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[Abstract] Objective;: To optimize the extraction method for polysaccharides from turnip ( Brassica rapa) , and analyze

and evaluate the primary structure of the isolated and purified turnip polysaccharide fraction(BP-1) and its hypoglycemic effects in
diabetic zebrafish. Methods: Taking polysaccharide yield as the evaluation index, a semi-bionic extraction method was employed.
Single-factor experiments and Box-Behnken response surface methodology were used to investigate three factors of solid-to-liquid
ratio, extraction time and extraction temperature, in order to optimize the extraction process. BP-1 was isolated and purified using
the Sevage method and DEAE-52 cellulose column chromatography. Structural characterization of the turnip polysaccharides was
performed using ultraviolet-visible spectrophotometry(UV ), gas chromatography-mass spectrometry (GC-MS), Congo red assay,
and Fourier-transform infrared spectroscopy (FT-IR) to determine purity, monosaccharide composition, triple-helix structure, and
functional groups. The microstructure of the polysaccharides was observed using scanning electron microscopy (SEM) and atomic
force microscopy (AFM ). Zebrafish were divided into the blank group(adding E3 medium) , and BP-1-1, BP-1-10, BP-1-50, BP-
1-200, BP-1-1 000 groups(adding BP-1 solutions at concentrations of 1, 10, 50, 200, 1 000 mg-L", respectively), and zebrafish
embryos were subjected to a 96-hour exposure experiment. The maximum tolerated concentration of BP-1 in zebrafish was
determined by evaluating its effects on phenotype, survival rate, malformation rate, and heart rate. Experimental animals were
randomly divided into the blank group, model group, BP-1-10 group (10 mg-L"), BP-1-50 group (50 mg-L™"), and BP-1-200
group (200 mg-L™"). The blank group was cultured in E3 medium, the model and treatment groups were induced to establish a
diabetic model in 4 day-post-fertilization(dpf) zebrafish embryos using 10 g+ L of glucose combined with 500 pmol-L" of alloxan.
The treatment groups received corresponding doses of BP-1 solution, while the blank and model groups received an equal volume
of saline. Glucose and insulin (INS) levels were measured using enzyme-linked immunosorbent assay (ELISA) kits, the effects on
the liver were observed by hematoxylin-eosin (HE) histopathological sections. The mRNA expression levels of glucagon
(Glucagon) , insulin (Insa) , and phosphoenolpyruvate carboxykinase 1 (PCK1) were detected with real-time fluorescence
quantitative polymerase chain reaction(Real-time PCR). Results: The optimized extraction conditions were determined as follows:
solid-to-liquid ratio of 1:40(g-mL™), extraction time of 66 min, and extraction temperature of 79 °C. Under these conditions, the
yield of turnip polysaccharides was (10.34+0.96)%. UV analysis indicated that BP-1 contained no proteins or nucleic acids, GC-
MS analysis revealed that BP-1 consisted of six monosaccharides(arabinose, rhamnose, ribose, mannose, galactose and glucose).
Congo red assay indicated that the molecular conformation did not exhibit a triple-helix structure, FT-IR analysis showed the
presence of a-glycosidic bonds and uronic acids, SEM analysis revealed an irregular flaky structure with a flat and smooth surface,
AFM analysis suggested that the aggregated structure might be formed by the entanglement of molecular chains and intramolecular
hydrogen bonding. The maximum tolerated concentration of BP-1 in zebrafish over 96 h was determined to be 200 mg-L".
Pharmacodynamic results showed that, compared with the blank group, the model group exhibited significantly increased glucose
levels and significantly decreased INS levels(P<0.01). Compared with the model group, the BP-1-50 group significantly reduced
glucose levels and increased INS levels(P<0.05). Histopathological examination of liver tissue revealed that various doses of BP-1
had a certain reparative effect on damaged liver tissue. The liver tissue structure in the BP-1-200 group was nearly normal, with
hepatocytes appearing plump. Real-time PCR results showed that, compared with the blank group, the model group exhibited
significantly upregulated mRNA expressions of Glucagon and PCK1, and significantly downregulated mRNA expression of Insa
(P<0.01). Compared with the model group, the BP-1-50 and BP-1-200 groups showed significantly downregulated mRNA
expressions of Glucagon and PCK1, and significantly upregulated mRNA expression of Insa(P<0.01). Conclusion: The semi-
bionic extraction method for turnip polysaccharides yields a high extraction rate, is simple to operate, has low costs, making it
suitable for large-scale industrial production. BP-1 consists of six monosaccharides, contains a-glycosidic bonds and uronic acids,
exhibits hypoglycemic activity, and provides a certain protective effect on the liver of alloxan-induced diabetic model zebrafish.
[Keywords] Brassica rapa polysaccharides; semi-bionic extraction method; structural characterization; hypoglycemic

activity ; process optimization; diabetes mellitus
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2.1 FEE RS R IEE R T R R e, ok g
i, T A0 B R 12 h, 3R B R A EE R, T
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(55.65.75.85.95 °C ) %= {5 £F $& B IE 75 22 Hilf 42 HiK
RN
2.4 Box-Behnken M i 1 35 O 46 2 05 A 2 I T2
7E B R 50 S il L, AR $5 Box-Behnken M i [
T B A DR 3R S rPORRR L AR LR ]
PEWCR BE N R, A-1.0.1 Fi 4% K & a9 A%
R KT T Tk 2 A A DL 9E R
Z KSR R PE 8 b5, 2K F Design-Expert 8.0.5 8 {4
BT = R R =K 1 e B A A S 86 . PR K E
W1,

1 TESERI T Z M Box-Behnken i 5 H % it
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AR 5+ o m B S B 28 WP A 6%
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250 °C , 1% i 2% Y 1 280 °C , JH I T2 5 (50 °C AR %5
2 min, X 10 °C *min” 7+ & 150 °C, 5 °C *min" F} &
250 °C , #£+F 2 min, B L4 10 °C - min™ F+ % 280 °C, {4
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RNA, #47 RNA ¥k B2 F 200 D 5, 30 5 o e i AT 47
R YA 95 CCHUZETE 5 min; 95 °CAE P 15 s,
60 °CiR K ZEH 60 s, P14 40 MG . LUB-NBh&E A
(B-actin) PN 3% F 22207 B 1158 H 1Y mRNA 141
Xk i, 519 )7 8 i 0O 4 in A P EHE A R A R A
BB 75 L3 2

*2 s51MF%
Table 2 Primer sequences
519 JFH1(5-3") KB /op
B-actin 1 J# CATCAGGGTGTCATGGTTGGT 69
FP# TCTCTTGCTCTGAGCCTCATCA
Glugagon [}l AAGCGAGGAGACGATCCAAA 66
T TCCAACACACACCAGCAAATG
Insa ¥ GAGCCCCTTCTGGGTTTCC 59
Fiif AAGTCAGCCACCTCAGTTTCCT
PCK1 it AGAGCCATCAACCCAGAGAA 112

Tt CCACGTTGGTGAAGAGTGTG

211 HdEsr At EdE 43 #r R H GraphPad prism 9.5

Gt T B Ry £ s TR, EMAIESHT

2555 FH LR 2R 5 22 40, A 0L ) L A SR FH R ik ST

KRR, B AP A IE 2441 BY % F Kruskal-Wallis

BRAKL S , LA P<0.05 8 22 %A Giit s L.

3 &R

3.1 EE Wil

3.0 FEZFELKB AN 3FE R 2R

e 47 52 5 T o e AR A R A, 4300 TR L 1140

(gemL"), $EHUHS [H] 65 min $2 HUEBE 75 °CH} £ B545

FIRE(H . HewI b 0 LR I 1:40(g-mL") , 42

B 8] 65 min $2 BUR 75 °CIF b e T2 & H

FIREE T 200 0. DL R BRI 1t

3.1.2 Box-Behnken i i [tk T. 2 b 28 & A

ZAR 6 45 S, R 3l Box-Behnken %11, VA B £ 4 42

B Ry i 7 Y, B (4, 1:30,1:40,1:50) (FREHL
+ 223 -
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i E (B,55.65.75 min) R HUEE (C,65.75.85 °C)
N34 H AR, F ] Design-Expert 8.06 4% % B4
AT R Z s IELA S R Z ool A g # Y=
10.64+0.077 34+0.094 7B-0.372 4C-0.258 54B-
0.285 94C-0.006 5BC-0.599 74°-0.553 3B>-1.07C*
(R*=0.842 0,R,;=0.929 0) . XF H #4722 531,
LA 7 R B AR G R 80nT S AR R S AR R T BT ik
SR Z AR E R . KOE R B R ,=0.929 0 1F ]
A HA LA AU AR AR
L F=0.430 2,P=0.742 9, 2 LG it¥ = L. H
FAJAN, 34N B 28 0 £ B3R 0 3 M 5 i) ) P Sk C>
B>A, M PALAH R — R IR R C M A8 O
AB AC X e & Z W15 221 52 i B . (P<0.05) , 1M 5
BRI — R I [K 2 A4 B M A2 Wi 2 BC X e %5 2 Wi 15
REM IS G 1T & . i i Design-Expert. 13 X {4
XF [0 7 A% oK A, 45 BRI LA 1:39.431 7(g-mL") |
P2 R [] 4 65.958 8 min 2 HUIR & R 79.221 7 °C,
Y T AE A5 F T 22 05 B IR AT 35 10.298 5%
56 JIEASE AR (10 W P O S0 S B 4 AR 1 AT AT M TR
BHR L 1:40(g- mL™") F2& U] 2y 66 min 52 UK
BE R 79 °C, #E 4T 3 R SR B UE A5 98 ¥ 2 0
FEICR N (10.34+£0.96) % , 55 F0 00 B (B AH L. D 3%
SR 1R B A R o SR FH R I - R 0 I A TE R 2
W& i A3 CRAT SR M AR T B 2SR
85.36%.

32 BP-1WIHAEMERE %45 85aiib1s 3 BP-1
Jei L BEAN AT LAy 606 B B (UV) K & 7, FE 260
280 nm P& K Ak ¥ JC B B 0 ki, 6B BP-1 R & R
H B &R . GC-MS 43 #F BP-1 Fp 2 43, A6 I )
BP-1 & A7 BT RiAR b B2 0E AZ0E H 20 2L b
% BE 6 R bE  BEJR LR 10.75:3.14:32.12:7.39:
23.49:6.02, 3 W] 6 i Ml 2 H 32 S 20 A, 4 A B
RZERY . WA S ARG I R, 5 IR N SR AT
WL B, W B S AR B R R B Y BS W 2R
£1-BPR-1 B & 9 19 W Ac g < 349 2 B o AR 0L 1Y) o
R BP-1 P R EA IR A", FT-IR &
W5, BP-1 A b Jie Bt AR g 22 0 R AiE W i
A7, 3 384 om! &b H B G T SR 14 R AT 0 % Y
Gy F AL ) O-H A8 1 i 46 9 301 52 939 em™ Ab iy
R AUE I AT 06 Sk C-H R 114) oF Bk A0 AS X6 g A 4 B 5, S
BRI R R A R AR AR B85 1 033 em?!
Ab 1) T Wi R C-O-C 4 Fil C-OH 4 1) it 45 3% 3 5
1 414 cm™ &b 1 2R 19 W YAc e Sk C-H 52 1) 28 A R 30 5
822 cm Ab Ay b 3 R AE WA IR o - W B 04 R AR R UAC
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1 609 cm™ &bt B A4 W W U4 Sy C=0 S 1) i 4 Bk 3, A2
T 1R 50T A R AE IR SEM %% Bl BP-1 5
B R T &, MNP AS B0 A 7 bR 2R 4R
A 7E %2 000, %5 000 £5 T , AT LA 31 3 18 AH X 30
JEUE 454 =%, AFM W55 BP-1 /9 2D F i K
R B B, RO Z5 4 R AR 2 A B IR S
Z WSy F B ol 3.8 nm, A 5T K BT, 28 Y Lk
i B — M AE 0.1~1.0 nm P, JIr LA E T BP-1 A9 SR A2 45
4 AT 6 A2 F 43 1 10 AF B 48 28 K 4% 1 P AR 1 A
AR R A, 28 1 S B B A A R D
H0 RSB b ek B B 1 2

TE : A-D R EUSY 5 <300, ¢ 1 000, %2 000, %5 000
El1 BP-1HIRMFHEUE(SEM)
Fig. 1 Scanning electron microscope of BP-1(SEM)

3.8 nm
pm
-2.1 nm
A B
TE: AL R 2D i 18] B. RO S5 14

2 BP-1HI#REHMZE(AFM, x5 000)

Fig. 2 Nanostructure observation of BP-1( AFM, x5 000)

3.3 BEfaXf BP-1 MR RN SZ W BEAG I 25 4

BEIh M0 4 0% B IEH SRR, JCK I I 8.0
Ay kSRR, YBP-1 REEEWEEMRT
200 mg- LB, R DL e B 44 il 25 gty i 42 7K i 45 30
&30 24 5 Wk K 3] 200 mg- L, A4S B BE T £
PR A S, BB R O YK AR K
KEBRE ., LM AEEELE R BN, 7200 mg-L”
DLTR Vi BE B, B £ A7 15 AR 4 100% , {5 Bl %5 ki
T BE TSR B W AN, 2 1 000 mg- L B 3k 5] 423
FETS . WP R BE R ,200 mg- L' LR ) BP-1 2
&N 25 B A Y (R R S R R
FE TR, RTINS R R B K W)V BE BP-1 Ak H 6T
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BEEy fa0 R R A B E R . #5200 mg- L
Sy e K 52 e B, AR A8 S 56 ) BE 5 A 1 25 A 0T
Al W J5 S22 25 41 43 S BP-1-10 41 \BP-1-50 41 .
BP-1-2004, WLI&1 3.3 3.

A S 14 ; B.BP-1-1 41 ;C.BP-1-10 4 ; D.BP-1-50 4 ; E.BP-1-
20044
B3 FAEREBP-1WMHI&RENITM

Fig. 3 Effect of different concentrations of BP-1 on zebrafish

phenotypes

3.4 BP-1 XMl IR BE B £ 14 AR

340 XAEARIEARME I 5 AR B A
Bt T 1 P R 4 KT S R L INS KO i 3 R
IR (P<0.01), FK W MR L), HEAIL] L5, BP-1
5 70 B 2 B R KT 2T B R R INS K 2
TR, Hod BP-1-50 41 22 S A i it X (P<
0.05). W4,

3.4.2 BP-1 X HEIRAGBE S fa IFAE R EH &8

®3 AEREBP-1MNUESEFEER BWEEDENIIN (X+s,n=3)
Table 3 Effect of different concentrations of BP-1 on survival

rate, malformation rate and heart rate of zebrafish (x+s,n=3)

451 EE{M,E HIER% W%/ % > /bpm
/mg-L
2514l 100.00+0.00  0.00£0.00  147.30+15.90
BP-1-141 1 100.00£0.00  0.00+0.00  141.90+10.68
BP-1-10 21 10 100.00£0.00  0.00+0.00  145.50+9.82
BP-1-50 21 50 100.00£0.00  0.00£0.00  150.30+10.81
BP-1-200 4 200 93.33+5.77" 10.00£10.00 143.70+7.13

BP-1-1 00041 1000 0.00::0.00% 50.00:10.00%

T 525 4 Y P<0.05,2 P<0.01

R4 TEHKEBP-1 3 HER R BE D £ K ) B 8E NS K FE R
(X+s5,n=30)
Table 4 Effect of different concentrations of BP-1 on Glucose and

INS levels in diabetic zebrafish(x+s,72=30)

21 51 R /me- L H A B /mg-g' INS/mU-L
ek 8.80+2.29 0.09+0.01
AR 241 15.31+2.23" 0.05+0.01"
BP-1-1041 10 13.19+2.80 0.07+0.00
BP-1-50 41 50 10.29+1.08% 0.08+0.02%
BP-1-200 41 200 12.00+0.65 0.07+0.01

T 52 A RV P<0.01; SH 4 Y P<0.05

P12 B JHF R 20 20 25 40 50 B, I 40 AR R 25 R ),
JEL I 359 5 Y e, A0 B A T O T , R DL B I B B
AR o A5 20 I 2 B S ek AR /N 2 R 3R
L, T 40 A HE 5 AS B0, R0 K T AR A i R BT XS
R A0 M A% T 4R L% R ST K BP-1-10 4 Al
BP-1-50 21 JiT 1k 9 2 2l A8 5 465 8 20 A e ok 3 L ELAT)
AT JR) 5 JF 240 A 7K B A0 2 3 AR 4 5 BP-1-200 21 i
HAVZE R H T E R A M TR S AR, e 385 L
U,/ 4 P 41 12 T 45 4 B R 00 58 51 W) & A
FMME . W4,

WAL A ;B AR ;C.BP-1-104H ; D.BP-1-50 £ ; E.BP-1-200 £

El4 BP-1X#ERFRD&EFEAARSHEN(HE, x400)

Fig. 4 Effect of BP-1 on liver morphology in diabetic zebrafish (HE, x400)

3.4.3  BP-1 %BH IR BE T feo A I8 A 56 5 R koK
TR 525 4 R, A 2 Glucagon ,PCK1
i) mRNA 35 8 % FiH(P<0.01),Insa [y mRNA F£

BB ETIR(P<0.01), S AIA 3, BP-1-50 . BP-

1-200 41 % Glucagon .PCK 1 i) mRNA % ik i & F

(P<0.01) ,Insa [y mRNA ik % F#(P<0.01) .
- 225 -
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s, FEMAMERR S0 3 BB I HEAT K . Glugagon 5

x5 AEREBP1XHERMBIHMSDS A Glucagon, Insa, PCK1
mRNA RAKFHHIE (3+s5,n=3)

Table 5 Effect of different concentrations of BP-1 on Glucagon,
Insa, PCK1 mRNA expression of Zebrafish sugar metabolism

genes (x+s,n=3)

2151 JR ¥ /mg- L' Glucagon Insa PCK1
skl 0.97+0.03  1.07+£0.07  0.91+0.09
IR 4] 2.49+0.18" 0.27+0.03" 2.21+0.13"
BP-1041 10 2.39+0.11  0.36+0.03  2.00+1.56
BP-50 41 50 1.94+0.15% 0.53+0.06 1.65+0.11%
BP-200 41 200 1.45£0.15% 0.66£0.05” 1.25+0.11%

525 4L VP<0.01; 5H 820 A Y P<0.01

4 itit

AW 5T AG AR B I8 5 208 1 05 AE B U i
T LS80, % 0 5 o4k 3k 15 32 22K Uk i 4l 4
BP-1, Jf i i £ 4 JE RAE W)L b 7 H A5/ o X
BP-1 W45 A8 AL R BT, HOh — BN & R 5 8
B IR M 2% Z 0, X 5 2 B W) 2 0 1Y 21 B R E A
1. GC-MS 45 5t i m H bl 4l LA 1 L vk
FIBTREAFBE R 3, BE R 20 91 M 32.12:23.49:10.75,
X — 21 B L 81 5 N S SRS B e S O ) B
WS IEHE ZHEAAEER . X 2R ek
T A K R R R AR Al Ak T TR R T
W96 Z 0 AL 2= A B Z R LA 0 kT
fig 5 55 1 BORE L B R i B X U AR R
FT-IR UIE SE 10 20 1Y -4 TROME 7 B 2 W 1 1R 20T 1Y
FEAE, Ja 5 BT G far ] B 5% W 22 0 19 U i 1k LB
P 5 I H 55 A W IS g AR B VR Y . WIS 41 50 56 R
o I 38 25 B B — MRE AL 52, 3R W LI PR AT RE RS AR
T m R AR S T ) B WA
R BP-1 2 ANKLIN RS, i 4 4 o AU
S5 M B FH 298 5808 A, 3 b SOUE TR 35 AT ik 5 A 2
TR A ) R R A T

AW 5T I T Ry TR A R G DU R E i
114 BRE o DR AR D 2 A5E A A A R A8 b (o B T
o A R AR ST A 4L B AR 4 1 2 R B
RUREAE | 35 T 8K 7= W) 0 70 MR 06 1 i k> . S 56
S5 R W], BP-1 BE ) & AR 1l 8 B PR 9 B S £
RIBEACI ZEEL . L BT RV B (50,200 mg- L) T
iR 5. 2 R I AIL A 7 25 05 % i JF $2 F INS K P, B
o 70 2 X JHF U 2 200 o B 405 3% B A I I 1
SAEF L $E0R BP-1 e B bl 5 45 B ORI Re . iK
— 25 I\ ) T R LA FH AL AR A 9 3 BT O
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Tinsa J&t— X {F FEV RS 0B VAR, 3 44 5 1 T 65
PCK I & F M 57 /4 i 4 00 R il L 3 i 1 9 A2
2 TR M R 596 o e 0 0 0 22—
Real-time PCR 253 [ /% , BP-1 fig {3 1 4 B 50 21 Bt
4 JIFE + Glugagon 55 PCK 1 A9 mRNA 23k , [6] B}
F 4 Insa i) mRNA K5 . X — £ A5 KR8 21k
5715, BP-1 7] fg 3 b X R A2 K HEREEAE I — 7
T, 3 B L E R AE S bl S AR OC B il
PCK1 1Y 23k, U/ JTF 4 it 53 figk 0 oA 90502 8 2 AR 110
A s 55— T, a4 F Insa () IR B AR BB B
9N M Ty BE L 4 iR Ah ] 2H 21X R A R Y 1R RS R
FHPY S X 22 B0 0 R S 0 22 HR W
IV R 22 W 0 1 LR UMD 50 SR, AR B
FEALAE mRNA K- BEAT 1RGN, AR 1 Rk & B i
) S i R 2D B IE
25 B RTIR AW o B A A A B JE 9 Y —
Z WH4H 7> BP-1 JF PR 90 L5 4, 245 P S 0 IR R H %2
2P R PN IR OB O M S PLERI B SR L UERT T e 2
W B 5 T o A (L L O TR AT 5 L R 06 1 15 45 4
[F1) £ ) 240G 2R 4 (L A8 S () I oy FE s — 2B AE T
AE £ B 5 A 25 U T T A T & N B A e
A
[RzEMR] AIRAEETHEYE,
[BE k]
1] W I BTHOAR - B9 AR BY ve . HLAR G 30 e I H AR [T]. AT FE
1,2016,6:48.
GULIAYIMU S. Cultivation Techniques of Jibo Qiamagu
[J]. Rural Sci Technol,2016,6:48.
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(3] ik b 0, 45 . D875 AN R AR R 01 £ 45
MRl ], Ae 5B 20,2018(5) :27-32.
ZHAO X Z, HE H J, LIU P Y, et al. Changes of
glucosinolates in turnips at different growth stages [J].
Northern Horticulture, 2018, (5) :27-32.
(4] ZEMEXC T BT a I, 45 . D855 b2 Lo B A= W TG 4 Y TF
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