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Effect of total flavonoids from hawthorn leaf on antioxidant enzyme activity
and related gene expression in streptozotocin-induced diabetic mice
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Abstract ; Diabeles is a serious hazard to human health, and its pathogenesis is related to oxidative stress. Hawthorn ( Cratae-
gus pinnatifida Bunge) is a fruit-bearing shrub as a medicinal substance,in which total flavonoids from hawthorn leaf ( TF-
HL) have favorable antioxidant properties. To explore the antioxidant effect of TFHL on diabetic mice,84 four-week-old SPF
male ICR mice were randomly divided into control group,model control group, DMSO model control group,model groups with
high-, medium-and low-dose of TFHL and positive control group,there was no significant difference in body mass among all
groups. The mice in each model group were intraperitoneally injected with 1% streptozotocin (STZ) at 150 mg/kg to con-
struct STZ-induced diabetic mice,and the control group were injected with the same amount of sodium citrate solution. After
the successful preparation of the model,the patients were given different concentrations of TFHL, or metformin hydrochloride

or DMSO or water daily for 28 days. Then, enzyme activities of speroxide dismutase (SOD) , glutathione peroxidase ( GSH-
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PX) , total antioxidant capacity ( T-AOC) and malondialdehyde ( MDA ) content in serum and liver tissues of mice were

measured by the reagent kit method ;the expression of antioxidant genes SOD-1,S0D-2,GPX-1 and GPX-4 were detected by
Real-time PCR. The results showed that TFHL significantly increased the activities of SOD,T-AOC and GSH-PX in the serum
and liver of diabetic mice (P <0.01) ,and reduced the content of MDA (P <0.01). meanwhile the expression of SOD-1,
SOD-2 ,GPX-1 and GPX-4 genes were increased in the liver of diabetic mice after treated with TFHL. These data suggested

that TFHL can improve the oxidative stress in STZ-induced diabetic mice and enhance their antioxidant capacity.

Key words:: total flavonoids from hawthorn leaf; diabetes mellitus ; antioxidation ; gene expression

BEPR G (diabetes mellitus, DM ) 42— Ff DL 75 I 4
RFIE A A , HBR AR TE R ERB ARG K, B
L BR8P T B SR B o o e
b g ENUAC I ZE L, 3 B 2B D R
B ORI R LA S 1 R 2 RO SR
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JU 107 JFF9 JHF 240 i v 8 4 Ak 9 1 AL T ( speroxide dis-
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it & Ak W) B ( glutathione peroxidase, GSH-PX ) 7K
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WX G B & AR FACHT 250 Sh P BOARA R
FARA T, A HAES : SCXK () -2020-00 01, Jy 84
H 4 & SPF Zeifith: ICR /MER (22.00 £2.00) g, IF
TEFFFF M IR R A o Be sl W) AR B S s AT T
S TR M AR LA R )RR R
YR A BRI E 4 90% , AR 52 28 5 55 5y
IR R 27 B W48 B 22 51 23 1L 52, 12 J AT 4t 5
QigiharUEC20220507 ,

1.2 BERREBR S &

S I WP R 1R S 0 /D AR & A
i, e R R T i 25 AN 35 (P > 0.05) BB
12 HoRas (% BB 4H (control group, Con) , Hi4y 72 H
BPIRRERIZ BRI /N B — I P 150 mg/kg i
JETE SR BE S 1% HOSENR A TR 2R, 0 A STZ 75 3 1Y
W PRI /N BRI | 2 100 R 2H 1 A 45 ) T R
A R BT P AV R — AP R IR B . TS B
12 h, SR AT A B VHOK, S 72 h JF I E
B s IR B2 o /N RS IR IR =11, 1 mmol/ L, Jf:
KM B2 2B ZIRIEIR, B A
1.3 HYHEERANFE

PRGSO S IR /N 72 H BERLIT A 120 mg/
(kg « d) A4 LU A 25 R 25 3k B2 20 (high dose of total
flavonoids from hawthorn leaf, TFHL-H) .60 mg/ (kg -
d) B L AS R vk 2 2H ( medium dose of total fla-
vonoids from hawthorn leaf, TFHL-M) 30 mg/( kg -
d) B L B R AR e B 4 (low dose of total fla-
vonoids from hawthorn leaf, TFHL-L) . fH £ X} B 2H
(positive control group, Pos) | #&% A ZH ( model control
group , Mod ) 11 DMSO #5#%f BEZH ( DMSO model con-
trol group, DMSO) , FRZHECE Ny 12 H 25 20 FIEAY
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ZHEH ZEIRK, BAMEXT BRZH M 300 mg/ (kg - d) Y
IR XU, &/ B SROEIR, | ok, T
FiR N RRERES 4 H,
1.4 /MR In#ER O ARYEM 2/ E

A IMBEAL (GA-3 28 ) 5 /)N B 23 L A ( fast-
ing blood glucose, FBG) ¥ J& , >R F 5 2 WU ¥ , i 45
B A M B2 B IE ] MR AT A R A
HE AT IERE . M5 /D RS I IFE (0 min) 5, /)
LI 2 g/kg E H A WE, AT AR M, LA pE AL
R IHERE 5 /5 15,30 .60 120 min (9 14 {8 Ky 1H Iz
W5 (oral glucose tolerance test, OGTT)
1.5 HmEALEEENE

I Ja— U B T /NS R 24 h I W ik

ARFE/INRR o o LIRS 0 DA A I o PR FEAR TR A%
PR A S v H R A BRER K E Uk, IR 7E-80 C
TR VKAE TP B R, R Sk e T-
AOC .SOD GSH-PX i 41 MDA £ .
1.6 MANKEBHEXEERRIENE

FRAE/NEL SOD-1(NM_011434.2) .SOD-2( NM_
013671.3) . GPX-1 (NM_008160. 6) . GPX-4 (NM _
008162.4) Fl GAPDH ( NM_001289726. 1) [y 3[4 ¥
BB, e Fan g 1 iR . Mo/ BRUFFIERE A
PLELU A RNA, {f ] Prime SeriptTM RT 3 %1 £ 4
RNA Jz % 5% 5] ¢DNA v i F 386 4% 5% & i cDNA
Ve MR, N2 08 GAPDH , 378 1 272 2“5% 97 11
TIL R A AT 2Rk

x1 59ER
Table 1  Primer information
HH IFH(5'—3") FERIRN
Gene Primer sequence(5'—3") Product size( bp)
SOD-1 F:5-CTTCCACCATGCCATGCCAGAG-3’ 269
- R:5'-AGCAACCGACCAACAAGCAAGG-3'
SOD2 F.5 ,—TGACGAGAGCACCCGTCGTC—?) , 344
R.5'-TCGGTGGCGTTGAGATTGTTCAC-3
CPY-1 F:5-TGCGGAATGCCTTGCCAACAC-3’ 261
7 R:5'-AGCCAGTAATCACCAAGCCAATGC-3'
cPY4 F.5 ,—ACAAGAAGCTCTCTCGAGGTCA(}GS 247
R:5'-AACCACGCAGCCAACCATGTC-3
F:5-AGGTCGGTGTGAACGGATTTG-3'
CAPDH R:5'-TGTAGACCATGTAGTTGAGGTCA-3’ 123
1.7 #iEaE B VA, DMSO X 20 RS AU X6F BE 2 /)N BRI AR

R SPSS21. 0 HAFAL X I B0 B HEAT B0 43
B7, Graphpad Prism 7.0 fEFl . 4% SR LT
P = BRI (v £ 5) F5
2 ZEREN
2.1 LEMEEART STZ ¥ SR F/NR LR
O] AR #5128 A9 2

FR72 2 AT RG], 25 1% R /0N L A

e TR LT, 4% 3 I X6 2H A B A X B AR AR
TREES . W ERAS ARG, 2% B E U 2 2] B
EART DMSO FRI B2 (P < 0. 05) , R 2H 1
I T DMSO R AR 20 FHoK AR B XS BRZH (P <
0.01) ,Jf HA5 FHAE XS BRZHAH o 2H W) 22 5 A 2. 2% (P
>0.05) o Ll et i wT LA AR PR /0 B i ARt v
JE .

F2  REREE LM EERTHER 5/ B 23 B AR E A 0 (x £ 5,0 = 12)

Table 2 Effect of different concentrations of TFHL on fasting blood glucose in diabetic mice(; +s,n=12)

23 18 I HHE
vl Fasting blood glucose (mmol /L)
Group
0w 1w 2w 3w 4w
Con 5.23+0.73* " 5.30+£0.36 "~ 5.27+0.20" " 5.73£0.24 " " 5.43+£0.44""
DMSO 14.57 £0.90 15.87 £0.9 17.07 £0.45 18.57 £0.69 19.43 +£0.56
Mod 16.77 £1.04 15.80 +0.74 16.83 £1.16 17.20 £1.37 18.03 £0.64
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2:5% 2 ( Continued Tab. 2)

23 I (A

5 Fasting blood glucose (mmol /L)
Group
0w 1w 2w 3w 4w
Pos 15.93 £1.15 15.61 =1.21 7.57+£1.41"" 9.07 £2.53** 9.50+1.78" "
TFHL-H 15.53 £1.27 12.53 £1.81 10.20 £0.76 * * 10.87 £1.75" 14.57 +1.30" "
TFHL-M 15.13 £0.41 13.63 +0.32 12.73 +1.48* " 12.57 +1.51 "~ 15.03 £1.01 "~
TFHL-L 14.13 £0.67 12.37 +0.50 11.47 £0.52 10.23 £0.49* " 11.40 £0.47" "

75 Mod 44, * P <0.05, " *P<0.01, F[dE,
Note ; Compared with Mod, * P <0.05, " * P <0.01. The same below.

1% 3 T, 28 P X A AL | PR ot R A % i 441
YIHE 15 min B H A BHIGEAEL, LG B 25 11 0T R 2 I A
WEES 15.00 +1.92 mmol/L, X HE 2H 1fi 4 e i
720.13 +1. 88 mmol/L, H il 25 i 45 ¥k & 4y 22. 90
+1.07 mmol/L, =2 FIKERZEAE 30 ZrBh it A %5
AIHEG A, 0 B v TR 4 I B R B Ok 21. 87 £ 0. 32

mmol/ L {IKERZH 1 4%k )& 4 19. 50 +£0. 57 mmol/L,
DMSO H5 A X} HR 2H F1 K A A X B A 7E 60 J3 B B A
A W R, I IE DMSO #5578 Xof B 26 1195 94k B
27.40 £ 0. 46 mmol/L, 7K #5% 7Y X B8 2 1 B vie FE Sy
26.37 +0.48 mmol/L, LI M- i 7] Ltk 3548 bR oG
/N B 2 A O ST T

F3  RERE LM SR HER 5/ B O AR AER B8 808 (x £ 5,0 =12)
Table 3  Effect of different concentrations of TFHL on OGTT in diabetic mice(x +s,n =12)

) i

20 51 Blood glucose (mmol /L)

Group

0 min 15 min 30 min 60 min 120 min

Con 5.03£0.15" " 15.00 £1.92" " 12.23 £0.87 " " 10.80 +1.20" * 6.33£0.90" "
DMSO 24.43 £0.55 25.50 £0.55* 26.43 £0.32 27.40 £0.46 23.83+£1.24
Mod 23.40 £0.72 24.30 +£0.42 25.60 £0.36 26.37 +£0.48 23.57 £0.44
Pos 13.20 £3.11 20.13 +1.88" 17.87 £1.64" 17.87 £1.68 " 14.87 £2.68 " *
TFHL-H 18.47 £0.54 "~ 16.57 £0.44 ™ * 21.87 £0.32* " 19.57 £0.39 "~ 21.27 £0.50 " *
TFHL-M 13.50 £1.16 " * 22.90 £1.07 15.93 £0.67 " 21.30 £0.66" " 15.40 £0.45" "
TFHL-L 13.87 £0.78 " * 14.43 £0.72" " 19.50 £0.57* * 17.90 £1.04 "~ 16.07 £0.91 "~

2.2 WWEMEE STZ FSHERFINRBELRE
gt A A

A 1 AT, 25 o R AL/ RS R S e i,
FKAEAYFN DSMO X HEZH /N BRUBR B R B 2 eI, &5

o0 .
-
. T
I ) L ) I L]
SRR C P >
oY & @&

0

~o

¢ »

N

B 1 FERE LS SRR
INREGRBUHHM (x 25,0 =12)
Fig. 1  The effect of different concentrations of TFHL

on insulin changes in diabetic mice(x +s,n=12)

5 20 N BH A X FRZ i 5 28 5 Hh K& /IMIR TR Sk PE
X IR AR 2 | = R 2l 2, Ho DMSO X
HE KR IR LA H] 22 # AN B35 (P >0.05) 5
IRKARIRY X} HE 20 5 vy B 2 P R 2E ARG T 2 A B 2 () 2
SEPM R (P <0.01) o Ll i 8 J AT 344 0 R o
NI R S i
2.3 &M EFR STZ i S HHER /R I 7% &
SOD.T-AOC .GSH-PX #1 MDA B9 E50m

2% 4 AT, /N BRIV i, DMSO A58 5Y Xt JE 21 A1
FKAR RN R 2H ) T-AOC . SOD . GSH-PX fif 1% 1 LA K
MDA £ B AR E (P >0.05) ; KR X} HEZH T-
AOC SOD J¢ GSH-PX i 7% P A b 28 0% T 4% v il 52
B2 (P <0.01) s /KABIRIX HEZH MDA 55 f Al 8 3%
TSR SE U (P <0.01) o LS i 3 ) ] 42 s
PRI /N BT T-AOC  GSH-PX DA K SOD ik,
FEAIC MDA #5 &t
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F4 FERE LM ZERHERF/NR % SOD.T-AOC,GSH-PX 1 MDA HB5M (x 5,0 =12)
Table 4  Effect of different concentrations of TFHL on SOD,T-AOC,GSH-PX and MDA in serum of diabetic mice(; +s,n=12)

215 SOD T-AOC GSH-PX MDA
Group (U/mL) (U/mL) (U/mL) (nmol/mL)
Con 7.37£0.427 " 0.94 +£0.01 25.01 £0.47* " 0.65+0.01""

DMSO 4.52+0.17 0.93 +0.01 3.57+0.17 6.61 +0.01
Mod 4.53+£0.22 0.93 £0.01 3.93+£0.17 6.63 +0.01
Pos 13.18 £0.95* " 0.98 £0.01 "~ 10.90 +0.17 " * 1.42£0.01" "
TFHL-H 7.57£0.59* " 1.09 +0.01 "~ 9.65+0.54" " 2.59+0.01""
TFHL-M 7.68 £0.34 " " 1.07 £0.01" 9.11 £0.54* 3.19+0.02" "
TFHL-L 6.23£0.20" " 1.00 £0.01 "~ 8.58+0.31" " 3.20+0.01 "

2.4 EMEEX STZ % 5894 K % /N BB AT AE

SOD.T-AOC .GSH-PX #0 MDA K240

HIZ S AL, /N BRFFRE Ff, DMSO #5803 iE 4 1
JKAETLXT B AL SOD il 7% 1 {25 % T 4% 35 I 52 46 241

(P<0.01); & BEASEH4H T-AOC F1 GSH-PX fif 15

PEN R 2 5 T DMSO 525105 BEZH F1 K AR 3 %) i 20

(P <0.05) 1M MDA & 1) i3 = 45 B R 52 50 41
x5 AREKE LM EEXHERR/NRIFAEH SOD.T-AOC,GSH-PX F1 MDA B0 (x +5,n =12)
Table 5  Effect of different concentrations of TFHL on SOD,T-AOC,GSH-PX and MDA in the liver of diabetic mice(; +s5,n=12)

(P <0.01) o LA i B IR mT 52 o 8 R /0 BT A
T-AOC GSH-PX L)} SOD A 1, F4fik MDA 54,

20 51 SOD T-AOC GSH-PX MDA

Group (U/mg. prot) (U/mg. prot) (U/mg. prot) (nmol/mg. prot)
Con 4.17 £0.08 " * 0.44 £0.01 36.09 £0.47 " " 0.13+0.01 "
DMSO 2.35+0.11 0.45 £0.01 10.54 £0.36 1.27 £0.06
Mod 2.40 £0.14 0.45 +0.01 10.36 +0.18 1.28 £0.06
Pos 6.23+0.02" " 0.53+0.01" 31.98 £0.47" 0.31+0.04" "
TFHL-H 3.24 £0.11" " 0.73+0.01 "~ 24.83 +£0.47" " 0.52+0.01 "~
TFHL-M 3.18+0.14" " 0.71 £0.01 "~ 24.30+0.18 * * 0.66 +0.02 "~
TFHL-L 2.96 +0.05 "~ 0.58 +0.01 " 21.62+0.47"" 0.64+0.01" "

2.5 WM EERR STZ B SRR /N RIE R R
SUEREMNRIEE

FH L 2.3 AT, /N BRI rf 45 B S 35 28 SOD-
1.S0D-2  GPX-1 ,GPX-4 FEH (1) 373k S 40 0 2 1

Ml 25 R

Horp 2% B SE 50 2 GPX-4 BE N A it 5 PHAEXT R

AL 2R AR (P >0.05) o BRI/ ZE LI

T DMSO FERIR] R ZH FK AR B0 B2 (P <0.01) ,

e 5 »
=3 wn =3

SOD- 13RI ik i

o
wn

=

SOD-22E[H #ik

Relative expression of SOD-/ mRNA

& & ¢
0\}é

1D

Relative expression of SOD-2mRNA

M- EHEE 4 S iR SOD-1.S0D-2 .GPX-1 %
GPX-4 UMM K A 2h B A R 5 e Tt

B2 RERE LR SR ERRENR SOD-1 EE (A)F1 S0D-2 EE (B) RIEHHM (v 5,0 =12)
Fig. 2 Effect of different concentrations of TFHL on SOD-1 gene (A) and SOD-2 (B) gene expression in diabetic mice(; +s,n=12)
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=

Relative expression of GPX-1 mRNA

&
=

=]

GPX- MR ik it
=3

GPX-43EH ik it
Relative expression of GPX-4 mRNA
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»

Q> P
LW F TS
S & &8

[

=]

54
n

=
=]

$ o & O
P e Q
Qé ¥ &

RN
NG f NG
D «“Q‘V &

B3 REWREWLER SR ERRNR CPX-1 B E (A)f1 CPX4 B E (B) RIEHIM (x £5,n=12)
Fig. 3 Effect of different concentrations of TFHL on GPX-1 gene (A) and GPX-4 gene (B)

expression in diabetic mice(x £s,n=12)

3 WitR&ER

IR 2 B 4 40 ML 20 20 2% B B Y RE ROk
PR IR R B R % X LA RS B 4N )
fig BEIR DR B AT R4 . Huang 251 B 57 %
BT, o R e R B AR 1 O PR /DN B I
FIRBIFE R B B R AL R B PR TR AT B
YER o ARERZE R 07, LS it 2 ) AT [ AEOE JR a
ZIN B TR Ve B8 O T30 5 A e W O RIS ), 5 B SR F 50
ZEIAR SR, BRI KRR — R R
LA ] FRORE PR AL R . A R R,
LA P2 A T 38 00 /0 BB P TR 02 3R i, R AT IR
6/ IN BB JEE | 35X 55 Zeng 217 fF 5 S o 2 il
03 AR PR /) BRORUE 7K OF, st R Y 25
T2, TEAES 25 R IR Ll e 2 I
AR AR B SSCR B e, 3 7T B h ) o L A I 3
i) 2 e S T TR, R 3 IR 55 2R 9% 4 DA 0 T £ 1.
R REEATG i g R0 e LA Pt I 2 S TP 12
SINE JUE B 45 407, (o A L 0 R PR R SR G R, X S
Zhangm] \Lu[lgj%ﬂgﬁﬁ%éﬁ%gﬁo

H RIS s , 5 PR A B 52 2% , HE R Y
FERAILHI A G PR A R R LA LRE T T
P02 Liu 22 BRSBTS SR LA I rp =
B A R A T B F BRI RE s AR AR S5, th
I W, e B LA - v T A S e I i A
R R TSGR TE P, O MDA 25 5B A, AT REAT
LA JUAS D7 T 09 S B, — o il TR B X Ay
BrickasE , MAER N Y F il BE R 5 LA i 2 7 o
MRl R Az R, AR AR e B3R A Hy Bk, AT 2%
1T B RSN 4 2K SO 2 R LA ST A AL
REJIH . & MDA (1% & 5] DL S i it 4k
BTG AN, LA fE 0 A 2 R BU OB A
LUV I e I ] LA £ i J5i ok 44k, I ¥ /T JOE v

MDA & A2 R I n, AT A AL RE ) B 2
ok o IR LA R AR R A 2, 2 B HAE
[ESRFRHERT 2,3 i XX B ¥ 2% 25 M+ J5 H ™
ARG I L 4 7 B R RIAT 0 B A il S5,
i 9 B b AR S AR A, A A0 A A
Fenton [ (Fe’* + H,0,—Fe’* + - OH+ - OH"),
HIR TS Fe’ " RAL A OB, 4545 S TE 4-F -
5-BFEZIN, 454 Fe' T AT R0/ - OH 4 1, B
B G ITTTE , b B i A SR AU AR T o
LA Pt 2 T 482 0 1 AR B /s BSUFF A LT Fh 4
AL TS T, IR MDA 5, (AL PR L g
REHE5R . PUAEAIEIN R IA S PUA LR HT AL
VER B VIAHG o

UHUA A AT AT BRAE T, AL AN
PUEAL R SR E MR , 3 s AR 0 . Mok
AR BOIRAS T HUA BT AR TR AR
JGA: (antioxidant-response element, ARE ) 1%, 3% i, [ )i/
JU4: (electrophilic response element, EpRE ) f{) )l =0 1F
TG 3 TS o ARE 7] A% SR K F 13
PR AR AL A AR BORAS T R RO IE
HAEBEO N A% E2 HHOCH - 2 (nuclear factor
erythroid-2 related factor 2, Nrf2 ) 5 Kelch ¥ 4 &
ke AH ¢ & -1 (epoxy chloropropane kelch sample
related protein-1,Keapl ) #1455 F Hude A, 36 PE B0
i, 7EIZ R AR TR T B, LR RRE A RS T
Nrf2 B i e Yt T AL RS T
INf, BEASHHZS 5 19 Nief2 55 Keapl fif (515, 16 4L 1 A9
Nrf2 i A A0 A% 5 5 /0y Maf 28 1 E 8 3R A4 i
WHIIFESE ARE Jofh, 3 3 F Uik R i 5, LA e
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