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[ Abstract] Objective To construct and evaluate a mouse model of renal fibrosis (RF) combined with Qi
deficiency and dampness stasis, and investigate the changes in protein and metabolic pathways using multiomics.
Methods Twenty-four C57BL/6] mice were divided randomly into normal (N), model (M), and RF and syndrome
combined groups (BZ) (n=8/group). The experiment lasted 6 weeks. A mouse model of RF with Qi deficiency and
dampness stasis was established by “cyclosporine A +high-fat diet+swimming exhaustion+constant temperature and
humidity”. The model was evaluated by detecting general signs, renal function, tongue RGB (red, green, blue)
values, hemorheology indexes, blood lipids, and inflammation and oxidation indexes, combined with hematoxylin and
eosin, Masson, periodic acid-Schiff, and Oil red O staining, terminal deoxynucleotidyl transferase dUTP nick end
labeling apoptosis, and transforming growth factor-B immunofluorescence analysis of renal tissue. Differential proteins
and metabolites were screened by renal proteomics combined with serum metabolomics and subjected to pathway
enrichment analysis. Results Body mass of mice in the BZ group began to decline at week 3 (P<0.05) and
decreased significantly at week 4 (P<0.01) , while food and water consumption decreased, the fur became messy and
less glossy, mood and activity decreased, and stools became watery. Serum creatinine, blood urea nitrogen, urine
albumin-creatinine ratio, and N-acetyl-beta-glucosaminidase ( NAG ) were significantly higher in the BZ group
compared with those in the N group (P<0.05, P<0.01), and serum creatinine and NAG levels were significantly
different compared with those in the M group. The R value of tongue images was significantly lower in the BZ group
compared with that in the N group (P<0.01), while the B value was significantly higher ( P<0.05). The viscosity of
the whole blood multi-shear rate and the hematocrit were higher in the BZ group compared with those in the N and M
groups, and the platelet volume was higher than in the N group (P<0.05, P<0.01). Total cholesterol, low-density
lipoprotein cholesterol, C-reactive protein, interleukin-6, and malondialdehyde levels were significantly increased in
the BZ group compared with those in the N and M groups (P<0.01), and superoxide dismutase activity was
significantly decreased compared with that in the N group (P<0.05). Renal tubule vacuolation, inflammatory cell
infiltration, glomerular basement membrane thickening, collagen fiber hyperplasia, and lipid accumulation were
evident, and renal cell apoptosis and transforming growth factor- deposition were increased in the BZ group. There
were 299 differential proteins in the BZ and N groups, including 180 up-regulated and 119 down-regulated proteins,
and 323 differential metabolites, including 205 up-regulated and 118 down-regulated. Primary bile acid biosynthesis,
taurine and hypotaurine metabolism, and biosynthesis of unsaturated fatty acids were co-enriched in differential
proteins and differential metabolites, involving three differential proteins and nine differential metabolites. Among
these, docosapentaenoic acid (22n-3), eicosapentaenoic acid, taurine, 3-sulfinoalanine, taurocholic acid, Acnatl,
Acnat2, and Hsd17b12 showed high prediction accuracy. Conclusions We successfully constructed an RF animal
model of Qi deficiency and dampness stasis using the “cyclosporine A +high-fat diet+exhaustion of swimming+constant
temperature and humidity” method. Biosynthesis of unsaturated fatty acids and taurine and hypotaurine metabolism
may play important roles in this RF mouse model of Qi deficiency and dampness stasis.

[ Keywords] Qi deficiency and dampness stasis; renal fibrosis; combination of disease and syndrome; animal

model ; multiomics
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HL( Germany DIAPATH) ;JB-P5 fU3 AL ( IR A
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Figure 1 Schematic diagram of kidney fibrosis modeling with Qi deficiency and dampness stasis( by Figdraw )
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2.2 'BIpREITEM

5 N 4B, M 411 BZ 415 ShBEFEH5 Ser,

30+ - N4
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g 287 M1
"5 26 4 M group
M 24 BZ41
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IE 22
=
X 204

1 2 3 4 5 6
T/
Time /weeks
HE: 5 MAMW," P<0.05," P<0.01; 5 N 4 AH I,
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Note. Compared with the M group, * P<0.05, ™ P<0.01.
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Figure 2 Body mass of mice(n=238)
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BUN ,UACR NAG ¥ i 3T+ (P <0.05 B P<
0.01) ,#&/R EFIiReZM, 5 M AL, Bz 4
Ser NAG KT+ (P<0.05) ,BUN 2 UACR
YHETE BTG AE L, SR E 1,
2.3 B%

INERER B R M 4/NEE SR Red {EHAK
TN (P<0.05), (A MR, BZ H/NRES
Red fH . EMET N 4 (P<0.01), 754 Blue {H

TN (P<0.05), H¥ 5 M A B 7 (P<
0.05) , #E/R O m SRS . S5 ILE 3,38 2,
2.4 MEREFKRNLER

5 NI, M 4/ B4 i 2 U128 SR B
PV HCT A i Fhm H2ER TG4 X, BZ 4
INEA I 2 R BB HCT % N 481 M 21347
5 (P<0.05 % P<0.01) ,PV % N 40 B 7 (P
<0.01), Z5HRIFE 3,

R1 BUREIES (v2s,n=8)

Table 1 Index of renal function(x+s,n=38)

4 Groups Ser/ ((pmol/L) BUN/(mg/dL) UACR/(mg/g) NAG/(U/L)
N 4] N group 46.70£3.55 22.46+4.17 27.06+6. 81 89.02+2.97
M 21 M group 94.92+7. 04* 27.76+2. 80" 60. 45+7. 92* 107. 50+2. 27+

BZ 4 BZ group 102. 75+5. 93"

28. 58+3. 65"

90. 83+37. 36" 137.05+3. 02

5 M AL, " P<0.05, * P<0.01;5 N @AM, *P<0.05,"P<0.01,
Note. Compared with the M group, * P<0. 05, ** P<0. 01. Compared with the N group,*P<0. 05, P<0.01.

F2 /PAES RGB H LK (2+5,n=3)

Table 2 Comparison of RGB values of mouse tongue image (x+s,n=3)

44 Groups 218 Red Zg{% Green %5 Blue

N 40 N group 121. 00+4. 00 77.00+14. 73 85.00+4. 58

M 41 M group 110. 00+2. 65* 79.00+1.53 86.70+1.53
BZ 4 BZ group 99. 00+4. 51%~ 84.00+5. 13 97.00+3. 61**

.5 NAM, P<0.05,"P<0.01;5 M 4HA L, * P<0.05,

Note. Compared with the N group,”P<0. 05, P<0.01. Compared with the M group, * P<0. 05.

F3 /DRI A FEPR (x5 ,n=8)
Table 3 Blood rheological indexes of mice(x+s,n=8)

2 Z YA ZRF A/ (mPa - s)

Whole blood multi shear viscosity

3% 6 E/ (mPa - s) YRR %

74 Groups

10/s 40/s 200/s v Het
N 2 N group 11.970. 72 7.36+0. 36 3.840.38 1.27+0. 07 39. 69+2. 63
M 21 M group 13.28+1. 21 7.61+0. 41 4.20+0. 69 1.46+0. 17 40. 55+2. 37
BZ 41 BZ group 17.99+1. 21%* 8. 63+0. 29%* 5.28+0. 80*" 1.52+0. 10* 44.91£2. 61%™

5 N 4L, ¥ P<0. 0155 M 4IHH, * P<0. 05, ™ P<0. 01,
Note. Compared with the N group,®P<0. 01. Compared with the M group, * P<0. 05, ** P<0. 01.

N4 M#H BZ#H.
BZ group

M group

N group

B3 PRI REGR

Figure 3 Comparison of mouse tongue images
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5 N4 #,M 4 TC LDL-C MDA J} &,
SOD {EPEREA , fH 25 55 o4t it2% & X, CRP Al 1L-
6 K- THE (P<0. 05 8 P<0.01) ;BZ 41 TC .LDL-
C.CRP IL-6 MDA 7K-F-¥ 8 & F+ = (P<0.01) , H
5MAHRGH#27%(P<0.01),S0D iHHE® N
ZH R (P<0.05) . 4593 4,
2.6 SARAREHNET

5 N4, M 40 REF 2 HE e R
INERBEEEAEAR BN K AR AN IR s PAS Bt
a7 B /N BR S I I 1 TR | AR IS AN i 4 2 5 Masson
Yot R I R AT ARG A B & s T 2T O e ta s IR

iR &R, BZ 2/ AT LB /N A BT 2 v Ak I
RV AR BN BRI I B | T A 3
AR R E (K 4), s s, 5 N4
FL, M 411 BZ 41 A 440 i T S TGF-B Uit
FUE TN (P<0.05 3¢ P<0.01) ,BZ 415 M 4l It
At L (P<0.01),
2.7 BEAREFMMERGEES T
VE—2 %t N 240 BZ 41/ BRI T 44U 1
20 2 IR A R 20 2% 53 A, W <R S ' 21 4
f/NERA DGR AR kB 1k, GniEl 6 iR
FTT A 2# 45 5 30, BZ 415 N 4 Fb B 299 4~
Z5&EA, 180 /4~ M, 119 AT, 4351

R4 DNRULE SRAEF AT (25,0 =8)

Table 4 Blood lipid, inflammation and oxidative indicators in mice(x+s,n=38)

432 Groups N4 N group M4 M group BZ 21 BZ group
24 2
'“‘Hﬁmaé mmol/L) 2.76+0. 61 3.73+0.76 5.76=1. 37"
Przg b =3
MR 2 L/ (mmol /1) 0.98+0. 13 1.13=0. 21 1.96+0. 17%*
LDL-C
¢ ﬁmﬁcl&;‘[{ (mg/L) 2.3540. 37 2,820, 25" 3.59+0. 36"
AN
AR I6L/_(6pg/mL) 80. 65+6. 60 118.0910. 27" 138. 63+9. 74"
= Pecy
ﬁﬂt%ﬁﬂ:ﬁ;ﬁ P/ (U/mL) 275.78+25. 47 241.96+32. 08 219. 16242, 29"
W—%/M(Sf‘ﬂ/mm 4.51+1.01 5.03+1.06 6.86+1.21%*

W5 NAML, P<0.05,%P<0.01; 5 M ML, ™ P<0.01,

Note. Compared with the N group,*P<0. 05,"P<0.01. Compared with the M group, ™ P<0. 01.
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Figure 4 Kidney histopathological changes in mice
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Figure 7 Renal differential proteins enrichment pathway
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Figure 9 Serum differential metabolites volcano and cluster analysis
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Figure 11 ROC curve analysis of the differential proteins
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Figure 12 ROC curve analysis of the differential metabolites
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Figure 13 Correlation analysis of co-expression between protein and metabolism
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