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Effects of Cordycepin on Lung Injury and Inflammatory Response in Rats with Acute
Exacerbation of Chronic Obstructive Pulmonary Disease Based on PI3K/Akt/mTOR Signaling
Pathway*

NIU Lei', LIU Jian®, ZHANG Lei', YANG Jing' (1. Dept. of Respiratory and Critical Care Medicine,
Tangshan Hongei Hospital, Hebei Tangshan 063000, China; 2. Dept. of Critical Care Medicine, the
Affiliated Hospital of North China University of Science and Technology, Hebei Tangshan 063000, China)

ABSTRACT OBJECTIVE; To probe into the effects of cordycepin on lung injury, inflammatory reaction and
phosphatidylinositol 3 kinase ( PI3K)/protein kinase B ( Akt)/mammalian target of rapamycin ( mTOR) signaling
pathway in rats with acute exacerbation of chronic obstructive pulmonary disease ( AECOPD). METHOD:. ALL rats
were randomly divided into the control group, model group, low-dose cordycepin (80 mg/kg) group, high-dose
cordycepin (160 mg/kg) group and dexamethasone (0. 09 mg/kg) group. Except for the control group (14 rats) , the
AECOPD model was prepared by fumigation method combined with lipopolysaccharide in the rest group, and each
group (14 rats in each) was given corresponding drug intervention for 14 d after modeling. The partial oxygen pressure
(Pa0,) level of abdominal aorta of rats were measured by automatic blood gas analyzer; the pathologic change in lung
tissue of rats were observed by hematoxylin-eosin staining and the lung injury scoring was performed; the interleukin 6

(IL-6) and tumor necrosis factor & ( TNF-a) in lung tissue were measured by enzyme-linked immunosorbent assay ;
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the PI3K, Akt, mTOR messenger RNA ( mRNA) and protein levels in lung tissue of rats were measured by
fluorescence quantitative polymerase chain reaction and Western blotting. RESULTS; In the control group, the lung
tissue cells were regularly arranged with normal structure. Compared with the control group, the alveoli of lung tissues
of rats were ruptured in the model group, with obvious neutrophil infiltration and thickened alveolar walls and collagen
precipitation, the arterial blood PaO, level was significantly decreased ( P<0.05), the lung injury score, the mRNA
and protein levels of IL-6, TNF-a, PI3K, Akt and mTOR in lung tissues were significantly increased (P<0.05) ;
compared with the model group, the alveolar walls of lung tissues were gradually thinned, the degree of neutrophil
infiltration was gradually decreased, the alveolar structure was gradually normalized and the arterial blood PaO, levels
were increased sequentially in the low-dose and high-dose groups of cordycepin ( P<0.05), the mRNA and protein
levels of IL-6, TNF-a, PI3K, Akt and mTOR in lung tissues were decreased sequentially ( P<0.05), all the above
differences were statistically significant. The differences in pathologic change and various indicators in lung tissue
between the dexamethasone group and the high-dose cordycepin group were not statistically significant ( P>0.05).
CONCLUSIONS; Cordycepin can alleviate lung injury and inhibit inflammatory response in rats with AECOPD, and
the mechanism may be related to the inhibition of PI3K/Akt/mTOR signaling pathway activation.

KEYWORDS Cordycepin; Acute exacerbation of chronic obstructive pulmonary disease; Phosphatidylinositol 3

kinase/protein kinase B/mammalian target of rapamycin signaling pathway; Lung injury; Inflammatory response

2 P BH ZEPE i 9595 ( chronic obstructive pulmonary disease,
COPD) BARAE S 522 B W R AN A7 P A B 2E T . |
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HEARYE
1 MR5F*

1.1 ##
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R 2R BR A ] JR 2 M (LPS) | IR ARKG - 4T (HE) 42
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FI(HEZ 43510 YB57814, YB23570, YB45097 1 YB16420) It [
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R SR KR HA T RERWER 425 80,
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54 8,16 mg/mL AITR B, HE B ARBLN 10 mL/kg) '™ 5 L2
KA R LA T 0. 09 mg/kg HIFEAANHE B 44 25 OB b ZE KA
F 0. 9% SE AL BV TR TR 1 1 4 MR BE R 0. 009 mg/mLL TR
BB RF 10 mL/kg) N0 5 XoF B ZE RIS 7R 20 K BRUE 4%
RF 0. 9% EALSIAR . 4540 1 HEAZH 1R, %% 14 d,
1.2.2  KREIIPKINE S (Pa0, ) KT 5E . 4525450 5, R
PR A BR, R 32 SRR, SR FH 4 ) Bl 43 W (SURGE 45 4 R
1§ 3kl PaO, /K F
1.2.3 KRBT 2 H A7 A A SO 228 R s 68 47 33000 5« Ak
FEER, St BV H il 2 20 % 22 Jili 2 20 15 F - 80 °C vk 48 I
T2 AN 241 8UE T 10% B % 0 18 2, A s A B U0
(4 um) HE Y€t 5505 T SR 20 B A fk, AR, A
Ji i S 7 e A0 B | e 40 6 952 80 R 6 PN FE AL 4 AN
T BN 468 495 10 A7 PE Y, 4 S TR AR (0 43) R e AR
(147) P BEMCAS (2 43) 2 B Bl A% (3 43 ) Al o B el 2%
(49%) s BFIESY 0~4 43, I3 0~ 16 43, PPl 4G 2 A B
Pt
1.2.4  KEUHZS P IL-6  TNF-o 7K 5E  HL“1.2.3” ok
RZEIZHZ, 519 4 CF 4 900 v/min 250 (0242 10 em)
20 min, B |35 W, #5218 ELISA 32850 & U0 B B4 | W W b
IL-6 . TNF-a 7K,
1.2.5 KREUHZH PI3K , Akt . mTOR {Zf# RNA (mRNA ) 7K
SENAE B 2. 37 R RS IR, 593, LA Trizol R3] $2 HR
AL RNA S SEG I cDNA 96 E 1 PCRBAS I K BRI 2 20
o PI3K Akt f1 mTOR mRNA 7K, N2k GAPDH, 5%/t
SR AR AE YR A IRAE G B, BTSN LR 1, RSk
HARIABARYE PCR R G THCE, 3L mRNA KPR H
2780 T,

*1 Sl4F5

Tab 1 Primer sequence

WA TR EREH(5-3") [l (5-3")

PI3K ATCTAGTGCCATGGTGTG TCAGTGATAGTGTCACCA
Akt CTATGCACTCGGCAGTGCGA CGCATTCACTATGGTATATG
mTOR ACTATCGTGTCAGGTGCATGGT TCGAATCTGAGAGTCCGCTTCA
GAPDH TATCGTTCGTGGTCAG AGTCGCTAGATCATAG

1.2.6 KEUHZHZH PI3K Akt F1 mTOR & H /K S 5 ; BL
“1.2.3" R B4 2, LR (24 A 0oy B R 1, 8 1
MR EE e BOE 8 ko = I, DL 5% e 4= W e =R
(25 °C) FHM 1 h, ITAFE B AR PI3K(1:1 300) , Akt
(1:1500) .mTOR(1:1 750) Fl B-actin(1:2 000) —$i 4 CF
SR IMACERUR ZH0(1:2 100) , I E 1.5 h, RHLF
RIARTN 5 38 2 B I AR AR Ge X B 1 Al K A AT
M7, LA B-actin HNZ i PI3K Akt A1 mTOR 7 /K,
1.3 SitERZE

ffi I SPSS 25. 0 ¥ AF 4T Ge 3t /0, T E R LA wxs R
TN, 224 8] F R T B R 25 T 25 40 B, AL 18] 7 R L3 A T SIVK-¢
K, P<0. 05 hEFAGIFE L,
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2 %R
2.1 HMEZEX AECOPD KR Z1EkI PaO, 7k F AfiiR 45 IE S5
IR

50 BREFA L, BT 20 K B K il PaO, 7K T Wik 35 AR,
R PE A 3 T R, 22 5 R G it L (P<0.05) 5 5
RIZAE LY, EE AL w4 K Rk Pa0, 7KK ik F
i, AR G PP o R B AR, 22 5 9 e it 38 L (P<0.05) 5 3
FEARFA S H R R i 2 K BB K I PaO, 7KF i 45 3
ORISR TG E L (P>0.05) W3k 2,

F2 HHEKXRBIEKM PaO, 7k AhiRGIES L i

(xxs,n=14)
Tab 2 Comparison of arterial blood PaO, and lung injury

scores of rats in each group (x+s, n=14)

415 FFKIL Pa0,/mm Hg [y
KR 119.92£9.21 0.000. 00
ikl 62.58+7.51% 10.52+1.59*
LIS Sl 85.59+10.25" 8.21£1.22"
MR R R 99.10£11. 42" 5.4710.57"
KA 100. 5210 22" 5. 40:0. 64"

VX IRALHIE, P<0. 05; SECRALA L, "P<0. 05; SRR KA AL, “P<0. 05
1 mm Hg=0. 133 kPa,
Note;1s. the control group, *P<0.05; vs. the model group, "P<0.05; us. the low-dose

cordycepin group, “P<0.05;1 mm Hg=0. 133 kPa.
2.2 HMEZEX AECOPD Xk RATALAKREFETNAENE

ol 2] R Rl il 2L 2 A4 e HE 2 B 0, &5 ) 1E 5 R 21 R R
i £H 2R v e 24, 7 B S P 20 VR, L T AL g e 44
J5, HLA TR DUUE 5 58 A 8 70 22 A K R 2 4 i
BRI L v P 4 P R R R A U L 4 i
TIEH 5 M S A 20 A 505 7] B 2H K R 2H 4L B A AR
B2 WE 1,
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AL XHRZL B BIAIAL C. RS RARR AL D, R
A B SRR,

A. control group; B. model group; C. low-dose cordycepin
group; D. high-dose cordycepin group; E. dexamethasone group.
1 ZFHAXRMALFETLE(HE,*x200)

Fig 1 Pathological changes of lung tissue of rats in each
group (HE, x200)

Evaluation and analysis of drug-use in hospitals of China 2023 Vol. 23 No.7 - 817 -



2.3 HEZEI AECOPD X RAHAL H IL-6, TNF-o 7K FHj
A
550 RREAAR FL AL R BT ZH 20 1L-6  TNF-a 7K F-
ETE, ERWA R EE L (P<0.05) ; S A L, dL ke
ZAE AR A K B4 21 h 1L-6  TNF-a 7K AR IR AR , 24 5+
YA Geit 2% 5 L (P<0. 05) 5 b 28K A A 5 B 28 ) B 21 K
SUTZH 2 TL-6 \ TNF-oc K922 F T 4E 17 5 L (P>0.05)
Wik 3,
#3 ZHHEXBRAEALS IL-6, TNF-a K FLLE
(x+s,pg/mg,n=14)
Tab 3 Comparison of IL-6 and TNF-« levels in lung tissues

of rats in each group (x+s, pg/mg, n=14)

45 1L-6 TNF-a
XAl 11.57+1.68 124.51£12.59
il 47.68+5. 69 227.41£26.51°
AR R4 35. 1124, 60" 194. 48+20. 19
LE Al 24,1842, 04" 167.41218.51"
HEAKHNAL 246942, 62 168. 28+19. 02"

VL SRHRALHIEE, *P<0. 05; ST, "P<0. 05, 5 B ZRAHRAIL, °P<0. 05,

Note;1s. the control group, *P<0.05; vs. the model group, "P<0.05; vs. the low-dose
cordycepin group, “P<0. 05.
2.4 HMEEI AECOPD X R A4 4 & PI3K, Akt, mTOR
mRNA 7K 3 221

5500 PR b, R 4 R BRI ZH 21 Hp PI3K Akt F1 mTOR

mRNA 7KV 2 T, 2 F B0 G242 L (P<0.05) ; 54
UM, R RAR S A AR BB 21 PI3K Akt FIl mTOR
mRNA ZKPARIR AR, 22 5346 Goit2: 3 L (P<0.05) ; HhZE K
P2l 5 R R 7 g K RG24 4 PI3K ., Akt AT mTOR
mRNA KPR 22 F G E L(P>0.05) , L3 4,

*4 HBAKXRAMALF PI3K Akt 1 mTOR £ mRNA

KFEELER (x+s,n=14)

Tab 4 Comparison of PI3K, Akt and mTOR mRNA levels

in lung tissue of rats in each group (xzs, n=14)

45 PI3K mRNA Akt mRNA mTOR mRNA
pOpiE 1.010.06 1.02:0.08 1.050. 04
A 3.75:0.29° 3.98£0.32° 2,940, 25"
MBI 2.50:0. 18" 2.57£0.27" 2.03£0. 18"
L =il o) 1.410. 11" 1.430. 13" 1.21£0. 09"
IR 1. 440, 13" 1.4750.16™ 1.19:0. 08"

HE A IRALHIEL , *P<0.05; SEURALARLL, "P<0. 05; 5 B K ATHI BALHRLL, “P<0.05,

Note;1s. the control group, *P<0.05; vs. the model group, "P<0.05; us. the low-dose
cordycepin group, °P<0. 05.
2.5 HEZEI AECOPD X RAtHL & PI3K Akt mTOR &
B 7K F i 220

555t R AR LL B A 20 K U 41 40 PI3K , Akt #1 mTOR

EHKERET S, ZSWAERH¥E L (P<0.05) ; SR
AR L, B | ) 2 K BRI ZH 2 PI3K Akt AT mTOR
AP BRI, 22 5 38 St % B L (P<0.05) 5 Hi ZEK
FAZH 5 R 5 7 o 2 R BRI 40 41 PI3K ., Akt AT mTOR 2§
HACE 22 RIS L (P>0.05) , L& 2 & 5,
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A B C D E
AXPIRAE B BEIIAE  C. RS AR A 5 . R
A S B H IR IAAL,
A. control group; B. model group; C. low-dose cordycepin

group; D. high-dose cordycepin group; E. dexamethasone group.

B2 HFHEXEAMHERS PIBK Akt F1 mTOR #E B BENEE
Fig 2 Diagram of Western blot of PI3K, Akt, mTOR

protein in lung tissue of rats in each group

x5 FAXBRMALH PI3K Akt #1 mTOR KIE B KE
Lb3 (x+s,n=14)
Tab 5 Comparison of PI3K, Akt and mTOR protein levels

in lung tissue of rats in each group (xxs, n=14)

40 PI3K [ (/B-actin) Akt [ (/B-actin)  mTOR & [ (/B-actin)
oyl 0.32:0. 04 0.27+0. 02 0.40+0. 04
A 1.5320. 17° 1. 0420. 14° 1.36£0. 15"
HEEA R4 1.10:0. 13" 0.76£0. 10" 0.86£0. 10"
LIS 4=l e 0.730. 09" 0. 440, 06" 0.520.07"
IR 0.69+0. 07" 0.460. 05" 0.49+0. 05"

VL SR RALHIE, *P<0. 05; ST, "P<0. 05, 5 R ZIRARAMIL, °P<0. 05,

Note:us. the control group, “P<0.05; 5. the model group, "P<0.05; os. the low-dose
cordycepin group, °P<0. 05.
3 itig

AECOPD &% 2 9k 1% & ek, Bl & 7% 1% i &, iF
SR EUIT LS BR N B AR 7 T I £ B R A O A A fi
FELST D RBFSEREE T AECOPD K USSR 48 2 I Rt 21
K BRI ZH 2R L 5 2R A 1 e v Pk A4 i 322 4 O L AT D o
BES IR A REEAE HULE , S KL PaO, 7K T i 2 BEA, il 450
BivEor gL 4 1L-6, TNF-o K- 5.3 TH 5, 6B AECOPD
KR 5™ FE SERE S W 2
R R B R BRI, R — AR AT A, B

ARG, Ku 2 BB sT 45 R R 0, A R AE i
PI3K/Aky/ N i B — AL A & BHE 5 38 Bk B AR R s 3 1
A5 PR A0 RE AN P T, Han 256170 & B ol 25 22 e % 4%
I FR AR A 0L I, AT o8 KBRS B S5 P T R M. Guo
RS TSN BB U L S N D S oG
TRMIRZZE, BTSSR & B, He &K GE 2 s kA T
ETS RO TSN DN Rk R AR O & AN 87 111 L
ARG LR LI, B Z LS H AECOPD K B 24 4 fii e
REAR T i Mok 2 0 2 i AR B, BT A A ke T IR R Bk
1l PaO, 7S 35 T i, B4 403 % 43 A i 20 4 b IL-6, TNF-a
ST S R B o B R e
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PI3K/ Akt/mTOR 15 5 38 2 20 i J 391980 2 1) 2 M ik 2

— TR 28 0 PN IR e A A 5 T AT E B R AR

SOMRAR AR (Y B T 45 R R B, ] PIBK/ Ake/mTOR 15538

BT 45 COPD K UM &1 . Ik 240 it 32 1) 0 4 2 I 9 %, I

P IR A PR AT R R AE iR I, PIBK/ Ak

mTOR {5538 % 15 VR, PO 3 At 27 2k Ak R U ZH 24 L A

WS RE , MR U AR 4E AL, Qu %5 A WRIT 4 R R L, T

PR W] 3 2 1855 PI3K/ Akt/mTOR {55 18 BEAH G A W i LPS

51 SN 45 0 /N B E R 1 7 A, AR BE RS SR I,

PRI K B 4L 24U PI3K, Akt 1 mTOR mRNA FIEE [ /K F

B AR R B 35 T iy, HRRE R AL B (19 AECOPD K B PI3K

Akt Fl mTOR mRNA FIEE /K- 25 PR, L 2250 g

AEARARIA i, 25 SRR A0 BT R Qu S R B

58, B XS AECOPD BRI 453 43 119 £ 4 V8 RIS 48 A 1 410

HIRCR , Wl RE S ] PISK/ Akt/mTOR {55 38 (0% 4 %

Zx TR, R AEMIH] AECOPD KUY S8 5E IV, 430

REUMZHZL, HHLH AT AR5 #0) PI3K/ Akt/mTOR {5 538 % A7

Koo AHAWFFALIRIY T HE RS AECOPD K U R i) 7] REAE

FHBLH, B — ¥ 1t PI3BK/ Akt/mTOR {5538 B 380 77 37—
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