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Study on hypolipidemic effect and its material basis of Moringa oleifera leaf
extract both in vivo and in vitro
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Abstract: Objective To comprehensively evaluate the regulatory effects of Moringa oleifera leaf extracts on lipid abnormalities in
human HepG2 hyperlipidemia cell model and hyperlipidemic animal model in mice, and to explore the main material basis of M.
oleifera for regulating blood lipids. Methods The preparation of M. oleifera leaf aqueous extract (MOLAE) and total flavonoids
(FMOL) was achieved in the form of freeze-dried powders. The HepG2 cell model with lipid metabolism disorders was established by
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sodium oleate and sodium palmitate, and the hyperlipidemia mouse model was induced through vitamin D3 injection and a high-fat
diet regimen. Cell viability was assessed using the CCK-8 assay, lipid droplet formation in cells was observed using Oil Red O staining,
the levels of triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein
cholesterol (HDL-C), malondialdehyde (MDA), glutathione (GSH), and superoxide dismutase (SOD) in both cellular and mouse serum
samples were determined using a microplate reader, these measurements were integrated to comprehensively evaluate the
hypolipidemic effects of FMOL both in vitro and in vivo, as well as its role in the lipid-regulating efficacy of M. oleifera leaves. Results
Cellular experiments demonstrated that the effects of FMOL in reducing TG, TC, and MDA were comparable to those of an equivalent
dose of MOLAE (P > 0.05), and significantly better than or equivalent to 15.0 pmol-L™! simvastatin (P < 0.01); the effects of an
equivalent dose of FMOL in increasing GSH and SOD showed significant statistical differences compared to the model group (P <
0.01), but were far less than those corresponding to MOLAE (P < 0.05). Animal experiments indicated that there were significant
statistical differences in the body weight and serum levels of TC, TG, LDL-C, HDL-C, MDA, and SOD between the model group and
the control group mice (P < 0.01). The medium dose group of MOLAE in reducing TG, TC, and MDA, and increasing SOD, as well
as the high dose group in reducing LDL-C and increasing HDL-C, demonstrated effects that were consistent with those of the equivalent
doses of FMOL (medium and high dose groups), with no significant intergroup differences (P > 0.05), and were comparable or superior
to the effects of simvastatin (P > 0.05). Conclusion FMOL may be the main material basis for the lipid-lowering effects of M. oleifera
leaf; regulating blood lipids is related to antioxidant effects (may not be the only mechanism); providing experimental basis for the
development of M. oleifera leaf as a natural anti-lipid drug.

Key words: Moringa oleifera Lam. leaf; total flavonoids; water extract; blood lipid regulation; material basis; antioxidant effects
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HEE B EATZ TR S, BRI B Y
BAR Moringa oleifera Lam. W T/ s ~pARAMIT
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1] O-P WAL 4 h J5, - BRI, E{fhyT4H
(15 pmol- L™ FAM S HFIZEORFNL (0.04.
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0.04 pg'mL™") [AE5FRIERE IR 24 h JG AT IH4L O
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Table 1 Effects of different concentrations of flavonoids
from Moringa oleifera leaf (FMOL) on HepG2 cell activity
treated for 24 and 48 h (X s, n=3)

A5 RS PAEIEEI%
(ug mLY) 24 h 48h
POt — 9756+0.11  95.36+1.92
B = 0.01 95.68+0.17  95.55+0.20
B 0.04 9459+0.02  93.45+1.38
0.16 96.03+0.11  93.23+3.14
0.64 93.844+0.34  92.15+151
2.56 9501+048  92.56+1.50
10.24 96.37+0.51  91.42+1.70
20.48 90.98+0.98°  88.59+0.17"
40.96 83.00+1.03" 78.30+2.68™

HxEAE: *P<0.05 "P<0.01.
*P<0.05 "P<0.0lvs control group.
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IR JEE BRSO IHE A 8 A 7R A A o s 3 5 AR
TEREZ, SRt yTaIrEL, iR
BUR, Rt Bk

XA BERY FEARMIT

0.04 0.16 0.64

BRI 2 38/ (ug mLY)

1 A4 O $t/5 24, 48 h HepG2 LHAEASEIREE SR (X 400)
Fig. 1 Effect of different concentrations of FMOL on lipid droplet accumulation in model for 24 h and 48 h (x400)
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EZEGITFERE (P<0.01); BOKMH M EE b5 &
WA AR L, B RERNSH 2R (P<
0.01), H¥RMITHIEMMY (P>0.05); SliE
WA SHEBAIER, FREFENGIHFER (P<
0.01), (EFERA R AR MITA. fEH 48h 5, BT
WERUESUINEE, F AT AR E 206t O-P 15T
(AR AN, (HBA I S o A i 4 s i
JRHER AR A TR AR T4 (P<0.05). $&7R, Fifi
A REA, BERYZH i o AR A G L BE e e, o
JoR IR P A I e B T 1 P AR S e
3.3 EHRARRM B RN BE BRI S FE HepG2 HpaH
TG F1 TC 7K FHIE/ N

ME 2 aTBAE H, fEFT HepG2 4iiffl 48 h ) s
B TG 8 85323, SXHHRAMmtL,
Z g (P<0.01); FHMEZYERMTHREG R
1 TG B, SR, 2257 5.3 (P<0.01);
SR LLEL, R S GERER 0.08~2.56 pg'mL ! 3
REANFIFE R PRI AR 5+ HepG2 4HifeH TG
A, Horp 032 pgmL ! BEAIK TG RN &,

SR B S2 4% 0.04 008 016 0.32 0.64 1.28 2.56
fhyT BRAH SR/ (ug mLY)

*2 HL O REBEGPERERNER (X £, n=3)
Table 2 Area of lipid accumulation in Oil Red O staining

image (X x5, n=3)

A5 JREIRE] JIE B HERR Y%
(ug'mL™1) 24 h 48 h
gt — 2.8740.06 4.6240.07
AT — 25.58+0.70" 36.02+0.85™
FEARARTT — 14.71+0.41%* 23.65+0.31*
BRA 4 2 1 0.04 25154061 35.09+0.48
0.16  14.46+0.29% 22.6440.30%2
0.64  21.58+0.35% 2853+0.51

SR RAE: TP<0.01; SHMAKE. #P<0.01; 53k
VTR ELE: 24P<0.05.
**P < 0.01 vs control group; P < 0.01 vs model group; 2P<0.05 vs

simvastatin group.

SRR AL, 2R EE (P<0.01), HHEK TG 1Y
VER IR AR T-BRPE 29y T (P<<0.01).

St M2 LA, B A TC 7K 5535 T
(P<<0.01); SHEMALLEL, FHMEZPE Ay T H 4
fuH TC KT RE K (P<0.01); SR LS,
0.04~2.56 pg-mL™" [RBRA A58 2 W 35 RE AN [R] A 2 4l
PR 4mifeh TC /K (P<<0.05), b, 0.16 pug'mL™!
(B R SR A TC EF Bt (P<<0.0D), JHAE
RO 5 AhyTA 2 (P>0.05), WK 2 fir.

0.20+ foled

TC/(mmol g%)

Xof R SE4% 0.04 0.08 0.16

0.32 0.64 1.28 2.56
by T A ST (ng mL )

HXIEA R “P<0.01; S5HMANE: *P<0.05 #*#P<001; H53EMEAMbiTHER: ““P<0.01.

**P<0.01 vs control group; *P<0.05 *P <0.01 vs model group; ““P < 0.01 vs simvastatin group.

2 FRIRERERAM S EEXAE RS R E HepG2 #BiiH TG, TC KFHIFM (X £s, n=3)
Fig. 2 Effects of different concentrations of FMOL on TG and TC contents of HepG2 cells (X x5, n=3)

34 BRARM BRI FRK S FE HepG2 HpRH
GSH. MDA, SOD 7K¥EHIS20

MR 3 G5 AT 50T R ZH b, B A HepG2
YAl GSH /KFRERFIL (P<0.01); HHEAAL
B AR TRER XU O-P 53 GSH HF%
ik (P<<0.01); HHRILLLEE, 0.32~10.24 pg-mL™!
(DA I B T 320 A )2 Pt 50 2 4 o AL P
GSH 7K*F (P<<0.05. 0.01); H.A 5.12 ug-mL™" {5k

A B e L R m i GSH K (P<
0.01), HAEHM T#RfthiT (P<0.01), [FK GSH
AP E T4 (P<0.01).

53t iR ZH e, #EAYZH HepG2 4Hifiil MDA /KT
BE T (P<<0.01), SOD /K F B ZRFE(P<0.01);
SRR AL, FARATTRESS /X H O-P 75 1
MDA HJF =il SOD Ik (P<<0.01); SAY4 L
5,0 0.32~~10.24 pg-mL" [FBOR I B B35 AN [
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#23 TRREREHRAMZEHIDER 48 h JEEHRNK S E HepG2 48+ GSH. MDA, SOD KEMEM (X x5, n=3)
Table 3 Effects of different concentrations of FMOL on GSH, MDA, SOD contents of HepG2 cells for 48 h (X s, n=3)

2H 5 JR IR BRI GSH/(umol g1) MDA/(nmol mg ™) SOD/%

tif e — 0.153+0.011 4.660+0.160 56.39040.940

R — 0.081+0.003" 8.070+0.090™ 47.700+0.310"

FEARARTT 15.00 umol- L1 0.10240.002% 6.520+0.540% 50.140+0.610%

AN 2 2 0.16 pg mL™! 0.081+0.010 6.520+0.320% 49.310+1.560
0.32 pg mL! 0.08940.003* 6.050+0.210% 50.32041.030%
0.64 pg mL! 0.11840.006* 5.640+0.410% 54.0804-0.800%
1.28 ug mL! 0.17024-0.009™##84 4.890+0.030% 55.490 +1.010%
2.56 pg mL! 0.147 £0.014% 4.480 10,3404 58.630 = 0.980#44
5.12 pg mL™! 0.310£0.002"##44 5.230+0.160% 55.440 £ 1.270%
10.24 pg mL? 0.115+0.016* 5.41040.280% 49.840 +1.260%

xR *P<0.01; SHMAHE. *P<0.05 #P<0.01; HEMEMiTHEE: “°P<0.01.

**P <0.01 vs control group; *P < 0.05 #P <0.01 vs model group; ““P < 0.01 vs simvastatin group.

TS5 H D43 40 B PR i ) MDA 7K R A SOD
KF (P<<0.05. 0.01); M 2.56 pg-mL™! i HA R
S AR MDA ZKTRITHE SOD /KT
Ae S35 T 15 pmol- L7 f=E AR YT (P<<0.01). LA
R, ORI R SR B B AR AR
HepG2 4Hfii GSH. SOD 7KF- I F&K MDA 7KF-.
3.5 ZEFWFIENBRARMHKIZ 2 EEI X B R
i 5 & HepG2 4HAEH TG, TC\ GSH, MDA, SOD
IR RS2 0a

HRAE BRI K IR 5 TE R “2.1.47 TS5
#&, &% TG. TC. GSH. MDA. SOD A [Fl#5#z,
73 5 DA g AR 07 TR BEE () ORIk SR AN T (55
RGRED YER T RE AR Y 7% HepG2 41 M, 131t F
AT, e T “2.57 Wi, Seueal B (B 3):
(1) 0.32 pg'mL™" PIHRH SIS TG MEHS
SRR BRI KR (25.00 pg-mL™") 1FFHAHY
(P>0.05); (2)0.16 pg-mL" fRIBA I S5 HR K TC
(VE -5 & RGRIR AR K3 (12.50 pgrmL™)
YEFIAY (P>0.05); (3) 0.32 pg-mL ! BAM &
wEEE A GSH RIfEH, BEBAHEN A BE T
GuitEzER (P<0.01), {HiZ/EH @/ T30
EHAMKIEY) (25.00 pg-mL™) KIEFERIEH (P<
0.05), BAWM EHEEIIEF GSH BImERE R
5.12 ug'mL™'; (3) 0.26 pg-mL~" (KA M 5 3% i
B MDA /R 5 55 28050 & I B oK 384
(20.00 pg-mL D/EFIAH24(P>0.05); (4)0.32 ug-mL™!
BN S B R RESE = SOD /KF, HfkiAI4
tbig, ZREFE (P<0.01), {HiZA/FHmim/ T4
SAF) B A H /K $24 (25.00 pg-mL™1) (P<<0.05),

BRI S B B = SOD R e A T E R E 2
2.56 pgrmL e PLESS IR BORM G S A e
SEFARM AR E A 1 R ZEY SRR, ZAE S PTA
WA, AEBRH- AR FH B A HAd 70 1 DTk o
3.6 FHFIERFHRAM B EEIFK R3S A M
fE/NRINES TCy TGy LDL-C\ HDL-C % MDA,
SOD 7K FrIFN

FRAM KIEY . . ARFIE (15.64 7.8
3.9 g'kg™) ML THOAM S S, . KFE
(0.20~ 0.10~ 0.05gkg ™), CAMIFEHAMKIED)
55 5 A0 B A P A 6o s IR L /) BRI R
TC. TG. LDL-C. HDL-C 2 MDA. SOD /K-
Wi )T AT 5206 . R 4 R 5 BE e, SXTIEL L
B, BIRLZH /N R R T 2 DL K E R TCL TG,
MDA, LDL-C 7K~F-34 2.2 Ft 5 (P<<0.01), 1fii SOD-
HDL-C 7KF-¥) 8 Z % (P<<0.05). FAMEZ54E1%
YT (15 mg-kg™) A LLA R HI S iA i &, B
fRIiE S TC. TG+ LDL-C & MDA /K, [Ff}
F+ HDL-C A1 SOD /K°F (P<<0.01). S
B, PR 7K SE TR B AL AR A B () =
ZH0T T /0N B T B )4 ) ROGE LA I AR 7K R 5
Wi, B Gt 27 (P>0.05); BARM KIEY .
fe A ORI S R A P e PR IKEh
YR AN RS S TC. TG LDL-C fil MDA
/K, Fh#E HDL-C F1 SOD /KF, SRR Ebas,
ERE SR L (P<0.05. 0.01). EHARMH KR
W e R R R - T R R R X /) BR A T
FEHIER, X NRIMES TC. TG, MDA HIFEIK
A1 SOD WA mAEMH, SEttiTefERMEY (P>



E48EFESH

2025 5H

%¥r34ak #. Drug Evaluation Research

Vol. 48 No. 5 May 2025

« 1173 -

GSH/(umol g%)
coocoococoooo
oooOoRRERE
NBEOOONDOOO

0.
0.
~0
> 0.
30
£0
o 0
F oo
0.
0

XTI BER A KR R

fbyT (25.000 (0.32)
FAM(ug mLY)

il IV 5 S /=S U ]
firyT (25.00) (0.32)
FRAM/(ug mL™)

Exigditiii: *P<0.01; SHEMAE: #P<0.05

MDA/(nmol mg?)
OFRNWRAUOIO N O

OCOO0OORRFRREEEN
NBEDOOONEDOO

X R AR K
fiiT (12.50) €0.16)

SOD/%

TR R SEAR KB SR

fiyT (20.00) (0.26)

B T{ug mLY)

AN (ug mL )

70
60
50
40
30

20
10

0
X HE R SRR KIS
fiyT (25.00) €0.32)
BRI /(ug mLY)

#Pp<0.01; SEFFIEAKRYALLR: “P<0.05.

**P <0.01 vs control group; *P < 0.05 #P <0.01 vs model group; “P < 0.05 vs aqueous extract at equivalent dose .
3 FHGHIERERAH D EERAI/ KRN BE B RS HepG2 4AAEH TGy TC. GSH. MDA, SOD KFHIFNT (X £s, n=3)
Fig. 3 Effects of equivalent dose of FMOL and M. oleifera leaf aqueous extract on TG, TC, GSH, MDA, SOD contents of

HepG2 cells (X £s, n=3)

R4 FYCIEBHRAM S EEFIK R S8 ME/NRMEH TGy TCy LDL-Cy HDL-C KFHIFM (X 5, n=10)
Table 4 Effects of equivalent dose of FMOL and M. oleifera leaf aqueous extract on TG, TC, LDL-C, HDL-C contents of

mouse serum ( X s, n=10)

20 531 5 /(g kg ) A5 /g TC/(mmol L) TG/(mmol L")  LDL-C/(mmol L") HDL-C/(mmol L)
payict — 31.05+0.71 4.12+0.81 1.27+0.23 2.06+0.19 16.55+2.82
tit) — 36.18+2.49"  6.94+0.63" 3.01+0.27" 3.56+0.49™ 10.93+1.99"
FEARARTT 0.015  33.61+1.56% 507+0.74% 2.1440.13% 2.174+0.17% 17.85+1.25%
AR K S2 3.9 35.90+0.6744  6.41+0.4744 2.76+0.2644 3.0940.3044 11.84+1.3644

7.8 33.17+£2.04"  518+0.83% 2.29+0.14%4 2.67+0.19%4 15.124+1.14%8
15.6 32.93+£2.12"2  4,68+0.66" 1.8740.11%4A 2.25+0.19%4 18.16 +1.04%4
BRI 15 0.05 35.85+0.8244  6.44+0.8444 2.87+0.18% 3.16+0.26%4 11.66 +0.6944
0.10 34.07+£2.68%2 536+0,61%4 2.3940.23%4 2.6610.21#44 15.51 +1.56%44
0.20 33.21£2.57#2  4,.8940,24% 2.014+0.16%4 2.1940.20%4 17.98+1.14%4
XA R *P<0.05 *P<0.01; SHMAHE: P<0.05 #P<0.01; H5FMLMITHLE: “P<005 ““P<0.01.

*P<0.05 **P<0.01 vs control group; "P<0.05 #P <0.01 vs model group; “P<<0.05 ““P<0.01 vs simvastatin group.

F 5 FUFIERHRM 2 ETIF/KIZYX S ME /) R ME+ MDA, SOD KRN (X x5, n=10)

Table S Effects of equivalent dose of FMOL and M. oleifera leaf aqueous extract on MDA, SOD contents of mouse serum
()_( +s, n=10)

215 7 H/(g kgt MDA/(nmol L) SOD/(U mL™)
Xt e — 6.23+0.80 172.21+3.65
R — 9.85+0.72" 148.36 +£4.23™
FARAMYT 0.015 7.0340.95% 159.8343.94%
BRI K52 3.9 9.01+0.6944 150.17 £3.9644
7.8 7.81+1.29%4 156.12 +4.31%4
15.6 6.74+0.99%4 163.51 +4.54#4
PR I 2 3 0.05 9.05+1.0644 151.34+4.23%
0.10 7.94+0.71%4 157.32+3.98#4
0.20 6.81+£0.76%4 165.26 +4.19%4

SRR P<<0.01; SREIRALLE: #P<0.01; H3EfAiTALS: “P<0.05

**P<0.01 vs control group; #P < 0.01 vs model group; “P<<0.05 ““P<0.01 vs simvastatin group.

A4p<0.01.
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0.05); {H /&, KN UM LDL-C A1 Ft = HDL-
C ER, AR BCERMTT (P<0.01); BIARM7K$2
v R AR A - A e A s 9 X /) B AR T
¥EdER, X$/NRIE+ TC. TG LDL-C. MDA
(R LA S % HDL-C AT SOD [T EfEH, 534k
MITHIVEIAEY (P>0.05). BARMHKIRDIG. .
gLl ¢4 2REIPOp AT 2 7 N1 o S o SN < €2
VARRTEFIAY (P>0.05). PLESSRBIN, A &
T T RS2 B K B T R A FH 1 32 A o ik
fith, PrEAaT R IR ARIE A BN 2 —
4 g

f R IAE A2 A TC. TG LDL-C H 1 3
o JLIHE AR TR A/, HDL-C (BRI R AFAE
) — b JE R B4k 2 R A8 | BB T AR AT
VBRI BT IR KT S T T B0 I e
FE 51 R B Jk R R R A S5 o i 0L 073 1 i S e A
w2, Jr, AR B R, O8I
AETT i ME () ZE RS A B IR E—28
T 2T T R I, 2 51 R LA« L
WARE R BL. FDhRE R S AF G 5 5 )RS R
R BRIk, M2 FIR I SR R IR 2 4 A AT
VAREZE 2 R 4 T 0 SURI X pit ] RL3-151,

75 M IRE A 4058 8 ) S S 0k 0 34 1R . s 24
VDTG TR B B oy B R EE L, A SR 7R A A i
W TE R SR AL b, A5G SCHERIT SO, Ry g ST
7 0.4mmol-L'-0.2 mmol-L™!' O-P i5'5 A\ HepG2 4l
PR S AQ U e B A B AR, JEAfE TIERLE 3 h
RNEAERIZE 2T ] . fESCERE B, SER T ORI
B HA RSN EREE PP, 0.32 pgrmL! B
ARG TG MR SO R, BHERAE1E A B B4R
T RABIT (P<0.01); 0.16 pgrmL! fBA M 35
AR FEAR TC BIE S, MR SRR TH Y (P>
0.05).5.12 pg-mL! (R IS B AE = 40 i H GSH
EEERMR T MhIT (P<0.01); 2.56 pg-mL™!
(BRI A S P 4H L MDA 7KFFIFt =5 SOD
KFHIRE ST 15 pmol L' B4R ABIT (P<
0.01), 4L O Gt )25 R ML S 1M BEE— 0 U
R0, 0.16 pg-mL " BRI SEE (PR EEREED 1E
FH4EMI 24 h, FHRA0A A TR T B RO T4
YT, 48 h FIFE FHRCR S I35 o« R BB S 2
Red gt GSH. SOD & EAIPEL TG, TC.
MDA HI& &, ZIEHSIEA X,

BRI H SRR S 36 B, AT

Vo) TR 5 P 24 R 4 S 75 2 A I R I T 1 3 )
B, FFIRE T BRI K SRR S50 B AR
BEEA R VR R 7T, S5 RRE, BRI
(0.32+ 0.16+ 0.26 pg-mL™") 52475 [ BA M- 7K
4 (25.00. 12.50. 20.00 pg'mL™1) fEfK TG+ TC.
MDA HI/EFAY (P>0.05); {HSZ, 0.32 pgrmL™!
BRI B EHE R T GSH. SOD & & M1EH, wmit/h
TR E BRI KHEY) (25.00 ugmL™) (P<
0.05); 45 RAETRBRA I 20 B I v] B2 BRI g F
M EEY A, 2AEH SEE R, A0E
FoAth B o3 AR AR FH

FEAR SN BRI FE At L, B e A &R
Ds JF45 T m la iR IR L T /N B e IR E A Y,
¢ 2 )5, FliiE - TC. TG. MDA F1 SOD. LDL-
C. HDL-C {/KF, HE— B8R0 Bl o 2 7 2
BHRA VR ML 1) B B Rl IR, UK
KBV EAEHMBOR I SRR = E A
P 6e AR B0 Y A R B AN RIS B TCL TG
LDL-C #1 MDA 7K*F-, & HDL-C #i SOD 7K~F-,
HBAR KEEYME H s e AR ARG B (1 A
ST L E R AL A RR AR A 24 (P>0.05),
DA 25 R, BIOR i A2 B I A e A2 BRI 7K 3R
VENE/EF W EY LAY, Pra A T e H R IE T
HEVER I E ML 2 — o ShSLIe Mg it —0 i
B, BRI S 2 A RS AR IR R, (HBOR
K& IR REVE F S PUA A A %, (HRTREAS A2 M
— ML, BOSA HAA BUs s KRR .

AT R L], BRI S AT e 2 PR 1
NEH FZY R SRR B R I AR S T
AR TG IR W F — 2R ARy T s BRI S
WIEVEH S a0, (AT e 2 HME—HLH|RY,
WIRFIR NI TE o A 5T 9 B A 8 05 420 o it 2
E FAMLHI A 1o BB 758 000 S8, R IR B 245 ) 0
RBE T — € IR A

MBFR ALY EARELEFEF R
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