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AR IE S5 iE AT . #2535 R /N Ul L B 418 (mouse lung epithelial cells, MLE-12) A7)~ 5 A A9 21 g #)
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KU, EPC R % U8 57 40 Ja JL 15 754k & P Th17/Treg a8 A5, Wk 4 0E S BE, BEAE F AT 4 AG490 FHLIT . Rl i, 4l
EPC 0] G838 ot 145 JAK2/STAT3 {5 5 1 346 10 st A A 400 M Jd 0L, 8145 6328 — 98 R IS I oK R 4 it 2 k. %3 s i
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compound, (7S,8R,8'R)-eplignan C (EPC), from Ephedra intermedia, on ovalbumin (OVA)-sensitized asthmatic
mice. Specific pathogen-free (SPF) male BALB/c mice were randomly assigned to normal control (CON), model
(M), positive control (montelukast sodium, 1.3 mg-kg"), EPC low-dose (EPC-L, 10 mg-kg"), and EPC high-dose
(EPC-H, 20 mg-kg") groups. An allergic asthma model was established through intraperitoneal injection of OVA
with aluminum hydroxide adjuvant followed by OVA aerosol challenge. After 7 consecutive days of administration,
cough and asthma indicators, lung function, serum immunoglobulin E (IgE) levels, and lung tissue pathology were
assessed 24 h post-final dose. Enzyme-linked immunosorbent assay (ELISA) was employed to measure serum
levels of mast cell degranulation products and inflammatory factors; flow cytometry was utilized to detect immune
cells (dendritic cells, mast cells, Tregs) and Ca>* levels; immunofluorescence was applied to evaluate tryptase alpha/
beta 1 (TPSABI) and septin 11 (Septinll) protein expression in lung tissue; Western blot analysis was conducted
to examine protein expression and activation levels of key molecules in the Janus kinase 2 (JAK2)/signal
transducer and activator of transcription 3 (STAT3) signaling pathway in lung tissue samples. Furthermore, a
co-culture system comprising mouse lung epithelial cells (MLE-12) and primary mouse splenocytes, combined
with the JAK2/STAT3-specific inhibitor tyrphostin AG490, was employed to elucidate the mechanism underlying
EPC's intervention in OVA-sensitized asthma. Results demonstrated that EPC alleviated asthma-related cough,
inhibited airway hyperresponsiveness, improved lung pathological damage, modulated immune cell levels,
suppressed inflammatory responses and mast cell degranulation, exhibiting significant anti-asthmatic effects, and
reduced key protein expression in the JAK2/STAT3 signaling pathway. Further mechanistic investigation revealed
that EPC regulated Th17/Treg immune imbalance and attenuated inflammatory responses in the co-culture system,
effects that were blocked by AG490. Thus, it is speculated that EPC may exert its anti-asthmatic effects by
regulating the JAK2/STAT3 signaling pathway to inhibit mast cell degranulation and modulate immune-
inflammatory responses. This animal experiment gas been approved by the Animal Ethics Committe of Henan
University of Chinese Medicine (approval number DWLL2018080003).
Key words: Ephedra intermedia; lignan; asthma; JAK2/STAT3 signaling pathway; immune regulation
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Figure 1 (7S5,8R,8'R)-Eplignan C (EPC) structure
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MM-0165M2).IL13 (%5 : MM-0173M2). % Bk & 1
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SDS-PAGE 73 85, HLUK & i B B M, o A —$it
(p-JAK2 1:1 000.JAK2 1:1 000.p-STAT3 1:1 000,
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Figure 2 Effects of EPC on cough and wheezing indexes in ovalbumin (OVA)-sensitized asthma mice. A: Cough frequency; B: Cough
latency; C: Wheezing frequency; D: Wheezing latency. CON: Normal group; OVA: Model group; Y: Positive drug montelukast sodium
group (1.3 mg-kg"); EPC-L: Low-dose EPC group (10 mg-kg"); EPC-H: High dose EPC group (20 mg-kg'); n =4, x £ s. "P < 0.01 vs
CON group; P < 0.01 vs OVA sensitisation model group
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Table 1
0.05, "P < 0.01 vs OVA sensitisation model group

Effects of EPC on airway reactivity (Penh) in OVA-sensitized asthma mice. n = 6, x = 5. "P < 0.05, P < 0.01 vs CON group; ‘P <

Penh value at different concentration of methacholine chloride solution/mg-mL"

Group
0 3.125 6.25 12.5 25 50
CON 0.73+0.11 0.94+0.04 1.28+0.09 1.81+0.15 2.85+0.38 3.67+0.27
OVA 0.84+0.06 1.16+0.13" 1.87+0.12" 2.71+0.35" 3.50+0.22" 5.35+0.89"
Y 0.76+0.07 1.08+0.12 1.34+0.17" 2.18+0.18™ 3.02+0.21" 4.03+0.47"
EPC-L 0.81:+0.03 1.080.14 1.60+0.18" 2.45+0.20 3.25+0.21 4.58+0.40
EPC-H 0.79+0.08 1.01£0.16 1.52+0.17" 2.33+0.21 3.17+0.24 4.35+0.35"

Table 2 Effects of EPC on minute ventilation (MV) in OVA-sensitized asthma mice. n = 6, X = 5. P < 0.01 vs CON group; P < 0.05,
“P<0.01 vs OVA sensitisation model group

MYV value at different concentration of methacholine chloride solution/mg-mL"'

Group
0 3.125 6.25 12.5 25 50
CON 60.86+2.53 55.94+1.14 52.69+1.28 44.80+1.94 38.71+4.02 30.27+1.47
OVA 58.82+3.59 52.95+3.80 43.95+4.44% 34.27+0.88% 24.37+0.91% 21.84+1.25%
Y 59.05+2.47 54.10+1.20 49.94+1.37 41.19+0.84" 37.17+0.84" 28.45+0.97"
EPC-L 58.65+4.44 53.31+3.89 42.33+3.35" 34.62+4.96 27.95+46.19 23.32+30.96
EPC-H 55.44+3.80 52.78+4.22 46.114£2.36 34.19+2.75 27.68+3.93 24.36+1.93"

Table 3 Effect of EPC on tidal volume (TV) in OVA-sensitized asthma mice. n = 6, X = 5. P < 0.01 vs CON group; "P < 0.05, "P < 0.01

vs OVA sensitisation model group

TV value at different concentration of methacholine chloride solution/mg-mL"'

Group 0 3.125 6.25 125 25 50
CON 0.254+0.016 0.229+0.007 0.18140.006 0.164+0.010 0.136+0.011 0.122+0.008
OVA 0.264+0.014 0.175+0.00% 0.148+0.01% 0.118+0.01%* 0.095+0.01% 0.065+0.01%
Y 0.261+0.009 0.227+0.02" 0.181+0.00™ 0.170+0.01" 0.133+0.01" 0.111+0.00"
EPC -L 0.27140.017 0.197+0.015 0.165+0.00" 0.130+0.006 0.104+0.017 0.064+0.004
EPC -H 0.278+0.002 0.191+0.009 0.165+0.01" 0.126+0.020 0.089+0.016 0.073+0.006
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Figure 3 Effect of EPC on pathological damage of lung tissue and serum IgE in OVA-sensitized asthma mice. A: Lung coefficients of HE

staining (x400), Masson staining (x400) and PAS staining (x400) of mouse lung tissues (scale bar: 100 um); B: Lung inflammatory score
(HE); C: Lung fibrotie score (Masson); D: Lung mucus production score (PAS); E: Serum IgE levels. n = 4 (A-D), n =6 (E), x £ 5. "P <

0.01 vs CON group; "'P < 0.01 vs OVA sensitisation model group
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Figure 4 Effects of EPC on inflammatory response in OVA-sensitized asthma mice. n = 6, x = 5. P < 0.01 vs CON group; "P < 0.05, "P <

0.01 vs OVA sensitisation model group. IL: Interleukin; TSLP: Thymic stromal lymphopoietin
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Figure 5 Effects of EPC on immune cells in OVA-sensitized asthma mice. A, D: Flow cytometry analysis of DCs levels and quantification

in mouse lung tissue; B, E: Flow cytometry analysis of DCs levels and quantification in mouse peripheral blood; C, F: Flow cytometry

analysis of Tregs levels and quantification in mouse lung tissue. n = 3, x £ 5. P < 0.01 vs CON group; ‘P < 0.05,

P <0.01 vs OVA
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R (B 6C.F.G) &ow, BLALZH /N Rl 41 244 TPSABI .
Septinl1 FHPERIEKF T & (P < 0.01); BHYEZ4H .EPC
I 7o 7 B 2 /N UM 41 43 TPSABI L Septinl 1 i 14 %35
K53 R AR (P < 0.05 8¢ P < 0.01), /K I iE
MCs 2 Jfd Bt ROk = 1 285 R (B 6H~K) K3, B ZH /s
B, ML 3% o mMCP-1.MCT-4. LTC4 . HIS () 7K 1 & 3 T+
(P < 0.01); BH 25 4 b EPC AR - e 771 B 4 /)N B8, 1L 375
t mMCP-1.MCT- . LTC4. HIS /K °F & 3 [& % (P <
0.058 P <0.01). FW LAY EPC XF OVA F U i
/N MCs I AL B AT S E I VE A
7 EPCXf OVA B B0 /\FR A 2A 41 JAK2/STAT3 18
b=l

Western blot 45 J 41 & 7 fir 7, BT 26 /)N Bt 43 41
p-JAK2/JAK2. p-STAT/STAT3 8 A R & Ft & (P <
0.01), BH % 25 2 . EPC ik « = 77 &= 2H /I &Rl 40 21

p-JAK2/JAK2. p-STAT/STAT3 # i& & # P& Ik (P <
0.01), $& 7~ EPC AI A 20 17 OVA EURUEE I /) B JAK2/
STAT3 i % 5 [ -
8 MLE-12 £Rff LPS &% E B i i%k

LPS i Bk FE i e 25 SR an &1 8 v, 5 IE# A L
B 48 T AN FVR FE LPS il S , LPS LA & 4 it 1 PR AIG
IHHIAFIE 2R (P < 0.01), J& 225000 75 Bk 5 ae W 2 PR
YT IS 77 (29 80%), 1H [F] B A £/ K 22 Hi 40 it A7 4% 1 ik
JE, BIO.1 pg-mL™" A Rk i
9 EPCxI#iEFRAE R AMMAY Th17 & Tregs Rik
KBS0

I A M A W AL B TR 44 R b A Th17  Tregs
KP4 B9, B 4H Th17 40 i &2 2 T+ & (P < 0.01),
Tregs /K 1~ {2 P& A% (P < 0.01); EPC 41 Th17 4 ff1 15 &
# FFK (P < 0.01), Tregs & & - # (P < 0.058 P <



FRF%: R AN E (75,8R,8'R)-eplignan C 11 JAK2/STAT3 3 4 i 3 W Ik (1 L i1 B - 1241

A OVA % EPC-L EPC-H

I'J 12.9% | =] 8.6%] = 3.9%
S A, Ve &
6 O < | ,v@&' d
= J

~CD11b—
31.62% 14.04% 2183%] ¢ 18.70%

s
W
S
=
100

Ca* -Lung @
Count
0 L) 100
cont
£
cont
2
st
L] 1
Court
@
3 $

¢ o FITE e oa

C

ES

g

-9

3]

E

a

&
D E F

&
#
IS
i

kS

104 l
0 0 T
% v~ 4 ,\» R\
& 4 @Q (3@ & §

0 Bana

N
O OC/
© & & Gé Y

Lung MCs ratio/%
w >
*
*
*
*
*
*
Ca?* raito/%
oW
g
Mean fluorescence
intensity of TPSAB1
o =
o 3 8
g I
i T
4 *
‘ol *
Mean fluorescence @
intensity of Septinl 1
%] S (=)
o 8 & 8
[
*
*
*
*

%
Op.
“ +
:Q{ 1
AQ& |

)
1
8
—
7~

30 # 1500 ¥

i

304

1)
=3
1

=)
1

LTC4 levels/pg-mL™!
@ S
S =
*
4
1
*
*
HIS levels/ng-mL"!
=3 1) 8

mMCP- 1 levels/pg mL”
MCT-$ levels/pg'mL’!

=3
=3

il

oLy S & Qv
SRS @@

04
Figure 6 Effects of EPC on mast cells (MCs) degranulation in OVA-sensitized asthma mice. A, D: Flow cytometry analysis of MC levels
and quantification in mouse lung tissue; B, E: Flow cytometry analysis of Ca®" levels and quantification in mouse lung tissue; C, F, G:
Immunofluorescence detection of tryptase alpha/beta 1 (TPSAB1) and Septinl1 protein expression levels in mouse lung tissue (%400, scale
bar: 100 pm); H: Quantification of mouse mast cell protease-1 (mMCP-1) levels in mouse lung tissue; I: Quantification of f-mast cell
tryptase (MCT-p) levels in mouse lung tissue; J: Quantification of leukotrienes C4 (LTC4) levels in mouse lung tissue; K: Quantification of

histamine (HIS) levels in mouse lung tissue. n = 3 (A-G), n = 6 (H-K), x £ 5. P < 0.01 vs CON group; P < 0.05, P < 0.01 vs OVA

sensitisation model group
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Figure 7 Effects of EPC on JAK2/STAT3 pathway proteins in OVA-sensitized asthma mice. A: Western blot analysis of JAK2, p-JAK2,
STAT3, and p-STAT3 protein expression in mouse lung tissues; B: Quantification of p-JAK2/JAK2 protein expression levels in mouse lung
tissues; C: Quantification of p-STAT/STAT3 protein levels in mouse lung tissues. n = 3, x = 5. P < 0.01 vs CON group; "'P < 0.01 vs OVA

sensitisation model group
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Figure 9 Effects of EPC on Th17 and Tregs expression levels in splenocytes of the co-culture system. A, B: Flow cytometry analysis of
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Figure 10  Effects of EPC on inflammatory factors in the supernatant of co-cultivation system. n =4, x + 5. “P < 0.01 vs CON group; ~P <

0.01 vs model group; ““P < 0.01 vs group without AG490 inhibitor
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