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Effects of Angelicae Sinensis Radix on cAMP/Epac signaling pathway
in the treatment of chronically infected cough mice with Yin

deficiency syndrome
DU Yue, WANG Zhi-wang” , XI Jian-hong, LI Ji-yang, LIANG Ke-ke, HUANG Ke-ting, LUO Hui-ying”
(Gansu University of Traditional Chinese Medicine, Lanzhou 730000, China)

[ ABSTRACT] Objective: To investigate the effects of Angelicae Sinensis Radix ( ASR) on cyclic adenosine monophosphate ( cAMP)
/exchange protein activated by cAMP (Epac) signaling pathway in the treatment of chronically infected cough mice with Yin deficiency
syndrome. Methods: Mice were randomly divided into blank control group, model control group, positive control group and ASR group
(n=8). The chronic cough mouse model of hyperreactive and infected airway with Yin deficiency syndrome was established with fumi-
gation (once a day, 30 days in total ) , lipopolysaccharide nasal drip (every 3 days 10 wl, 10 times in total) , intragastric administra-
tion of thyroid gland (120 mg/kg, once a day, a total of 15 days) and inhalation of ammonia (3 min / time x 10 times). On the basis
of observing eating and drinking water, body weight and autonomic activities, the effects of ASR on metabolic level, autonomous activi-
ties, antitussive effect, cell factor in bronchoalveolar lavage fluid (BALF) brain tissue 5-HT and lung tissue related active factors( SP,
PGP9.5, cAMP, Epacl) were detected. Results; ASR could significantly restrain cough, alleviate the pathological changes of bron-
chioles, reduce the contents of IL-4, 1L-13, TNF-a in BALF and the levels of SP, PGP9.5, cAMP and Epacl in lung tissues, in-
crease the content of 5-HT in brain tissue ( P<0.05, 0.01). Conclusion; ASR has some effects on restraining cough and one of its
mechanisms is to down-regulate cAMP/Epac signaling pathway, to alleviate airway neurogenic inflammation and reduce sensitivity of
cough neural pathway.

[KEY WORDS] Angelicae Sinensis Radix (ASR); chronic cough; airway neurogenic inflammation; sensitivity of cough neu-
ral pathway; cAMP/Epac signal path; mice
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Fig. 1 Flow chart of chronic cough modeling and administra-
tion
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Tab. 1 Effects of ASR on body weight and the intakes of food and water

in chronic cough mice with Yin deficiency on the 44th day (x+s, n=8)

Group Dose Water intake Food intake Body weight
(g/kg) (ml/d) (g/d) (g)
Control - 6.4+1.1 4.1+0.6 31.7+3.3
Model - 9.7+1.5™ 5.3x1.07 22.1+2.3™
Pentoverine 20 mg/kg 8.7+1.5 4.7+0.7 24.0£2.6
ASR 5 8.0+1.4" 4.2+0.7* 25.4+2.8%

ASR: Angelicae Sinensis Radix

*P<0.05, " P<0. 01 vs control group; *P<0.05 vs model group

2.2 HIAXRAEIEEMEZE/NR B EiEsh i #20

525 G R AL He A, B AU X AR 2 /0N B o 37
BG5S B BRI P<0.05) 5 SRR R4 L
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Tab. 2 Effects of ASR on independent activity of chronic

cough mice with Yin deficiency syndrome (xzs, n=

8)
Group Dose (&/ke) Numh(?r of Num'h(?r of
slandlng activity
Control 55.9x11.9 9.6+2.9
Model - 69.5£13.4" 14.9+4.8"
Pentoverine 20 mg/kg 61.3+12.7 11.0+3.8
ASR 5 55.3+11.6" 9.9:3.2"

*P<0. 05 vs control group; *P<0. 05 vs model group
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Henm S BHMEXT R KRG 255 5 H i I 22
H(P<0.05, P<0.01, £3),
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Tab. 3 Effects of ASR on cough of chronic cough mice with Yin deficiency syndrome (x+s, n=8)

Group Dose (g/kg) Before administration 5th day of administration 14th day of administration
Control - 0.6+0.7 1.4+ 1.5 1.6+ 1.2

Model - 38.9+9.7" 45.5+12.7" 43.4£11.4™
Pentoverine 20 mg/kg 38.6+9.1 21.3+ 6.4% 20.8+ 5.8

ASR 5 39.0+9.9 29.6+ 8.27 2 44 15.6+ 3.4"°

*P<0. 01 vs control group; *P<0.05,"P<0.01 vs model group; “P<0. 05 vs pentoverine group; **P<0.01 vs ASR group with

14th day of administration
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Fig. 2 Effects of ASR on lung histopathological of chronic

cough mice with Yin deficiency syndrome ( HE staining X
10)

A Control group; B: Model group; C: Pentoverine group
20 mg/kg; D: ASR group 5 g/kg

Tab. 4 Effects of ASR on lung histopathological of chronic
cough mice with Yin deficiency syndrome (x£s, n=
8)

Group Dose (g/kg) Comprehensive score

Control - 0.6+0.9

Model - 10.4x2.4™

Pentoverine 20 mg/kg 6.1+1.1%

ASR 5 5.9+1.1*

*P<0. 01 vs control group; *P<0.01 vs model group
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Tab. 5 Effects of ASR on IL4, IL-13 and TNF-a in BALF

of chronic cough mice with Yin deficiency syndrome (pg/ml, x+s, n=8)

Group Dose (g/kg) IL4 IL-13 TNF-a
Control - 98.9+18.2 13.9+ 2.3 55.7+ 6.3
Model - 440.6+46.6 87.4+16.3™ 142.7+13.2™
Pentoverine 20 mg/kg 353.3+39.6" 63.0+£10. 8" 120.9+ 8.3"
ASR 5 319.2+27.0% 50.8+ 6.7 103.2+ 8.2%

*P<0.01 vs control group; *P<0.01 vs model group
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Tab. 6 Effects of ASR on SP, PGP9.5 and 5-HF of chronic cough mice with Yin deficiency syndrome (pg/ml, x+s, n=8)

Group Dose (g/kg) SP PGP9.5 5-HT
Control - 121.1+13.3 56.7+7.2 39.4+3.8
Model - 167.4£17.9™ 86.1+9.5™ 45.2£4.7"
Pentoverine 20 mg/kg 139.8+14. 7% 68.6+8.3" 62.7+7.3%
ASR 5 137.3+14.3% 64.3+7.5% 58.8+6.6"

*P<0.05, " P<0. 01 vs control group; *P<0. 01 vs model group
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Fig. 3 Western blot analysis of cAMP, Epacl and B-actin ex-
pressions in lung tissues of mice
A . Control group; B: Model group; C: Pentoverine group
20 mg/kg; D: ASR group 5 g/'kg
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Tab. 7 Effects of ASR on cAMP, Epacl and gene expressions

in lung tissues of chronic cough mice with Yin deficiency syndrome (x+s, n=8)

Group Dose (g/kg) cAMP mRNA cAMP Epacl mRNA Epacl
Control - 0.44+0.04 0.76+0.05 0.31+0.03 0.24+0.04
Model - 1.00+0.00 ™ 1.39+0.16™ 1.00+0.00 ™ 0.78+0.12™
Pentoverine 20 mg/kg 0.48=0. 04" 0.95+0.08" 0.49+0.05" 0.52+0.09"
ASR 5 0.50+0. 05" 0.82x0.07" 0.45+0.04™ 0.51+0.07"

*P<0. 01 vs control group; ™ P<0.01 vs model group
WO AT 8 A k0 1 R T 1 R I DK
MEZRAE , F7 2L 0% 0 7] 35 & BN E 22 Bl T I R 4 R
et ARBFIT LA S I R A ST 4, R M B LPS
SN ‘ﬁé%Eﬁ#ﬂt%jﬂ&/\ﬁm"ﬂéﬁ—?ﬁﬂ%ﬁﬂ%fi
IO P AT P S R Bl R TR ) S IR T
PERZBK VR B AL, 25 R B, EiRE SR
02 141 P9 B I P o /) B P gz g Uk 5 S 184
It B — 7 (R BT R R 5 2 05 B A G 9 1 A
1M ELBE 5 25 25 i) o] B 4, X 050 1k W A P e ot
[, Y IAFEIRYT 02 1 0 T ) F S G A Ak
FHEEA U S AP A, R B AR 45 IR R 2SI NS
SRS RESE R ST AN MR LA R E BRI o A A
S B2 A AT W IR A R AR A . e, 2 I R ks
2R 2 MREWE, DL T B0 S I R E
FAEFER

YL RZ IR s TR 3 2211 52 2% (HJC IR 2 DL Y
WP E B (LR 58 Al R 18 S R AE ) i S LAY (Y

PP I R0 (0 P A S5 P 2 Wiy A8 7 P N K
PR KL AL PRS2 S R AE ), 12 R i R TR AR AR
() 88 119 2 i 240 JH 322 11 5 1 A3 02 1 AR R IR N
AT I S AL S 7 2 1 P % ik 1 Rl g RS AE
Sy T, AN B SR E N R R E T ) T
(W IL4 IL-13 J TNF-o 46) IR , P Y15k
(SP) FEHENH 9. 5(PGP. 5) 254 28 M K AE
AR T e VTG 9 % K P ot 22 2 I 4 L, B
%A 28 0 2% ey P T v Tl P2 R o 20 P R 4
SR, PRI LM P 3 (1 RO 5 | 1 M ik Y T R
5 IR 7 B 31 VT NI (e S M (= O N 74 7
BEF (cAMP) 3l 33 cAMP B 323476 1Y 38 56 140 1
(Epac) ] 122 50 205 B S8 2R
PR R AT I O BE TR T AF 2 A4S AR B B R W R
cAMPJT}%'ﬂEI%JﬁiEB’JhM@Jﬁ%Z o BTG
R, 205 0T A 12 P nZ ik ﬂzﬁiﬂdﬁz B
(THF 112 ])



112

[7] Pajarillo E, Rizor A, Lee J, et al. The role of astrocytic
glutamate transporters GLT-1 and GLAST in neurological
disorders; Potential targets for neurotherapeutics [ J ].
Neuropharmacology, 2019, 161 107559.

[8] Glowatzki E, Cheng N, Hiel H, et al. The glutamate-as-
partate transporter GLAST mediates glutamate uptake at
inner hair cell afferent synapses in the mammalian cochlea
[J1. J Neurosci, 2006, 26(29) ; 7659-7664.

[9] Nagatomo K, Ueda Y, Doi T, et al. Functional role of
GABA transporters for kindling development in GLAST
KO mice[ J]. Neurosci Res, 2007, 57(2) : 319-321.

[10] Tsuru N, Ueda Y, Doi T. Amygdaloid kindling in gluta-
mate transporter ( GLAST) knockout mice[J]. Epilepsia,
2002, 43(8) . 805-811.

[11] Karlsson RM, Tanaka K, Heilig M, et al. Loss of glial
glutamate and aspartate transporter ( excitatory amino acid
transporter 1) causes locomotor hyperactivity and exagger-
ated responses topsychotomimetics: rescue by haloperidol
and metabotropic glutamate 2/3 agonist[ J]. Biol Psychi-
at, 2008, 64(9) . 810-814.

[12] Uchida M, Hida H, Mori K, et al. Functional roles of
the glial glutamate transporter ( GLAST) in emotional and
cognitive abnormalities of mice after repeated phencyclid-
ine administration [ J ]. Eur Neuropsychopharmacol
2019, 29(8) : 914-924.

[13] Yu H, Vikhe Patil K, Han C, et al. GLAST deficiency
in mice exacerbates gap detection deficits in a model of

salicylate-induced tinnitus [ J]. Front Behav Neurosci,

[14]

[15]

[16]

[17]

[18]

[19]

(20]

Chin J Appl Physiol, 2024, 40(1)

2016, 10 158.

Cano V, Valladolid-Acebes I, Hernandez-Nuno F, et al.
Morphological changes in glial fibrillary acidic protein im-
munopositive astrocytes in the hippocampus of dietary-in-
duced obese mice[ J]. Neuroreport, 2014, 25(11) ; 819-
822.

Fuente-Martin E, Garcia-Caceres C, Granado M, et al.
Leptin regulates glutamate and glucose transporters in hy-
pothalamic astrocytes [ J ]. J Clin Invest, 2012, 122
(11) : 3900-3913.

Lan YL, Zhao J, Li S. Estrogen receptors” neuroprotec-
tive effect against glutamate-induced neurotoxicity [ J].
Neurol Sci, 2014, 35(11) ; 1657-1662.

Carozzi V, Marmiroli P, Cavaletti G. Focus on the role
of glutamate in the pathology of the peripheral nervous
system[ J . CNS Neurol Disord Drug Targets, 2008, 7
(4) . 348-360.

Hakuba N, Koga K, Gyo K, et al. Exacerbation of noise-
induced hearing loss in mice lacking the glutamate trans-
porter GLAST [ J]. J Neurosci, 2000, 20 (23): 8750-
8753.

Tserga E, Damberg P, Canlon B, et al. Auditory synap-
topathy in mice lacking the glutamate transporter GLAST
and its impact on brain activity [ J ]. Prog Brain Res,
2021, 262 245-261.

Ve e, BEBL, BT2E, AR MEMERXEEAE CSTBL/
6J /N B H- B R E A 22 1 AL JA TR SR [0 ). rh
FAE AR 2020, 36(6) ; 529-533.

(L#EFEI5T)

9 SN, FEAR BALF 9 IL4 IL-13 B2 TNF-o0 B2 4, 300 il 22
ZUSP PGPY. 5 Wy FRik, $2 = Il 43 b B B AR Y 5-HT
IR i —2E B BF 5T B S, 24 T AT R ARG il 2 41 cAMP | Epacl
FER KR I FRIB KT,

25 L TRR Y UF X [ R TS i B Yk A
N8 cAMP/Epac {5538 i | il SUE A 22 UR M SAE R AR %
Wt 22 3 % URR M R X IR YT AR M ik i A R AL 2 — i
FEAR cAMP KAl 2 VA G2 A% B e UE R AEHE bR 9 HL 22—

[ &% 3CHk]

[1] BE=, FRa. BHEEWARTT AR ] fEE
BLE2E, 2022, 24(8) : 930-940.

[2] WRESE, BXBLAI. Epac. #7328 BN IGTT 8050 F
[J]. shAerzmgZe i (TR , 2013, 7(6) ; 448-451.

[3] WsE. HHBAK %I, Lo, 1995, 16
(8): 24.

(4] B T, BEE R, SKREBL H R R 5 0% mk (it 7
REIE ) /IS B 1k e PRI Bebit Ak /B3 [ T ].
AT R A= E 4 ( A ARRIRR) |, 2020, 54(5) : 841-

(6]

(7]

(8]

(9]

[10]

848.

W R, BUER, EEEE, S YU RN B
A W 4 W B TNF-o/ NF-kB 15 558 % (1 5% )
[J]. " ERHAEREAAEGR, 2020, 36(2) @ 97-100.

e R, BROEE, TKRBEME, SF. K 5EEOMK T T
PEVERL ZEVE N OB AR [T ], ThE ST
FAAik, 2016, 22(22) ; 108-112.

FAERE, XIS, ZiEle, S5 U0 HTRE B/ B
L AUKGEIEE A 1 R[], T2y 25 2 51l
IR, 2016, 32(1); 95-98.

Ju W, Zhao K, Li RX. Progress in the treatment of chro-
nic cough in children with traditional chinese medicine
through anti-inflammatory action[ J]. Prog Biochem Bio-
phys, 2020, 47(8) . 858-866.

Mazzone SB, Chung KF, McGarvey L. The heterogeneity
of chronic cough: a case for endotypes of cough hypersen-
sitivity [ J]. Lancet Resp Med, 2018, 6(8) : 636-646.
ERR, & Bk, 4R, Epacl 5RO
FEIERE[]]. BEZEZRR, 2018, 24(5) : 868-872.



