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FERR-17] B8 S BOE O R R 1k L. Rk, Xk
8 11 BURE RO A0 T Ik 3%, B ot 4t
BAFt s

AR (Moringa oleifera Lam.)JE A3 H B AE,
DR FLAR B2 S ik, ey 46 AR ok &
KU, Wyle. BaEPEE . RTEYE, A& —gm
BERE G E . HUEALIEE KBRS 2wt
TR, BORHAIAENRIT I B0 R 0 25 A,
filtn, #ENdongZE NIHT 7, BGKARAE N 1T 7Y
BRI, 3 14 K 45 T 200 mg/kg BRI, T
A fa KB o 11 TU0E PR K A IMLHE ;. Khan
S NEVR B, SR B EUA AT LM I ZRH R K R
o HF A -2 K B IR 35 7 Bamagous®5 NPTR BN,
STZ 551 1 284 JR 993 K BRI F R M 20 BR 2L R H2 B
Y1200 mg/kg)30K Ji=, MLBEFIREAL 2T 3 H (HbAlc) /K
VR FHBRAK; YassafllTohamy! V%5 T 11 B8 fR 5 A
TESERJH 11200 mg/kg BRI, K IAH AT
HH, BRI TR K BRI B 5 Al e AE s B 22 TR S B4R
FIH B, L AVUREL, BRI R A 4T U
ekt 1 20 R 995 /0N BRI J 5 ZR AP TRT2H 23453473 He-
gazy5 N5 11 BB PR K RGE 30 R BRI /K32
(100 mg/kg) T, KMHEESRETHEFHE T
(GLUT4, IRS1, PI3K, AKt)%&3 if; YangZs APk
B, AR 7 22 0810 1T B0 PR K R, L RE R 5 ek
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B MBRFEANBRER, AF120-F250IH T
FRYEIN, AE BRI, AT 1t AER (g
MrRE R A, 2T BN ORI S B 5 i s A
ZALARE TR AR OG5 5 20 7 PR 0 i AQ iR 42 1R Bt
TC, B VAR ER TEBOR M- SR AL 75 AT s R IR
T I R G A5 A L R

AT T ASTZiF 2 ) 1 BUE JRT K BB, 48
TEBRAM SRS TR s I SCE AR R, R 20 b
Xof R IR b (1 5 Wi LA BORE AR AR A 5% 3R B R IE I 5
M, RN AR AT HL AR i A 25 L R P P LA, AT
ORISR BV st 1T 2R PRS0 RO 78 _E 3R (18
BN o

1 MRnJs ik
L1 ¥ 5iH)

SDHEPE R BRI T DUAR (AL ) A EARF R A
A, BWVFAIES: SCXK(5()2019-0010, 25614 E
R K ZFZENIRY 2 L2 TR S TT 5 AT, 2D
BHHF RS 202010A024; BOKRMIEH 2 5 R IAA H
1%, WEE. 9. CREHPLCLY)IY A [E Meker A
H); STZW A EigZE ik /A H]; MCP-1, IL-6 ELISAiR
& 5 _FgEEEAEY) A F); TC, TG, HDL-C, LDL-C,
NEFA, MDA, SODAF & H m 5t i A=) TRERE 50
Fr; GSH-PxiAGfI &0 B b SR A A wl; FOXO14t
. B-actinBifk . HRPHRIC L FEHiflgG. HRPHRIC
WP ilgG. BCAE HWR N E A &WH EH ok
AR AT, ECLALE: KOG H /M 5 Vazyme’E
YoAw;, BRIk HEEBDA R, FASHUMK. p-
ACCHUA. ACCHUA. FXRPUIAI H 3 [ECell Signal-
ing Technology’/A 7]; SREBP-13ifA. PPARaHLIAINH
% [E Abcam /s \); FGFR4YU4E. CYPTA1PifK. FGFI15
Pife B 2 [E Santa Cruz/A o).

1.2 Jiik
12,1 BARPH R B B9 ) &
FRELS kg A, 435110 Bed Volume (BV)F112
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BVAATR1ddH,O0, [P FIIR, B:IK1.5 h, SR 5 HE,
JEit AB-8 KFLI G, FH70% 2 s it 2 0 €, SCEE e it
W, eRETCEERE, 5 FHddH,0% i %2 g/mL.

122 FHARIDERE RS EE

L2 & AR, KIBZET, FHH BV il ik 4
), MFEZE10mg/L, #id0.22 umffLIERE G, A
UPLC-Q-TOF-MS/MS/3#7 I % 5 H 4k 4.

St WiE: 0.4 mL/min, #EEER: 5L, #E
i 35°C, faiHE: Agilent Extend UPLC C 18
(2.1 mmx100 mm, 3.5 pm)#¥.

i A — R, —HMS/MSHK
305 E shfil K IDA, — RIS 28T & (1 RE F
BF; TOF-MSHITOFE-MS/MS 4714 ¥a Fl 20 51
100~1200f150~1200 m/z, Z4T KA 8] 53 5 N 200F1
80 ms; FFANFE AL TE 77 B PR =0 A

123 sh¥nH 54 %

6 JE IR HEESD R BR(180~200 g), FI T #5711 7 p
PRIGEEAL. TAFRTETC RIS T, 7RI B 4EFETE25°C
TR PETES0%+5%, 45 T TRk B2 2 57K 0d B PE IR IR
1/4.

KR RSH: IEFHRANC). 1 BRI
BRI (DM FHMEZY — I XUHE T B4 (MET
200 mg/kg) KA & B M2 B T T4 (L-MOL
100 mg/kg) A& 771 & A M52 B T Bl 20 (H-MOL
400 mg/kg), FEL10 . FENCUL T BRI, HA
I T B vRl, 1A FR 4 Ja i ko SR DR 1 1 R
(STZ, 35 mg/kg), VA5 MEMLKE, ZHEVLILEE(GLU)
>16.7 mmol/L, Z* 1M HE(FBG)=>11.11 mmol/L, R I 7Y
PR K RE R D). METF 4. L-MOLT-FidL A
H-MOLF-TiZH 25 T #H M7 & 7 B A #E, NCZFDM
Wy T R A R R K, ESEB S, fEE,
NCH kL4, T @ik}, HRH Ik Lles 1 m ik
75, WA SARRABE, KEE. TUKE., &
PG AE S BE AL, SEIG 4R E, KR RAEE12 hiL
F, RRIEEIFIRTSALSE, WCER KRR . HIE. B E.
JR IR K B 21 2.

1.2.4 i 3% A& A ARl
M HTC, TG, LDL-C, HDL-C, NEFA, MDA,
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SOD J GSH-Px % 2 4R 4 X 771 & 1 B 5 347 I 52,
IL-6FIMCP-111) % & HELISAR & 2.

12,5 HZREF AT

B RWATRE S B BARAL L 4% 2 3 Rz [H
SE24 hel b, RGBT BOK. B, YA, B, %
o WK BAALER, 7RG B SR,

1.2.6  JFHE fB B2 A6 )

FRELSO mgfFAEAAZR, I AN400 pL 4 H R (HF i - /K
=4:1), —10°CHFEE6 min, 5'CHEA30 min, —20CH &
30 min, /5 LA4°C, 13000xgE 0215 min, B _EiE
200 pL EAURTI. FCHIARAER: 40FAR b 2 FREL] mg,
TN BEE 2R 21 mL, WRHETR AT, fHARvE VA, RN
1000 wg/mL. Tl ks i S TR BURR T V8 5%
0.01 mL, F50%H B4 M RE 2201, 0.2, 0.5, 1, 2, 5,
10, 20, 50, 100, 200, 500, 1000, 2000, 5000,
10000 ng/mL.

LC-MSE=m N Bili4#:: Waters BEH C
18(150 mmx2.1 mm,1.7 um) %4, FEIAHA0.1%H
FR-/KVET), TRENFHB(0.1%FR- L), FEid0°C, it
FEE1 puL, #0.35 mL/min. JRi%4M: CUR: 35;
CAD: Mediam; IS: —4500; TEM: 500; GS1: 40; GS2:
50, SR H B TR

1.2.7 Western blot4#7

FREUFIE . WmIm4123 %100 mg, 43 %01 mL
RIPAZL RN GBS, E12000xg, 4°C 41T EO
15 min, BX_E3EW. HEIEBCARA A, I I [A] 7
R MR, B SDS-PAGE HL kA 85 (140 55, dl i
WAL %R BIPVDFE . K PVDF A S5%/ iR
Wyky, 4°CFEH 3 h, 2 J5 FTBSTH WA 12 minid ¥
— IR, Heeaik. ARG H—PiF R N 1:1000)3k
1T E, 4CRIK BB 12~16 h. W H 5% )5, FITBST
WA 12 miniE P — Ik, L4k, 2 )5 ¥ PVDFE A
&) @ i PR R LE N 1:1500) 1 &, SRR h, 2
J& FHTBST# WA B 12 miniE ¥E— Ik, FL¥E4Ik. KECL
BEEI S EGEPVDEE L, H B3R
RS, Mimage) (V147K ELEARX
IKF.
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1.2.8 #HAELHT

B £ 8 DLF 38 b v 22 (SD) &R 7R, KA SPSS
26.03E T #0520 M7, FlGraphpad Prism 8.03F{T4: K. *
Fom ENCALMLL, P<0.05, ZREF, **KRP<0.01,
ZE W #R SDMALMI L, P<0.05, 25 2%, ##
FIRP<0.01, Z 7 W22

2 HRELH
2.1 BORMAREAIE Mo 358

SERANE R, 4 UPLC-Q-TOF-MS/MS/r#r, 3
Y E H30M b 2 iy, b BFES P R A . 21
Fh B R AE P UL AP ERARHE AL & . B 22
BRI B 1) 32 B T Ay, TR U S IR
gy, ISR A -3 A RE T . M R -3-0-(6-
P B AT ) M K -3-O- AT BT . TR R
7-O-H Z S Bon BT P A . BRI, 5

Xu NSRS 22408 1 AR R I i
1 2R 0-3-O- = A HEH L1 22 Py-3- 481 46 W S B 3R -
3-0-(6- A — Bt 22 1 ) ) S s HH LT 1) B PR 2R TS B
BE TGS ARRL, 1T e Ak 5 N PO oA o
FIFTEMIE T B B BB R IR . B R IR S R
KRG RAFAE— E LT

2.2 BHORM-SEEAIN I RO PRG R RRE . IR&
WRoKEE . 23 [ IR B BE AL I 4 5% i
ERIE1AFTR, SNCAMEL, DMZ KRk
FRERK, FHI3.6%A4. & ElEHARH Y
TSR R, HAAESAZEINER, SDMAH
bt B A B 2 1 22 7 (P<0.05), XS /T T E EoAR
PTG, 1AL R KR IR 5 K Th e /3 21k
2, NRWi o RS B — A, T A E i iy, KR
PR A3 LA .

WEIBAICHT 77, DMALK R B &, TRKEY
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B 1 BORH- SRS T RRE R KRR E(A). IRERB). YUKE(C). ZMEIMBED)MEENLIILIEE)FIFEmT. **A03 1T 2Lpk

PRIGAERLAL(DM)5 15 5 36 HEAL(NC)AH LA 2 25 1 22 53 (P<0.01); # RRBAOR IR VYT T 415 T 2R O L 41 (DM)AH E
B T E M R7(P<0.05); ##HARBURM SZE) T T4 5 11 BUBE SR i 1 B 2H (DM)AH Hb B R 2. 3 14 72 57 (P<0.01)

Figure 1 Effect of Moringa oleifera leaves extract on body weight (A), food intake (B), water intake (C), FBG (D), and GLU (E) of T2DM rat. **
indicates extremely significant differences between the type II diabetes model group (DM) and the normal control group (NC) (P<<0.01); # indicates
significant diffferences between the M. oleifera leaves extract intervention group and the type I diabetes model group (DM) (P<<0.05); ## indicates
extremely significant differences between the M. oleifera leaves extract intervention group and the type II diabetes model group (DM) (P<<0.01)
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# 1 BT UPLC-Q-TOF-MS/MS % 52 SR HHEEUAL 2 B 23
Table 1 Preliminary analysis of the composition of Moringa oleifera leaves extract by UPLC-Q-TOF-MS method
5 S PR B ZEEpm) ATl Hse 598 T
1 305.1409 305.1412 -1.1 CisH,40; REETILEE gallocatechin 191.0566;
135.0454
2 215.032 215.0322 0.3 C1,Hs0, M Pl bergapten 193.0513;
173.0459;
e L 179.0356;
3 353.0882 353.0879 1 Ci6H,504 A-I0 AR 2 T TR 4-caffeoylquinic acid 191.0569-
135.0453
e L 193.0510;
4 367.1034 367.1038 0.9 C17H,004 3-O-F L L% e 1R 3-O-feruloylquinic acid 134.0375
191.0568;
5 353.0879 353.0878 0.1 C6H,500 3- W I 2 iR 3-caffeoylquinic acid 179.0356;
135.0452
e L 191.0571;
6 353.0883 353.0878 1.4 Ci6H 500 1WA P 2 7 i 1-caffeoylquinic acid 179.0359
179.0357;
7 353.0878 353.0881 1 Ci6H 500 S-WhE T 2 7 R 5-caffeoylquinic acid 191.0564;
135.0452
163.0400;
F3=) Zs P i .. . 119.0505;
8 337.0928 337.0933 1.3 C16H 505 3% G TR 3-0O-p-coumaroylquinic acid 1910558,
173.0456
4-(o-L-FR M 5E) 4-(alpha-L-rhamnopyranosyloxy)  96.9595;
? 570.0956  570.0961 09 CaoHoNOwS; FIIFFuhE benzyl-glucosinolate 328.0860
. S . . . 357.1358;
10 519.1871 519.1873 23 CaH30p Fa R 2R -4-O- i & i pinoresinol- 4-O-glucoside 151.0406
SEIEHRA G 2-9"-0-p-D- isolariciresinol-9-O-B-D- 341.1408;
1 521.2028 521.2030 04 CastsOn b R 5 257 4 T glucopyranoside 179.0529
12 523.2184 523.2178 -1.2 CysH30y  FFIRRIEMFANG R A A E  secoisolariciresinol glycoside 316919 1)6939%
O e e ) . . 463.0873;
13 625.1410 625.1403 -1.1 Cy7H30017 FERER3-O-EFMHE isorhamnetin 3-O-glucoside 301.0362
447.0932;
14 609.1461 609.1456 —0.8 Cy7H30016 =El rutin 285.0422 ;
179.0386
593.1518;
15 593.1511 593.1513 0.3 C7H30015 HeRT2 vicenin-2 473.1083;
353.0370
apigenin-7-O-B-D-glucopyrano- 311.0572;
16  431.0983  431.0987 0.8 Co1Hx0O10 P E-T- OB P18 - Oglucopy 341.0982;
side
283.0620
' o . . 300.0276;
17 463.0882 463.0884 0.6 Cy1Hy001, i Bz & -3-O-F & i quercetin-3-O-p-D-glucoside 301.0363
. v  301.0363;
18 589.1198  589.1184 2.4 Co7HaeO1s Wi B2 36 = 2k LY quercetin 3-O-beta-D-(2",3"4" ) (5 ja90:
-triacetylgalactopyranoside)
300.0291
285.0405;
19 285.0404 285.0404 0 C1sH100 1L 2y kaempferol 219.0232;
131.0143;
. 300.0288;
y =_2-0)- _T* ;g _0-(6"- s
20 549.0885  549.0881 —-0.9 CyuHpO15 m&?%%ﬂg%fﬁi q‘:;“eti“f 0 ('(61e) 301.0353;
i malonylglucosi 463.0883
- R . ) . 300.0292;
21 505.0987 505.0986 -0.2 Ca3H»03 it K7 253-O-ZBEREF &M quercetin 3-0-(6"acetyl)-lucoside 301.0319
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(F14h)

75 St AR R EEpm) 4 H3C L {953
22 447.0932  447.0935 0.6 CarHagOy T3 A kaempferol 3-O-glucoside 2238‘;-%33‘;37?
e S . . . 314.0444;
23 477.1038  477.104 0.4 CpHx0p 5 B2 2R -3-O- i & B isorhamnetin 3-O-glucoside 3, 5 0 70c
489.1035;
- kaempferol-3-0--D(6"-0-3- 285.0415;

ASTA_2_O)FA
24 591.1355 591.1342 -22 Cy7Ha015 il *ﬁv’} 3-0 f;ﬁ%ﬂz hydroxy-3-methylglutaryl)- 447.0939;
B Ty e . ’
glucoside 529.1350;
284.0346
o ey kaempferol 3-O-(6-O-malonyl-  284.0365;
— P A 2_0)- _ itk Z >
25 533.0936 533.0928 1.6 CyH0y4 1L ZEMY-3-0-(6-T5 LAY beta-D-glucopyranoside) 2850459
uercetin 3-0-(4"-0-crotonyl)- 300.0297;
26 531.1144 531.1131 -23 Cy5H24015 it i %-3-0-p-D-ng gty 9 rony 301.0361;
B-D-glucopyranoside

463.0860
Ly 2513 2T 1 27 0 kaempferol acetyl glycoside 284.0337;
27 489.1038 489.1034 —-0.9 CxHx01, Eprgastiving somer 1 585,040
151.0035;
y . 178.9994;
28 301.0354 301.0354 —0.1 CisH,00; Mt e quercetin 121.0290;
107.0147
315.0511;
29 519.1144 519.1132 -22 CsH5,015 SR RA R R isorhamnetin-acetil-glycoside ~ 314.0448;
300.0273
505.0985;
Wiz 25 3-O-5% H 5 1 — I 6"-0-(4-carboxy-3-hydroxy- 463.0882;
30 607.1304 607.1297 -13 CoasOss L 3-methylbutanoyl)-hyperin 301.0343;
300.0283;

AR & TNCAH, fEARFHAMBITIEL T, HRE
TGN T 28.6%, OKEMIN 19.6%. ZBAM$EH)
FHiE, HEEAROKEHZCTDMAH(P<0.01),
& TR SE R SR T 11 B0 PR K R0 iR
FHCBL, 20 X 6 20 R 2 iy LASRELRE &, AT
ST ER AN, [ B A IS B B A OK BRI, {6
PRIBIE 125 e FEAI, B T 7K B IR AL, 7K 40 4 B
TEPRN, MTITIEZD 1 5 K 43 (R4

MEDFIERT LA H, DMEZH A B 2 I 10 A Bt
ML B 55 = FNCAL(P<0.01), 73 HIENCLL f3.43 1%
38715, 4 TSHEBARM RIS, 1T B0 PRI
KR I ps Sk 2 R s, FHp s IR TR T
29.7%, BENLILKE FBE T 34.2%, BAMKE R IER KT
JE L, HE AR I B0 R K RAH B, B KF
CEIRSR VG e

2.3 BHORM-$RIAT 1T BORE BRI R BRI Ag ik
S HG 5 e
ME2AMBR, NCAHKRMKTGHMTCE &

S25(0.76+0.28), (7.45+1.52) mmol/L, DM & &
35N (2.30£0.42), (18.32+2.91) mmol/L, 4352
NCZH13.03f5F12.461%. =57 & BRA - 52 B 1) T
T, HTGMTCH &7 Hlkb> 2 (1.07+£0.15),
(12.29+2.61) mmol/L(P<0.01), 4 %l&=DMZ[0.46
506715, 53 Hr iR 8 AT B A& SRR I 2 B 8 i 2%
fie R B = h, Rm T IRE G RN R, TGH
HROKRR, R, HMG-CoAE J5 i i) 2 125 4 40,
TCH Bk b

HE2CHID R LLIE H, 5NCAA L, DM4ILDL-C
R W, HDL-CHY& &0 5T R BRI
()T HELDL-C & & B Ri/b, SDMALLEL, 55k
b7 50%H165%(P<0.01), [FIRTHDL-C# &= R %,
[FIDMZHAH L, 73 380 1 1.564% #12.964%(P<0.01).

HE2ERTR, FHETNCZA, DMAINEFA S & i 3%
Fhim, LUNNCARI2.186%. & miflmBAR )+
TS JG, NEFAG & EE TN, TZ2131%(P<0.01),
Ko T SR IPE R NGS5, T 607,
NEFA & &b,
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Figure 2  Effect of Moringa oleifera leaves extract on TG (A), TC (B), LDL-C (C), HDL-C (D), and NEFA (E) of T2DM rat. ** indicates extremely
significant differences between the type II diabetes model group (DM) and the normal control group (NC) (P<0.01); # indicates significant differences
between the M. oleifera leaves extract intervention group and the type II diabetes model group (DM) (P<<0.05); ## indicates extremely significant
differences between the M. oleifera leaves extract intervention group and the type II diabetes model group (DM) (P<<0.01)
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Figure 3 Effect of Moringa oleifera leaves extract on MDA (A), SOD (B), GSH-PX (C), IL-6 (D), and MCP-1 (E) of T2DM rat. ** indicates
extremely significant differences between the type 1I diabetes model group (DM) and the normal control group (NC) (P<<0.01); # indicates significant
differences between the M. oleifera leaves extract intervention group and the type II diabetes model group (DM) (P<<0.05); ## indicates extremely
significant differences between the M. oleifera leaves extract intervention group and the type II diabetes model group (DM) (P<<0.01)
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Figure 4 Effect of Moringa oleifera leaves extract on liver appearance (A), H&E stained sections of liver (B), H&E stained sections of kidney (C)

and H&E stained sections of the pancreas (D) of T2DM rat
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Table 2 Summary of bile acids

s 4 R HEL LR 445 73
1 HEAERR glycocholic acid GCA C6Hy3NOg
2 HE G R R glycochenodeoxycholic acid GCDCA CpsHyoNOs
3 AT R taurocholic acid TCA C,HuNO;S
4 SHER allocholic acid ACA Ca4HyOs
5 T RE R IR glycoursodeoxycholic acid GUDCA C,6H43NO5
6 fE Mt SEUIH R ursodeoxycholic acid UDCA CoyHy004
7 AT It IR R taurochenodeoxycholic acid TCDCA Cy¢HysNOgS
8 Jit SR R deoxycholic acid DCA CyyHy004
9 BRI =N tauroursodeoxycholic acid TUDCA Ca6H4sNOgS
10 K 1 S URH R hyodeoxycholic acid HDCA Cy4H,004
11 HZ MR glycodeoxycholic acid GDCA C1H4NOs
12 HEAHR glycolithocholic acid GLCA C,HysNO,
13 a-FRARTR alpha-muricholic acid a-MCA C,4H4e05
14 B-FRIHR beta-muricholic acid B-MCA C,4HyeO5
15 7-BAZE A EIR 7-ketolithocholic acid 7-KLCA Ca4H304
16 A hi-o- FRIH R tauro-o-muricholic acid T-a-MCA CasHuNO,S
17 2ET-B- FUHR tauro-B-muricholic acid T-p-MCA C,cHuNO,S
18 - F BB omega-murichoclic acid ®-MCA Cy4Hyo0s
19 U AR R murideoxycholic acid MDCA Cr4Hz004
20 AR R R taurohyocholic acid THCA Cy6HugNO,S
21 LEREA BHR taurolithocholic acid TLCA CysHuuNOsS
22 At i A I R taurodeoxycholate acid TDCA CysHuuNOGS
23 iR lithocholic acid LCA C,4HyyO;
24 JilENiZ cholic acid CA C,4HyyO5
25 M S PR chenodeoxycholic acid CDCA Cy4HyoO4
26 K NER hyocholic acid HCA C4H4005
27 23-fiit B AH R norcholic acid NorCA C,3H3505
28 HEIEMHR glycohyocholic acid GHCA C,eH43NOg
29 23-flit F Bt SEU IE R 23-nordeoxycholic acid NorDCA C,3Hy504
30 S HER isolithocholic acid IsoLCA C,4Hy00;
31 12-Ji 3 4 JIE 2 12-ketolithocholic acid 12-KLCA CasH3504
32 3B-AEM IR 3B-ursodeoxycholic acid 38-UDCA Cy4H4004
33 iR ayilElivy dehydrolithocholic acid DHLCA CpyH3305
34 3- AN 3-dehydrocholic acid 3-DHCA Ca4H3405
35 AE SR ursocholic acid UCA Cp4HiOs
36 12-58 A0S 2 S IR 12-ketochenodeoxycholicacid 12-KCDCA Cp4H3405
37 7- T it S R 7-ketodeoxycholic acid 7-DHCA Cp4H3505
38 3B-AHIR 3B-cholic acid 3B-CA C,4H4eO5
39 LR T -o- FRAH R tauro-m-muricholic acid T-0-MCA CyH4NO,S
40 18 2 EHR-24- T 5£-B-D- chenodeoxycholic acid 24-Acyl-B-D- CDCA-24A-Glu CaHusOr0

T R

glucuronide

NFE(P<0.01), CYPTAIKIE &S (P<0.01), FXREIX
75 E(P<0.05), [z FXREE E B #HFFKP<0.01),

FGF15HIR ik & WA Frf#RP<0.05). FILiiiH, Bk
I3 B e % 30 1) [ B HE VTR 32 AR FXR, S MHFXR-
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Figure S Effect of Moringa oleifera leaves extract on liver bile acid content at all levels (A), secondary to primary bile acid ratio (B), common
primary bile acid content (C), common secondary bile acid content (D), and differences between intervention and model groups (E) in type Il diabetic
rats. * indicates significant differences between the type II diabetes model group (DM) and the normal control group (NC) (P<<0.05); ** indicates
extremely significant differences between the type II diabetes model group (DM) and the normal control group (NC) (P<<0.01); # indicates significant

differences between the M. oleifera leaves extract intervention group and the type II diabetes model group (DM) (P<<0.05)
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Figure 6 Effect of Moringa oleifera leaves extract on the relative expression of FXR (liver, ileum), FGF15 (ileum), FGFR4 (liver) and CYP7ALl
(liver) in type II diabetic rats. ** indicates extremely significant differences between the type 1l diabetes model group (DM) and the normal control
group (NC) (P<<0.01); # indicates significant differences between the M. oleifera leaves extract intervention group and the type II diabetes model
group (DM) (P<<0.05); ## indicates extremely significant differences between the M. oleifera leaves extract intervention group and the type II

diabetes model group (DM) (P<<0.01)
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Figure 7 Effects of Moringa oleifera leaves extract on the relative expression of FOXO1 (A), PPAR-a(B), SREBP1, FAS (C), and p-ACC, ACC (D)
in type II diabetic rats. ** indicates extremely significant differences between the type II diabetes model group (DM) and the normal control group
(NC) (P<<0.01); # indicates significant differences between the M. oleifera leaves extract intervention group and the type II diabetes model group
(DM) (P<<0.05); ## indicates extremely significant differences between the M. oleifera leaves extract intervention group and the type II diabetes

model group (DM) (P<<0.01)
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Moringa oleifera leaves extract improving disorders of glucolipid
metabolism in type II diabetic rats through FXR-FGF15-FGFR4
pathway
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Moringa oleifera leaf is a novel resource food with various activities such as hypoglycemic, lipid-lowering, and anti-inflammatory
effects. However, its mechanism for improving glucose and lipid metabolism disorders in type II diabetes remains unclear. This study
focuses on the extract of Moringa oleifera leaves, using STZ-induced SD rats as a type II diabetes model, to investigate the effects and
mechanisms of the extract on glucose and lipid metabolism disorders in type II diabetic rats. The results indicate that the extract
significantly reduces the levels of TC, TG, LDL-C, and NEFA in the serum of type II diabetic rats, increases HDL-C levels, and
lowers fasting and random blood glucose levels. Additionally, it enhances SOD and GSH-Px activities while reducing MDA, IL-6,
and MCP-1 levels, leading to a marked improvement in oxidative stress and inflammation in the serum. The intervention with the
extract effectively ameliorates structural lesions in the liver, kidneys, and pancreatic tissues of the rats. By examining bile acids and
proteins related to glucose and lipid metabolism, it is preliminarily clarified that the extract inhibits ileal FXR, thereby suppressing the
FXR-FGF15-FGFR4 bile acid enterohepatic circulation pathway. This upregulates the expression of hepatic CYP7A1, promotes bile
acid synthesis in the liver, and further activates hepatic FXR. Subsequently, it enhances fatty acid oxidation via the PPAR-a pathway,
alleviates gluconeogenesis through the FOXO1 pathway, and modulates the expression of SREBP1 to regulate downstream ACC and
FAS expression, thereby inhibiting excessive fatty acid synthesis and improving glucose and lipid metabolism disorders in type II
diabetic rats. In conclusion, this study elucidates the mechanism by which Moringa oleifera leaf extract improves glucose and lipid
metabolism disorders in type II diabetes, providing a scientific basis for further development and utilization of Moringa oleifera
leaves.
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