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Effects of Huanbei Zhike Recipe on cough variant asthma model guinea pig based
on "TH-NMR metabolomics
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Abstract: Objective To investigate the mechanism of action of Huanbei Zhike Recipe on the cough variant asthma model (CVA) of
guinea pigs by 'H-NMR metabolomics methods. Methods The CVA model was induced by ip 4% OVA and ip 2% AI(OH)3 in guinea
pigs abdominal cavity, and the effects of Huanbei Zhike Recipe (5, 10, and 20 g/kg) on the cough induced by capsaicine was
investigated. After the administration, the lung of right middle lobe in guinea pigs were taken out and determinated by 'H-NMR, and
multivariate statistical analysis was used to investigate the intervention effects of Huanbei Zhike Recipe on CVA. Results The cough
latency of guinea pigs can be significantly prolonged and the frequency of cough were reduced (P < 0.01), and the inflammatory factors
in lung lavage fluid were obviously reduced (P < 0.05). Compared with the blank group, the levels of leucine, isoleucine, valine,
alanine, a-glucose, acetic acid, glutamic acid, methionine, pyruvic acid, succinic acid, 3-hydroxybutyrate (3-HB), GSSG, creatine,
ethanolamine, cholic acid, glycine, glycerophosphoryl choline (GPC), glutamine, betaine, phosphorylethanolamine (PE), B-glucose,
and arginine were increased, while the levels of lactate and methyl-phosphate were decreased. These 24 potential metabolites could be
reversely regulated in different degree after treatment with Huanbei Zhike Recipe. Conclusion Huanbei Zhike Recipe could prevent
CVA diseases likely through the regulation of energy metabolism and amino acid metabolism.
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Table 1 Effects of Huanbei Zhike Recipe on CVA model of
guinea pig induced by capsaicin (X s, n=6)

S5 Piilisn) ‘ ﬂ%”ﬁ Smir‘llj‘?

(gkeg™ BRI I A

Ay — 52.875+25.782  19.625+6.278
TR — 31.857+ 7.381° 27.286+4.680"
TR FE KA 0.0012 80.333+19.159% 10.667+1.633*
N USRI R 6.5 57.500421.987%  11.250+4.400*
W& LR T 5 80.857+£16.088" 10.714+2.752%
10 76.000+15.766% 12.875+3.271#
20 89.167+16.068% 10.50043.209*

x4tk "P<0.05 “P<0.01; SHE4LE: *P<0.05

#P<0.01, R[F

“P<0.05 "P<0.01 vs control group; *P <0.05 *P <0.01 vs model
group, same as below

E)

0.05. 0.01), 5 min NRZIEE > (P<0.01).
3.1.2  XF CVA JKRRAEA! BALF A 4E K F 52
xR bbis, B CVA KB BALF F11#) IL-5.
IL-10. NGF. TNF-a 7K~V B 34 11 (P<<0.05. 0.01),
LTE, /KPR FEK (P<<0.05); SHRIA L, &
PN CVA KR IL-5. IL-10. NGF. TNF-o %
KYER 7% FEER (P<0.05. 0.01), X LTE,
HEFEBER (P<0.05. 0.01). i& DLEZ 5%,
W BRI RS CVA KR IL-5 IL-10 LTE4. TNF-a
()11 A FH 5 B T 2 KA AR I AE 2, X NGF
)N AR AT /N Lt B i Sk, (H 22 55 E4e1t
2SS (P>0.05). SERWE 2.
3.2 PhAEENEIR AR ST

J SR LR AZ R PR WL 1, AR A2
Mk, R, REEE, 256 CiikaEn+ 1S &b

TG X CVA BB RAER! BALF R RER FHISMN (X L5, n=6)

Table 2 Effects of Huanbei Zhike Recipe on inflammatory factors in BALF of CVA guinea pig model (X *s, n = 6)

2H 51 MEN(gkg") IL-5/(pgmL™) IL-10/(pg'mL™') LTE4/(pg'mL™) NGF/(pg'mL™") TNF-o/(pg-mL™")

if R — 216.59+ 30.86 4567+ 8.00  774.92+249.99 2852242570 214.51+58.12
R — 332.11% 4521% 5446+ 9.84" 484.37+160.39" 313.72425.58" 319.61 £48.63"
T T b ZE K A 0.0012 271.00£100.42% 46.01£11.02% 893.85+172.48" 274.97421.65% 238.27+61.47*
7N Lt 27 iy AR 6.5 24751+ 3322% 3259+ 5.34% 882.194156.69% 302.98+21.12 188.99+66.82%
NIy 5 258.03% 12.98* 3479+ 6.85% 822.49+195.13% 281.68+19.55% 228.54+78.63"
10 252,06+ 61.48* 3573+ 6.59% 911.574126.68% 277.32+34.29% 221.36+48.80"

20 25326+ 4270  34.04£10.60" 730.62+£262.10" 274.41+31.36" 251.67+77.69"

( HMDB,
http://www.hmdb.ca/), biological magnetic resonance
data bank (BMRB, http://www.bmrb.wisc.edu/) X}
BIRESEATIRIN, 3E45E 40 MLEY, SR IE 3.
3.3 ZRGitah
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FERERRGE AT (B 2). SRER, WRAS
BRI R 3T, R UIH OVA SRR CVA IR U
R 23 b (0 IR PE A R 2R 1 At 38 DLk
Ti B SRR T, P 7%
A BA—ERBEER, 51785 AR
SERILAR—2

£ the human metabolome database
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T DA A B2 SRR A A 2 T I 2 K
., RH 7 PLS-DA Vo B 5B AUEGIE K], 45 H a0
Bl 3-B. C firax,  H1 BRI IR 2H 5 B8 20 43 3l A
T PCA J PLS-DA 134; BRI /A ¥ifll, PLS-DA
BT 200 AN B e i B 4045 50 453 B 90E, 72w T
i — R BENLHES P2 2B/ RE. O /NTAid, A
PLS-DA RIS A R, B4 SRR 2 A 77
15 72 AR

OPLS-DA 1] LAVHFRA iR 2 SR 50T 9L H i1
TERMBENLIRZE, H RIS AR 1B ARHE 524k
U, AR T I iy A A b Re 7300, itk
— S AT i A SR A ZEL 2 r A A R P )
Z5¢, P MBS OPLS-DA FeffieE x4l 5
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Fig. 1 "H-NMR spectrum of guinea pig lung tissue
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Table 3 'H-NMR assignments of major metabolites in lung tissues of guinea pigs

s Rl O ms R S
1 BR&EER  095(tJ=72Hz),1.01(d,J=72Hz) 21 HmmEEEIEGE 3.22 (s), 3.63 (m)
2 A 0.97(d,J="7.1 Hz) 22 BHIRBEARGR  3.23(s),3.61 (t,/=42Hz)
3 WIER 0.99 (d, /=69 Hz), 1.05 (d,/=6.9 Hz) 23 EABRZEENE 323 (t,J=6.0Hz),3.99 (m)
4 3FIETERE 120(d,J=66Hz),232(ddJ=60,124Hz),241 (dd, | 24 TR 327 (t,J=6.6Hz),3.43 (t,J=6.6 Hz)
J=10, 148 Hz) 25 FESEm 327(s),3.90 (s)
5 AR 1.33(d,J=6.6 Hz),4.13 (q,/=7.2 Hz) 26w 336(s)
6 WAR 149 (d,J=72Hz) 27 WERRFIEER  3.47(d,J=42Hz)
7 KER 1.72 (m), 1.92 (m) 28 IRF 6.10 (d,J="7.2 Hz), 8.25 (s), 8.36 (5)
8 LEm 1.75 (m), 1.93 (m) 29 B4 4.65(d,J=4.2Hz)
9 M 1.93 (s) 30 HEm® 3.57(s)
10 BEH 2.07 (m), 2.36 (m), 3.75 (m) 31 o ARE 524 (d, J=4.2Hz)
11 EER 2.14 (s), 2.14 (m), 2.66 (t, J="7.2 Hz), 3.84 (m) 32 e 591(d,J=42Hz),607(d,J=7.8Hz),7.85(d,/=78 Hz)
12 AEEW:  2.15(m),3.77 (m) 33 JRmEE 5.81(d,J=7.8Hz),7.55 (d,J=7.2 Hz)
13 AR 2.17 (m), 2.54 (m), 3.27 (m) 34 WEHER  653(s)
14 ZJgh 3.15(t,J=54Hz),3.84 (t,J=54Hz) 35 BRER 6.91 (m), 7.20 (m)
15 BEHIRR 2.40(s) 36 FHEER  733(d,J=72Hz),743 (m)
16 NERER 237(s) 37 fHBEE 7.60 (dd, J=12.0, 7.2 Hz), 8.27 (d, /= 12.0 Hz),
17 RAEMH  267(dd,J=84,16.8 Hz),2.82 (dd,J=4.0, 174 Hz) 8.72(d,J=6.6 Hz), 8.95 (d,/=2.4 Hz)
18 271 (s) 38 IS 792 (s)
19 W 3.04(s), 3.94 (s) 39 JKHEMES  820(s), 822 (s)
20 JEHE 3.20(s) 40 HRR 8.46 (s)
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PLS-DA 3D 8= &

Fig. 2 PLS-DA 3D-score plots of lung tissues of guinea pigs
in control group, model group, and each dose group of
Huanbei Zhike Recipe
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Fig.3 PCA scores plot (A), PLS-DA scores plot (B), corresponding validation plot (C), and S-plot scores plot (D) derived from

'H-NMR spectra of lung tissues of guinea pigs in control and model groups
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