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[ Abstract] Objective To explore the possible mechanism of Xiebaisan in protecting against allergic asthma in rats

from the perspective of host intestinal flora metabolism. Methods SPF SD rats were divided into normal group ( NC
group) , model group (M group), and Xiebaisan group. The allergic asthma rat model was established by ovalbumin.
Changes in lung histopathology were observed by HE staining. Colon contents were harvested for 16S tDNA high-throughput
sequencing to assess changes in the intestinal flora structure and function. Serum and lung tissue samples were collected for
non-targeted metabolomics by Ultra-high performance liquid-time-of-flight mass spectrometer. Results HE staining showed
some improvement of lung histomorphology in asthmatic rats in the Xiebaisan group compared with that in the M group. 16S
rDNA high-throughput sequencing showed that the diversity of intestinal flora was decreased in the M group and increased in
the Xiebaisan group compared with the M group, the microecosystem of intestinal was improved. Non-targeted metabolomics
of serum showed regulation of amino acid metabolism and the mTOR pathway in the Xiebaisan group, and partially reversed
differential metabolite expression in the M group. Non-targeted metabonomics of lung tissue samples showed regulation of
carbon metabolism, vascular smooth muscle and ¢cAMP signaling pathways in the Xiebaisan group, and partially reversed
differential metabolite expression in the M group. Conclusions The protective effects of Xiebaisan on allergic asthma in
rats may be related to improvement of the morphological structure of lung tissue, the diversity of intestinal flora, and

regulation of mTOR, vascular smooth muscle contraction, and cAMP pathways, which affect amino acid and carbon

metabolism.
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Figure 1 Pathology of lung tissue of rats in different groups
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Figure 2 Diversity of intestinal flora in rats(x + s,n = 6)
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of serum samples in M group and Xiebaisan group in positive and negative ion mode.

Figure 3 Non targeted metabonomics of serum samples

R1 M4l5 NC AL TEHEA b 2257 BRI (Topl0)
Table 1 Metabolites with significant difference in serum samples from M group and NC group ( Topl0)

o LSl e 2 i B oy o
5 i MY xsem et om0 fmmsms maw
Serial No Name - Fold change P value m/z ) KEGG ID Adduct
VIP RT/s
=17
1 L—*ﬁ?lﬂ& 1.544 7.904 0. 004 147.113 433. 004 €00047 [M+HI+
L-lysine
= 4
2 QETM . 9.783 7.163 0. 008 104. 071 393. 451 C00334 [M+H] +
Aminobutyric acid
3 @%@A&Hﬂ‘ﬁi 1.347 5.589 0.010 212.043 394.914 C02305 [M+H] +
Phosphocreatine
; LT TR
4 0 EEIE‘M L ﬂ4£\‘M 1. 625 3.199 0. 000 202. 086 279. 567 CO1118 [M + H-H,0] +
0-succinyl-L-homoserine
E =
5 %fﬂ@i‘:ﬂgﬁﬁ 2.384 2.823 0. 001 144. 982 191. 255 C07546 [M] +
Succinylcholine
e TN
6 DL_ZKW%& 1.953 0. 233 0. 048 166. 086 291. 596 C00079 [M+HJ+
DL-phenylalanine
JEnE
7 - 1. 826 0.290 0. 000 180. 099 337.572 C06975 [M+H] +
Phenanthridine
8 'ﬁﬂkﬁw_ 12.526 0.313 0. 000 158. 118 337. 606 C08283 [M+H] +
Homostachydrine
9 ﬁ[ﬁ E‘Wj 11. 883 0. 402 0. 000 138. 055 350.976 C01004 [M+H] +
Trigonelline
Al M + H-C,,H
10 R 4.744 0.418 0. 002 125. 000 264. 829 cisies e
Imibenconazole C,N,S] +

T AU Al A AR RS, R T 1 38R B3 ANT 1 3R TR PAE A IS AT E L P < 0. 05 S 322 ™4, (T&R)
Note. Fold change. Change times of metabolites in comparison group, more than 1 indicates up regulation, less than 1 indicates down regulation. P
value. Statistical analysis value of metabolites in comparison group, P < 0. 05 is a significant difference metabolite. ( The same in the following tables)
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F 2 Xiebaisan 415 M M FHFEAS 22 5 835 BRI ( Top10)

Table 2 Metabolite with significant difference in serum samples between Xiebaisan group and M group ( Topl0)

e AR .. " B s Wi
5 s ARRE st pm omag RN LMD méy
Serial No Name AR Fold change P value m/z I/ i Adduct
VIP °© RT/s KEGG ID
b T e e
! DLAPIEE 4.319 1171 0. 001 166.086  291.596 00079 M+ H] +
DL-phenylalanine
AT =yas
2 J‘EDH‘M 1.280 5.186 0. 002 142.123 486. 404 C00729 [M+H]+
Tropine
2% 7.1
3 FRLE 1.902 4.581 0.026 256. 170 57.118 C18537 [M+H] +
Dimethametryn
¥
4 AR 1. 639 3. 821 0.021 137.071 166. 796 C18599 [M + H-C4H 04 ] +
Coumafuryl
i -4 32 D - 5
5 - JE DAL 1.477 3.670 0.026 114.055  376.091 €03440 (M +H-H,0] +
Cis-4-hydroxy-D-proline
G
6 L—ﬂ*ﬁ%ﬁ& 1. 706 0. 094 0. 003 147. 113 433. 004 C00047 [IM+H] +
L-lysine
M2 R A TS QL NS
7 *Hﬁiﬂ@( S ﬁﬁi&m 1. 601 0.111 0. 000 199.977 41. 640 C05824 [M-H]-
Cysteine-S-sulfate
8 FiizEs 1.203 0.217 0. 002 206. 139 162. 209 C05944 [M+H] +
Dexpanthenol
Rnd
9 T* .EWH‘ 1. 679 0. 244 0. 000 304. 284 236.319 C18787 [M+H] +
Fenpropimorph
10 2.4- SRR 1. 487 0. 245 0. 000 188. 950 57. 874 C06670 [M-H]-

2,4-dichlorobenzoic acid

6 . 2= A I RIL

Xof AR 2H 22 S A QI ( Top10) TR i 25 5+
BEIHE(Top10) M B 7K 2R AH A 43 A (A 5 1 1 {8
0.8,P = 0.05) &¥, 75 M 40 HI NC 4l (& 4D),
g_Romboutsia 5 MACHY) L-BiZ= R  BEFATEAR G, |
O-BEFAT-L- = 22 2 R 52 TEAH G, 5 i A ) s 7K
IG TERE W A EL R DL-2R TN 2R 5 B A
K ;g_Rikenellaceae RC9 gut group .g_Parasutterella .
g_Alistipes . g _uncultured . g _ Ruminococcaceae UCG-
010 .g _Ruminiclostridium 9 g _ Ruminiclostridium5 5
MBI 5 7K D8 T E | S0 g v 85 7 L B, DL-
RN A, 5 gAY L2 | 353
TENE 6, O-B% ¥ WE-L-=5 22 & MR & 77 M ¢ ¢
Negativibacillus . g _Ruminococcaceae UCG-005 5 1 %
AP v 7K 36, T E | W e mae | R L R T A
K, 5 IMBACH Y L-# 2 R | 5% 2 I JE A . O-3% 21
Pk -1~ 22 2 B 5t S AH G, #F Xiebaisan 241 A1 M 41
(Kl 4E ), g _ Prauserella, g _ Anaerolinea .
g_Aquicella , g_Allorhizobium-Neorhizobium-Rhizobium |
g _ Pseudomonas | g_Brevundimonas . g _ Sphingobium .
g_Stenotrophomonas . g _Flavobacterium . g_ Comamonas
SR DL-ENER A ERELIEMK, 5
M ACHH 2, 4- —FAR PR | S-fitt Be-L-2F Jpe = R |
TR R G

2.4 AEANKRMAREARIERE KRG AZR
S

Ivi) 0L 5 AP A = L 1l AR5 43 AT, A BRU 2H 2R AR
JEHE ) FCI A2 QC FEASAH DG (B2 /R AR) ¥ T
0.9( & 5A,5B) , Jiat &l S 2 B, R R SLE 1Y
IER AT R GRS e MRy, P T IR ek, i 2l
ZUREAR AT [ AR 2 2 1E B F (Pos ) B F %E22
R 881 Filt, 7 B T (Neg) #2042 AR
872 B, ARIKSLE: PCA 43 Hr &b (&l 5C,5D) &
E TR ,NC 4 M 4 M Xiebaisan 24401
FRIE RIS UEATIX 4y, H A5 F AL FRAS TG B 2 Bk
AN, XM 415 NC 41IE s TRt
R A 53 ) 64T OPLS-DA 43 #r (1 SE,
5F)  BEARITEAN bR Q2 435114 0.991 Fil 0. 993 ; X%
Xiebaisan 205 M ZH1E 68 FHF A6 H B4R 549
53 5T OPLS-DA 43 #7 (&l 5G,5H) , S HIPF-41r 45
Fr Q2 439124 0. 779 F1 0. 552, & B] OPLS-DA 43 #r
BRIR] FH T a2 o0 B, [R) i i A A Sl S 1 AR 4
PLP < 0.05,VIP > 1 AFh f 3 22 A QP i 1k
FIbRIE, M 415 NC 41535 22 AR A 348 Fil
(Pos A5 146 Ff ,Neg £ 202 Fft) , % 3 A K Fliilig1 41
FEAR M 415 NC 4158 3 22 A HEZ 7 10 1R
WHEN . Xiebaisan 415 M 4 & 3 25 BACH Y 3L
£ 93 P (Pos A 49 Flt,Neg A 44 Fh) , 3 4 Jy Kl
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1.4x10° = Xiebaisan group
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*
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— * —
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0=
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1.0
1.0
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0.5
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=00 =00
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4
%, 0, %,
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%, : %
ACNECA %
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@

TE:AB:M 415 NC 41 Xiebaisan 215 M ZLILTEHE 22 AR KEGG AR E 45007 C: M 4145 NC 41 Xiebaisan 415 M 4114 1L 75 FE &
TEAR BT AL AR A 42 AR 7] 22 S AR 7 M 2k 7047 s DL E 2300 M5 NC 4 Xiebaisan 4145 M 2H 22 55 -5 1003 22 S AR 4 A
Mg AT 5 M ML, TP < 0.05, P < 0.01, ™ P <0.001, (FEI)

4 IR A R AR R A 22 S A B D BE S AT AR T S 2 S R AR OGP 2 A
Note. A, B. Enrichment analysis of KEGG pathway of differential metabolite in serum samples from M group s NC group, xiebaisan group us M
group. C. The serum samples of M group vs NC group and Xiebaisan group s M group have the same differential metabolite expression in protein
digestion and absorption pathway. D, E. Correlation analysis between M group s NC group, Xiebaisan group us M group in differential genera and
blood differential metabolite. Compared with M group, * P < 0.05, ™ P < 0.01, ** P < 0.001. (The same in the following figures)

Figure 4 Functional enrichment analysis, expression analysis and differential genera of non targeted metabonomic differential

metabolites in serum samples

X %2 BN S HEAT KEGG 18 = 4 0,
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Note. A, B. Correlation analysis of lung tissue QC samples in positive and negative ion mode. C, D. PCA analysis of all lung tissue samples in

positive and negative ion mode. E, F. OPLS-DA analysis of lung tissue samples in M group and NC group in positive and negative ion mode. G, H.

OPLS-DA analysis of lung tissue samples in M group and Xiebaisan group in positive and negative ion mode.

Figure 5 Non targeted metabonomic analysis of lung tissue samples

R3 M 4L NC T AREA 22 572 0 25 1A Q) (Top10)
Table 3 Metabolites with significant difference in lung tissue samples from M group and NC group( Top10)

75 T R . e AR ~N
N . N )
Serial Ngﬁ ERE Fold PP %'i Eﬁf ¢ Ifl/s %5 {J\”d'(‘;%f
No ame VIP change vaue me RT/s  KEGG ID ue
1 7‘6@‘? 7.875 93. 810 0. 000 241.071 44.924 C01727 [M-H]™
Lumichrome
THEHAmR
2 . il LJEIL%‘RQZL 1. 666 5. 809 0. 000 104. 069 216.983 C01026 [M+H]*
Dimethylglycine
FEER ,
3 . 1.173 3.074 0. 000 393. 099 381.238 C08994 [M-H]
Aloesin
1-RE R Pk -2- A2 BBE-SN-H-iih +
. . . . . ) M + H-H
4 1 -Stearoyl-2-arachidonoyl-SN-glycerol 2.994 3.017 0. 000 627.531 159. 882 C00165 [ ,0]
5 LMWW 19.915 2. 564 0. 000 204. 124 293.970 C02571 [M+H]"
Acetylcarnitine
6 éj%ﬁﬁﬂ 10. 201 0. 000 0. 000 435. 099 23.390 C10067 [M-H]"
Irisxanthone
S s
7 %ﬁ(/q: 6.701 0. 000 0. 000 259. 099 29. 588 C06687 [M-H-C,H;0, ]~
Norfloxacin
8 %‘{%MWEJW% 3.373 0. 006 0.018 535.262 225.803 C08694 [M + H-CH,0,]"
Lappaconitine
9 Eﬁ!ﬁi{ﬂiﬂ& . 7.048 0. 008 0. 000 279. 231 71.257 C08365 [M-H-H,0]~
Ricinoleic acid
10 R 2.544 0. 009 0. 000 343.019 422.942 C02979 [2M-H ]~

Glycerophosphate
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F 4 Xiebaisan AH M Al SUEA 2= 5 5 3F 1A (Top10)
Table 4 Metabolite with significant difference in lung tissue samples between Xiebaisan group and M group( Top10)

=) AR By 2 EL 3 LI s 3
J?*.? A AREGY %jﬁ—{n’s’zﬁ( PIE R 1an i R gjn% ey
Serial Ne B Fold P val iy [6]/s s Adduct
No ame VIP change vatue z RT/s KEGG ID aaue
A e
1 D_ﬁ%*{%}& 6-WER 1.792 3.434 0.018 260. 052 405. 200 C00352 [M+H]*
D-glucosamine-6-phosphate
2 %flﬂm-I-Eﬁﬁ[ﬂE& 13.530 2.212 0. 000 400. 341 165. 511 C02990 [M+H]*
L-palmitoylcarnitine
3 N’Nf*qag'b%a@ 9. 450 2.203 0. 031 203. 150 527. 838 €03626 [M+H]*
N, N-dimethyl-L-argininium
B
4 ,2 _Hﬁﬂﬂﬂﬁ 5. 864 1.931 0.019 250. 080 203. 5320 C00881 [M+ Na]*
2’ -deoxycytidine
JiINES -
5 . 1. 174 1. 929 0. 039 267.072 207. 859 00294 [M-H]
Inosine
AL IEH K _
6 Clutathione disulfide 3. 068 0. 203 0. 048 611. 141 537.339 €00127 [M-H]
[
7 ARk 1.308 0. 549 0.010 221. 065 375.109 €00252  [M-H-C,H0,]"
Isomaltose
EE o ,
8 . 2.810 0.612 0.015 529. 155 380. 592 C09783 [M+Cl]
Harpagoside
T .
9 o 3.701 0.616 0. 0023 365. 104 382. 829 05402 [M + Na]
Melibiose
1, 2- XA 7N I e -sn-H- i -3-
e
10 iR L 1.822 0. 627 0. 0258 732.550 107.903 C00157 [M-H]™

1,2-dihexadecanoyl-sn-glycero-3-
phosphocholine

(FE 6A) TERRACHT 25 1 BT A6 5 ol 5L 1R 114 2E
Y& 1. ABC %% iz i B 0 AQ 3 A 1R 5l B
Xiebaisan £ 5 M 41 .25 22 AU T 45 (181 6B) 75
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Tl A 3 A 25 AR, X 3 MRS
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X} 225 AE (Top10) R 2 SUR 20 22 S AR5
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Note. A, B. Enrichment analysis of KEGG pathway of differential metabolite in lung tissue samples from M group vs NC group, Xiebaisan group vs

M group. C. The lung tissue samples of M group vs NC group and Xiebaisan group vs M group have the differential metabolite expression in the

carbon metabolism pathway. D, E. Correlation analysis between M group vs NC group, Xiebaisan group vs M group in differential genera and lung

tissue differential metabolite.

Figure 6 Functional enrichment analysis, expression analysis and differential genera of non targeted metabonomic

differential metabolites in lung tissue samples
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BUGPE SL Jo A

Xiebaisan ZH-5 M ZHAH LG , MG AEAS i 22 AR 15
Yo he A th 7R F R PR A (2 P A S ik
TR E V)G I e 2R AR R AR A %) |
Xt NC 41 M 41 H1 Xiebaisan £ i K 28 A 465 W)
Wi g 1 A [) 22 S A 40 04T o iR AT R R B,
Xiebaisan 413 T 8 PHAy 22 A+ 1% 6 A%
WK, B A 2 SRR RSB, 2B
mTFIEH . [EBT Xiebaisan 405 M 4040 L, 22 74X
Y KEGG 38 i 73 7 oK it 2 3 55 % 3] mTOR {5 5
T BEBYS W T R S i mTOR {7518 i
PR T ok A 2 Wi

2 SUREAS B A 4 A 0 S 78 NG M A
I Xiebaisan ZHA7 (M 2H 5 NC 4 . Xiebaisan 15 M
) 22 A A 2 AR AR AR AR AR G B
Xof i g A ) 22 S A e AT E B A e, R
Xiebaisan 4Hi¥i%% T 3 M3 A 22 R 3Rk il
ZRBEITIER , B8 M A5 NC HM I, 25
AR PIE W 4 2010087 T LIS 4 155 38 B R cAMP
{55 38 e, T IX PR 2% T8 B S I e 1 Kk A 3 U0 AH
K230 A Xiebaisan 2K fiE B & & 4 2 1% P 4%
55 P, TS U T R I A R e I A AL
WA {7 5 38 R c AMP {7553 % A e 3 1 i

25 TR VS FEORYT OVA BUEOK B flek ez

Mg A A FHAIL AR PTRE A - (1) Dol A T 2 2R 56 A i ¥ 7
BGENTH I S S50 5 (2) W5 W 38 T i B W)
Tl 22 A M, RE )R W R R i g 4
Romboutsia B8 = , >k & ¥ M e /EH 5 (3) 52 &
SERRACH A A RS R IR R (4) 7T
AEIE AT PR mTOR 38 ¥ | 045 - WL 45 15 5 38 1%
FIT cAMP 5553 % K A7 Xob i A0 12 g R BRU AR A
YEM .
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