05 I} 2 7
B Gt E .

LTS
1 BAENREIEHMR

K UPLC-MS Hi R, PL0.1% HERIE R (A)-L
(B) it B AH EAT B BE B B, IR FH ESLE U8, 437
TEIE A B TR AT A R R — 20 i 4, SR8 4k
E YD) — R0 TG B, 45 A SRR TE X B
TS E. BB R MR [ VI
TP T LB A R N B AR R I TR AT TR
WER FHEST [ sMILEM ((2).
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SEUGSE SRR (B 1), 5o IR 4R B, AL 4 55
e FF 28 AR K B 2E 45 (P < 0.001). SR AL,
5,10 /120 mg-mL™" B [ 45 245 2 15 g 50k 35 489 0 75 M BaoAT
2 AR (P <0.001). HHUETT L, B8 B X 75 N B AR
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Figure 1 Effect of Astragalus membranaceus (AM) on the body

length of C. elegans. n = 60, x = s. " P < 0.001 vs control; ""P <
0.001 vs model

3 FRPE &R EIENAIF N

SEIG 45 R (82), 55X IR A b, #5570 20 75 T
B 2 e Sk #4580 8 2 PR R (P < 0.001). SHEAYZHAH
tt, 5210 A1 20 mg-mL" 3 (€ 25 25 2H 3 fig 2 2% 4 = 75 T

Table 2 LC-MS data of Astragalus membranaceus chemical constituents

No. Identification Formula Ion mode Detected Expected MS/MS fragmentation (m/z)

1 Astragaloside 1 C,H,0, [M+H]" 869.482 7 869.489 3 689.426 9, 671.416 2, 653.405 8,
635.400 6, 473.361 5,455.352 5,
437.3419,419.331 3, 157.048 9

2 Astragaloside 11T C,H, 0, [M+H]" 1031.5480 1031.5439 869.491 4, 437.342 0,217.071 0

3 Astragaloside A C,H,O0, [M+H]" 785.020 8 785.468 1 587.391 7, 569.382 4, 587.391 7,
473.362 3,437.342 4,419.330 8,
143.106 9, 125.096 4

4 Calycosin C,H,,0; [M+H]" 285.192 3 285.075 7 270.052 6, 253.049 5, 225.055 8,
214.062 1, 197.059 6, 137.023 7

5 Calycosin-7-glucoside C,H,,0,, [M+H]" 447.129 2 447.128 5 285.076 0, 270.052 5, 253.049 6

6 Ononin C,H,,0, [M-HT 429.1259 429.118 0 256.133 4, 112.984 6, 269.081 1

7 formononetin C,H,,0, [M+H]" 269.136 3 269.080 8 253.050 1, 237.055 0, 225.054 9,
197.060 3, 118.041 7

8 Isoastragaloside I C,H,,0,, [M+H] 869.667 9 869.489 3 689.431 2, 671.420 1, 653.405 1,

473.362 2
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Figure 2  Effects of AM on body bending frequency of C.

elegans. n = 10, x = 5. ™P < 0.001 vs control; P < 0.01, ""P <

0.001 vs model
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Figure 3 Effects of AM on swallowing frequency in C. elegans.
n=10,x = 5. P <0.001 vs control; "P < 0.01, ""P < 0.001 vs

model

AH G, B2 CF1553 28 Rk R A & W3 PR (P <
0.001). SR AL, 5,10 F120 mg-mL"' # 4
B2 2 32 1 CF1553 Zk U O R IE & (P < 0.001).
FH AT L, 3 S 5B 35 B SOD-3 B A HI Rk, T IR
75 T B AT 26t ) S B R P
7 HEXTSKN-1.GST-4.GST-7.S0D-3 FiXHIE MR
S RLIR P N SR AL AN BT A A 2R AT P — otk
A, A IUEN R R 2> B HEE AR, SE
56 5 R (K 6), 50 IR L AR L, 70 24 55 N B R 28
B SKN-1 3275 38 2 [EA% (P < 0.05), GST-4.GST-7 il
SOD-3 335 75 i 3% PEAK (P < 0.001). 584 A1 Lk,
20 mg-mL" B B 45 24 21 B8 I 35 B2 1 75 N BeOME 2R U
SKN-133% (P<0.01); 10 120 mg-mL" # & 45 25411y
RE 0 35 4 = 75 W PR T 2R HL GST-4 M GST-7 3R 1A (P <
0.001); 5,10 A1 20 mg-mL™" [1) 35 B 45 25 241 ¥ fig 2 3% 42
171 75 N B FF 28 L SOD-3 [k (P < 0.05, P<0.01, P <
0.001). H AT WL, 35 & 7] fgid T 3% SKN-1 15 518 %
DA v B T 55 TR AT 2 L i S A A

ig
—EIRBE AR R S I AE KR E, K

Control

AM 5 mg-mL"!

AM 10 mg-mL"!

Figure 4 Effect of different concentrations of AM on the levels of reactive oxygen species (ROS) in C. elegans. Scale bar: 500 um. n = 30,

X+ 5. *P<0.001 vs control; P < 0.01 vs model
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Relative fluorescence expression

AM 20 mg-mL"!

Control Model

AM 10 mg-mL"! AM 5 mg-mL"’

Figure 5 Effect of AM on the fluorescence expression of CF1553 nematodes. Scale bar: 500 pm. n = 30, X = 5. P < 0.001 vs control;

""P<0.001 vs model
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Figure 6 Effect of AM on the mRNA expression level of C. elegans. A: Protein skinhead-1 (SKN-1); B: Glutathione S-transferase 4
(GST-4); C: Glutathione S-transferase 7 (GST-7); D: Superoxide dismutas-3 (SOD-3). n = 3, x £ 5. "P < 0.05, P < 0.001 vs control; P <

0.05, P <0.01, P <0.001 vs model
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(advanced glycation end products, AGEs) Flff PR 28 Hi 4
T fi6 K BIR i) 55 W B A 42 R 0 2 o AR ERR FH v ik
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[H] J& T SKN-1 1) TR . GST-4.GST-7 HJE T4
b H Ik S-#E R Bl 5 %, Be s S AR 4N i B DNA [ AL
Bifs, A GSH 5 A &9 AL &I 4 &,
RIEFUEAAE IR, SOD & — Mtk 4 8 B, e
PEAB S B B F B B3k Ak AR R R A AL, AT
TET 750 2k BB BRI I, A T BR 2 ki ik iy 40 i
B . W TR A, b I 75 T e T 2 A

P SKN-1 [R5 B 5 FRARIY, ek, it i FAh 5 5 55
0 B AT 28 E 77 2B S A B8 s B, AT W %% B SKN-1 1 3R
TE 7K B S BRAREY, SH Bk R A H,0, 75 5 10 S8 Ak R s
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F BRAR A7 [ SR 3E A B SOD-3 Fl SKN-1 3£ [X]
(I2IE NI AR R B S B AR R B ST
e AT 22 B, Kl 26 B Ak 1y SOD-3 UL Je GST-4 ) 3R ik,
4l B 3% 0 v B 4 SKN-1.SOD-3 GST-4 mRNA [{] % ik
3 TR RPN, 3 W v TR 2R AR P R B A B
L E S E R RIA.

TF 70 3 WA 7E 7 A, 2 57 0 28 LSRR N B A R
W R E KL B GG, FA R 2 iR
SOD i P, #ll ROS, ¥ /> MDA, 22 fift 75 N Ba AT 28t
VYRR SR A N SR B4, R RO e BRLAE T R RR B
TR 2 ) 2 AR K Sk R RS VI IR R IA 1 B
EHN; A A A R ERFK, SKN-1.S0D-3.GST-4.
GST-7 RIXIEFE N . XFRHE LR EF 1R
BErh, IR TE B AR T, S Re e = 4 b A A R
PN B T LSRR RE PR R I S A R B, T Re i Bt
A S B PR BB PR IPS H R SE « AN SCR A UPLC-MS
FAR XS B BT A AT B BT, R A
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REH | EREHIL R P BRI B8ER
PO SRR VRO T e R SR 8 R L
G SCHRIRIE, B85 B AR W] PR LR HL ik Y ROS
KK, BABUAALRE 710, B T 4R 4k
K Py SOD A A Sl A5 1, A2 ST A 1 P,
SCHRIR 7R, B8R B 5 B 0 R AT RE R B ICHL AL
R 2, LR AR SIZ B8 R X I 9 A B 2 7 7 5
P85 1) 245 R EAT WA T LR BE TR % A Bt SKIV-1 1
BRAE SR ROP RAERIZ AT . SR BRI, BRG]
REE L A 4% SKN-1 45 5 3 5 e 4k LTS AL BE 0, B%
fRROS K-V, $E5RIS BN HE /7, B0 W AL Zh BE, AT oo
B 5 3 A, AN SEIR O BRI ER AT JU B E 1B
WA SO B A

{EETTRR: MR AT Bt MRS AE R
W28 203 KDL VIS FE T RS S SRR AR K o)
BT USCEE ; A SOt 7 BT o A A 8 SCHR R TR S0 BT SR B
T RB SR .

FamhsR: AE A PIAAFAER ZE 4R R
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