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(Abstract] Objective To explore the renal protective mechanism of Danggui Shaoyao Powder (DGSYP) on diabetic nephropathy
in db/db mice through transcriptomics and experimental verification. Methods A total of 25 eight-week—old db/db mice were
randomized into model group (20 ml/kg distilled water), dapagliflozin group (1.3 mgkg), low—dose DGSYP group (8.39 g/kg), medium-—
dose DGSYP group (16.77 gkg), and high-dose DGSYP group (33.54 gkg), with five mice in each group. Another five db/m mice of
the same age were set as blank group (20 ml/kg distilled water), and each group was intragastrically administered once a day for
six consecutive weeks. After administration, the body weight, fasting blood glucose (FBG), and area under the curve (AUC) of the oral
glucose tolerance test (OGTT) were measured. Urine albumin creatinine ratio (UACR), triglyceride (TG), and total cholesterol (TC)
were determined by automatic biochemical analyzer. Serum creatinine (Scr) was examined by creatinine colorimetry. The blood urea
nitrogen (BUN) was checked by urea colorimetry. HE staining was used to observe the pathological morphology of renal tissue. The
differential genes in mouse renal tissue were determined by transcriptome chip technology, and the differential genes of mice in
DGSYP group were analyzed by KEGG enrichment analysis. The mRNA expression levels of core genes with TPM>10 in renal
tissue were determined by RT-PCR. Results Compared with the blank group, the model group showed significant increases in body
weight, OGTT-AUC, FBG, UACR, Scr, BUN, TG, and TC (P<0.01). Compared with the model group, the dapagliflozin group and
DGSYP groups showed decreases in body weight, OGTT-AUC, FBG, UACR, Scr, BUN, TG, and TC (P<0.05, P<0.01). Compared with
the blank group, a total of 1 129 differential genes were screened out in the model group, including 337 up-regulated differential
genes and 792 down-regulated differential genes. Compared with the model group, a total of 271 differential genes were screened
out in medium—dose DGSYP group, including 195 up-regulated differential genes and 76 down-regulated differential genes. There
were 57 differentially expressed genes in the blank group, model group, and the medium-dose DGSYP group, among which there
were 12 core genes with TPM >10, including Gsia2, Cyp4al2a, Slc8al, Abcc4, Cpeb4, Serpinalb, Npl, Aacs, Kap, Slc5al0,
Tmem252, and Ifi2712a. The mRNA expression levels of the 12 core genes were consistent with the transcriptome sequencing trend.
Compared with the model group, the mRNA expression levels of Gsta2, Abced, Sle8al, and NPL in the medium—dose DGSYP group
increased (P<0.05, P<0.01), while the mRNA expression levels of Sle5al0 and Tmem252 decreased (P<0.05). The differential genes in
the medium-dose DGSYP group were enriched in drug metabolism—cytochrome P450, glutathione metabolism, and reactive oxygen
species, and other related pathways. Conclusion DGSYP can improve the prognosis of diabetic nephropathy, and its mechanism
may be related to regulating Gsta2, Slc5al0, Abce4, Sle8al, Tmem252, Npl, and other gene expressions as well as modulating
cytochrome P450, glutathione metabolism, reactive oxygen species, and other signaling pathways.
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GlL/ P SIMFsI(5-3) P EE bp
Gsta2 1E ] ; CTTCACTACTTCAATGCCCG 174
JZIf] ; CTTCATCCCATCAATCTCCA 174
Cyp4al2a  IE[f] ; TGTTATGCTCTCCTTTTATGGC 246
J21] : GGTATGGGGATTGGGACTCT 246
Sle8al  IE[A] : ACCTACAGAATACTGGAATGGC 147
JZ 1] ;: GCAACAAACACAACGGCA 147
Abced  IE[A] ; CTCCCATTTATCGTCCTCCC 225
J21] : GCATTCAAAGTCTTCGCCAG 225
Serpinalb  iE[] ; GACCAAGACACAGTTTTCGC 201
JZ 1] ; ATCCATCAGCAGCACCCA 201
Npl 1E] : GCTCCTACTTTGCCATTTTATT 177
JZ 18] ; CTGTCGCTGGTGATTCTGAT 177
Aacs 1E[ ; GGATGATTTCCTGGCAAGC 224
J21i] : CGACCGTGGTGTAGTAGAGC 224
Kap 1E[ ; TTCTGTGGTCTGACTGTGGC 213
S ATTCTGTTTGTTTGCGGCT 213
Sle5al0  IF [l ; CCAAGGCAGGCTCCATTC 137
JZ 1] ;: ACAGGCTCGCAGACACTCG 137
Tmem25  IE]; CTGATGATTTGCCTGGGTG 192
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B TS AC LS, A LR PR AR I, 55 41/
AHEE R HU 2 /) BB I 1 55 8 o 30 SR T T, B
JoT DX B /IMARZERE) SE AL T T, B /NS A e AT
L2 1S R A0 B A TR, AR R e A Bt ) o
PRI LR PEAN RIS , IR AT WLET el U A S A
ZH LA, IR B 2 R e 24 25 2 T A R R A
IR PEYEA: B /INE B R A RAE R ] A DL e M2
I ARG AR TEULIA 2,
3.4 INRERANFHENREITE

Pearson A1 ZEKG U025 B TR | 28 (A4 A
GRS AATZ R R AN R RE A Z () 25 B 5
PIAHDENE . R T B, 528 LA E AR 2]
FORAAT b AR AN RBAS 1 25 03 1, R4
IR EERAATE 22 R TEILE 3,
3.5 INREERAE DEG 2R

5o (gl A BRI S 1 129 4> DEG,

%2 ZBANMREERSE FBG.OGTT-AUC BYELES

2551 TG /g FBG/(mmol/L) OGTT-AUC/[mmol/(L-h)]
2 HA 29.38+0.12 5.44+0.13 9.62+0.31
R 53.20+£2.99%% 31.30+0.66%* 42 34+0.48%*

SO (- ZIRE 44.46+0.96% 14.24+1 635 18.02+0.85%#
EYEISEST (iR 42.9242.08%" 23.44+0.39%#A0 35.04+0.5] kol
MRSy 41.52+1.53%%# 16.3422 31540 30.77+1. 345500
YA 2 R R 41.48+2.03%*M 19.8242 534 32.3422 4] xwH00

525 A, #4P<0.01 ; SR HLEL, 'P<0.05, #P<0.01 ; S5 iA KA HLHR , 22P<0.01 ;45 2409755 25 B i, ©P<0.05

x3 BANRRERMEELIEIRIEER

20 51 TG/(mmol/L) TC/(mmol/L) UACR/(mg/g) Ser/ (wmol/L) BUN/(mmol/L)
A 1.75+0.25 2.1420.27 8.84+1.22 16.35+1.64 7.050.15
FRR 4 3.59+0.18%* 5.58+0.10% 234.75+43.32%* 37.76+1.55%* 12.62+1.34%
bray <9 IE A 2.35+0.27* 3.530.05%** 80.43+5.13" 17.31+0.85" 7.89+0.44"
AT THIGR) 2.45£0.15" 3.18+0.27+" 105.74+18.33%" 22.27+1.00% 7.34+0.33%
2 IFAT 2 ) 2 2.17+0.31% 2.93+0.31% 93.30213.50" 17.17+1.28" 7.12+0.27%
AT 2 R R 2.46+0.28" 3,150,225 95.66+13.57* 19.60+1.62% 7.43£1.17%

5o AL, *P<0.05, ##P<0.01 ; S EIZE HL &, *P<0.05 ,#P<0.01 ,



972

e H R 25K hitp://hnzyydxxb.hnuem.edu.cn 2024 55 44

~ A o

2 RANRERFALRFIE HE 8B (x200, 45 :50 pm)
T A AL BRI ; C2YAA5 258U 4 DS IHATZG B PRl AL E S IAATZ R R AL Fasas s il

Hrp 337 4~ DEG _E3#.792 4~ DEG Fill; 5HIZE 3.6 /NREREAEENZOERRE

B8, IEAT 2y b AL E 271 4 DEG, Horp BIERBIRIA vs 25 FLALRDY A 2580 ) e 4l
195 4~ DEG .76 A~ DEG T, RIHrEM,  vs BRI 22 5 3L 35 B I BdR 4 3E 574
X2 S RIKM mRNA A] DIARGFIX 4325 A 518 JS0 DEG, LA 5, L P<0.05, HERIAE TPM>10

15

-logl0({PValue)
fis
o

12l

N =N b 3y N N >
UL CYRIAAT LR R R SRR TRULE 4, IR G 12 AN FEL B Gsta2 Cyp4al 2a,
heatmap B PC1(92.5%),PC2(3.2%)
L BATH AR AR 0L
L ITATEA PR R 402
LEMZ R IE-03 11 0.975 5000
fER1-01 095
| p-02 0.925 = . )
- 09 g 2500 ° SEANZHERIEA
» a FREVR
| -0l 8§ o =4
SpatH-02 a9 5
103 &) 2 .
%ﬁ%’f@g@ﬁ%‘@%@%@%&% -2500
Yy e e .
%gg’% 10000 0 10000 20000
AN PC1(92.5%)
3 INBREREANFHENREITE
1 : APearson I Z I ; B M43 4347
heatmap
ENSMUSG00000000295
C ENSMUSGO0R00000942
ENSMUSGO0000000416
B ENSMUSGO0000000838
Volcano plot Volcano plot S b—
T T 15 = T
‘E ENSMUSGO00000000682
ENSMUSGO0000000857
ENSMUSGO0000000253 2
=10 ENSMUSGO0000000673 1
° up % . up ENSMUSGO0000000805 Q
nodiff E nodiff ENSMUSG00000000901 -1
© down % @ down ENSMUSG00000000420
—? 5 ENSMUSGO0000000049
ENSMUSG00000000628
" ENSMUSG00000000440
- -y ENSMUSGO0000001018
- ols i ENSMUSG00000000317
25 5 -5 -2.5 25 5

0 0 ENSMUSGO0000000544
log2(FC) log2(FC)

ENSMUSG00000001020
ENSMUSG00000000305

4 INREERAE DEG o4

A AL vs BORZL DEG 19 LUK BARTRIZN vs ZIAATZG R I R4 DEG (K 1AL C.48 LA BRI | IR AT 25 b 7l
123 DEG Tk B/



2024 45 44 5

1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn 973

BRI vs 25 YIAATZ AL vs BORIZE

B 5 /NRERE DEGs FEE

Slc8al Abced Cpeb4 Serpinalb Npl Aacs Kap Sle5-
al0 . Tmem252 Ifi2712a,
37 INBRBERZOERE mRNA RIAKFLLE
ZK | 4% 40 Gsta2  Cyp4al2a Sle8al Abccd |
Cpeb4 Serpinalb Npl Aacs Kap Slc5al0, Tmem252
Ifi2712a mRNA FEE 5P as—8, 5257
H e  A5RI4 Sle8al Abeed NPL Sle5al0, Tmem252
mRNA F&57KFTHE (P<005,P<0.01) , Cyp4al2a Kap
mRNA FEiE7KFF [ (P<0.01) 5 24 V945 25 8 7 4
Gsta2 Sle8al Abced NPL mRNA FEih /KT (P<
0.01), Aacs Kap mRNA FEAKF R (P0.01) , S
Y HeEE, JIAATE R 24 Gsta2  Abecd \Sle8al |
NPL mRNA 257K T+ (P<0.05,P<0.01),Slc5al0

Gsta2 Cyp4al2a Aacs
15 1.0 1.5
o 0.8
10
0.6
0.4+
5_
0.2+
0- 0.0-
O RS
N y@} \ﬁgév S g%\\ﬁ
& &
4 £
Serpinalb Npl
1.0 44
* #
0.8- 3
0.6
2_
0.4
0.2+ 7
0.0~ 0-
RO R
P & SN &
& &

Tmem252 mRNA FiA7KF-TFFE(P<0.05) LK 6,
3.8 HUFAEAE DEG B KEGG B EE ST

YA HLR T 19 DEG 38 5 4 T 254010 -
MO ZE PASO AR H IR 36 S A DG 6
WK 7,

4 i

RN T S AAT25H0R YT DN VE B,
AWFFER I db/db /N EAE RS ER X4 db/db /N
A A K MRS = REE R, BB R i
AR TEAL R B A TFSE DN A/ BB RI0S ) A%
WELIREE TR SRR A EL , IR i 4 S 24
AT A B 2 25 IR A A BT\ OGTT-AUC TG,
TC UACR Ser \BUN 5435 b 24 F B, Ui 24 159
ATETHON DN /INREA B

Gsta2 IS K S-HE LB o JEMFE
A5 I R A% it 38 o8 {4 16 7 M %5 (reactive  oxygen
species, ROS)ZF N1 54 e H K (glutathione,
GSH) B AL, &, (T Tk DTt A 1 TAILA
% , AT 6 24 i 25 v i HE DG SR TS, Sle5al0 J2
ity SGLT-5 My AR W] | BT SGLT-5 A]fifi
SRR HEHH R Vel ROME S B0 R 5 R KB A A

Slc8al Abcc4
5 5 1.5+

Cpeb4

F @
7,(\ g/
A

B
A

e
Ifi2712a
1.0

Bo NMNRBHEAZOER mRNA RIiEKFELLE
. H2S P4 AR, #P<0.05, #*P<0.01 ; SHRZ FET, 'P<0.05,%P<0.01,



974

RE H E 2R 224 http://hnzyydxxb.hnucm.edu.cn

2024 4F5R 44 3

Drug metabolism - cytochrome P450

Drug metabolism - other enzymes

Metabolism of xenohiotics by cytochrome P450
Glutathione metaholism

Retinol metabolism

Chemical carcinogenesis - receptor activation
Fluid shear stress and atherosclerosis
Longevity regulating pathway - worm

Complement and coagulation cascades

Pathway

Arrhythmogenic right ventricular cardiomyopathy
Arachidonic acid metabolism

Steroid hormone biosynthesis

Chemical carcinogenesis - reactive oxygen species
Vascular smooth muscle contraction

Bile secretion

Homologous recombination

Cardiac muscle contraction

@ Gene number
3

. e 475
O @ 65
@ 35
@ . 10
@ -log, (pvalue)
N
4
@ 3
@ 2
@
@
[ ]
@
@
®

(]

0.04 006 008 01 012

Gene Ratio

7 HIFAZEEL DEGs B KEGG B EE S

AR | P S L IARAE = A AT g5 s, 2K
BEE B 2 AU BB S CKD bRz — (e ik
Abeed BRI 8 R A RIXA B T2 A
IR B RIS ST RIS 2 S B AT =
Na*ZK ¥, fil & Sle8al FEH 4t 1) Na*/Ca* 38 e 45 1
PG AE Na I CaF M, RIS PERETE 16 T 40 A%
F5(nuclear factor of activated T—cell 5, NFATS)
FRE Ml A W D855 (18 N U S I 4 R At T2,
HHT, 5T Tmem252 % K ) 0F 58 8¢ /0 {H &2 HE —
Il 5 F P78 -PEDF I J7 DN Ay #% S 2~ 0 58
Tmem252 [FIFEVE Ry H LA AT RE PR | A PR ABZH HE ) ix
ANEWATHES 5 DN A& A LR,

KEGG i % & £ Hras R w2 Ia AT 2510
FEM DEG 2 & 4L T AL (3 PAS0 A WEH BRAR
RS 2 ME T iE R QAR P450 TRREAE
A= DU ER AR R 20~ 3838 — HIR DU R , T S 5
B A AE ) A 2B 410 40 B 5 2K P4S0 A % AE 27
AN JAERNEFEAL™) GSH 2 H RiTHF S it 22 Y 40 i
LA Z —, AT B 1k AN 7 | Y 4 A5 4, 2
U GR G AT DN 2 1) GSH KR, Ab T2 B4
PR R BCIRAS 2 E GSH 153 fi% | T 4E S84 b 9 I

SR BRE IR MU R PR S T i i 2 on R A iR e
BROS B RGN, WS N T -k B B RR LB 3-
VAR 1 /22 R 95 S R A 1 e <5 AR S B, 175
TN B AR T RAE AL S BCE S,
il ROS AHSGE B2 TRTT DN A 27 58,

Zi L RTIR  HIAATGHEBE R AR DN AHSCHY 2R
AR, 23 DN /ARG B BEAL 05 , AT E T i 3
% Gsta2 Sle5a10 Abccd Sle8al .Tmem252 Npl 55 %
SELIAFRIA , P4 e H IR 40 (R P450
ROS S AR A 5l e, 30/ B AL A R OK P, K
% DN BB RECRIP ] Besr el =r o B — A 4o
BFFE T RS TALE B TEA A — € R R BRAE , Jim 2k
QP SeE 2 i ey R S VR RS ET G R=r R g N i F)
RAGIT . ABIRFE R HIAATZS T DN AR HIBL
R TR SE RS

[1] WANG L M, XU X, ZHANG M, et al. Prevalence of chronic
kidney disease in China: Results from the sixth China chronic
disease and risk factor surveillance[J]. JAMA Internal Medicine,

2023, 183(4): 298-310.



2024 45 44 5

1 v BE 25 K2R 243 htp://hnzyydxxb. hnuem.edu.cn

975

[2] SAGOO M K, GNUDI L. Diabetic nephropathy: An overview[J].
Methods in Molecular Biology, 2020, 2067: 3-7.

[3] GUPTA S, DOMINGUEZ M, GOLESTANEH L. Diabetic kidney
disease: An update[J]. The Medical Clinics of North America,
2023, 107(4): 689-705.

[4] WATANABE K, SATO E, MISHIMA E, et al. What's new in the
molecular mechanisms of diabetic kidney disease: Recent ad-

vances[J]. International Journal of Molecular Sciences, 2022, 24(1):
570.

[5] WAEEE, MG, TR, BT P n s s ia R R B
R[] R

[6] MR b B3Rk 5 07
2009, 802.

(7] EFW, B0 350, M55, 5 YIRAT2IE00 S A S Ay L AT
WG R VE - RS [/OL). IS [ E 2, 1-5[2024-05-20].
http://kns.cnki.net/kems/detail/42.1436.R.20240227.1757.002.html.

8] 2% B, At ML Brbss 5 R dent. hE b EZ
HRRAE, 2021, 67.

[9] 3k ¢, IKTHE, SR, 5. O FS RS Nef2 (5 SHE KA
SPBEDR B RO E OS] P44, 2020, 45(11): 2595-
2600.

[10] BYZEED, BEMRE. (i FEIAE BRI B DRSS B 16 4 199 ) (202 1 47 D) A
BRI RN ERNEE, 2022, 39(5): 303-306.

[11] #Rilz, Tk 293 ikazM]. 3 b dbat:
fikt, 2005: 62.

[12] FUBREE, WRIBA), WM, . WEMALE 2 BORE IR R
FUER [ BR B 106 3 4 sl 004 90 1T s o i Y 7 i 22 4
PERRZELD]. P EBEIRIE 4K, 2020, 28(2): 85-88.

[13] BREJE, Wi b, REE, 55 [RMAZEX MKR BRI B
JFFINE PISK/AKt {5538 B RE M), v IS 00 R4 24k,
29(5): 114-121.

[14] 25 #f. EI7Taiiseik 5 2 BUBER % ZDF Kk RUPL S 2kt
YERI EALHEIFFED]. dbat: db B2 R, 2020.

[15] MAEKAWA M, MAEKAWA T, SASASE T, et al. Pathophysio-

RIS, 2024, 36(1): 19-22.

[M]. 5 k. dbat: AR TA: H bRk,

NIRRT

2023,

logical analysis of uninephrectomized db/db mice as a model of
severe diabetic kidney disease[J]. Physiological Research, 2022,
71(2): 209-217.

[16] SOBHA S P, EBENEZAR K. Susceptibility of glutathione-S—trans-

(17

—

[18

[t}

[19

—

[20

[}

[21

—

[22

—

[23

[t}

[24

=

ferase polymorphism to CVD develo—pment in type 2 diabetes
mellitus—A review|J]. Endocrine, Metabolic & Immune Disorders—
Drug Targets, 2022, 22(2): 225-234.

GREMPLER R, AUGUSTIN R, FROEHNER S, et al. Functional
characterisation of human SGLT-5 as a novel kidney-specific
sodium—dependent sugar transporter[J]. FEBS Letters, 2012, 586
(3): 248-253.

MUTSAERS H A, CAETANO-PINTO P, SEEGERS A E, et al.
Proximal tubular efflux transporters involved in renal excretion
of p-cresyl sulfate and p-cresyl glucuronide: Implications for
chronic kidney disease pathophysiology[J]. Toxicology in Vitro:
an International Journal Published in Association with BIBRA,
2015, 29(7): 1868-1877.

RUSSEL F G M, KOENDERINK J B, MASEREEUW R. Mul-
tidrug resistance protein 4 (MRP4ABCC4): A versatile efflux trans-
porter for drugs and signalling molecules[]J]. Trends in Pharma-
cological Sciences, 2008, 29(4): 200-207.

NEUBERT P, HOMANN A, WENDELBORN D, et al. NCX1 rep-
resents an ionic Na' sensing mechanism in macrophages|J]. PLoS
Biology, 2020, 18(6): ¢3000722.

ZHU H, CAO W, ZHAO P, et al. Hyperosmotic stress stimulates
autophagy via the NFATS/mTOR pathway in cardiomyocytes|J].
International Journal of Molecular Medicine, 2018, 42(6): 3459-
3466.

RUBIN, SALZBERG A C, IMAMURA Y, et al. Identification
of novel targets of diabetic nephropathy and PEDF peptide
treatment using RNA-seq[J]. BMC Genomics, 2016, 17(1): 936.
WANGTQ, FUX J,CHEN Q F, et al. Arachidonic acid metabolism
and kidney inflammation[J]. International Journal of Molecular
Sciences, 2019, 20(15): 3683.

MANSOOR G, TAHIR M, MAQBOOL T, et al. Increased expres-
sion of circulating stress markers, inflammatory cytokines and
decreased antioxidant level in diabetic nephropathy[]J]. Medici-
na, 2022, 58(11): 1604.

MA X J, MA J R, LENG T, et al. Advances in oxidative stress
in pathogenesis of diabetic kidney disease and efficacy of TCM

intervention[J]. Renal Failure, 2023, 45(1): 2146512.

(KL m#E wHH)



