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[Abstract] Objective: To construct and evaluate a mouse model of simulated viral pneumonia with damp
heat syndrome. Method: Totally 32 SPF grade male C57/BL6 mice were randomly divided into normal group,
damp heat group, virus mimic group and damp heat virus mimic group, with 8 mice in each group. The
damp heat group constructed a mouse model of damp heat syndrome using a combination of rich and sweet

diet and 14 days exposure to humid heat in a climate box. The virus mimetic group constructed a mouse
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model of simulated viral pneumonia using tracheal instillation of Poly (I:C). The damp heat virus mimetic
group established a mouse model of simulated viral pneumonia damp heat syndrome using a combination of
rich and sweet diet and 14 days exposure to humid heat in a climate box through a superimposed gas tube
instillation of Poly (I:C). The changes in body weight, food intake, dietary intake and syndrome scores were
observed. Enzyme-linked immunosorbent assay, enzyme-linked immunohistochemistry staining, blood gas analyzer,
and transmission electron microscopy were applied to observe lipid metabolism (serum HDL-C and LDL-C levels),
gastrointestinal function (serum MTL and SP level), energy metabolism (Na*~K*~ATPase activity in liver tissue),
water liquid transport (AQP1, AQP5 and Na*-K*-ATPase levels in lung tissue, mitochondrial structure of lung
tissue cells), alveolar capillary barrier (lung tissue W/D, total cell and protein levels in BALF), inflammatory
response (TNF-a, IL-1B and IL-6 in BALF), and pulmonary physiological function (arterial blood PaO,, PaCO,
and FiO, levels). HE staining was used to observe pathological changes in lung tissue, and 16s RNA sequencing
technology was used to observe the gut microbiota of mice. Results: Compared with the normal group, the
food intake, water intake and weight decreased in damp heat virus mimic group. Damp heat syndrome score,
serum LDL—-C, MTL and SP levels, lung tissue AQP1 and AQPS5 expression, lung tissue W/D, total cell count
and total protein concentration in BALF, TNF-a, IL-1 and IL-6 levels in BALF, and elevated arterial PaCO,
levels increased in damp heat virus mimic group (P<0.05 or P<0.01); Na*—K*—ATPase activity in liver and lung
tissues, arterial blood PaO,, and PaOy/FiO, levels decrease in damp heat virus mimic group (P<0.05 or P<
0.01); The structure of lung tissue and mitochondrial structure of cells are disrupted, and the pathological
damage score of lung tissue was increased in damp heat virus mimic group. The gut microbiota has undergone
changed in damp heat virus mimic group, mainly at the genus level including Bacteroides, Parabacteroides,
Faecalitalea, Lachnospiraceae, NK4A136 group, Roseburia, NK4A214 group, and Escherichia-Shigella, while
the functions of gut microbiota was varied in areas such as aerobic chemoheterotrophy, nitrate reduction, animal
parasites or symbionts, human pathogens, and fermentation. Conclusion: The compound modeling method of
adding Poly (I:C) through a stacked gas tube drip after 14 days of exposure to humid heat in a fat and sweet
diet and climate box can construct a viral pneumonia damp heat syndrome model. The modeling method is
safe and easy to implement, and the model is stable and reliable.

[Keywords] viral pneumonia; damp heat syndrome; combination of disease and syndrome; model evaluation;
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R
7 PR GA AR 6 NAZAD EWUR

B4 RAMMHR AQP5 REER  (%x200)
3.6 WAL mMEERER T IEH AN R 240
YRR EE I IEF AR PR SR BB T B AL
WL/ IN R ZH 2R A B o A s B T S TR R 2 ) 2540 22 Ak, LA
LR IRIPRK ARTE , TR Wi, s Rk s o 3 H R
PR ALY ZH I R B e g™ 2 (UL IETS )
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L
Y R BEAL L 2

2 e S
T BRI AL
B 5 MHALMmESTBEER (%30 000)
37 Ma-fmbE RESYS IEE 4N R4 Z WD
8 . BALFH SR SR R 510 L B R E i 4
Yy BT ZH U W/ DA BALFH S 4 B0 B Bk E 5
TR BRI 4 Lh 3, 2RI TSR L (P0.05) .5
TEH 4 T L3, a4 R SR 4 /)N
FRUIZHZW/DIH (B A LFH S A S v EE A& (P0.01 ) o
(W3%8)
8 /INRATALR W/D {E.BALF R ZHRER

BEAREKE (xxs)

15 . WD BALF SIS BALFR S & Ak

(x10YmL.) (jpg/mlL)
el 8 206:011 13303 15632+ 1082
inetiil 8 224+0.18 145+0.15 162.75 £ 16.12
R B4l 8 446+021" 5331025 23623 £20.80""
BHOREEDMA 8 455:024"  556+026" 24277 £ 22,60
F 341.229 903.358 45486
P 0.000 0.000 0.000

E: 5 R AE, P<0.01; 5 R A IEL P P<0.01,
3.8 BALFF XERFAKF EHEH/NHABALFTHTNF-a.
TL~1B JL-6/K - 5B L IR s S 2/ N BB ALF )
TNF—a IL-18 IL-67KF- SR R s 4l L, 22 73
TG 2E R L (P>0.05) 5 1EH 4 B4, i BRI
4 R AR RN B BALFH Y TNF-o IL-1B . IL-67K
BT (P<0.01) . (WLFE9)

£ 9 /MR BALF B TNF-a JL-1B.JL-6 K (xs,pg/mL)
415 n TNF-« I-18 IL-6
E#4A 8 207821289  5211£357  8627+7.23
fineSdil 8 210861651  5477+360  88.67+8.14
MR 8  31420£23.07"  7825+439" 19625+ 1571
WHGHERIMA 8 319.07+24.10"  81.40+5.01"" 19945 +20.01
F 69.345 93.898 148.498
P 0.000 0.000 0.000

5 R AR, P<0.01; 5 B LI, P<0.01 .
3.9 ke 54 IEH 4/ RBIBKILPa0,.PaCO, . Pa0,/
FiO /K7 518 P AH 41 18] U3, s #E B A N R BB ML PaO,
PaCO,.Pa0y/Fi0 /KT 518 ) BEASDU M 2 2 ] LU, 25 S 3
TG 7 L (P>0.05) o 5 IEH A GBI LA, 9 S5

56

21 VR B 21 /)N BR 3 ik U 31 K 1 Pa O, PaOy/FiO,
F(P<0.01). (WF10)
£ 10 MREEFERSEKMMS S (xxs)

Hilll n  Pa0/mmHg PaCO,/mmHg Pa0,/Fi0,
E#HA 8 7492+546  3678+287  478.05+3486
et 8 7205+581  37.02£3.01  469.19+37.85
TR AL 8 474124120 3923:285  311.21+27.04"
WHAOREEDA 8 378022720 3960£301  248.09+17.88"

F 115779 1.756 109.080
P 0000 0.178 0000

x5 EF AL, P<0.01; 5 IR AL, "P<0.01 6

3.10 ALUREEHG WA T AL, IEE /NI 22,
IV BT , A UL A& 240 it 352 ) sl At 75 £k (K16 A, x200)
Poly(L:C I , il B 1 JE P i 5 i At R , 2 Ry v i
IR K B AR (EI6B , x200) o 75— L4545 ™ 5 AU AE AR
Pl e SRR (6D, x40) , e B R Al BER 24 K6 , 4544
SEATTRIR, 535 563 110 it 76 s s 2 2L A0 6 96 i 40 i B £ 2 BR
HUFE B Ml G 1S K (B 6C, x400) o £ 2 AR A 2 21

H UL HR I, DALT AT A e SR ] B R (16K, x400)
AR R T A 1 A5 R R 2 AR BT R (JEL6F, x200)

i A L TR 4 &

6 /INRAARRIR LI

IEH A GBI SRR A R R R AL
Jili 2 245 453 B8 4353 24 8.00..9.06 . 2344 F125.50, 1E
/NI R BB S IR A LS, ZE R TSR
SLCP>0.05) SR EEAAUA 2 /I U ZH SV BRES R 1 497 S5 0 A+
R REBLI A A, 22 R S H R L (P>0.05) . S IE & 41 1B
PR P EE AP 2 A+ 5 AR L 4N B 2 4
9 BRES A B0 1 B T (P<0.01) o (L3R 11)

* 11 FERAENMBRMELRRGEELRE (n=8)
GH RS WAL A A
04 8 7 0 0
14 0 1 1 0
2% 0 0 3 2
345 0 0 3 5
4 0 0 1 1
P 8.00  9.06 23.44 25.50
X 26.581
P <0.000

E: S EWER AR R EAE Y S EF A (P
0.003), % Z B B0 28> 08 #28.( P=0.000) , 7% # + 9% F AL 34
20502 #28.( P=0.001 )
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3.11 WpE s A mET

3011 PGS Koutss BT NEITAFTR , 41EF 75
#0>30 00T , PyFPE_ LT+ 2218 , Ih& T ik T 728 3R FE i
L5, v LA TR 44T . I TBJR AR T outs (BRI FI 4R 76
AR 53T S E R LRI 19 259 outs, HiH IE R

203 3007, MR 2 6991, TR 41 2 93441, M I AH +
FERHIYIZH 2 6601 .
A B
e U4 AL

Multi samples Parefaction Curves

Al

00 200 300 a0 S0 6000
Number of sequences sampled

E YW AR TR AR F R AR A
oM Fr S ARPE St R B R AR S P AP e R F R ous R T
B EABA Y F T, TS BB A B K 5 75
ZIR) g £ AT S IUAEA P R AROR - A 6 SR 7 B A
SR AL s B.IR ARSI 4 SBLIR Rk F AR A 4,

El7 BEEMER ous

3.112 AlphaZffthE  SIEH A, 1B/ MR Chaol (Ace
shannon i UK P FEAIK( P<0.055 P<0.01) , 5 BB 41/ 1N
B shannon BUK - FEAK (P<0.01) , M3+ BERTALH 2 /)N B
Chaol . Ace shannon . Simpson8 HUK F-HIFEAL(P<0.01) . 5%
R LB VB R AL 4 /)N B shannon \ Simpson T8 £17K
PR (P<0.0150P<0.05) o S5 RERUM 20 LA, 1R AR+ T 25
FEHIHIZH Chaol \Ace shannon . Simpsonf& SK AL (P<0.05
2 P<0.01). (JL#12)

%+ 12 %A Chaol.Ace.shannon.Simpson 51 Lb %

(xs)

@5 n (haol Ace shannon Simpson
E#4 § MI84£375 25006£4547  5.11£060 092004
i § 197613193 20041£3189  449+031* 091024
b § 218914479 234764034  431:046°  091£035
WACHEEIIA 8 1655323455 18174£4034 357073 0842010

z 5428 6216 10,698 3790

P 0005 0002 0.000 0021

i : Alpha % #4547 &, Chaol e Ace 8 M7 2 4 # F
(richness), BP ¥ A3 F 09 % ), BALAR K, AP AL % 5 shannon
FoSimpsond§ A TH Z M AF 5 A M (diversity) , B K, 4
FheY S AEMF F VL5 EF A, P<0.05,"P<0.01; 5 8
LLILAL,P<0.05,"P0.01; 55 A S AL LA, P<0.05,'P<0.01
3113 BetaZ MMk TEIEFH SN T, HAAHE
AR B EGE , JRR A N 25 5/ IR AR IR RE AR ALL I 2H
Hh, ZH A R B R, AN 25 5 R TR A R TR
LSRRI R A I 0 e (LRI )

HMDS1 vs NMDS2
Stress=0.16782

2256 ; ®
/ ® gl

@ Bl

D e UL AL

1.128

o
2
]
: "
= |
» ;
0 .9 i
. T{ .
A Fa ‘\i“,
-0.646 . Cr
L
1.291 . . 3 -
1819 -0.909 0 1295 2.59

HMDSI

7% :Beta % AT, A8 57 R B A outs 4L R B
BB EF AP S EAFEER, REREREATRR S
2, 5 B2 W69 I & R R 2 AL, & Stress ) T0.20, &
BANMDS T B A — 5 49 7T e bk, f AL AR I L 3B B AL R 35
ABALEAL )

8 Beta HHFIES AT AT B PL AL
3.11.4 LERSes#r  7EHIKF-, Bacteroidales \Lachnospirales .
Oscillospirales \Enterobacterales $ I\ J & 22 5 W AE Wb i
Wi FE B K -, Bacteroidaceae Prevotellaceae  Tannerellaceae
Lachnospiraceae \Oscillospirales \Enterobacterales % W\ 8 & 4
E S EYAREY ; 7 I8 K, Bacteroides  Parabacteroides
Faecdlitalea . Lachnospiraceae « NK4A 136  group . Roseburia .
NK4A 214 group Escherichia-Shigella¥ I\ 24T 2 F 1LY
Fr&EW) s FEFIK T, Bacteroides fragilis FlRoseburia sp 4998
IHRAZ B EYR S O ERE) o (ULIE9)
Cladogram

&
y

&
o

& : LEfSe 2 AL 45 42 7R ) 20 18) T35 £ 5+ A 43t 5 7 L8
Biomarker, VA Z 4018 £ F & LA R F £ F ey A B bR T
TLDAMAR T4.089 44, B b & A £sMaite) B BRAT &
1 246949 £ 23], F (kingdom, k) I'T (phylum, p) . %4 (class,
¢)+ B (order,0) A (family, ) . & (genus, g ) . #F (species, s ) ; £
FR S EBA Loy — D E BRAZAT TH—Ao X,
DR B AR S FEE KRR LR FE E STy
R—AFE, ZFDAT DT EF BRSO SWRAITEE,

9 LEfSe L5 2 &
3.11.5  FAPROTAXZRETUIN 7778 Y e 2 7 22
F b 2# 5757 (aerobic  chemoheterotrophy ) , filf B8 £k 18 i (nitrate
reduction), S AL & (animal parasites or symbionts)
JiA AR (human pathogens all), LA B & B (fermentation )
o (WLIET10)
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" Other
B chemoheterotrophy
n
% tion
)
nitrat
or_symbionts

60%

Relative abundance (%)

e
ra s B SB
Sample

VE 7B 2SR M BLR AL I M 20 5 SBLIE M4+ % A
BEIAM A,

0%

B 10 FAPROTAX If&EFA

4 it

“WRUELE A SRR RN 34 A 5 5 B AL
FE P B FRG HLERE (45 5 AR 2 UE s 805 9 3R | B¢
B ARG TR AR ) 10, A2 ) A R B () A AR L
SR R BRI RPFIE I VA 5 LR SE IR I I M AR B2 L AR TIF 5T 480
A 5 2 A 2 TR AR A | T8 TR 7 Y A 20, (A
ZLh ) B IR R T IC B T IR TR A DR AL«
KRB  WRARAT IR B TR R R B AR B A A
27 NAMEE SR IR Ak (R AT IEE T
CREARBY, IR, B AT, S A T A AR o (R
U, A g o S R R B I S R e, N TR
(R E RIS AN, TN RORPIE AR R 7
it S P T T 5 RE R 0040 Poly (1:C B UL R SR , M i
STASLLG EE P T S M BAIE /N FRASE L

BRI DA 56 22 51 ShPrml i) B 1 R v B St e 4
FIREAPE | LS SRR IS SRR Y & rh 2 e, H R
T AT S BT T A 46 b 04 R G — o 25 4 Wi I SCRATF 9 45
ARSI M INEUR IR B IRAEAS 1k Fao PR TG 34 J T
EHUNR &8 POKE MBS BB IR, L
Kt 8 B e AR HE R IR PR A A 6 A
(N STk B S = BRI . DN - 1117 C SN ST
SRS, ANEIKE, AT AR, BB, ke, 0
AR SR T AR RS ORI R N
MR, DU RS RS e 2 A s s ok MR TS, K
R I, s B AN EE , AN, 4 TR EIE A I
T /N B AR e b 02 51 /N BRUBK AR i 8 L B B35 B
L IAEAR R, OK B B R R B R,

W 2 I B AE A 38 HRGIE /S BRUHOUE PR 7 28 Tl e 2
F TG o SRR R 5 AT K IR S, SR AT
IR, P ARAIE R JRAATIE N RS R0 S PR 77K - 34 B 8 7
17, BN S AE R F ] RE SRR HIE BUR LA 2 — AR BUIBFSY
KB IR IIREE X I P B TC . TG \HDL-C \ LDL-CEA — &
HISZ IR TR , S PRI £ | RS AR, SR A 6, A
A, AU <y588 2 17, BEEAC B2 22 Fh i) i LR o B SCasne)
A R A 5 5 5 MRl TR A e A B Se R, T LA
VE IR A A=A Stk =2 —  QRAREE 5 )i 8B A8, 5

58

P B ohse, S EOK S SR E  EHATE, MBAAREE, 1
PR 2 A TR T S A B I RE AL RS
SCHATG S0 I W AE SRR B A DI RE AL B L,
SHYIRETRMG | [T M 45 i 41 4P MTL SPRY & 1k B TH s
o PR U0 B A5 R B ML SPYE N B i £ | BB S
28l SRk E S R B Uae PR B AR A T A
T Na—K - A TP 87K 8 S LR RE AR K .
P A58 R AAE S A AR L B RS SRR
2H LU Na K~ ATP Al /KT AR 45 B = A Qe 55 i A8 £k, 3L
A Nat—K—ATPRHG T B2 MR HAGIEAR 7Y o5 BLE At 2 — o 7KW
T 21 AP (76328 R T4 A Na - K- ATPEE S 1Y T 8% 12
Bk A8 25 AR shiRs s m, R AR R e T 57K
1) B Bl 38 B PIAH S Il ZH 2 2 BRI HOE AI A QP
AQP5 , MU L BUK I 12 8 IR P I e A A
AU, i SITAAUEIE B0 2 YA e,

ARWFFTH, P IMBHRE R TS, /NRE R ok E E
R B SRR TR, B B A SRE I, LK B T
e M AR KB s RE R R ERALIE O, 2/ 2 T
ZORESS , B AR , 25N EURL, SLRELA |, ZEBH — R R
I W S SR 4 2 B3 5 24 T BSOS « — e T 4
BT s IROR A G  RIEMLAR 7= AR JRARE BN, 7™ A
P47 o 38 FE R4 2 B R S TR A T sh A St v
I 453 4745 2Ry e o AR A i A il 76— 400 I B R 1 i
A JERE SIS, il A B ) Al IR 1 A% I B S il 4 438 403 A 9 B
2R o B L AR 58 DA I 44T T 2 XA A /)N BB A48 4
TEOLEAT I A SERG Y, BALF 2ORE R F INF- JIL-1PB IL-6
TR TR R AR AL /N BRI 20 HR A FE S8 RE I o 3 b R A
SN RE | Sty 6 4 il A8 PN IR, S BU B A1 10 S
FEPERIN, K CAHAE B ST D AR S TR A N BRI 2 21
W/D{E BALF S 2 4k | A2 v B I Sl T s, 4R it o —
BN BB E IR o 58 0F N AR AR il 2 2 2544 S TR
RS R BRI Poly (I:C) T TS o W BB Y Poly (I:C)
TE AT M 2H 20 e B A 40 A, I A 1 e B A RRAE
L5 SARS-Co V-2 BB/ INUR 18 B R AE AR B19, 3 Tk
M5BT Pa0, . PaCO, . PaO,/Fi0,1E Ay Jiti 453475 Hh Rz il ik A 21
TIRERHE BRI, fig S BB B AU 10 o AS T 53 P RS /N BRUY
Pa0,.Pa0,/Fi0 KA , PaCO, 7K - T 1o o AR BT HRY /N SR A=
FRIIRE H IR, K2 TR 25 TR SR BRI 46 B HIE
IR H R

Jo T TR S o R YT S AR RN L RE AR S R R
it 5 Y FAIE 25 D) A O o B0 A5 U 1 TR A S 1 B AR 1
FAELHEE RARELHITEA T T AR 20 N 4l AR T A B
BEAS LR IR I I8 P OS2 R, 48 H BT 3 mT A S
VB RO B R LR B T RE S AR R B R T
SRR W TR HGIE T B K e AR SORE N K T TR A
77 T o AR SE 5 H AR/ RV 2 R R A AR S AR ) 2 e
B, NI R B TE B R A T B 2SS AR AT X 22 5
RSB T A T 0 1 , 245 SR AR T /K1 2 M il 4 1 AGIE
AN AT RO T R 2 R B NK4A 13618 &
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FCPE \NK4A2 148 (3524 EC PR 1 AR 3 B & 2R T B B AR 1h Bl
JEARBIRFE N 2 SRR B T REUE T8 48 , 25 R A 75 AL RE
SR RHFRER IR | B A R A R e S AR R K T
SEDIRETT RE -5 BE MR 48 1 A DA G

ZE 1 ik AR50 a9 A MR RN R B AU T TR
TR BT A R TR T AT A TR IR “F TR S5 A R, I
WA FE bR AR B i se RER A K s il
LUGNE B LR AT il A 3R T B XSS R A T I AL LIRSS T X
BRI A T PR Al 4 SR PAAIE 975 PR AT AT R A s, s Ay
P24 SR RS E AT S W RIESS & HHE M BRI
1B I T A B R T 16SIRNATL A, X 38 B A
KA INRERIMIEIRER IR A D SOR TR AT 1B HGEI A T

SE K
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