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Improvement of batyl alcohol on alveolarization arrest in newborn rats with bronchopulmonary
dysplasia
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[Abstract] Objective - To investigate whether batyl alcohol (BTA) can improve the pathology of bronchopulmonary dysplasia (BPD) in newborn rats
induced by lipopolysaccharide (LPS) and the mechanism. Methods -+ Pregnant SD rats (16.5 d) were randomly assigned into Saline group, LPS group, and
LPS+BTA group. Amniocentesis injection of LPS was performed to establish neonatal bronchopulmonary dysplasia (BPD) rat model. In LPS+BTA group,
LPS and BTA were injected at the same time. After birth, LPS+BTA group was injected with BTA continuously everyday for 7 days. The other two groups
were injected with normal saline of equal volume. Lung tissues of neonatal rats on the first, third and seventh day after birth were stained by hematoxylin-
eosin (H-E) and resorcin-fuchsin respectively, to observe alveolarization arrest. The mRNA and protein levels of interleukin 18 (IL-1B) in newborn rats
lungs were detected by real-time PCR and ELISA. In vitro, mouse macrophages RAW264.7 were cultured to detect /L-/f mRNA levels and protein levels
after treatment with LPS and BTA. SD rat bone marrow macrophages were isolated and treated with LPS and BTA. RNA-sequence was taken to screen for
possible targets of BTA inhibition of inflammation. Results - The results of H-E staining showed that LPS+BTA group had a milder pathology of BPD,
with more secondary septa counts, more alveolar counts, and smaller mean linear intercept (all £<0.05); after BTA intervention the expression levels of /L-
1 mRNA and protein in lung tissues of neonatal rats were significantly lower than those in LPS group (both P<0.05). In vitro, IL-1 mRNA and protein
increased after LPS stimulation (both £=0.000), but decreased in the LPS+BTA group (both P<0.05). RNA-sequence results showed that BTA inhibited
the expressions of some inflammatory factors, such as thrombospondinl (7hbsI), triggering receptor expressed on myeloid cells 1 (7reml), and cluster
of differentiation 274 (Cd274), and promoted the expressions of some anti-inflammatory factors, such as complement Clq C chain (Clqc), RT1 class 1T,
locus Da (RT1-Da), and RT1 class II, locus Dbl (RTI-DbI). Conclusion - BTA can improve lung pathology of neonatal rats with BPD by downregulating
the expression of IL-1 and reducing inflammatory response.

[Key words] bronchopulmonary dysplasia (BPD); inflammation; batyl alcohol (BTA); interleukin-1p (IL-1pB); alveolarization arrest
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FREMEBAER (bronchopulmonary dysplasia, BPD)
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DIKIE & A dr BHA R R LR R P & e, R
7= LAFIE 248 & 0 [RIIRF BPD [ & SR Rt AW T, BE#E
BPD J&7 5 A4S, BL{EIRIK  BPD FZERILA MR
A E N 5 (R (0F 'SR TN N 28 PN &y AN R K e
SR IL BRI EL S ¥, E BPD R HIAIHFZE h R B,
BPD & AL Il ER A 35 i O RAEARNE, AnEWEdiE,
PR AN % B b B S, Bk 4 35 1B (interleukin
18, IL-1B), IL-6, IL-8, J¥EE¥A4EIRF o (tumor necrosis
factor-o, TNF-0.) % RIEST BT, HAHUAGE TR By ST vl
D59 Bfift 26z, fndE BPDE,

Bk (alkylglycerols, AKGs) g BEFLAILLRAY
fr e i & &4 5 ®IFEE (batyl alcohol, BTA)
& AKGs HERIH R, Wt TR REE -, A
AL PRI, Bl IR AN i) 2 B & SRR Y, 36
T BPD &k 5 b £ o 19 R 9 B F BTA fO L REHT, J&
I BTA ®[ §& w] LAi# 1k T 1 BPD Ry R 4 J J7 e 3% BPD 4
Ko AWFTAEEWENTSNEZHE (lipopolysaccharide, LPS)
U5 # A KB BPD #2 &Y, 457 BTA T, M %¢ BTA
xt BPD 5 B K it 20 2 v TL-1B SRk IS MR, £ BTA {E
BPD w1y e GEAE ML [RIRFFE 4P, FH BTA F
Tl LPS il Ja i/l B Wi, #4858 BTA X} LPS i 5119
RIERTITHLA

1 BES5HE
L1 ¥
111 SLEah i Akl itk SPF 2% Sprague Dawley

(SD) K RL18 H, 12 ~ 16 J& ik, 350 ~ 500 g, Wy A
If 24 %2 15 d; Mk SPF 2% SD K B 8 2, 4 ~ .6 JH ik,
60 ~ 100 g, LU AN R T Filgve 8 /R — L% 5
WA, APV AMES o5 SCXK () 2013-0016,
B4 VF AT UE 5 o SYXK (§1) 2013-0106, A ffF %2
Uil Al K B S BE b BT AR B e (TR FRBT A
Be) fEPZ pissitbifl, SKUGshPial 3 T e b s b .
RAW264.7 4iifiea e v E B2 e 1 il A dn B 5T Be 40 i
RO,

1.1.2 EZIAHRALZ  LPS T3 H Sigma 2+ w], BTA
)15+ Bubendorf 23 ], PrimeSecript™ RT f #% 5% 1 71 &
WeTF H A TaKaRa 2y 7], KB IL-18 /) ELISA 35 &0 T
£ [E eBioscience 2y H|, ABI 7500 4 H 5f) Real-time PCR ¢
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1.2 FiE KA BPD BRI H S R T K4 16.5d 1)
SD KB (& H422d), iy i i % B 35 e JEBE AL
sy A A EEER k4l (Saline 21 ) . LPS 41, LPS+BTA 4, 4
H6 Hs M 1% KL 2 3hid% 40 mg/kg (R 5T &6 K kAT
RIS RRIE, R G AT EERRRRIR S G, A0, T,
M. BEIFE, MG MR R R, PR
fi b, BRERTCH. 3. MBS TR NS 25
(LPS., BTA iz #/I3 A EH A Rk ), © Saline 4. 4
AERATEST HEFRER K S UL, @ LPS 4. 4 IRNATE S LPS
lug (5uL), ® LPS+BTA 4. A MRHETEST LPS 1 pg f
BTA 0.1 pg (5uL), {HEH5eEEs, R hm g, &
PR ATIE EEDE o R B AR A, A R B PRI
P, K2 U e R AVES AR B AR, R AR
0, R SRt . LPS+BTA L] A B A4 5 45 0 &
J5 It 5 BTA (0.1 pg/g), Saline ZAFH LPS 2037 2 L% 4
R TR R KBRS T H,

1.2.2 WHLFEARMBE 22 AR5, BEYLEEA
A 10 3.0 7Tda#iAERL (BRLRaEAN IR R 6 2, Ik
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A, FAFEARZN ORI ) 3 5k E0 L, ARIE 15K,
fEsk U i BRI 4 A e AN EEMLE (x200) R
fREE. R Image-J 8 i oy BIGE T iR . vk G il B
i@ E YN Ft il FE  (mean linear intercept, MLI), MLI
FMiaE MR RN, BIE BB e op o w58 X
2, Wk Ead A i (V) HmE TR X
L EKE (L), R ML = LN, ¥4k pm, &4 58
THREIE 4 AR (A,

1.2.4 A RUMLL LR 8 iRt AL et e iigH 2R
AR, BEEEOK, mEREAL, FEERIEA, FET
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125 it 20 2 b R 9 Bl 7 IL-18 mRNA 7K “F-# M 4%
TRIzol IR 7 7% f& B & 21 /45 Ml 41 24 /9 5L RNA, R
PrimeScript™ RT i #% ¢ R 7l & 4 & RNA & # 5% 24
cDNA, 3% I ABI7500 4 H #) Real-time PCR {¥ #f 17 #'
WRIM, BALE) & 7 (B-actin) k. TR F 514 5 B
5-GGAAATCGTGCGTGACATTA-3' i1 5-~AGGAAGGAAG-
GCTGGAAGAG-3', IL-1f .. Filie5 455 34 5-GCCAA-
CAAGTGGTATTCTCCA-3" 1 5-TGCCGTCTTTCA-
TCACACAG-3', s T (L) KhARAE
BB Z5R 5y LA B-actin KN 2 HEATALIE, LA Saline 4]
Jyxt R AT LU S #T

1.2.6 WA RAER F IL-1B F EACTHASIN RS B i
HI S EREA N —80 CURFEHLHY , A/ AR A M BfiFR AL
100 mg 121 & T 2 mL EP &1, JA 400 uL PBS, fiA
Rk, ol R AR, HRK R, T4°C
5000 x g 8.0 3 min, H_E{E#K, 1% M eBioscience X i
IL-1B f ELISA TR 7] & Ud W45 25 BRAG I TL-18 2R IR

1.3 Zifiages

1.3.1 W A R EECT /BB W 40 g IL-18 mRNA 7k
o BN E VRGN R RAW264.7, K3k DMEM,
10% fig4-1filiE (FBS), F 37 C. 5% CO, B #Hi b5,
LPS #0245 LPS (1 ug/mL) H#iliff 6 h, LPS+BTA 4644
¥ LPS (1pg/mL) #1BTA (50 nmol/L) T i 6h, Saline
HIE TR AP ER K, TRIzol 15 775 £ B & 2H 40 e i1 5
RNA, %514 g cDNA, % F ABI 7500 4 B 7 Real-
time PCR {47444, #5M IL-18 mRNA [k, B-actin
. TS 4 B A S-CTGAAGTACCCCATTGAACA-
TGGC-3" 1 5-CAGAGCAGTAATCTCCTTCTGCAT-3",
IL-1B &, TFUEB145y 31 5-TGAAGGGCTGCTTCCAAA-
CCTTTGACC-3' i1 5-TGTCCATTGAGGTGGAGAGCTTT-
CAGC-3',

1.3.2  MIEARFEE /MR Bl IL-18 AR &
Y2 RAW264.7 41 iy, LPS 445 F LPS (1 ug/mL) i
#% 12 h, LPS+BTA 4 [a] i 45 T LPS (1 pg/mL) Jz BTA
(50 nmol/L) i 12 h, Saline 4125 T2 & MLk, B
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gn e ks % Bid e, FH ELISA B 7ol 8 A% M L Wi 41 i 45 i
IL-1B BY7KF-.

1.3.3 SD KEUE#E BRI R 5. TIEL & &%
M M4 JE S HEE SD KR8 KR, WUk E KR,
JH RPMI 1640 £ 5 A 4% 5§ ob I AT 2, RRLL
ML G &, A& A 40 ng/mL W40 A 5 & ) 0
(macrophage colony stimulating factor, M-CSF) [J 52 4
B (& 10% FBS) £r3%, e RMGEEANNE; Bk %
H7H (&S 1% FBS) K dliigsy 2% Saline 41, LPS
24 (LPS 1 pg/mL), LPS+BTA 41 (LPS 1 pg/mL+BTA 50
nmol/L) ZH, A 12 h JE g & RNA, FEA AL 5t W K
A HARA MR 7], B H Tlumina Hiseq2500V4 7
FEBATIFEEEE AR 6 G iy el , & FASMAR
H B R KRBk,

1.4 il itk

K SAS 6.0 B f TG kA o B, € B TRHEAE LA
x*s Fon, 3SHMEBRHRRETZESPr, WRLLER
M LSD #5%5 . P<0.05 FrnZRAHH32E L.

2 "R

2.1 Hi/k: R S kA

H-E geta ) gt kB, 5 Saline 414HEL LPS 418
Sy M) BPD S B el A48 < 37 A= eI i o vk 2 i) B K
B/, MLISEK (#) P<0.05), fnA BTA T al ULk
X LA, 5 LPS ZAHELIRECR . IR AI PR AL
%, MLI i/l (¥ P<0.05), fiiafbPiafeess (8 1),

2.2 Wk RUMEL SRR A B R

A Wy Bk LG LB R B BB TR B H i
(HAJE 1, 3. 7d) Ho3gm, Saline 2H rp i & 13 &= 1fi
A B OURRAE TR 2 I B Tt - i ] B A e 26 R S S
285 ifii LPS 21 rh ik G Al W T B b, S 2R 1 S i 2
WIS, DUREEL, Rivembaig)s, sk ez fifeig
Ui & ARl e BE s A BTA THifG, P& [ IR
HALAE TecE (E2).
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& H
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1 EXRIMELRRRIEF NI

Fig 1 Pathological observation of lung tissues in neonatal rats

Saline £ 3 LPS+BTA #]

e DA D PO AN DT e S |
B2 FERMARMEEEENF (AF_BRiEMALE, X200)

Fig 2 Distribution of elastin in the lung tissues of neonatal rats (resorcin-fuchsin staining, x200)
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2.3 Pk RUA1E0 IL-18 mRNA FUE M2k 15 08
AR 3, TdH AR M S bR IL-18
mRNA F1 & 1 7k °F-, LPS 44 #4545 Saline 24 34 =, Jf H.

A
O Saline £4
BLPSEH
44 BLPS+BTA

W o

Ak

BligfleHeh fL-18 mRNA fY

0-

7E: AL IL-18 mRNA (/315 B. IL-1p AL, ®P=0.000, ®P=0.035
3 BTA 3§ BPD #i4E R ABHZALR /IL-15 mRNA F12E B R ik HIS M0
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BTA nJLAMc3 IL-1 mRNA Fik qK Pyl Z5
AR (3 P<0.05) (1 3).

O Saline £4

BLPS

B LPS+BTA
® @

GO0+

4004

A

3 Ef e A Apeimll)

200

Bfief et e IL-18

Fig 3 Effects of BTA on the expression of /-1 mRNA and protein in lung tissues of neonatal rats with BPD

2.4 LPS FCA BTA T B iy LUWE AN IL-18 mRNA Al
HAMRIET D
£ LPS U 5 W 240 M0 f) o S0 S i b, SN
PCR 755, LPS #il # J& IL-1p mRNA % ik % Saline 41 4

A
500 -
= ! @
: " T
=
z =
sy 00
TE
= = 200
E g
5
E 1004 T
0

Saline #] LPS 21 LPS+BTAH

& (P<0.05); fin A BTA T TiiJ5, 5 LPS 4 #H Lk IL-18
mRNA {5 il (P<0.05), j@id ELISA SKEME & A
ACERY IL-18 kAL, S5 REHFKTF—3 (B 4),

1504

100+ T

50- T

L]

Saline #1 LPS 41 LPS+BTA 41

[ P £ 0 1L~ 1 B M A p/miL)

I A. IL-1p mRNA [9%55; B. IL-1B {9 [k, ©P=0.000, °P=0.002, ©P=0.042

4 BTA %f LPS #3851\ EELHAE RAW264.7 IL-15 mRNA 12 [ Rk 2200

Fig 4 Effect of BTA on /L-/ mRNA and protein expression in mouse macrophages RAW264.7 stimulated by LPS

2.5 KRl HE FLVR AN I 2 5 S A )

3 TR 9 BTA %+ BPD By EHT, ATl ol o 55 55
SD K EUE- i BV, Hhig B RNA, Ball 7 4 6 G
) 4 5% S 40 7, AR P8 RPKM {E (reads per kilobase per
million mapped reads, &7 FR A P4 B2 A0 ) 22 57 Je
MyAE Rl b e, W] B T LR R AR AR ) A (R 0k 22
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5), Jfiid GO (Gene Ontology) ##ia 4y #7, ik th
LPS 2l i #H%L T Saline ZH %5k EIAEC T AR Gy 8L RAEAY
FHORFER,  HmA BTA Je] LU0 LPS fyix ff A8
TVATER. 458 W.or: BTA o] LUl — L8 LPS i S 19 &
SER R H 5755, n Toll #5324k 2 (toll-like receptor 2,
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on myeloid cells 1,

Treml) .
of differentiation 274, Cd274).

fragment of IgG receptor [ b, Fcgr2b).

(RT1 class I,

1 Tk BTA $0iiY) LPS 55K 15 EIRIN SO S AOGHE R (RPKM i)

Tab 1 Upregulated inflammatory or immune-related genes induced by LPS inhibited

by BTA (RPKM values)

H NGRS
Thbs1”
Treml
Cd274
Fegr2b
Fegr2a
Adgrel ©
Tir2
Crsl®
Csfir”
Psmal ®
Skap2®©
Cers®
RTI-CE16"

RTI-Bb*

e Y /b Br & R [ 1 (thrombospondin 1)
receptor E1; “4H 2% [ i L (cathepsin L);
stimulating factor 1 receptor) ;

locus Bb

#2 AWk BTA ST iR 2  LPS 5 5 K 15 T 1A A 48 I o S 92 #H K JE IR

(RPKM 1)

Tab 2 Inflammatory or immune-related genes downregulated by LPS reversibly

Saline 41
4.0790
17.143 0
19.578 1
36.109 6
59.900 1
325.160 0
53.494 0
600.891 6
200.108 1
424329
79.978 8
0.373 5
0.1103

0.3530

regulated by BTA (RPKM values)

HHNGEE
RTI-Da
RTI-Db1
S100a9”
Clgc
Clga
Cd74

Ptms

. US100 #5545 A& 1 A9 (S100 calcium binding protein A9)

Saline 44
141.571 4
21.056 1
28.456 1
99.246 5
91.839 1
618.966 8

9.496 4

“RT1 class 1,

Cd74 % (£ 2),

LPS 4

601.4355
246.401 2
276.548 6
437.157 4
722.8214
3743.143 3
429.866 4
2009.532 2
667.690 0
123.3447
173.021 8
8.467 0

69.190 8

12.464 4

LPS4H
37.8751
1.7212
2.4672
18.374 1
17.705 3
183.174 9

3.7576

f&1iE [ (post translational protein modifications )
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locus Da) .

KPS (L5 274 (cluster
IgG % & 1 bFc B (Fe
Fegr2a % (F 1)
1Ml BTA Xf—2& LPS 5[F2AYHT R K -4& IR TR A R
MG EM, sk Clq C 4% (complement Clq C chain,
Clgc). Clga. RTI-Da (RT1 class T,
locus Dbl)

LPS+BTA 4

130.443 9

100.278 8

72.5629

129.329 0

353.711 8

444.533 2

159.589 5

506.958 3

213.538 8

43.5208

473567

0.620 7

0.2059

0.2562

“adhesion G protein-coupled
CHEIEAHNBLIF T 1 Z 1k (colony
CEAMHA AL al (proteasome subunit al); ©Src
B FA E 4 19 2 (Sre kinase-associated phosphoprotein 2) ;
f& 5 (CC chemokine receptor 5);

‘celath i T
locus CE16; °RTI class 1T,

LPS+BTA 4

95.929 8

11.684 3

10.869 1

30.298 8

30.058 7

361.814 8

8.605 0

ERAMEIER

RTI-Db1

e FF R S /R M R A R T H K B T A BEL B Py o2 1 | 719

3 itig

BPD & S8k ILARIE RS T EERR 2 — ", A
BPD i &t UAK , BPD Y34 T4 5 s B A B 42 e Ak
THRKMAS L, LAFEIA A BPD & i T 47 FbLkG @ < 51
i 5 0 0 S B, BLAE & B BPD kA EE &l T
IEH & B WAk, BPD 42 SER200 A A 2R i s /b T
1500 g Ffigis /T 32 JEID SR L, 4R KA IR e e sk
RAEWBACHE R TR LI BPD R AR mE A T Y, A%
HH, RAEFSRYE BPD kA K R CE N E: L
K LI T SR AT R e N Y 5 BPD A%,
SN R SN T JL BPD K3,

AKGs A £ FloA: P800, e 3k ifin 40 i 2k 40
HeL. bk LA R it /AR A, e e TR Th RE MY
VEREENL NIz 36, B """ R B AKGs BEdE stk
ELgn i sE 5 g, FE B T MEéﬂﬂﬂ’azﬁftﬂéﬂf |
Th1/Th2 *F-ffif, BTA {£4 AKGs H FEILH RS,

RAE S BEAR TL-1B, TL-6 %5 RIE R 1-FI 5 m,nﬁm
FPL R

BN AT EuR=y HIW(IET LPS i 5581 A K Bl BPD 7!
JE45 T BTA +ii, H-E 4ufa 45 L5 s BTA v L 3E BPD
P9 B A, bt 2 DR T EE 4L g B R oK
BTA — g2 & bl LAt BPD #55Y p (5 ik 3 A D0 AR 25
AL, WV AR R, $2o8 T BTA W LAcsE BPD 1)
i b B . WepRBFZE " UEWT, I IL-1B, IL-6, IL-8,
TNF-a f1T$# 2 v (interferon-y, IFN-y) Z&{1y7Kk *F 5 BPD
SIERSE, JEH &3 IL-1B F1 IFN-y 25 34 Jin BPD [ % A,
(16 PR b #0061 0 328 2R T 7™ A R IR 1 2 ani 32, 4
BPD HyBia B A BRI RCR . TL-1 & R4 [ b B2 44 A
F, BT R SEAE Sh R R G TIL-1B A2 AR AR B RE S
76 LPS 5 10 R RV ER A 1E, B RAES DA tig1 27
%ﬁfiaﬁv So FEATIL, TL-1B J& BPD JipHICHEER T,

1t 4341 BPD v IL-1PB 53 ib 3 Z I (ELI, FREE &
BTA fﬁrdﬂﬁ’ﬂ’ﬁﬂﬂﬂ?ﬁu T 142 BTA Al fg il i i
IL-1B 19453 M 5 BPD AR BRMcAS , ASBFZEEE R BoR
BPD 37 A4 B 4140 IL-18 mRNA J % 14 75 1k R 1 B i
B, 457 BTA FHifa, IL-1p mRNA J & 4 %K mIE
LPS 41 B B %A%, #2/~ BTA ®[ G it #0ifil IL-1B By 2RiK
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