542 % 5T i Tl B Vol. 42 No.7
2021 4F 4 H Science and Technology of Food Industry Apr. 2021

ZE/INBH, REEDE, SRS, 4. Bl w0 E MR T A0 P B CH il PR B/ N R A LSRRG P (], B Tl B, 2021, 42(7):
188-194. doi: 10.13386/j.iss11002-0306.2020060194

LI Xiaoyang, HAN Guanying, YAN Song, et al. Extraction of Total Alkaloids from Suaeda salsa and Its Antioxidant Activity in Mice
Fed with High-fat Diet[J]. Science and Technology of Food Industry, 2021, 42(7): 188—194. (in Chinese with English abstract). doi:
10.13386/j.issn1002-0306.2020060194

- TZHRAK -
B U E R E T & e o g
RE/MRIYEN DR TE:
R, BEES S R, e, |, E

(148N BEAF K 3, i 7457 121000;
245N EFKFWE S — KRR, I T4 121000)

||

v

1 E. 06 RAMEZEAMBARRIY, ARBELLEE MBI SRR D ROGERANRANE, Tk &%
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DNREFEE, EHPEANDENREEIF. SR BREZLADBYRERRTE: LB EE 20 min, A2 FRA
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Extraction of Total Alkaloids from Suaeda salsa and Its Antioxidant
Activity in Mice Fed with High-fat Diet

LI Xiaoyang', HAN Guanying”*, YAN Song', ZHAO Yandan', GUO Bin', CUI Zan’

(1.School of Pharmaceutical Sciences, Jinzhou Medical University, Jinzhou 121000, China;
2.The First Affiliated Hospital of Jinzhou Medical University, Jinzhou 121000, China)

Abstract: Objective: To optimize the extraction process of total alkaloids from Suaeda salsa L. and study the antioxidant
activity of total alkaloids from Suaeda salsa on high-fat diet in mice. Methods: The yield of total alkaloids from Suaeda
salsa was used as the index, and the orthogonal analysis was carried out on the basis of single factor experiment. The total
alkaloids of Suaeda salsa were gavaged to high-fat diet mice, and the aging indexes of mice were monitored regularly.
Results: The optimum extraction conditions were as follows: Ultrasonic time 20 min, ultrasonic temperature 45 °C, ethanol
concentration 85%, solid-liquid ratio 1:10. Under these conditions, the yield of total alkaloids was (0.65+0.02) mg/g. The
antioxidant activity test showed that the low, medium and high dose groups of Suaeda salsa total alkaloids could
significantly reduce the content of MDA in the liver of mice (P<0.05), and the low(2 mg/kg), medium(4 mg/kg) and high
dose(8 mg/kg) groups of total alkaloids of Suaeda salsa could also significantly increase cat and GSH-Px in liver (P<0.05).
Conclusion: The optimized process has good feasibility. Suaeda salsa alkaloids can be used as the basis for the study of the

total antioxidant activity of Suaeda salsa.
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SHZ-D(11 D ERAK GRS g 72 w5 BP
211D B F 43 Hr R 8 [E Sartorius 2 7l ; RE-
3000A igh4 28 &AL i) P2/ F]; UP3200HE %%
AP VER PRl 2 A TR A R
F]; PHSJ-4A 52503 pH 1T IR BRI BR
2N ) UV-2550 B S8 A 43 566 BE T H A B
UP3200HE ¥ 8r5  me 5t 2278 158 75 i 1848
HBRAT]; 80-1 BELHL H M RERA S A FR A F] 5
SCD-118TMPA 7KFd  iF/RIcA3 23 7] DH-360(303-
DIEWREEFRFE i ERA R B H]; 680 7Y
4= HENEHAMY S&[E Bio-Rad 22 H]; WH-3 fHU7R%5S
RE FHERERHIOIEA R A A
1.2 EWHE
121 BEERL AR T2 R RAS 1 B
I R R A W T, B AL TR e 60 B ik i 45 H o
ST ORREREE Y 5 g, IR R LA — 2 TR
JE ) B, FE— TR . — B iR 2
AT RS S I As o, DEWOKE TSI 25 mL
1% HCI1 #7575 1 min J5 A 2 mol/L NaOH £J 3 mL
B pH IH &= 10~11, i 3% /5 2& % il A 35 mL
TR 3 IR, BIFEEUR T 40 C LR RAL
T, 2 mL P o B S A A i, LA
SRFE R e A5 A B (o 22 e (o [T AR, R Sy e i A
YIH
1.2.2 %5 0
1.2.2.1 BUALERER RN, HORALSnE 2 g, IIok S IR
20 mL J5J1 50 mL ZEMR/K AR B 1 mL Hfl3% 518
AR MR TR R, T 1~2 iR L AR, WEE
SR AR UTRE R UTrE S,
1.2.2.2 BL-EUARER RN Hemt 0.5 g SELEAT 1.5 g,
JNZERZK 25 mL ZEM/KFRE. B 1 mL B T4
o, i 2~3 AR . RS T AR DLTE AT
vESIEI,

1223 FERPRIN  HUEESSIR 10 g InZEi K H R
% 100 mL, B 1 mL B T b, i 1~2 AR
I WESE A=A ULTE S DTvE R (a7,

1224 BUALIRFRY  HUBUESR 10 g, BiiZK 10 mL
RS, oI S AR AN I, BE N B
P, 2 A B LT A0 0 TE A P N 28 08 K R R &
200 mL. HX 1 mL B T4, I 2~3 JE ik R
PR, SR AR UTE R UiE s el

1.2.3 BIEEEAYHEEBGEIE 2230k [20—22]
1 07 %, SR JC/K S B R 350, RS 3 e ) 14.28,
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PRI E RO G EE A H, ARPR IO G REE A A
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R B (ng/mL) s Vil R
Bl 25 )5 AR EL (mL) s Mk S 56 FH 8% 085 19 5t
H(g)o
1.2.4 TERLSAEYIEA R SR LAREE SRR
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B B | ORI L 4 A4 PR 3R ieisEE R A e
PSR, FEREA R D, I 5 DK TR A 3R
1, FRH S A R, O .
1.2.4.1  AS[A] 8 75 B (] X i3 50 AF P e e Bt 1) 5%
M R ERRR A 1:10(g/mL), A8 A IREE N 40 °C,
BEHRIE R 75%, K 1.2.1 Y e BmsieE & i A
WYk, PPANASIE] A E] (10, 15, 20, 25, 30 min)
Ko O B A R I ) S
1.2.4.2 AN[m] 8 75 i B8 X i3 = 5 AE P mei B Ut 1) 5%
Wi [ AR AR SA 25 min, ZEEHREE R 75%, BHE
el 1:10(g/mL), SR A 1.2.1 B 75 7255 S Ui w5
Ao, VF AN TA] 4 7S IR BE (25, 30, 35, 40,
45 °C) Xz AR PR R S
1.2.4.3  N[A] £ B X i3 o 5 AE W me H Lt 1Y) 5%
Wi [ R e A 1:10(g/mL) , BB 7S BE] 25 min,
IR R 40 °C, SR 1.2.1 B s HE HORssEE s
AW, P AS TR B B BT R (55% . 65%. 75%.
85% . 95% ) X B i B A= W HR R B 1Y 5 .
1.2.4.4 UNTRPERG BEX B3 R R A P el 4 HC a1 52 e

[#] 5 B FE B 1] 2l 25 min, BBFFIEE N 40 °C, L1
W R 75%, SR 1.2.1 B9 7 1k BB 2 7 A= 4
B, PEM AT AR L (1:8, 1:10, 1:12, 1:14,
1:16 g/mL) X HfgE B A= Py B A5 i .
1.2.5 PR S EYIIY IE SR AR R 90
ZE GRS R] | RS R . SRR OB L
FEEIN R, BRI R e =K, B Ly(39) 1EAZ
T LA o Bl B A i e PR T ISR
I 1.

# 1 IEZREN RS KT

Table 1 Factors and levels of orthogonal experiment

\, S

¥ AR E] (min) BAEA IR (C) C: LEEHRE (%) DBHE EE (g/mL)
1 20 35 65 1:8

2 25 40 75 1:10

3 30 45 85 1:12

1.2.6  H8G& &L A Wrmdde S AL Ts P A R

1.2.6.1 LK AALEE  # 100 2 4 JHIEE W] SPF
B (M52, AR TR 202 @), FENLS N 5 2H (B B
BAEYIRRAG . b R g, IR BRLH, JE H X R
H)RFH 20 B, 5 H—5, IEWHES T/ B
Bk, =5 R L X B2 45 T v AR imlkk, Bl B A A ik
%, A EFIEES T, B SEge = HI15 099
LR 0K S 2R K AR PE /N BRUACER (R 20 g) Fe il
J% 2. 4. 8 mg/kg, JFEXT/NERBEATHRE E |, g8 AR /)N B
17T A RROK R, R L4 9 STy, Est
4.8, 12, 16 A, ¥R IR = IR B HIAE 22~
25 °C; 40%~60% .

il =i=Lip SNy Al N 1 S g SR A N =i (v e
B AHEEES ECA 1%; 35082 10%; SR8y &
BN 10%; AHER 4H & 8 o 0.1%; L aliim el & &N
78.9%.

B S2I /NS AN ER K 12 h, JH 20% S RidH%E
0.1 mL/20 g #5 /NS P S 31 7RIS, I8 330
Jk BN T S A R AN A B S B A b, B
30 min, 3500 r/min 5 BS.0> 15 min, 535S M35 2 )5 &
F—80 °C AbR-AE . WEHRELIN ¢ 1l , ik B/ BRUFF IR
SERIRA 4 °C AR K b BEA T e, R4 3=
7K S8 FRELES FHEIFIE 0.2 g, A 4 °C A3
Fhok 1.8 mL #l B 10% I IFA13%, B T B AL
3500 r/min J&5 25.0> 15 min. B E 3SR (IF2138 7B
W), AT T—80 °C .

12.6.2 MDA FHME  HL 10% M 43¢5 b,
Tz R0 & 2R YT #E4E, 3500 r/min, B5.0> 15 min,
BRI % W, #e BE DS s (MDA 357 & i B B AT
M o

1.2.63 CAT FHIMIIIE B 10% A HF 203K 8
3500 r/min, B5.0> 15 min, B VS, $47 B8 0 AL S
(CAT)IRFIE A BT AE .

1.2.6.4 GSH-Px &yl & HL 10% A9 HF 233K 56
&, 3500 r/min, B5.0> 15 min, B F3E# 1 mL #4750
052N, FE A B H e 8 bt (G SHD i B 2R
PHEATHERE

1.3 #IEIE

SCEGEE LAXES o, SR Origin8 HA4HA,
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Table2 Alkaloid identification reaction Fig.2 Effects of ultrasonic temperature on the yield of alkaloid
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Fig.1

Effects of ultrasonic time on the yield of total alkaloids

70
LBEREE (%)
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Fig.3 Effects of ethanol concentration on the yield of alkaloid

TR I AR S 18 N ) — S 0 i ol B S S M A1
M) IS B e, PATTSE I T A= M hiiss Hh, REAIRZE
PO PEHCEE R, PR L RS 75% .

2.2.4 BRE X GE FL B A PR U 15 AR YR
4 ] LU H Bif o $ BB 50 g 5, el i A
Yos PR B R B [ SR EE S 75%, 24
BHRE LR 1:10 B, SRl $2 R 0.56 mg/g.
ARSI B LY, B8 SR A A R A T 4.
] BB B A T AR 1 18 R S B e i AN
FEorE, BOEPERCEHE A 1:10,

0.60 |
0.55

0.50
0.45

2.2.2 A IRLRE X R A IR O BRI AR
Pa &l 2 nT IR Y, 0803 A AR ek ) S G B 25 R
FERREEAT e, PR B T, SSERE TR 40 C
Ao, PRI D B AR AR P R BE AR T i, iloze
AR O T R R, 7 AR AP S DU R ]
AEJEREE A IR Ty, — B2 Tehfr 20 1 A=k
AOPRHREY . WOk PRSI Y 40 °C.

2.2.3 LA BE XTSI IR BOR ORI AR
Pal&l 3 "L, BEAE SR BE R T, Bl R S
Yt ORI o Y LW EE SN 75% B, Tk
YRS YRR N 0.58 mg/g. W Z R EEY
PRSI IS AP R T [ AR, X AT RESEh T

0.40
0.35
0.30
0.25

SV IR (mg/g)

0.15

0.20 -
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s
/

1:8 1:10 1:12 1:14 1:16
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P4 BRI AT B B A MR IR ) 520
Fig.4 Effects of the ratio of material to liquid on
the yield of alkaloids

2.3 EREIHAERER

F2 3 Ao, B 22 (ROME YR/ INS R T S8 I 3R
X EEAEPRAUSERR L . R AHBR, ORI 2T
B A IR PRI SRR . FEREE AR



- 192 - £ Tl B4

2021 4 4 A

PIRRARE T 255256, X B A i U B S (R 2R
MRIR - B L8 75 iR > Z ek >l i ) .
T, 7 gl R ki3 B R A B ) B B 5 ) e R,
P I ) o ki e S A R S M /S o BRGEE REL
AW AETR I T 2228 A B;C,D,, RIEA A 8] 2k
20 min, BRI 45 C. ZEEHE 85%. Bl b
(g/mL)24 1:10,

# 3 IERRBHAR M AR
Table 3  Orthogonal test design and results

W5 A B C D RBUE (mg/g)
1 1 1 1 1 0.22+0.04
2 1 2 2 2 0.56+0.03
3 1 3 3 3 0.58+0.04
4 2 1 2 3 0.32+0.02
5 2 2 3 1 0.26+0.03
6 2 3 1 2 0.58+0.05
7 3 1 3 2 0.54+0.04
8 3 2 1 3 0.32+0.02
9 3 3 2 1 0.48+0.02
k, 0.453 0360 0387  0.320
k, 0.400 0380 0453  0.573
Ky 0.447 0560  0.460  0.407
R 0.053 0200  0.073 0253

FHER 4 AT, AR HL 5 0 75 R R Xk s 5 i
YIvs PR G B W R ( P<0.05) , A8 E [E]
T P o e e o S ) P B S i) AN RS
24 BRI

R 1.2.1 B9 R T B, e RS EY)
BRI EGR A 0.65 mg/g, 45595 T 1E 321l se H
LHEEEI, RHIZIRBCT. 288817,

2.5 WWERESEVRIMEEESLINER
251 BGEE LAY/ NSRRI AR IRk
B FR/NEL 4 JE T, A EE S B S 25 5 (P<0.05),

xS RIERERK

K4 BT 2

Table 4 Analysis of variance of orthogonal test

HZE eyl [EN::): Y7 FH P
A 0.005 2 0.0025 0.500
B 0.073 2 0.0365 7.300 *
C 0.010 2 0.005 1.000
D 0.099 2 0.0495 9.900 *
R2E 0.17 4

T * P<0.05%n B BT

FNR IR E A/ BRAAR S T E R 4/ N BUAE 2 8%, 1
AR E I FE/INEL 16 JEE] /)N B ER H1 AR Wl 3 2% 5
(P<0.01), W= IR IR E2H /)N BRAA R B o T R 2H /N BRI ER
25 20%.
2.5.2 BEGE R LA YR /N TR T MDA E & R R
M AFE 6 T, NEBIRTFIEIE 3 40 MDA B &5
1F 2.15~2.70 U/mg Prot BY I FEI N 251k . 1E & X 1R
ZH MDA 5 12 JE B EE(E, 2 )5 AL T2
RS, T RERBEE /N BRI KT fkRE ot
B U055 o e AR BEZE 4 /N B, [l 35 ) 3 sk TR] ) 1
i, HAFAE 9 MDA & &5 E R A 3 25 5
(P<0.05). S51EH % HELH M m ARk ErxT BEZH bR, o
BRG] LIRSS BRUHE
HEr MDA 19785 (P<0.05), HIRE IR 4H A4
2 MDA {E¥7E G0 S Ui A5 i S 5u Bl o
2.5.3 fcERLEAEYIT/ NEUHES CAT & il
M 7 PRl AL IEE /N B FIE CAT (B & A
12.44~16.68 U/mg Prot IFLBEINAEfk. CAT &AW
R AS 22 21 i BB AR SR, G 3 R TE BR AR Y
9k A S X HLA A 3 9 B Bk 3 i iy
P RS BRZH Y /N B, B ISR A ] g o,
FFAEH Y CAT & 5 1IEH 4 e i R (P<0.05) .

B/NRARE L (g)

Table 5 Body weight changes of mice fed high-fat diet (g)

2150 457 8JF 128 16J8
EHF 4L 21.7+1.1 23.1£0.9 24.2+0.8 25.140.5
IR EN 23.4+1.2" 25.4+1.0" 27.6+1.2 30.1£0.7"

H: HIER 4 AR, *F£RP<0.05; S1ER 4 LA, *# R P<0.01,

F 6 HHER A AEYIIOOR IECE /N U IE MDA 5 5 #9520 (U/mg Prot)
Table 6 Effects of total alkaloids of Suaeda salsa on MDA content in liver of mice fed with high-fat diet(U/ Mg prot)

25 4 8JH 12) 16J7
IEH A 10.25+0.10" 10.660.04" 10.80+0.13" 10.67+0.04"
et R 10.62+0.08" 11.02+0.07" 11.17+0.13" 10.99+0.22"
T3 A AR S 10.10+0.06™ 9.89+0.10"" 9.83+0.12" 9.77+0.16™
T34 L S A e ) 2 9.98+0.08" 9.71+0.04"* 9.66+0.09" 9.58+0.09™*
B S B A e e ) 9.62+0.07" 9.47+0.11"* 9.44+0.07" 9.38+0.12"*

T 5 IR N B2 LA, 3878 P<0.05; 15 i AT HIAH LU, "3R8 P<0.05.
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Table 7 Effects of total alkaloids of Suaeda salsa on cat content in liver of mice fed with high-fat diet
205 47 8l 128 16/
IEH Al 12.44+0.73" 16.09+0.38" 16.13+0.08" 16.68+0.57"
TR IR 10.90+0.92° 12.05£0.41" 13.310.44" 13.94+0.45"
TR R S A W R ) e 2 15.030.60" 17.50+£0.41" 17.51+0.23" 18.40+0.59"
BB A W e 7 e 2 16.28+0.80"" 17.53+0.51" 19.54+0.54"" 20.0540.55"
TR A ) e 7 e 2 16.54+0.75" 20.57+0.83" 20.75+0.48" 21.2040.90""
T HIEF X A LU, *RRP<0.05; 5wl wd BRZH LL A, "5 P<0.05; 387,

8 BIER LAY FR TR

/N EUIFIE GSH-Px & E A2

Table 8 Effects of total alkaloids of Suaeda salsa on GSH-Px content in liver of mice fed with high-fat diet

215 45 8] 12)% 16J&
¥4 669.74+4.40" 673.86+2.96" 680.31+3.09" 774.19+2.417
g L 602.31+1.68" 618.2242.97" 621.92+2.40" 743274217
TS A AT e 2 733.95+3.33" 860.77+3.76"™ 980.38+5.91" 982.94+2.53"
TS A i ) 2 818.57+2.43" 894.53+3.12" 980.08+3.03" 1004.0742.05"
T R A e e ) 2 852.56+2.87" 1012.56+3.09" 1025.49+3.11" 1078.09+3.02"

5 TE B REZH K s R B X AL He g, fidlase v )
BI AR L Hb L SR 2H X RT DA RS s BRUBE E oh
CAT W&, FEH HEL TSR0 1926 5 (P<0.05) .
ML STATEE 7 AT, BEGEE R AR PR T U i R IR
B/ IFIE CAT SriAa 2L, B SR (] (3
i, ZNEATFREFR Y CAT & dabt = B4,
2.5.4 R EA Yot/ BUFIE H GSH-Px 5 & 1Y
M3E  GSH-Px Jt—Fhalpa B ARG A LN, |12
ST ATAEAIML PN, A EEISTE IR N i H AL, e Re R
31 40 I 5 (%) T RE 5 A5 A AN R e IR0 2 8 W
J1, TE 20/ B E B GSH-Px $5 5Bl 25 10 37 b5t [a)
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