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Abstract

The protective effects of a formula of nitric oxide and natural antioxidants on increases of blood
lipid, and glucose of kkay mouse and blood pressure of rat caused by higher lipid food were stu-
died. It was found that higher lipid food and gene caused significant increase body weight, liver
weight and blood lipid and blood glucose of kkay mouse, while the formula of nitric oxide and
natural antioxidants could decrease the increases of body weight (about 9% and 12.5% for low
and high doses respectively), liver weight/body weight (about 17.8% and 20.2% for low and high
doses respectively), cholesterol (about 11.0% and 15.6% for low and high doses respectively),
triglyceride (about 29.8% and 35.5% for low and high doses respectively), low density lipid pro-
tein (about 24.6% and 25.4% for low and high doses respectively), however increase the high
density lipid protein (about4.8% and 18.9% for low and high doses respectively). The formula al-
so could decrease the increases of fasting blood glucose (about 36.2% and 44.1% for low and high
doses respectively), random blood glucose (about 47.6% and 56.7% for low and high doses re-
spectively) and 2-hour blood glucose (about 33.1% and 44.1% for low and high doses respective-
ly). It was also found that higher lipid food caused significant increase of blood pressure of rats
about 73% and that the formula could decrease the blood pressure about 12% and 18% for low
and high doses respectively. Further study found that the formula could scavenge hydroxyl and
superoxide free radicals. It suggests that the formula of nitric oxide and natural antioxidants can
protect blood vessel against the damage caused by higher lipid food and genetic factors through
scavenging oxygen free radicals.
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BT T — AN —ENH BN KRR TEAF & B A A X kkay /) 5 0L A8 AT U K K B0 B8 5 4R
PIEH. SRR, BEEREAH SIS EMRKkkay /M RAAEE M. FRIEEA . 1 Ag P00 5 3 8 A b
K KIBEFA R, TEE —SUEARATFENFEEHE )G LB Z WD & gk 51 & M kkay /) R 44
E RN (RFI B EFI RS B KL19%M112.5%), B8 A% I8 5172 10 FFIE R B0 n (&I B M5
IS P F#1%17.8%H7120.2%), BF & RS IEEEK & E(RAIENBFIES 5 F#K11.0%M15.6%) .,
BEREEH=EHEE(RFIERANEFERE S 5D 29.8%H135.5%), 8% BMEMEEERER({RFIEN
BRIR SR 24.6%F25.4%), BHAEEEEREED(RAENSFES A E4.8%F118.9%).

¥ S ENRATENFBERASE, 7T LLEE PR Rkkay /) B 52 B IR (K57 &0 5 B2 5 %
£36.2%F144.1%)- FEHLILEE (KT BN BFES H #K47.6%F156.7%) FI&J5 2/t MUHE (R E A
B 5 F#533.1%F144.1%); "BIEREANES T XKROKEERBEA B KL73%, EEHBRA
HE—MNH, BREREFIER LS A EZEREKROMEKRL12%A118%. #—PHARI, XA H
AXNEENBENEFEAEFREBEREM, R —SAEMRATENASEBRAS TR AEDT
ERE B B LB R MER S A MERSEG, X nERESRETER.
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— S AT P B AR R it R 7, A I H R RO ML A R A HE AR AR . R AR LR
i, fE I AR A, AR, MR, PRUE LRSI 3], (HA, oLk R
RFEIN AR A HHE, AR S S RN ARG H AL, FECO I B BA TR
FEM FH RARPUAAMT A CRA Lo UM AL SR i PR 0 S A LR SR AR T AT i e PR 3 453
P AR AR A, A — R A A, GRYGOAILRTINALZ, By ks RS 5[ 4] [5].
M7 H., RIRGUEAN AT ARRAR AL RO 5 R B L A Mo T [6] [7]. 2o ik, 3R — LB AR
RPUAMANEAT T A BIIER, TR T —— AAC R R AR PRI S B I &, IR R DR i i
AMEMALE R, 2GR A BN —R8E, OISR B R R A Ay, B
RS SR R I PV S RS P 453 13 8]

ARSI TT T3S AR AN R IR G AR B A FE RO 5 0] Kheay /I B LA I8 R0 K B s R 2,
RIS HE B G PTRE I 5 BR A B b LD i e 4570 A DR L 6

2. MEATEE
2.1. MRy

L-FE 2R, PR/ B IS S fL . DMPO [ Sigma Chemical A ). IABHEINAY) . HIRER I AR
R E V828 R AR R A A .

2.2. {28

ESR %1% (Brucker 200 D-SRC £ [%]), 7 61 1fil i 1% BP98-RCP-S I (b it 75 %453 /K R A BR A 1), 1920
¥ (ARKRAY Factory, Shiga, Japan).

2.3. B

2.3.1. BHHFIIRFE

8 JE % kkay. C57BL/6J /)N R ANKENE 4 Ji#% SD KR (fAH 180~200 g)ity B 4EiEF LA R (ALR). &M
PEMEFE 7 K, —HMR AR KR, — AR S AR RN (5% MR AR IR, 1%RH [ EE, 84% %Ak Ak K inl
L) o S HBN W FRAETE TR 3N 55, SPF (JCHE i JE A M)A B T, % 20°C~26°C, 5 40%~70%,
14710 /NFETEBRAERS,  H HAREFTOK

2.3.2. BIMAEFMEERBAEL

FIFH Kkay /I B 37w R e PR R R, B N 2 41, — IR AR KR, — AR A m R
Flo 30 K G FRER, 0w Mg Tk S i Ak A K A B A 5 25 5, 1 U R R B 2R (1 2 ST 6] [7]
il 18 2 kkay /NEEREBENL Y A: SRR+ R KA m ek — A B R AR LR 5 i
HAMRRIEAMCHE: 2 mg/10 g/day), i taDk+ i )& — U A R AR LRI 4 (577 & 8 mg/10
g/day); [FIFKF LRI R EIE [FIRS CS7BLI6Y /N 6 H (GERETARL+ WA KAL) 1 15 3t B (e 41), & H
MEHMREERNAE. A28, FSBERESY), SEIT, REUTREER, HEATKL,
i, AT e AR i B

2.4. [ AE 955 B4 ZE

I A 375 X A DY 50 ARG 42 B SCRR PR D 92 F R St [ 71, T 23 et BE I 0 A R E A ot H il =1
RS AR AR R A M SRR SR, SR iFE R EBENE .
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2.5. MFERIE

ZMME . BEHLIRE . )5 2 /N MR ARE R 000 5 #2 STk 0 75 V5 R gt [6], - sE3t dhil fEk
SFERBENIRE , BRI MR T #1920 IUBE LS E -

2.6. = INEERAOEE ST FNE

SD KR (88 A B K /N8 —) 75 MR Rt AR A ARDRLE ISR 7 RS, BEATL S R 4R (R ) O Bl — 2 8
KRS, B S 3 K, BCPBMEIME). 7~67 K: —41 8 HMEArdtatid Kiakl, —4 24 Angf
R TRE. 60 KGR ANk, IS BB S, bR s > 120 mmHg. 67~97 K: &
RRABENL A 3 4L, FERILLRI AN 25 241 (77 F 4 400 mg/kg 57, 5741 100 mg/kg Hil57), 45418
R, g2 R, BREE, H4. 8. 10, 12 FRE, AT @ 23T, KRR ETEIRN
FE T 10~15 min J5, R C ARG,  BUR SIS % .

2.7. MBHRART B BENERERANNE

I F BN (10 mmol/L)/ 3 MM A AL (0.1 U/L) =AU 25 F R &S, 8% @475 DMPO (100
mmol/L)FIAS [l BEFE S8R, VR A), WA EEBLEH, ffiid ESR Wi, ESR MEK%&1F: X
WBL, R ThE 20 mw, EHISTER 100 kHz, JE 0.1 mT, A0 3245 mT, = R[] AL
155 55— WA 51 B2 h (mm) 27 B B A RHR BE 3 T A RIS R

TEPRER (%) = [(FF Sl — X0 )/ BRI )] x 100%

2.8. MEEBRENBRIERNNE

FIF Fenton i~ AERHE H AL, ¥ DMPO e, ARERIEEL(25 mmol/L). H202 (0.1%)F1AN[Fl ik
FERORER,, IERA, WMAAEEME D, KN 1min B2 ESR JEit. ESR MR A:. M8
B [A 1[9].

2.9. Giitorin
KA T K5, PRI, R0l x £ SE o, I U I SR #7400, P < 0.05 52 UNA
EGHER.
3. HR
3.1 —FUEAMARARMEUFBEASIMFE. FFEFMASIYH AR

ARG 53 B0 00 L0 PR S R PP A AR v BT BB, B T B R B AN F EAh, FRATXS kkay /)N Bl
BT T AR DY IR, a5 R 1~ 6 . RE s RN T RS IERE Kkay /N RS SN, 1m0
WEH — E A ER R AT B BC AL A 5 PT LA 35 08D e s IR TP 5 2 1) Kkay /) UM PR 36 n (1<) 1) (iR
TV 70 B 4 Sl s> 9% 12.5%), B AL i 51 AES 0 B ARG A= (141 2) (JFF I 28 25117 B s e
IR 17.8%F0 20.2%) . — A BRI R SR T AL TRIHA C 416 e B 5 B AL ] e 7 (14 3) (MIRFR A s
FIE 5y vk 11.0%F0 15.6%), ¥ 3 FAI H- it = 5 & 2 (14] 4) (T E AN & 5= 2730 982D 29.8% 1 35.5%),
B 2 ARG 2 B2 IR 2 1 (1] 5) (MR A0 s 770 B2 3 sl /b 24.6%F1 25.4%), R 1 e e %5 FE g a1 (14
6) (IRFIREAFEFIEATHE 4.8%F1 18.9%). XLzl FRUIX ML & v] LAREK = s S 7% 5] i
kkay /N HAR DY I T e — A BRIR SR FIFE IC 4H & 0] ZEAil R RHIR IR C57BL/6J /)N BRI I i Y

TREAEAT G 52 o
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Figure 1. Reduction effect of suitable formula of nitric
oxide and natural antioxidants on body weight of kkay
mouse fed with high lipid food. *p < 0.05 vs control,
“p < 0.05 vs high lipid control
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Figure 2. Reduction effect of suitable formula of nitric
oxide and natural antioxidants on liver weight/body
weight of kkay*mouse fed with high lipid food. *p <
0.05 vs control, p < 0.05 vs high lipid control
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Figure 3. Reduction effect of suitable formula of nitric

oxide and natural antioxidants on total cholesterol of

L(kay mouse fed with high lipid food. *p < 0.05 vs control,
p < 0.05 vs high lipid control
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Figure 4. Reduction effect of suitable formula of nitric
oxide and natural antioxidants on triglyceride of kkay
mouse fed with high lipid food. #p < 0.05 vs control,
p < 0.05 vs high lipid control
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Figure 5. Reduction effect of suitable formula of nitric
oxide and natural antioxidants on low density lipid
proteins of kkay mouse fed with high lipid food. " <
0.05 vs control, p < 0.05 vs high lipid control
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Figure 6. Increase effect of suitable formula of nitric
oxide and natural antioxidants on high density lipid
proteins of kkay mouse fed with high lipid food. " <
0.05 vs control, p < 0.05 vs high lipid control
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— A BRI R AR PUA A FIFE A B 0] = B T R R IR 5 2 18 280 R Kkay /) BRI P38 28 2R 4
K 7~ 9 fs . HIEITLAE Y, millR RIS 7 2 B B PR Kkay /IS BRI (1 535 KR FE T &,
HEH —FHEMRAPUAMFIERCA A G, TR RRG kkay /) B2 JE I 0 (e 70) 2 R0 s 79 2 ol e
ik 36.2%F1 44.1%, [<] 7). Bl IS (KR & A0 &R 25 A BEAK 47.6%F1 56.7%, 4] 8). M5 2-/Nif ifi
B (B AN 7 0 0 BRI 33.19% 0 44.1%, 14 9). FHTN B 324002 2 FUOWH JRIF O AT S0 0 SR I B, s
Pk R = AR5 T 1 Kkay /N BROBET 552400, T BB RE I RRAR, TR RS =KL, 14 T — A AR
RARPUEATIFEBCLH & 5 16 Kkay /I BROBEIN 52 40 B SR8 o — U BRI R AR B AU A0 751 1) A B T ) JE it
TARLIR FE CETBLI6J /)N B I LA 5 A B S 5
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Figure 7. Reduction effect of suitable formula of nitric
oxide and natural antioxidants on fasting blood glucose
of kkay mouse fed with high lipid food. *p < 0.05 vs
control, “p < 0.05 vs high lipid control
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Figure 8. Reduction effect of suitable formula of nitric
oxide and natural antioxidants on random blood glucose
of kkay mouse feed with high lipid food. #p < 0.05 vs
control, “p < 0.05 vs high lipid control
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Figure 9. Reduction effect of suitable formula of nitric
oxide and natural antioxidants on 2-hourblood glucose
of kkay mouse fed with high lipid food. *p < 0.05 vs
control, “p < 0.05 vs high lipid control
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Figure 10. Reduction effect of suitable formula of nitric
oxide and natural antioxidants on blood press of SD rats
fed with high lipid food. “p < 0.05 vs control, “p < 0.05
vs high lipid control

10. — SRR AMENTHET A AT =R
BSARMEASHIFEIER. #p <0.05 SxELEEL
32, *p<0.05 SHERFLEELER

KR R KR E T (R 73%), #EH —F LB KA ARG E— N H, ATRURZERRR
B P AL (G790 2 R i 7 B 40 S BRI R 40 129% 11 18%) o T . M v i 1) O B A7 B B o HER 4L o, 11 S8 488 Jm (el
15.7 g Nl 21.9 g), MEE—EHAERRAPUAMAFEECA A, AR B = 77 2 4H B A 4k = 4 3] A1
8%FH 15.5%. — S ALEFIR IR BT AT G 384 BT J At PRDAh MR 3 DK BRI I 1 8 A 1 S il

34. —HUHEMXARMEMFIERLE S E B HEFBERIER

N TR — A E AR ARG AT B B 2H G 3D = IR TRDRL S S s A dE i . il dfiop AN i e
FHOPLE, FRATIR 7 — BRI R IR BT ATV AL A X R SRR A 5 7 A L DS RRIE A . R0 45 R
FW, —EALER RIRPU AL & BB RO A4 Fenton Jo = AR ¥4 58 H l 36 B B P2 1R 9 10, 35
Fr2IA 50% I 228 VB0 = 0.55ug/ml (] 11(a)); X 2 MRS /1 A S AV il 28 7= A AU 25 1 B B 2R
TR, TEFRZIE 50%H0UE N V50 = 7.15ug/ml (4] 11(b)). H4, ATCARTHRE L, XANHEET LI E
Pem— AR E R J1[8].
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Figure 11. Scavenging effects of suitable formula of nitric oxide and natural antioxidants on free radicals. (a)
hydroxy| free radical, (b) super oxide free radical
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4. &

IR S, TG E ARk S| A P R S 3N, AR ORI R R BT . —
WEFRIRPUAM TR AEWIR— DN H G, Ree I B b s ekl o Esh Yk Ersgn. s, ok
AR TR AL, 356 R I —E BRI R AR BT A A BC L A et . BB B ikt 2
IR IIERRAER o
5. Wig

PR EE AR U U S8 I e 2R AL A IR BIRE 55 22 Pl s i 70 AR N R 45 11— FioiR A, M E
A A B S SO0 M SR R A, G RAET:, YRk 20 48 F B R R T, SiAE ., Sk S,
EILbE. SRR mIRER. Sk SRS EYUE, X\mEE AR TG, T ORI R A1 .
E[H 20 2 DAL EAE NMCSEEE R £ 3R N 24%, LA dE 60% A ERE B [10] [12]. ik e %2
BEIRI 2 E 2 AR, HATES BN 20 % DL ERAEES, ARZERERE B 3 14%~16%. RiZEE
i it A A S 3G g N, 72 50 2 70 5 ABETIA B g, K BE 2 T 5. ik, BE
RFLEERERIRAN, fERK 7R, 88 NMNMESH L AFMRBLEERESET:, FH AR EBERIE S 80 i
BRI R AR B R RS IE 5 1 4.5 £5[12] [13].

—HAMER MR, MR N TR A R TR, AR
DIReA T B H NI . —E A AR N 7R AH S B AR ThRE, VB9 P R 40 A Bt R 77 5k 1
WS IME[5] [14]. RN — AR H —E RS LA™

WA SE . 7 TRERTNZ, A& MR, WEmEY, RIEE R, AR, =
TEERS, SSEAZRAE. (LRI AT DLV T RS MO R, DR, OEEANTE, miE, E R IES .
DAL 2 BRI 2 B, (LA AR U T e I I 1 B T R 1, 3G e IR S K LI Ao U PR I
P O I RE SR, RO G 52 BRI P VE 414 [5] [15]

IR RBIRIAS MR, RAET M, GRS — R i a5, HPTEiE R T beta-#H% b
FMAEA R E RZAE[16]. TFXERE R DR o0 FHAYIEYEAR T 2 AR, b iR, 18
PR AR, R R AT DARRK 6-F 25 2 B S A L RO 2R FIgr M8 1 75 R
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PRI, RS @ A S 8D B R R R ORI A P T BRI 1) R AR IRk
i FE FE[17] [18]

FBEA RS BT, R EANABRIENZMAEYI, BAERG K, YRS, BHREE,
PR R, PRMAESER, S AT BGEE TR O . ARET x4 H B35 R s bR IEA,
"B IR SR o JULBP L P 453 4 S R 7 A 1) — SR A R B R R SR 1 ER A T R P A RSk LR o R
A R BU8[19] [20].

TATE L-S R A AR LA LS SR I Bk LA SR SR 75 2 AT S BB B LS, R
TE AR RAAL AR, ZHGEERT A — e =m0 —2 A 8], N LIEMRE B HE, A&
FIFER . — S E S P 5 4 M s th DR -1~ ok I 15 I AR [5) [15], Ui B — S AL R R AR DL A b L &
AT AR bR E SR — A U 2R B 1 m R R R R 5 R i i 7, Pk I A B R T
ARIER . 534k, —SeRARBUANTTIA By st v] AT 1 i R T B RN R 5 |2 (1 of i A o 4 ) 7 s 6] [7]

Fih, —AAERRRPUEATBEWE B T AL S LRI R, FRALR 0T T-R A0 5
PEAAVER[20] [21]. — AL BRI PUA NI T RES 5 HAD AP TN RE, W03 NG b (0 R 2140 i
F £ A A0 P A 4, — 4806 B0 NIK (natural Killer) 200 B % £ SE 40 A 5 750, aT LYY NK 0 I ZhRE,
B 1o BT R R 40 B AT R A R TS AR [22]-[25] o ASHIF FC NIRRT R AR i, BhvA R s . e df
JE e B AR SR B (g B A2t T A ME 2% .
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