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Abstract: To explore the regulation and mechanism of Lilium davidii var. willmottiae (LD) on the liver circadian clock
gene Clock-Bmall and glucose and lipid metabolism in rats on a high-fat diet. The model was established by feeding rats
with high-fat diet for 8§ weeks. The high-fat rats were randomly divided into the model group, metformin group, melatonin
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group, low-dose LD group, medium-dose LD group, high-dose LD group, combination group, with the normal group being
fed with an ordinary diet. Intragastric intervention was carried out for 4 weeks. Fasting blood glucose (FPG), abdominal
circumference, body length, and liver weight were measured. Lee's index and liver wet weight index were calculated. Total
cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C) in the serum and liver were detected by the microplate method. The level of glycosylated hemoglobin (Hb Alc)
was detected by ELISA. The mRNA and protein expression levels of the Clock and Bmall genes in the liver were detected
by RT qPCR and Western blot. The results showed that compared with the model group, the LD intervention group could
improve the body posture of high-fat rats, regulate the blood lipid levels, reduce Hb Alc, and upregulate the mRNA and
protein expression of Clock and Bmall (P<0.05). The abdominal circumference and Lee's index of the medium-dose LD
group decreased (8.61%, 5.04%), with their serum TC, TG and LDL-C decreasing (36.59%, 29.73%, 34.04%), Hb Alc
decreasingby 24.37%, Clock and BmalImRNA expression increasing (159.17%, 228.58%) and protein expression increasing
(52.09%, 151.33%). In conclusion, LD alleviated glucose and lipid metabolism disorders caused by a high-fat diet, which
might be achieved through the upregulation of the liver Clock and Bmall gene expression. The results of this study provide
a theoretical basis for using LD in the prevention and treatment of metabolic diseases and the development and utilization of
functional health foods.
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BB AF ANRAL f-actin 5 (TA-09), 1
EHUN R P (ZB-2305). 1 SE LR T (ZB-
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IRIR )X, NanoDrop 2000C # &/ 6t E T, 5
Thermo Fisher Scientific /A 7 ; Scientz-48 & i &
MRS, THHZEMRH AR AR DYCZ-
24KS T B HL Pk X DYCZ-40K % EI kA%, Jbat
N EYIRI A TR A A 5 LightCycler@96 £ 7% )
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fE (50 °C, 3h), #pfE, I (100 HD, BUE AR
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KL GRS EGE, AR 2 K, 2 b/ IR,
I 5 A9 2 RIETR, 4 000 r/min B0y, FRUEVEEL
FIEW, KW E 74 mg/mL & . AN AT WLt
HEEEVEAG I, B B AR 2.91%, S E SR 5.39%.
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FPG), BHUKRIEE. A&, 15 Lees 85"
K TG B e v I KRR R B Bk i 4 e (Systolic
Blood Pressure, SBP) J &7k JE (Diastolic Blood
Pressure, DBP), 4 A K RMIE 3 KL E, BCFIME.

PRI A B . S, Lee’s $6%4. SBP. DBP.
FPG ¥ #E & T IEHE XA (P<0.05), BRI
j}ﬂil [10-12]o

¥ 8 G, ¥ 63 Kok B %A i = kAL
R (MOD, n=8). —H WKL (MET, n=10).
HREE AL (MIT, n=8). H &I E4L (LD-L,
n=10). F#EL4 (LD-M, n=10). &7 &E4]l (LD-H,
n=10). BE& 4 (LD-U, n=7) 37 HiHITHEE 452,

YR . XU N 90.0 mg/kg K77 & i3
ITHEE . AR RN 10.0 mg/kg™ . I ARBURK.
H. IR 3% 185, 370, 740.0 mg/kg!™. BE
GHNEEMZHIWE CH4E 370 mg/kg+ — FXUIK
90.0 mg/kg) BEAE A IR HMBAIH L T AHMN
IR A B R K U IR] E 5 2 @ e R, 3L
REHRRARIRSE, T4 BJE, IERRIFEH, .
133 #Haif

RKIRGH )G, MRREBECAZEK 12 h, FREE
J&, ME S BKEC A F e sl &AW s o B
JIFE 20 23 AE £ K ok U AR T K 4y, TR O
J& —80 CHETE.
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15 min J5 B EJZ I,  FHBORE N 8 AN [F] 25K B I
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B B 23N RNA 24 fi v it B 2.0 Y b
iE, A& RNA, A H NanoDrop 2000C £l
RNA HIZf R, B RNA #ikEE] 1 ug/ul, %
R 20 pL g B A4 B AT 30 8% 5% 3K 43 cDNA
B, S 25 923 47 I b R 97 51 4 k47 PCR ¥
B (10 pL B NAR R, RNVEEHR S8 %FEA Ct
B, 275 H R R RIS &, % A5t
Ak, Bt R A R R R Bk
ST AN 1,

% 1 PCR3|#F5!
Table 1 PCR primer sequences

A & AR M E5) (5°-37)
Bacti F:5’-GGAGATTACTGCCCTGGCTCCTA-3’
aClt T R.5".GACTCATCGTACTCCTGCTTGCTG-3
Clock F:5’-CCACGTTCACTCAGGACAGACA-3’
oc R:5’-AGCCCTAACTTCTGCATAACTT-3’
F:5’-GTCACTAAAGTCAACGGGACCAC-3’
Bmall

R:5’-AGGCATCGACATGATAGACAACG-3’

1.3.8 & &G ¥FPiEi% (Western blot) 4

WA RBRAHLN, RS KBRAEMR G, 5
£ 5 min (14 000 r/min, 4 'C) Ht Ei%, F BCA &
FAR R I A VR, B LA E. TidE SDS-
PAGE #t% (8%, 10%) Y48 T/ 55, Hik (80V,
30 min #4120 V, 1h), % (300 mA, 45 min)
W E AR 2 PVDF B, NN 5% I HE 95k 32 IR
=R E A 20, AN Clock. Bmall. f-actin
Ptk 4 CE K, WA TBS (T) ki 3 X
5 min, b J5 = iR 0% & A S P01 h, ECL B G R
H Tmage J 73 B 5 A4 52 UM B 2% K FEARL, T
FHEAMNRIEE, HEIEE T A — L.
13.9 %itFoit

F SPSS 26.0 it £dfi#:47 7347, Graphpad
prism 8 HAFH B, SLI0HAR DL EL £ bR (x+s)
T, ZHNPHCECR R 2 5 2 01 (one-way
ANOVA), XK LSD-t i:A1 Dunnett-t 1347 Z FE b
5, P<0.05 BnEFAHGIERE L

2 GRS
21 BAERAD N — R

WS, =R R IR TR RIS R R
EARE M. HEECR R, (R U TS
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SR HEREARTE S EUD, RN, rEmHE, BAH
R REHTLOEE. ML T, Himmkhd r ok
FEMRFR A B OB, KAMEIER. E%H KR
MR IR A A O, RS MOIRAS I, R/ME IR
2 2 v, R (21009 @) SIEHL (209.30 g)
KERMEELR I ER (P>0.05), 7EMWME 8
Ja, FEARAE K RAE T IEW AR EEK T 30.65%
(P<0.01), JEFE. Lee’s #5548 B 7t & 10.48%,
7.14% (P <0.01), 7= 5 20 Y 4 [ SBP A & ik J&
DBP ¥ & & THm (P<<0.01); H = JE MK FPG (4
Yt rE L (P<0.05), USRI,
< 2 EEIER
Table 2 Model indicators (x=s)

7 B CON (r=10) MOD (1=63)
%% BW/g 209.3 + 8.00 210.09 +10.21
XE BW/g 43129 +31.76 563.46 +54.13"

Lee’s 4545/% 314.89 + 10.17 33737+ 14717
J& B /em 21.09 £ 0.82 2330+ 1.46"
4% /(mmol/L) 5.41+0.48 5.72+0.58
SBP/(mm Hg) 119.10 £9.78 142.45£17.76”
DBP/(mm Hg) 71.17 £12.57 96.30 £ 15.47"

7E: 5 CON e, 'P<0.05, "P<0.01.

22 ARERE. BHEH. Lee st B XEZEE
iy AR AL

AT S T HUAREEAR AR KT, IF H Lees
TR I L 45 SO SA R FIWTH LA G Bk B 2R AR
HETH4AE, BEEAKRARESR, WMKEH
EETIEEH (P<0.05) (K la). SHEAHME,
HAEMS . mfEd RS AR RS KAR 2%,
BB THRA (P<0.01). &40 M S8R
TER (P>0.05 (K 1d). BRI K FIE EH E
BN 14.96% (P<<0.01), [ & 4L a4
R, XU NG AR TR D 8.61%.
9.65%. 1046%. 824% (P <0.01, P <<0.05). Ifij %
KR Lee’s foE4E B (K 1o) @R 5 MEEZLE
#HO(E1b) —5, AEhAEH, BEH., BER
ZH . ZHOUUITAH Lee’s AHECTHEALZH FRAIG 5.04%- 4.78%
5.71%+ 5.43% (P <0.01, P <0.05). iX 5 B #l
ST I 0 45 AL, PR & BEFE J Lee’s f
g BRI E U E A A B0CE m RS S OR R
AT, EARE DD R E BT T R
e
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Fig.1 Changes in body size of rats (xxs)
7 : 5 CON we#g, 'P<0.05, "P<0.01; 5 MOD i,
"P<0.05, "P<0.01. THR.

FFREAVE AL AR 55 B A o, AR 5
W PP, 52 I U g 5 3 AR R B AR AR, R A
T (2 3), BRI KRR ERR L (4.13%)
AL F TC. TG KF (1.89 mmol/g, 2.38 mmol/g)
BMIEWHYEZFHMN (P<0.01). 5% 4 M
b, IB6 A 7R B R R 5 i K B IR B R 4 R BF
(P<0.01), FFHHAMMIALF TC. TG KF
5 R 17.99%~39.08% (P<<0.01, P<<0.05),
X5 Zhang S RSO S LS RARST, SEREWHE
E BEE B A I MR TR K BRI I I ot AR
24 KR g ey & b

JHF I A2 PR i 0 5 R 1 = A, ot T DY T
RV AR BRI E B S 4L, TC Wil TG 14>
fler=E AR R b eh e, R ERE AEHM TG &
B NAIANST-A 1 5 SO LA i 7 B AN R B AR, gk
M R T HER. WiER 4 For, S IER M, )
UK RRUMLE TC. TG A1 LDL-C & &+ . HDL-C
TEREK ERAFRTFENL (P<0.0D. S5HA
ML, 2dfaEd. mflELAREGH TS, M
5 TC 225 AR5 1N 36.59%. 31.30%- 31.30% ; TG
&8 R B 29.73%. 25.68%- 29.73% ; LDL-C %
B B F P& 34.04%. 29.79%. 34.04% (P <0.01,
P<0.05), HDL-C %# &A@ ZEFHELG I E X
(P>0.05), IMiflsRHE3ME, BT HR
[FAF R T F A i 2 T 5 I ot A 5 i 7K T o
2.5 KR EFPGHrHD Alcty % 1t

Wi 5 fioR, 5 IEE A L, 1575 41 2 B I A4
WA 2L & B A s H R A gk = L (P<0.05,
P<<0.01), Z3¥)FHifa, & T WMLt
EEX (P>0.05), HEAY. miflE. BA4 Hb
Alc ¥ 5 ZBEAK 24.37%- 17.00%. 16.89% (P<<0.05,
P<<0.01), Hb Alc F£inilt 1~2 A~ H WF i pE iz 615
o AEREIMHEAT Hb Ale 3t [RIZE R B R SRR &S
FOKRBEA AL, 10 E A H A B AR
2.6 JiFfEClock. Bmall#t FmRNA % 3£

q-PCR £5 R E7x (F2) M T IEH 4, A
HFEH Clock, Bmall ¥ mRNA AW RiIEEBHEE T
 75.11%, 88.36% (P<<0.01), 5 Ye Z5"YHk 5t [F#E
WESE T IX— i, R Reas s AR 2 Clock.
Bmall mRNA [F)RIE K HEETAML, HEH.
7 B S B Clock %% [l mRNA A X% 3148 & 357+ &
159.17%- 112.22%. 275.44% (P <005, P <001) ;
Bmall %5 [l mRNA #H %f % 1A & ¥ F+ & 228.58%-
188.51%. 310.83% (P<<0.05, P<<0.01), H & Al i
Clock. Bmall #:[X] mRNA A RKIiA &,
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* 3 BEKXRIHEEES. FFETC. TG
Table 3 Changes in liver index, liver TC and TG of rats (x*s)
28 7 n FFIESR Z /g wRE/g ISR F 4546 /% TC/(mmol/g) TG/(mmol/g)
CON 10 1579+186  471.12+36.75 3.36 +0.38 0.99 +0.13 1.42+0.13
MOD 8  27.53+396" 668.33+94.72" 413+037" 1.89+0.28" 238+0.40"
LD-L 10 22.68+321  597.78 +38.46 3.79 £0.42 1.55+0.17" 1.76 + 0.36"
LD-M 10 22.08+3.32  597.93 +76.02 3.70 +0.30 1.33+0.16" 1.45£0.36"
LD-H 10 23.07+3.56  614.68+95.77 3.74+0.36 1.44 £0.15" 1.48 £0.37"
LD-U 7 21.00£3.60"  586.27+71.81 3.57+0.28" 1.32+0.17% 1.49 £0.56"
MIT 8  20.50+2.43"  563.73 £56.43 3.61 +£0.12 1.30 £0.15" 1.57 £0.22%
MET 10 20.87+235" 58476 +62.87 3.56 +0.32" 1.21+0.23% 1.49 +0.11"
72: 5 CON tbdk, **P<0.01; 5 MOD kb4, #P<<0.05, #P<<0.01. TR,
x4 ZEAEKRKRMFMASZ ( mmollL )
Table 4 Changes in serum lipid levels of rats (x+s)
48 7 n TC TG HDL-C LDL-C
CON 10 1.24+0.06 0.45+0.05 0.89£0.15 0.47+£0.22
MOD 8 2.46+0.46" 0.74+0.19" 0.51+0.11" 0.94+0.18"
LD-L 10 2.02+0.40 0.58+0.18 0.63£0.24 0.77+0.23
LD-M 10 1.56+0.44" 0.52+0.09" 0.75+0.28 0.62+0.18"
LD-H 10 1.69+0.62" 0.55+0.13" 0.67+0.17 0.66+0.11"
LD-U 7 1.69+0.43" 0.52:+0.09" 0.73+0.19 0.62+0.17"
MIT 8 1.76+0.30" 0.52+0.14" 0.82+0.20 0.57+0.16"
MET 10 1.59+0.41" 0.50+0.06" 0.88+0.20" 0.57+0.16"
*® 5 BAKXRMFBEFPGHHD AlcZE{L BEBTESGIT¥ER (P>0.05). AW LA
Table S Changes in serum FPG and Hb Alc of rats (x+s) B KBIFIEAH LS Clock. Bmall EAFRAE.
207 n FPG/(mmol/L) Hb Alc/(ng/mL) a 15¢
CON 10 457+0.42 351.94 + 49,23 Clock
MOD 8 5.41+044” 477.62 +34.94” < Lol i
LD-L 10 491+0.41 421.70 £ 44.72 % w
LD-M 10 5.12£0.65 364.29 +38.86" E;, os 2 #
LD-H 10 533 £0.42 396.40 + 46.48" 2 -
LD-U 7 4.83 £0.34 396.94 + 42 42" rL| -
MIT 8 4.88 +0.40 372.62 +39.13% 00 CON MéD LD-L LDI-M LD-H L]I)-U MIT MIIET
MET 10 5.00 £0.58 395.18 + 39.60" Groups
b 15¢
2.7 FFliClock. Bmall 3t H & & %k ik Bmall
Western Blotting &5 £ & 7x (& 3) 45 7 20 A 2 1ol
i F IE % 41 Clock. Bmall 318 76 (13 ik i 45 52 3% % #
WA 44.74%. 64.43% (P <0.0D), i JIg ik fx ] £ i ##
% Clock. Bmall 3% I mRNA J% % [ % 3% 7K - 34 [% 2 07 g o4
I, BTk, AR, B Clock R = i ﬁ i

S

FIEEAMB T AR T 5 52.09%. 68.08% (P<<0.05. 0.
P<0.01); SHEAAME, ST W4l Bmall 2N &
HERZEWEET A (P<0.05. P<0.01), A&H
FEH S HA T AL Clock. Bmall 3ERE AR

CON MOD LD-L LD-MLD-H LD-U MIT MET
Groups

B 2 AKX Clock, Bmal1 mRNA Ri& b
Fig.2 Comparison of Clock and Bmall mRNA expression (xX=s)
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