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Abstract: To study the antioxidant capacity of mulberry alkaloid in mice on high fat-diet, the mice on high fat-diet were fed with alkaloid
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at different concentrations (20, 40, 80 mg/kg) by gastric gavage for 4, 8, 12, 16 weeks respectively, the content of malondialdehyde (MDA) and
other indicators in liver and serum of the mice on high fat-diet were assessed by kit. The results showed that in the mice fed with a dose of 80
mg/kg by gastric gavage for 16 weeks, the content of MDA in liver decreased by 43.63% and in serum decreased by 50.91%, compared with the
hyperlipidemic control group. The contents of T-AOC and GSH in liver were increased by 2.36 and 2.69 times respectively, and the contents in
serum increased by 2.25 and 1.59 times respectively. The activity of glutathione (GSH), catalase (CAT), peroxidase (POD), glutathione
peroxidase (GSH-Px) and superoxide dismutase(SOD) in liver increased by 1.82, 2.22, 1.90 and 1.22 times, and the activity in serum increased
by 1.48, 2.19, 1.59 and 1.44 times, respectively. In conclusion, the alkaloids of mulberry leaves have strong antioxidant effects on high-fat diet
mice.
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TRGHE B /R 16 F, n] s/ NER A AE R MDA J82b 43.64%

Tablel The effect of mulberry leaves aqueous extract on the liver and serum MDA content in mice with high fat diet

=1 RMEMRERT DRI, [E MDA S EH9FT

(»<0.01), IMiF+ MDA &> 50.91% (p<0.01).

85| 4 8 & 12 A 16 A
AF(U/mg Prot)
EFATRELE 2.27+0.24" 2.2440.19 2.2140.20" 2.15+0.16"
Fhgatgam 2.68+0.23" 2.77+0.15% 2.83+0.10* 2.91+0.13%
&5 & 2.09+0.12% 1.97+0.11% 1.85+0.13% 1.82+0.11%
R 5 2.03£0.27% 1.88+0.25% 1.76+0.17*" 1.79+£0.19%
57& 1.82+0.52%" 1.76+0.13%" 1.69+0.19%" 1.64+0.12%"
17 (U/mL)
EF TR 5.09+041" 5.68+0.08" 5.2240.13/ 5.21+0.66"
Zhgatraa 5.85+0.25% 6.30+0.88" 6.41+0.49% 6.56£0.51*
1&F & 5.36£0.27% 5.29+0.42% 4.19+0.15% 4.17+0.31%"
T A E 4.83+0.46% 5.29+0.38% 3.89+0.25%" 3.96+0.47*"
A% 4.29+0.24% 4.63+0.13% 3.8340.12%" 3.2240.12%"

i BEERT A,
Z A9,

R 2 RIHEYIREXSA

TR

&/ RATBEFIm B T-A0C AISZAE
Table 2 The effect of mulberry leaves aqueous extract on the liver and serum T-AOC in mice with high fat diet

“o"RT p<0.05, ¥R p<0.01; 5 ZHMEARAAL, BERF p<0.05, “+7RT p<0.0l. FEHERS

213 4 A 8 JA 12 7 16 /3
i (U/mg Prot)
JEE AT R 76.12++4.117 78.28+1.37 82.12+1.7% 84.94+1.90¢/
e P! 55.43+3.74 59.56+0.66" 57.14+0.82° 58.89+1.19°
15F & 99.55+5.69*" 101.811.63* 106.82+1.92% 110.16+2.43%
Likih 106.58+6.39*" 112.19+0.36*" 117.1342.22% 120.19+1.49%
¥ ilk-a 125.89+8.83%" 131.13+3.89%" 135.28+1.48*" 139.27+1.77%"
A (U/mL)
JEF At R 92.69+0.99 106.97+0.49” 113.28+5.59 127.39+1.42°
ZRE At FE4E 76.59+0.62 83.5440.79 97.23+0.31° 97.64+1.00"
& & 97.43+0.98 109.77+0.98" 119.92+0.63° 142.94+1.42°
Libh 103.27+1.05” 136.37+1.12° 150.47+0.65" 207.49+4.10
HAE 113.75+1.70° 159.79+0.9¢" 193.26+2.04° 219.59+4.10
FHEE, HEB SRS AR 16 A, wIEE RN R

2.2 F oA MmN B BEFo i v T-AOC

GBI

HHER 2 v, /NS T-AOC B AR T I 1)
(p<0.05). IEFXFHRAL/N R AR S T-AOC FtidE
WELA) N (] KA — e 3 n{E 22 S A B3 (9>0.05) . 5
IE 5 IR AL AT L, v i ek 1 /0N RT3
T-AOC &3 F#{K(p<0.05). M. F. ik 3 &
IS AR R R R, SIEEXTRA. R
HI/NERAREL, FERE. M35+ T-AOC Bl S -4 4t
FE BRI E AR RGN, S Elant i

HFAE 1 T-AOC & B30 2.38 5(p<0.01), I35 1)1
1 2.25 f5%(p<0.05).
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LR

HER 3 ATAL /MR GSH &8 B3 m T
TEHHI(p<0.05). IEH R4/ ATIE GSH & 27158
8 JEIN B b, ZJaEEARER e, i GSH
B A M R ) S KT RS KRB R
(»>0.05). FffxTHRAL/INRF RIS+ GSH &S
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Table 3 The effect of mulberry leaves aqueous extract on the liver and serum GSH content in mice with high fat diet
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FTEEERE . BRI 8 G, MEAR TR,
JE & GSH & &3 i A B 2.(p>0.05).

205 4 8 JFl 12 ] 16 )
FF(U/mg Prot)

JEE TR 5.04+0.28" 10.19+0.27° 9.30+0.107 9.5240.27"

Y papet:l 4.36+0.01% 7.23+0.49" 7.46£0.49" 6.65+0.29*
&= 5.14+0.61*" 15.550.59*" 14.14+0.13*" 13.02+0.94*"
iibilh -y 5.33+0.80%" 16.5120.58*" 16.6420.11%" 16.34+0.21%*"
Rl 5.49+0.47" 17.2140.55%" 18.73+0.19*" 17.90+0.08*"

A2 & (U/mL)

AE A RR 2.2140.02 2.42+0.08" 2.87+0.06" 2.92+0.02*

Y Rt 1.59+0.07" 2.17+0.01 2.44+0.09° 2.58+0.03
&= 2.59+0.0 3.26£0.02+" 3.31+0.02° 3.35+0.01"
iakilh 2 2.63+0.04% 3.290.01%" 3.58+0.01" 3.6020.02"
SAlE 2.83+0.17+" 3.41£0.01%" 3.96+0.03*" 4.010.02%"

* 4 RTEPREXTSAEIAR N RATAEFILE S CAT SEMERIFZND
Table 4 The effect of mulberry leaves aqueous extract on the liver and serum CAT activity in mice with high fat diet

28 7 4 7 8 & 12 A 16 /3
A (U/mg Prot)
EF TR 10.18+0.13" 12.93+0.33" 13.37+0.89” 14.54+0.99"
e ER SN ! 9..44+0.22% 10.21+0.28" 11.112£0.55% 12.37+0.54*
s %iilk-a 14.4240.27*" 16.66+0.34*" 17.55+0.25%" 19.22+0.37*"
W+ H & 14.63+0.22*" 18.79+0.48*" 19.72+0.23*" 21.81+0.23*"
e ilk-a 15.67+0.47*" 19.10+0.68*" 20.56+0.39%" 22.48+0.27*"
A7 (U/mL)
EF TR 3.29+0.16¢/ 4.03+0.33/ 4.68+0.13° 4.82+0.06"
e RSN 2.76£0.31% 3.10+0.06* 3.36+0.09" 3.53+0.05"
ik 4.31£0.29% 429+0.07° 4.74+0.13% 4.95£027"
iEilha 5.21+0.14*" 431+0.11% 4.91£0.33" 5.01£0.07"
HRE 5.42+0.35%" 437+0.11% 5.06+0.13*" 5.22+0.18*"

BIEAFREEE . e laxt AR, #EE s
BRI 16 BT/ R CAT iEHERE 0 1.82
f5(p<0.01), IMIEH I 1.48 £%(p<0.01).

2.5 FvetE PRt/ BT AR i o POD 7

24 Fvt AW/ BT F CAT 7

(e R A

VEE 15 /N [l AR s ) v IR TR B /0 SO AT
MiF CAT iR 4 s, /MRAFAES CAT i1

) b2 mk
BT IE H (p<0.05) o 1EH 2/ SRR AN L3 By B

CAT JE MR A A K g K, HERER
H(@>0.05). EEXTIE/N RIFAEFIS S CAT &S
TEH G IR A B 25 4K (p<0.05) . S IEH XFIRAL. &
JEXRRZHARLG, WEB 3 ARSI AEVImRT /N R
JUE 7 A CAT (7 I 55 A= A el 15 722 P 4

)

M1 5 A, AN POD Y& & 46 T if
T (p<0.05) 0 B MR (OG-, 1656 IRZH /N
BUEIE. L% POD WE LG4 IN(p<0.05). rafigst
HAZEL/N SRR ML 71 POD 55 1F 3 % HRZELAH L
BB R (p<0.05). HIFHATHELL. mlgxt gl §Ae
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B, HEH 3 RIS AEDBRT i/ ST I
JEH POD i EBEHE 55 77 G A (8] S A A
AFEREEERIHE . SEiRxtIRAARLL, SRR

AEPREE B 16 B, /NRFAE A POD vE PRSI 2.22 £i%
(p<0.01), MLiFEF AN 2.19 f5(p<0.01), HIW &
FIEH H K (p<0.01).

#* 5 RMTEYREXTSAEIAR NRATAEFILE POD SEMEAIFZND
Table 5 The effect of mulberry leaves aqueous extract on the liver and serum POD activity in mice with high fat diet

217 4 8 J& 12 73 16
AT (U/mg Prot)
B R4 16.14+0.70° 17.15+0.32° 20.11+2.28° 22.89+0.48"
&gt R4 13.60:£0.44" 12.97+0.62* 14.18+0.78" 14.48+0.71%
& & 18.18+0.41*" 21.93+0.69*" 23.29+1.38*" 26.1240.47*"
Gk lka 20.27+0.96*" 24.86+0.92+" 25.15+1.61%" 28.28+0.77*"
A& 22.37+0.35% 28.72+0.44%" 30.02+1.05%" 32.19+1.00%
A7 (U/mL)
TR 29.29+0.84" 30.74+0.13" 33.19+0.46" 34.44+1 35
B st e 24.48+0.44" 26.96+0.46" 25.93+0.71% 22.52+0.46°
&= 31.52+0.71*" 34.96+1.36*" 37.70£1.22%" 38.67+1.78*
Likilha 34.59+0.55%" 36.29+1.00%" 40.15+1.45%" 42.67+0.59*
aAnlE 36.85+0.86*" 39.56+0.58“" 47.19+1.12% 49.33+1.36%

Table 6 The effect of mulberry leaves aqueous extract on the liver and serum GSH-Px activity in mice with high fat diet

*® 6 RITEMEXTEREIRR/ NRATHE . ME GSH-Px JEMERIRN

413 48 8 Ji 12 7 16 /3]
A (U/mg Prot)
JEE AT R4 630.00+4.19 654.25+5.43F 729.94+9.14° 736.85+5.33
= Rt 530.18+6.31% 575.17+6.39" 587.79+4.77" 632.37+4.26"
1K= 728.73+5.42%" 768.73:+4.39 1083.92+5.77+" 1104.31+5.47%"
¥R E 734.48+4.77% 774.48+4.17*" 1093.47+6.35%" 1116.40+4.32%
aRE 805.63+6.38"" 815.63+4.55*" 1161.13+4.91%" 1203.7543.05%"
A5 (U/mL)
JEE AT RAL 297.33+4.61° 350.67+4.56" 385.33+5.31° 396.00+3.56"
Z R st B8 2 254.00+£5.01° 294.67+2.78" 306.00:4.62" 317.33+3.09"
1&F & 324.00+3.52% 370.67+2.94% 422.67+4.63% 428.00+4.54""
LiEiR 314.67+2.85% 413.33+3.28% 454.67+5.91% 473.33+5.32%"
HAE 354.67+5.22% 446.67+5.79% 496.00+5.83“ 504.00+2.71%

2.6 Frt £ WA /b BT BEAR o 7 o GSH-Px

T My R

S5 I AR A BR00T i T R DS BRUFE E D af i A
GSH-Px V& HERISEM 45 RN 6, /INRHIEH GSH-Px
TP B S T L R (p<0.05) o 1E 6 HR AL/ BRUTFIE
FALIEH GSH-Px i bt A AR [A] 1 KB — 2
B ERTRE L /N ERFF AN ML 1 GSH-Px V& 14 B
BLRSHIN, {55 1EH 6 R b 235 PR K (p<0.05).
HIEFEXIRA. mla BN RAR, BEEM. J.
= 3 NI SRAYmRr E RN R, R i

o GSH-Px VS BEHE 55 RS 3G 0, WRTA]IN a] )
KA AFREERSE N, SflEHNSR R . S5
JEoe HRZEAHLE, /I BB mnl B S AR 16 A, G
JIFARE GSH-Px &P 1.90 £%(p<0.01), I3 A A4
hn1.59 £%(p<0.01).

2.7 Fvt A et/ B EFr ¥ o SOD

AR

AN [RIFH B SR AR OS vei U /N SR AT L5
 SOD LRI IR 7 Fros, HHES SOD 1S
M A2 . BEE MR A E L, IR % 4L
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BHTAE. IMiE SOD ik fRIFEATIE: miflaxtfig BRAHEG, FFAE. (Mg SOD & PEREVE B 7l 13 in

H/NRAPIERI ML SOD 3 A — e e nE 5 BRI, SElaxBaasmtt, s
TE5 %o HE AR EL 5225 R B (p<0.05). EH 3 MFIE RIS S AEYIRE S 16 J, /NERFFIE A SOD JE PSS I 1.22
AT SRR, SIEFXTIRA . xRN f5(p<0.05), IMLiFH I 1.44 £%(p<0.05).

*® 7 RMEYREXTSAEIAR N RATAE. 1175 SOD SRR
Table 7 The effect of mulberry leaves aqueous extract on the liver and serum SOD activity in male mice with high fat diet

205 4 ) 8 J) 12 A 16 /A
JF(U/mg Prot)
TR 259.15+6.20" 261.09+2.79" 266.67+3.53" 270.79+3.27"
gt rRLE 244.12+7.98* 247.03+5.44% 251.39+3.49*% 255.76+3.93*
1&FH = 270.79+5.04"" 279.76+6.61*" 287.76+5.26*" 290.18+3.89*"
Gk ka 272.24+4.07*" 281.21+6.47* 290.18+4.97*" 296.48+2.16*
BRE 283.64+3.83*" 293.33+3.83*" 300.85+3.03*" 311.03+2.36*"
A (U/mL)
B R4 237.1746.18° 248.48+4.45° 242114526 256.84+3.85"
Y ERSpl 202.42:+5.88" 215.05+£2.29 193.68+5.83" 202.112.63
1&F) & 248.48+5.18° 249.29+2.74° 261.00+4.95" 261.05+2.59
LR 249.29+4.54° 251.7246.12" 261.05£2.97 282.1143.19
A& 251.71+£7.92° 255.76+4.97° 277.89+5.47 290.53+3.437

3 Zhig

3.1 AWHTURYL, MRS SRS BT A
Hepd A& B TR, HLA B SRk R

(PN BEEPERRAR! >, ARseitep, 5 1E X R4
FHEE, vl BN BT 1 MDA &&= 54

FrEF, M T-AOC. GSH. CAT. POD. GSH-Px.
SOD V&ML BBk, BB MR & 5] AN
WA R M. AT R USRI B S A
B B R IR B N R, 5 B RN BRI AN If 37
MDA & & W # B, KT IE%4: T-A0C.
GSH. CAT. POD. GSH-Px Jifi5 0 & 1hss H s T
R, X E5EEE) Hao &M 7r 48 AL A —
.

3.2 HEYINURE SAFE—Fh B ARSI, fKEE
N BB E R DR A B BT A 2R 1
HAs T, HIRABL, AT S R g, X
AT g5 3 FE A S P MDA R A R
INEFRTER LT, RN R IR AT LR S 52 45 T 2 1) )
Pefebr, HoEl, R H A R,
RABNI N OFERE e, SHHSIR G, Bl
TRFT 32 [ k™ B 202, TLAOC RERHHLAA
PUANEE S IERG R BB KRG, AR, Pk
PUEL RGP BRS HGE,  PrELaE o).
GSH. CAT. POD. GSH-Px. SOD #{EfETHLAZH
i, FENUR N R E ST T TERR
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BRI, RS8R POD LA R A4
Ak SN Y HyO, FiT Oy, HyO, X 281E CAT 1EH ik Hy,O
10,y MITIEEIPTEIIER . GSH-Px {Ey—FhE %
LIRS, Tz . Lhiftky, A5
Bl )(Se-GSH-Px) A E il 1) (non-GSH-Px)2 F; fifl
1k GSH J5 51 8 A8 5 e B AR BRI &
W, T e 4T 52 215 SR A A D s e I i

GSH-Px MY AREIGEFRIAEPN B E AL, JEReRHET T
SEURNL,  HERERLIR IR 5 AOBTEARAE 1P FF4n i Ep
FE TG GSH-Px i PEARGERR A %, b7kl
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