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Metabolomics study of curcumin in mice with nonalcoholic fatty liver disease

WEI Qingli, SUN Runbin, A Jiye, XIE Yuan
Key Lab of Drug Metabolism and Pharmacokinetics, China Pharmaceutical University, Nanjing 210000, China

Abstract: Objective To investigate the metabolic regulation of curcumin (CUR) on mice with nonalcoholic fatty liver disease
(NAFLD). Methods After 3 days of adaptive feeding, mice were randomly divided into three groups: control group (C), high fat diet
model (HFD) group and CUR (50 mg/kg) group. Group C was fed with common diet, group HFD and CRU were fed with high-fat
diet, and Ig was given for 10 weeks. Group C and HFD were given 0.5% CMC-Na solution, the volume of administration was 10
mL/kg. After administration, blood and liver were taken, liver tissue sections were stained with HE and oil red O, and pathological
changes were observed by optical microscopy. Serum and liver tissue samples were detected by metabolomics method based on gas
chromatography-mass spectrometry (GC/MS). The data were analyzed by Simca-P13.0 and Metaboanalysis network tools to find the
trend of metabolome changes and related differential compounds. In addition, primary hepatocytes of mice were prepared and
NAFLD was induced by palmitic acid (PA) 100 mmol/L in vitro. The effects of CUR (10 micromol/L) on metabolites were
observed. Results Oil red O staining results showed that there were a large number of red oil droplets in liver tissue of HFD mice,
and lipid oil droplets in liver tissue of CUR mice were significantly reduced. HE staining analysis showed that there were vacuoles

in the liver tissue of HFD mice compared with group C, and there was no significant difference between the liver tissue of CUR
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mice and that of group C. PLS-DA analysis of GC-MS data of serum and liver tissue samples showed that group C deviated from

group HFD, while group CUR deviated from group C. Further S-plot analysis showed that cholesterol synthesis, ketone body

formation and amino acid metabolism were the most influential metabolites. Similar results were obtained in cell experiments

through pathway MetPA analysis and metabolite enrichment. The metabolic differences between groups in serum and cells were

mainly concentrated in amino acid metabolism, while those in liver were mainly concentrated in amino acid metabolism and some

lipid metabolism pathways. Further screening of different metabolites showed that the levels of sugar-producing amino acids and

ketogenic amino acids in HFD group were higher than those in control group, and CUR could reduce the levels of these amino acids.

Conclusion High fat diet can cause three major metabolic abnormalities in mice, curcumin can improve the metabolic disorders in

mice to a certain extent.
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Fig.2 Typical GC-TOF/MS total ion chromatograms of mice plasma (A), liver (B), and cell (C)
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Fig.3 PLS-DA score plots and 3D plots and S-plots of mice plasma (A), liver (B), and cell (C)
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Fig. 4 Differential metabolic pathway maps (left) and differential metabolite enrichment maps (right) of se-

rum (A), liver (B) and cell (C) samples

FARDUS ML R AR IR R A R A IR AR T (BRI R T 58— SRR IR 5 W R W K A&
DA O FE 1B 55 ZARPUN WA LS DR K RIBT T Krebs 87Vl i A 4K — R 414 e il I8 HIE



I D:ug Evaluation Research 542355347 2019438

409 -

E5 1miE(A~C) FHAE (D~H) 408 (1) = R YR TE ik
Fig. 5 Screening of Differential Metabolites in Serum (A~C), Liver (D~H) and Cell (I)

BH 5 i 2R 28 5 1R 7K P T i mT LA BEL RS AL PR 6] 25 1% 1)
B3 MR, k2D LR TR A R, 38 17 375 R LA 2 4
DR B R AP b Ah, EIE IR A 1T DL 35 4 i A A
JFF 5 S A OB 0 i KT o

ME5-AB H AT LUFE A 4 /N B A 22 S
REDAR BAR HER R AR R
2 RN R IR R RS 14 PR R /K T 5 C
HFt R, CUR BT 38 7 X SeARu A8 i . SCES
RO AR . R RS AR, K ma iR
VB A 0 e A A B R, S IR AN B 1 5 3 K
R IEHEER. AR5, &8 T LU
IR R AU ML Bk = R 2 4 0k R ) R
[ RRURME , BT 0 X Bl AR Jl i GON2 5 5
3 % R0 AT mTOR/S6K A5 53 ¢ 1 1 W Sk Szl
1, AMPK (G 5@t 2 5 71X — 8B 1 . 4
IR R AL R IR, AR SCHE A AR BLAE B L
HAR N R R B = T C 4L, BRI FINS (2% iR JiR
5 %) 5 HOMA-IR (% & FHLPTIB B0 2 IEA O, A
ALK AR R S B R R A MR B WA R A
JoR AR S P BB A T i R

W IR AR LRI —Fh, J& T AR

R, {H FLLE 1975 48, A B 7T 2\ 0 R & R B A 1
A AR <A 260 05 - TR BRI B 15 B TR 2 1R
X2 2 R (YR B, DA U e A 7 A R A ) B e
A 25%~40% & H N R RN AR . B
WA, TR B R T 4H 23 8] B 35 TR 1) 22 6 Hh R 4 4 B8 32
YRR, AR WP A & B, 4T 0 48 B0 2 4 o 7
W S 2 G T Jhe 178 A 368 1 3% B B U LE B 4k A AR 8 I 4%
R SCBEE L N R IR R LRI Al K T =7
] i Al 2 5 R 7 T U PR AR 17 O, WA TR R AR
S R RE 5 IR | B F AR BL  e I A If A S
WY F AR, A AR MR i
KGR L 375 R S SR R R 5 A R R R AR R B
TG T R 155 B R P R B 8 Jin e o 5 A 2 3 d o sk
IS IEH N WNAFLD A NASH [ 52 25 36 A .3
RAIEWR K, RIUNAFLD £ 2 1 1035 v 8 & 82 L 15
SR I B B R T AR SEaG SR 2
H R 1450, P 28R READR B
AR NAR HAR AR R KR
TR, @RS ERE T AR LR,
RNAR WA CZ RN IR R8T A A
il 22 J R, 4% 6 WU IR I 92 45 SR, Ui B NAFLD /) i



. 410 - I D:ug Evaluation Research 542555347 2019438

AMAEAERENE AR S 1, A B R AU B AA 7E R
HRERERRWFHS S5 T NAFLD R A5 K
J& X B B B R (1) 5 & 7K 7 1 B8 AT LAYE A NAFLD
AR B . LA g FmT A, BEAY 2 B R K P
R A AR AR ) 2E B D A R RN A T R R L B LA
CUR X 22 3 FR A 1 11 18 42 1R 7T /8 2 38 ok o) 4 5 A=
I AR HP B TR B AR Dy R B X — 1o R A T
FEAER .

NAFLD % bt & g AR 5 %, A B 7 %
B, CUR RE5 183 % IR i 45 Bl 2ok A1 1 108 15 A BAe AR af
T TG FIE R BE KT o A SZE6 A /N BRI I 20 21
PIA 45 JL 28 B CUR R W% 04 3% = Mg ok 63 06 AT o
B0 . — T NAFLD 11 AR AF 78502 09, Bl
Ak &b A [ 44 4 # CUR B 3 1 3E ' TG TC BL K&
LDL-C /KP4 it B . E%F CUR [ & 1 fig 18 F
TE W PRI 5C AR A — 3 1 4 0, — TGN N S T BE ML
X BRI 3L 71 509 44 F8 35 ¥ Mate 73 i1 % B, CUR A
B B g i AE L, HA OG0 I 0 & S
B OB R < IE Bk A 2 5o Bk 8 0D 1) Y0 26 43 #7 45
RUEAGIT RN I HZE RAEEY R R R
PE T DR AT e 1 SN N SCRR B H A BR VR AR
TN IS 2 B B (R JR 259 BRE 21 5 ik
CEOAE BRI R B o BRI CUR
B A 30 75 2 — P R .

SE R

[11 Than N N, Newsome P N. A concise review of non-
alcoholic fatty liver disease [J]. Atherosclerosis, 2015,
239(1): 192-202.

[2] Neuschwander-Tetri B A, Caldwell S H. Nonalcoholic
steatohepatitis: summary of an AASLD single topic
conference [J]. Hepatology, 2003, 37(5): 1202-1219.

[3] Willebrords J, Pereira I V, Maes M, et al. Strategies,
models and biomarkers in experimental non-alcoholic
fatty liver disease research [J]. Prog Lipid Res, 2015, 59:
106-125.

[4] LiY R, Wang J, Tang Y H, et al. Bidirectional association
between nonalcoholic fatty liver disease and type 2
diabetes in Chinese population: Evidence from the
Dongfeng-Tongji cohort study [J]. PLoS One, 2017, 12
(3): e0174291.

[5] Mikolasevic I, Milic S, Turk Wensveen T,
Nonalcoholic fatty liver disease - A multisystem disease ?
[J]. World J Gastroenterol, 2016, 22(43): 9488-9505.

[6] Kunnumakkara A B, Bordoloi D, Padmavathi G, et al.

Curcumin, the golden nutraceutical: multitargeting for

et al.

[10]

[11]

[12]

[13]

[18]

[19]

[20]

[21]

multiple chronic diseases [J]. Br J Pharmacol, 2017, 174
(11): 1325-1348.

IR, R, R B S R R R X
JiE HepG-2 41 ffd 14 58 1) 400 1 45 Y [J]. 25 90 ¥F 4 W1 9,
2017, 40(1): 42-47

4 RE IR, T, L ETE R BEBINER RN
AL WL WE FE BE R (1], REZY, 2016, 47(13): 2373 -
2380.

Sahebkar A. Why it is necessary to translate curcumin
into clinical practice for the prevention and treatment of
metabolic syndrome ? [J]. Biofactors, 2013, 39(2):
197-208.

Rahmani S, Asgary S, Askari G, et al. Treatment of non-
alcoholic fatty liver disease with curcumin: a randomized
placebo-controlled trial [J]. Phytother Res, 2016, 30(9):
1540-1548.

Fujiwara H, Hosokawa M, Zhou X R, et al. Curcumin
inhibits glucose production in isolated mice hepatocytes
[J]. Diabetes Res Clin Pract, 2008, 80(2): 185-191.
Nicholson J K, Lindon J C. Systems
2008, 455(7216):

biology:
metabonomics [J]. 1054-
1056.

Holmes E, Wilson I D, Nicholson J K. Metabolic
phenotyping in health and disease [J]. Cell, 2008, 134(5):

714-717.

Nature,

Fiehn O. Metabolomics-the link between geno-types and
phenoty pes [J]. Plant Mol Biol, 2002, 48(1/2): 155-171.
By b AR 2H 2 B A B DT vk RO A A (0],
I PR 24 31 2 5697 %, 2010, 15(5): 481-489.

Wang Z X, Xu D, She L L, et al. Curcumin restrains
hepatic glucose production by blocking cAMP / PKA
signaling and reducing acetyl CoA accumulation in high-
fat diet (HFD)-fed mice [J]. Mol Cell Endocrinol, 2018,
474:127-136.

He J, Gao H X, Yang N, et al. The aldose reductase
inhibitor epalrestat exerts nephritic protection on diabetic
nephropathy in db/db mice through metabolic modulation
[J]. Acta Pharmacol Sin, 2019, 40: 86-97.

Bugianesi E, McCullough A J, Marchesini G. Insulin
resistance: a metabolic pathway to chronic liver disease
[J]. Hepatology, 2005, 42(5): 987-1000.

HH R A TR M. Abst AR A R,
2008.

Adeva M M, Calvifio J, Souto G, et al. Insulin resistance
and the metabolism of branched-chain amino acids in
humans [J]. Amino Acids, 2012, 43(1): 171-181.

Krebs M, Krssak M, Bernroider E, et al. Mechanism of
amino acid-induced skeletal muscle insulin resistance in
humans [J]. Diabetes, 2002, 51(3): 599-605.



[ Drug Evaluation Research 55 42%&5 34 201953 H

<411 -

[22]

[23]

[24]

[25]

Xiao F, Huang Z Y, Li H K, et al. Leucine deprivation
increases hepatic insulin sensitivity via GCN2/mTOR /
S6K1 and AMPK pathways [J]. Diabetes, 2011, 60(3):
746-756.

ROCHL, 2RI, TR SN, A5 FAl i AR ) L2 i i a2k
B K CE o0 B 0], A B L OR (g 2k &L 2011, 19(4):
324-327.

Felig P. Amino acid metabolism in man [J]. Annu Rev
Biochem, 1975, 144: 905-952.

Sookoian S, Pirola C J. Alanine and aspartate
aminotransferase and glutamine-cycling pathway: their
roles in pathogenesis of metabolic syndrome [J]. World J
Gastroenterol, 2012, 18(29): 3775-3781.

MR, B T AR TR IR T T O BRI 37 e R R B 1) X
AR Je sy A (9], v ROMOR SR HARREEERR, 2016, 39(1):

[27]

(28]

[29]

90-94.

TLIATE . 1 B RE S NAFLD K AE &R i) <A QL i
WF 52 [D]. BUIH: #iTT K2, 2017.

Sahebkar A. Curcuminoids for the management of
hypertriglyceridaemia [J]. Nat Rev Cardiol, 2014, 11
(2): 123.

Sahebkar A. A systematic review and meta-analysis of
randomized controlled trials investigating the effects of
curcumin on blood lipid levels [J]. Clin Nutr, 2014, 33
(3): 406-414.

Amin F, Islam N, Anila N, et al. Clinical efficacy of the
co-administration of Turmeric and Black seeds (Kalongi)
in metabolic syndrome - a double blind randomized
controlled trial - TAK-MetS trial [J]. Complement Ther
Med, 2015, 23(2): 165-174.



