#5572k & % | Journal of Environmental and Occupational Medicine | 2019, 36 (2)

99

TR A HER A A AT AL I B E R
T, I, S A R, ECH

LERERAZA#DAZREDARBESERFR, MRERFEEALKRE . 18& 18/ 350108
2. EERMEBEHRER = RE LAY, 18E R 362000

[REIFEIE

Selected article

DOl 10.13213/j.cnki.jeom.2019.18424

T
[EH RN, DFEERNAEMAEMRESLERERY, MRSRFTEE L1RY
R, A RIRINTES BRZF X R R B K RAR a9 a .

[ 77i% ] % 100 R4 14 SD K RRIRMAEERA 4 25 10 AIEFXTHBLAM 00 JAEAVLH, {REVHLA T
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Rice germ improves glucose metabolism in diabetic rats GUO Yi-wei*, SHEN Qi", GUAN Fang-

yuan®, GUO Yu-rou*, WU Yi-nii>, WANG Wen-xiang® (1.Key Laboratory of Environment and
Health, Depatment of Health Inspection and Quarantine, School of Public Health, Fujian Medical
University, Fuzhou, Fujian 350108, China; 2.Fujian Quanzhou Licheng Quanzhen Agricultural
Products Professional Cooperatives, Quanzhou, Fujian 362000, China)

Abstract:

[Objective] Essential amino acids and unsaturated fatty acids, rich in rice germ (RG), have been
shown to improve glucose metabolism. This study aims to investigate the effects of RG on glucose
metabolism in a rat model of diabetes mellitus (DM).

[Methods] Male SD rats (n=100) were randomly divided into a normal control group (n=10) and
a DM model group (n=90). After high-fat and high-carbohydrate diet and intraperitoneal injection
of 35 mg/kg streptozotocin, a diabetic rat model was established. Fifty-five DM model rats were
further divided into five groups: model group, drug control group, and low-, medium-, and high-
dose RG groups. Three RG groups were fed with 2.5%, 10%, and 40% (w/w) RG respectively for 12
weeks, and the remaining groups were given basal diet; the drug control group was additionally
given 500 mg/kg metformin hydrochloride. After the designed treatment, fasting blood glucose (FBG)
and fasting insulin (FINS) levels were measured, and insulin sensitivity index (ISI) was calculated.
The ultrastructure of islet B cells was observed. The mRNA expressions of glucose kinase (GCK) in
liver and glucose transporter-4 (GLUT-4) and adiponectin (APN) in fat were detected.
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[Results] The levels of essential amino acids in RG were higher than those in milled rice (white rice), especially lysine [(7 200+88) mg/kg
vs (2530%33) mg/kg , P<0.05], so were fat acids, 30-43 times as much as those in white rice. Compared with the model group, the low-,
medium-, and high-dose RG groups showed lower FBG [(2493.7+473.0), (1935.1+318.0), and (1583.8+345.9) mg/L] and FINS [(4.08%
0.19), (3.5340.16), and (3.29+0.21) mU/L] levels, and higher ISI [(-6.93+0.29), (-6.53%0.25), and (-6.26+0.23)], as well as relieved injury
of pancreatic tissues, increased number of pancreatic islets, and alleviated injury of islet B cell ultrastructure. The mRNA expressions of
GLUT4 and GCK increased in the medium- and high-dose RG groups (P<0.05); the APN mRNA expression increased in the high-dose RG

group (P<0.05).

[Conclusion] The mechanism by which RG improves glucose metabolism in diabetic rats may relate to the up-regulation APN and GLUT-4
mMRNA expressions in adipose tissues and GCK mRNA expression in liver tissues. These findings suggest that RG is a potential therapeutic

agent for DM.

Keywords: rice germ; diabetes mellitus type Il; blood glucose; adiponectin; glucose kinase; glucose transporter-4

BRFESHFSEEANNEZEE[RA, 52030
F,BERFENERRIGM2.8% FF3)4.4% Y, $ERF
BEMFERELE TSR D AR IAMNRS R
HMIMEXNREEDBAR. SIESEFZRENF
RE, RATRSERESEAMTEY ., RORFERE
REAYBEREEMERNERIANE X, MMhRE
E.CMERRFBN I EBERFSY. REFELER. TP
FHBERALBERAARE DI RIENHD .
BERERBEEMTHESEYH WA T LT
BHREY., AXEFENSDES. BETHERA
ROFE. BIMBRNEERIL. RMKEFMEKE, M
HEXFRHAK (BX) K, EEBELTESR LK
TR, ME. 8KE. ME. KA. BKMRKEF, FE
FENERIIBY. REFREIW, BXS 1 BIER
RREHEMEXY, BTAXKESSNELER. ¥
VIR R A EBIA DT IR RRE . B ENE
AMBEM R RFZEMEBLHXET, XFETERR
B, TR SNIREL . #R E KR I THIAK . KR ETE
BABASANMNE, MTRABEENES, BER
REFHR ., WO F2ERAI R T BERERENRE
B, HEYFIBELN N 66%, KIRE KK, MAKKEX
BEBARE., KIBFEFMARERASEFHBENEE
Bl 5EXBAENEKRENBREIALREEE
EONMR. EREEARTPALTRER" . 27X
MAIRERER Y 5L NBMBERRR AL s B ERER S
XETHENFHNARTPAB/ERFITURELER
MENROEWEKE, FFINRMNENBSES
R FRERMERBRANSETUMRIEERS, #hmd
DI E R R MR, B ETEAEE (glucose kinase,
GCK) fE AR MAMRED T W IAHHREEZ—.
th 2B ERENE—REE. BEEXEK (adiponectin,
APN) REBBEIEARFTRE EERNTEE

#3027 b, 2 I BRBRFNRIPEELEHEERR
7o X M w2 ¥ 4k 35 & [ 4 (glucose transporter-4
GLUT-4) RS A AR S ERIE, N SBEREH
RH#AGEENFAY ., AARMUAEB/AEF A
BIRERAARREROERFER, FRITHT
REABTEVLE], M A ¥EER R F HA A IR IR 06 77 1= 1
TRZERE BARSKEFNARMN ARHTE
WKE.

1 R ERAE
1.1 SEIzhY
MEBEERTIRMNBERAZEE 100 R
B H(70£20) g B EREMSDRR, FIJIES:
SCXK (77) 2012-0002, LR FARABEERKZENY)
EEZRASHAE, XREFRRBERIEHYEIER
BT, SEEEEARFKEN ER B mER & IE
ERIBEARAE ., SESEERLD . 65%&hiiE
K}, 20% FERE, 10% ¥ 5M, 2.5% & 2 ) A1 2.5% AE [E B2
(WARENE), KEMERSED . K. F. 5H4
A EHBTE D Eh 2.5%. 10% F140% HYFE 4 BE ZF FHE N
BEMNEMFREH AL .
1.2 fEAEF
BMEARFHEREARMNTRER=RTLEE
MR AMETEEERNTELNREZ 105
BEREEIMI AL,
1.3 FERFFULEE
FERA. $EREEZ (Sigma, XEH), H]K
“HXA (L RREEHABRAE, FE), RNAiso
Plus & F. PrimeScriptTM RT Reagent iz 5 #0 SYBR®
Premix Ex Tag™Il X3 (TaKaRa, HA), FrH E iz
W AD MR, ZE{USF. 7500 Real-time PCR system
(ABI, £2H ), ZRMBIXKNNKN (KD =LY
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RREMERAS, FE), EEEK (Sigma, £EH),
BB o 46 M 1Y (Thermo Labsystems, 2522 )  Dionex
Ultimate 3000 S 3URAEE BN (B, £E).
1.4 Eh¥ A S5AIE

100 RARENMRF—ARE, BHIZEEMRHL
FA10 LIEEXTIRAF 0 JREE, EEXRALT
EERR, HUALTESRSRERR. HIUHRSESF
. BERAEKIeh, BREEXNIETHEREER
35mg/kg, EIRYIEH X BA RIS ERIRNEER
K, 72h 5, MEMAZKF, MAEIRE>2000mg/L 3k
e 7S nEARERY, BE, %55 MK
BB PRIBARBV AR A ZE . EEE AT RA
MEAR. F. S84 SH11R, AYNRAEH
7B 500mg/kg THER — FF AN, ARIBCHR U HRE 1.
H. SFIEH D B4 T 2.5%. 10% F140% (25 %)
NRARZFER 127, REE AYTRAMIEEXS
BANHS FEMER, TRERE, BREMTLL
b, HINEBRAABGRKEHAERARFEMRRAR, &
BAETFTE-80C KB EEEH.
1.5 #ER5AE
151 A= gYpEREELTUKENE RBRFELR,
BRLCXSHARBRYERENRNKE, EELR
L
1.52 WAERZFZFHFNT o #iL AOAC R A Y
77355 ME S BB (AOAC 996.06) , #f 5 51 £ B8 48 AL
ENER—X =R EETSBHNLHMF.
A 6mol/L Y EEER7E 110°C &4 T/ 22h 5, BER
SRR BRI E L H O TEER.
153 ZEMBEARSZNE TEOEFERE
FHAEE, A mEESONE X R E KA mAERE.
EREUSATTZ N EF AKX R MEF = ERE FK
o, R EGRIEHHTENBEN=ERE ZRKIEE
R EIEFFIRE RN EOTEMS.
154 [REIRALZURIEFZUE XRERRE, TRE
HTIRERRAR, AHNPREEREE, Bk
K, Bk, AEEE BAAARE-FLEE
(hematoxylin-eosin staining, HE) &6, XFEBRBET
MERFRAR AR R IEF T 1L,
1.55 ERLBHAMBHEY SAHMBAIENR3
MNMRERAR, 733 1% BB (ERFR2 0 70 1.5% Wk
B (FROH) BE, EE8RET— RS LE - R
K REAREMECE. S MRBRERFEAEE

Y1 R HL % & 155K (F5K/EE % 70780nm, A% 105K
RE—3K), HFAZRHEBANITRREREE. WEH
PRI B S B M Al R (EM 208 BY, 7 =7 F
HARAF),
1.5.6 40 4 1 GCK. APN F1 GLUT-4 mRNA 3% 3. I &
PSR 55 S 2 8 PCRUE GCK. APN . GLUT-4 mRNA 7K
., RIEUL B H A RNAiso Plus IXFIM BN R (B4
11 /MR IREUZ RNA, F5 F PrimeScriptTM 3 45 5%
B i3t 71 K RNA I 4% 5% B cDNA, R REUE R 4, K I
TERMETEPEF. 2.0ugAYRNA 2.0uL, 50 um F A
S ITEER 1.0uL, PrimeScriptTM RT Enzyme Mix 1.0 uL,
100 um B #1 7N B2 {4 1.0 uL, 5xPrimeScriptTM Buffer
5.0 uL, RNase-free dH,0 10.0pL, S {EFR H20uL, H
BERARNAERET3I7C ISmin#fFTHERRNE,
TE8SCEMTSs URIERIERKES, 547 cDNATE
BT -20°CkFE & A, SEAY 3K E 2 PCR F SYBR Green |
e N RA T (SYBR®Premix Ex Tag™ II) F0 ABI7500 7
JEiE 8 PCRAL#H 7, 1 A B-acting E RS KR AL
FRE M MEImMRNAJKSE B E T, XK B &G
A, B—F, 95CHMEM30s, FH, O5CHEM
S5s, 60°CIRATFFIEMR34s, F£A0NEIR, RERFY 15
2|41 %% % . B-acting, TF 4] 5'-GGAGATTACTGCCCTGG
CTCCTA-3', [ [a] 5'-GACTCATCGTACTCCTGCTTGCTG-3',
GCK, 1F [ 5'-AGTATGACCGGATGGTGGATGAA-3' & [a
5'-CCAGCTTAAGCAGCACAAGTCGTA-3'. GLUT-4, 1E[F)5'-
CCGGGACACTATACCCTATTCA-3', /& [a] 5'-AGGACCAGTGT
CCCAGTCACTC-3'; APN, 1E [3] 5'-CTGTCTGTACGAGTGCCA
GTGGA-3', Jz[5) 5'-CTTCATGACTGGGCAGGATTAAGAG-3',
XABENEEE#HITMRNARIAEITE.
1.6 SitESH

Fr 56 B4R AR M x£s Fox, RV 3 SPSS 19.0 1 {4
HTEITFES . BEERRATEDTILRES AN
ZF, MRTEFM, WEALSDKRRHA—TDITHE
HzZEWER, WRITEARF, NHEH Dunnett T3 4
% . KA ¢=0.05,

2 #R
2.1 WBERFRIEFTMRS

RIE® BERFPHLFTEERIES TA
K LEZHER (SLXNRIMTER). RREK.
HERBRMARR. 5 BREEFNENIRSELS
THEXK, 1£30743 fF,
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xR WAKFIARGE RS EEBRFIIE IR
(mg/kg, xts, n=3)
Table 1 Amino acid and fatty acid composition (mg/kg) in rice
germ and white rice samples

FEAEE (Rice germ) K (White rice) %% (Fold)

%4 (Component)

F=EE (Isoleucine) 4300%51° 2280+46 1.89
S &R (Leucine) 9300495 453079 2.05
A (Lysine) 7200+88° 2530433 2.85
ER R (Methionine) 1800+54° 1300466 1.34
KARE (Phenylalanine) 6200+89° 3490488 1.78
FE & (Threonine) 5900+76° 2450465 2.41
HEE (Valine) 7100£73° 4260+94 1.67
@5 (Tryptophan) 150099 1280+83 1.17
HE R (Histidine) 3500%57° 1390+47 2.52
gfi Dﬁ'g% — 43000+158° 100067 43.00
iififiﬁﬁ?f d fatty acid 86000+234° 2000+123 43.00
EABARREIER 60000190 200095 30.00

Polyunsaturated fatty acid

[Ela. SEXELE, P<00S,

[Note] a. Compared with white rice, P<0.05.

2.2 ARWE. RYEREMIKENEL

SIS HA R, FEIRWARARUEEH MBI

ALAET. SEREXMRAMAL, ERAXRNEER
YIEFEEHERER (P<0.05), BHERKEFS (P<

005), SIRAAMLL, F. SHIEHARRHRKER

ik (P<0.05), k. 1. SHEH, HYWRAMKRE
ARBRIEENRVERENZRFHIERITERNX
(P>0.05), Wk 2F1E 1,

2 %E@HI?FXT*ERF KRAMEMSLLER B T RYiEFE
Rk 2RI (xts)
Table 2 The effects of rice germ on final body weight, average food
consumption, and average drinking water intake in diabetic rats

NS S = 3z >’L+'7 =
. KR (g) FHRYIEFEE TRk E
A3 : (g/kg) (mL/kg)
n Final body L.
Group weight Average food Average drinking
g consumption water intake
l=godiep
IER R4 10 442.72+61.06 101.2+20.1° 141.5+14.3°
Control group
14
RAA 11 382.17+50.57 81.8+14.7° 322.3+45.6°
Model group
S S EE 4
Zx A 11 406.00+55.46 90.7+15.6° 211.7+37.8%*
Drug control group
%4
(/% 11 384.14+52.56 83.5+14.3° 275.4+72.6°
Low-dose group
&4
EP%J,E’E 11 408.83%50.78 89.6+16.6° 221.8+46.9%°
Medium-dose group
=ikt
l_.ﬁ\”g’ﬁ 11 420.09+45.37 91.3%17.2° 183.6+24.6°
High-dose group
F — 191 2.96 53.61
P = 0.130 0.023 0.000

[Ela: SEEXRBALLE, P<0.05; b. 5&AELLE, P<0.05,
[Note] a. Compared with the control group, P<0.05; b. Compared
with the model group, P<0.05.

500
450
400
350
300
250
200
150
100
50
0

g)

{KE (Body weight,

1 2 3 45 6 7 8 9 1011 12 13 14 15 16 17
(Week)

13

12 // - )
11

10

Food consumption

BYEFER (g/day-dam)

& (Week)
—o- YT IRA
Drug control group

o SFEA
High-dose group

o RAVA
Model group

o I BA

Medium-dose group

B FBHKRMEE (A) FEWEEE B) Tk
Figure 1 The weight (A) and food consumption (B) change in each
group of rats

o FEXNHRA
Control group

feili=s]

Low-dose group

2.3 XRZTHEME THERESE. REEHREYH
T

EXWERN, SEEEXNRAMAL, REATE
MEMZEREEKFRAEAS . RS ZGUXIEEEA
TR (P<0.05), S1REALL, . SHIZ2EHMNAEY

X RA T MBS ERS RKFERIK, B R
IEHIRE (P<0.05), L33,
2.4 KRERERALHTH

E28 T XRERREBRAANREZT K,
IE.%X‘JL,“\ZﬂkLbuﬁﬁﬂﬁﬂiiﬂé}j\%ﬂﬁﬂﬁ'%QHEH@%?SL—I:

B ORSEMTE, RENMABEHIIESE, KN Y—,
’l‘%iﬁﬂkﬁﬁ’lﬂﬁﬂiéﬂmi‘ﬁ. MpE e PRIB K, FRED 48
N, R RNBREMNE, BEREF TE, 5RE
AR, &F Uiéﬂj(mﬁ']ﬂﬁﬂiiﬂmb HEEERE
i, RSB EM, MEERSE), IMARES
FIELAFRARE.
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x3 WAKFMERFARZELE TEESRMRER
BRIEHIHI R (xts)
Table 3 The effects of rice germ on fasting blood glucose, fasting
insulin, and insulin sensitivity index in diabetic rats

SHEMEE (mg/l)  Z=ERBE  REFERIER

2B 5
G’rﬂotj n Fasting blood (muU/L) insulin sensitivity
P glucose Fasting insulin index
w3t B84

R A 10  1034.2+198.2° 3.15+0.18° -5.78+0.26°
Control group

1) 4]
A 11  2538.74£525.2° 4.3610.23% -7.01+0.35°
Model group

3 i BB 4]

B A 11  1555.04320.7* 3.82+0.24° -6.39+0.27°
Drug control group

=¥
()@ 11  2493.7+473.0° 4.0810.19% -6.93+0.29°
Low-dose group

I.E.
EF%J.E’H 11 1935.1+318.0° 3.53:0.16" -6.530.25*
Medium-dose group
I=%ili=¢/
'_.’%JE”H 11  1583.8+345.9® 3.29+0.21° -6.26+0.23"
High-dose group
F — 28.75 30.67 5.68
P - 0.000 0.000 0.01

DEla. SEBXRALLE, P<0.05; b. 5RALHELLE, P<0.05,
[Note] a. Compared with the control group, P<0.05; b. Compared
with the model group, P<0.05.

DE]A. IEEXTRA, B. #AH, C. AYXELAE, D. KFEA, E.
HRIEE, F. STIE4,
[Note] A. Control group; B. Model group; C. Drug control group; D.

Low-dose group; E. Medium-dose group; F. High-dose of groups.

B2 BEXBRRBARFEFNRER (HE, x400)
Figure 2 Histopathological presentation of pancreatic tissues in
rats with different treatments

2.5 KRS BMAMBHMAERNETL
3BT T7EREBEE FEHMEMKHNRSB

WENBREMTH, EENRAERS B AHMEBMLE
MERLEE . BRYY, &AW, Af, REARS
BAIME MM AT N T, BAMAREM, %A
w, RICRERREREAE. XUNERERFNEA
hWN D, SREAMFLL, h. SHEAMLGY X
RAMBAMBREMRGAERE, BRLWX R
AR B AAIPAK, hHEENED MO EEER,
SHEAMBZARE, LuEREREBMK.

DEIA. EBXERA, B, RAM, C. AYTERA, D. |EFEH, E.
FHIEBAE, F. BRIBH. DRFRECAEE. VRBEE O
FORGRRRRAK, JRRZRER ., XL R PR S B AR
i, TMABENEINRARS B ARRGRATE,

[Note] A. Control group; B. Model group; C. Drug control group; D.

Low-dose RG group; E. Medium-dose RG group; F. High-dose
RG group. > indicate unclear nucleoli; V indicate lysosomes;
) indicate mitochondria swelling. {} indicate nuclei condensing.
These indicators all show the injury of islet B cells, and the
presence of lysosomes suggests severe injury of islet B cells.
B3 TEAMIFXERE B MA@ MLEEEIRIE (x10000)
Figure 3 The effects of rice germs on the ultrastructure
of islet B cells

2.6 KRAFTBEHLR S GCK K ASRHHELA T APN, GLUT-4
mRNA RIZHI L

S#EZVEMRLL, . s FEAMAGY X RA T
AL T GCK mRNA FYRIA KA (P<0.05), H. &7
EHAEAALR S APN mRNA F95RIA K TS (P<0.05),
SHEAMAYN RAEIHER D GLUT-4 mRNA F 3R
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EKFEFE (P<0.05), T4,

x4 TEOBEZFRIVERR K RATAEELR GCK K AgRRZALR APN,
GLUT-4 mRNA FiEHIESMH (x+s)

Table 4 The effects of rice germ on the mRNA expression of GCK in

liver tissues and of APN and GLUT-4 in adipose tissues in diabetic rats

43 n AEREME BHRE AERHEEA4
Group GCK APN GLUT-4

% vt BB
ERRA 10 1.03+0.05  0.98+0.08 1.05+0.06
Control group

14
A 11 0.56+0.08°  0.48+0.07° 0.43+0.09°
Model group
2543t BB Y
2% A 11 0.83t0.08° 0.65:0.07° 0.86+0.10°
Drug control group

| &4
()@ 11 0.66+0.09°  0.57+0.11° 0.50+0.09°
Low-dose group

&4
EP%J,E’E 11 0.81+0.08°  0.77%0.07° 0.67+0.11°
Medium-dose group
==
’_.J%JE’E 11 0.92+0.09°  0.87+0.09° 0.91+0.09°
High-dose group
F — 6.74 21.66 6.58
P = 0.000 0.000 0.007

[Ela. SEEEXNRALLE, P<0.05; b. SEAHLLE, P<0.05,
[Note] a. Compared with the control group, P<0.05; b. Compared
with the model group, P<0.05.

3 it

AR AIE KA, XKEMESFENE
B (142g/kg) . BER T4 (203.80g/kg) . ZMBEAE R,
BERZMWETTENFE (60.10g/kg) . 7 (100g/kg) .
% (8100g/kg) &M, AARLU, BREIBRIMNES
REEARTHLFTRERYSTEX, LEEEHS
AERFIMHRERNBRE, BBHRRAMFHNERNE
MEMREZANBNERRLRFES. B TOLFEE
B . BEREFAERER 5 2 NBAEMBRE B I E RN
WHEREZWIESE ", FI MBS R & X
ESERNTURENERRIFLLETIER. BF
M SERSENRD EHRIEREERREE L
B MTEHR, o] RRER B RHOBURM Y, A RAI,
53R AEL, ERAXRIRKEEN RYEREE
K, AERBRE SROBENRSEAS. RS
THERIEERR, FAXEERER, HEAAARH
W7 ERFAER, R IASER T, T % B MAEF AR
BERNASEHETHERFEHLEASH, V&S
TRESSHME, BERSDBEZNRS KM
EHIE., ATFRERET. SHEBAMRL, £/
RETHGE, 7. STEARKERERD, =K
SR, XRPV/AEZF O] DT B EFERR AR
BERFER. BIE—THRELI, 2RT. SFE
HAARRDEZHRIERREAS . EHTEOERR

BRKFHIPEEMRE, XIERT BARFRBIEI
BIMEFR R AR AVIERS, MM EMmEE, FHAERS
FEUKM,

RIREDRENANEERE R, SRARFT
AR ARRGBERE, RIBEBE . Wi
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