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JEA A AR IC 2 (TUNEL ) 4% (046 00 41 i 8 7% 5 25 1 9328 ED k% (Western blot) #3020 21 C/EBP [R] i 2 FH (CHOP) B 4 g ik [
Jei-2(Bcl-2) M1 ¢ X # A (Bax) \Bel-2 8 R B KT . RAGEZME T A RS LR A (BEAS-2B) #0568, 432 25 41
BRI SPZP A = 7 24 T 2 38 ek 200 B A% ol B L A 2 5 TEM ML PN Joit ) A AR 45 ) 5 37 X 4 AR 60 40 e 7
T2 PG (IF) WS CHOP 25 11 19 40 A AZ N SR AL B0 5 S B 980l o b 55 T % =02 M7 (Real-time PCRO) G I 40 A v 1A J5i 1) A G
55 B 5 B 1 78 (GRP78) % 5 5% I T 6 (ATF6) . Bax . Bel-2 mRNA 33k ; Western blot 4 Il 4 ff1 ' GRP78 .CHOP . ATF6 .
Bax.Bcl-2 . B U ) Bt K 5 -3 (cleaved Caspase-3)F £ ik . SR WL as R Won, 525 F 4 b, 55 2H IR B0 2
S BE I R | D TG Sl R L T AR AR A DR T 20 2 B R BRI L R BT | S RE AN R A R R R B
rF PR T R B e 0 R AR A% 81 45, I3 TgE AKCF TS (P<0.01) , 10 SPZP i 28 il ke 3% L3R 45 5 (P<0.01) ;RN A-seq 73 B i
IR, A SR AT 515422 TN B SRR AT 1 852 N2 T LN, 744122 T AS SR L N B 2 S5 T AN 1
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[Abstract]

improving bronchial asthma (AS) via regulating apoptosis mediated by endoplasmic reticulum stress based on transcriptomics and

Objective: This paper aims to explore the mechanism of action of Shengjiang Pingchuan Zhike Pill (SPZP) in

conduct experimental verification. Methods: Sixty SD rats were randomly divided into a blank group, a model group, a positive
drug group (dexamethasone injection, 0.125 mg'kg") , and low- , medium-, and high-dose SPZP groups (540, 1 080,
2 160 mg-kg') , with 10 rats in each group. An AS model was established by intraperitoneally injecting the mixed solution of
ovalbumin and aluminum hydroxide combined with nebulization challenge. After successful modeling, the rats were intervened for
21 days and then sacrificed for sample collection. The pathological changes of lung tissue were observed by hematoxylin-eosin (HE)
staining. The serum immunoglobulin E (IgE) levels of rats were detected by enzyme-linked immunosorbent assay (ELISA). The
ultrastructure of endoplasmic reticulum and apoptosis was observed by transmission electron microscope (TEM). The molecular
mechanism of SPZP intervention in AS was explored by RNA-sequencing (RNA-seq) analysis of rats’ lung tissue. The apoptosis rate
was detected by in situ terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining. The protein expression
levels of C/EBP homologous protein (CHOP), B-cell lymphoma-2 associated X protein (Bax), and B-cell lymphoma-2 (Bcl-2) in
lung tissue were detected by Western blot. Human bronchial epithelial cells (BEAS-2B) were induced by lipopolysaccharide to
establish injury models, which were divided into a blank group, a model group, and low-, medium-, and high-dose SPZP-
containing serum groups. The cell morphology was observed by cell imaging microscope. The ultrastructure of endoplasmic
reticulum was observed by TEM. The apoptosis rate was detected by flow cytometry, and the nuclear aggregation of CHOP protein
was observed by immunofluorescence (IF). The mRNA expression of endoplasmic reticulum-related glucose-regulated protein 78
(GRP78) , activating transcription factor 6 (ATF6) , Bax, and Bcl-2 in cells was detected by real-time fluorescence quantitative
polymerase chain reaction (Real-time PCR). The protein expression of GRP78, CHOP, ATF6, Bax, Bcl-2, and cleaved caspase-3
in cells was detected by Western blot. Results: Animal experiments show that compared with those in the blank group, the rats in the
model group present frequent wheezing with stridor, coughing, reduced activity, rapid breathing frequency, and other symptoms. In
the lung tissue pathology, the airway epithelium of the rats in the model group was shed, and inflammatory cells were infiltrated. The
airway wall was thickened. In the ultrastructure, the endoplasmic reticulum was dilated, and chromatin was condensed. The cell
nucleus was pyknotic. The serum IgE level was increased (P<0.01), while the SPZP intervention group could improve the above
results (P<0.01). RNA-seq analysis shows that there are 515 differentially expressed genes in the blank group and the model group
and 1 852 differentially expressed genes in the model group and the high-dose group. 74 differentially expressed intersection genes
were significantly enriched in asthma, apoptosis, and endoplasmic reticulum protein processing pathways. TUNEL staining and
Western blot shows that compared with the blank group, the apoptosis rate of lung tissue cells is significantly increased (P<0.01),
the protein expression of CHOP and Bax is significantly upregulated (P<0.01), while Bcl-2 is significantly downregulated (P<0.01)
in the model group. The SPZP intervention group significantly improved the above detected indicators (P<0.01). Cell experiments
results show that SPZP-containing serum dose-dependently increases the survival rate of BEAS-2B cells (P<0.01) and improves the
disorder of cell morphology, chromatin condensation, and endoplasmic reticulum swelling and rupture. The apoptosis rate was
significantly decreased as shown by flow cytometry (P<0.01). The expression of GRP78, ATF6, and Bax mRNA, as well as that of
GRP78, CHOP, ATF6, Bax, and cleaved caspase-3 proteins were downregulated (P<0.05, P<0.01), while the expression of Bcl-2
mRNA and Bcl-2 protein was upregulated (P<0.05, P<0.01). Conclusion: In vivo and in vitro experiments confirm that the
intervention of SPZP in AS may be related to the regulation of the excessive activation of the GRP78/ATF6/CHOP pathway and the
alleviation of epithelial cell apoptosis mediated by endoplasmic reticulum stress.

[Keywords] bronchial asthma; Shengjiang Pingchuan Zhike pill; transcriptomics; endoplasmic reticulum stress; epithelial

cell apoptosis

AR, 32 B AR A Moat 45 kAR R 2, L
ARG NG (AS) RN M S R TR M R R AR R
FA) 3k B P R R R BT Hoh  AS &R
R IR 4.3%, T A DA 8050 Oy 21 it 20 5 5
WFIE 5B 0 = KRPEm 2 —2 o ASHE N —Fpig %
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1.1 gk AR L 41 R (BEAS-2B) , %
5 C1114, 19 A B EEAEYR B A BRA A L 25
S T 40 2 56

1.2 3h¥  HHL60 H SPF %% SD i Kk KL, 14 i
(180+20) g, i 7" H BERF K27 s ¥y oo S i 1) 52 78
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1 (Bax) (Bel-2. 57 U1 9 Bt X 2 11 i -3 (cleaved
Caspase-3) . P 5T [ AH 5C #4505 & 1 78
(GRP78) LA (VLI SERHE WA 5 0 A BRA F] L 5%
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(BN AL FE W H R A B AL 585 43 5 2 ET1703-
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VRO T A R 4 2 T AN A LR
B [ (R IR R AR R A BR A | L 4R 54y
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SL| W (DAPL) | Ll = 1 3 3 P (LU AR R RHE AR
HARARA A, 85 7 5 ZF-0516, EE0015 .
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& Y0 M B 5 T A I (CCR-8) 157 & 95 M B 2%
KAEVRE AR, 525 5351 R C6005.P10100 .
M5105), JRZ 85 . — B W AR (Jb o RS £ B A TR
2 H L, B85 4 W) o L8880, D8371) , TB Green®
Premix Ex Taq™ (Tli RNaseH Plus) . PrimeScript™
RT reagent Kit with gDNA Eraser (Perfect Real
Time) [ % H BEAYH AR (JL50) AR A AL 585 55 5
A RR820A .RR047A ],
1.5 {¥#% JXFSTPRP-CL %% v #F % AL ( b i
S R JRA R ), LDZ5-2 B O HL (L 5t
Jb A B0 HLA B2 R ), Multiskan Go 8 i A7 {3
StepOnePlus B 52 I} 5% 5 i & & & Mg 4 2L &
(Real-time PCR){Y .EVOS xI core B 41 il i 1% £ 4¢
5] B AR 0 B (08 BRER R B A A
Imager 680RGB %Y 8 7 i £ T & WL 15 AL ( 35 [H
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F AL ke 2w ), BX43 B98O i i ( H A i
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R B e PR AN (RO R A R A R A WD .
2 A&
2.1 EhWoreH AR s R R T L5 T
14,21 K JE 5 10% 513 & 1 (OVA) Fl & Ak R
TRA WM 1 mL BB, WER B — MRS 565 28 Ko
K EUKCEAE 39 em*29 emx23 em &L T, R
FH 2%OVA F1 & 5 AL 55 1R A W W 55 16 % 30 min,
% 380 R BR300 N ik | Wi S D S O S AR P
WA I ST R PICAE RE R O R R L KA
AU AL B ) 14 K BB AL 43 S A AL 2, BH P 2 A
SPZP ik . &l 4 A 10 H o 5535 RERZ
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4, % 41 2%0VA 5 4k R 48 K R 5 N0 4K 3% 1 AR
B s R R A A o T AR FAR K R
UL T M ZE KPS 5T 0.125 mg-kg', SPZP R[]
FI 445 T 540.1 080.2 160 mg-kg' EL: T3 4,
a4 KA B AL, W S5 AT 0.5 hilE BIRYT .
2.2 FEACREE I T 3% 1 L Ll 22 A R
RO, F S BRI, 5 1 h, A AR 4 °C H L
(3 000 r*min", 10 min, & 0> 242 10 cm) , 73 %& %)
2 mL WA BT -80 °C UK PR A7 o K B fif L
TN AT E A 1 mm*2 mmx1 mm A 78 L
A HEL A T W, G A A it 22 3R Y I [ T A
YR A il 4 2L A7 T -80 °C UK A8 -
2.3 JRRFE - (HE) e €800 %2 fili 20 21 5 B 2 2%
b B i 20 2N 22 I v B B OK, A i
VIR AL 48 4~6 pm JE A U] R, 88 4 b AR IG#EAT
TOH R W BR R O BE S K CHE B 6 PR R 3
AL UL R AW 5 45 S B R DR A
2.4 it IBC B 5 I B N A 3 (ELISA) A K Bl il 36
IgE 7K P MUKAE B B R i HEA iR 12 2
U 5 [ B B il Al 2 S iR iR o R W AR AR |
S B AR E AL 2 AL S REAS AL AR OO AR BE A
T w2 R B S TR LT R A i BEORR) &
PRAE AR o 1R B AR A AE 450 nm 37 KR I A AL
W G RE A, S5 A RN 3 Uk, O A (E T s 2k
IS #r .
2.5 Fesgdsortr WA A BRI M SPZP
7 K U A 20 B O RNA . I 2 42 BUEY RNA
Y BE ORI BT 5 o R A A NS A% 5, AR A Oligo
(dT) By ® Tk & % H B & Y M mRNA, it A
fragmentation buffer ¥ mRNA #F 17 ffi #1147 Wr . LA
mRNA iy B # , A S Bl 5 B AL 51 4 (random
hexamers) 15 i cDNA 2 — 5 , S8 J5 I A 22 wf i
dNTPs Fll DNA polymerase I & i cDNA 2 4% , fifi
J& #l 1 AMPure XP beads 4fi ft. XL 5% cDNA. Zlifb iy
XUEE cDNA HE#E AT R i 5 A & Jf % 422 0 e 4%
3k, 9% J5 F AMPure XP beads 17 7 Bt K/NVE SR, B
J5 #47 PCR & 15 B i 24 1 cDNA S, X Y
i A R Bt K BE (insert size) FI1A &0 BEE A7 R, 1
BLI Y o it 08 28 o 42 0k DR AR B A 20T 91, 48 1
X AE A B RGN A [ i ] R 15 75 DESeq2 2
(v1.38.3) i ¥t 22 5 Rk, LU |log, 22 - HU(FC)|>
1.5 H P<0.05 29 B , K 22 5 2 [N T A DAVID £
J% (https://davidbioinformatics.nih. gov/) #F 17 3 (A A<
H(GO) TR s /i 5t i N 5 RN A A R4 1
. 4 .

(KEGG) it # & % 3t , 9 38 3 30 2B 5 F 6 (http://
www.bioinformatics.com.cn/) #E47 P] P4 AL FE

2.6 B GTHLEE(TEM) WAL il 40 U T 454 o
fief BT A A i 20 2T R B I A TR, TR D R R
FEM A% A 1 mmx2 mmx 1 mm (4 e 4R 28 [
SE VR DK AL A B SRR S R 8 T TR -
FrEERR AT W e ()5 , B T TEM R WLEE P Ji ) 5 41
JLR T B I A

2.7 JRA A S bR iE 3 (TUNEL ) Y 0 30 £ ili 2 21 441
ML T3 el £ S wm JE A Bl 41 406 D) R
R4 h, B J5 ST B &2 K, U1 R i A TUNEL &
RAW, BT 37 CilR &P ROLIEE 1 h, Z )5 kiR
A8 22 vl (PBS) I Bk 3 1K, B 1K 5 min; P /il DAPI
e {5 W, R OG % R F 20 min, 7] £ S PBS ¥ 3k
3R VBRI S min; dfa PLKEE PR B BRS¢
i S B 4 O

2.8 ZE M P BT 1 (Western blot) 6 i ili 2H 21
CHOP ,Bax.Bcl-2 % H &K K FREUA A7 14 il 4
21, AT mL TV 1) 4 A A7 W, [] B A TR il 417
il 57 10 L 2 AR 1wl B R OB i T R
(PMSF) 10 wLR25), vk FARAERF T YR VRIS LTI
BCA & it , ifil & B e, FL Uk , 7% 1%, CHOP(1:5 000) ,
Bax, Bel-2 (1: 1 000) — #T 4 °C ¢ & & & , — 41
(1:50 000) % IR$F FRBEF 1.5 h, TBST Ve 3 1k, FE Ik
10 min, B WU 45 1 LIRS R i T8 =,
Image JERF 40T o

2.9 SPZP & 2l i 9 # & 3£ B SPF 2 it SD
KB 12 H R 5 (180+20) g, B AL 4> M 28 1 41 A
SPZP#H 3% 1 8. SPZP#4F SPZP(2.16 g-kg")
Y AHAA TEN RN AERSEKES. BHSA
253 IEH 7 A RKIRALER 1 b, M 3 8h k2R R
KA MAEE, W AE 4 °CE .0 (3 600 remin”, 15 min,
B4R 10 cm) LIRS IMLVE o 48 56 °CK i f K
30 min, ] 0.22 pum JC U8 BT U8, A5 2 25 100
© SPZP I i , L& FE 5 PR AFTE—-80 °Co

2.10 #ifiisE  &E 75 BEAS-2B 4, R & 10%
i 2F 1L (FBS) B 1% AT A RPMI 1640 58 4 85 5%
BB T 37 °C . 5%CO, i il K 55 48 h i B 5%, W
SN M 1 KRS R A0 AR K Rl B 3K 3 80% LA 1
B i A e A7 T A Ak B B S R AT A AL AR R
7, T IR 8L MR8 .

2.11 CCK-8 % #l] BEAS-2B 4 i3 1% J1 K 4 %k
K BEAS-2B 40 il LA 8% 10° A4~ /FL 4 2 96 FLAR ,
Iy R AS AE BRI 2, SPZP AR P L A 25 I Y
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M, BHE SR, = AL T2 B IME R FRH
RUZH AR 25 AL LRl 125 T IR 2 05 10 mg- L il 3%
24 h 5 SPZPAIE v i AR ik B 2 IV 4 i A
Joi A3 9 AR TR B0 5% . 10% . 15% & 25 1L 3% T
i, 9 & 24 h, 11 B FLINA CCK-8 % ¥ 10 pL, 5 3¢
FEANIEE 1 b, B AR LI E 75 450 nm 2 BB E
2.12 TEM ¥ %< BEAS-2B 4 Jid P 5 0 45 155 45 4
STUG AR 2.6 T F vk .
213 i 2 40 i R K I BEAS-2B 41 i 19 I T R
JHAS & EDTA (1% JB 1 9 Ak Wi 52 40 it , JH PB'S Uk 4% 4
g 2 Y%, i A Binding Buffer 500 wL #5528 R 2] Al 520
Jii £ W&, il A Annexin V-EGFP 5 wL #1 Propidium
lodide 5 pL, BRI A], =il GBOGEM T, R I 5~
10 min, ALK .
2.14  RPEDOLIF) K BEAS-2B 4 il CHOP 2 1
5% BEAS-2B 4100 T € Fr 5 2 AH O Ab
4% % B W % [ 2 15 min, 0.1% Triton X-100 il &
10 min, 5% 4 1. ¥ 1 & 1 (BSA) £ 4] 30 min; fill A
— L CHOP (1: 100) 4 °C ¢ & & & , 9¢ ok — 4t
(1:300)Z M & 1 h, DAPI 4% 5 min; 246 i i35S
T ST
2.15 Real-time PCR £ il BEAS-2B 4f it GRP78.
ATF6 .Bax.Bcl-2 mRNA ik 784 41 40 fg i 3 v
HT A 2L W RLT Lysis Buffer 350 pL, % il i & 7645
S JE A% e IO & U W 4R IRCEL RN T
RNA W JE , 2030 5 5 453 3] cDNA, B 4T ALY 1,
N AR P R 95 °C T AR M 30 5,95 °CAEE 55,60 °C
iRk 30 s, 40 AN AE 6 o LU T -3- 0 R A
(GAPDH) N NS, 3K A 2235 3T 5 mRNA # Xf &
LB T AR TR () B OA R AR
GBI ITAI L 1,
2.16 Western blot £ ill BEAS-2B 4l il GRP78.
CHOP ., ATF6.Bax.Bcl-2.cleaved Caspase-3 % [ &
IR A 3T 5 2E 240 S i O AL 3 min f5 AR 4>
A B IO R A Ud B 4R AN i B 1, BCA A i Y
BE il A B, LUK, BRI, — BT GRP78(1:800) .
ATF6(1:500) .Bax(1:1 000) ,Bcl-2(1:1 000) .
cleaved Caspase-3(1:1 000) .B-actin(1:3 000)4 °C
A A, Y H TBST PE M 3 3, 4K 10 min, 4
(1:50 000) F R H 1.5h, BREBRLRW B 1: 1R
) S5 T TR AT R G , FH Image TR AT .
217 Siit2# Mt fliH GraphPad Prism 9.5.1 #E47
314, YE4T Shapiro-Wilk 1FE 254 #6545 5 Levene
Tr 22 VR 5 22 4 ) LBk R B R 3R 7 22 40 4T

XX, XXXX
*1 s|9F7
Table 1 Primer sequences
GiEY] FEFI(57-3") ¥ /bp
GRP78 f GACAAGAAGGAGGACGTGGG 173
T GCATCGCCAATCAGACGTTC
ATF6 f CAGCAGGAACTCAGGGAGTG 96
T AATGTGTCTCCCCTTCTGCG
Bax -3 AAGGTGCCGGAACTGATCAG 81
T GTCTTGGATCCAGCCCAACA
Bcl-2 Fiif GAACTGGGGGAGGATTGTGG 164
T CATCCCAGCCTCCGTTATCC
GAPDH ¥ CAGGAGGCATTGCTGATGAT 138

Fi# GAAGGCTGGGGCTCATTT

2H [a) 9 5 LR ) LSD-e A 46 i H R R x £ s 8
7N, VA P<0.05 8 2 5 geit 7w i X
3 &7
3.1 T AS R — IR 2 K i 41 28 B ok AR 1 5
M ZS 2K BROJC W 8 LM% CRE IR, HE Bt 852 <
Bl b g sk R BE <400 K JE AT L SR
Pl 8 i 40 L AR /0, it 960 9 28500 00, TG 5 I L 7K b 45 s
PR RILE R A LUEA ; 525 H A R B
21 R BRSBTS i S | R S I B B R
PR TR B RO A BN S % HE B
0 SR RE I R G R R IR A 2 A i, w0 ¢ )
KRR 07, B RE A R KRR AR
i 200 JH 5 5 R R 2 L, SPZP AR | Hh ) e 4 R BRI
SRR BN RS L (EATA Wi E. HE G4 68 300 45 REAT
AR PE R AT DL SR T LA A /D A RE A
{EL ¥ 91 A A A 20 a0 4% 5 BH P 24 2 FN SPZP i )
it 20 K BURE PR S T I 3 PR T AR M B AR
MK HE B 8 3 S S5 M 205 TR, RS R L
SEAE A RE SR LA ORE 20 BR AR 2D il v O 2SR
n. WEL.
3.2 X AS KR IgE KRy fEm 525 H4l
B, R4 R R M W IgE Rk K R B E T &
(P<0.01); 5EIABYZH LA, 45 1 Pl 4L K BRI T IgE 38
RIK T E R (P<0.01) . WL 2.
3.3 FskHlE AN b T W SPZPAEH T AS Y
BL, XF 25 (4] BRI 4] SPZP = 7] i 41 247 RNA-
seq M7 43 7, =5 20 SRS 20 A 5154 22 S L 1A,
Hop BJE I 3704, TR L 145 A B
SPZP i Al 4 34 1 852 2 L R, Hopr | 9 3
K403 4>, F IR 1 6494 ;3 4l U sg 4 3645 74 4>
. 5 .
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A B C

T A BRI, C L2520 s D.SPZP AR 1 4  E.SPZP 5] i 2H ; F.SPZP & 7| 1 4 (&1 2-[&1 4[] )

El1 SPZP3f AS K RAALRFELEMHM (HE,x200,x400)
Fig. 1 Effect of SPZP on pathological changes of lung tissue in AS rats (HE, x200,x400)

*2 SPZPX AS KRR IMLiE IgE MR (x+s,n=3)
Table 2 Effect of SPZP on serum IgE in AS rats (x+s,n=3)

215 F & /mg- kg IgE/ng-L"
Rk 91.97+5.78
H 700 2 543.37+7.81"
PR M 25 41 0.125 167.50+8.90%
SPZP I 41 540 427.68+9.60%
SPZP il i 41 1080 356.33+8.27%
SPZP & 1 41 2160 273.03+10.03%

e HAS HA Y P<0.01; SRR LY P<0.01(FK 3 FiZ 4 )

22 S 3 X H AT W BT, GO Th e AR 45 2R
L AEY) R (BP) 32 28 55 20 i A G R L 4
PAT- R A G g AL 4 (CC) F2 28 5 i M i 25 7 3
LAWY A0 A DI A AR OC , 4 1 DI RE (MF) 324
52k gh A BTG TE  DNA S5 A a0 A G
KEGG & % 73 7 7 , 22 5% 5L A 5 Th1/Th2 40 ffd 53
b UE T B UL R 3- 330 RE (PI3K)/4R U B

D E F

(Ak) {7 5 30 B 0% Wy L 9 J5 ) 3 B2 U0 A OG TR A
ZH Hi A 98 E UE 92 SPZP AE I F Th1/Th2 41 i 431k
PI3K/AKt {5 5 i i (9 AL o A BIF 9% 25 & 45 1)
SPZP i 45 N J5T I 17 84 A 5 4 40 R 0 T X AS 1Y 5
Me o D34 5t R SR o A

3.4 XF AS R 4 208 1ok 25 AL B A R R T Y R
M) 25 [ 2T 2 P R 4 IR S R A, N o )
S TCYT KBS oAb, S0 AR HE S [ B AN e A
SERE YR A A 5] s TUNEL Y6 mT WL, 25 (ALY
PTG S AL T R A TR 55 H
PR 1R 2 T R TR R 4 Y P T )
it i I T B Sk il M s A0 R A G T R 2R
WG A 240 M7 HEF 2K L B4 XA AT UL T
PRTE 15 il 2 208 7 2% I 25 T8 (P<0.01) o 5B
A LLHE IR 9T AL R A0 0 5 R0 o 4P 22 i - N T
o (1 i ik b R R U, T €5 o g A B R ek D (]
A #4536 97 41 19 TUNEL ¢ 8 0 T 45 5 ¥ 08020, il 41
U TR T (P<0.01), WIK2 K3 .33,

A B C

B2 SPZPXt AS KR ALABRLEHMBIFZN (TEM, x2 000,x12 000)
Fig. 2 Effect of SPZP on ultrastructure of lung tissue in AS rats (TEM, x2 000,%x12 000)

3.5 X AS K FUfiZH 4! Bax . Bel-2 .CHOP & [ % ik

M 525 HH s, A4 Bax 5 CHOP & H
. 6.

#£ 3k B #E b (P<0.01) , i Bel-2 i % T i
(P<0.01) ; SR FL 55, 53R 9T 41 /Y Bax 5 CHOP
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DAPI

TUNEL

Merge

A

El3 SPZPXf ASKRAALRMMATHR
Fig. 3 Effect of SPZP on apoptosis of lung tissue cells in AS rats (TUNEL, x200)

%M (TUNEL, x200)

#3 SPZPXIfAS KRAALMMATEMIM (x+5,n=3)
Table 3 Effect of SPZP on apoptosis rate of lung tissue cells in AS

rats (x+s,n=3)

213 i /mg- kg FT=H/%
Rk 1.86+0.47
AT 2] 27.26+1.52"
FH 1 25 241 0.125 2.21+0.40”
SPZP i 5 41 540 13.40+2.37
SPZP i 4] 1080 6.10+0.91%
SPZP = 7 i 41 2160 2.50+0.95>
EHFEKEFET M (P<001), Bel-2 @ F F M

K4 .34,

Bax | S —— 21 |D:
B2 [ — 1 D:
crior | S — 27 D

[-actin | S (2 D2

A B C D E F
El4 ASKRAMALA Bax.Bel-2.CHOP & B R AH Kk
Fig. 4

(P<0.01),

Electrophoresis of expression of Bax, Bcl-2 and CHOP

proteins in lung tissue of AS rats

%4 SPZP X AS kX R Afi4H 4 Bax.Bcl-2.CHOP EH R X B M
(x+s,n=3)
Table 4 Effect of SPZP on expression of Bax, Bcl-2 and CHOP

proteins in lung tissue of AS rats (x+s,n=3)

7l Bax Becl-2 CHOP
2051

/mg- kg /B-actin /B-actin /B-actin

=L 0.65£0.03  1.14+0.01  0.67+0.02
[ 1.27£0.02"  0.46+0.01"  1.08+0.02"
[ 25 21 0.125 0.81%0.022  0.8£0.01> 0.84+0.02%
SPZPAFlE4l 540 0.89+0.05>  0.84+0.01* 0.91+0.02%
SPZP &40 1080 0.87+0.01%  0.96+0.02%  0.84+0.02%
SPZP 4l 2 160 0.74+0.05%  0.97+0.01%  0.83+0.03%

3.6 X BEAS-2B Al 7 1% F sz 525 4l
AR ZH 20 M AF 1S R TR (P<0.01), HAA
A L HR, SPZP 455 18 15 24 1L T 4140 M A7 0 % i 3 T
i (P<0.01) , [F] B 45 77 A [] ¥k B 1% SPZP 7 24 IfiL 15
TG, 4B A7 T A Sk BE AR e T . MR S

®5 SPZPEZMEY BEAS-2B HMTFEEMHIN (x+s5,n=5)
Table 5 Effect of SPZP-containing serum on survival rate of

BEAS-2B cells (x+s,n=5)

41531 B 0% AU R 1%
sk 99.20+0.84
TR 2] 63.20+0.54"
SPZP 85 5 75 24 1M 75 41 5 78.40+3.58%
SPZP il i % 24 i 10 86.80+2.17%
SPZP i 7] e 15 24 1L 75 41 15 92.80+1.79%
TE 5 a8 (41 VP<0.01; 5 855 8 41 1 B P<0.05, P P<0.01

(F6-% &)

3.7 X} BEAS-2B 40825 R L4 M o sg . A=
Yy 4 B WL %%, 25 41 19 BEAS-2B 4 il 2 35 09 A
NS | 1 0175 TR R B i G e ol el 1 (1
A LI 245 4% 4 14 400 D 5 SPZP 5 24 I ¥4 4 v 4% 4 41 i
) 50 ek /L, 4 P % RE A R BE In . TEMOWE %%, &5
20 BEAS-2B 4fl Al 8 {8 25 ¥4 1E %, N 5T I JE 3% 2 o
R SRR, JC M ik A v Ak R B TR A A8 i A
Yot T AR 50 5 528 1Al H B R R 4 PN 5 )
BRI K B P W R 2 R 2L NG L L 4 A
e o T SR A AN ML N B AR T A i =L SRR A
Fb 3, SPZP AR v 5f a5 24 1L Y P BT I 45 405 A P
U0 F P 5 DA A A b K Rl B B4 5 T SPZP i
FR B 2 v A R S5 A A I S 4 R
1% 2 RS AR XS R i ik Tk A5 0 3 B AT
& AR A MR R A, LIRS
3.8 X} BEAS-2B 4 il & T i 52 FHA
. 7 .
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A B
TE: A2 F A BRI C.SPZP IR 4t 75 25 1ML 15 4 D.SPZP il it 3%

5 SPZPEZHMiEX BEAS-2B MK SMBMAE MMM ({85 LY B8, <10, TEM, x12 000)
Fig. 5 Effect of SPZP-containing serum on morphology and ultrastructure of BEAS-2B cells (inverted biological microscope,x10; TEM, x12 000)

A, FE TR 21 A0 B O T 2 T (P<0.01) 5 SRR R 40
L 388, SPZP A [R] 57 1 7 247 1L V7 20 40 O T 2 B B
FEAR (P<0.05, P<0.01) , H 5 7] f 4061 M B AL, SR
SPZP & 24 Il 1% W] # i 2 0 175 3 ) BEAS-2B 4l g
P o UL R R R K 3R 6

3.9 Xf BEAS-2B 4/ CHOP &E [  S545 1
ZH Ho A, B 2 i CHOP 41 (6 98 % ] B R4 T 40 i
W X S, LR i o 3 ) I 1 5, 5 WY il 22 4 ol
Wi 3 CHOP [m] 4 il % N 3R % ; 5 B AL 2 Lh 3¢,
SPZP % 24 IfiL 3 4H 19 4% N CHOP %6 6 1 He & A2 0 2>

2 Il V% 21 ; E.SPZP & 7 4k 75 24 1 3 4 (1&] 6- 181 7 [])

F6 SPZP &M EX BEAS-2BAAA T RMH I (x+s5,1n=3)
Table 6 Effect of SPZP-containing serum on apoptosis rate of

BEAS-2B cells (x+s5,n=3)

4151 ARG H0% TR /%
sk 2.71+0.15
AR 4] 26.16+0.21"
SPZP I 5 4t 2 24 1f v 41 5 23.23+0.27%
SPZP 5 ik & 24 1 v A1 10 12.37+0.25%
SPZP & 5 4k 2 24 1 75 41 15 6.49+0.16>

Ui SPZP & 2 1l ] 40 il fig 2 4 75 5 1Y) BEAS-2B
e CHOP N R4, ILE 6.

- -----
- -----

El6 SPZP&ZjIiiExt BEAS-2B 4HiE CHOP ZEH R M (IF, x400)

Fig. 6 Effect of SPZP-containing serum on CHOP protein of BEAS-2B cells (IF, *x400)

3.10 X} BEAS-2B 4fl fi GRP78, ATF6, Bax ., Bcl-2
mRNA KXW 525 4 K, BAHf
GRP78 .ATF6.Bax mRNA Fik i % [ i# (P<0.01),
ifii Bel-2 mRNA ik 3 F I (P<0.01) ; 588 4]
Lt 3¢, SPZP £ 7 4 % 24 Il I 41 i) GRP78., ATF6,
Bax mRNA % ik B i F I8 (P<0.05,P<0.01) , 2 7| &
WP , T Bel-2 mRNA 35 B3 i (P<0.01), 6
B] SPZP & 24 1ML ¥ AT LA 5 A JBe 19 17 33 4 3 174 48 i
. 8 .

T RE. W7

3.11 X} BEAS-2B 4}t GRP78/ATF6/CHOP 5§ 5 i
BEEEHRBWER 5 HAH R, R
GRP78.,ATF6.,CHOP Bax . cleaved Caspase-3 %5 [
ik W B (P<0.01), 10 Bel-2 £ 1315 8. T
(P<0.01); 5H YL L5, SPZP IG5 & 24 1 i 4
HEHRIEE TR BHE,SPZP H &l & & 2 Mmis 4
# GRP78.ATF6.CHOP . Bax.cleaved Caspase-3 &
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&7 SPZP R Z5MiEX BEAS-2B £/ GRP78,ATF6,Bax.Bcl-2 mRNA RIZHIFM (X+s,n=3)
Table 7 Effect of SPZP-containing serum on expression of GRP78, ATF6, Bax and Bcl-2 mRNA in BEAS-2B cells (x+s,n=3)

21 5 RT3 /% GRP78 ATF6 Bax Bcl-2
2 H4 1.00+0.07 1.0040.04 1.00+0.06 1.000.05
AR 241 2.23+0.09" 2.28+0.12" 4.25+0.02" 0.28+0.02"
SPZP I 5 4t £ 24 1fi 75 21 5 1.71+0.11% 2.06+0.15> 3.64+0.18 0.43+0.01%
SPZP 7l 5t & 24 1fiL 7 41 10 1.43+0.11> 1.19+0.02” 1.79+0.04> 0.49+0.01%
SPZP i 7 it 2 25 1 i 41 15 1.07+0.16> 1.02+0.01% 1.57+0.02% 0.55+0.02%

H #1581 2 K 9 (P<0.05, P<0.01) , Bel-2 8 H 3R ik

GRP78 [ soe S S s e s - s 72 kDa

ATF6 | o SRR S - S e W 75 Da

cror I 27 (0:

Bax [ S e 21 kDa

Bol-2 M S M e S e S 26 kDa

Coavel I 17 kD2
Caspase-3

Bractin DS S TS ——— 12 kD2

A B c D E

E 7 BEAS-2B 4}l GRP78/ATF6/CHOP {5 S 18 I & B Rk B ik

Fig. 7

CHOP signaling pathway in BEAS-2B cells

Electrophoresis of protein expression of GRP78/ATF6/

4 itig

AS @ BRI W IR Y E T R AL LR HE
B 52 R R R AR AE I AR T, (S UE IR R - Wi E )
FOMOhRZE BN ZMRN, SPZP K F il B
) 36 . T 5 ] R 336 2 07, i B0 F 9% 8 0F 52 AT AR
AT R AE KT A E T, R R 2 4 B
i AN B . A BT G B S A R, 22 e N
B AR T 0 W 3 20 R T R KON R T
N E B s BT I N AT R & SPZP R R KB
LR PATT O AS B OCHESE . L, A B S —
#: il ¢ GRP78/ATF6/CHOP {5 5 il % J& JT Ml 1 &
UE, & 76 [ 0] SPZP Bii A AS B4 T AL .

AE bR AE SR LR AN AR B R B
55— 18 Yy B BE BR , JL45 0 5 R PR LR I AS 19
T HE TG R AE R, B AS BRE I SR

B LI (P<0.01), W 7.8,
AT AL 20 2 L 2R B B S ) S R A TR B
G RGHE b B A AR 405 2 B IR 40 i T 5%
() 5% 3% 1, 3 SO IS5 o 3 1k T 4 ol o R
A= W 25 4= NI 5 2R T R JR 3 R S 5 I I8
N2 G b R A P O ) R S R A DDA G .
WIE N 2 5 & 0 T & A8 S8 fa A 4k, 2 4
I 07 38 S N P A O AT TR Y A A R B R
BRI R I =24 L= AR NS AN
Jit g 3l R A B 2 O (UPR) DL #8285 5 28 7
b SR AL R UPR MG AR 37 MM 5 5% A2 i 1
55, B sh A0 M U TR R 2 R 2 UE A
FW], P 0 7 R e R T R W W P B 2 M
PRI T AT G A0 S5 22 I I AR 8 9 s 1Y A [m] o EATL
il AR R, AS K BRI ZH 411 B 45
W A8 RE R, I 1gE 582 TF e o B s b Al
DA I IR e i 2 9 b L S €0 I 5 4R B R T /NMAS IR B
JIg Z B575 3 1) BEAS-2B 41l fifl 22 B 8 58 N i M)
Wi 24 H TR TR E B P N A S R
T b AT A TR AS ASHE B 1 R BRI
GRP78/ATF6/CHOP i % J2 4 5 P J51 99 7 384 1
P TR S HE(E S GRPTSAE N N R M a1y
Bt o R 3 B ARAE T 5 ATF6 25 &, O JL 4
SEFE N ST 75 24 P S5 G 9 & AR B, GRPTS B
M GHRMTSEN, FRATF M H I HE 2R
IR LA BY O LG A B BEAKE S Rl 2 R AR
AT 5% 55 F CHOP®' . CHOP £}y P J5t N ;#4175

#8 SPZP&ZMiEXt BEAS-2B il GRP78/ATF6/CHOP 5 SEHEAREMBIN (v+s,n=4)
Table 8 Effect of SPZP-containing serum on protein expression of GRP78/ATF6/CHOP signaling pathway in BEAS-2B cells (x+s,n=4)

251 RFL 9 %0/% GRP78/B-actin  ATF6/B-actin  CHOP/B-actin  Bax/B-actin ~ Bcl-2/B-actin cleaved Caspase-3/8-actin
S H4 0.51+0.07 0.45+0.12 0.26+0.17 0.58+0.05 1.03+0.11 0.22+0.11
AL TR 2] 1.3240.09"  1.22+0.13"  1.37+0.08"”  1.23x0.11"  0.38+0.10" 1.17+0.11"
SPZP I 5 &t % 24 1fiL ¥ 21 5 1.03£0.10°  1.16%0.10 1.14+0.05 1.18+0.08 0.85+0.05> 0.92+0.15
SPZP Hh 5l 75 24 1 7 41 10 0.88£0.01°  0.65£0.18”  0.89£0.09°  0.91£0.14”  0.69+0.07" 0.6+0.22%
SPZP i ) &t 2 24 135 41 15 0.68+0.02"  0.57+£0.11°  0.48+0.07"  0.69+0.07°  0.68+0.06* 0.42+0.11%
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SR TR AT H, 778 L 84 Bel-2 K5 E 3 £k [4] TRE E5H8KER, 4—; T HHF AR cAMP/PKA (55
S, BT T 1 Bel-2 L bR T8 1 Bax, IR AR 32 WK B [ 1. S L2026,
S T T 24 P 3 4 15 Caspase 22 2 17, $22)3RT 38 o
" 2 . \ (2] . S ok . YU C X,WANG X M,ZHANG Q Y,et al. Asiaticoside enhances
- 131? TE'F 2l H@ {Jﬁ L= ° Z'K Eﬂ:jl‘ Mg W ﬁl\ - gﬁz H % =l E cAMP/PKA signaling and alleviates airway inflammation in rats
— AR SR R, SPZP T KRR AS KR4 with bronchial asthmal J]. Chin J Immunol,2026,42(2) : 322-
AU T-% T CHOP . Bax & 1% 3i5 , Ll Bel-2 % 327,333,
S, I o st il 4R 4 s B R 55 5 N T O R 4k H [5] LIUY,LIUH,SHAO Q,et al. Majie cataplasm alleviates asthma
s : K B 52 853 52 . SPZP & 25 135 7] F 18 GRP7S. by regulating Th1/Th2/Treg/Th17 balance[ J]. Int Arch Allergy
ATF6,CHOP . Bax } cleaved Caspase-3 3% ik, [ I mmunol, 2024, 183(9):900-909. , , ,
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Bel-2 %% ijj ’ [5% /ﬂi /%‘ ]E L Bl éEH H@ \{}% [ $ ’ E& % W ﬁ m inflammation and remodeling in asthma mice: Involvement of
WA IE R Al ) . R ZE IR R, SPZP AT TGF-B,/Smads signaling pathway [1]. Discov Med, 2025, 37
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