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Expression of Notch pathway in diabetic nephropathy rats and intervention effect
of Chinese materia medica for dispersing blood stasis and dredging collateral

LIU Li-fei!, LI Ya-chun!, GUO Fang!, CHEN Zhi-qiang'>
1. Hebei Medical University, Shijiazhuang 050017, China
2. Hebei Provincial Hospital of Traditional Chinese Medicine, Shijiazhuang 050017, China

Abstract: Objective To investigate the expression of Notch pathway in the kidney of diabetic nephropathy (DN) rats and the
intervention effect of Chinese materia medica (CMM) for dispersing blood stasis and dredging collateral. Methods Sixty male
Sprague-Dawley rats, in which ten rats were randomly selected as control group (n = 10), and the other rats were fed with high glucose
and high fat diet combined with low-dose streptozotocin (STZ) ip injection as DN models. The model rats were randomly divided into
model group, irbesartan group, and Huayu Tongluo Granles (HTG) group. The rats in each group were ig administered with
corresponding drugs. At the end of the 16 weeks, the 24 h urinary protein was detected. The expression of Notchl, Jaggedl, and Hey1
mRNA and protein in renal tissue was detected by real-time PCR, and immunohistochemical staining and western blotting assay,
respectively. Results Compared with the control group, 24 h urinary protein, the mRNA and protein expression of Notch1, Jaggedl,
and Hey1 in model group was significantly increased (P < 0.01). Compared with the model group, 24 h urinary protein and Notchl1,
Jaggedl, Heyl mRNA, and protein expression of HTG group and irbesartan group was significantly decreased (P < 0.01). Conclusion
CMM for dispersing blood stasis and dredging collateral can reduce 24 h urinary protein in DN rats and inhibit the high expression of
Notchl, Jaggedl, and Hey! in the kidney tissue of DN rats, which may be one of the main ways to reduce proteinuria excretion.
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MRS M E A 25 R i, B
SHALYE T, BOR W /NERGEIE R, B 280 a1 JRE 4.
TEANFI) DN BRI H, FHIK Notch i@ %35 m BH 5 2
B NERAA U0 R R TSI TR UE S AR
28 rh 2 Re g gk /b R 4L FLAE nephrin. podocin.
CD2AP M ER, IRTVEAM, 18 AR
TEEIEAD |, ASLISRA SD KE DN A, &
LB WE & A7 AE Noteh TR 1) 7% KIE,  LLEALIHE
1 2% P 24556 Noteh 38 8 1154 A, BAHIESE Noteh
T R SR 2% b 25 DR R AT e R
TEHEE R —

1 ##
1.1 =11

TEREGENE SD KRR 60 K, A& (100+£20) g,
W T ACBERLR sk ge s O, s YE e S
SCXK (3) 2013-1-003.,
1.2 754

HePpsiB L% 2T T ik : F15 (1.8 /4%, HH
TIRAREA & 10 g, #iE5 6030601). )17 (1.3
g8, METIRKMER A& 6g, L5 6030531).
KigE (1.5 g4, MU TIRRERTAE 3 g #it5
504441T). 486 (1.0 g/4%, MM TIRKRERK A &
3 g, #it%55094671). Huip (1.0 g/48, AT IRAK
fEFRAE 10 g, #15 5112591), ¥y A —J7#
A PR A =] E .
1.3 i

HEMRVEWE &R (STZ, #5 07171414, Alexis 2
7]); TRIzol Reagent (Life technologies /A ] ); Fast
Quant cDNA 5 —% & il 7 & (36 5 Tiangen 2 75
Platinum SYBR Green qPCR Super Mix-UDG (3£ [H
Invitrogen A ®); 514 (ERATAEYTIEAFD;
% e EPUAR Notchl. 2 wfEHifA Heyl (Gene
Tex A A raFEPLIA Jaggedl (Abcam A F]);
1.4 X2

NanoDrop2000C %% 4b 73 6 ot £ it (3%
Thermo Scientific A @) ); BX63+DP72 1 &t A%
EEE (HA Olympus #RX2s4E); Eco L E &
PCR 1X (3£ Ilumina A& ); Odyssey ZLA7MNHOET
#i1% (£HE LI-COR A7)
2 &
2.1 RBFE. ARG

60 HOKERUEMPEMESE 1 &, BEHLE 10 HAEN
XTIRZE, HoAr 50 ORGSR TR SR &

/INFfIE ip STZ S il DN AU, =b s iV o 6 J
JE KR AR K 12 h, 4% 35 mg/kg — kM ip 1%
STZ ¥, 72 hJG REFIKCR MM b, i =16.7
mmol/L NIRRT . s R 3 HORRBET:, S
WK M <16.7 mmol/L, T LA . 514 KR
BEHL A NARRLAL . JE LVb IR fhPsiE L b 251 5
WORLFIZ (DL R TR s@ s ), 4 14 Ko
KRG J5 RIE TARRN 29901, ARTE 24
YR I PRASE FH 72 S N5 K R R I A T 5K
B2 ig thZim I, JE DV HA S 7)o ILYb e
13.5 mg/kg, AIIEL LS T4 5718 2% o 245 Bd 77 3
i (3215 -Hp-/Kig-408 15012110 ¢
6 6VRE) 4.41 g/kg, XFIRLL AR KT LAAH
MARRRRI ALK, BEHSH 1 IR, ELSL25 16 .
2.2 MBIBFRINE
221 KERAETHEOL WS SLIE A A K R BB T
1H .
222 K24 hJREAEERN  T42516 AR,
BB SHR R 24 h JRI, 3 500 t/min &
> 10 min, ELISA ARSI R & AR FE
2.2.3 Real-time PCR JERINK B 2H 4 Notchl .
Jaggedl.Heyl mRNA #Jix TRIzol Reagent i£$HEHL
KB B2 & RNA, #% FastQuant cDNA 55 —5 5
RO SRR, B RNA 58 cDNA. H Primer
5.0 BB SR B-actin _E3F 5°-ACCCGCG-
AGTACAACCTTCT-3>, Fiff 5’-TTCAGGGTCAG-
GATGCCTCT-3; Notchl k% 5°-CTGTCCCGTGT-
CAAGCTGAT-3’, Fiff 5-CCATCCTGGGTTGTG-
CTCTT-3’; Jeggedl b7 5>-TTTCGACAAGCTGGC-
TTCCA-3’, Fiif: 5°-CCGGGCACATTCACTGGTTT-3";
Heyl Lii# 5-TGGTGCTCAGCCTCCAAACT-3’, F
it 5°-AATCTCTGTCCCCCAAGGTCTA-3’. PCR X
MiA& 24 SYBR Green gPCR SuperMix 5 puL, DEPC
K2uL, b FHE5I4H cDNA %& 1 uL, SAFEAR
3IANESL. FHEKMHARE (50 'C, 2min). AR
P (95 'C, 10 min), fEIRZKAFAAEME (95 C, 10
s). IBKAIZEM (60 C, 305s), Ft40 MEF, &
PR CefH, FEHRA R 22O R IA &
224 RPBEH L EER IR R E 4141 Notchl
Heyl FHAMRE KREALUEMAECHE, U
J,60 CHE I ) il 2K, = R AEE 3 min,
HARR IR =, EERWIRES SR, R
INFSEEH—$HT (Notchl 1 :300. Heyl 1:50). #i
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RAEDZE P, HRP ARicHFERRIER, BB 0
% DAB RFEREE, YERE . BHIESS R EER
WA, B R X400 fEHCKIIIR, HdE R
Image-ProPlus version 6.0 EUZAL B 431 . BE5K 1)
FHC10 ANMREFEATIN G, JEHCH P IX sk, W
ZXIRRIRIEE (4 {H, FEA G E X IR
TR (S), LLA/S KFRIZERAMKEE.
2.2.5 Western blotting Al K BB 2H 2 Notch1 11
Jaggedl FEHAMIKIA RIPA RRIEHIE & FiE
F, % BCA EHEEIENEEAWRE. 5X L%
MR E AR, TesH 100 CAEPE S min,
LA 100 ug/fL, 4 °C. 100V HLGKk 2h, FEE 1
h &, SRR AR = AR IKE ) 1 h, TBST
FisFef)—$i (Notchl 1 : 500, Jaggedl 1 : 300) 4 C
TR E 15 ho e, BRI AR 2 6 =Pl -
8 000), 37 CHRNEILIFHE 1.5 h JGUli. AN
JEROAIE . i A KA, LLH RIS
B-actin KA AR R EHNRILE,
2.3 GEHAE

Hdfi >R F SPSS 21.0 Gt 3K AT Gt 2E Ak 2,
BT SESR U L X + 5 8o, 7250 KRR R %
W, DI ELBER I SNK-g K036, 7 5 AN K Ik
ks, #H0E EE A Mann-Whiteney 2.
3 %
31 FBHEKRIETHER

T 16 W, BAHKRIET: 6 K. JLIlybiH

HIET: 4 H fhpsmsgsHstT: 3 H
3.2 WHRNBE AT AR 24 h [REBEENFN
mE 1R, SRALE, BRI R 24 h
JREATEREEMNEZ (P<0.01). SHEMY LI,
JEUIYbHHA B KR 24 h JREACEEE
R (P<0.01). HJEUVbIHA R, fhptimssd
24h JREAEERZERD (P<0.0D).
33 RNBEH AT KR B2H4E Notchl. Jaggedl
#1 Heyl mRNA FiAHI5200
N 2 fior, SR, R4 KR B4l
27 Notchl. Jaggedl. Heyl mRNA FKik/K V15 E
ZTm (P<0.01). SRR, JEvHEA,
FR B 45 4H K B Notchl. Jaggedl. Heyl mRNA 3
EACFE R E R (P<0.01). JE LV HEA 557
KR 3 FEE mRNA RiEKTFLREREESR.

#1 UWRBEPHNKR 24 h [REAEEMNHM (X£s5)
Table 1 Effect of HTG on 24 h UTP of rats (x £+ s5)

4B n FlRgkg!) 24h JREE /Mg
IR 10 - 4134094
He 8 — 29.07+5.51"
@ 11 44100 18.12:4£2.63"4"
JEIbE 10 0.0135 224242777

S AL P<0.01; SHEALE: “P<0.01; 5EN
WA #P<0.01, FF
**P <0.01 vs control group; ““P < 0.01 vs model group; #P < 0.01 vs

irbesartan group, same as below

F=2 WRBRKDEN AR S4HL Notchl, Jaggedl. Heyl mRNA FRIEAMF (X +s)
Table 2 Effect of HTG on Notchl, Jaggedl, and Heyl mRNA expression of rat renal tissue (X £5)

" mRNA X ik &
45 n FIE(gkg™)
Notchl Jeggedl Heyl
Xt He 10 — 1.0440.15 1.0140.17 1.0440.08
TR 8 — 1.49+0.22" 1.64+0.15" 1.75+0.12"
AL 2% 11 4.4100 1.1940.17"4* 1.25+0.254 1.40+0.19"4
JB L ybiA 10 0.013 5 1.254+0.16"" 1.30+£0.154* 1.44+0.182

34 HRNBEP AT AR BLHLR Notchl. Jaggedl
1 Heyl ERFIARIFN

T LS FEIR, WRRAKRE A4 Heyl
| AU RIE T2 5 /MR B /VE; Notchl A
TR B /NR, /NS BRI D eRaRIA . BRI
KR 44 Notch1 AT Heyl 85 FA7E B /NER B /N 1)
ARIE, B RAHENE ., SERALE, Ll
A AFGEL LK Notchl Al Heyl & [k &1

B, HAZREA, SR 1 AR 3.
Western blotting 25 3 27~, 534K,

P 2H K B 41 24 Notchl Fl Jeggedl & H IR IA
BEHEEMEZ (P<0.01). SHERALE, BN
YOI | Ak 4 2H K BREZH 23 Notehl #l Jeggedl
EHMREEYEER D (P<0.0D). 5L
AL, WHE%H 2 FIERAMRIAELRE
Z5r, RN 2 FIEK 3.
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Fig. 1 Effect of HTG on Notchl and Hey1 protein expression of rat renal tissue (immunohistochemical staining)

=3 WRBREDHN AR SLHL Notchl. Heyl 1 Jaggedl EAFRIENZM (X+s)
Table 3 Effect of HTG on Notchl, Heyl, and Jagged1 protein expression of rat renal tissue (x s )

AR REE GREHNE)

B X FRILE (Western blotting )

A n ke ) Notchl Heyl Notchl Jeggedl
ot g 10 — 0.072 4+0.028 9 0.077 7£0.029 8 0.040 5+0.016 8 0.046 5+0.026 2
A 8 — 0.291 1£0.045 8"  0.3626+0.0463"  0.160 0+0.024 7 0.364 80.042 3"
fepciEs 11 44100  0.1323%£0.018 77** 0.171 5£0.017 3***> 0.080 6+0.021 0™**  0.097 6+0.025 5**
JeiybiE 10 0.0135  0.1347£0.021 0™** 0.180 60.020 9**** 0.076 3+0.024 9>  0.092 8+0.026 0"

4 g

DN fEHEEZHE T KM JRIBEEIENE, Jifr
TEENE, BRI 0 A KRR, HRMH Rt
BIIRER HE “ JORANZE " “HIR RS, AN
%7, BUCASMKARFEEHHEE, BEIRKE Nk
BN AEMER, T, I H R R R
25T %, GEURIMHSIY, P50y Sk in
ARG T WE PRI e HEARERITETT s S DA e 10141
MEEIR 2 1R DN, W\ 2% SRR A2 B PRI 1
B AL I KI5, AR K I T DN
Hoh B BELE HRUE e VR B Eom Al 4 2
Jei > WYY 2B A i, PR A s i PHZ%H40E >y DN
I — AT, B RSl &R ILR. HE AT
BV XA R I8 2% T 25 T DN IR N R Rl 5T I
AZ W, BT ARSI R T il 24
T-1it DN ) R FZERRBE 7T, UE S0 24 24 m) LA
F] DN KBV IEE R- L B KR (RAS) R4
BoE, O RMBAHCE AN ER, RPTE/NERE
Ff BRRE, DA/ 8% o R80T, AR st i BN AL S Sl 4%
HZ5% DN K EREHAT 100, B 75 52 0] 15 s If
BHZSAIE A F B HEHL

Notchl o

Jeggedl

B-actin

X HE Y

B2 BT KR EEL Notchl F Jaggedl =R
FIXRIFNG (Western blotting)

Fig. 2 Effect of HTG on Notchl and Jaggedl protein

expression of rat renal tissue (Western blotting)

H 1 E IR R AN S 2 AR R 2 2
ZRE. BE AR5 Wnt 3B, Notch i
BGEIT, R (DS, B K TP
(TGF-B) /FEMEH (BMP-7) & [1HRIE K
ARG B2 R Z A E VIR RikiE™),
Notch B IfFE B R /N R 2 J8 J5 B R & A4 2 4 i 1
R R AT VR B /N ERBEALRE . Waters 28121k
LFE SO 1) Notch 15 58 % 5 2502 40 i 73 L
i, JEYHHE R T, Wtl. Nphsl. Nphs2 &%
IS, Pax2 EARIEEMEN; O LREAm 2
Y I I B A s /IR IE R R A 1 5 ]
LR R - DN Y Notch 3875 )5 5 S0 K Hsk 17 1)

i el
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SHRIS, 5T AR & E R R AP,
AHEFUEL Noteh 1% 2 1525 T STZ #5531 DN K
BURFERTIE R, DL S A I8 28 Hh 2456 120688 5 D T
RGP AT E AT IR

SEIGEE R RN, BRRYZH KRR H I B 21 DN i
P55 M KRB B H R, Notch JEESSE DN KRB
AEEERIA, R %BERNEIESS 7 DN K
BURFER LR . @I RHZIE 1 Notehl . Jaggedl
Hey1 F R S 2 7K IAar il , & 3 AR5 4 vh 2456
ZIE S S A B A RS E A . AR R
S 7 -85 B Ak % 8 4% 24 1T LLYg /b A2 4T K
R BB A O EE F I 22k, DAORIP R 4E . b iR
1 PR o 488 LG HE WU A 5530 2% vh 245 411] Notch 3@ 2% /£ DN
KRB ERIE, X AR IR B g0, b
EARMEERGZ —

SE R
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