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Sk iRt 2 BUHE bR )N B P T AR X 1 18 B R 52 P

R, FAKAEY BARB, FTE, &M, £ &% F MY, 7EK”

(1. HMET B NREERE 22550, L5 IET 221200; 2. 4RMIBERFRFAILIAE B 4070 5 IR R
2yoF T A S 5, VL5 4R 221004)

I AR CHIAT T M KIRY) (mulberry leaf water extract, MLWE) % 2 B4 fR 9% (type 2 diabetes mellitus, T2DM)
/N BRAEAE DY H% % (arachidonic acid, AA) LI % 1 52 0, R8RS Ho Xt T2DM [ B v 1F T BB TE ML LASE IR 7 14
H 5= lEEFE (high fat and high sucrose, HFHS) 10 & #4% T2DM /)N FRAR Y, 43 S IE 3 IR 41 (NC) . IE 5% MLWE 4b ¥
ZH (NCML) W JRIFAE T AL (HFHS) Kb PRI BT MLWE AL BEAL (HSML).  sh448E A A sz it 1o 72 7548 I = ALK 2
W ERZE Bt . S/ RIESERE B 10 8 . RIRGA ), Kl = I I (fasting blood glucose, FBG) K = g i &
(fasting blood insulin, FBI); 5215 3¢ )6 52 & PCR (quantitative real time PCR, qPCR) 2546 I AT E /v AA £ 1A 55 i (1
MRNA F3E; Western blot 2 I FFIE b 5 AA AR HAH SC G 1) B 11 3802 005 156 A VR I 5 I AA BAE SAR I 77 )
T AR EIR, NCML AL/ I AA R DA | M FBG i 32 VAA JARH 1 & 5 NC 2 7] 22 = 6
St 5 NC AR HG, HFHS 4170 BURFIUE A7 15 107 B2 & BB (fatty acid synthase, Fasn). i I5 i A2 (phospholipase
A2, PLA2) .} 5 A 17 2 (cyclooxygenase-2, COX-2) K& fIF % & lifi-5 (lipoxygenase-5, LOX-5) Fik7K T \FBG.Ji & % |
AA FAH AR = 47K - Y5 2 3 7 van, T DA 55 BRURR Al 196 ik % 2 88 1A (carnitine palmitoyltransferase 1A, CPT1A) & 4l
Jil £4 25 PA50 il 4A (cytochrome P450 family 4A, CYP4A) £ ik B 3% Mk . 5 HFHS 41 LL g, HSML 41 /s BT I o
Fasn.PLA2.COX-2 il LOX-5 [f] ik /K F, [ 3K 1 FBG. Ik & 25 . AA SAH AR F= 4 (7K ¥ 2 35 F B%, I CPT1A
J CYPAA ({13235 55 2 B0, $2 75 S /K $E 4 1T B 388 3 0 35 T2DM /s B AA AR I 5 5 7, R 4 L iy 3 0 PR 98 1
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Effects of mulberry leaf water extract on the metabolism of
arachidonic acid in type 2 diabetes mellitus mice
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Abstract: To explore the preventive effects and potential mechanism of mulberry leaf water extract (MLWE)
on type 2 diabetes mellitus (T2DM)), this study observed the influence of MLWE on the metabolism of arachidonic
acid (AA). T2DM mice were induced by high fat and high sucrose (HFHS) diet and intra-peritoneal injection of
streptozotocin. The mice were randomly divided into a normal control group treated with drug-free solution (NC
group), a normal control group treated with MLWE (NCML group), a diabetes mellitus (DM) group treated with
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drug-free solution (HFHS group), and a DM group treated with MLWE (HSML group); mice were maintained on
this protocol for 10 weeks. Animal experimentation was approved by the Committee on the Ethics of Animal
Experiments of Xuzhou Medical University. Mice livers and plasma were collected at the end of experiment. Fasting
blood glucose (FBG) and fasting blood insulin (FBI) were detected by kits. The mRNA and protein expression
levels of relative metabolic enzymes related to AA in mice livers were respectively detected by quantitative real
time PCR (gPCR) and Western blot. The contents of AA and its relative metabolites in mice plasma were determined
by liquid phase chromatography coupled with tandem mass spectrometry. The results showed that there was no
significant variation for the relative expression of metabolic enzymes, contents of FBG, FBI, AA, and its relative
metabolites between NCML group and NC group. Compared with NC group, the relative expression of fatty acid
synthase (Fasn), phospholipase A2 (PLA2), cyclooxygenase-2 (COX-2), and lipoxygenase-5 (LOX-5), and the
levels of FBG, FBI, AA, and its relative metabolites in DM group were obviously increased, while that of carnitine
palmitoyltransferase 1A (CPT1A) and cytochrome P450 family 4A (CYP4A) were significantly decreased. After
intervention with MLWE, those changes could be improved, indicating that MLWE could prevent T2DM by acting
on AA metabolism.

Key words: mulberry leaf water extract; type 2 diabetes mellitus; high fat and high sucrose diet; arachidonic

acid metabolism

Wi [ Br FE JR 6 B & 2 (International Diabetes
Federation, IDF) 2019 4F [t &1, 43K 294G 4.63 12 1%
SR (diabetes mellitus, DM) i %, 4 fiti i1, %] 2045 4,
DM &3 NFCK 38 i 31 6.2912; fE 4 E, DM B % B
1% 10.9%, TiHA 116 14 835, 20 5 423k DM #3554k
[ 1/3, H: v 2 74 DM (type 2 diabetes mellitus, T2DM)
i DM & S0 90% LA M. T2DM K31k Je ml 73]
RRE R0 B PR A2 B R e TR RE R B SR R R
i, P fE NIRRT T
A 2 BRAR A B K 22 % T2DM I R AE K &, 2 K2 H
DM B #HANAFELEST BN A RN B 2 L 5 7= A i 52
MR P, FHREEFZ RS 2B 2.
2T VAN RN/ R RN 8 AN £R G T SRR A
T AESRAE DM 1Bk ST B BE YT 51 S )z iR,

DMUIRZS T, PRI B3 BRUKs AR 195 2 4% 7% Il LA (carnitine
palmitoyltransferase 1A, CPT1A). Ig JIi iR & K B (fatty
acid synthase, Fasn) #1 f JI§ liif A2 (phospholipase A2,
PLA2) & 1A 7K P 3 hnt®, o] 42 T+ 95 B o 46 A= DY I iR
(arachidonic acid, AA) [FI7KF. AATEMRA EFARIIEAE
T B A A B (cyclooxygenase, COX)- fif 4 A Ml
(lipoxygenase, LOX) £ 41 g t& 25 P450 fi (cytochrome
P450, CYP450) = 2 fR i . AA % COX-2 X
n[ AT AR (prostaglandins, PGs) =4, T2DM R
N, COX-2itFik, S PGs & BN, 1M PGs vl J& 55
1 WE 5  1) B- T ) Jk 5 2R 40, 3 B R B P
B BIRIE K THREFE RS, AA £ LOX-5 A i ] A= pl 2 o
1645 VU % B (hydroxyl eicosatetraenoic acids, HETES),
DMRZ T, LOX-5 # % R BOME f5 7] 2 B HETES
TP S 2 8 0, (R g 2% SR R PR 5 3R KB 0 R AR R R,

AA if T 2 41 i {4 & P450 il 4A (cytochrome P450
family 4A, CYP4A) R4 s A AL A VU AR (epoxy
eicosatrienoic acid, EETs), EETs AJ # 4 i & & {5 5 1%
SRR, 38 0 I O /NFI KR R G, BRI
FEC, EETs MRl M IR A /K A B (soluble epoxide
hydrolase, sEH) FI{LE i 4, 4141 SEH 3 £ 7] 2513 DM
AR B B 2R UM L BRI B R
B, AA 17K T J2 2L PGs \HETEs. EETs 244 C 4t #1 %t DM
A R HP I 9 % R 5 AR

FM R ZRHEM RN T, AW HEY, B
A A AR, T B, I I E B DR (R B AR )
Had G YR, RS TR RTELAN AR, 228 X AT I, BE
BE” CARBY) B ) P id 80 M T F 2 BB 2 24, ¥R
RE, BeIETHE” . IUARZ AT IR SE, St /KR
ity ) & SR ENNER i N Y TSNSy N A R i e N
By, Y EAA BT DM AR FHE S, R AE AR 2,
S H B )L AR A1 T [ B #1 ] COX Je LOX B
P, MR FEILBT R A8 BRI FH Y, (0 Sk a4 Y
FER N DMORZS T AAABHE EE, H AT M AN AT A

I, A S F AR B IR A I % (streptozotocin,
STZ) k45 7= fig Wi 4 (high fat and high sucrose, HFHS)
KBTS T2DM /N RSP sege i Y b a5t K
49 (mulberry leaf water extract, MLWE) %} T2DM /)
B JHF U o AA AR e S AR 1 AH O T 1) 3R 0 R i v
AA J AR PGs HETESEETs 28X Uit 7 4 7K - 1 5
], PR MLWE Xt T2DM [ 57 161 I B8 TERL -

MRS EE
X 88 53X 5 NanoDrop 1000 #% & ¥ J& Wl % 1%
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(3 & Thermo % 7); PCR X (3£ E AB A #); i br X
(EIx808, 3 [# Bio Tek /A 7); Light Cycler 480 Il 52 %¢
;% & PCR (quantitative real time PCR, qPCR) 1% (¥t
Roche /A &]); 2T # El & 4t (170-3940, 3% [# Bio-Rad
/3 w]); Agilent 1260-6460 i AH 2 1% = & U 25 T 55 5 i
A% (3 [# Agilent 24 #); Fortis C18 4 1% 4% (1.7 pm,
50 mm x 2.1 mm) (3% [® Waters 2 7]); [& A A 5L C8 #
(7 M 4 BB S 536 FE4A); B 25 VA TR IR 48 T 1% AL (LNG-
T98, KO RHEZEM ) )e — PUMBEI  PURRE
BCA (bicinchoninic acid) & [ 5 Il 5 %771 &0 RN ol R il
PR (B2 = R AR B ST AT); Fasn CPT1A.
COX-2.LOX-5 fll CYP4A Hi A (¥ [E Abcam 2 F]); 1l
F P14 19G (3£ E LI-COR A A]); p-actin o4 H i & -
3-ff IR i &L I (glyceraldehyde-3-phosphate dehydroge-
nase, GAPDH) fiif& (i ABclonal 24 7); . J§ PLA2.
Fasn.CPT1A.COX-2.LOX-5.CYP4A #1 GAPDH f{] I
NUESIY (R AR B A ), STZVAALPGE,.
15-HETE. 12-HETE. 5-HETE. 8, 9-EET. 14, 15-EET.
PGE-d4.20-HETE-d6 1 AA-d8 25 [i# i (3£ [H Sigma
AF]). Trizol & RNAFEEGH (KX G MR AR
/7 ); TransStart Top Green qPCR SuperMix i 7 & (b
RERXEEDBEAREGR AT F (IR s 2
Ji A PR A A A= VR ATHIE 5 20160280; it 181101)
AR N R RE K 228 I B 4% 56 78 O SR S 10 T 03
o HABIR T R th 22 40

shi 8 JE i HEME C57BL/GI /N, 2925 g (s
KL R A A SHE VA E S
SCXK (") 2008-0016. %7 T4 M = L K 2% SPF 4 52
s, JEEE (22 £ 2) °C, 7 55% + 5%, 12 hhiE
TEIR, R 5K R G B IR SIS SRR B
BERSAAC B 2R B3 2 ikt (HLHES - XZMULL201612024),
S P 1 B AR M BE ALK 2 B L B s
B BIEAT o

MLWE Byl & S0 1 kg, ¥ 8, In7K 15 L4
WA 4, DLUE, P E AR T, 13 MLWE T2 8
MA A mg TIRELMY T 3gEL). SARBAHE
7R RORE €5 3  (high performance liquid chroma-
tography, HPLC) M 5&, 5 b A~ [F) 45 1 & 76 AN [H) i 18] i)
£ 1 MLWE 7 254 nm % & T JLRG I 1) 38 04 31 4,
EATZ A BRI K T 0.999, J5LASR « 4% R «
SRR BREGRR. S TR TR SES NN
0.56.6.72.11.89.6.76.1.84 #10.96 mg-g™. T--20 °C{#
A7, Wi FE A P A 5 7K T o) ol 25 3 PR TR T

B E EIR R RAEARWE  C57BL/GIHEME
/N BROE NP GRI 3R 7 R, FREE, I 52 A5 R ML E (fasting

blood glucose, FBG) %4k /K~F (0 J&) )&, BEML 2> M IE &
AR . IR G T E Ak, AL 25 T HFHS
L (RE W o5 60%, A 17 5 20%, /KL &4 5 20%),
4JH G, & AN R A B AR K 12 h, AR 2 /) B %
90 mg-kg™ I 5t STZ (AT IR £h 28 K (0.1 mol-L™,
pH 4.5), 1F % 2 v 5 [F) 55 55 & AT R IR #sh 2 vl . —
JAJEIM FBG (5 &), FBG 7K°F- > 11.1 mmol- L™ 4§ Ay it i
e IERL )/ BRBEL 7 A (DM) A MLWE
FHZH (HSML); 53 BIE & 2H /N SRS ATL 43 S 1E & X6 e 2
(NC) Fl IE & X B MLWE F i 44 (NCML). NCML
24 Je HSML 4H 4% 250 mg-kg*-d™* 7 B 45 T MLWE;
NC2H Jz HFHS 21 [R5 45 74550 S A 3 oK, 4L 10 4 .
M E LR AR E . S0 45 R 8 i, W 5E FBG &
225 fif 5% & (fasting blood insulin, FBI; 15 &) /KT,

AA B E 8 A5 P40 E

O3-S F Fortis C18 {0 4 i BhAH: /K
(A) F1ZJfE (B), AB 54 0.1 mmol- L™ IR # ; i
0.4 mL-min™; P& AEF: 0 min, 5% B; 5 min, 95%
B; 6 min, 5% B; #:ifi: 30 °C, H AN HEFE AL 4 °C; i
Fe: 2 ul. A% (electrospray ionization, ESI) & F
TR, BT R B4 UK 4 000 V; AR
30 psi; TSR 350 °C; TSI E: 11 L'min™. K
F R 2% AR i 8 &, PGE,-d4 A PGE, N 15, AA-d8
AA N, 20-HETE-d6 A H AR T R . &6
Ko B ) 22 9% S B W (multiple reaction monitoring,
MRM) Z4 L3 1.

Table 1
analytes for liquid chromatography tandem with mass spectrometry
(LC-MS/MS). AA: Arachidonic acid; PGE,: Prostaglandin E,;
HETE: Hydroxyl eicosatetraenoic acid; EET: Epoxy eicosatrienoic

Multiple reaction monitoring (MRM) parameters of

acid
No Analyte MRM Fragmentation  Collision
voltage/V energy/eV

1 AA 303.16—205.18 48 10
2 PGE, 351.10—315.19 22 10
3 15-HETE 319.16—257.23 22 10
4 12-HETE 319.16—179.09 44 12
5 b5-HETE 319.16—114.91 46 14
6 89-EET 319.16—167.10 36 10
7 14,15-EET 319.16—219.10 48 10
8 PGEZ-d4 355.16—275.17 44 20
9 20-HETE-d6 325.16—182.94 66 30

10 AA-d8 311.16—212.26 40 12

M FE AR BN S, EFE iS50 C8

[E A2 BN AE, B L mL 0.1% e )5, B0 1 mL
B i, WAL R R O PR, YA TR B S THE, 50% 2
IKIE A ¥, 20 000 xg B0, HX L 1EHEFE AT o
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J7 kSR #E L 23:00~1:00 /N BRI IE 1F A =
F AR BUC AU A IR AR S T e A . SRR
25 5 B P S (Food and Drug Administration,
FDA) F1 [l B A FH 25 i3 M 42 AR Hp i 25 (International
Conference on Harmonization of Technical Require-
ments for Registration of Pharmaceuticals for Human
Use, ICH) “EWHE i i€ & 0 M T =90 e 4R 3 S, 20l
MNT5 R S 1 BRI B L B PR A AR
G R RS 5 52 L HE A P LR (Rl Wic 6 L R BT AR (matrix
effect, ME) MRS € 1t 77 1 #E4T 75 5 9000k

FEME  HAA.PGE,.15-HETE.12-HETE.5-
HETE.8,9-EET F1114,15-EET * [& f 7AW, i\ 25 A I
T 20 [ AH A5 AR 1 1) 3 M T 1) 2R 9 bR AR VA,
AN WARJEHEAT A BE, DL 70 B 55 3 A A e T AR 2
EEXT & 23 ATk BE 2R AT R0, A9 Bt T R o A il o
RSB0 45 o J5 /N BT, 28 [ AH 25 BUAL 3 /5 10047 93 i,
DA AL J7 R TH 5 AA AR SRAR = & &

qPCR X3 &FE i 51793 7% Jy: GAPDH
5'-CAACTTTGGCATTGTGGAAGG-3'. 3-ACACATT
GGGGGTAGGAACAC-5'; COX-2 5-ACGGTCCTGAA
CGCATTTATG-3'.3-TTGGCCCCATTTAGCAATCTG-
5, LOX-5 5-GGGCTGTAGCGAGAAGCATC-3', 3-
CACGGTGACATCGTAGGAGT-5"; CYP4A 5-GCAAAC
CATACCCAATCC-3'. 3-TCCCAAGTGCCTTTCCTA-
5'; PLA2 5-CCAGGGGGCTTGCTAGAAC-3'. 3-AGC
ACCAATCAGTGCCATCC-5'; Fasn 5-TCGGAGACA
ATTCACCAAACC-3'. 3-AGCCATCCCACAGGAGA
AACC-5'; CPT1A 5-TATGGTCAAGGTCTTCTCGGG
TCG-3'. 3-AAGTGCTGTCATGCGTTGGAAGTCTC-
5'. SEEe &5 S BN BRUFFIIE 241, a7 ik 4 s
RNA.HEAT 5 8% 5% J 32 3843 cDNA. L |3k cDNA Jy
BT, Kt B K U5 19 GAPDH. COX-2. LOX-5. CYP4A.
Fasn.CPT1A.PLA2 T 5| #)#5 % £ 10 umol-L*, i
H TransStart Top Green qPCR SuperMix i 7l &£ 347
gRT-PCR < 37, UL GAPDH 2 K A N 2, KR IERE M EEA
R i, A 272 B T 55 H AR R mRNA
KFo

Western blot L3¢ B/ B IEZH 2, 4T SR
F I, K H BCA V% HI i A5 AX AE 550 nm 4kl & Wl
JE, PR E AR E . fFHER &S minj5, 2801
5], ERERES T 20 pL, 3E4T SDS-PAGE SE4G, H4FF i
B2 B WA 2 4% (polyvinylidene fluoride, PVDF) i,
HI 5% B fg Wk 35 1 1 h, PellEJE AN —$t, T4 °CiE &
8, F 1IxTBST (Tris-HCI 22 3 75 + Tween-20) %
TBENE 3 U, B 10 min, IIAF R —HT (1% BSA LA

1:10 000 ), T- =M E 1 h 5, Yok 37k, £: 10 min.
Odyssey £L#h % Y H i g R G 1 %, Image J i
4 34T K FE 43 ¥, LA Fasn, CPT1A.COX-2.LOX-5 Al
CYP4A 5 B-actin K JE {8 2 Lt 4> 7 # 7 Fasn. CPT1A.
COX-2.LOX-5 1 CYP4A & [ [ A X ik .
GTZEoM BRI £ bRHEE (X £5) BOR,
K FH SPSS Gu it ik A 4T 24 Ab 22 . PR EL ISR F s
5%, Z A LLRCR H LK 25 07 2 0 # (one-way ANOVA).
TRBEA 5 K % o = 0.05 H)5E, P < 0.05 N ZE 7 A Fiit

FYASEN
FRE .

R
MLWE % T2DM /)58 7 B8 I 88 K2 F 55 2= B9 52 1
gE BB OR (B 1), NCML 415 NC 4 /) 5 44 &
FBG & FBI /K ¥ ¢ & 3% P 7 57 ; HFHS 2 Fil NC 2H #H
bl 25 18 22 5 () JE A B T, R4k (0 ) FBG 7K
PR EE R o Hur (5 E) KRR E WG (15 4) 1
FBG /K °F- 3 & 2 3 Jin (P < 0.01), FBI /K *F & 2 T &
(P < 0.01); HSML 41 F1 HFHS 4L A Eb, JE 28 K 43 4150 (5
i) 1 FBG /KFJG 2 35 2 5 L S IR 45 U 1) FBG /K P
2 PR (P < 0.01), FBI /K 2 3 F&A% (P < 0.01). |
& RHRIR, MLWE X 1E 5 /)N BRI HE B2 fik & /K ~F 6
S, AT 2035 T2DM /) B IR T e 2 B 5 2= 4L
2 MLWE 3 T2DM /MR I iR AA B X8 =4
2ENEN
21 FEFWIE EALRCOIE-FUE KM, I
TEAE it TR At P R 2% BT A S T A S D B AR
e, HHFRIYE NARIETE R4 &A1k
THI AR5 P A e T A P AL 5 9 B 2 13 2 300 R 0 ) 48
MR R, 4R WR 2, & K3 T FEAS (1K %
AH T b v f % (relative standard deviation, RSD) ) 75
T 15%, #E i & 7F 85%~115% vu [ i, 3 5 RN N
78.87%~107.9%, %14 &4 S o P9 AR [ I [B] i 26 35
KT 75%; IfLiE FEAS I SR 3 U -80 °CHA VR LA H -
4 °CJitE 24 h¥gFase, MR AAH 5 1) 1iE, = TR
B 12 h RS (4 °C) JUUE 24 hFaE .
22 ERFEHAFHAAREXKHISENE K%
2R /) BRI F A 7 AR S0 H ARG 4 2 U s 0 )
TEFE S AR BR” v R - R S A AT AL B AN
#r, id % AA.PGE,.15-HETE.12-HETE.5-HETE. 8,9-
EET Ml 14,15-EET %5 7 Bl b &40 S P b (1 I TEIT AR, FH 28
PERENA T FRT R . 3R 3 45 AT L, NCML FINC
/N BRI 5 2 BT D R KSP TE B E PE 22 7 HFHS 41
N BRULZR  E HT ) 7K T 35 22 = T NC 4 (P < 0.01);
HSML 41/ B 1 3% # AA.PGE, 15-HETE. 12-HETE.
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Figure 1  Effect of mulberry leaf water extract (MLWE) on the levels of body weight (A), fasting blood glucose (FBG, B), and fasting
blood insulin (FBI, C) of type 2 diabetes mellitus (T2DM) mice. n = 6, x + 5. P < 0.01 vs NC group; P < 0.01 vs HFHS group. T2DM
mice were induced by streptozotocin (STZ) and high fat and high sucrose (HFHS). NC, NCML, HFHS, and HSML groups represent the nor-
mal control group treated with drug-free solution, NC group treated with MLWE, T2DM group treated with drug-free solution, and T2DM

group treated with MLWE, respectively

Table 2 Regression equation, correlation coefficient, linear range, and lower limit of quantitative limit of analytes. R: Correlative coeffi-

cient; LLOQ: Lower limit of quantification

No. Analyte Regression equation R Linear range/ng-mL™* LLOQ/ng-mL*

1 AA y=0.3597x-5.406 7 0.996 18 750-600 000 18 750

2 PGE, y =251.38x-0.023 9 0.994 0.1-40 0.1

3 15-HETE y =220.45x-0.137 2 0.997 0.78-200 0.78

4 12-HETE y=23222x-2.7416 0.998 125-4 000 125

5 5-HETE y =198.12 x - 0.002 7 0.996 0.78-200 0.78

6 8,9-EET y =343.59x-0.023 6 0.993 0.16-40 0.16

7 14,15-EET y=1028.2x-0.111 3 0.999 0.1-10 0.1

Table 3 The effect of MLWE on the contents of AA and its metabolites in plasma of T2DM (n = 6, x = s). P < 0.01 vs NC group; *P <

0.01 vs HFHS group

Analyte Concentration NC NCML HFHS HSML

AA pg-mL* 23.84+2.11 24.54 +3.34 206.30 + 10.81™ 70.58 + 2.51"
PGE, ng-mL* 0.16 +0.02 0.17 +0.03 1.65+0.25" 0.18 +0.03*
15-HETE ng-mL* 1.38+0.11 1.56 +0.27 12.83+3.25" 2.32+0.38"
12-HETE ng-mL* 280.89 + 14.06 299.68 + 24.25 1427.32 +83.46™ 854.91 + 11.67"
5-HETE ng-mL™* 1.25+0.29 1.12+0.23 17.10 +1.95” 2.12 +£0.32"
89-EET ng-mL™* 0.23 £0.03 0.26 + 0.04 0.78 +0.19™ 0.24 +0.04*
14,15-EET ng-mL* 0.16 + 0.02 0.17 £0.01 0.25+0.05" 0.19 + 0.05"

5-HETE. 8,9-EET ) 7K *F %) & 3 ik T HFHS 4 (P <
0.01), #&7~ MLWE ¥ 1E & /) B I Hh AA AR5 G S
PR, (H A 2% T2DM /N R P9 AA AR 23 .
3 MLWEf T2DM /)RR BERAER X S BB RO 521
MLWE + 73 10 i J&, 73 %1l H qPCR 1 Western blot
FEXT T2DM /) B F 5 1 i A W6 1900 R D6 il ks 1R A
T HREAFHATIE (B 2). NCML 41 F1 NC 41/
SR E H PLA2Fasn. CPT1A (] mRNA J% £ [ [ # ik
KFLG T2 5%; 5 NC LA LG, HFHS 28 /)8 BT
PLA2 [)mRNA KIL L E 1 0 (P < 0.05).Fasn ) mRNA
S A B R IK KPR 2 T (P < 0.01), 1 CPT1A )
MRNA & & [ 1) Rk K ¥ i 2 B % (P < 0.05 8L P <
0.01); 5 HFHS 20 AH Lt, HSML 41/ & AT JUE o PLA2 1)
MRNA %k & 2 F#% (P < 0.01).Fasn ] mRNA & 2 14

[ 2% ik 7K 7 2 2 PR AIK (P < 0.01), 1) CPT1A ) mRNA
F A RIEKE R ET S (P <0.01). LL R4 RE
7N, MLWE ¥ 1E % /)N B3 E H PLA2 . Fasn #1 CPT1A 4§
i ) L TE R W, FT 5 T2DM /D BRFF A H PLA2.
Fasn #ll CPT1A %5 il (1) 21K 57 o
4 MLWE X} T2DM /N5 AA 1 161 Eig A 2201

MLWE + 151 10 J& J5, 4351l H qPCR H1 Western blot
156 T2DM /s BT b 5 AA AR U AR S il 16 23 D5 Fn 25
R ACFHEAT I (B 3). NCML ZH A1 NC 41/ i
JH JI  COX-2.LOX-5.CYP4A f{] mMRNA X & [ ) %
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Figure 2 Effects of MLWE on the relative mRNA or protein expression levels of phospholipase A2 (PLA2), fatty acid synthase (Fasn),
and carnitine palmitoyl transferase 1A (CPT1A) in livers of T2DM mice. A-C: The relative mRNA expression levels of PLA2 (A), Fasn (B),
and CPT1A (C) were detected by quantitative real time PCR (qPCR); D: The representative Western blot figures of CPT1A, Fasn, and fS-ac-
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HSML 41 /™ & BT I 7 COX-2 F1 LOX-5 ) mRNA X &
P 1 2232 7K 7 42 25 A (P < 0.01), 1 CYP4A ) mRNA
M A M FRIEK R ETHE (P <0.01). bL AR
7, MLWE X} 1E % /)N BUH I 1 COX-2.LOX-5.CYP4A
SRR I IR TE R, AT L T2DM /) BROFFIE H COX-2.
LOX-5.CYP4A Z i {1 K5 .

A 501

in

=
L
Relative levels of
LOX-5 mRNA/GAPDH

Relative levels of
COX-2 mRNA/GAPDH

=
i

e
=
1

NC NCML HFHS HSML

D E

4.0

COX-2 — —— S—
f-Actin - — —
LOX-5 Wi Tor wm—— —
AT e— — — —
CYps W — -
feActin M —

NC  NCML HFHS HSML

39
a

=4
=

Relative levels of
COX-2 protein/Bactin

o
=

NC  NCML HFHS HSML

Figure 3 Effects of MLWE on the relative mRNA and protein ex
and cytochrome P450 family 4A (CYP4A) in livers of T2DM mi

il

g

S E DR T IRIE T IR T, AR B
S S AE AR 52, Z i A] FE AR DM RS T 1 s bl 7K
L R AT AR S0 4 SR AIE S MLWE
Al A HFHS I & A STZ 5 510 T2DM /) iR I FBG
K FBIK, 5 b3k SCif s — s,

C 54

il

NCML HFHS HSML

il

NC NCML HFHS HSML

Relative levels of
CYP4A mRNA/GAPDH
=
1

e
th
1

2
=]
i

NCML HFHS HSML

20
-
5.1
i
.5
]

NC NCML HFHS HSML

F

Q

20

n

Relative levels of
LOX-5 proscin/Factin
=

Relative levels of

CYP4A protein/fFactin

o
2
in

0.0

pression levels of cyclooxygenase-2 (COX-2), lipoxygenase-5 (LOX-5),
ce. A-C: The relative mRNA expression levels of COX-2, LOX-5, and

CYP4A were detected by qPCR; D-G: The relative protein expression levels of COX-2, LOX-5, and CYP4A were detected by Western blot.
n=6,x+s.'P<0.05 "P <0.01vs NC group; “P < 0.01 vs HFHS group



ARMEIR AR SRR BREWDE 2 TR PR /N BRAEZE DU 5 TR A X AT S B P S - 2815 -

AA N —Fh Z AR, HAE DMAGEIF K
PHEAEMEF GBI —J7 i, 163 PR K i
AATE DM H 153 DUIE S, T AMRE BN AA T H Rk &
DM I AR W 57« J8RE S iR I AR HL, S—
[, AWK, DMARE T, fEH B2 TR AA
KPHES) T DM IR AR R P, 3 i 52 B0 T 8 5 2 07
RS RE AR AR I B AA R 7 VB AT B OG . AR
FLR I T T2DM /) B AA K 5 2 v T IR
Y, 5 iR E — 3P R, AR5 R I T MLWE T
] 52 PR T2DM /N BRAEIA H AA KT

AMIRPESEN I 07 R AN Sk A 1 5 I 7K A g 107
AR AAZE RSO FER £ 2R 45 . Fasn NG
1 G5 A, PLAZ & B AR /K AR I, T CPT LA A il i i 4
AT, FLAE I A 1 3 0K 7K T RS ML A 0 1 g iy 1R 355
AA K. mRRE A S EUE T Fasn &k 15,
i DM 1 EFFAE o PLA2 ik 38 i1 . CPT1A S IA AR,
5 IR HRIE— S0, A0 FRE R HFHS 2/ BT
W+ Fasn & PLA2 31 2 3% 18 in .CPT1A R 1A . 3% [*
5, PRI 400 HFHS 20 /)8 B M 2% 7B AA KO Al g
X R IL R A . BT R, ST RIS
R 5 T IR RIS BRRF I Hh Fasn 2829, AR 91 45
FIFEFEUESE T MLWE 1] B A% = BE = B G A STZ 15 3
T2DM /)5 B AP E A Fasn () 355 [A B ARF R R BL T
MLWE 7] [%{ik T2DM /)y B IE H PLA2 R 3A L 32 &
CPT1A ik, T iX L& iy 22 1k 7 o (1) 1/ 15 4 H mT g &
MLWE [£fik T2DM /)N B B4 A AA 7K T I8 7 Ji [

AA 53 5l 4 COX-2 M LOX-5 48 it 4 1l i PGs K¢
HETES A il UK J g B-40 B, FAARC R & 25 20 Wb, e 3k S8R
FUBE 5 ZHCHUI R A R P, 1 4 CYPAA AR A= &
() EETs 1] 1 58 Ji & 35 15 5 1% 5 AR | B ARG 1fL 2%
TIHEM ARSI R B T2DM /D BRI - COX-2.LOX-5
TR BEAR, CYPAAFRIAIE N, AH R HL, T2DM /) B IfIL
TR AA Je HAR 2 ¥ PGE, 15-HETE. 12-HETE. 5-
HETE /K 73 & 3% F+ &, 5 &k Semk i g — #4,
T2DM /M Z8 MLWE il J& , JH I 1 COX-2 J2 LOX-5
FIE 3 AR, 5 SRR IS — B, AR Ry, /N B i i
AA J AR =4 PGE,~ 15-HETE . 12-HETE . 5-HETE
R EERK. R, AT RS R SR,
T2DM /)N BT o CYPAA K 3R 1K B K T IEH /N,
B AA 2 CYPAA LU 1Y 7= ¥ 8,9-EET J% 14,15-EET /K
SIS 2 TR, X TS A SEH Rk PR R H AT AR AA
) CYP450 lig ik g I pr 8L, 1 Fidt— B0 9%; T2DM
/N2 MLWE T TiU5, I CYP4AA SR 15 .35 19
E I3 v 8,9-EET J% 14,15-EET /K F- &) & 2 BRAK, HE
AT B8 AE SEH V5 1 [F) B 73 LA I By £, {5 20X SEH 7%

PRS2 AT R WARE, 1A Rk — B IR T

zi BATIA, SHal s AACIEHE R+ PLA2. Fasn.
CPT1A.COX-2.LOX-5.CYP4A % Z NI 15 F
WA EHA T AA & PGs HETES. EETs Z8 45 A1 54 it 7=
WK, 4% 0k AA I8 4 8 1 VE D, AP T
W2 S 2 4 4y L 2 R L 2 B N A FH AR A IX T R
& R AEMGE T2DM AR A T LA 2 — .

YE& TRHk: 7218 B X IR AN VT UK 34 44 S R Uit 1 S5
AR\ VF VK59 M 2= T A HEAT 18 SC A BE AR S I8 AN 23 B
R AR A A RV 2 5k N Sl W S Bl AR A A AT
ZE M2 55l o AR R B VUK 39 A7 TE AU S 12
BRI

M PrAT 1 275 WA AR R 2 v R

References

[1] International Diabetes Federation. IDF Diabetes Atlas, 9th edn
[EB/OL]. Brussels, Belgium: International Diabetes Federation,
2019 [2021-06-11]. https://www.diabetesatlas.org.

[2] Quattrocchi E, Goldberg T, Marzella N. Management of type 2
diabetes: consensus of diabetes organizations [J]. Drugs Context,
2020, 9: 212607.

[3] Wu H, Tian J, Dai D, et al. Efficacy and safety assessment of
traditional Chinese medicine for metabolic syndrome [J]. BMJ
Open Diabetes Res Care, 2020, 8: €001181.

[4] Karahashi M, Hirata-Hanta Y, Kawabata K, et al. Abnormalities
in the metabolism of fatty acids and triacylglycerols in the liver
of the Goto-Kakizaki rat: a model for non-obese type 2 diabetes
[9]. Lipids, 2016, 51: 955-971.

[5] Wei X, Song H, Yin L, et al. Fatty acid synthesis configures the
plasma membrane for inflammation in diabetes [J]. Nature,
2016, 539: 294-298.

[6] Jackisch L, Kumsaiyai W, Moore JD, et al. Differential expres-
sion of Lp-PLAZ2 in obesity and type 2 diabetes and the influence
of lipids [J]. Diabetologia, 2018, 61: 1155-1166.

[71 Das UN. Arachidonic acid in health and disease with focus on
hypertension and diabetes mellitus: a review [J]. J Adv Res,
2018, 11: 43-55.

[8] Wang T, Fu X, Chen Q, et al. Arachidonic acid metabolism and
kidney inflammation [J]. Int J Mol Sci. 2019, 20: 3683.

[91 Qiu J, Shi Z, Jiang J. Cyclooxygenase-2 in glioblastoma multi-
forme [J]. Drug Discov Today, 2017, 22: 148-156.

[10] He Z, Tao D, Xiong J, et al. Phosphorylation of 5-LOX: the
potential set-point of inflammation [J]. Neurochem Res, 2020,
45: 2245-2257.

[11] Xu X, Li R, Chen G, et al. The role of cytochrome P450 epoxy-
genases, soluble epoxide hydrolase, and epoxyeicosatrienoic
acids in metabolic diseases [J]. Adv Nutr, 2016, 7: 1122-1128.

[12] He J, Wang C, Zhu Y, et al. Soluble epoxide hydrolase: a poten-



2816

25224 Acta Pharmaceutica Sinica 2021, 56(10): 2809 —2816

[13]

[14]

[15]

[16]

[17]

[18]

tial target for metabolic diseases [J]. J Diabetes, 2016, 8: 305-
313.

Chan EW, Lye PY, Wong SK. Phytochemistry, pharmacology, and
clinical trials of Morus alba [J]. Chin J Nat Med, 2016, 14: 17-30.
Ji S, Zhu C, Gao S, et al. Morus alba leaves ethanol extract
protects pancreatic islet cells against dysfunction and death by
inducing autophagy in type 2 diabetes [J]. Phytomedicine, 2021,
83:153478.

Riche DM, Riche KD, East HE, et al. Impact of mulberry leaf
extract on type 2 diabetes (Mul-DM): a randomized, placebo-
controlled pilot study [J]. Complement Ther Med, 2017, 32: 105-
108.

Wang WW, Zhang S, Zhu XH, et al. Protective effects of total
flavonoid from Mori folium on renalfibrosis in type 1 diabetic mice
and specific mechanisms of these effects [J]. Chin Pharmacol
Bull (71 24 2 4% i@ #ft ), 2017, 33: 1278-1285.

Ji T, Zhang LL, Huang XC, et al. The action mechanisms of
Morus alba leaves extract for the treatment of diabetes based on
plasma metabolomics [J]. Acta Pharm Sin (2 %% %%4k), 2015, 50:
830-835.

Zhang LW, Su SL, Dai XX, et al. Regulatory effect of mulberry

[19]

[20]

[21]

[22]

[23]

leaf components on intestinal microflora in db/db mice [J]. Acta
Pharm Sin ()% %4Rk), 2019, 54: 867-876.

Chauhan S, Devi U, Kumar VR, et al. Dual inhibition of arachi-
donic acid pathway by mulberry leaf extract [J]. Inflammophar-
macology, 2015, 23: 65-70.

Sonnweber T, Pizzini A, Nairz M, et al. Arachidonic acid
metabolites in cardiovascular and metabolic diseases [J]. Int J
Mol Sci, 2018, 19: 3285.

Poreba M, Mostowik M, Siniarski A, et al. Treatment with high-
dose n-3 PUFAs has no effect on platelet function, coagulation,
metabolic status or inflammation in patients with atherosclerosis
and type 2 diabetes [J]. Cardiovasc Diabetol, 2017, 16: 50.

Du Y, Xu BJ, Deng X, et al. Predictive metabolic signatures for
the occurrence and development of diabetic nephropathy and the
intervention of Ginkgo biloba leaves extract based on gas or
liquid chromatography with mass spectrometry [J]. J Pharm
Biomed Anal, 2019, 166: 30-39.

Lee MR, Kim JE, Choi JY, et al. Anti-obesity effect in high-fat-
diet-induced obese C57BL/6 mice: study of a novel extract from
mulberry (Morus alba) leaves fermented with Cordyceps militaris
[J]. Exp Ther Med, 2019, 17: 2185-2193.



