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Abstract: Objective To explore the protective effect and mechanism of ghrelin on hypoxia/reoxygenation of HK -2 cells. Methods A
hypoxia/reoxygenation model was established with HK —2 cells as the research object to simulate the renal ischemia — reperfusion injury
process. After pretreatment of ghrelin, CCK -8 kits were used to detect the effects of different concentrations of ghrelin on hypoxia/
reoxygenation and normal HK -2 cell viability. Respectively, ghrelin concentration of 0,12.5,25,50,100,200,400,800 and 1 600 ng/mlL.
HK -2 cells were divided into three group:normal control group(N), hypoxia/reoxygenation injury group(H/R), ghrelin(400 ng/mlL)
pretreatment group + hypoxia / reoxygenation injury group(ghrelin + H/R). Apoptosis was detected by TdT —mediated dUTP nick end
labeling(TUNEL) kit, and the expressions of extracellular regulated protein kinase(ERK), phosphorylated extracellular regulated protein
kinase(p — ERK), P38 kinogen — activated protein kinase(P38) and phosphorylated P38 kinogen — activated protein kinase(p — P38) were
detected by Western Blot(WB). Results The H/R injury model in HK -2 cells was effectively induced by 4 h of hypoxia and 12 h
of reoxygenation. Compared with Ghrelin concentration of 0, concentration of 12.5,25 and 50 ng/mL had no significantly effect on HK -2
cells injured by H/R injury. Pretreatment with ghrelin concentration of 100,200,400 and 800 ng/mlL could significantlyincreasedcell
viability (P < 0.01). However, the viability of HK =2 cells was reduced when the ghrelin concentration was 1 600 ng/mL. Ghrelin sig-
nificantly affected the viability of normal HK —2 cells when the concentration was greater than 800 ng/mL(P < 0.05). Compared with
the N group,the H/R group had obvious apoptosis, but there was no difference in the expression of ERK,p - ERK, P38 and p —P38
protein. Compared with the H/R group, the apoptosis level of ghrelin + H/R group was decreased, and there was no difference in the
expression of ERK,p — ERK,P38 protein,but the expression of p — P38 protein was significantly increased. Conclusion Ghrelin pretreat-
ment may protect hypoxia/reoxygenation injury of HK —2 cells by activating the P38 signaling pathway.

Key words: ghrelin; HK — 2 cells;hypoxia/reoxygenation model; P38 signaling pathway

HIUEER (ghrelin) J2 W E P B L BLRY , i 28 4> Z KM RN IRPEAE R e 70 I R Z AR (GHSR) !, H
N 3 s 3 22 R IRARHE N FREL B Wi ZAERAUN A Z 41800, il i GHSR K AEZ R AW AE

EEWME: AR A ARAFEA[81272176] ;& 4 £ 514 %] A [2017SF - 2281,
F—1EH IS, L, MEHRAE BN FTHEEN AT ALRFFRERS, (B F154 )923016320@ qq. com,

11



- SIS -
Experiment Research

China Pharmaceuticals

202048 A 5 H 4529 H:55 15 1)
Vol. 29, No. 15, August 5, 2020

TE B E A 0 A oA BESE I, AN T O B LR R
X 2R B A TR - Sk B 3 g A
Sl L FERE T, FR A B G O R A% (IR D) o B A 1 #6345
BRI T4, PR A T S 1 A A it — 2 A B A, (4
PR AR SR AR R B 1 Pl S A RN 40 PR
S IRI R A S SEAEFE LS, 5 E—&
B B AR 20 D AR B S 4T AR 9 R
HK - 2 4 7 4,/ 52 S a8 , e A SMSTHDL ik it
FREEEI R A WS B YU R XS IRT A5 0 S HAE R AL
il , 385 CCK - 8. JAf A 4 B B b ic (TUNEL) 7L R H
JEER I (WB) A7 B YU EAE R T HK -2 4%
I3 AT AG OB A AT 50 S 8 R IBE O, ik — P HE
O B 6495 40 sk 7 T LA R R AR IR IE AT
1 #Mel5H%
1.1 BB SHR

A%+ 3131 A =S K5 35248 (£ [E Thermo 23 7)) ;
MCO - 18AIC I — S fb i d% F2 4 ( H A SANYO 22l ) 5
1300 SERIES A2 7 A= % 44 (32 [E Thermo A 7)) 5 Do
X6 M4 [ 3hfb2E R CER T R G ( Ll RREA A o

2y YU R (35 E Sigma — Aldrich 23w, L5
G3902) ; 41 Jifd #1815 2 A (ERK) g — 4t (L5 h
4695T) , 4 fg ZM 8 15 28 1 i A B R Ak (p — ERK) e —$it
(fit*5 K 4370T) , P38 fiE 4351 2 J5 15 1k 25 1 i i (P38)
He—Pr (5 A 8690T) , BEIR b P38 fit 4341 &= I G fh 2
F O p - P38 fe—PL (L5 hy 4511T) , ¥ B 3£
CST 7% 7] ; TUNEL 857 & (F;i + ROCH A &l L, 5 K
11684817910) ; B — actin Ht— 4t (#lt5 Jy ab8227) , HRP
FRiCHI %R P (H5 N ab6721) , 3014 H Abcam 23 ] 3 He
NS SB S NEs Vasr v e [

Ui : HK - 2 40 5 PR Be 4 i .
1.2 pELEsR

B HK -2 40 g &k i A DMEM/F12 85 3% 7 (&
10% G4 1% ) i T35 3% PR B R E R (37 ¢,
5% CO,) , W5 B 4 o 4 3510 PV 2658 B R B 3R 45 1 16
T A IR AT AR RO 97 o Y A0 M Bl W 3 1 B )
FH 0. 25% W ) R B AL 18, A 2040 24 h 5 40k A4
B K, A 3 ~ 5 d AL 1 WK
1.3 EBvHRHE/ E|RHELR

SRR SN L RS 77 , SRR/ 2 AR AR RSO e 1 i
TR B IE B IR HK - 2 Z0H0E 0. 25% Wk B 1 i
B AL T BUG T 2 x 10* A /FLEER T 96 FLAR P . T4
2 KA 96 FLILE = SIEFA N (37 °C,5% C0,1% 0,)
SrRIEE SR 0,1,2,3,4 h BB EIEFEFRF N (37 C,5%
C0:)12 h,
1.4  CCK -8 kA M 4mARiE 1

BT R 0,12.5,25,50, 100,200,400, 800,

12

1 600 ng/mL 19 B YLEE IMA 2 x 10* 4~ /L1 96 fL
Wb, BAEAT 4 4 TIER B 3-8 N (37 °C,5% CO»)
WBE2h, B =SEHM (37 C,5%C0,,1% 0,) 1
F54h, TIEW RSN (37 °C,5% CO)ME 12 ho &L
TAGHT S Y 2 10 WL A SRR CCK - 8, K515
FEMAESEFRAANEE 3 h, AR U A2 450 nm P AL 1)
W CAH
1.5 wHENE

B IEH B FR A0 HK -2 4 & 0. 25% ¥ FE 1 i il
AL, HBUG 1 x 10° 4>/ FLAER T HUCCE E R /Y
24 FLARH BB 2 RAGLAE S R 3 4L, IEH AL (N 41) 41 i
IEH B3R 16 h; A/ 2 A B 4L (H/R 4 AN AL BT
4T IE 3 B IR 4 N (37 °C L, 5% CO)IEE 2 h, B LR
BRI FAEN (37 °C L, 5% €0, 1% 0.) 1595 4 h, RS
BRIEH AN (37 °C,5% C0,)12 h; B YL E Wisk
PR + B /2 A0 4 (ghrelin + H/R 21 ) %5 5t Bk
&4 400 ng/mlL [ B YURZE A 24 fLARH , 1B 5557
FEN (37 °C,5% CO)MEHE 2 h, B = IEFH4N (37 C,
5% CO2,1% 0.) 5535 4 h, BB R IEH K =4 N (37 C
5% C0,)12 h,
1.6 TUNEL ;&4 W EMpEE T

H ARG TR AN /- 4 1.5 TR ks
I M ANC 8 4% 2R W E , LA Streptavidin L.
VEWR L 5500 7 FE &, DAPL &2 YL 8,200 £i5 8734088 0
55, Y MUAZ St 6 R PHAME A R T 4R
1.7 WBERMEABRIA

FH RIPA 2§70 42 B A M B R 1, 30 pg U4
F BE §h 76 10% SDS — PAGE %t i | 4> B , I %% 5% 2
PVDF i | ; PVDF B 5% i fg 24 W53t 2 h; PVDF i
TE4CHE TS —PUE LR, FH 1:2 000 HR 4
PGS & W —BPUARE R FE 1 h; & E &0 Dk
22 ROGTE B AR
1.8  Zt=p4ahiE

K F Graphpad Prism 5 & 1127 8 AF 50 1 o i 56 20 B
2P 2R 7 2501 (One - way ANOVA) , 2H 1] [t 45k FH
Tukey's Multiple Comparisons Test, P <0.05 HZFH4
THEE S
2 H#R
2.1 SR/ SEENHERENES

HK -2 4 g & =S K5 3744 (37 € ,5% €02, 1% 0,)
B4R 1,2,3 h )G, IEH 546 (37 °C ,5% CO) E4 12 h
BIASREA SO ma 40 MG 7, BUR 4 h IE R R FRAE (37 °C
5% CO) %A 12 b, AN IS 1 & TR (P <0.01) 1
HK -2 4 fifg B =SB4 (37 €, 5% CO., 1% 0,) it
A4h, BIEFIEFAE (37 °C,5% C0.) E 48 12 h, BEA L
5 LA 2 AT TR LA 1,



2020 8 H 5 H %529 %55 15 1]
Vol. 29, No. 15, August 5, 2020

China Pharmaceuticals

- SRS -
Experiment Research

JERSLSIH) 4
L5

1.0

0 t/h
0 1 2 3 4
E:50hAK," P<0.01,

B misk i/ AARGRE 0L
2.2 AERERENHAEEHHNZE

CCK -8 il g 45 R W], R Bk iE hy 12.5,
25,50 ng/mL [ B YUK E WAL EE 2 h )5, X B/ 2R
P05 1) HK — 2 20 i TG B 8 52 ) o AFL 7 ILAGR 28 0 o Wk
100,200,400, 800 ng/mL T 4b FH RE AT %532 =5 41 il
WS (P<0.01), H & WA 1600 ng/mL B,
HK -2 A5 T3 TF G AR, 2R B B DU R ot s vk i oy
1 600 ng/mL B AF]F HK -2 4 A9 A7 o DL 2.

FH AT EE
1.5
1.0 # * ‘
0.5
Fi R EE /
0 ng * mL™'
0 12.5 25 50 100 200 400 800 1600

7 :%5 Ong/mL 483, * P<0.01,P<0.001,
A2 FRRZREBVBRE A/ LS HK -2 ey #a
Sy i — 25 5 E B YUK R X IEF HK -2 41 i Y 52
M), b AN ] Joi 2 R 2 1) B LA 3 I ACTE i HK - 2 4 i
w, HUE IR R B 546 (37 °C L, 5% CO) W FE 16 ho BEFL N
NGB BRI & 10 wL B9 B PER I CCK - 8, f 55 5%
WRAESEFEARWEE 3 h, HIEGEPRACIE 450 nm AL 1R
JCEE, AR UL 3 AT UL, R Bl 12.5,25,50, 100,
200,400 ng/mL 1Y B YLK R B A 5200 HK - 2 40 A4E
K H B IV R A 800, 1 600 ng/mL i, HK -2
AR5 F1 B E AR (P < 0. 05) o 01 B LK 2 B ik
JE KT 800 ng/mL AF| T HK — 2 4l i1 447

AR X WL B
1.5
#
1.0
0.5
T BE /
0 ng * mL~'
0 12.5 25 50 100 200 400 800 1600

E:5 0ng/mL ABY,* P<0.05,*P<0.01,
A3 REREREFIIKRZE T EF HK -2 201849 %@

2.3 WHE/EFHRHH HK -2 AT M

TUNEL 5645 27 , N 41 HK -2 41 A & 07 2 7
T2, {H H/R i HK -2 Z 0 3R & v, (B H Lk
% (400 ng/mL) AL FE 5, HK — 2 40 i 8 7 B S o 2L
B DU R BB A SO0 i B B R T
HK -2 4Ry g8 T, 1 0L 4.

C
AN#ZL B.H/R#4 C.ghrelin+H/R %L
B4 BUURFExT A/ T AS 6 HK -2 a8 6 Hh
2.4 AT ERK RIAHIFNE
WB I 45 R R B, B VLR 0] Bk 4/ 52 4 15 1Y
HK -2 #fiffi b i ERK 25 1 MR 1L p - ERK 25 3Gk
T, B — actin HJNSHEHIEILE 5,

p - ERK
ERK
B - actin

N4 H/R 4 ghrelin+ H/R 41
AR (B - actin)
0.5

0.4 P38
p-P38
0.3
0.2
0.1
0 415
N 21 H/R 4l ghrelin+ H/R 41

B 5 B[HUKEERR/ ARG HK -2 i f ERK £k 0%

2.5 N4AfET P38 FRIAMEN

WB g 25 R W, B YUV ER Piab 215 fe 0 25 4
Bl /2 A I D HK - 2 41 TP i iR 1k P38 BRI 3
ik o FR B B YUER R AT Re o S P38 5 5l B AR 4
HK -2 4 sl / &2 A it o TE LA 6.
3 itig

S L P 3 1) A AL EL G A B e S REE 20
13



- SIS -
Experiment Research

China Pharmaceuticals

202048 A 5 H 4529 H:55 15 1)
Vol. 29, No. 15, August 5, 2020

p-P38
P38
B - actin

N 41 H/R 41l ghrelin + H/R 41
A X (B - actin)
0.3

. P38
p - P38
0.2
0.1
0 415

N 41 H/R#4 ghrelin+ H/R 4
E:5 H/R 43k4k,* P<0.001,
A6 FUUkEER/ Z A 99 HK -2 @it b P38 Rk vy ¥k

ORI R M B NE L 20 i P R AR A, B X X e B0 ML
SR IO R B IR YT HE S

ANDREWS ZEPWEGE & 38, B YLk 2 nl a0 1 ik 2 26
A I P SRR R AR AE Y 5 LR R R E B mf
et 2o UCP2 R A ERIR AME MRS B
DURZE RERIB L A2 5 F IR R &R (ACTH) B2 i
P 1) 43 5 1 VLR 25 B8 3 5 | A G 147 30 4 AN IS o
B, BEAR IR & 2 A R HEIR B RO s B YV R AL T 3%
Uiy R JULR I P 0 4 b n TR AR P4, A At s
0 e 7 A T R I PR T B R A A s R

KEIKO %" 5 ke B, B Uk R A/ B gl
SUE =R A AIRT GIN I TaB s K AR (el =92 0 % | A e N =
FEA 26 o T AU 2 o ok 2 o 2 X s ) o e ot PR A
PR AR B YUK R RELE B Bl P 05 e 2] —
SEVE AR A e 3 A 1 R A FEAE ML o A B

AHIFSE R AN G R o3 il /N L R 4l HK - 2 4
JiL R B T ST T RSN AR SRR R A
O0 e ot R v A AR B SRAS R B R, H LR B
P R AR/ A AN M A T T o e VR 1 LR
YU IS S — 307 , B A P 5 LR 2R 190 B
FHE R0 o) 7 2 R R R Y Ik B A T UL B fig
FEBRER /2 A AN AR e B R5 4E FH o WB S 45 21 i
/N, ERK FEAFRBTOAE, B YU E Mkt #5 ,p - P38 &
& A B E T P38 A 2240 34 2 30 & 1 i
(MAPK) J2& 5 41 L 34 5 o3 Ak 08 12 %5 D) AH 5 1) 40 if 7%
SR Y AR AR K R BRSO TR
()95 25T 3 ) P38 3 S 0F 6T v LA A el e 4 7R
e Jg 3EFE AN I LR R AR L S P38 (S
P HK -2 RS/ 8 s, itk—AR B YRS
JeT A B R PR A 5 R A PR TR L

14

SE -

[1] KOJIMA M, HOSODA H, DATE Y, et al. (1999) Ghrelin is a
growth — hormone — releasing acylated peptide from stomach[J].
Nature, 1999,402(6762) : 656 — 660.

[2] DATE Y, KOJIMA M, HOSODA H, et al. Ghrelin, a Novel Growth
Hormone — Releasing Acylated Peptide is Synthesized in a Distinct
Endocrine Cell Type in the Gastrointestinal Tracts of Rats and Hu-
mans|J |. Endocrinology,2000, 141 (11):4255 - 4261.

[3] TAKEDA R, NISHIMATSU H, SUZUKI E, et al. Ghrelin improves
renal function in mice with ischemic acute renal failure[J]. ] Am
Soc Nephrol,6,17(1 ):113 —121.

[4] WANG W, BANSAL S, FALK S, et al. Ghrelin protects mice a-
gainst endotoxemia —induced acute kidney injury[J]. Am J Physiol
Renal Physiol ,2015,297(297) :1032 - 1037.

[5] FINN WF. Nephron heterogeneity in polyuric acute renal failure[ J].
J Lab Clin Med, 1981,98:21 - 29.

[6] VERSTEILEN AM, DI MAGGIO F,LEEMREIS JR, et al. Molecu-
lar mechanisms of acute renal failure following ischemia/reperfu-
sion[J]. International Journal of Artificial Organs,2004,27 (12):
1019.

[7] KLAUSNER JM, PATERSON IS, VALERI CR, et al. Limb is-
chemia — induced increase in permeability is mediated by leuko-
cytes and leukotrienes[J]. Annals of Surgery, 1988 ,208 (6):755.

[8] Fk % & . AMzsd st HK -2 a sk A L AH 09 B &
ERZAH[D]. b7 F B A BA K ,2006.

[9] ANDREWS ZB, LIU ZW, WALLLINGFORD N, et al. UCP2 medi-
ates ghrelin’s action on NPY / AgRP neurons by lowering free radi-
cals[J]. Nature,2008,454(7206) :846 — 851.

[10] ANDREWS ZB, ERION DM, BEILER R, et al. Uncoupling
Protein — 2 Decreases the Lipogenic Actions of Ghrelin[J] .
Endocrinology,2010,151(5) :2078 - 2086.

[11] WU R, DONG W, CUI X, et al. Ghrelin down — regulates proin-
flammatory cytokines in sepsis through activation of the vagus
nerve[J]. Ann Surg,2007,245:480 - 486.

[12] KEIKO F, SHU W, HITOSHI M, et al. Ghrelin Protects against
Renal Damages Induced by Angiotensin — Il via an Antioxidative
Stress Mechanism in Mice[J]. PLoS One,2014,9(4) :e94373.

[13] RAJAN D, WU R, SHAH KG, et al. Human ghrelin protects ani-
mals from renal ischemia — reperfusion injury through the vagus
nervel J]. Surgery,2012,151 (1):37 -47.

[14] PARK KM, CHEN A,BONVENTRE JV. Prevention of kidney is-
chemia/reperfusion — induced functional injury and JNK, p38,
and MAPK kinase activation by remote ischemic pretreatment|J].
J Biol Chem,2001,276(15):11870 — 11876.

[15] LI H, WANG VP,ZHANG LN, et al. Perivascular adipose tissue —
derived leptin promotes vascular smooth muscle cell phenotypic
switching via p38 mitogen — activated protein kinase in metabolic
syndrome rats[J] . Experimental Biology and Medicine, 2014,
239(8):954.

(7= B #3:2019 - 12 - 12; 18 [E H #3:2020 - 02 - 05)



