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Study on the hypoglycemic effect of functional rice flour on hyperglycemia
induced by high fat in mice
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ABSTRACT: Objective To explore the hypoglycemic effect of functional rice flour on hyperlipidemia induced
hyperglycemic mice. Methods By using high-fat diet combined with multiple intraperitoneal injections of small
doses of streptozotocin, a hypoglycemic mouse model was established. The functional rice flour was prepared with
astragalus root powder, yam powder, kudzu root powder, coix seed powder, seabuckthorn powder and buckwheat
powder, and then the intervention effect of rice flour was tested in mice. Fasting blood glucose, insulin level, glucose
tolerance, the indexes of triglyceride, 4 items of blood lipids and the content of total bile acids of mice in each group
were measured when the intervention was completed, the changes of intestinal flora in hyperglycemic mice under the
intervention of rice flour were detected. Results Compared with the model group, the body weight in the rice flour

group was significantly reduced (P<0.01). The levels of total cholesterol, total triglyceride and low-density
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lipoprotein were significantly reduced (P<0.01). Fasting blood glucose levels, fasting insulin levels, and insulin

resistance were significantly reduced (P<0.01). The glucose tolerance level was significantly enhanced (P<0.01). The

total bile acid content in serum and feces were significantly reduced, and the total bile acid content in the liver was

significantly increased. The abundance of Firmicutes in the mouse gut was decreased, while the abundance of

Bacteroidetes was increased, the dysregulated gut microbiota was improved. Conclusion Functional rice flour can

reduce the blood glucose of hyperlipidemia-induced hyperglycemic mice by improving the disorder of lipid

metabolism, enhancing bile acid metabolic pathway and regulating intestinal flora.

KEY WORDS: homology between medicine and food; functional rice flour; hyperglycemia model; intestinal

microbiota; hypoglycemic
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Table 1 Mice intragastric dose

B - N TR
415 Al 2 T T ) [/ kg-d)]
B4 kb JASELIE VI 10.000
Bl 4 R REL ARk 10.000
B2 41 R YRR KAy 10.000
B3 41 FRTEEE  FRER XU 0.125
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Table 2 Body weight of experimental mice (g)
4151 S g o 5 A A
B4 25.94+1.04 26.72+0.83 27.03+0.86 28.23+1.61 30.65+1.22
B14] 27.30+0.66 35.49+0.18 40.23+1.83 43.55+2.62 45.22+3.06"
B2 4] 26.27£1.52 32.97+1.50 37.03+2.44 41.88+2.09 42.14+1.52"
B3 4 26.18+1.19 33.97£1.02 37.64+1.48 40.34+1.29 40.55+1.83"
TE: HIER XA LR, "3 P<0.05, "RFE P<0.01; 5 UL L, "3 P<0.05, PR3 P<0.01, T,

MFE 2 s v LI, 205 S R, B 41/ AT it
B % 30.65 g, 1M B1 A/NERAGR BTG K 5 45.22 ¢, Bl
H/NRAAR T S AR s N (P<0.01), 5 5
JE IR R KORAS, AT RE R AT AR — e R, /PR
mT R K Z I, B2 /N EUAT B K E 42,14, 5B1 4
INEUHLEL, ZEKZEE, HAD B3 414 KIREESHY(P<0.01); 3
B D4R KXo 2 /IS B BT e R A B P IRCR
2.2 IMEKH = MEENE TG, TCy HDL-C,
LDL-C B0

PR 1.3.4 7kt /hNl TG, TC. HDL-C., LDL-C
PITHER, Z5EILER 3 PR, 3R 3 BURATLIE N, Xfk B
20, Bl dA/NRUMTEH A TG, TC F1 LDL-C /KB 875
(P<0.01), 1fi HDL-C /K-8 F#AIK(P<0.01), 4 I g /K-
YRR, A Bl 41, B3 4/MNBRILIEFR TG, TC Al
LDL-C 7K F Bl & B ik (P<0.01), 4> BRI T 31.23% .
9.70%. 21.34%, ifii HDL-C /KB & F+#(P<0.01), F+iF
14.91%; B2 Zi/NRUMIEHH TG, TC #1 LDL-C 7K~
BREAL(P<0.01), - BIREALNT 35.69%. 12.42% . 24.69%; T
HDL-C /K-8 2 75 (P<0.01), FH 21.74%, XEEEHER
HH S R AR BE 8 i w8 AR /) B B A I I 25

#3 ZW/EK TG, TC. HDL-C. LDL-C
Table3 TG. TC. HDL-C and LDL-C of experimental mice

41%] TG/(mmol/L) TC/(mmol/L) /(lr{n?nf)i/cL) /(an?n];'l/CL)
B4l  1.68+0.07  2.83+0.09 1.98+0.09 1.71+0.05
Bl4 2.69£0.06™ 3.30+0.11"  1.61£0.08"  2.39+0.11"
B24 1.73+0.09" 2.89+0.10"  1.96+0.05"  1.80+0.04"
B34 1.85+0.07" 2.98+0.07"  1.85+0.10"  1.88+0.09"
23 DIMBRHMISMHE/NER FBG. FIN,

HOMA-IR BYEN

HeHR 1.3.5 1 7/MR FBG. FIN, HOMA-IR 3
B, SRNE 4R, RER 4 B8, 5 B4, Bl4
/NELEY FBG. FIN #l HOMA-IR &3 7} (P<0.01), T 5
Bl Zi#f Lk, B3 40/NERU MG FBG. FIN /K05 2 4K
PUARHUR EFEAR(P<0.01), 43 HIREALT 53.12%. 34.13%.
69.09%. B2 4/NEBYILTE FBG. FIN Fl HOMA-IR 1 i

FREAR(P<0.01), 23 HIEART 61.67%. 34.95%. 75.08%.
X BT R KR X R R N BB T LA AL
oI, TIRCRORH AT L T2DM /s BT TR0 [A] #4 ai.
KR

%4 SI/FAE FBG. FIN, HOMA-IR
Table 4 FBG. FIN and HOMA-IR of experimental mice

451 FBG/(mmol/L) FIN/(uU/mL) HOMA-IR
B4 5.58+0.53 12.36+0.41 3.07+0.35
Bl 4 16.02+0.117" 20.86+0.73" 14.85+0.82"
B24 6.14+0.47" 13.57+0.58% 3.70+0.43%
B3 4] 7.51£0.64" 13.74+0.42% 4.59+0.62"

2.4 INMBECKMXSIEENRME. FFlE. EER
BB A 52 0

/NI AR | 2S5 S H TR TS A5 R L 5 s
R FFRAE Ay — il 2L A IR 35 B, A6 R 2 i 18 P R85
P E AR T BV OCHE T . AR S BE T LAAS A,
XTEe B 4L, Bl 41/ B i F2SAE op SRR B 2 T
(P<0.01), T JF U A (%) 6 BB T R 1 & BH S R IR (P<0.01);
5 B1 tHAMI L, B3 ZHA1 B2 4 (L 75 A 264 A SOTE IR &
it i 2 BRI (P<0.01), JFUE rb S AR T R A R
(P<0.01) LA 8504 2 B, Dsg Kok vl 815 AR TR 40 306

5 SIWEAME. BRAE. BAIERAETER
Table 5 Serum. liver and fecal total bile acids of
experimental mice

g M e RS e R
/(pmol/L) fi/(umol/g) /(pmol/g)
B4 2.43+0.18 26.89+1.22 1.82+0.23
Bl 41 4.02+0.62" 20.7241.12" 2.5240.13"
B2 4 3.42+0.61" 25.94+1.02% 1.96£0.21%
B34 3.51£0.64" 25.72+0.98" 1.99£0.16%

2.5 INFELR#M XS MAE /)RR B SN

N 1.3.6 Tk T/ BOBR TR LI THAY, 45 R 6
JI7R o W B30 S8 i AUC SR, AUC R/ T
HUAFI RIS BR A A A RE L, AUC O, T ALAOT
HATHE T 32 RE AR, AUC B/, LA 445 B 1) it 2
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e TR RIESR 6 BoR, 5 B 4L, B1 44/ AUC B
BHEINP<0.01), XK, Wil STZ MRk E, K
AR T/ INERUG A A B A T 32 B8 7, B 4/ IN B B 4
ZHFRERE L. T Bl 4AHEL, B3 40/ B2 4f) AUC
¥ 0 2 FEAR(P<0.01), FBITATZE R T X % 0 0 it

7, b
ZHEST o

6 LW/ RAETE
Table 6 Glucose tolerance of experimental mice

2 5] AUC/(mmol/L)
B4 19.26+1.87

Bl 4 55.99+1.12"
B2 4 28.68+1.34"
B34 26.42+0.67%

2.6 INMELKH S ME/) RS E RS
SR MiE Alpha % AR ST

Alpha ZAEME53 BT 2 TSR 43 BT AN REAR NG W T 75

B FP = & BRI Z R Y, 3R S [F] B8 Aol i i

Chao Fl Ace FEEUZ WL T FEA U E M A B, BUE

K, FRAEYFZGEFEE . M Simpson 544 F1 Shanon 4§

BN S Bl T AR A A R I S S RN R, B

2.6.1

w, ARERIEHE £, W95, Shanon FEEUEMK, W
TELZREME R . Simpson 8 BRI, BIFEZ AR,
K 1 s, 5 B ZHAA L, Bl 4 Chao $5%X . Shannon $8%X
M Ace TR B 2 FEAK(P<0.05, P<0.01), Simpson F8 %% 5,
HERTEHIT#E L (P>0.05); 5 Bl 44, B3 4H1 B2
2H i) I T8 H R Chao F5%% . Shannon F8 50 % Ace 155034 i 2
FF R (P<0.05, P<0.01). R, 4 AN4H A9 il Ak P ave v
Simpson 8 HEH B BE 225, X R B E M/ R
AV Z M Z B T 0, T IhRCRK M BEAS 12 & A iB 1
VIR Alpha ZREVEFSEL, MHIEYIRE F ST
W, JERSIBUE YR i ZRE0E . BLAb, SRS as
SEZEW, 4 AR A 2 T REAR A Bk W i EL G L,
TP IR AR . BRI, DhRORDK R fE— 2 7k
- BT 45 R 1) i 1 TR
2.6.2 1 RIBIB KA A K 5T

AR 2 BXF o dr s R, R b, BaE e
FEERE R ] (Firmicutes) . UFTF B[] (Bactercidetes)& .
5 B 4U/NEURIEE, B1 4/ B R BEA R AR ARk, %
B JELRE LRI 1) 2 BRI, DU B ) BRI . FESE0 vh,
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e 8B ThRORK S AT AT R S R 2R, Bl
KRB I B R
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Changes of intestinal flora in mice a diversity index
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