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Studies on mechanism of lipid metabolism regulation of Citrus aurantium var.
daidai flavonoids extract based on AMPK/SREBP-1 and PPARa pathway
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Abstract: Objective To explore the lipid metabolism regulation effect and molecular mechanism of flavonoids from Daidai ( Citrus
aurantium L. var. daidai Tanaka) fruit. Methods The hyperlipidemia (HLP) rat pathological model was established, and Fenofibrate
and Simvastatin were used as positive control drugs to explore the effect of different doses of flavonoids from Daidai fruit on the
regulation of lipid metabolic mechanism. The morphology of liver tissues was observed by light microscope. Real-time quantitative
PCR (qRT-PCT) and Western blotting were used to measure the mRNA and the protein levels that are related to adenosine
monophosphate activated protein kinase (AMPK), sterol regulatory element binding protein-lc (SREBP-1c), and peroxidase
proliferators activate receptors o (PPARa) signal pathway of rat liver tissues respectively. Results As compared to the model group,
the result showed dose dependency after preventive administration of flavonoids from Daidai fruit, each dose of flavonoids from Daidai
fruit were significantly able to improve blood lipid and liver steatosis in the hyperlipidemia rats (P < 0.05, 0.01); promote the
phosphorylation of AMPK, and increase the levels of mRNA and protein expression for AMPK significantly (P < 0.05, 0.01);
significantly inhibit and down-regulate the levels of mRNA and protein expression for SREBP-1c, fatty acid synthase (FAS), and acetyl
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CoA carboxylase (ACC) (P < 0.05, 0.01); increase the levels of mRNA and protein expression for PPARa and carnitine palmityl
transferase-1 (CPT-1) (P < 0.05, 0.01). Conclusion The flavonoids from Daidai fruit can effectively improve lipid metabolism

disorder and prevent hyperlipidemia. Its mechanism of action is to activate AMPK to promote its phosphorylation, which inhibits lipid

synthesis and promotes the oxidative decomposition of fatty acids, thereby reducing fat deposition and regulating lipid metabolism.

Key words: flavonoids of Citrus aurantium var. daidai fruit; lipid metabolism; adenosine monophosphate activated protein kinase;

sterol regulatory element binding protein-1c; peroxidase proliferators activate receptors o
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Table 1 Primer sequences

BEH e SIS (5-3) K bp

AMPK  Rattus  F: GTTGGACTATGAATGGAAGGTTGT 64
R: GGAGGTCACGGATGAGGTAA

PPAPa Ratus  F: TCACGATGCTGTCCTCCTT 52
R: CGCAGAATGGCTTCCTCAG

SREBP-Ic Rattus  F: CGCTACCGTTCCTCTATCAATG 125
R: TGGTTGCTGTGCTGTAAGAAG

CPT-I  Rattus  F: GCTCGCACATTACAAGGACAT 86
R: ACACCACATAGAGGCAGAAGA

FAS Ratus  F: GAGAGCCTGCCACCTATGA 38
R: ACTGCGGATTCCAATTCACATT

AcCC Ratus  F: GGTGGTGGCATTGAAGGAG 260
R: TGTGAGCAGGAAGGACTTGA

GAPDH Rattus  F: ACGGCAAGTTCAACGGCACAG 146
R: GAAGACGCCAGTAGACTCCACGAC

HLYK, ¥ % PVDF i, I S%MHE Wk = iR 2
h, 435N AMPK. p-AMPK. SREBP-lc. ACC.
FAS. PPARa. CPT-1 $iifk, 4 CilF AR . =if—
U E 1~2he RABER AR T RGHEG %
ffF Image J XS 26 34T € BT
29 HELBSZITFES

K PrismDemo 2z 5 4HAEE], SPSS 20.0 4t
THRAT B EE . THBAR L X+ s £om. FFEIE
B AT R TR, AL ¢ K85, Z4LE
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L6, PN LR A /N E 22 R (LSD) J5ik,
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NERENER, P<0.0l BRAREHEER.
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Fig. 1 Changes in food in take of rats in each group

312 BAKRAEFRE AT RESITEEENL &
JEAK B SIERE 45 d J5, SXTRAME, BRI
KERAEF R R, FIEEECYE SN (P<
0.05). SBIAIZH AL, FH M HE A R FRHC AR 2
FHRIRAKRMEAR. HRE. HFIERECIAR
52 B B BRI (P<<0.05). 4R~ HCH S8 385 il ) T3
AT AN [ B B AR O B ) A o i B T R A 4R 2
i EA SRR RD IR, mREA R
A SRR IR AT . 45 R 2.

*2 BHSIFEABRERE. FRERFHEER (x+s,n=8)

Table 2 Body weight, liver weigh, and liver index after 45 days of administration (x +s ,n=8)

ZH.5) I/ (gkg™) 1R /g AR /g FFREFR 20U %

o 8 — 380.38+75.10 14.2940.74 3.04+0.01
iR — 44422 +102.39% 19.55+1.72% 3.78+0.02%
FRI R 5 i 0.12 423.13+91.35* 18.33+1.13" 3.73+0.37"
0.24 405.21 +83.64* 17.3740.73* 3.40+0.23*
0.36 386.68 +76.15* 15.9540.83" 3.274+0.25%
Sim 0.004 370.73+71.77* 16.70+1.16* 3.174+0.24*
Fen 0.04 372.56+74.71" 15.9940.94* 3.214+0.28"

SR ERALE: *P<0.05; HBIALLE: "P<0.05
#P <0.05 vs control group; “P<0.05 vs model group
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BERRAG H R A B R ZE KBRS0
TG. TC. LDL-C &= % K (P<<0.01), HDL-
C SEHEZERE (P<0.01). KR L
AIE A A1 2R IR AR SR VR, HL 2 R E O .
Hor, HCHCIR B b, R 4 BE X R 2 8UR
2, mEAEAREE TC. HDL-C R T i
YR . S5 WK 3,

Pt RISLLE, b, REDGHE, LE8A, f
ks BT AR 2 W B2 ), 2RI 2R
BYERCR, AZEIEHZ AR, B A EU,
PR AR R A AL ] S 3 O, D) S AR O W S A E B
W ERTUZAEE, BRAEXTTIRZE A HUR S %5
R BRI I FIREE A AR ZL s, oAt Fen
AP TR0, FEFAA R, RIBOLH,
AANFREEEAERE; HCHCR A4 (. BTt
arEE, e EIEAE I . SRR A AT
BT HANE AR R . 2RI 2.

*3 MIKRAFS KFEAFAEIE RS EBMFM (x+s,n=8)

Table 3 Effect of flavonoids from Daidai fruit on liver lipid in rats (x +s,n=8)

2H %) HE/ (g kg™ TG/(mmoL-L™") TC/(mmoL-L™")  LDL-C/(mmoL-L™") HDL-C/(mmoL-L™")
xR — 0.71140.143 0.64440.033 0.47940.058 0.111£0.010
Y — 1.36240.030" 1.15340.020" 0.92240.051# 0.042 40.002
AR SR 2 el 0.12 1.15840.160" 1.01340.027* 0.72440.054* 0.069+0.006™
0.24 1.029£0.095* 0.94740.071" 0.62240.056™ 0.076 +£0.001**

0.36 0.91240.035* 0.81540.081" 0.59340.047"* 0.10040.017**

Sim 0.004 0.94140.075* 0.93240.043** 0.59740.058* 0.09540.004™*
Fen 0.04 0.695+0.028* 0.85440.037" 0.50740.036™ 0.08740.003**

Extigditiie: #Pp<0.01; SHMAHE: *P<0.01

#P <0.01 vs control group; *"P < 0.01 vs model group

(il

e

HUHC R

B2 BERBRIFEMS
Fig. 2 Liver morphologyof each group
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fik O A SRR, TR P TR A . AR
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B, RN BRI R A IR EE S
TR G, v SRR g 0 A . SRR LA EE, 3OO
R AR TS, K SRR P AR 1
U AN FIRR LA 250, L P9 i T 2 v 2
PRRAAZ /N Fen A0 FF 20060 e R0 600 I I 22 12k
HAWE I H, FFSEmEMWa W, MR+, 41
AL T A e, 50 R ALK SR 23 Sk
A — B, A5 WIR : Sim 25K B AR JFE 40 AR s AR A

FEEE MR T, MU SEgn/MemRcb, MRikE
AR, ABE SRR . o AR B W ) vy
g TSR A B 4 2R 1 M 78 1 B A 0 B B 1 S
M, BEREFMREEDPIAGITIER, BH2EHE
oM. AR IHE 3.

3.1.6  HCHCARBEE K RIS AR &= 5
XTREZHAR b, MEAYZH KR S TG TC. LDL-C &
2R E R, HDL-C R 2 ERK, WAAWEE
PEZES (P<0.01), &7 MR MR K SRS ALIE ALk
Ui S, MICRAFIMK. . miEd
K PHMESTRRAE, K RUMIE TG TC. LDL-C & &1
WEBRK (P<<0.05. 0.01), HDL-C & &8 &7t
1 (P<<0.05. 0.01). $E/-HRIR S o i 2 A A i i
&7 TG. TC. LDL-C. HDL-C & &MMEH, R
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SEAPERTIRZGAH Y, H 2 — @ AR, Hd,

RSB PR MLIE TC & 8K Fas e,

HOHC R # R 0.36 g-kg™! Sim

HDL-C & &/ P IRCR LT AT, 53R I
Ffbl. AR MK 4.

b ]

FRHC L34 0.24 g-kg™!

Fen

3 FFRAERIRLALRYIRE (10X 40 £55R)
Fig. 3 Histopathological slice of liver (10 x 40 times)
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Table 4 Effect of flavonoids from Daidai fruit on serum lipid in rats (; +s,n=8)

2H ) FllE/(gkg™) TG/(mmoL-L™) TC/(mmoL-L™")  LDL-C/(mmoL-L™") HDL-C/(mmoL-L™)

ponic] — 1.31740.413 2.368+0.176 0.374+0.097 1.795+0.349

fe g — 2.614+0.677% 3.588+0.263* 0.970+£0.142" 0.750+0.086"

R 5 0.12 2.436+0.118 2.899+0.150™ 0.617+0.115" 1.459+0.268™
0.24 1.660+0.140™ 2.942+0.198™ 0.578 +0.126" 1.564+0.214™
0.36 1.34740.255" 2.61840.056" 0.474+0.114" 1.625+0.312"*

Sim 0.004 1.74440.498"* 3.15240.157" 0.56840.137" 1.21540.242°

Fen 0.04 0.846+0.154"* 2.408+0.281* 0.42740.113" 1.69040.142"

SxRAIE: "P<0.01; SEAMIKE: "P<0.05 “P<0.01
#P <0.01 vs control group; "P<0.05 *"P<0.01 vs model group

3.2 MR HEA SR8 MAERE KR AIFBE AMPK
mRNA 1 p-AMPK & B FRKiA R0

Xt HRALAR B, AR ALK AT AMPK mRNA
S p-AMPK H HRIA K EEIL (P<0.0D. 5
BRVAAH L, HCHR AR SR EA b . =Rl Je Sim 4111
KEFFE AMPK mRNA ik /KT E Eif (P<
0.01), HEFIEMIH:, I IR S5/
PEXTREZHAR Y, PRI R Bl v ) 2 4 IR
i, SRR, RIS WA ) g DA R
PF 2 6T B 4L P K BRUTF T p-AMPK 85 4 63 /K7 1 4
I (P<<0.05. 0.01), HRHYCS TR %77 B2 KAL)
RS A TERT IR AR 2. SRR IR S e
I fE AT 51 #E K RATFIE AMPK mRNA J% p-AMPK &
FIZRIEACT T R AL S . BH X R 24 3 AR
7T AR DURR W] {6 AMPK mRNA K p-AMPK &
FIRIA K B, A0S AMPK BERR 1L . 4558
L 4.

3.3 IR J/EAXS =88 MAEE R K R ATAE SREBP-
les ACC. FAS EH mRNA FiZRIFM

331 mE IR MAE LAY K B IE SREBP-1¢ 4 A
mRNA FKiE/KF  EXTIRAAEL, B KRR IE
SREBP-1c & 4 & mRNA FiZ/KTFHHEA R (P<
0.01). SHAIHAHEL, HCHCAR & A [R] 77 & 45 2% FH 4
R 252 K SR ATIE SREBP-1¢ 25 4 ) mRNA #£ik
KPR (P<<0.01), oo dEBm 7 4Lm)
HIHIHCRA T BHEERIE Sim 415 Fen 42 [A]. R
FACHC SR e e w2 2 4] = S L K BRI SREBP-1c¢
F A M mRNA KIEKF. 550K S,

332 mERIMGEBEACREE ACC &EEH mRNA
FikAKF SR, B KR ATE ACC &
H & mRNA RIEAKFHEFE (P<0.01), SR
YA L, BB 8 WA A 7] 55 5 40 DA R BH 4 o B 24520
(R ST ACC 25 1 % mRNA FiE KPR FIFERE
BERK (P<0.01), HUHCH B & A=A R
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