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Characterization of the protective effect of safflower yellow on the kidney
in diabetic mice and the mechanisms involved

ZHAO Miaoxin, HU Xiangka, DONG Sumin, MA Yue, LIU Xiaojuan, YANG He, DAI Chunmei”
(Jinzhou Medical University, Jingzhou 121000, China)

[ Abstract]  Objective To study the protective effect of safflower yellow (SY) in mice with diabetic nephropathy
(DN) induced by streptozotocin (STZ). Methods DN was induced by the intraperitoneal injection of STZ (50 mg/kg)
for 5 consecutive days. Thirty-six male C57 BL/6] mice with DN were randomly allocated to a model group, and SY-10 mg/
kg, SY-30 mg/kg, and SY-90 mg/kg groups. The three experimental groups were administered SY once daily for 10 weeks.
Their blood glucose and body mass were monitored, and blood urea nitrogen ( BUN) and serum creatinine ( Scr) were

analyzed. Renal pathology was assessed using hematoxylin and eosin-stained sections. The protein expression levels of PKC,

[EETR 11074 & FEM AR A5 H (LR2019028)
[MEBEE N DRW S, 2o S0 L U4 5T 7 ] h 252534257 . E-mail : 1269079148@ qq.com
[EBEEECESE, @, B #2058 r i) P2y 25 3o R 2 M ot E-mail ; springdaidai@ 163.com



R A PR A 2R A 2021 4 8 4 31 #5255 8 ] Chin J Comp Med, August 2021, Vol. 31,No. 8 77

P-Raf, Raf, P-ERK, ERK were measured using Western blot analysis. The contents of GSH, MDA, and SOD, and the

expression levels of TNF-a, IL-6, and IL-1B were measured using ELISA kits. Results Compared with a control group,

the food and water consumption and blood glucose concentration were higher, and the body mass was lower in the model

group. The body mass, blood glucose, BUN, and Scr were higher in all the treatment groups, but the glomerular

hypertrophy, basement membrane thickening, and vacuolar degeneration of renal tubules were ameliorated. The contents of

SOD and GSH were higher, whereas that of MDA was lower, and the expression levels of proinflammatory factors were lower

in the treatment groups. Finally, the protein expression of PKC, P-Raf, and P-ERK was lower in the SY-30 and SY-90

groups. Conclusions SY may ameliorate inflammation and oxidative stress in DN, which might be mediated via the PKC/

Ras-Raf-MEK-ERK signaling pathway.
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A HEIE H 4L, AL A /N RO R R (P <
0.01) , IMBETF = (P<0.01) . £ SY JAY7 I, A He g
I AR T /N R E T (P<0.05) , I B% T
K%, 2525 10 J8J5 /N B9 B A8 46 38 B B ( P<0. 05)
W1 %2,
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FH G IE 5 4 BRI /N B Ser . BUN KT 5
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Table 1 Effect of SY on body weight in DN mice

415 F (mg/kg) HENEE 2 1A mEhER 4 14 2455 6 4 MY 8 A 255 10 A
Groups Dose For two weeks For four weeks For six weeks For eight weeks For ten weeks
Y
T / 25.67+1. 15 28.22+1.09 29.67+1.50 30.05+1. 61 31.44+1.33
Normal group
i)
B / 17.5£1.00™ 17.67£1.58 ™ 18.00+1. 17 18.39+1.11™ 18.61+1.05™
Model group
SY {IKF 4
il 10 18.33£1.75 19.002. 06 19.39:0. 86" 19.831.37" 20. 28 1. 48"
SY low dose group
SY i 4
_EP”JT‘H 30 18.89+2.19 19. 89+2. 53* 19.94+1.21% 20. 17+1.37%# 21.28+1.20%
SY medium dose group
SY iRl
Fl 90 21.94x1.01% 22.11+1.43% 22.39+1. 05% 22.56+0. 81% 22.56+1.01%

SY high dose group

L HIEWAME, * P<0.01; SHERAM L, *P<0. 05, P<0.01,

Note. Compared with the normal group, ** P<0.01. Compared with the model group, *P<0.05, #* P<0.01.
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&2 SY XF DN /NRUMBEAYFL I (xxs ,mmol/L,n=9)
Table 2 Effect of SY on blood glucose in DN mice

51 4 (mg/kg) 224555 2 JH HE5ER 4 4 B8 6 14 HEhER 8 14 L3 25%5 10 J4
Groups Dose For two weeks For four weeks For six weeks For eight weeks For ten weeks
IEHH

5.02+0. 50 5.86+0.55 6.04+0.78 5.02x0. 42 5.52+0.67
Normal group /
Y
23.47+3.21™ 23.74£2.54™ 23.73+£2.38* 22.70£1.43* 21.52+1.78*
Model group /
SY L7 &4 10
e B 23.88+2.28 23.21+2.27 23.37+0. 70 22.24+1.35 19. 58+1. 23"
SY low dose group
SY i E 30
_EP”JEE 23.70+2. 13 23.2+1.33 23. 14+0. 88 21.69+1. 04 17.01+1. 46*
SY medium dose group
SY 7l it 4 90
Al 21.52+1.45 23.11+0. 84 23.02+1. 04 20.21+0. 81 15.02+1. 40%

SY high dose group

S IER AL, ™ P<0.01; SR, ™ P<0. 01,

Note. Compared with the normal group, ** P<0.01. Compared with the model group, *P<0. 01.

&3 SY X DN /N Ser F1 BUN B0 (2+5,n=9)
Table 3 Effect of SY on Ser and BUN in DN mice

21 51 5 (mg/kg) Ser BUN
Groups Dose ( pmol/L) ('mmol/L)
Y

(EAAL / 8312213  10.43%2.42
Normal group

eIl

st / 25.2+3.88™ 31.39£2.00™
Model group
SY Y

Il 10 21.96+2. 427 27.79+3. 08"

SY low dose group

SY A4

.EP“JE il 30 18.20+1. 63%  21.99+3. 04*

SY medium dose group

SY =&

R 90 16. 48+2. 18™ 18. 11£2. 20"

SY high dose group

IR ML, ™ P<0.01; S, *P<0. 05,%P<0. 01,
Note. Compared with the normal group, ™ P<0.01. Compared with the
model group, *P<0. 05, #P<0.01.

2.3 SY X DN /MRBELARSENHNT

IEFA/NE AL RN TR IER, 2507,
UL /INER A K, B /INBR JE IS R DL 3 5 /NS
UL Ay, AEALZE /N BUE AU G, T L
B INERUR A8 I, B /N BRI (GBM ) 34 5L '/
RS WIREARE . 2 SY 16T IS 4 41 B /INER IR
/1N, GBM 38 JELRN 5 /NG A 28 e AR 1A 2R )
PGS, WK1,
2.4 SY Xf DN /7 GSH,SOD MDA 0

HIEH AL, B /N B GSH,SOD 7 &
TR (P<0.01) ;MDA EF+(P<0.01), SHEHIZHHH
e, s IRy 4L/ B GSHSOD 5 #: 7+ (P<
0.05) ; 5ZAHI 228 SY 1RI7 5 45 4 MDA 19+
B R (P<0.01), W34,
2.5 SY %t DN /MR R E B FRiERI =20

SIEH A, BRI /N E TNF-o IL-18 F1 IL-
6 MFRIETHE (P<0.01) . SRV, #6974
/N TNF-a IL-18 Fll TL-6 18 3 35 B2 75 AR itk

IEHA HRRA

Normal group

SYfi&H E4H
SY low dose group

SY R4
SY high dose group
1 SY 4 DN NEUBF LU 4% M3 (HE e (3)
Figure 1 Effect of SY on renal histomorphology in
DN mice( HE staining)

FE(P<0.01), WS,

2.6 SYXIDN/MREHELHEXEARIENZNMT
AH T IE 4, AR A /N BB 41 40 PKC-B L P-

Raf \P-ERK MIZA I F 55 (P<0.05) . AH L T#im

4, AN BUE L2 B PKC-B  P-Raf (13

IKBITR R (P<0.05), w7 & 21/ BV 40 2 p-

ERK %35 Ff&(P<0.01), WK 2 5£6,
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*& 4 SY X DN /ML GSH .SOD MDA 520 (x+s,n=3)
Table 4 Effect of SY on GSH . SOD MDA in DN mice

2 5] Groups 548 ( mg/kg) Dose MDA ( mmol/g) GSH( mmol/g) SOD( U/mg)
1441 Normal group - 1.100. 07 10. 58+2.79 32.43+3. 86
HEAIZH Model group - 6.0020. 74 4.88+0.93 ** 8.45+1.35™
SY EFIHE4L SY low dose group 10 3.720. 56* 6.84x1. 42 18. 66=7. 83
SY Pl 4l SY medium dose group 30 2.25+0. 46" 7.25x1. 68" 24.80+7. 79
SY Al 4L SY high dose group 90 0. 670. 30% 8.4122. 17 28.016. 10%

I SRR AL, ™ P<0.01; SHEALIALL, " P<0.05,%P<0. 01,
Note. Compared with the normal group, ** P<0.01. Compared with the model group, *P<0. 05, #P<0.01.

£5 SY X DN /N TNF-o \IL-6 IL-1B HYSENH (%+s,n=3)
Table 5 Effect of SY on TNF-a  IL-6 IL-1B in DN mice

251 Groups Fil42 (mg/kg) Dose IL-1B (pg/mL) IL-6( pg/mL) TNF-a( pg/mL)
1E % 21 Normal group / 49.43+28.32 59.59+7. 39 37.33%5.91
FERIZH Model group / 135.94227. 95 ™ 112. 10£7.56 ™ 71.30+4. 08 **

SY R4 SY low dose group 10 70. 60+15. 72% 77.00£16. 73% 60.27+10. 12*
SY Hi5 4 SY medium dose group 30 55.79+19. 06" 63.93+9. 78* 59.77+1. 14*
SY B4 SY high dose group 90 50. 84£17. 71* 62. 04+3. 68" 45.03+3. 78"

T S IER AL, ™ P<0.01; SR, " P<0. 05,7 P<0. 01,
Note. Compared with the normal group, ** P<0.01. Compared with the model group *P<0.05, *P<0.0l.

#£ 6 SY X DN /M P-ERK .ERK ,P-Raf Raf \PKC % A X0 (x+s,n=3)
Table 6 Effect of SY on PKC-B,ERK P-ERK  Raf ,P-Raf proteins expression in DN mice

2153 Groups P-ERK/B-actin ERK/B-actin P-Raf/B-actin Raf/B-actin PKC/B-actin
IEH#4H
1. 51+0. 50 1.69+1. 02 0.77+0. 33 1.57+0.20 0. 66+0. 15
Normal group
A 20
& 2.46+0.69" 1.59+1.34 2.17+0.64 ™ 1.49+0. 20 1.35£0.41 ™
Model group
SY fIkF 2
R 2.08+0. 53 1.57+1.29 1.85+0.23 1.36+0.22 1.07+0. 16
SY low dose group
SY A
. 1.63+0.28 1.62+1.38 1. 53+0. 37* 1.31+0. 17 0. 72£0. 94**
SY medium dose group
SY = 7k 20
o 1.39+0. 41* 1.97+1.96 1.01x0. 81* 1.53+0. 11 0. 52+0. 22

SY high dose group

TE: SIEFAMLL, * P<0.05, ™ P<0.01; 5B, *P<0.05,%P<0.01,
Note. Compared with the normal group, * P<0.05, ** P<0.01. Compared with the model group, *P<0. 05, *P<0.01.

Control Model SY-L SY-M SY-H

PKC-p | e — | 77%103 3 -irTJ-i/L’\.
P-Raf | R —"‘l 74x10° B PRI 5 5 2 M PR e B ) R B I R RE 2 —,
FEE BN E B A A T, R AL B 2y,
Raf | | 7410 R GAE S N AT AR N B DN itk e it 5 R
P-ERK | I —— - | 42x10° BRI e E (SY) R N AR B

EHRROE , NERIHA | e & Tk,
ELE ol BH 11 DR B 1 K R AR A R
i42x103 B, SY BEXG IIHE BRI B 9 /)N B A S 400 o) R ot
FhiEs, ELAT AR i (LT IR 3R AUK T 5 76 980 R A
FEACRLIE T, B A 2 2 R A B /NS 25 W e AR
B ANERAE A |55 /DBl 3 o I 8 5 g B e A
It HE Qe igz 3], 2 SY 16J7)5 , DN /MR B /N
WA AR B /INERIE R B B /N B P A 5 5
PEAR A B G | PR HEAA Wes B I RERIAE ] .

ERK |— - — ‘142“0"

B-actin

2 SY %f DN /MR PKC-B ERK |
P-ERK Raf ,P-Raf 2 [ %5 HIF I (xts)
Figure 2 Effect of SY on PKC-B . ERK

P-ERK  Raf \P-Raf proteins expression in DN mice
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