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[ Abstract] Objective To establish a rat model of chronic obstructive pulmonary disease (COPD) with phlegm-
dampness syndrome. The metabolic characteristics of this rat model were revealed using metabolomics technology. Methods
A rat model of COPD with phlegm-dampness syndrome was established by forced smoking combined with LPS airway
infusion, forced swimming, and alternate-day fasting. The rat model was evaluated by observing behavioral changes;
measuring the body weight, anal temperature, blood indexes, and IL-6, IL-1B, and TNF-a contents; and observing tissues
histopathological changes. Differential plasma metabolites between the normal group and the model group were detected and
screened by liquid chromatography-mass spectrometry, and enrichment analysis was conducted for metabolic pathways.
Results Compared with the normal group, COPD rats with phlegm-dampness syndrome showed different severities of
symptoms, including coughing, wheezing, depression, fatigue, withered and dry hair color, weight loss, increased water
intake , increased body temperature, production of loose feces containing fat, and a white and smooth tongue coating. In the

model rat, the number of white blood cells and lymphocytes in the peripheral blood and the contents of IL-6, 1L-1B, and
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TNF-a in the BALF significantly increased. In the lung tissue, there was obvious inflammatory cell infiltration; the alveolar
lumens appeared as different sizes; and the mucous membranes of the colon, duodenum, and ileum were partially
exfoliated. There were 116 metabolites that differed between the normal group and COPD group with phlegm-dampness
syndrome. These metabolites mainly involved metabolic pathways, including amino acid biosynthesis and metabolism;
vitamin digestion, absorption, and metabolism; lipid and lipoid biosynthesis and metabolism; and other metabolic
pathways. Conclusions  This study provides an effective method for establishing a rat model of COPD with phlegm-
dampness syndrome and a corresponding evaluation system and has preliminarily revealed the main metabolic characteristics
of this rat model.
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NEZHE(LPS, R IE T K FTF I 055 B55, Sigma-
Aldrich) ; B RUE HE A (B & 11 mg, — A1k
BREE 12 mg, MBS . 1. 1 mg, B PSP Tl A R 56
R85 7)) s KRB IL-6 IL-1B \TNF-o ELISA i & (3%
DU A=Y RHE AT BRA R ) 5 130 B L 22 4 ( Sigma-
Aldrich) ; JF A ZYSIBOR T Yo i (bt PR Y B4
HBRAFE) 50. 9% S AL GH = S (U RHE 2500
AR E ) 3 R (LC-MS %%, TCI) ; H i 1 2 1
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B4 P (Waters Corporation , 2 [H ) |
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Table 1 Traditional Chinese medicine syndrome score scale

W 11h KRR BEHRE Fef i) AR
Score Behavior Mental state Hair, ear, tail Feces Tongue coating Diet and body weight
0 IEH IEH IEH EH EH EH
Normal Normal Normal Normal Normal Normal
gk LME R T BRI e A
BEHFIRGE FBE BT BERECY I REERE ’ HFURAA WS HEEID K

1 Cough, huddle, tiredness,  Depression and Sparse hair, the

arched back, mild fatigue, drowsiness  color of ear and

slow movement tail is pale
B £ T
SRR g e Y e
2 Wheezing, severe . .
Sluggishness Dry withered and
slow movement .
fluffy hair

Sloppy soft stool,

RABR Thin and light red

tongue coating

Eating less and

. drinking more
loose feces

G- iPNEE-)

Fat, white and smooth

‘ P AT
e TR

eight loss or
Watery stool

tongue coating slow growth
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(2) I EHE R b TL-6 \TL-18 ' TNF-or Y25 5
JE - U Sl KRS S 30 R B, R R M, 43 i
A FSEEHL, THEDI TR O L% 12 S
BRI, MRS FLIE E . 5 mL 35480
B i A BRER K 5 mL, S8 1 A, IR il
3YCH 1 R HEGE, A WEVE 3 Wk, A I i i HE DR
(bronchoalveolar lavage fluid, BALF) , ¥ i 7% BALF
T 4°C,5000 r/min Z5.0> 10 min, B3, # ELISA i,
FE U 43 B 2 10-6 1L-18 \ TNF-a 754,

(3) HLUBRA R B S HE Y& {2 1 il v 98
S, G 53 B O 47 O D A R A
FREE, 715 W45 48 2k, 113 AT . Ik 25 45 £k

(%)= iR E H/ A EX100%,
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(1) MLIRFEAS B ) 5 S T A B . 3 i WA 4 1E 7
H 5B A COPD 40K BRUE F 3 ki T2 EDTA 4t
EER R AL, £ ALIR 2SI )5, 3000 ©/min 5.0 10
min, WM T 1.5 mL EP 45, FH 100 pL FE
AZE 1.5 mL EP &9 A 300 L HEE, FEIA 20
L AR, B AEIR2) 30 s, KK B A 10 min, T
-20°C# & 1 h, BT 4°C ,12 000 r/min 5.0 15 min,
B 200 wL BT 2 mL #ERER , BN REAS & B 20
L IRA A QC FEAS, PR 200 WL _EALAI
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98% B;10 ~ 13 min,98% B;13 ~ 13.1 min,98% ~
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mlL/min .
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Figure 1 Changes in feces, tongue coating, body weight, water intake and body temperature of rats in each group
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T, /R FEAR (A3 2 22 5 (R 2) .
2.4 BALF H IL-6,IL-1B.TNF-a & 2

WK 2 fis, 2 COPD 4 MR COPD 4
KB BALF 1 1L-6 IL-1B . TNF-o B9 & 20 HH T,
HIEWAMI, YR EA G, HAGRITEE (P <
0.01,P < 0.001),
2.5 BESSIEH

W 3 s, 28t COPD 4 MEEIRA COPD 4H
KA NEARFE S 1EH 4L L RS 8 , H
22 ML COPD 41 FNFIR 7Y COPD 2 K FUAY At 48 £k 1 5%
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EER DI
2.6 HE BHALEFR
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SR ARIE ) | il v ) 3 R s 35 i T 22 il v
TEAIINAS — , FB 43 il o s AR 3 A, 22 il < o e A
b, 5T AR T SR B, S AN SR AR AR AL

FHECIE S 40, &5 8 COPD 4H 1925 i A [m] i il i
1A S st 4, 22 BRI 8, BB COPD 4 Y 4%
770 et =1 7N ) 78 o S R VAR RS i T A B 8
TR (RAAET S ) ALk i D) o UL G S
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Table 2 Changes of peripheral blood indexes in each group rats

ECEAE R N il %4 COPD 4 PR COPD 4
Index name Normal group Classical COPD group Phlegm-dampness COPD group
SE ) - -
White blood cells 2.79 = 1.0 4.73 + 1.20 4.38 +0.92
LLAR ML
Red blood cells 7.74 £ 1.22 8.98 +0.72 8.85 +0.98
z
[ﬂl,IEEI 143.90 + 19.71 167.70 = 10. 00 165.20 + 15. 61
Hemoglobin
/Mg 873.60 + 134.76 813.40 + 93.81 829.30 = 120. 63
Platelet
A 1.4 o
$1V]WH,T$E|$ . 18.66 + 0.73 18.72 + 0.54 18.69 + 0.53
Mean amount of hemoglobin
P K
AL L 10.20 + 3.42 7.19 £ 1.90 9.17 £ 2.05
Percent of neutral cells
7y 4 =
WﬁE,ﬂiH@ttK 86.46 + 4. 19 89.76 + 2.52 88.29 + 1.92
Percent of lymphocyte
2 4] R
R HE 2.15 £ 0.91 1.75 £ 0.56 1.59 = 1.01
Percent of monocyte
IRE PR 4 b4
FREPERLALID 115+ 0.47 1.24+0.53 0.92 £ 0.19
Percent of eosinophilic granulocyte
&R PE R4 b
ol fﬁi*ﬁ,ﬂ]ﬂﬂ e 0.04 £ 0.07 0.06 = 0.07 0.02 + 0.04
Percent of basophilic granulocyte
= 23 i
AT 0.29 = 0.18 0.34 +0.13 0.40 £ 0.12
Neutral cells
T
AR 2.40 £ 0.89 4.25 + 1.09 ™ 3.86 + 0.80 ™
Lymphocyte
4
PR 0.06 = 0.04 0.09 = 0.04 0.07 £ 0.05
Monocyte
A )
RERPERLAN 0.03 £ 0.02 0.06 + 0.02 0.04 £ 0.01
Fosinophilic granulocyte
FERR i 4
RITERALIE 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00

Basophilic granulocyte

L SERHAILE, P <0.01,™ P <0.001, (FEIE)

Note. Compared with normal group, P < 0.01, ™ P < 0.001. ( The same in the following figures)



56 P E SIS SRR 2023 4E 1 A5 31 %55 1 ) Acta Lab Anim Sci Sin, January 2023, Vol. 31, No. 1
a@ 350 " ,2% 320 . ok ;g 1400 n‘* -
= ok - oy A . EE 1200 N "y
IH = i) 4 —n s e .
é% 300 &g Eua 280 '.L. Eg: - s s
5. 0 ) ZDoer o [t EET o |t |
g 7 . ke . #& 8 xS 2
&3 3 i g .
Mg . o g " e
ﬁ T T T - T T T g é T T T
HS& S o HS& o & o = HS v & oS
AN SOOI BE Q% QS BE Q¥ ¢
Y& FET e Y L e & I K
%o‘@ N @QQe@Q ée‘& &0 "%‘C’)Q&Q %é@ s&SQO \\Cé@Q
SN By s B
WS WSS T8
& & & & & &
< T <
Bl 2 BALF " IL-6 IL-18 Al TNF-a &5 &
Figure 2 Content of IL-6, IL-1B and TNF-a in BALF
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Table 3 Organ indexes( %)
4151 oI s Jiie Jiti B g’
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224t COPD 4
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Classical COPD group
eI 4
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Figure 3 HE staining of each tissue
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Figure 4 Analysis of rat plasma differential metabolites between normal group and phlegm-dampness COPD group

in positive and negative ion mode
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x4 EWHSEER COPD A K EMHET 50 /I3 22 AR
Table 4 Information of the top 50 differential plasma metabolites between normal group and phlegm-dampness COPD group

R K AR ) H PE AR Y AL B
Code Name Log, FC P value VIP Variation trend
KT 24 SR
neg_1863 @%gﬁéﬂm 32.52631 0. 026115 2. 062504 1
Phosphoserine
=SS5
pos_1299 H ﬁ? G‘ 32.47632 0. 018580 1. 796625 1
Penicillin G
pos_2562 - Pa Eﬁ“i% 37 Tﬁ . 32. 4067 0. 002443 1. 870454 1
Tetramethylquercetin 3-rutinoside
T e [T K T B R T
pos_4333 Divanillyltetrahydrofuran ferulate 3140976 0002156 1. 898903 f
S _YAHL A~ 25
neg_2030 13 Fedky L 26. 46928 0. 013679 2.092127 1

13’ -hydroxy-gamma-tocopherol

A A A S
neg_1553 AR H AR 26. 24337 0. 016987 2.084927 1

Arginyl-methionine

15-F-FIFI IR K Fla
neg_1730 15 ket PCH L 25. 88409 0. 026307 2. 045268 1

Mot EE A A B Y

pos_3317 Trihexosylceramide (d18:1/25:0) 23.84513 0. 032598 1.58712 1
pos_1474 *gﬁ"ﬁu ﬁi 21. 15369 0. 042414 1. 547875 1
Desglymidodrine
g E Cl
pos_4683 Cyclocalopin C1 21. 07494 0. 034641 1.710843 1
LA
neg_604 H ﬂ:#@ 20. 01818 0. 023924 1.914841 1
Calcitriol
2
neg_1097 ’%E:ﬁ: 19. 29657 0.010153 2.017631 1
Tracheloside
903 25-FARER D, 18. 8566 0. 048159 1. 85501 1
neg— 25-hydroxyvitamin D, ’ ’ ’
> _FH A R
neg_3696 (A TRRLE 18. 04965 0.021923 1.921556 1
4’ -methoxymucidin
pos_2173 [EM:;]KE% 12.91968 0. 047331 1. 712431 1
Tetrabenazine
MZ AR GM3 (d18:0/20:0)
pos_3450 Ganglioside GM3 (d18:0/20:0) 12. 10493 0. 044492 1. 53408 T
da-FE I RE-5a-H -8, 24- 03B
neg_1407 4a-hydroxymethyl-5a-cholesta-8 , 24-dien-33-ol 1112063 004462 1. 851845 f
H i A7 fie
neg_1335 )"»}’gfﬁ;)g.[ﬁﬁ 10. 51814 0.047914 1. 758952 1
Jangomolide
neg_1243 EE% El/% A 9. 855425 0. 046205 1. 928411 1
Biochanin A
S TS A G TD
neg_2354 IR RS R 3.729847 0. 015175 1.978276 1
Prolyl-glutamate
A s
neg_1432 ﬂ E%Eﬁ( 3. 117435 0. 002407 2. 139646 1
Achimilic acid
HuhBme L (20.3(8%,112,142) /226
(47.,77.,10Z, 137 ,16Z.,19Z) )
neg_2286 PS(20:3(8Z.117.142)/22:6 2.4774 0.031534 1. 856498 1
(42,77.,10Z,13Z,16Z,19Z) )
=iy
neg_24 LR 2.079449 0. 025912 1.911497 1

L-tryptophan
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&R4
P ZFK AR X EUE P1{a A B S BEY AR
Code Name Log,FC P value VIP Variation trend
-
neg_1342 *ﬁ‘? Lﬁtjﬁ A 1. 969696 0. 040005 1. 833292 1
Priverogenin A
JOEL 2T P A R
neg_304 Cholesterol sulfate 1. 886648 0. 015859 1.982189 1
(3B,17a,23R) -17,23-FR%-3,
29-F 127K W 8- B M-15,24-
pos_1442 (38170, 23R) -17,23-epoxy-3, 29-dihydroxy-27- 1. 687843 0. 033979 1. 653055 1
norlanost-8-ene-15 ,24-dione
4R,5R,65-F5 45232 P AL-2-FR M- 1-
T 6-( 2-F4HE-6-75 FH R 1 i )
neg_3679 4R,5R, 6S-trihydroxy-2-hydroxymethyl-2-cyclohexen-1- 1. 586371 0020491 1932792 f
one 6-(2-hydroxy-6-methylbenzoate )
HiZIIRER H2
neg_2922 Prostaglandin H2 1. 556637 0. 003931 2.071205 1
pos_1234 AN 2:&@32,\%% 1. 509986 0.007126 1. 774986 1
Dopaxanthin
2-(3-HIE T JE) -1H-MEME [ 2,3-b ] HEIE
neg_1444 2-(3-Methylbutyl) -1 H-pyrrolo[ 2., 3-h ] pyridine 1. 503045 0. 04977 1. 941765 1
CHH I 3o R A
neg_418 N-f 2315 *Eﬁ = 1. 465035 0. 019909 1. 940964 1
N-Norgramine
P g 9
neg_3669 N-Ff 21l ? 1. 436775 0. 008848 2.01619 1
N-methylserotonin
1132
pos_2254 il HLH’?% —1.48837 0. 044434 1. 597126 |
Norepinephrine
FE D 123
pos_1097 MBRTT IR ~1. 63403 0. 00266 1. 873945 1
Nepetaside
REL 22 E R
pos_1002 EEM#%M -1. 65053 0. 03224 1. 63651 }
Methionyl-serine
57 i
pos_759 Wﬁ@llﬁn -1. 69152 0. 005132 1.799126 !
Ethyl cinnamate
pos_17 ¥M . -1.735%4 0. 005955 1. 745975 1
Decanoic acid
5-HUBR AW - 1- R
neg_3585 S-methylthioribose 1-phosphate 1. 75006 0.013133 2.084158 !
o
pos_2576 JEAR LI -1.85043 0. 045289 1. 61051 !
Oxyphenonium
pos_1214 Eﬁgﬁémmm -1. 89993 0.011689 1. 756108 |
Methylmalonylcarnitine
pos_3233 R%ﬁﬁ‘ﬁt -2.17149 0. 04465 1. 745698 !
Canescein
RK L2 T
pos_1872 ufﬁ—f‘{m -2.22201 0. 045293 1.73797 !
Frangulanine
P 1-( P FENE TR ) AL i
pos_405 Propyl 1-( propylsulfinyl) propyl disulfide 2.62907 0.015834 1802122 .
pos_2061 SRR | —2.84443 0. 033629 1. 678141 l
Macrocarpal 1
pos_2638 W2 A5 -3.20132 0. 044225 1. 585678 }

Azithromycin
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giRa
G5 PR ARG B XA P{H A B ARk S
Code Name Log,FC P value VIP Variation trend
HiMEg (22.5(47,77,107,137,,167) /22 .
6(47,72,10Z,13Z,16Z,19Z)/0:0) _
neg_3008 DG(23:5(4Z 72, 102, 132, 162) /22 11.5937 0. 000744 2. 141226 !
6(47.,77.,107.,137,,167,197) /00)
[ 1 B S .
pos_677 AU B -12.3541 0. 041929 1. 600101 J
Oxopurpureine
- L;ﬁmz;ﬁlj A=
pos_3351 1- LRI -14. 3976 0.03164 1. 779555 J
Avocadyne 1-acetate
e 13
pos_3844 B -21. 4808 0. 034783 1. 585945 !
Thiamine
N3 b A=A ISmA TR A A
pos_651 AR PR R TR -22.7937 0. 042672 1. 622985 l

Gln, Ala, Trp, Phe

T T RBAKE L | BT,

Note. T represents up-regulated expression level. | represents down-regulated expression level.
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