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[ Abstract] Objective To investigate the renoprotective effects of a Sichuan dark tea-based medicated dietary
formula (alternatively referred to as Qing, or clarity in Chinese) on mice with diet-induced obesity (DIO) and to explore
the specific mechanisms involved. Methods Male C57BL/6 mice were randomly assigned to three groups, a control
group, a DIO group, and a Qing treatment group, or the Qing group, with 8 mice in each group. The mice in the control
group were given normal maintenance feed and purified water, and the other two groups were fed a high-fat diet for 12
weeks to establish the DIO model. After that, high-fat diet continued in the DIO group, while the Qing group was given
Qing at the same time for 12 weeks, during which period the weight of the mice was monitored and recorded every week.
The mice were sacrificed after 12 weeks. Serum samples were collected and the levels of triglyceride (TG), total cholesterol
(TC), alanine aminotransferase (ALT), aspartate aminotransferase (AST), and albumin were measured to evaluate liver
function. In addition, renal lipids were extracted to determine the levels of TG and TC in the kidney and periodic acid-
Schiff (PAS) and oil red O stainings were performed to evaluate kidney pathological injury. Western blot was performed
to determine the phosphorylated AMPK (pAMPK)/AMPK ratio in the kidney tissue. RT-qPCR and Western blot were
used to determine the expression of proteins related to fatty acid oxidation, including acetyl-CoA carboxylase 1 (ACC1),
carnitine acyltransferase 1 (CTP1), peroxisome proliferators-activated receptor y (PPARy), peroxisome proliferators-

activated receptor-1 a (PPAR1a), sterol-regulatory element binding proteins (SREBP-1), and key proteins related to lipid
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synthesis, including fatty acid synthase (FASN) and stearoyl-coenzyme A desaturase 1 (stearoyl-CoA desaturase) in the
kidney tissue. 16STRNA and metabolomics were applied to analyze the gut microbiota in the intestinal contents and its
metabolites. Results Compared with those of the control group, the levels of liver mass (P=0.000 3), serum ALT (P<0.000 1)
and AST (P=0.0001), and kidney TC (P=0.0191) and TG (P=0.0101) of the DIO group were significantly increased and
there was lipid deposition in the kidney. Compared with those of the DIO group, mice in the Qing group showed effective
reduction in liver mass (P=0.031 6) and improvements in the abnormal serum levels of AST (P=0.0012) and ALT (P=0.0027)
and kidney TC (P=0.0200) and TG (P=0.0499). In addition, mice in the Qing group showed significant improvement in
lipid deposition in the kidney. Qing group showed increased pAMPK/AMPK ratio in comparison with that of the DIO
group. In comparison with those of the control group, mice in the DIO group had upregulated expression of lipid
synthesis-related genes and proteins (SREBP-1, FASN, and SCD1). As for the fatty acid oxidation-related genes and
proteins, DIO mice showed upregulated expression of ACCl1 and downregulated expression of CPT1A, PPARy, and
PGCla in comparison with those of the control group. In the Qing goup, improvements in regard to all these changes
were observed. The Qing group demonstrated improvement in the disrupted homeostasis of the gut microbiota. Short-
chain fatty acids in the cecal contents, especially isovaleric acid and propionic acid, were also restored.
Conclusion Sichuan dark tea-based medicated dietary formula may improve renal lipid metabolism by regulating gut

microbiota and the levels of intestinal short-chain fatty acids, thereby protecting obesity-related kidney injury. Isovaleric

acid and propionic acid may be the metabolites key to its regulation of gut microbiota.
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disease, CKD) [yt fis i I, KW mi BB K& (high-
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HOMTR A =Bk Hl, DUIR R 09I TR A A 4l
Mg, HEDREARAMPYE L 25 F i (AMP-activated
protein kinase, AMPK) {4, il g i iR B AL AL ik 42, 34
B e 105 A R g B FR 22, HED5 (1) CKDEL AL, i
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Renal lipid metabolism

Chronic kidney disease Sichuan

RES O S mIAE I PR, AT T B ) 2 h 54
HAbBGERR B Ik . Siegerh e i 2 25 W
P, AR v 2 PR O g L B AT 2R
AT W 280 SRR AT R I R AE A S, AR
WHIER N RS 5 2 Rl B2 Y 25 fE I 7 (BL 7 448
JCIE ), Z T3 7K B S ) R A 5 B B (diet-
induced obesity, DIO) /)N, #RFTHAH T Wil wAF . o
B N LA T REFIHILA .

1 #MR5TE

1.1 JTEKAREIHE &

ARSI R DU R ASBC 5 (OTTH ) B e 22 s 5 ok
W SRS R 2 AT (T R 5 ik s 24584
AR R, B AR AHIE 5 SC10351012401028), J8 43
P54 (e N LA 25 )R BR o RS HERRIUR 1 25
MG, IO 25 8 S5 T £ 104 9 4l K, R 3IK, BR IR
3h. AIFUEM, 7E-0.085 MPa. 65 °C FTHkex, itsoH
)5, 15 Tk 2250 g MR AL (RS2 W 1.3) B X
AN R HAROK &, ZEHARHK s in— & & 70T, ffi/h
O ARTTIE 21551400 mg/(kg-d) .

1.2 EEHRFNRF

Mouse Anti-CPT1A antibody(ab128568), Rabbit
Anti-PGCla antibody(ab54481) filRabbit Anti-GPR43
antibody(ab124272) [ 5[5 Abcam 2], Rabbit Anti-
AMPK antibody#FIRabbit Anti-phospho-AMPK antibodyl4
H 2% [H Cell Signaling Technology/A 7. Rabbit Anti-
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Acetyl-CoA Carboxylase antibody(ET1609-77), Rabbit
Anti-SREBP-1 antibody(ER1917-19) FiRabbit Anti-Fatty
Acid Synthase antibody(ET1701-91) 4 H H E 42 A= )4
ARA PR/ . Rabbit Anti-PPARy antibody(AF6284) il
Rabbit Anti-SCD1 antibody(DF13253) Il [ 3¢ [ Affinity
Biosciences 2\ F) o A= ARASRG I 355 & by BRI 03 i B2 7
PR BRA A4 fE . ELISALUH & A me ot gl il A 9 TR
WP
1.3 BhiiEs

8 ~ 10 & IS HEESPFZL C57BL/6/N B, TR B 225 g,
Y0 TR R A 2 R A MR R A A BR A R o SEER T,
B /N TR EE23 €L MEE50% ~ 60% . H BT
12 Wi B FR 1, e/ Nl A AR IRE YRR . A
WESE 0 B ) S AT5 h [E SE 3 sl 2 25 b ofe, D22
JNRE SR 5 R FH 2 2t e

R A520174F ARTFINEZ H) 19 % 5 5 72 45 (Resource
Equation Approach) #172h#)5c 5 iYREA T HE . I
FEANOVAH A $%3Z H i1 (degree of freedom, DF) A iR
ZEMHEITEL0 ~ 2022 1] . ZHIR] LELANOVARHE A R
n=DF/k+1. nHRHZIRNYER, KVHE HHE]
2, n(max)=7.7, BUE A 1598, W4HZiX 8 H, 3418
ARSI YRR 24 H o ARBFSER 24 HUNRBERL T A 34
(X B2 | BERUAL AR AL, RRAI8 o X MR 4 fm] Mt
YRR ALK, 53 AN 2T I T o L 60% Y iR
JRARRHE IR 128, #7 DIOBI R . JbJ5, #5714 (DIO
4) Gk 2L MEHFD+ 214K, JA T7 41 0 iR EHF D+ 0 i
(400 mg/(kg-d)12J& . fRIFIBIRNEA SHIPFET , B ic 5%
NPT R SRR OKE . 1285, 258/
LMY . BN EY S R
1.4 MBS AR 4 L IEFRET

BUNSUMLBRREAS, S7.R13000 r/min#.0>15 min/5 53]
FEE . 4 A (BS-240, Mindrary, HE
RN B AH 7 32700 GRS it 37 = Bk H I (triacylglycerol,
TG) . kB[ (total cholesterol, TC) . KA R R ;& i
(aspartate aminotransferase, AST) . TN & &% 2 i (alanine
aminotransferase, ALT) FllFH £5 [ (albumin, ALB) /K,
{8 FHELIS A1) G A I B IIEZH AU TCRITGIK - o
1.5 BREALRERE

B I 20 22 R S0 B0 0% FP I T W 1 7 24 h R R4 T
PR SR, A AT A A D) R
4 um, B FUKBESS, V1R 217  BR - 55 K (Periodic
Acid-Schiff, PAS) B, U1 )7 K15 R PR e ES Jr o
FJE WA MEOT TR . VKRB IEZH 2 T OCTIR I

S HE IR AG 2 RO ILEEAT D, VTR R4 pum
8 umeo PKERYIFWGR TABOR L, BE  whe., BT,
it I RC 1 4 B AL O TARE W e (5 ~ 10 min, HME 5
BT GOl U =8

1.6 EMRAEERGEHERE (RT-qPCR) ML
ENifFSLEE ( Western blot )

2 ST ST Y 75 12 BEA T RE B P CRAFN A 82 BV 35 52
B, Western blotAe il ' AE 4 2 i 1 15 1k 28 G
(AMPK) B A - Wi R R 15 A 25 11 8 (p AMIPKO) )
ik . PCRM Western bloths I ' Ak 20 21 il g iy ik 4
LA LT R a R L1 (acetyl-CoA carboxylase 1,
ACC1) ., RFBMERFEF50E 1 (carnitine acyltransferase 1,
CTP1) . o %Ak Wy ity 1A 184 5 ) V305 2 A4y (peroxisome
proliferators-activated receptor y, PPARy) | i A LI EFIA
H4 5 W) B0 2 Ry R B IR I F-1 o (peroxisome
proliferator-activated receptor gamma coactivator-1 alpha,
PGCla) KRR & O HE 53 MBI B 15 JT i 45 &
F-1(sterol-regulatory element binding protein 1, SREBP-
1) g MifR & Bl (fatty acid synthase, FASN) | fiff [i5 Eit 4l
fifa 21 A1 (stearoyl-CoA desaturase 1, SCD1) [F 3Rk
Ko LABEmR T 1 U8 (GAPDH) S R X 1R, L
2 M mRNAMIN F A . LUB-actinBiGAPDH A N PP
XF I, thImage JARPHINAS A7 D BEAAL, K A2 1 A I RE
{ELBR AN 28 K BE(EL, 45 A X 8 F 3Rk i
1.7 FAEEE#16S rRNAE FENF R EHEAL 12

REEA/NRE N AW FEA T 168 rRNAZE A
JE5rHr. 18 FHE.Z.N.A. Stool DNA Kiti# 7] £ (Omega Bio-
tek, FEED IV N B A DIREIHEIZHDNA, BLEPCR
SN FR, E 1514341 F(5'-CCTACGGGNGGCWGCAG-
3") MR 19 51 #)805R(5-GACTACHVGGGTATCT
AATCC-3") ¥ H 4 16S rRNAFE K [ V3-V4X DNA K
Bt. fliHAMPure XT beadsif 7| & (Beckman-Coulter, &
) 4lifk PCR=4), Qubitikif| & (Thermo Fisher Scientific,
LK) HTPCR™Y)ER . Bif5, fElllumina Miseq V-1 I
XS4 R TSR BEA TN Y, AR5 AR B IBOCRHE, I 0 A T
HE—2E A PH LA 1 i ) cleandn . AR5 R 43249
7 RS (DADA2) BEA TR, Mty 18 1 41 28 S
(amplicon sequence variants, ASVs)fFfE 3 54 FiE B
Fo FHERAT IR LGE T a2V BT FIB AR 3BT
VAR | oA ANZE Y
1.8 SN EWEAREHERRERIE

HIHNAEY 220 mglht E 1.5 mLELE T, & 42
BT BRFI250 mLS# N K (1 = oficHhl) o i
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AT 50 Hz WP 20K, K30 s, B T4 CRLOHLN
12000 r/minff i B.05 min, B ILIE R 1 IEWE
BB LA N, 65 mL 20 mmol/ L& 4 Ak 4 ¥ i N
200 mLEEA, 8 HE 50 J5 12 000 r/mine .0
5 min, WX B WL RE 2 B 08 h Bk T AT A A RO o
N SE R, A 75 mLIE C %6 26 BT, SR AR 68
% R I FHAY (gas chromatography mass spectrometry,
GC-M) BEATREI o o dhi >R £ #1737 H7 /£ Mass Hunter
(Version B.08.00) "1/f£7
1.9 FHitFEHE

FImage JAEGETH TG RIL . Frf geit o ar
& L I VE IR FHSPSS 26.0FGraphPad Prism 84K {/- i
17o EEARDIX £ sFR . K Spearmanti X4 Hr 3k
BESEHSEREE. 250D 522y . 2
SR 52 R W Z AR . R HPearsonti XM
I3 BT AR 22 S ) 5 E A AL E TR AR Z R DG 2R o
TR H 18] He AR F Student's ¢ A6 56, 341 M DA F 41 1] Hedsi R
FSA R ZE J7 2281 (one-way ANOVA), R 5 i Dunnettik:
TP LR . A9 I8 THRR M i B ok = G it
SR, ARG AT 1 AV DR AAESR, ST A R i
HikPH, N E gk,

2 #R

2.1 PMREUTERNSHRERE

SER R IR, 55X A L, DIOZH /N U F &
(P=0.0003) . IfiHEALT(P<0.0001), AST (P=0.0001)7K
SETH 5, ALBIK K (P=0.046 3) . 147 2H AT FRAR /1N Bl
JIF i (P=0.0316), 3 HFD S| A AST (P=0.0012)
ALT(P=0.0027), ALB(P=0.0384) 7% . fELFDIO4]

N IBITHIMIETC, TG LRG3 W] R k3% . DIOZH
NEUEETC (P=0.0191) . TG (P=0.010 1) K FH5s, 1M
BIFH/NEIEETC (P=0.0200) . TG (P=0.0499) ik T
DIOZH . 'BHEZHZIPASYL (& FITMLLOYL (4 ik /RHFD 5| i
B B 05 AR B LA (1A ) . PASH AT DL yA 7 41 5%
T /N BB ELH SO SR DU, P /NER R B A 5 Ik
LLOYL AL 5 1 s DIOZH /)N B 1 2% €, 5 A 1o A fd 35 48
I, 216 322 R AT B /IME b B AL BT N TR T
AN RSN OV R e TR U D et S N W
ARG ERC )5 AT A SR HED BT 800 T S E R Ag, D%
B NG BT
22 MNEREBRERKHEEXEEMEQRE

ML, BT S AMPK S R WL 22 5%, (HIRYT
H 5 DIOH M H, pAMPK/AMPK FeAE T} (P=0.028,
E1B). PCRER IR, 55 MAIAH L, DIO/N U ik
SREBP-1(P<0.0001)., FASN(P<0.0001)
SCD1(P<0.0001) )ik ¥4, Western bloth 5 [RI#f &
ADIO/NR'EMEH SREBP-1(P=0.0009), FASN
(P=0.0011) FISCD1(P=0.0036) ik FiH . JoiE F M
B HIEZH 20 SREBP-1( Pyyy< 0.0001, Py = 0.0001) . FASN
(Py< 0.0001, Pgyy=0.0211) FISCD1(Pygy< 0.0001, Pgpi=
0.0029) F:PH S 2 B RIK (K1C) o b, AR 1
JIg 195 1R AR A i B O 9 2R Y R Ak . DIOHH /) B JiE
ACC1FE AT E (Pyx< 0.0001, Py < 0.0001), CPT1A(Pyy=
0.0005, Py = 0.0019) , PPARY(Py< 0.0001, Py =
0.0343) ., PGCla(Py< 0.0001, Py = 0.0153 ) FETRHH N[5
15, TIEYF AL B IEZHZLACCT (P < 0.0001, Pyp < 0.0001)
CPT1A(Py4< 0.0001, Pyy=0.0018) ., PPARy(P,4< 0.0001,
Pgr=0.0204) . PGCla(Pyy< 0.0001, Py = 0.0013) A5k

F1 W EBFHERA TEEUNLEDIOMBMBENLISRRE

Table1 Qing effectively improves DIO-induced abnormality in the levels of serum biochemical indicators

Index Control group (n=8) DIO group (n=8) Qing group (n=8) p* p®

Liver mass/g, X+ s 0.844+0.089 1.607+0.410 1.150+0.314 0.0003 0.0316
Serum ALT/(U/L), X+ s 17.71£5.37 151.10£90.99 52.91+19.37 <0.0001 0.0027
Serum AST/(U/L), X+ s 116.70+40.35 265.70£86.91 140.50+27.94 0.0001 0.0012
Serum ALB/(g/L), X+ s 24.88+1.44 19.80+4.72 25.30+3.07 0.0463 0.0384
Serum TC/(mmol/L), X+ s 1.99+0.49 4.03+1.72 3.17+0.83 0.0051 0.2802
Serum TG/(mmol/L), X+ s 0.34+0.10 0.58+0.24 0.47+0.07 0.0151 0.3443
Kidney TC/(mmol/g prot.), X+ s 1.12+0.09 1.43+0.18 1.14+0.15 0.0191 0.0200
Kidney/TG (mmol/g prot.), X+ s 0.13+0.06 0.32+0.11 0.19+0.05 0.0101 0.0499

HEFD: high-fat diet; DIO: diet-induced obesity; ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALB: albumin; TC: Total cholesterol; TG:

triacylglycerol. * DIO group vs. control group; *DIO group vs. Qing group.
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Fig 1 Qing improves renal lipid metabolism disorders in DIO mice

DIO: diet-induced obesity. A, Histopathological analysis of kidney tissue; B, Western blot analysis of pAMPK/AMPX ratio in mice kidneys; C, the expression of

mRNA and protein related to lipid synthesis in the kidney tissue; D, the expression of mRNA and protein related to fatty acid p-oxidation in the kidney tissue. ~ P<0.05,

" P<0.01, " P<0.001, """ P<0.0001, vs. the DIO group. n=8.
RN (F1D) . FREE IR ITiE il (LS NE e/ L
R A TR S P R 6 B 545 i, 9 R o A A i
AR, MR 2 B ROV EHT
2.3 INRIFERERBNEN

aZ FEVE AT R, ERFEA DA FE B
Chaol 58 7EDIOL X IRZH R I, 7RIy T 44 DIOZH T
e, RUITBEA YR 58 AR LMK (K12A) . [RIEF, 3245
Fr43#T (principal coordinates analysis, PCoA ) &5 S 7R,
SYREAS I T TR S5 48 A A7 Atk 3 22 5 (112B), X HRZH
5 DIOH /N R I 1l I A= Wy 45 0 5 B & B R 2E, 1RYT
WA T Wi ZI] . B)E, HILEfSe(LDA Effect Size) /3
Br B 2R R A ) 2 A 22 5 3 I, JF s T
2H ] A 53 R AFAE (812C) o 7ETT (Phylum) K- |,
DIO/NE 8 E B P R RE B 1] (Firmicutes ) . TR
(Plantomycetes) . 2F LI ] (Gemmatimonadetes ) Fl4k
BT ] (Chloroflexi) (1 4= 8 5 X0f BRZHAR LE b 44 0, JFAE

JCIHIRIT RS BIA RO T . 7E)8 (Genus) 7K P b, $UATTE
I'T(Bacteroidetes) [ Alloprevotellal®, JERET 1Y
Eisenbergiellali, 22X & ] (Proteobacteria) [
Pseudomonas/&TE32H Z [ 1) B 25 5 W 2% (K12D) . ik
2L R, JUIE RE A AR T HED 5 | S 1) i 18 R A
W R AL
2.4 M) EFHEELR T TTEETDION R M 5 52 5 A8 A
BaE

HHEGC-MSH M 45 5L, SCFAs Y I £E {6 b7
PearsonAH AT /R IR . LR . NIR & 5 1L A
(TG, TC) | FFIRESEAR(ALT, AST) 5 {35 DA G,
M5 175 ALB/K P S EAH DG (KI3A), $275I0iH 15 5 1)
SCFAs & 0% 5 IR B A 3¢ o A0 58 i — 25 b
SCFAs 5l J¥ 4R 45 (4 11 TE AR SR A 2E 4 T Spearman A SCH4:
O30T AR RUIZLIRRE 5 S R AT IR 2 AR OC, T
St INER 5 B IR IR R & (Alloprevotella) . UK & @ Al
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