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B E: BN HiHNSENOEERY ST H 2,2°- 3 B K57 68 [2,2 -azobis  (2-methylpropionamidine)
dihydrochloride, AAPH, 1 mmol/L]iZ5 3£k i) LLC-PK 1 1% 5 it/ V& b B ML RSB R SUR B ¥
LLC-PK1 Zffa 5 ANl B BRI (10~100 pg/mL)AIE5 2% LRI GO CXTEE)IETR 24 b, FRIEHE T
S AAPH 1R DURRA B A /R 55 55 (Dulbecco’s modified eagle medium, DMEM)FRAKLEEEFE 4 h L7 40 3Z
AR i g PO FE S R 5 (tetramethy] azazole blue, MTT)iEAGINANIOATE SR, A E 2 /R G4 Hrik Al
2’ 7- R A EE W ZEREN(2’, 7’ -dihydrodichlorofluorescein yellow diacetate, DCFH-DA) R 57 A 43 710 5 4
JifL N P % (malondialdehyde, MDA & & 76 PE 5 (reactive oxygen species, ROS)/K¥; IbAF, 4 KRR E
FNGEAL T A dEid A AL S (catalase, CAT) . # & ALY fL i (superoxide dismutase, SOD). &bt H kit & ALY
fifi(glutathione peroxidase, GSH-Px). #Mt H Kk S-#%#5 /i (glutathione S-transferase, GST). y-A&EBEF AR S
H i (p-glutamylcysteine synthetase, y-GCS)TE N i ZF Pt E AL FEE PE LKA B H K (glutathione, GSH)FI¥RJE .
R %4l CXTEE FWALMUS AR S /G2, I A A RS ROS /KF-5 MDA A it i # 6%
%o TR, ZARIB IR BERY 5 sZ BN M P AP AL S V(U0 CAT . SOD . GSH-Px Al GST), H-fieitt y-GCS i1k
Jetffs GSH ik, HE—PYSE8 iR CXTEE il L E R4 LLC-PK1 4f/fih SOD. GSH-Px I CAT )
mRNA TRV G018 )55 CEER U P R i s b AR B S T LB i R Ge >k 8/ MDA il ROS /K-,
MM AAPH Xt LLC-PK 1 4 M il (9 S AL R S8 35 o AR SR ] o 15 2% il — 20 1 L R 4R R
REIA: JIEK; AL, P fk; LLC-PKI 41 mRNA %Kik
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ABSTRACT: Objective To investigate the protective effects of ethanol extract of Chuangxiong tea on the
2,2’-azobis(2-methylpropionamidine) dihydrochloride (AAPH) (I mmol/L) on oxidative stress injury of proximal
renal tubule epithelial cells of pigs. Methods LLC-PK1 cells were co-cultured with ethanol extract of Chuanxiong
tea (labeled CXTEE) with different mass concentrations ranging from 10 to 100 pg/mL for 24 h, and then placed in
Dulbecco’s modified eagle medium (DMEM) containing AAPH for 4 h to establish the cell damage model. The cell
survival rate was measured by tetramethyl azazole blue (MTT) method. The content of malondialdehyde (MDA) and
the level of total reactive oxygen species (ROS) were determined by thiobarbituric acid colorimetry and
2’,7’-dihydrodichlorofluorescein yellow diacetate (DCFH-DA) probe technique, respectively. In addition, the activity
of several antioxidant enzymes, including catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase
(GSH-Px), glutathione S-transferase (GST), y-glutamylcysteine synthetase (y-GCs), and the concentration of
glutathione (GSH), were also evaluated using specific kits. Results The results showed that the cells pretreated with
CXTEE showed a higher survival rate, and the total ROS level and MDA production in the cells were significantly
reduced. At the same time, the extract also enhanced the activity of antioxidant enzymes (such as CAT, SOD,
GSH-Px and GST) in the damaged cells, promoted the activity of y-GCS and increased the content of GSH. Further
experiments showed that CXTEE could also up-regulate the mRNA expression levels of SOD, GSH-Px and CAT in
oxidative damage LLC-PK1 cells. Conclusion The ethanol extract of Chuangxiong tea may reduce the levels of
MDA and ROS by strengthening the antioxidant defense system of cells, thus alleviating the oxidative stress damage

caused by AAPH to LLC-PK1 cells. This study can provide a basis for further application and development of

Chuangxiong tea.
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1.1 #R5RF

NEZREEREP R A R AD); LLC-PK1 A I
NG b R MR (B R AE R A FRA ]

AAPH ., YH LS ME (tetramethyl azazole blue, MTT),
2°,7- A I WL R (2°, 7 -dihydrodichlorofluorescein
yellow diacetate, DCFH-DA) , F i 55 25 WU (35 1= BR v A= Bt
2200w, AR DUBL R A% R 85 95 3 (Dulbecco’s modified
eagle medium, DMEM) . G4 1fil#& . Trizol. OligodT18. #%
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W ¥ PR i (ribonuclease, RNase) . i 4% B % 1 = W /R
(deoxyribonucleoside triphosphate, dNTP). [ IL.J% I 5
(murine leukemia virus, MLV)i¥i 4% S (35 B 28 28 K H/RBE
FARAF; HRIL-X-Z'FFH (carboxy-X-rhodamine, ROX)
£ Yukl . SYBR Premix Ex Taq II(H 74X TAKARA /2 #);
AR (dimethy] sulfoxide, DMSO) . T2 £h 2% v i
(phosphate buffered saline, PBS) . # & 1t ¥ & 1k 1§
(superoxide dismutase, SOD). i % fk &l (catalase, CAT),
Ak E AL ¥ (glutathione peroxidase, GSH-Px), %
e H K S-#: 82 (glutathione S-transferase, GST). y-& 2 Bk
LM &= FR & A (p-glutamylcysteine synthetase, »-GCS), 4%
Joe T ik (glutathione, GSH)IM & 170 & (AL A R I T A H).
1.2 UE5REF

ELx808 BFR{ (3 [H Bio-Tek 23 wl); 3111 & ALHk 4l
55546 . Quant StudioTM 6 Flex PCR {% (35 [E 3£ Bk K /R
FHEHBRAF); AUW120D KF-(&dEk 0.1 mg, HAS Bt
NN
13 WA
1.3.1 MNEFeRIKR

FRZ 100 mg BIRUR TR ZZAEALS 80% (720)
CEES AR R R 1.9 RE, AN TSR
SE ARG R, B S A A 8 o AR R AR 4, b
WEE 3 W, KA BEERIMIER A, XA IR g
WEAT 3600 r/min, FFLE 15 min BYEOARTE, EERTTIEY
JE PR FIEWR . Z 5, TE 50 °CTF F Y e i 28 & AR He
4 W, AN SRR LRI GEE CXTEE),
CXTEE #{## T DMSO 1, BLifil BT it ¥ 4 20 mg/mL
FRIAEVTR, FFAE-80 SCA M T IRA7 %5 -

132 @R AS A

TESH 10%6 4 MM 1%7 585 2 WPER L
DMEM }; 7 Hth, LLC-PK1 B T 37 °C. 5% CO, i
BEFAE N TSR, MR 2 d BRI S5
TERRR, RS AR L REL 1 10* AN 2x10° A4 (1 50 4331
AR 96 FLMR5 6 fLAR b BT [ I FRIE IR 1 mmol/L
AAPH HAkZLE3E 4 h 90, ML el
Jei, MBS B O AR PR A REFL 1 10* N, A
FL 100 pL AEREFD 2B 96 FLAR, 68 FH AN [) o e vk
(S92 10, 50 F1 100 pg/mL)f CXTEE &3 24 h J5 47
Ja S5 . AN, R AR ] T R it AL B A IE R
LLC-PK 1 2 g Ul £ Ay % A1)

133 MTT %l & 2 oL 75 7% &

B, B LLC-PKI1 2% I8 S HTaf o i 432l 4 ik
AL, FEAEEE T ORI 24 h NFpELEE SR, 25, ZBRIRA
Ry EE R, ML AL EWRE R 0.5 mg/mL 1
MTT % (R F R 100 pL), F4kZe55% 4 ho s 2P 3R A,

W B WS, LN G DMSO(RIFE N 100 pL)IE7E#EE
ZAF T HESE 30 mino i), AT AL 490 nm A O EE(E,
It A (DA 0 A7 g =R

AN EATIE /% = OD prpwsman/OD s x 100% (@8]
1.3.4  fafe i =B A w2 6 m g

S A B TR IR, SR B B bR ik
SIS 4H i N P9 % (malondialdehyde, MDA )R A= i ™
%, A MR 4ad % PBS MIVESAL B, BE)S, FIH
2 ) TS S A A, R A T Ve 1 A SR
HoE AR R . FE S mL APV N, KA
500 pL FIZNAELH EIEWA 400 L 1 15% =H2ZR5
0.67%Hi A8 B b Z R 4 i IR A I8 W, R IRS) G & T
95 cC/KIE A 20 min. FEFESARHI BRI, PR
fn 3 mL BB T EE MR, B)E I ILE 532 nm ¥
KA. esh, it Bio-Rad # PG &2
S SR &E, KA Q) EE MDA FHE

MDA A:iiiE/(ng/mg prot)=MDA & #f/(ng/mL)x1.5 mL/
MBS R/mg )
1.3.5 #mAei ROS & 2oy &

A% 1.3.2 AT AR 6 FLATMIRE FRAR N 1Y
M)E, INAEH 20 umol/L DCFH-DA #J DMEM }; 354,
FEFE 37 °C T HEFE 20 mim. ZJ5, ¥ PBS S iRiE Vb4
MWK . SRJG, 7E 485 nm Fl 530 nm AP T I E DGR
BE, FHARIEA KRG ROS K-,

FXT ROS 5 12 /%= 2¢ J6 58 T b psw e/ 98 TG 08 P
x100% 3)
1.3.6 Ao AR AMNEENE . GSH KT & y-GCS &t
o A

o, AL 2x10° A AL R T 6 FLIR,
IR 1.3.2 FRRIR M r kAT R, SIS, R
SOD. GSH. CAT. GSH-Px il y-GCS & i 7] &40 ik
A5 o B3RS TR ST BRI . T T 5 SR A R A AT
SEARITRIE,

137 EHRETZTREHSE A BHEARIERL LLC-PKI
an JiL Al R R Ak KR

Fi R Trizol 5 MHRVEFR RS, M REIN 48 M s 4R LS
RNA, FiE AN EREEX a7 T E . bEE,
BAFES PR RNA WRES— I E—SUKF, T4
HEEA, WG RN 2 ug RNA AR EH 1 ul
OligodT18, 1 uL RNase, 1 uL dNTP A% 1 puL MLV %%
SEEEAT 10 pL SxBuffer 1470 R R A B4k =8 b (polymerase
chain reaction, PCRYAS N, 7€ 37 °CF 2 . 120 min, #%H 7
99 °CALHE 4 min J5, fJ5 T 4 °CHERF 3 min LIS cDNA
MA g B o SR FH 2T 9¢ 1 B PCR (quantitative real-time
PCR, qRT-PCR)H: AEAG M4 L CAT. GSH-Px 5 SOD
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HIFIRIKF- o B> qQRT-PCR AR R (EATFH 20 nLyf 5 2 pL
cDNA #itft . 4% 1 uL #BEH 10 umol/L A R34, 10 uL
SYBR Premix Ex Taq II (2x).0.4 uL ROX reference Dye (50x),
AT 5.6 uL KWK ERLEEB R EAE, 1k
VEE T QuantStudioTM 6 Flex PCR {L P HUATY ML T . %
FEFFIREAT: HE 95 °CHIAENE 30 s, SR ATRIRHIEL,
HAP A% 95°C 55,55~59°C 305.95°C 155.60°C 60's, It
PRI ILEL 40 Ko XHEAFEEAY cDNA FEAHETT 3 OFAT
Yo, AR CEIEAS HARSED p R ik /0,
1.4 HIBAIE

FRISCIG ST HETT 3 R, iR EUE LOE BB bR i
2EMTE R AR SPSS 19.0 A TEMR 1Y
iitub¥E, Jfiid Duncan’s #EERH T T 2 LR AHT,
P<0.05 1 Ay I S 2542 2 S AR B o

2 HERE5HH

2.1 CXTEE % LLC-PK1 ZHpft&5E 1Y 820

WE 1 PR, a5 10, 50 F1 100 pg/mL
#) CXTEE fE 78 LLC-PK1 40M)5, 40775 R

90%. SZEGZE RN CXTEE ®HASNME SR LLC-PK1 il
WH R B ENEEEN. LTI, ARk
T 10, 50, 100 pg/mL VER LR EHITIR, UHRA
SRS P . BLAh, SRZANEEIEH B9 LLC-PK1
AL R R A H, M2ut AAPH EIE/ER 4 h 5,
LLC-PK1 #0073 25 N B (P<0.05). 2R, WsksE
FARTRIH BE () CXTEE TiALEE 24 h, WA LAXREL 3 2 40
ML AE IS A it e, FFEX MR S0 k% CXTEE ¥
3G IR R, o B AR R A 2 5 (P<0.05) .

2.2 CXTEE %1% LLC-PK1 #Affish MDA £ &
K ROS 7K #5200

HHEE A Z AL BT HRZ, 7E9E AAPH FEFIS S0
5, LLC-PK1 b i MDA /K-8 242 FH(P<0.05), 1A
JETE 10,50 #1100 pg/mL Fi kY CXTEE T T, %%
AALRIEAR G LLC-PK1 4R MDA KT i 25 [
(P<0.05); JUIH Y A s v B R 100 pg/mL B, MDA
HE R B A S (] 2A) . E4h, AAPH i8530 T LLC-PK1
YA A1 ROS /KRR B F- (HZ 5T 24 h YA R T B
(10.50.100 pg/mL) CXTEE Bidb#i/5, &Iz ROS
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Fig.2 Effects of CXTEE on MDA content (A) and ROS level (B) in LLC-PK1 cells induced by 1 mmol/L AAPH
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KRB kS, IFH 51085 AAPH A3
HERIZH (0 pg/mL CXTEE 2H)AH HL A7 7E 1 3% 25 5 (P<0.05).
HEFEEME, # 100 pg/mL X —x &M E T,
CXTEE £ 3 from il ROS 7 A I EUR (F 2B). H
WA LUE H, CXTEE fERSNIIEZTE, JRa~ xS Ak
BABL G (G I T, S R S A 1 A A5 E 0 T MDA
1 ROS H . 25700

2.3 CXTEE XX=i#i LLC-PK1 #HBER CAT,
SOD. GSH-Px X GST ;EMRIFZ0N

W 1577R, AAPH S AL N U5, LLC-PK1 4 fY
CAT. GSH-Px. SOD Fll GST i E BT H B0 B 1
R BRI, X LRI TR e 52 T R R SR (10, 50,
100 pg/mL)I )& 45 L AR B AL ] 24 h 5, WEREIPTA
FERE A IR S, 5 R Z IR IRB AL PR B A R R 2
(0 ng/mL CXTEE d)fHLt, 225 HA G245 L (P<0.05).
SEHG 4% B R CXTEE % LLC-PK 1 41 it 19475 S AL A B35
BIERFHER, k3R CXTEE HAA @it JE#gui b A
A RS AR BB AR I .

2.4 CXTEE %f LLC-PK1 #HBfish »-GCS EM R
GSH 7K FE 9520

AAPH AbBIURA 30 T 40 p-GCS MITE 1,
T GSH A AL FRE(E 3). SR, FEf# ] CXTEE(JRi

TR EEYEFY 10~100 pg/mL)YEHTE LLC-PK1 4ii i /5,
FALN G AR p-GCS WG P H BE TS, [
IF, AL ARG A LAY GSH &5t B [R] a3 1
M EFFR S . 5R% CXTEE A F4HAH 1L, CXTEE Xf
Z 1 LLC-PK1 4ifig 7 y-GCS EEiE M K GSH /K- 520
BA G2 5 L(P<0.05), LR ER CXTEE A GE4r

ST M GSH AP R H A sl 2 s ER, A
i A B P AR ASR

2.5 CXTEE %t LLC-PK1 {ApaN S 1L Ex B EFRiX
7K B F2 e

SR H qQRT-PCR AR AT M i 25 R E B, 1 mmol/L
AAPH fig# 38 LLC-PK1 #iiJfi 7 SOD, GSH-Px } CAT

X3 G P R PP AL B ) mRNA Rk R (E 4).

SR, 243 CXTEE WidbHH 2 J5, i 46 3% 15t 40 g P A 56 2
R R IR KB WK E . 5AR%4 CXTEE AP (0 pg/mL
CXTEE #)AH 1, 10~100 pg/mL CXTEE R FHRTIT
SOD. GSH-Px Fl CAT 7E5Z 4t LLC-PK1 4 i 1 i 3= ik it
(P<0.05), {5715 H H T 0 40 470 48 Ak R 25 A A T T
fER . #E—25 1 mRNA £k HEIEH CXTEE XHi% b
B B P VE R, 45 A0 SRl 25 57T LUA i CXTEE
i 1 3 T AL VS 13 LLC-PK1 40 = fb 4% 72
CXTEE 1 f /Y EZALH

# 1 CXTEE X AAPH i5S#) LLC-PK1 #iffih CAT, SOD, GSH-Px K& GST jEMHIFIT
Table 1 Effects of CXTEE on the activities of CAT, SOD, GSH-Px and GST in LLC-PKI1 cells induced by AAPH

250 R/ (ug/mL)  CAT i% 1/(U/mg prot)  SOD i #1/(U/mg prot) GSH-Px {if /1/(U/mg prot)  GST i 1/(U/mg prot)
IEEA / 2.02+0.21° 5.52+0.37° 3.66£0.26" 1.0240.12°
0 0.65+0.07° 1.51+0.20° 1.3140.14° 0.33+0.04°
10 0.890.08¢ 2.66+0.26° 1.93+0.16¢ 0.49+0.04¢
CXTEE
50 1.26£0.16° 3.12+0.23° 2.32+0.18° 0.65+0.07°
100 1.63+0.15° 4.33+0.32° 2.89+0.21° 0.83+0.05°
W AR, RS HORRING TR B i #E 25 7(P<0.05).
A a2, B 60 a
= = I
& 1.0 f ] b E 50 bI
g g
= 08 = 4071
=} o C
g g
S 06 | c 230r
o d = d
41 04 Wz 2.0
jan [ (%) €
& 02t S 10t
L
X B2 0 10 50 papilzHaE] 0 10 50 100
AAPH+CXTEE/(ug/mL) AAPH+CXTEE/(pg/mL)
215 215

13 CXTEE % 1 mmol/L AAPH 5540141y LLC-PK1 4l N GSH % (A) K y-GCS i :(B) 5 M
Fig.3 Effects of CXTEE on GSH content (A) and y-GCs activity (B) in LLC-PK1 cells damaged by 1 mmol/L AAPH
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FEAPIRM, ROS 11t A Rk A o & 2 Fh g e
5 KR AL P e N R — . fEN—ZEE A [
RUR, THAEILA Y AAPH fEfE 1 & B b Ak 1 B ),
X L AR Ak [ H 3 R 6 5495 41 P A DG B AR K4y
W DNA. ARG, Aol &gl mror s
7, TE 1 mmol/L AAPH 44 T Z#& )5, LLC-PK1 AR 77
TR N R (R S AN IRV B 1)1 2% 2 B By Ak
P24 h, W5 R ZZ B WAL LA Z A A te, HAg
TERE S A W] 3658 (P<0.05) . IEAb, AP B AR plal 2R
ROS i BEAL A 20 JIE 42 A 2 BEAR Ak, A PN B4 AN FR A
TR 2 HE A, 7 A B I SRR BN, A 74, AT R g
A4 1E 7 A PR U TS R L MDA A g 8 1o S8 A B
PR DL =4y, A BRSPS A B A A 1)
BAEPRUY X2 R0 LLC-PK1 4R &, Fisefdim
N 25 2 BB HEA T T TU0A] LIS 20 4 5 ROS 7K Bz
MDA &, BXATREH P F)I S 25 b s & B s K a b
REMZEBRISL A, HLUEEAR IR, A B R, 44T
T BT AR AT LURS IR FR ROS 5 1R Y 4t AR it
SAALTE L, FEAT BT 19005 B A0 s 7 S A R s 3 Y

FE AL A M AE AR BRASS, A AR B LS
CAT. SOD. GSH-Px Fll GST %38 fLfF Al GSH 53R fig Rl
P AT REBE T B EAL N ™ A 1 A 3R REA F 1, 1R
T LA 20 F S AP 522 sk R[] (3 S AR 9V ML
il X5, SOD Hfid i A B s F ek it AL A, CAT
1 GSH-Px g ¥ 1) AL Ao o F 19K GSH-Px
FTLAFIF GSH AE ki 54 Akl S fbk A e Skt A Ak,
T LUK MU AR S s e A R b 5 . GST
US54 GSH-Px Bk Z A LA Ak, At
510 45 S S 76 S TRV R 119 )1 25 2% 2 WA U A )
ZHA AP AL SOD £ AT Ukl G M 2 e,
[l Bt E BB R AL SR A AR 38 22 . af D125 24 2 B L)
AT LR TSR A0 76 P AT A LLC-PK 1 4l 557 4

AR AR, R A AT LA A ek 4 A S iy Yot 240 A M
B A A BRI, U A ph O A A B 40 e g 05T
GSH fF R—Fh i 2By AE b S AR AT LAid 2k GSH-Px 11
g Bt A AL Al E AL S A B, R GSH iR RERS
(2R AR B R R R, AR P 2R 32 A B 2R3
FEE 0 GCS MR GSH A M CHERE, TR
GSH /K- ZEXEZE, LRAERY], NI ZEKGEY LIRZH0
LLC-PK1 4t jf v &S0 A AL B IA 7K P 58 CAT M
GSH-Px JE K% 53 Bl T 0005 20 D9 8 Ak P B A, DA
713 22 it S A R s B A A L3 40501 AR 5 AR )1 25
A R A A BT A AR R S B 2 T B AR R -
B2 AR GTE BRI A SE 58 2 1w, & FIE R
WMl AL 53 F 2 18 b R FENLAAE P AR 3 200 H 6 52 AU h R Dt
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