J Nutr Health. 2022 Apr;55(2):227-239
https://doi.org/10.4163/jnh.2022.55.2.227
eISSN 2288-3959

IJNHS

Journal of Nutrition and Health

Research Article

'.) Check for updates

6 OPEN ACCESS

Received: Mar 2, 2022
Revised: Mar 30, 2022
Accepted: Apr 6, 2022
Published online: Apr 21, 2022

Correspondence to

Yangha Kim

Department of Nutritional Science and Food
Management, Ewha \Womans University, 52,
Ewhayeodae-gil, Seodaemun-gu, Seoul 03670,
Korea.

Tel: +82-2-3277-3101

Email: yhmoon@ewha.ac.kr

© 2022 The Korean Nutrition Society

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Mak-Soon Lee (2
https://orcid.org/0000-0002-7010-4185
Cheamin Kim
https://orcid.org/0000-0003-4347-5383
Hyunmi Ko (&)
https://orcid.org/0000-0001-5070-5971
Yangha Kim ()
https://orcid.org/0000-0002-7280-7597

Funding

This study was supported by the National
Research Foundation of Korea (NRF)
funded by the Korean Government (MSIT)
(No. 2019R1A2C10028671).

https://e-jnh.org

X|2HA0] ZO FoM £84 B2 o
= a

icroRNA-221/222 231 8l
ot 7t X1 & SHAN| 23}

ofm 3

i

L THO| 01, Ao

Inhibitory effect of water-soluble
mulberry leaf extract on hepatic lipid
accumulation in high-fat diet-fed rats via
modulation of hepatic microRNA-221/222
expression and inflammation

Mak-Soon Lee (', Cheamin Kim @', Hyunmi Ko @, and Yangha Kim ©® *?

'Department of Nutritional Science and Food Management, Ewha Womans University, Seoul 03670, Korea
’Graduate Program in System Health Science and Engineering, Ewha Womans University, Seoul 03670, Korea

ABSTRACT

Purpose: This study investigated the effects of water-soluble mulberry leaf extract (ME) on
hepatic lipid accumulation in high-fat diet-fed rats via the regulation of hepatic microRNA
(miR)-221/222 and inflammation.

Methods: Male Sprague-Dawley rats (4 weeks old) were randomly divided into 3 groups (n =
7 each) and fed with 10 kcal% low-fat diet (LF), 45 kcal% high-fat diet (HF), or HF + 0.8% ME
for 14 weeks. Lipid profiles and cytokine levels of the liver and serum were measured using
commercial enzymatic colorimetric and enzyme-linked immunosorbent assay, respectively.
The messenger RNA (mRNA) and miR levels in liver tissue were assayed by real-time
quantitative reverse-transcription polymerase chain reaction.

Results: Supplementation of ME reduces body weight and improves the liver and serum lipid
profiles as compared to the HF group. The mRNA levels of hepatic peroxisome proliferator-
activated receptor-gamma, sterol regulatory element binding protein-lc, fatty acid synthase,
and fatty acid translocase, which are genes involved in lipid metabolism, were significantly
downregulated in the ME group compared to the HF group. In contrast, the mRNA level of
hepatic carnitine palmitoyl transferase-1 (involved in fatty acid oxidation) was upregulated
by ME supplementation. Furthermore, administration of ME significantly downregulated
the mRNA levels of inflammatory mediators such as hepatic tumor necrosis factor alpha
(TNF-a), interleukin 6 (IL-6), monocyte chemoattractant protein-1, and inducible nitric oxide
synthase. The serum levels of TNF-a, IL-6, and nitric oxide were also significantly reduced
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in ME group compared to the HF group. Expression of hepatic miR-221 and miR-222, which
increase in the inflammatory state of the liver, were also significantly inhibited in the ME
group compared to the HF group.

Conclusion: These results indicate that ME has the potential to improve hepatic lipid
accumulation in high-fat diet-fed rats via modulation of inflammatory mediators and hepatic
miR-221/222 expressions.

Keywords: Morus; non-alcoholic fatty liver disease; microRNAs; inflammation;
lipid metabolism

ME

B¢ 2/ A ®7F A2 (non-alcoholic fatty liver disease, NAFLD)2 M| A 4] . 2 7} ¢t qF

3 Z_]‘ 2 LQE H] T2 A28 T WA S o] Qlopar e A Qlom AA| = viTkgl
O

237} A|9H7HS UERAT [1,2]. NAFLD= A HPo] H] A A 0 2 27
 Ges A 2ol 4] A0, 1AM Bel o] 27171 Aske) wels} ettt o). ¥
k2 7 Wof] A1 HF g/d T} -7-2] A WA (free fatty acid, FFA) 427t & 718lo] Thx=51A] 2| & o]
22 E]+= NAFLD2] ¥1Q1o] Hr} [4]. 7Fol| A A& A EHd 2 peroxisome proliferator-activated
receptor-gamma (PPAR-y), sterol regulatory element binding protein-lc (SREBP-1c)2} fatty acid
synthase (FAS) 5-0] ¥oi5tH | ZPA| 3 2 9] FRA S~ Bh4-8-4| Q) fatty acid translocase (FAT/
cD36)°l 95 X H} [57]. ZHM|ZE W n|EZ=2]o} A HFAF B-AFSH= carnitine palmitoyl
transferase- (CPT1)°ll 2] 3l A/ ThAl & S RISt} [8].

ulsh

rl->

NAFLDE 7 208 S 5 AV} A AR QI8 {AIE A4S 8T 4 90w ot ¢

sk = e} [9]. ASAENOIA A G SAd Aol 7RI tumor necrosis factor
alpha (TNF-a)%} interleukin 6 (IL-6)+= {Ft @Yol A F7}5l= HHH o] & Ao E7IQIS o
A51H NAFLDE WA Al 7]& A o2 Yebsttt [10]. TS 7Ho| Al TNF-o, IL-62} monocyte
chemoattractant protein1 (MCP41)2] Z7F= | EA4 A7+ Eyof| 7] o ste} [11]. B =43
AFe}A 4 3Hd G 4 (inducible nitric oxide synthase, iNOS)+<= ©FA] 1At L-arginine 2 - E‘] kst
Z A (nitric oxide, NO)E AJAJ5H= A G4 F HUE 95 9 4 AJeiolA Fast s
2 90 [12). 53] iNosol |l AVFE| = he] NOk 7 AR F-2 HIRT e 7 E el
Hof] o gttt [13].

MicroRNA (miR)+= 2F 20-22712] 7|2 o] Fo]X] RNAR FHA H&S A|ojoh= AL &
Z A Qlxpoln miro] 7+ A3tof Tofsttt= 712 ojn| B 1 E| Q) [14,15]. miR-2212 7+e]
TG LAY 7ol To3hH miR-221/222+ THAREHE A7 T [14,15]. B miR-221/222
S A9F oz AAAF|HA TF A WET} 7355 FAAIZIT [16]. wWEbA] miR-221/222=
NAFLD®| 2| 55 9|3 272 ¢l vio] @ upA 2 A AR

o

CUF (Morus alba L)+ SHr& HIESHY] A2 9 3 5 SoMAotE FAle=E
Bx35t3 9lom R Q (mulberry leaf)S 2] HEE HEZQl A EZA] 7|3,
I, 19, w2 55 ¥ 7S A EAH 2 AMEE o] gttt [17]
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lo

F oA WtE Qlo] =319t (high hydrostatic pressure) F=&°] 7F2] miR-33 2 2 AMP-
activated protein kinase (AMPK) &/ ZH & 55t g | AHE a7 1SS B8l gith
[20]. L2y LA A o] & A F & F ol A 8/ BT A FEE (water-soluble mulberry
leaf extract, ME)Z} 7+ miR-221/222 2 of TS+ A= o} 2| 7kA| B H v} glck, whatbA,
& Aol A= LA[RYA o] 5 Fof gk FlollA MEQ] Tt A|F ZA A aatE FAFSHAL ZH
Fol A ALOhAFS} @2 Hol Bolshs ol QIA-E T} miR221222 ES AL

5 9] (Sangju, Korea) = AF-&-510] %319
T2l (Wanju, Korea) 2 & H-E| A g Hotch, b7 9l 2 &

4T B BT FET F olustol YL 22 FA R 0] AL}

=

=2 A5 3535 29| 7 Sprague-Dawley A€ F (Doo Yeol Biotech, Seoul, Korea) S &
22+ 2°C)°t F &= (55 £ 5%)7F FA == 5= AFSA A 1Y 52t A3 A Z T
222 7nl2) 4 37]9] F2 & LF20] 10 keal% A A %41 0] (low-fat diet, LF), 45 keal%
JA10] (high-fat diet, HF), HF + 0.8% MES 7}k Alo] & ZA|sto] 145 &9t AH7-
A 5H o™ Alo] 2/d-2 Table 12} 2T} 2E A Y Al o]gtoixiigty FEATE

S ok g o
rfo

_|>T Rl ox mx mz
ol

Table 1. Experimental diet composition (unit: g/kg diet)

Component LF HF ME
Casein 189.57 233.07 233.07
Sucrose 163.79 201.38 201.38
Maltodextrin 71.09 116.54 116.54
Corn starch 428.63 84.84 76.84
Cellulose 47.39 58.27 58.27
Soybean oil 23.70 29.13 29.13
Lard 18.96 206.85 206.85
Potassium citrate 15.64 19.23 19.23
Dicalcium phosphate 12.32 15.15 15.15
Mineral mix (AIN-93G) 9.48 11.65 11.65
Vitamin mix (AIN-93G) 9.48 11.65 11.65
Calcium carbonate 5.21 6.41 6.41
L-cystine 2.84 3.50 3.50
Choline bitartrate 1.90 2.33 2.33
Mulberry leaf extract (ME) - - 8.0
Total 1,000 1,000 1,000
Energy density (kcal/g) 3.6 4.6 4.6
Carbohydrates % (kcal) 70 35 35
Protein % (kcal) 20 20 20
Fat % (kcal) 10 45 45

Experimental diets were formulated based on D12450H (LF) and D12451 (HF) diet composition (research diets).
LF, 10 kcal% low-fat diet; HF, 45 kcal% high-fat diet; ME, HF + 0.8% water-soluble mulberry leaf extract.
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2] 9191 3] (Institutional Animal Care and Use Committee, IACUC)2] 4912 ®to} 4~35}-9ith
(IACUC No. 17-057).

SoHm} Zto| X|Z! X|E EM

o] SR (triglyceride, TG), & = AH|E (total cholesterol, TC)Z} HDL-Z 2| AH| &
(high-density lipoprotein-cholesterol, HDL-C) 5=+ S AH|AMH & o] 8¢t AHdE B4 kit
(Embiel, Gunpo, Korea)E °©]-85l4 £A35}tt. LDL-Z 8| A H|E (low-density lipoprotein-
cholesterol, LDL-C) &=+ Friedewald2] 345 o]-&35}o] L5kt [21]. 3 A R|HAE
(FFA) 5=+ A8 B4 kit (Wako Pure Chemicals, Osaka, Japan)2] A2 AF 2| o] u}2}
EA5IA T 7He] & A A2 A& 0.5g2 chloroform:methanol (2:1, viv) E&-& 0 2 A}-&-5}of
Bligh®} Dyer2] ®fHol whet FE51Ath [22]. 7He] TGEF TC T2 FE3F 1F 2| HoflA
AU S 0]-83H -8 4 kit (Embiel) S ©]-8-3t0] 2415131t

FAHAENM gl MSEA 2H
AT

NE-02} IL-6 5=+ S4AHGEA enzyme-linked immunosorbent assay (ELISA) kit
(BioLegend, San Diego, CA, USA)E AR&oto] A|ZXALS] x| upe} EAsiict E3
AFSHA A (NO) AYAd-2 Griess reagent kit (Thermo Fisher Scientific, Waltham, MA, USA)E
Abg5to] B ’\" M5tAct. Z42k9] S8 == Varioskan plate reader (Thermo Fisher Scientific) S

ol g3te] Z5toict.

Real-time quantitative polymerase chain reaction (RT-qPCR)

7t 22]9] & RNAE RiboEx A|9F (GeneAll Biotechnology, Seoul, Korea)s Al-85}o]
ZZ5}9] 3L £2]3F RNAE Nano drop 1000 (Thermo Fisher Scientific) = ©]-&5}0] A&t
Messenger RNA (mRNA) 4~ M-MLV reverse transcriptase (Bioneer, Daejeon, Korea)S
AH&5}0] complementary DNA (cDNA)E 3/ $F & 2X SYBR Green PCR Master Mix (Bioneer)
£ o] &5t SEAITHS S43IY T RT-qPCR =2 Rotor-Gene Q (QIAGEN, Hilden,
Germany)©l|A] =851 Tt AH&-H primers] & 7] A B-2 Table 29} ZTF mRNA '2H& of] T gt
A Q AFL B-actin @ 2 FEE5}SHAL delta-delta Ct B & 0]-8-5Fo] 241513t} [23].

miR & £4517]95) miRNA cDNAE miRNA c¢DNA Synthesis Kit with Poly (A)

DPolymerase Tailing (ABM Inc., Richmond, BC, Canada)= AH8-5to] $HJ3l% Tt qRT-PCR

ZE2 EvaGreen miRNA Master Mix (ABM Inc.)E &3St & Rotor-Gene Q (QIAGEN)OJ| A

235 th miR TH-2 miR-221/222 X RNU6S] specific primers (ABM Inc.)E AHE5}Ho]

9% 3HITh miR-221/222 W3 $F-2 RNUG snRNAR EF3F5FIL delta-delta Ct S
A gstol 2415 24,

A& A THS-2 SPSS 25.0 (IBM Corporation, Armonk, NY, USA)= ©|-835}o] 245}

ch Aol 3 (mean) T EF 22} (SEM)E UERHA I A3 7 7F (LF, HE, ME)2] 72
Yol %] BEAHE A (1-way analysis of variance)S $F & Tukey’s multiple range test

.05 FoA FoldS ASsHYTh MEQ] Seti = k2 33 HhE S5
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Table 2. Primers used for qRT-PCR

Name GeneBank No. Primer sequence (5'-3")
B-actin NM_0311440 F: GGCACCACACTTTCTACAAT
R: AGGTCTCAAACATGATCTGG
CPT1 NM_031559 F: TCGGCAGACCTATTTTGCAC
R: ATTTGGCGTAGCTGTCGATG
FAS NM_017332 F: GCAGCAGCATGATGTAGCAC
R: AGTTGCACACCACAAGGTCA
FAT/CD36 NM_031561 F: CCTGTGAGTTGGCAAGAAGC
R: TCGGCAGACCTATTTTGCAC
IL-6 NM_012589 F: ATAGTCCTTCCTACCCCAAC
R: TGCCGAGTAGACCTCATAGT
iNOS NM_012611 F: TCCTGCCACCTTGGAGTTCA
R: TGGTCACCTCCAGCACAAGA
MCP-1 NM_031530 F: ACTCACCTGCTGCTACTCAT
R: CTACAGCTTCTTTGGGACAC
PPAR-y NM_001145366 F: TGTGGGGATAAAGCATCAGG
R: CAAGGCACTTCTGAAACCGA
SREBP-1c AF286470 F: AGGAGGCCATCTTGTTGCTT
R: GTTTTGACCCTTAGGGCAGC
TNF-a NM_012675 F: CCCCTTTATCGTCTACTCCT
R: ACTACTTCAGCGTCTCGTGT

gRT-PCR, quantitative real-time polymerase chain reaction; CPT1, carnitine palmitoyl transferase 1; FAS, fatty
acid synthase; FAT/CD386, fatty acid translocase; IL-6, interleukin-6; iNOS, inducible nitric oxide synthase; MCP-1,
monocyte chemoattractant protein 1; PPAR-y, peroxisome proliferator-activated receptor-gamma; SREBP-1c,
sterol regulatory element binding protein-1c; TNF-a, tumor necrosis factor alpha.

23

o= steE e

ME®] 354 SHHE2 UPLC o E B3I oH (Fig. 1) HF B4 ZTH: Table 37}
2zt MEZHE 2HH Z2tE 52 quercetin 3-O-rutinoside (rutin), quercetin 3-O-glucoside

c

(isoquercitrin), quercetin 3-O-(6"-O-malonyl) glucoside, kaempferol 3-O-rutinoside (nicotiflorin),

quercetin 3-O-(2"-O-malonyl) glucoside (morkotin), kaempferol 3-O-glucoside (astragalin), and
kaempferol 3-O-(6"-O-malonyl) glucoside 5= E§t o & St = T=F2 42,98 +
1.05 mg/100 g & 2 L}EFTH,

3.0e-1

2.0e-1

AU

1.0e-1 26.63
7

18.37

17.14

6 8 10 12 14 16 18 20 22 24 26 28

Fig. 1. UPLC chromatogram of flavonols found from ME.

Peak 1, quercetin 3-O-rutinoside (rutin); Peak 2, quercetin 3-O-glucoside (isoquercitrin); Peak 3, quercetin 3-0-(6"-0-malonyl) glucoside; Peak 4, kaempferol
3-0O-rutinoside (nicotiflorin); Peak 5, quercetin 3-0-(2"-0-malonyl) glucoside (morkotin), kaempferol 3-O-glucoside (astragalin); Peak 6, kaempferol 3-O-(6"-0O-
malonyl) glucoside.

ISTD, internal standard; UPLC, ultra-performance liquid chromatography; ME, water-soluble mulberry leaf extract.
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Table 3. Phenolic compounds identified in ME

Compound mg/100 g dried sample
Quercetin 3-O-rutinoside (rutin) 9.16 = 0.42
Quercetin 3-0-glucoside (isoquercitrin) 9.54 + 0.62
Quercetin 3-0-(6"-0-malonyl) glucoside 5.00+0.31
Kaempferol 3-O-rutinoside (nicotiflorin) 3.88+0.19
Quercetin 3-0-(2"-0-malonyl) glucoside (morkotin), 13.50+ 0.64
Kaempferol 3-O-glucoside (astragalin)

Kaempferol 3-0-(6"-0-malonyl) glucoside 1.75 + 0.07
Total flavonols 49.98 + 1.51

Data are expressed as mean = standard deviation of 3 replicates.
ME, water-soluble mulberry leaf extract.

HIE Hat, 2lo] 3 ol X] MFE

LF, HF 3! ME 4] 0| & 1472t A 5|3 A 522 A|E 13} A o] Bl oA A 3T 52 Table 4

o2t AlE S7ket Fargt A A= LF 2ol HIs HE ol A 22t 12580 2F 1.69HH 52

Z o 2 Z7}519] 01 ME ol A= HF 7ol B8l ZH2F11.0%2F 25.29% 3-2] 2 0 2 =]t} 4]

o] @2 LF Toll H]3ll HF 2 ME 2ol M F-o] 4 oz Weton, ofufx] HF 2 LF &
of v HF <2 ME 2ol A F-9] 4 o & =ttt BhH o1 x] 283 7F FA|l= A Ttoll

ol Q1 Ao 7k AT

M Zto| XA 5
A AT} 7o) A A 5% = Table 521 2T HF w2 LF w-ol| I3 @7 2] 1C 2 LDL-C
7R o 2 9o 16 5t 5414 foAdo] sl oy F7tshe A S vEtd

Table 4. Effects of ME on body weight and food intake

Variable LF HF ME

Initial body weight (g) 57.41+14.74  57.01%7.29 58.38 + 2.76
Final body weight (g) 468.68 + 14.74° 573.41+7.29°  520.98 + 11.48°
Body weight gain (g/14 wks) 411.82 +15.15° 517.41+8.41° 460.29+12.11°
Food intake (g/day) 292.32 + 0.54° 20.07 + 0.34% 19.77 + 0.38%
Energy intake (kcal/day) 80.34 + 1.96° 96.67 + 1.63% 90.96 + 1.77%
Energy efficiency (g body weight gained/kcal consumed) 0.052 + 0.001 0.055 + 0.001 0.052 + 0.001
Liver weight (g/100 g of body weight) 2.65 + 0.06 2.75 + 0.02 2.59 + 0.05
Epidydimal adipose tissue weight (g/100 g of body weight) ~ 2.21 + 0.15° 3.73+0.12* 2.79 + 0.05°

Values are expressed as mean = SEM (n = 7).
LF, 10 kcal% low-fat diet; HF, 45 kcal% high-fat diet; ME, HF + 0.8% water-soluble mulberry leaf extract.
Different letters indicate statistically significant differences at p < 0.05.

Table 5. Effects of ME on lipid profiles in the serum and liver

Metabolite LF HF ME
Serum lipids
TG (mmolL/L) 0.97 +£0.13% 1.26+0.13* 0.72 + 0.05°
TC (mmoL/L) 3.60+0.07° 3.88+0.03% 3.56 +0.07°
HDL-C (mmolL/L) 2.53 £ 0.07* 2.45 + 0.05° 2.73 +0.08*
LDL-C (mmolL/L) 0.57 +0.08° 0.84 + 0.05% 0.51+0.13°
FFA (mEq/L) 0.38+0.03%® 0.45 + 0.07° 0.24 = 0.03°
Liver lipids
Total lipid (mg/g liver) 48.95 + 0.82° 76.81 + 2.80° 55.69 + 1.59°
TG (pmol/g) 20.51 + 1.89° 36.83+1.92* 29.94 + 1.84°
TC (umoL/g) 4.93 +0.62° 9.97 + 0.14* 5.44+0.37°

Values are expressed as mean = SEM (n = 7).

FFA, free fatty acid; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; TC,
total cholesterol; TG, triglyceride. LF, 10 kcal% low-fat diet; HF, 45 kcal% high-fat diet; ME, HF + 0.8% water-
soluble mulberry leaf extract.

Different letters indicate statistically significant differences at p < 0.05.
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Qlth ME 9] &% TG, TC & LDL-C ‘5= = HF -0i| H]3l] Z}Z} 42.8%, 8.4% & 39.3% -3-2] &
o g2 gton, ojof Bk HDL-C & =w 1.1H) Fo & o2 =ttt @3 Fef At s ==
HE o] 1] 5l ME 01| 4] 46.5% 2] 4 0.2 w¥ottt. 7he] F A4, TG B! TC T2 HF -°]
LF w2of| H|sH 2+2} 1,574l 1.80H B! 1.88H -F-2] 2 o= A %3] F7tehes 2 o= Lo
ME 72 HF ol 8] 3l| Z+2}27.5%, 37.7% 3 41.3% F-2] 2 0 2 7hAs}glTt.

X|ZcHAtof 2o{st= |HX} e

MEQ] 7+ A4 2 AA| E3p7F 7F U AR, R Al A 4 9 A4t Absto) oot
+ AR 3ol GEFS A=A ZAFSHI T A HRHd ol i 5= /-7 2FQ1 PPAR-y,
SREBP-1c2} FAS2] mRNA 452 LF w-0]| H]3l] HF w0l A] 22} 1.798H, 1.7381 2} 2,738 A4 =
A9l 0™ ME 7ol A= HF 7ol H]3l 2+ 40.7%, 42.4% L 42.3% 2] & 0 2 &515F 23
=] AT} (Fig. 2). T E 2 9] 2] 2] At F420f] o SH= FATICD362] mRNA 4252 LF o]
H| 3l HF 7o)l A 1.8181 A3 2= 2™ ME ol A= HF ool H|3l 37.0% -2 4 2.2 5
F A= U (Fig. 2). FHAol A H4t 4Fgtof| #ofsh= CPT12] mRNA 4252 LF o] H|5f
HF w0l 4] 24.5% 3}3F 2 A =] 2™ ME ol A= HF o] B] 3l 1.308] §-2] 2o 2 A}ek %
A=At (Fig. 2).

HE =Holl 2o{5t= o7 X}
A5 2d ol i St w7l AAFQ] TNF-a, IL-6, MCP-1, iNOS B! NO7F MEO] o] 3l 932 14|
A Lot 7] 9Jsl 2te] AR EH 23 D =5 ARSI ZH A TNF-q, IL-6,

MCP13} iINOSS] mRNA 52 HF o] H|3l| ME 7ol A Z+2} 37.2%, 45.9%. 45.7%2F 39.8%
oM o2 sl 2AH ATt (Fig. 3a). 3 2] TNF-a2} IL-6 5=+ HF 0| H] 3| ME 7-oi|A]
Z¥7} 30.6%2} 25.8% 3-2] 2 0. 2 It} (Fig. 3B). @3 NO 5= T35 HF woll H] 8l ME ol
A 47.3% F-2] 2 0 2 kTt (Fig. 3C).

209 wiF mHF mME

N
(&)
1

o
3
1

Relative mRNA (fold of HF)
o
1

PPAR-y SREBP-1c FAS FAT/CD36 CPT-1

Fig. 2. Effects of ME on hepatic fatty acid metabolism-related gene expression.

The mRNA level was analyzed using RT-qPCR and normalized to f-actin. Data are presented as the fold change
compared to the HF group. Serum FFA concentration was measured using a commercial kit. Values are expressed
as mean = SEM (n =7).

mMRNA, messenger RNA; RT-qPCR, real-time quantitative polymerase chain reaction; CPT-1, carnitine palmitoyl
transferase-1; FAT/CD36, fatty acid translocase; FAS, fatty acid synthase; PPAR-y, peroxisome proliferator-
activated receptor-gamma; SREBP-1c, sterol regulatory element binding protein-ic; LF, 10 kcal% low-fat diet; HF,
45 kcal% high-fat diet; ME, HF + 0.8% water-soluble mulberry leaf extract.

Different letters indicate statistically significant differences at p < 0.05.
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Fig. 3. Effects of ME on the regulation of inflammation mediators in serum and liver.

(A) The mRNA levels of TNF-a and IL-6 were measured by RT-gPCR and normalized to -actin. Data are presented as
the fold change compared to the HF group. (B) The serum levels of TNF-o. and IL-6 were analyzed by ELISA kit. (C)
Serum NO concentration was measured using the Greiss reaction. Values are expressed as mean + SEM (n = 7).
mRNA, messenger RNA; RT-qPCR, real-time quantitative polymerase chain reaction; ELISA, enzyme-linked
immunosorbent assay; IL-6, interleukin 6; MCP-1, monocyte chemoattractant protein-1; NO, nitric oxide; iNOS,
inducible nitric oxide synthase; TNF-o, tumor necrosis factor alpha; LF, 10 kcal% low-fat diet; HF, 45 kcal% high-
fat diet; ME, HF + 0.8% water-soluble mulberry leaf extract.

Different letters indicate statistically significant differences at p < 0.05.

miR-221/222 4

ME®|| 9§t miRs 24 7|3 & &lst7] fsf 2+2] AF Adeloll Al S715h= miR-2217 miR-
2220°] 9 W3S 2 ARSI T 74 miR-2217} miR-222 9HE 4232 LF oi] H] 8l HE Z-of| A
217k 217812} 1.618H F A 3] Z715H 20 ME ol A= HE ol ] 3l 22} 26.0% 2 20.7%
FoJH o2 AA| = AT (Fig. 4).

o

5 Aol A DA Ao 23 Hol A MEZF 2 A1 FA, BF A 2] miRe

221/222 20| GG vx|=A]ofl thsll AT 2 70l A] HE 4 0] & 145:3F A 3ot
Fo 5770 LE Aol 5 A F e FHoll vl A#]5] S7Hekl v ME Aol 5 A F 3 FH ol A

https://doi.org/10.4163/jnh.2022.55.2.297 934



IJNHS

Journal of Nutrition and Health

https://e-jnh.org

159 miF mHF mME

N
o
1

o
3
1

Relative miR (fold of HF)

miR-221 miR-222

Fig. 4. Effects of ME on hepatic miR-221/222 expression.

The miR level was analyzed using RT-qPCR and normalized to RNU6 snRNA. Values are expressed as the fold
change compared to the HF group (mean + SEM, n = 7).

miR, microRNA; RT-gPCR, real-time quantitative polymerase chain reaction; LF, 10 kcal% low-fat diet; HF, 45
kcal% high-fat diet; ME, HF + 0.8% water-soluble mulberry leaf extract.

Different letters indicate statistically significant differences at p < 0.05.

BSojxo g Zgitt MEE ¥4 TG, TC ¥ LDL-C 5 =5 {22 0 2 7+AA|Z] HHH HDL-C
S Yoz F7HAZITH 7k F A1 E, TGt TC 3HF T3 ME©l| o5l §-ojH o= 7h
A5t Oh & [25]2 BUF A o] of|gtZ FEE0] H|TH F o] A|F57F At 7 A H =
A A a5 Yepdot B skl BuFo] 9luh dujj o] B3E-2 AR o] & A
St AR 4 TG =& TAAIZ oW x| Fol&= T %—J ohF7F vlRk ol
FI7F Aokl BTt [26,27]. o] e} H5HA| & A ATE2 MET}

< 7NAdstar 2k A S A & 3 vt aukE yeR AL Qo

PPAR-y@} SREBP-1c= 7F W) 2|} A3 Aol A 232291 &5Hg 5H= A A1 R ol T} [5,6].
SREBP-cE= FAS H-30 4 23S Zh%}@ {PJ A BEH S 9 =5t} [6]. AW TS FRA
£ 7t A&7 9] Ylo] H 1 FAT/ICD36-S 85 FFAS M| Z 2 o] 5 A7 = &8-S
sc} [7]. 7 W FRA 3-9)0] Z7FsHA] =W cpracl o3l AWt pAksE ZRAIZIT) [8). o]
7 Aol A, WL Qo] of|ehg 2E5-2 373-L1 A WA 2] A £2-& W31 ppAR-yo}
FASS| Tl o2 ARl sl 28], 2 2ol = S 9 B FE 20031311
AR M| 2ol A PPAR-y, SREBP-1c2} FAS -0 A & S A 7| 3 AW 54 5 A ohrpal 2
AT [29]. 84 BUE A FEFL oehg Ao] g FAEA AW3E F 2 7holl A
SREBP1/2 A2} 2 AA|ek 3 1+ 214 2 7H A5kt [30]. YR Y02 HE] &
2] % SF-E-2 HepG2 7HA| Z ol A TG %7
skl 31]. U Ao bR /LAY Aol & AdF T Al2% T F9 F o
A] FEA, TG W LDL-C §230] 74 st 710 2 Vepgt) [32]. 2 AL A7 MEZF A 4]

o5 A5t H ] 3 FrA 5 =5 Y311 7Holl A PPAR-y, SREBP-Ic, FAS X FAT/CD36 - Ak
LH-E 5 2oL CPT= A 245k A 0 &2 e o] A3t MEZFZHe] A%
T A A 5 A S A slishar A Hbat g-4tEHE SXISCHE A& AR

E g 2of ofaf) ThA| 2 /o] Er Ao ar ZhAl| i
HAFe7E K E ) [943]. ThFSH Rl o2
= A8t A F =4 Aol E71Q1 TNF-q, IL-6

T
T
olo

lo

u

<
o[>
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et MCP1= FF 72 42 S 53l NAFLD 2] Z 37 of] o Tt [1043]. A A iNOS 74 A
S 2AgFollH 67t L ZR LB E Aol & TF T B3 T A8 7HALE AL 2] TNF-a
AR o] @A 5] FAH Tk 3] ST o) E FEE2 oSS HJA H I
Z Hhgo| A W T W8-S #]3)5HIL TNF-0, IL-6 Y iNOs2] Thilld WHe Z71HS o 4|3l Tt
30,34]. FHH-7 A o] thd-F= AL/ A A o] & A 3R e R 5 o] & ol A TNF-a2t

al
IL-6 55=5 FFUT [32]. LA A o] = A G3E 5 Bdlo| M S g ol 2 te] 45
il

A
J o 7§ #| TNF-, IL-6, 2 iNOS2] -

o
2
o

miR+ Al 22| 23, Whe T 2| 1 §/d/d-& 240k A2 non-coding RNAZA E7 {42t
o) S 2ot oF-2 H| 23t of 2] AR of] Yootz T 85 YA U A IR0t} [14]. &
5|, miR-221/222= 2+ A3} 7 A -§-3ke] Aol A 7HA g ol @S vlx]= A
© 2 B E T} [15,16]. miR-221/2227}F A AE H|LF/Ad A7 F 9] 2kl A] IL1B, TNF-a
o+ IL-69] FAA} A2 AA]5] RobA|= 2 o = YEFE T [16]. TNF-a= T A A Z£2] miR-
221/2229] ¥F&l-8 Z R A7) 21 7F A A4FA| 2ol A nuclear factor-kB A= TNF-00l 2]35] A=
H miR-222 FEE JAISFATE [15,37]. TFAAEA SFAA] R AR phosphatase and
tensin homolog®} tissue inhibitor of metalloproteinases 3= miR-221/222°]] 2|3l A= At}
[38]. 12|, oFA7kA] A& el FE20l Qg 7] miR-221/222 24 7|7 of| tigt A=
B g 2] ookt B A= 7H Aghof] WS Aol Q)= miR-221/2227F MEC] 25l 2 &
A Zelst7] els = AT 2 AT AT o A ZHe] miR-221/2220] T2 LF A H 2 H
T} HF A 3 2ol A @A 5] Z7Fsh A o ¥ ME A3 ol A Rl HA| sl o] A=
MEQ] 7+ A2 £ oA &1}17} miR-221/222 ' A2k B Ql-S-Z AJAFSHH 2 Lol A
z]e0 2 Hgh}

2 Aol A= MEZF LA 4] o] & A 3t F ol A 7he] miRse} A5 £ S o) T AE =
A Aol FFE vIH A 2AFSHIT. 45T A Sprague-Dawley 7= 3 15 (n=7)22
L0 145 59110 keal% A A B A 0] (LF), 45 keal% LA | A 0] (HF) B+ HF + 0.8% MES
a0ttt MEQ] 332 A5 5718 ol 8 A 52 75l on 7 )4 &4
<= AASkAT. 7] A tjAtof] #ofsh= 771 AR PPAR-y, SREBP-Ic, FAS 2! FAT/CD362]
mRNA -2 HF 70l H|5l| ME 7ol 4] §-2] 517 o &F 2 A =| it} vH, 2] ¥4t 4bsto]] ko
3= CPT12] mRNA 52 HF ol H| 3l ME #ol| A 52517 A4&F 2E = it MEE 7He]
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A= vf7ljol] #odS}= TNF-a, IL-6, MCP1 ¥ iNOSS] mRNA £~&F2 513 243590 g3
O] TNF-q, IL-6 ¥ NO &= E3F 72| 5HA] FFUot. v| 4 A|WH7he] 3 delolA 37
ol

Sh= miR-2217} miR-2222] W& -2 HE w-of| H|5l| ME 7ol A §-2]5HA] AA|= et 2 A2
AE2 MEQ] 7H A A 27 ‘?Ml 7 A A AL G5 2™ ol Fofshe 2 Q1Ake] 7Y
A B 2HO] miR-221/222 A A 9F A QY52 AJARRIEE WEbA ME= NAFLD S 7HAd 6=
HAE ANMEN SEE £ UAS A CE AISHTL
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