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& F. BRI ELBYTREBRIK (p<0.01) FHIEKAEHF KA LDL-C A2 TG K-F, HAFLHLTIEMAK (p<0.01) TC K-F.
b BRI BT RE B IR HS KR TIE RS R B AL, Bsh, NMC SRR O IRA G, BARMIT IS KIRA 49405
BHR A 117 h, kA 25RE A 62.33 mg/mL, HRFHAA 5.95h, KAHFZGEIE A 7.83 h, ZARIEN NMC T ARS8k R 5F
KRB MG, FEoH T BARRITAEAS RIR N 69K 2D ) 4R, SRTAHNE . oh R RS a) L RAHURIE.

XEiE): thah Ao, BfRhE; BRI F

XERES: 1673-9078(2021)12-1-6 DOI: 10.13982/j.mfst.1673-9078.2021.12.0278

AN
=
<O
N
5

Lipid-lowering Effect and Pharmacokinetic Analysis of Natto-monascus
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Abstract: The lipid-lowering effect of natto-monascus complex (NMC) and the pharmacokinetic characteristics of its component
lovastatin was investigated. SD rats were divided into normal group, model group, NMC low-, medium- and high-dose groups, and positive drug
lovastatin group. Except for the normal group, the rats in the other groups were fed a high-fat diet to induce hyperlipidemia. The contents of total
cholesterol (TC), total triglycerides (TGs), high density lipoprotein cholesterol (HDL-C) and low density lipoprotein cholesterol (LDL-C) in the
sera of rats in each group were measured after 4 weeks of continuous intragastric administration, and the liver tissue sections were stained with
hematoxylin-eosin for analysis. In this study, the changes in the content of lovastatin in plasma of beagle dogs after oral administration of NMC
were measured by LC-MS. The results showed that the administration of low-, medium- and high-doses of NMC decreased significantly
(»<0.01) the levels of LDL-C and TG in high fat diet-induced rats, and the level of TC decreased significantly (»p<0.01) in the high-dose group.
Moreover, medium- and high-doses of NMC could ameliorate lipid accumulation in the livers by high fat diet in rats. In addition, after a single
oral administration of NMC, the time for lovastatin in beagle dogs to reach the peak amount was 1.17 h, with the maximum plasma
concentration being 62.33 mg/mL, the elimination half-life being 5.95 h, and the retention time being 7.83 h. This study proves that NMC can
reduce the level of blood lipids in rats induced by the high-fat diet, and provides apreliminary analysis of the pharmacokinetic characteristics of
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lovastatin in beagle dogs. The research results can provide abasis for the research and development of natto-monascus foods.
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il AGHFRIL CMC-Na ¥37K 5.0 g, BIAZE 1000 mL
i 60 CIam =28k, ¥I5JEHMCT T, 80 C
IR, BB

NMC VRERIECH]: K NMC B A AR, 1.
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211 KRA—&EL
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55, FEUIRAS RAF, SR R, WE3SREIIER .
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Wik 1 s, 4w G, SIEF4ME, HFD
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Table 1 The blood fat data of normal and HFD-induced rats
(mmol/L, meantSEM)
285 LDL-C HDL-C TC TG
EFL 0594002  0.75£0.01  2.10£0.65  0.63+0.04
Bl528 6.06£0.03"  0.58£0.01 10.40+0.50" 1.16+0.10"

& #p<0.05, #p<0.01 5 EFLAARLL.
2.1.3 NMC %t HFD #-F X Mg 49 %50

7R 2 NNC X HFD 155K R ML AR RSN
Table 2 The effects of NMC on the blood fat of HFD-induced rats (mmol/L, mean+SEM)

417 LDL-C HDL-C TC TG
EEH 0.28+0.06 1.04+0.09 1.57+0.16 0.32+0.03
AEAIA 10.35+0.39% 1.03£0.13 15.29+0.99" 0.44+0.04%

NMC 1&F] &8 8.04+0.31" 0.63+0.02 12.83+0.73 0.22+0.01"
NMC # #l &4 8.11+0.44"™ 0.81+0.24 13.37+0.70 0.23+0.01"
NMC &7 &4 6.53+0.57" 0.59+0.10 10.53+1.00" 0.28+0.02"

BARMLIT R 7.93+0.62" 0.63+0.01 11.86+0.80 0.25+0.03"

i "p<0.05, "p<0.01 HE @Ak, p<0.05, “p<0.01 HAEA ALk,
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BEFE (p<0.0D). SHEAHML, NMC K. H7]
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0.23) KTFEZERL (p<0.01), H NMC &ilEH A
SR MILYE A LDL-C (6.53)« TC (10.53) P TG (0.28)
K EZE T (p<0.01). BeAb, WAy Tt ] 52
P#AK HFD 53 KR IMyEH 1 LDL-C (7.93). TC

(11.86) LA TG (0.25) /KT, {H5 NMC w74
TREMEZER (p>0.05), XL REY], NMC #H
AZGnI K HFD J3 KRAMEAKT, HAEHEA
FIEMOHE,  H A2 BER SIsAMTTA
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Fig.1 The representative liver photographs of rats from
different groups
JE: ar EFAA; b AR ¢ NMC &F&48; d: NMC
FHRIEL; e: NMC HF| &40, £ ARt B2 F.
W5, AT IE F 5 AR - PR Qe gl 1
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AR, AHMOTEAS R OGE, R AR AR,
HAERAR SERMITHY (K 2d~0.

& 2 NMC X HFD 55 A FRATBELELRARERF RIS/ (400X)
Fig.2 The effects of NMC on the liver histopathology of
HFD-induced rats (400x)

22 NMC %4 3 4 255
221 NMC f2 et RAR P 89 7R 2B 18] o 2

W / (ng/mL)
S

20 -

8§ 10 12 24

05 1 2 3 4 5 6
A
& 3 EbA&ROBR NMC fE L3R A&k fthS T A 254K BE Rl fhzk

Fig.3 The concentration-time curve of lovastatin in the plasma

from beagle dogs after oral administration of NMC
(MeanSEM, n=6)
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AEN 12.50 mg, BHEEAEE, 1E 238 nm FIISBOGEE,
DL T AR M RN ARAR Y, BEREIRFE X (mg) sl
bR, HEATEZRMERE, fShRMERIZE Y=2685.3X+83128,
=1, FEEMEHZ LM E A 20.00 mg, I LG
WERZ 10 mL A=, 7 238 nm AMIWOLEE,
RNFrEZE TS, 115 20 mg NMC E&54)+
FAIEAMEIT 0.355 mg.

ASISIEH LC-MS HARKMI LS R 455 NMC
Jei s Feif SRS ARA Y T IR AR AL, 152 M 253Kk -
W HZR P 3 Fis, fELLRSRARIN, NMC 44205
TEARATT BB UERS 18] Tiax A 1.17 hy VEIKRFE Chax N
62.33 ng/mL.
222 NMC f2 s RAKA 89 25 R3) /) 5 A sk

B J5 ASHIE FE AR R THI I 2540k P [ b 28, A 4t
THEVETHE 7 NMC S ARATTLE LU R ML 1 2
RENI1#SH, EEOFEARMMERR L Ty
PR -SR] 28 TR AUC. 44 Py BE B 1] MRT,
PASZ Tomax A1 Conax SSME S, BAREHR IR 3 FToR.

AR LC-MS EAE T NMC 4524 5 L R 1fi

AT IR FEARAR,, HEAT T 23N 53 HT
FIGAER TR, NMC HIRGH 5, HoristihyT
TE LA RARN RIIE R3] Tin 9 5.95 h, DABRIEE
TS AF 1R A 24 9K 2 - ) JA] #h 28 R T A AUC g4 N
137.40 mg/Lxh, AUC /¥ 165.99 mg/Lxh, “F-FIAN
T BE 1] MRT 2N 7.83 he
WEAATT T LodE 2 Mo iE TR, Hop
L HPLC Al LC-MS/MS NE, HPLC-UV &AMl
ERBPERAG, SRR s, M CAAERRI e i Ak
T B2 EE, H LC-MS Hf e 5 14 B8 11 i
(SIM) HEAAERRFE YIS, B, AL 3
(1) Agilent 6420 — B PURRAT BTREAS AL, 22 IR il
(MRM) #50AT DATR] s AR F i it AU R0 P b
VI EE, BAm Frmtinn. RESSER B
I Z T ORI ) 1R IE . SRy T A&
BABTT IR R, WA ENARYD, DUt il
TS SADSAFE R, phab, BRI A tE i
ARABIT ANSEARARI T FI[M+Na] 14 EL[M-+H] i N AR
HEARE, ARSI P M Na] WA e ik
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Table 3 The pharmacokinetic parameters of lovastatin in the plasma of beagle dogs after a single doseof NMC

E 3 %A 1 2 3 4 5 6 Mean SD
AUC oy  mg/Lxh  57.09 26631 79.65 5894 25072 111.69 13740 9598
AUC ., mglLxh 6281 28425 9041 11659 290.65 15121 16599 98.53

AUMC (g) 9251 51091 24186 146.54  624.68  227.84 307.39 212.02
AUMC (g0) 132,79 728.10 398.11 178570 1187.70 1146.60 896.50 599.67
MRT (g24) h 1.62 1.92 3.04 2.49 249 2.04 227 051
MRT (g0) h 2.11 256 440 15.32 4.09 7.58 6.01 495
VRT (924 h? 132 186 418 7.70 4.61 2.74 3.73 233
VRT (g h? 397 901 1210 361.80 3490 14997 9529 141.68
tine h 1.38 2.88 1.88 13.34 5.65 1059 595 496

T o h 0.50 1.00  3.00 0.50 1.00 1.00 117 093

CL,¢ L/hkg 022  0.05 0.16 0.12 0.05 0.09 012  0.07

Ve L/kg 044 021 0.42 2.31 0.39 1.42 087 083

Conax mgL 3127 12933 3092  30.05 94.88 5755 6233 41.39

ZRTIZAEh 12 U KR W, AT
FE NI ECRE R I o FR I Vg B R~ 2 A B AR
(9210, BB SCRR AT V5 o b T T 28 R 1 70 R AT B 50
2221 (H AT LT s NMC (254t s 1240
TCo IARAITAE UL il rp AR 0 2 A ROy, Hopk
WA T VEBOA B, BRlt, AW T RIS AR At T4
N BEARIOTRARIE R, B SR LUAR R AR Y (125
YRIEh 1o Ed 1, DUIIONZL ) 22 R s it
Fo ALIEREIR, HRRRBIRIIR NMC Ja, %
PALYT L2453 E IR W BN [R] 249249 1.17 h, 32 132029 5.95

h, PRNFTEREA 7.83 h, X522 i SCERIIEFEA
FHIE, {HIEHREE (30.05~129.33 mg/L) AMA[a] 2 45
K, FTREAE RN SIS EAN AR ZE 5

3 g

AW TR NMC #E B 2525 ] Ik HFD 753 KB
) LDL-C. TG F1 TC ZEifE/KT, FERT AR HTAESH
RflEAsE, HARR R SRy, fH, 25
RN I1ESLIEE TR, NMC 1A R AR T
TE LA RAR A v IR R, AR, FEAE 12h 2 AR
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