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H E:AHTHRAIEALSHE (White quinoa polysaccharide, WQP) 4% RmiE AL R ey AR ER/E R, FH Ao
AR, SHE4 (800 mgkg) , TOMBA =M, KBHEAZ D FAE, e (Fasting blood glucose,
FBG) A= JR#E#t % (Oral glucose tolerance text, OGTT) . H4E5"RvF G MEH, M K ayoFF54n. HALL
ArAnsa 4t 6 5 B2 (Short-chain fatty acids, SCFAs) , i#iT 16S rRNA M FH K oA N RIHE A B4, X%, 5
e kR4 s RARLLAE N WQP 7T A B F A9 H48 R Jm N R T Ao bt 5, RERNEFT, SRS ZHRR, B
B A% #8 k% s R 69 % 12 Bl B2 (Total cholesterol, TC) 4 % T % 19%, 1&% & 5 & @ (Low-density lipoprotein
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Effects of White Quinoa Polysaccharide on Regulation of Glucolipid
Metabolism in Type 2 Diabetic Mice

ZANG Yanqing'?, CHUANG Yingying', WANG Changyuan'*", CAO Yang"*"

(1.College of Food Science, Heilongjiang Bayi Agricultural University, Daqing 163000, China;
2.Department of National Coarse Cereals Engineering Research Center, Daqing 163000, China;
3.College of Animal Science and Technology, Heilongjiang Bayi Agricultural University, Daqing 163000, China)

Abstract: To investigate the hypoglycemic and lipid-lowering effects of white quinoa polysaccharide (WQP) in type 2
diabetic model mice, the mice were divided into model group, polysaccharide group (800 mg/kg) and normal control group.
During the experiment, body weight, fasting blood glucose (FBG), and oral glucose tolerance test (OGTT) were measured.
After four weeks of continuous feeding, the mice were dissected, and the serum indexes, liver indexes, and short-chain fatty
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acids (SCFAs) of the mice were determined. The intestinal contents of the mice were analyzed by 16S rRNA sequencing
technology. Results showed that compared with diabetic mice, WQP intake could significantly inhibit the increase of body
weight and FBG, improve OGTT, and alleviate insulin resistance in diabetic mice. At the same time, the total cholesterol
(TC) content of diabetic mice decreased by 19%, and the low-density lipoprotein cholesterol (LDL-C) content decreased by
33%. The intake of WQP also reduced interleukin-15 (IL-1f) and tumor necrosis factor-a (TNF-a) by 21% and 22%,
respectively. The contents of catalase (CAT) and glutathione (GSH) were increased by 20% and 24%, respectively. The
content of malondialdehyde (MDA) was decreased by 25%. In addition, the intake of WQP significantly increased the
content of SCFAs in diabetic mice (P<0.05). The results of 16S rRNA sequencing revealed that the intake of WQP led to an
increase in the abundance of the Bacteroidota and a decrease in the Firmicutes in the intestines of diabetic mice. At the
genus level, the intake of WQP increased the abundance of Akkermansia genus. Therefore, WQP plays a hypoglycemic and
lipid-lowering role by improving the antioxidant capacity and regulating the gut microbiota structure of type 2 diabetic

mice.

Key words: white quinoa polysaccharide; type 2 diabetes mellitus; hypoglycemic and lipid-lowering; oxidative stress; gut
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KR 2 LANE P v B Sy 3=l R B g pe 1
RPN, BEE S E8UR F RN AB I . 3 s AR K
A AN I 2P, [RlRT 23 SR A I RAEM &
AR M, W HE] 2040 4R, BERRE BE N B
IKE] 6 128 MR, IR _EAGIZ PR IRE R E 2 90%
Sk 2 BUEFR Y AR, T AE R A A 2 PR R R 1Y
FEIRS N R Z 0, 0 2T T a4
WA RE T, H BA RAHAEPITEE, 238012
BFFEE OIS S BT, N H SR BTSSR HU 28 .
N ST A AE B v ), —Le 2 R
I ZR BESEANFL R B AN A D) BE B AT A5 TR PRI
FERIP, Sk B H ARG Z P T iEI] vl LU
IE B HE, 77 A g AU 7 4 28 5% JE D7 B2 (Short-
chain fatty acids, SCFAs)®, [k, 20X 1718 B
AT T A VR PR v TR T

Bl AR RERLEAEY), A BRI
FEE, BT IR AR YIRS Pk, T LAAEAS [R] 18
b DXRPAE™ VT JUAR, 232 7EFRIE 22 b X AP AE, 11T
H 15 11 V8 RAR A S ER SR AT DLAE P2 H S L BT i
R, P reBEEE SR T LS SR SR SRR, i 2R
2 R R R A i A i S22 B E N S22 T
VZ RV, AR B, BB i R R R T 2
B 10 B F2 Z WA AR SR i AR S B AR . S AR
LU S 2 SR BT S A T T, R
BT WA UM fib AR AR E T, MR —
S [E] ST B R IR FERE A ] LA s g
RS S 00 v MUPESE A AR SET Y. 2o 3R
HHZEZ Z WA Z PR AT PR, SRTTHXT THH IR
o5/ Iy BRI B IMUBEAIL ) i AN HH B . RIHAS I IO BST T
122 32 Z2 4% (White quinoa polysaccharide, WQP) 7E
=5 I8 1k £r ( High-fat diet, HFD) F1 %% I 1A 1 %
(Streptozotocin, STZ )75 5 MKH IR Sl IR i (1 4
MF% . FEMUARFRPE . bAh, dEid 16S rRNA S04 T
WQP XBE R /)™ FRJIZ B8 RS54 [ 520 o
1 MR5RE
L1 #HR5ES

HEME SPF 2% C57BL/6 /) L (6 JH #%, 2042 g)

LT RAEAEYHE ARG RAA, FFATIES: SCXK
(11)2020-0001; = IE1AE PR BHEARE PR AT R
OVl FABEEE AR IRAR IR i B A FR A B 5 R
Bl 2 (Streptozotocin, STZ) 3£ [E Sigma 2y #]; ML7E
i & 2 ( Serum insulin, INS) . 24 AH [& s ( Total
cholesterol, TC) . ‘H ¥ =g (Triglyceride, TG) . =%
JE 545 I (High-density lipoprotein cholesterol, HDL-
C) . iK% ¥ 5 45 H (Low-density lipoprotein choles-
terol, LDL-C) . H412-14(Interleukin-14, IL-15) . i
JREIRBE A F-a( Tumor necrosis factor-a, TNF-a) | i
H fk & B ( Catalase, CAT) . N [ ( Malondialde-
hyde, MDA) . & Bt H Ik (Glutathione, GSH) i 1] £

Bt 2 AR MR O A s HA Ak 2E R 32 Sk Sy
ot

ALC-310 HHFRF  FRZFIERHEES (LT
A PR F]; PerkinElmer VICTOR Nivo fifpri¥ i
4RI BRIV B B FR AN T G25 L Tk R
T A5 5E 1. %A PR vl ;s KQ-250E R #E 7= I 15 Uh o

EL LT AR S A BR AN F]; 5424 s &l 38
Eppendorf B4y 4 7] ; LPHA ¥ TRl 2 E
Christ 23F] o
1.2 EWHE
1.2.1 HAZEZFZHHREITZ  SFATT" 9HRE
TrRIFRE s R . A ZEEE b o JEoRE, By iR
80 H i, A WMELIE UL 5 h HEAT NG &, A
95% L MEZEVRIZUL 24 h KBRZe 0, 1k U8, K A LE
50 °C N TR A s AR E AR SR LA 110 19 L)
E2RKIES, IESIE TR 2 he B RRE R
SR E P, 60 °C 75 51 min, &5 .0 (8000%g,
10 min) 3§ P INAE H B 37 C /K #F 30 min,
90 C /K% 30 min P47 BREE F SOK T 9477 pH 2=
4.5 {24 h )5 B0, (8000%g, 10 min), FyEWIINA
4 FEARFRIC/K B, FHRGITE 4 °C T CE 24 h i
UL, B0 (4000xg, 10 min), BUITTEY I/ B 2818 K
ZERUAG)S , VR THRASE] WQP,
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1.2.2 2 BUBEPRYp /N AR BRI ST T 432 58 H 6 3]
#51 SPF 2% C57BL/6 /NEL 21 H, 3 i PR 38 1 3,
IR EROK . RSB R T, T 10 )i
PRVERAS 2] T IR\ — R BRSSP 51 2
MHEHE . BEPLZERE 7 HAE R as P14 % Bf (Normal
control, NC ZH ) fa] M I alifalkel, 4y 14 HU/NRAE N
XIS HFD. 4 85, /NEUES I 6 h, 30504 /)
FRZE 30 min P B ESTEIEENY STZ 28 vhik (¥R
IR G MR, 50 mg/kg), NC ZH /)N B 5 [R] S5 A FH
IR A5 B ) A PRER KR 2 i o 1 B I 5 25 i it
## ( Fasting blood glucose, FBG) , FBG fH KX T
11.1 mmol/L HE A A3 sl Ty o), g AL 3 A Y
2 ( Diabetic mice, DM 2H ) . £ #5 ¢ ( WQP 4 ,
800 mg/kg), FRe 7 K, A ie Wi E] NC 201
ftFR /)N BRI MR LA AR R, DM ZH 4R M8 HFD, WQP 20
IR G B A W s R AmDEL, e s/ N BRI A
M FBG.

1.2.3 /DNEREARBEm e AElE0 s 4 R E T
Al B M E ( Oral glucose tolerance text, OGTT) Il
AN /NERARED 6 h B I A PEIA W (2.0 g/kg), 51
SIZERES 0. 30, 60. 90, 120 min IJHUN BB HSEHIK
I, 0 5 HMEHE, 153 OGTT ik T miFl(Area
under the curve, AUC) .

1.2.4 /PNRIMTEFERRGE 4 JEJE /NS RRZY, BR
P, B = KB . AL/ INERD O IE . BFIIE L B
Jige i 45 2H 21 45 A, I YR i S 30 min, 550> (3000%g,
10 min), B Y7, A8 FAH 7350 & 00 2 INS. TC.
TG. HDL-C. LDL-C. IL-18. TNF-a. JI# & 2 it
+5 %t ( Homeostasis model assessment of insulin
resistance, HOMA-IR )=(INSxFBG)/22.5,

1.2.5 /DNEUFARFEPRIE BRI — 2 B a2 A AR LA
1:9 B9 Eb 50 i A A= B ER UK, & IERE 2T 2%, B 0
(3000xg, 10 min) B & W, A5 FH AH R 3285751 6 il
CAT. GSH. MDA /K3,

1.2.6 /NERIZIEEHEARIIIR & EMNE  BUNRE S
NZH) 0.2 g, IA 0.24 mL FURRERZAHE (2.5 mmol/L)
2 A6 RE i, IR 20 45 e AR 5 2 BOEE & PR R i R,
5000%g & .0 10 min, B 35, 0.04 mL il A 25%
P4 s W PR VS W, TR IR ST R R o e & f iR )a .
12000%g 50> 10 min, WHL 35 W 28 /K AHUE R i 18
HEAT 0 SO AH 2 35 75 53 Tl 2 SCFASs 119 & 1%,
o35 554 A PLIR L H 3% A4 (7.8 mmx<300 mm,
5 um Bife), IR 60 °C; i shAH: 2.5 mmol/L #ifR /K
TR (5% ZU) Wid: 0.50 mL/min; KM 2%: 259766
28 A AR EE: 30 °C,

1.2.7 16S rRNA 4387  AR2HH 3 JUNRES AN
BTG IE BRI )53 AT, I B R BEEE s i, DR )
AR . B 1P W R 16S rRNA
FEHM V3~v4 Xl glifb iy I TS B b

T ST WIARUETT SE A T35 B SR BT X o e o Sy
1 16S rRNA F: K 77 A Fastp(https://github.com/
OpenGene/fastp, version 0.20.0) #4347 B 5, 2R )5
JH FLASHC( http://www.cbcb.umd.edu/software/flash,
version 1.2.7) B #4745 I fdiH] UPARSE (http://
drive5.com/uparse/, version 7.1) Z A4 X HAA 97% FH
BLME R W Y R AF 43 28 BB AL 3E AT R 28 (OUT,
Operational taxonomic units) "1, {di F] http://www.
majorbio.com X} 16S rRNA ¥ ZE 4750285047, &
1 EME R 0.7
1.3 R

150 B s DAV Y B +hn vE 25 Ko, ] SPSS
23.0 43T EE, SRR 2R 7 2550 M Jr TR E AT Wl 3k
AT, P<0.05 7R 225 2%, H Origin 21 /AR .
2 HBRESH
2.1 WQP 5t 2 BUBERRTH /R EFNZS AE M AESZ M

BEPRIR B PRI IR 2R ZEFAE T
201 SRIMAEASHEGE T, AN 1A Fraass o JE s AT
A/NBIAEINA FIHES I HAESS 4 [y DM 21
AHE BT T 19%, WQP AR EJH T 11%, ATRER
RS M i R AR BT SO R /D BRI AR T
. A WQP J5, 5 DM ZH/NERAR L, WQP 41/
BUAEE -T2 (P<0.05), ATREK S WQP BEAZ I
BEPRI /N BRI AR, SEZ2 T B s b 1 B A
TR IR

A 34 .

w

18 .

— —
e =)}
T

FBG (mmol/L)
)

10+
8t
6 1
0 1 2 3 4
EREINGE))

K1 WQP X FR/N AR (A) Fi2s I LR (B) Fr) 520
Fig.1 Effects of WQP on body weight (A) and FBG (B)
in diabetic mice

TE: ANF T RER R AN R LA 22 5 B TE(P<0.05)
FBG J&HIWrbl R e 15 A A e dn =z —B1, oy
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T HE WQP PR, T LUE i SR PRI /N BLAY
MRS O . W&l 1B 2R = 2H /N B 7K
SER R [RIAREE - FF, WQP 2H U - FH#a i (14%)
2T DM 2H.(36%) (P<0.05), F2HH WQP BEHDHi
BRI /)N Bt
2.2 WQP xt#ERRw/NR OGTT BIFZNT

OGTT JE& 2 Wikl PR s 1Y 5 22 J7 1%, 4 5 S X
JUPBE PR o AN 42 B W% DR B2 Wi AT B AR Y.
Kl 2A FNEl 2B Fios, GE B R 200 W , 25 41 09 I
HKSF-AE 30 min PIABIIE(ESR S ITFUA T M. Lok,
TE AR B[R] 25 DM 41 /) BRUMOWE (B 34 i 35 5 T NC
21, PEITHH PR IPG /IS BB T 4 A S0, 1S DM 2/
FRUFH B, WQP ZH /)N ERUMUPH A B2 RIS, WQP 22k
TR i 2 (P<0.05) I T DM 4H, 32 WQP REAZTL
SR BRI/ BRI e S R O o

A 35 -

30
25+
20 F

15+

LA (mmol/L)

10

5

0 30 60 90 120
Fif 1] (min)

1

B 3000

a
T
x

T
[>a

2500

2000 | N

T

8 1500
= c
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_

NC DM WQP
12 WQP X /)N BRI IR 2 (A Al
M T AR (B) (A RZ
Fig.2 Effects of WQP on OGTT (A) and AUC (B)
in diabetic mice

1 ANRIFRFRRA R A 25 B EME(P<0.05)

2.3 WQP x¥ERRTR /R ILE R B R AR 00

Jig 1% 2R S ME — BEREAIR IUBH (0 B 3R, Bl PR JR
KT, IAE T v R 5 2R A BT, B R
R BB IR T RE B Wi AR, e H BRI 1) 2R HIK
i, 5 AP & B F AN E A 20855 & HoAth I+ &
FERPD, WK 3 Fios, 5 NC 44H1E, DM 4H INS & &
W2 LIHP<0.05), I RS ZAChTde Fot W25 7t
(P<0.05), BeHAEPRIF /IS B3 5 B URME R %, &
AT R R AT, 44T WQP T HUSBERE /ML INS
M 25.16+5.21 mIU/L F [#3%1] 6.36+0.81 mIU/L
(P<0.05), Jil &5 R APLHE FU PN 18.07+3.50 | B 5
3.55+0.80(P<0.05), 5 52 54503 X2 T AZ Z WHEXT bl

0

IRIF /N BRAT B Bt SV E B os T AR 2 SR . 38
AH WQP Y5 AT RE IR /)N B s ok 2 20 BH M 2%
FRAER, I HL AT DL BAc i 1 2T .

A 351
30 F

INS (mIU/L)
—_ —_— [}*] (3]
W () W (=) W

(=3

ool

)

(2]
1

20

IR}

HOMA-IR

10 |-

STb
0
NC DM
B3 WQP XPBE AR /I BRI I e 5 25 2 i (A) AN
JR 5 RHCHUIE BB ) (5
Fig.3 Effects of WQP on INS (A) and HOMA-IR (B)
in diabetic mice

T ANEFHRERR A RIZH B 22 5 W38 (P<0.05) o

2.4 WQP XtHERKRR /B I BEHEFRAI ST

VPSR UESE M AR/K - S5BE RIp e R R
2, Al LA O R AR KOS ok BB IR S P
22 1 F7nS5 NC 4HAHEE DM 4Hi9 TC., TG. Fl LDL-
C /K-35 8 35 T (P<0.05), HDL-C /K-8 35 T [
(P<0.05), 257 WQP J&5 A] AN [F] R 3 1 eGE 20 IR,
H:#p TC 1 LDL-C 7K~ 3 R, TG #1 HDL-C 7K
AR Al AN S S HARAE IE A A #aH, 5 Zhu S5
FE B S AR 2B RPN BRI 5 1 BB 4 F A A8 IR 3
FELEIR, RG] WQP AU A AT DL bR
/N ILAR S5 o

F 1 WQP PR/ RUMLIEFEHR 14 5 10

Table 1 Effects of WQP on blood lipids level in diabetic mice

1% TC(mmol/L) TG(mmol/L) LDL-C(mmol/L) HDL-C(mmol/L)

NCH4  1.92+0.21°  0.88+0.01° 3.72+0.24° 1.20£0.11°
DM 3.27+0.20°  0.93+0.02° 6.16£0.69° 0.76+0.05"
WQP4L 2.64+0.22°  0.90+0.03" 4.07+0.34° 0.97+0.18°

T [ —FAR R R oR AR 20 ) A 22 5 1 251 (P<0.05) o

2.5 WQP xtHERTH/NRAEREE F7K FAIR M
ARSIk 22 1A He B R B, 12 M JORE 5 0E BRI 10 &
A= RN i AR IEPO, IL-18. TNF-o J2Wifh 485 A
T, 25 RAE N, v] DL SR T fif A N R 5E i A&
JEE 4N 4 Bras, 5 NC 2B/ EUH B, DM 237 R
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) IL-B N TNF-o 7K FER W 25 L FH(P<0.05), BB
PRI /IR N B AE T RAE. MiZead WQP Ty
JAJG, PTG %] WQP £H/NEY TL-B 1 TNF-a 7K
IR RET 21% F1 222%(P<0.05), Ui WQP iy
AT DA PRI /N BUA P AR 4 PRI v o

A 30 a

IL-15 (pg/mL)
[

0
NC WQP
B 300 -
250
2 200
El b
< 150 | I
Z 100}
H
50 F
0
NC DM

&l 4  WQP %PBEIRIE /N IL-18(A) Fll TNF-a(B) 7K
Fig.4 Effects of WQP on IL-15 (A) and TNF-a (B)
levels in diabetic mice

L AR PR R AN R [ 22 5 25 1 (P<0.05)

2.6 WQP st#EFRH /R R R FRAI R

AL S IR G Z [RIAFAEE AN AT A BB R, 13X
FRIR R S b S AL T, AT 5385008 P A HoJs 20
PHE R, PRI, s Al TR B E RS AT BRI X PR e
HRNIEIT IR, CAT. GSH. MDA 22 WL
WA K1) R 28 bR, AR 2 AT IS NC 4
FH L, DM ZH ) CAT Fll GSH /K 14 it 25 [ A% (P<
0.05), MDA 7K~ I 25 75 (P<0.05) , Ui HIKE PRI /)N
R T AR 3. 1 WQP FYFE A% T X —1%
O, UEHHER A WQP AT L SE i b PR Jos /1 B ) S8 A6
o BRMREREER R T RIR IR T VR S 20
TR P9 S AR I O, A8 5 Z A AR ZE R .

# 2 WQP XPHERS/NEUHIE CAT, GSH Fl MDA
IS5
Table 2  Effects of WQP on CAT, GSH and MDA levels
in liver of diabetic mice

2057 CAT(U/mL) GSH(pmol/g prot) MDA (nmol/L)
NC4H 1.12+0.15* 6.90+0.55° 0.45+0.14°
DM# 0.75+0.13° 5.10+0.89° 0.69+0.10°
WQPHH 0.90+0.16* 6.31+0.36° 0.52+0.03°

TE: Al — SR TR RN R A ) A 28 5 88 E (P<0.05)

2.7 WQP st¥ERF/ R AAER AR AR & 25
SCFAs 2B A R 2227 s, il 45

/BB 9 SCFAs &, LLiE—2E0F58 WQP
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