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Effect of Fermented Wheat Germ on Cholesterol Levels in Rats with Hypercholesterolemia
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Abstract: Objective: To investigate the effect of fermented wheat germ on cholesterol levels in rats with
hypercholesterolemia and to elucidate the underlying molecular mechanism. Methods: Male Sprague-Dawley (SD) rats were
randomly divided into 8 groups by cholesterol level and body weight. The rats in the control group were fed a normal diet
and water, while those in the model were given a high-fat diet and water. The other groups were intragastrically administrated
with lyophilized powder of the fermented supernatant at low (LS group, 221 mg/(kg-d)), medium (MS group, 442 mg/(kg-d))
and high (HS group, 884 mg/(kg-d)) doses, and with lyophilized powder of the precipitate at low (LP group, 221mg/(kg-d)),
medium (MP group, 442 mg/(kg-d)) and high (HP group, 884 mg/(kg-d)) doses, respectively, all of which were also given a
high-fat diet and water. Both the control and model groups received an identical volume of water. The administration lasted
for 60 days and at the end of this period, all rats were sacrificed for analysis of serum total cholesterol (TC) and high density
lipoprotein cholesterol (HDL-C), liver TC and cholesterol 7a-hydroxylase (CYP7A1), and stool quantity and fecal bile acids
(BA). Results: Serum TC level in the rats fed the high-fat diet were significantly increased compared with those fed the
normal diet. A rat model of hypercholesterolemia was established successfully. Serum TC levels of the rats in the LS and MP
groups were significantly reduced in contrast to those in the model group (P < 0.05 and P < 0.01, respectively). Liver TC
concentrations, stool quantity and fecal bile acid levels in all treatment groups were increased, but the differences were not
significant statistically compared with the model group (P > 0.05). Conclusion: Fermented wheat germ can time-dependently
and dose-dependently reduce serum TC by transferring TC from the serum to the liver, promoting BA formation from TC
and increasing stool quantity.
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FREUA VR TR 38 AF, $%1:9 (m/V) IMANTEK
W, KGR 1.3.475 S BT LR A 3%,
2500 r/min{ 0210 min, HUF3E, AR5 F AR 7 & i W
Fo 5 T H AR BR IR S, A& MBS T
AR B RIS TR o &
14 Hd kb

FHExcel FISPSS 19.0%k fF Xt & 4 H4is kAT Ge it 4 #r
(5, R EsFIR, P<0.05HAH G ¥E Lo
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Table1 Proximate compositions of freeze-dried supernatant and
precipitate from fermented wheat germ
2D FIERE REERE TR DO R
FEEF R (g/100 g) 36.0 20.9 48.6
RN &8/ (/100 g) 7.3 44 10.8
WA & YIE R (g/100 @) 36.2 52.7 23.0
AR et (g/100 g 8.57 5.40 12.49
WAy S (g/100 g) 4.7 7.4 43

KAy E (/100 g) 7.27 9.19 0.85
ST S % 0.15 0.16 0.04

VE: BB RS T
22 RPFEFMAS K BT R

K2 ARZEMEZHKREERE
Table2 Body weight in rats in different groups

g

WEd oA BRA fRA WP TR Bed BE B4
0 1136552 11412104 1142459 1167454 1143481 1155£57 1141479 1162453
T 149L130 170782157 17062161 17722138 17541145 17392132 16831156 16942106
14 23724176 2367241 BLIEAT WI3L276 M46E2L5 ULSEILT 23524219 233.0£199
2 29461212 29774335 29494334 30801293 30671281 2989+247 2879228 2933£316
B 3401274 35651384 35124418 365.1£355 3609372 35814297 3363£258 34874412
35 37391302 39621455 39251492 0L1L388 39574440 3918£371 3700£316 38421422
4 40391305 44495490 4382L557 443E419 M16ES8T 43831389 41274376 42561502
49 43661329 44791536 48401600 47681457 47584652 47161419 4508+419 461.6%576
56 46451380 51644570 52014635 51574502 511744 50971452 48171448 5039£616
60 47641317 53345701 52554589 52604501 52144742 51501453 48991448 51484611

FHER2TT A, A5 2H K SRRV S N TRDR R B 42 5 (1) 55
SANE], AR A R A (8] AR T S I AR A, AR DL
BEER (P>0.05) .

23 RN R BRI FE ] 1) 5 )

£33  2iA304M60 dFHARMBETC, HDL-CEEMAIL

Table3  Serum TC, HDL-C contents and Al values in each group of
rats administered for 30 or 60 days
my 0 dTCH &/ 60d
(mmol/L)  TC# &/ (mmol/L) HDL-CZ &/ (mmol/L) Al
FA4 1571026 1.66£0.45 1.17£0.23 0414021
TR 2454042%% 2.57+041%% 0.8740.26% 2.08+1.30%*
s 2761042 2514044 0.88+021 1.64£0.75
Whd 2544042 2514055 0.8540.20 2.0940.76
BIRA 2301046 2134035 0.98+0.22 1514083
g 2404040 228+0.37 0.78+045 2.08+1.35
WA 2664033 2.09+0.10" 0.77+0.26 1.660.10
BEA 2.50£0.17 2274034 0.7940.31 2.08%1.10

e 5RAHMIILERREE (P <001 « 5FAMAMLEREE
(P <0.05). ##5EMAMLLZEFREE (P<0.0D) ; # S5EAA
bR 5EE (P <0.05). FH.

HR3ATAT, 523830 dif, ALK RMIE TCH &1
BT ZEF S (P<0.01) , A [F 2 iR R 25 A 48
e &SR A, FHECEBIAYA, AR A 2 i v
TCHERA—EMRE TR, HRAHEEFEER. Zik60d
B, BRATCEHEEWMEE S TTHHMH (P<0.01) , WK
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LR A S IR R ST DA 2 LS TCK
P T 22 JUR Aok 32458 K B L 375 TC -2 5 2 Wil B A 75188 380 S
A B T

HDL ] 55 4 J& 240 122 fi 48 HCHG o (g LT e, 7 I
¢ L[] P T T 2 % T4 A T 145 i 20 AL T2 6 A A= R AL [
BEPEE NHDLIN A%, 55 T BORT ITHDLER, A B ARG i
S e S A T BE R B 3 ET A, Z2ik60 d, A
HHDL-CH R FMR T A4 (P<0.05) , WILHAME
m A TR, HAb S S RAR TR A, HIR
ERFEER (P>0.05) . FEZR60 d%ZRATCH &
BRI N, JU R AL A H 2H B Rk B B 2
(P<<0.05) AItiHEE (P<0.01) #5%. WALHHDL-CH
TR, TR TR, R A R I
R IS TC & BIAE FH AN PR 4l s J HDL %) T o T S o

AL [H PR 2% F i) 52 16— A i 5 30 kb A 72 2 1) 4
o BOUE /N B JCRE A ) R P bR, 5] o I I
() fa G e A . FRER3 VTN, SEIRAE R R R e S
AR 60 dif AR S IR B E s (P<0.01) , O
i ML s RS AR i o R B 22 W 52 AR A AT A [R) AR FE 11
B, UM WA A, ATE R RREER T
%, AR ANE 260 disf i iETCE BB AR 4] thik
BT W FE AN EE TR, FULYE— @ 2 EE M2 jH
I 2 7 P 2 350 P e AR I L5798 D DRI [
24 REEEEXIFIETCE EACYPTALTE 1540
241 XHHETCH &R

£4 FHATCREMCYPIALEHNWELR

Table4 TC and CYP7AL1 levels in liver
H ) TCH 5/ (umol/g) CYP7A1i% )/ (Ulpg pro)
FHH 12.24 +3.42 6.77+2.32
AL 87.25+18.71% 9.76+2.65%
I 98.02 +22.40 9.74+3.33
MG 100.52 +14.24 8.64+1.91
AL 90.43+29.39 9.92+2.54
o=t 88.07 +28.65 9.29+1.99
b SEaE 94.04+15.80 7.334+2.18
VEARAL 93.59420.76 10.03+2.36

HE4 5, HAATCHEEMREES TEAA
(P<0.01) , HAth 5328435 T4 8 4 (0 R ik 3 B
EER (P>0.05) , FZRAZ Y LEEZEER (P>
0.05) o ZEMIETCE L FHEW, PR I 4% H 4k
FMETCHINRA, MIBTCEH B — &K, Kk
P MG TCHE B R AT HE I CAE IS, Bk, B
R TR A R A AN SEG A, AFETCE BT, AR
HETFAHAEREEZER (P<0.01) ; T & SZU62H T

TCOKFETRA ., 60 diliETCH B THIAIA, WA
PEOR R 22 AT (R A S TC 1) A 5% 32 1038 0
242 XWHHFHECYPTALIE J1 5200

HR4T &0, BAHCYPTALG hEES T2 AdA
(P<0.05) , WAKLH. BACH S TR, Erhdl, &
EfHL WA, WE A TR, BERIA R B E
S (P>0.05) ;5 FZAAZMBEAHEZER. CYPTAL
S A [ P AR 48 B AR I PR B, AR N IE50% 1 iH
[ B2 B CYPTA VAL FE A6 A R BRHE AR 412, AR seig
e, mEIRRCE CBERAM S 2R B ad (Gl
B, CYPTALE A B, B0 & AR & Sl
A JE [ AR, AR T I A R FECYPTA I AE
F R EAL BRI RRHE L B i . B FAE/Mg i, KE
o3 MR 1% S 5 o IR AR N JFE FIE A BBE Y 4 i PO 38
FCARR TR U it 36 (5 HE HH AR AR, BRI R S AT R
BEXSZ R AN HICYPTA LM #E 5. RIESUHTE, fr
PAZ AR CYPTA W] BE 5244 N IH VR 1) 5 15t A FH AR L T
RERS A T s[RI H T JE ] 27K P N R 28 B2 ML AAR
Bl FEFAL S I B R R A EAE RIS, St 2 B E A
TERMER, WE SRERFERS . S 58RI N25H
YRR s B At IR A 40 i A K T i 3 55, DR
WAME Z B CYPTALTE /7 22 8Kk, 2H AR At IR I =35
HES.
2.5 RPN K SR S A S I IR & 2 s

RS REHEEREFEHRIENESER

Table 5 Stool quantity and fecal bile acid level
gib]] R (o (kged) ) FMEE AR/ (umol/ (kg +d) )
ZFHA 11.69£1.26 14.18+1.91
FERA 6.42+1.13% 37.93 13475
Himdl 6.59+0.80 35.73+9.70
Gl 7.66%0.85 39.59+10.01
kA 7.40%0.79 40.66+7.18
BEa 759+121 47.03%11.05
Bl 7.64% 0.80 41.21+6.08
BIRA 8.0340.1.53 40.58+5.52

MRS, BEHMARKRAFEEERTTA4A
(P<0.05) , %ZiAHKRAMFEES S THREEH, A
RILBIREZ R AW RBELZEATE—E R etk
i, AT AE sk A AR AL

BMAAdAXEFERIRSEREER TSA4
(P<0.01) , HABKZ IR (R AAN) K T
4, EHREFEERE (P>0.05) , &2 AH
TRFHER (P>0.05) o db—D 50 K S MR 15 H &
T AR 1) — A B 32 5 [ IR Bk L A g R 8 O B 3%
He
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H AT 22 550 T 1 £ 18 [ 258 AN KT C oK 5% M [ 92
SERVAFAEN KRS W —I71H, EshPrEsess . AEHE
WF 70 S B et 7 N RAT i W i, RS T g & e
BN 5 S TCK A 23 B, 5 —Jrmth
A5 SN [ R N B AN T I o o OB T e 7,
ASLEG A R e A R S Y 2H K BRIV TCOK P AE
F30 R AR R TR R TR s B 4L, AL
PRIV [R] (P A4, S0 45 R (25 60°K,  MLIETCK P
A R/ MEI K, BRHAREERTTOH. ZERE
TR A IERE R (52.6%) HIERHE, PRINER20%.
FEW15% EEIERS % HIEEEL.2%I0 A% O il AN 2 R
A EEMEER , BT, REE R S5
PEE BT A — e A e s (HAR TN, Hoh b, %
W CEEMBARRRTR A gk, FASeEfge
B Z R0 2 BRI AN A i R 0 J5 R

AT, IR R R 2 HCH) 2
Br R 2R, i TCK - 1 T v mT 5 3500 i I8 99 11 A
U e 9 P 8976 2R B S 38 B g — T B 1k A B A
B, RIEH R RN 22X 2768 me/d, R KDUHE
[ B 43 N 5 e O R RBE T AT Y — Tt 3R [ R4
JeE BRG] 5\ B 5 LS TC /KT 5% 2 (R BIE S 52
Pt DR ] s 55 N 2 7R A %) N v R ] e LR 114 A6 9 %6 X
R B K o DA b 4% ) N £ L ] 1 ) o N ATD R R
FECS PR T I VA A DR P o 5 A G 1 R BN
B, 2030 (FEERBRERZSHERAR) 24X
570 B B AEE B _EPRME (20004FfR 2300 mg/d)
B AR FE N, e I ] e IR AR L S 2 oo L
P fE R R, DRI, o O R A RO i A R
I KB AT SR 5 4 il e L [T e
3.2 KRS I AR B T R R g A%

KRS R, FIERBEY, 560K =1
REEHA R EP IR EE (P<0.05) ik #
(P<<0.01) PR S MEARE AR RIS TCAKCE:, JERIME —
S P IR ) R FH 77 B 20 o

B A3 o3 AT o R B R TR oK & KG9y (B
YD FREN SR8, LKW ERE R EH
RRAR RS B PR/ o U, I 2 R LR R ) %
WERW R 245 B e o b el e (R B, TR Le S mE A
A 15 s PR 3 P R o L [ B 0 I R AT AR
TAMEE SRR MIFPIE . ATt P R e At A= i 1 4 R
U S5 iV 6t 40 I A L A AR B £ e R R T AR
. BRI RS 5 o 2 B S I E R . s HDL
AT o TR N0 A T2 9 T v A UL [ 2 e 4

Ae EEAVEIERE . BRI EERRAE Y. s, AT
FARIE, LR TE K I PR U R W 51 2,6- — 8
X R ER AN 2- FH AR 2R R, SRR R AP &
FEVAAT . JERR B SR MY, XM R RS R
B ME [ Bys 77, I 53— 2B A

TUEDR TR, TG & A 4Ef s A i = 29 0 K
WA R RI2 £ L, a5 HEHEEREERAL. £
TR FUARIE , e £ A S R e R R g
JoF O L ] R S o A R R T BRI I
TCKPUE A A B 748 A Y & A 2 A HTHC A
B KA Ak, DA K % 1L 37 JE [T B () R - T A DR A PRI
EEHJH AT 2 PR B A 4t v T 2 BRI 3 B TR R 324k (low
density lipoprotein receptor, LDL-R) 1A DL hnxt [k
JOEL T T2 ) D L 8 g JE T s e LV TR R R 4K, BA B A
B BRARK J 5 R T P Al R A % AR sz, 2R
KSR IC AL & UTTE 1) 20 HE A B R0 A IR R 25 B 2 LU AR
RN 2, HEN AT AR R UTVE o B I & 41 A0/ Bls 3 5
L SN A DU N v ARG W4 ke 3 N T Sl i
I P P 4 1

B A4 AR [ e 7K P 325 R 380 A [ e g PR i L ] g A
I IR A DL R R T 0 5 B o A R e AL 55 D77 T
3% g R 2R 5 8RB B 45 6 DU & A T AR ez
i, W FE EANR o AR B R B (very low density
lipoprotein, VLDL) . LDLAIHDL%Z: . VLDLH &
B, HEON LV #E 5 0H [ B F s LDL, LDLi#
LDL-RASFHIREIEA I AEY) (FEREEEE)
18 2 40 JE A 2 g A v [ e sk FLR [ IR, ZECYPTAL
PIVE R T A LT RE s TTHDLAE IR A/ iz A R
BB A TR R B2 IR AL R 2R A (B35S
JKAEAGBEER ) A1 HE U0 25 IR [ i, 306 [ e o 22 P R AT
A, BT LAHDL K- (4 T o A A 1 20 240 o v 6L 7] 7
(IR . A St 60 daZ RS2 IRV AR RN vh 41 m] 5 3%
B2 PR S IR AR K RS TC & & . M HDL-C & &
ZRARE, SERAM, KA EHDL-CHIAF AT
TCH R, HABAHETCHBL S, AT He s 7 ML IE [ i A
o) [ e iz . (H AT BEANU ) I I He i, r] e e 12 5
AN (] P Y R A A B [ BRI T R,
A HEIE AT LDLAILDLR (1 Ao BT B3t AT RE 2 5 20 B
A ) R 1) B 8 Mo AN SR AR HR S i AL VD . (E
PAEr#iE,  L E 5 % 1 380 JHE 0 O e A0 D9 E v 12 e
FEEHE N R — R R ERR.

SR LRTIR, I EE VR R VORI U UE ) e L ] 7 7>
HE R LG AT BeAT BT ANTE], B2 JIH ] A FH 3 A SR = AL
HE 5 Zd— B L. ik, IS IR B i i A B A%
R, A EITRIVEIRES T MBI ThRE B &, EHCH)
Ty Az b R 45— e EH .
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