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Effects of Ghrelin on Inflammatory Signaling Akt, NF-kB and iNOS in Alveolar
Macrophages from Septic Rats
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Abstract: [Objective ] To investigate the effects of ghrelin on inflammatory signaling protein kinase B (Akt) , nuclear
factor—kB (NF-kB) and inducible nitric oxide synthase (iNOS) in alveolar macrophage (AM ). [ Methods] 24 Male SD rats
were randomly divided into Sham, CLP, CLP+ghrelin, and Sham+ghrelin groups. Cecal ligation and puncture (CLP) was
used to induce sepsis. Ghrelin (20 nmol/kg) was administered by intraperitoneal injection at 3 h and 15 h post—operation.
Histopathological changes of lungs were observed and scored. AM were extracted from bronchoalveolar lavage fluid (BALF).
Interleukin—18 (IL-1B) , tumor necrosis factor—a (TNF-a) and interleukin—6 (IL-6) in BALF were detected by ELISA.
IL-1B, TNF-«, and IL-6 mRNA in AM were detected by qPCR. NF-kB p65, IkBa, p—IkBa, Akt, p—Akt and iNOS in
AM were detected by immunofluorescence (IF) and Western blotting. [Results] The histologic score (6.7+0.8), BALF I1.—-
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1B[ (146+12) pg/mL] and 1L—6 [ (182£10) pg/mL] from CLP+ghrelin group were respectively 35.4% , 44.5% and 46.42%
lower than those from CLP group [ (10.3+0.7), (263+17) pg/mL, and ( 273+5 ) pg/mL ], P<0.05. No significant difference
was found in BALF TNF-a between CLP group and CLP+ghrelin group. The IL-18, TNF-a and IL-6 mRNA in AM from
CLP+ghrelin group were respectively 54.38% , 53.6% and 46.42% lower than those from CLP group, P<0.05. The nuclear
NF-kB p65 and cytoplasmic p—IkBa, p—Akt and iNOS from CLP+ghrelin group were respectively 32.58% , 45.42% , 27.6%

and 48.33% lower than those from CLP group, P<0.05. There was no significant difference in all data between Sham group

and Sham+ghrelin group. [ Conclusion] Ghrelin can decrease the activity of inflammatory signaling proteins Akt, NF—kB and

iNOS in AM, therefore restricts AM expressing pro—inflammatory cytokines IL-1p3, TNF-a, and IL-6, thus alleviates sep-

sis—induced acute lung injury (ALIL).
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E BEK (ghrelin) B A G 88 9715 DO BE , XF ARDS
S5 2P RRE R P B A — & R E T,
FEMF T & W, ghrelin 1T 9 52 i 75 0 S Bl 41 22
Jif 88 IR BE K] 7 — o (tumor necrosis factor— o, TNF—
o) 5 19 % -6 (interleukin—6 , IL-6 ) /K 147 F&
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— A A A L (inducible nitric oxide synthase ,
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i ReE s Yy s 5 o SR ) L iR AR il v
DMEM ¥ 3% 3 ([ Gibeo 24 H] ) , L % (35 [
sigma /3 H] ) , ghrelin ( € [§] ENZO /A #] ) , Trizol , Al-
exa Fluor 594 . DAPI (Z& [H Invitrogen /ST ) , Prime-
Seript RT Master Mix ,SYBR Premix Ex Taq II ( H
A TaKaRa 23 7] ) , F1 4 & -1 (interleukin— 16, IL—
1B) .TNF-a . IL-6 ELISA if5f] & ( 3£ [# eBioscience
AN A% AR S A0 R AR AR G R) & (r
E 2 = KAHE ), KA F-«B (nuclear factor—kB,
NF-«kB) p65. 4% X T «B I ] 2 1 « (inhibitor of
NF-kB, IkBa) . p-IkBa . & H # i B (protein ki-
nase B, Akt) .p—Akt,B-Actin , TATA & %5 & HE H
(TATA-box biding protein, TBP) ,GAPDH EIRZNES
Cell Signaling Technology /A F] ) , PVDF i | {27
RIEH (S Merck Millipore A 7] ), HoAt 75135 4
i 8 A S P T S
1.2 Zh¥FsRRe sy

SPF 9% {5 e 14 SD K BRL (44 i & 280~320 ¢)
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FSYXK (#)2017-0081, 24 H K RBEHL N Ky
it F AR (Sham) 4 | Ik 8 i (CLP) 4H | ghrelin 1~ i
(CLP+ghrelin) HY ghrelin XJ } (Sham+ghrelin ) 41 ,
Tl 6 N, ARSIEG I 2 1L K2 S50 sh ) 16 B
Z G At HEHES 5 4 TACUC-DB-16-0101



o515 FBWESE A5 Ghrelin X e B3 E A BRI 10 W5 201 )16 98 i £ 538 4% Akt \NF-«B Fl1iNOS (15211 3
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PLUE 1 25 $L % L (cecal ligation and puncture,,
CLP) A3 8 R UM B E A TR | HL AR A 3 LA & i
R,
1.4 YT

535 F ARG 3 h 15 h 53 5% ghrelin T 141 5
ghrelin Xk R 21 I s 1 ghrelin 20 nmol/kg, 2452
40 nmol/kg ; X B F- AL | ik 57 E 28 D0 AH L i S
O 1 S AR AR A AR K
1.5 MALRERS

ARJ5 20 h, ZbFEASLH KB, 2544 il T it <
EIFOIA T, e E e ok A DR s
FIARER e gets M I E A5 1E062% i
BN WE T4 GRS AT S
1.6 FhiR#ERESERMMERE

AN S, I RERAE A ER
B BTN S mL 4 CToR AR HER K, 52 B8 il & 5
[ 05 S A8 it i 9 R (bronchoalveolar lavage flu-
id, BALF) , e &2tk 4 K. ¥ BALF &5.0 (4 °C,
300 xg, 15 min) , 15 -80 CLRAF. TTVEY 4 CTo
P PBS Pk 2 UK, A 100 mL/L 19 it 4 Il v
DMEM 5 5% 5t 5 2 4 i, I 15 3% T & R B 4
5% CO,,37 CIHEFRFE T, 18 2 h 5, FRAT W RE 1 20
1L AM.
1.7 BALF RIEEFIL-18.TNF-a #0 IL-6 7k F
i

% B8 ELISA 1255 & 150 B 45 4 1) BALF H IL-
18 . TNF-aFl 1L-6 7K F-
1.8 AMHBJIL-1B.TNF-a 1 IL-6 mRNA EJ#& il

4 Trizol 12457 15 B 5 2 HL 41 i RNA , #% Prime-
Seript RT Master Mix i1 & B 5 M cDNA |, 556
JE 1t PCR (qPCR) A5 i % A - IL-18 . TNF—a Al
IL-6 By mRNA . 1L-1B_L1i#5 14 : AAT-GAC-CTG-
TTC-TTT-GAG-GCT-GAC, R #5314 : CGA-GAT-
GCT-GCT-GTG-AGA-TTT-GAA-G ; IL-6 I ¥f
5] #) . AGG- AAC- GAA- AGT- CAA- CTC- CAT-
CTG, R34 : GGC-AGT-GGC-TGT-CAA-CAA-
CAT-C; TNF-a L {i# 54 : AGT-CCG-GGC-AGG-
TCT-ACT-TT, #5149 : TTC- AGC-GTC-TCG-
TGT- GTT-TC; B- Actin | Ji% 51 ¥ : GAG- AGG-
GAA- ATC- GTG- CGT, F i 51 # : GGA- GGA-
AGA- GGA-TGC- GG, qPCR #% #f SYBR Premix
Ex Tag 11 3 7 & U B , T Applied Biosystems

StepOnePlus qPCR 1% ( 3% [# Life Technologies 23 ] )
F5Em.
1.9 HEWEKEN AM 1% E F-«Bp65 #Z ¥ i

AM FE F & 16 mm 35 3¢ A 19 12 fLAR T, £F
NG RE K BREE SR, 2 2 TR T RV U (40 g/L)
[ %€ 20 min, Triton 15 1t 20 min, 2F ML 3F [ &
(50 ¢/L) I E A 1 h, #% K+ -kB (nuclear factor—
kappa B, NF-«kB) p65 —¥Hii Ml 4 CWFH 1L, ¢
e YU W A R EEOEWEE 1 h, DAPLE R H
15 min, B 2OGH GBS R 5, T2006 B T W
5%, NF-kB p65 # Y& BLLL (5, , 4 A% 4 Y% Bl £
1.10 &% EN 4 M AM B9 NF-«B p65. IkBa,
p-IkBa.Akt,p-Akt F1INOS # Fix

Fie BT 40 S P2 U AM A R 1 5 R R
Ho EHERE, P30 peg BFL LT RNt
iz SDS BEME , WUk J5 HL e 3% 2 PVDF I B o 5%t
JRAEWIESP 1 h, BB T — PR, 4 Cid
B2 TBST Ze il e bi 3 UK, B 5 min, K I T
AP BEK EEIREE 1 h TBST S i
YEME 3 U, B S min, 5 BB SE AR ROBHE, T
Image Quant LAS 4000 mini system (3 [E GE /A H])
HHBEE . B—Actin Al GAPDH 1 4 ifd it N 2, TBP
111 SEit o4 i SPSS 20 B4 T A

THEGURME S e bR iR i A o THE TR
T3 22558 R L 3R 5 22 73 Bt FUBCAS [R] 4 Ta] 1 22
5, K Bonferroni 3 i3F— #AE 20 8] 79 P4 HL 558 5 7
7 A 55 #H R H Kruskal Wallis £ 5 H %%, >k H
Mann—Whitney U i 56 P —AE L[] P A HEA . AL
M5 , 45 567K 1E=0.05

2 % X

2.1 MREEERESAMMEE

JHe 5 2H KBRS 10 h BEALAT I8 37 , v I
K35 A DGR TR 7 T2 B, TE S e B e B s 1) o

28 Ty [Q— 10 40 % G (0 880 | ARA5 10 AM 2 [
SR , 2K, I ik, 52 B IE s BDE , 2k —
] 5 B 5T 22 R €5, 0 4 LS T L A R ORE , A 57
KR EEEE>90% (F 1) .
22 AR REFRE

BFARHE ghrelin X I fifi g 2L G 2
WL, AR UL e, TR B . D WA T
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Fig.1 Rat alveolar macrophages (Wright—Giemsa Stain,
x400)

NEE T 20 20 HE YY) |-, 0] Wi 24 2L 25 44 52 4
V) J5 TCAK P, TG I, TG 28 200 B I i A 76 A
TooK i Ted B (& 2A D) o eEEIEZH KRR
(AT DL fit 2 2 i, A 310 /0 i A g s RO
AT DL Al H 2405 . I 2 A A2 B R, T
B AN HES R 3 55, 543 1 K AN AR TR I 75, 18] 5
AR S, A R RORE A0 IR, 43 T L FE AL
LA i i B IETE A (K 2B) L 4271 B 8 B ALLSG
PHOCAR 55 MR AE 4H A EL , ghrelin 91 28 fili 2H 21

CLP+ghrelin Sham+ghrelin

n=6,1)P<0.05 vs sham;2)P<0.05 vs CLP. X200

SEAE AR 58 8 | 18] JoT /K sl | ARRE 20 i e /b
M52 7% B IR B (1 2C) o THR S A
LV B0 TR N (2.720.5) 53, FERE A
(10.3+0.7) 47, ghrelin TT4H H (6.7+0.8) 571, ghre-
lin XF 224 (2.8+0.5) o 7] UL MR R AE 41 55 ghrelin
TIP3 B AR F AR AT 5, 4 8] 22 57 Ge it
2 L (P<0.05) , i ghrelin 15 20 & 70 45 e 25 4F
D 35.4% , 1 W] 22 S A G2 17 2 L (P<0.05)
(K2E),
2.3 BALF f1 IL-18 . TNF-a#0 IL-6 A7k F

W3R 1 iR, ELISA $275 M #3920 K B BALF
HIL-1B . TNF-afll IL-6 24 (263£17 ) pg/mL. (395
40) pg/mL F1(273+5) pg/mL, 5% FAR4H ETF, 4
[b] 22 545 483124 5 X (P<0.05) . Ghrelin 1] J /b
ALL K BALF HP IL-185 1L-6 1 % &, HK 43
K (146+12) pg/mL 1 (182+10) pg/mL , % e 5 4
205050 T e 44.5% F11 33.3% , 4L [0 22 A G TR
X (P<0.05) o ghrelin T #il 41 "' BALF ) TNF-a ¥
J¥ 4 (453+38) pe/mlL, 3¢ e B i 2R 5 , L4 |) 25
FIGE R L (P >0.05)
24 KEAMBIIL-1B.TNF-a #1I1L-6 mRNA
B RIEIKFE

Wk 2 froR , qPCR #& 7 , IR EEAE 2 KB AM 1)
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Fig.2 HE staining of right lower lobe of lung
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#1 ELISA £#7 BALF F IL-1B . TNF-o#0 IL-6 A7k F
Table 1 The concentrations of IL-13, TNF-«, and
IL-6 in BALF detected by ELISA (x=s)

Group IL-1B (pg/mg) TNF-a (pg/mg) I11-6 (pg/mg)
Sham 32+4 47£12 21+4
CLP 263+17" 395+40” 273+5”
CLP+ghrelin 146+12" 453+39" 182+10"
Sham+ghrelin 38+4 64+8 21+4
FIx? 19.767 17.847 409.827
P <0.001" <0.001" <0.001*

n=6, 1)Kruskal-Wallis test, 2)one—way ANOVA, 3)P<0.05 vs
sham ;4 )P<0.05 vs CLP

IL-1B . TNF—aFll IL-6 mRNA 4 235 7K P43 14 ik
FARH T 55 37.57.9.69 F1252.94 1%, 4 6] 22 S+ A
Geit# 3 L (P<0.05) , 1fij ghrelin T £ A9 TL-18 .
TNF-a fl IL.-6 mRNA (1) 32 ik 7K - 43 51 3 e 55
2R 54.38% .53.6% 1 46.42% , 4 [8] 22 34 4 it
7 L (P<0.05) o ghrelin % B8 2H 5 % T A 20 A
Eb, £ 98 P F mRNA ik K P41 ] 22 5 B4 12
Y.
2.5 WEW AT AK R AM iE I8 F 5 89 NF-«B
p65 FTiAKF

WE 3A B, S 5Ot i F R4 ghre-
lin X B8 41 K B AM 9 4% ) NF-kB p65 98 % 56 i
15, e 27 E 20 K BLAY AM B9 4% N NF-kB p65 94
5 P W B Y N LAAZ I Sk i R AT e SR B T
ghrelin 7 2 K BRI AM B9A% N NF-kB p65 94
P T E LU 55 o 4% A A T i B I AT e T
(& 3B) , AT UL e 75 i 4 M A 2 63 R - AR 4 1
i, ghrelin 75 20 J A% 5€ 55 e 2 20 sk 1>, 4 7]
2SS AR L (P<0.05) .
2.6 REENIEE N AM{E S 18 B & 5 NF-«B
p65. IkBa.p-IkBa.Akt.p—Akt F1iNOS F ik 15

WA 4 FTR | Mewg iE 2 K B AM 19 Ml 2% NFkB
p65 5 M3 p-TkBa . p—Akt A 5B F AR 4L 38
A3 AN 78% \162% . 121% , e T 0E K B AM = %
IKINOS, MR F AR AL, 41 2 76 5112
B X (P<0.05) ; ghrelin T il 2 4 4% NFkB p65 5 fifg
H p—TkBa . p—Akt ,iNOS 3 35 45 ife 75 i 18 4H ik /D>,
Iy WD 32.58% 45.42% . 27.6% 1 48.33% , 4 [i]
22 A SR X (P<0.05) .

&2 qPCR A RANEE L4 H IL-18 . TNF-«
1 IL-6 mRNA Ky 3R i& 7k F
Table 2 The mRNA expression of IL-1f3, TNF-, and
IL-6 in AMs from detected by qPCR (x =s)

Group 1IL-13 TNF-a 1L-6
Sham 3.09+£0.69  10.06+2.24 0.40+0.09
CLP 119.02+5.86" 107.51+8.01" 102.59+7.40"

CLP+ghrelin 54.3049.16”  49.88+6.67 54.97+8.86"
Sham+ghrelin 3.08+0.69 7.38+2.07 0.37+0.09
X 19.467 19.45 19.607

P <0.001 <0.001 <0.001

n=6, 1)P<0.05 vs sham; 2)P<0.05 vs CLP

3 9 #

ARDS J& MFEIE T 800 248 B R vl 1 L3R
Lz — IR I il S E RN . A ST
A 7 i S 240 L R - B A AR A b i 3R b Y A AR T
" Hor IL-18 TNF-o 5 1L-6 HA i 3
PERAE . Ak, A5 I BALF AT, #1240 4R
R ghrelin X ARDS iX =™ R AE K F 120 . 45
7R, CLP AR J5 20 h, KB il 350 1 90 Jb 2% o 34
1405, BALF 1 IL-1B . TNF- o F1 IL~6 7K “F- 4 {5 T
AR G 3 TF 5 5 ghrelin AT 5 4% JH 245 0 KRR 3505
PR 47, K # BALF b IL- 1B FI IL-6 K -, X 5
ghrelin 78 JC Al 2 i P4 952 95 A 4 R ARRLE 1)
BALF H 4 i P+ 3= 22k [ T ili N 5 40 i, an
AM | b J2 A P9 R A A, L AMUTE 23 WA AR
R -7 R B D VR E RS . B3R A1 SEE
5% T ghrelin X AM 43 WA AH OC 2 0E PR R 52 ) , 45
R, MEERE KB AM 89 IL-1B . TNF-a 1 IL-6
M S i 2 i v N ghrelin}ﬁ B 1 | PN R £
B SR/ BRI ghrelin olGE 3 R I AM Rk R R
K F IL-1B . TNF-a Fll TL-6 , £k 17 Y 25 fili 3508 98 S 2
[ o {H ghrelin A A& A BALF H TNF-a /K, iX
JE A 5 CLP A58 AU v it P At 51 40 i 78 /5 2 35
TNF-a il A BE B ghrelin #0614 5, 71575 vk — 2
SEHGUESE

C A WFFEAIE 52 {5 5 f NF-kB X T8 45 %
FiE A BT 1) 280 EEAEH  7E NF-«B 1 2 0%
AR IkBof BEIR AL 2 i [, {2 1 NF-«B —.
AR (£ p65: pSO = H A ) ML I v s % %8 M
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n=6, 1) P<0.05 vs sham; 2) P<0.05 us
CLP. Bar=50 pm
3 BRSNS KERAEE R
fBiB B8 & B NF-kB p65 RiZHITE R

Fig.3 The expression of NF-kB p65
B in AMs from rats detected by IF

Sham CLP CLP+ghrelin

B, T 4 22 R AR A TR A e s A4 TL-18
TNF-aflIL-6"', TERZHUIE LT, ghrelin AT [
I NF-kB {6 P, 38 R PR , AN 22 BE R 9K
SRR IR R ABFR R I, TR AE K
FLAM 1Y) NF-kB i P F+ 15 , ghrelin T 5, AM 119
NF-kBiGPE TR #2758 ghrelin 518 o FEAR M EE
iE KL AM (91553 % NF-kB i P i R AR 48 P
THIFRIA

Sham+ghrelin

Akt T 38 3o W R AR BT 2 TS NF-«B ¥
P L i 38 B M5 5 2 — |, SR Y 9 B A
FERY . AR BN, Akt i 5 nl fe i i b
TLR4 38 B35 P, 35 B 20 B 42 2% [R5 19 3R 3k
7 TR B ghrelin B AR I R E KR Ake 35 4
o o4, 5 ghrelin 2 75 AT LA 17 0 40 fifd
15 5 30 [ At P 95 P T o0 I R A R I A
R ULAHSCHRIE o ASBIFSE TR, M FE 0 K B AM 1)
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3- 1) 104
= NFkB p65/TBP 1) [ v-AKVGAPDH
—IkB/B—Acti n .
F b p-IKkB/B=Actin g8 [l Nos/GAPDH
£ & 2) £ 6
) z 1)2)
E £ 4
& 14 = )
o) g 1)2)
N N O op
Sham CLP CLP+ghrehn Shdm+ghrehn Sham CLP  CLP+ghrelin  Sham+ghrelin

NF-cB P65 - ——

R

IkBa

p-IkBa ‘ o | Q E

B-Actin ' ——

Sham CLP CLP+ghrelin Sham+ghrelin

AKT

Sham  CLP CLP+ghrelin Sham+ghrelin

TBP is selected as nuclear loading control, B—Actin and GAPDH are selected as cytoplasmic loading controls. n=6,1) P<0.05 vs sham;2) P<

0.05 vs CLP

B4 R ENESyHT K BT 6 B 40 {5 S 18 3% 5 3 NF-«B p65. IkBa. p-IkBa.Akt,p-Akt F1iNOS K FRi£ 1E R
Fig4 The expression of NF-kB p65, IkBa, p—IkBa,Akt,p—Akt and iNOS in AMs from rats detected by Western blotting

Akt G VERE SR | 25T ghrelin 5 Akt 15 PR ES , FIH,
ghrelin 5 13 1 FE AR Ake 354, N5 AM () NF-kB
R - 5 WA 1 P R 0 /8

iINOS B i 25 AR R AR, B0 Il 7= A R
i NO, 38R AL A Ak R K AR B A1 2 AR R T
FIRMER AT, A 5 ] Sad SR g iNOS™
AT AT A 5T $E 7R ghrelin 7T Y820 Jife B 0E K B
YL ZLINOS 1 2235, ok 220 it 355 S0 Ak IO 38, D % il /Y
JaiR A AE S o AR YR 5 P UIE 2 e B AE K Bl AM
[ INOS F IR AR T A 4H & 340, ghrelin T 5

SE 3k
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