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[#%] B KT A THIRNA-126(miR-126 )/ 20 JiA~F -17TA(IL-17A ) i@ SR 3T %5 8 77 (JPXK)
*F 2 Hs R 9% (T2DM) K Ak £ %30 (TR ) & B4 45 89 % vhr o o % - i B 10 R K R AE 4 Control 41, 4 K R M
T2DM K SABEAD 4 HEAE R 2 689 K K AL A T2DM R\ L-JPXKZE (% B 10 g/kg#JPXK) \H-JPXKZE(# § 20 g/kg
#9JPXK) .miR-126 antagomir( 4540 )28 (# § 20 g/kg#) JPXK+2E# K iEH20 nmol/mL. miR-126 antagomir) , £
4107, T2DMA A= Control B B Fe iz 5 T A &K, B X E B3R, EH 1R, H 528 d A0 F M AT
[ IUEF (Scr) Ak 7 R (BUN) . H i = 85 (TG) . %12 B B (TC) A= Me £ F [ = I fe 48 (FBG) . 2 LM By &
(FINS) M 8 F 48345 4 (HOMA-TR )]; qRT-PCRA& M B4 4% # miR—-126 mRNA.IL-17A mRNA4% & ;HE%: &30
SRR s TUNELS: & B & 40 I8 o s Bl S 98 B X B8 (ELISA )X A &b B4a 40 & e J % -18
(IL-1B) , B 375 B -F —a( TNF- ) A& 34 5 5K A & & i 97 i (Western blomng)rk% MARE AR T T AR &
G B3 (cleaved Caspase—3).IL-17A% & & A . %5 R : Control 28 X R, B JE 25 My 7 M ; T2 DML K S K48 4238 A
R W AR YE S BV R 6 KR M iR s L-JPXK4L (H-JPXKZE K S Lk 9% K ¥ 08 RE AR 6 &
miR-126 antagomirl X % E A2 & # —F & ,T2DMZL X & Scr.BUN.TG.TC.FBG.FINS.HOMA-IR. ¥/ & L
B4 1= % 3 T Control 22 ( P<0.05) , B4 FIL-17A mRNA.IL-1B.TNF-a.cleaved Caspase-3.IL-17A% & &
F Control 22 ( P<0.05) ,miR-126 mRNA & &A% T Control 28( P<0.05) ; L-JPXKZE .H-JPXK L X & Scr. BUN.TG.TC-
FBG.FINS.HOMA-IR . B & £ & 0 feo 8 = FAK T T2DM 4L ( P<0.05), B4 P IL-17A mRNA.IL-1B.TNF-a.
cleaved Caspase—3.IL-17A & K& T T2DM 4L ( P<0.05), miR-126 mRNA &% & T T2DM4E ( P<0.05) ; miR-126
antagomlrﬁﬂszLScr\BUN TG.TC.FBG.FINS.\HOMA-IR . § & £ & @@ ie. A = & & T H-JPXK L ( P<0.05), K
2122 FIL-17A mRNA.IL-1B.INF-a.cleaved Caspase-3.IL-17A% % #& T H-JPXK4L(P<0.05), miR-126 mRNA
FIBAK T H-JPXKZ( P<0.05) 45 : JPXK AL 4% B -ET2DM K K 491R, 42 B IE 45 , 2 AF A ALk T 38 2 P42 miR-
126/1L-17Ai@ %%
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[Abstract] Objective: To investigate the effect of Jianpi Xiaoke Formula (JPXK) on insulin resistance (IR)
and renal injury in rats with type 2 diabetes mellitus (T2DM) and to explore the role of the microRNA-126
(miR-126)/interleukin—-17A  (IL-17A) pathway in this process. Methods: Ten normal rats served as the Control
group, and the remaining rats were used to establish the T2DM rat model. Successfully modeled rats were randomly
divided into the T2DM group, L-JPXK group (10 g’kg JPXK by gavage), H-JPXK group (20 gkg JPXK by gavage),
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and miR-126 antagomir group (20 g/kg JPXK by gavage+20 nmol/ml. miR—126 antagomir by tail vein injection),
with 10 rats in each group. Rats in the T2DM group and the Control group were given equal volumes of
normal saline by gavage (three times daily) and by injection (once daily) for 28 consecutive days. Routine
biochemical indicators [serum creatinine (Scr), blood urea nitrogen (BUN), triglyceride (TG), total cholesterol (TC)]
and insulin sensitivity indicators [fasting blood glucose (FBG), fasting insulin (FINS), homeostatic model assessment
for insulin resistance (HOMA-IR)| were measured. qRT-PCR was used to detect the expression of miR-126
mRNA and IL-17A mRNA in renal tissue. HE staining was used to observe renal injury. TUNEL staining was
used to observe apoptosis of renal tubular epithelial cells. Enzyme-linked immunoadsordent assay (ELISA) kits
were used to detect the levels of interleukin—13 (IL-1B) and tumor necrosis factor-a (TNF-a) in renal tissue.
Western blotting was used to detect the expression of cleaved Caspase-3 and IL-17A proteins in rat renal tissue.
Results: The renal structure was clear in the Control group. The T2DM group showed marked renal tissue
proliferation, increased extracellular matrix, and obvious inflammatory cell infiltration. These lesions were ameliorated
to varying degrees in the L—JPXK and H-JPXK groups, while they were further aggravated in the miR-126
antagomir group. Compared with the Control group, the T2DM group exhibited significantly higher levels of Ser,
BUN, TG, TC, FBG, FINS, HOMA-IR, renal tubular epithelial cell apoptosis rate, as well as higher expression
of IL-17A mRNA, IL-1B, TNF-a, cleaved Caspase-3, and IL-17A in renal tissue (P<0.05), while miR-126 mRNA
expression was significantly lower (P<0.05). Compared with the T2DM group, the L-JPXK and H-JPXK groups
showed significantly lower levels of Scr, BUN, TG, TC, FBG, FINS, HOMA-IR, renal tubular epithelial cell
apoptosis rate, and lower expression of IL-17A mRNA, IL-1B, TNF-a, cleaved Caspase-3, and IL-17A in renal
tissue (P<0.05), while miR-126 mRNA expression was significantly higher (P<0.05). Compared with the H-JPXK
group, the miR-126 antagomir group showed significantly higher levels of Ser, BUN, TG, TC, FBG, FINS,
HOMA-IR, renal tubular epithelial cell apoptosis rate, and higher expression of 1L-17A mRNA, 1L-1B, TNF-q,
cleaved Caspase-3, and IL-17A in renal tissue (P<0.05), while miR-126 mRNA expression was significantly lower
(P<0.05). Conclusion: Jianpi Xiaoke Formula can ameliorate IR and alleviate renal injury in T2DM rats, and its
mechanism may be related to the regulation of the miR-126/IL-17A pathway.

[Keywords] type 2 diabetes mellitus; Jianpi Xiaoke Formula; insulin resistance; renal injury; microRNA-
126/interleukin-17A pathway; rats

2RUBEIRIE (type 2 diabetes mellitus, T2DM ) & —Ffi 35 it
FEAE RS AR , R T2DM Y == IR 3 A A f B 1)
AL CAN K A R B B A= 6 T 2 AR A B RAE e AN e B Y
TREE D) L RGE AR R 3R 1 A B o T2DM Y &
FRFET AW b T, K] 4= BR AR FEAL) i 3 Rl B Je 5 R K
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126(miR-126)7ET2DM R BLA: B A2 F I, miR-126
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YEH o BEREH R 77 (Jianpi Xiaoke Formula, JPXK)VE R —Ffih
ZifE Y, R R B B TR YT AR A IR e
JPXKAT AR IR AR K BRI 4 M85 2 (fasting insulin, FINS)
FRARIR, 4550 19 i AN AR T B . 2R 17T, H HTJPXKIH Ty miR-126/
IL~17 A B XF T2DMAR FRIRFTE AR 75 00 5200, i ANV B, PRIt
AR IET miR-126/1L-17 A8 BRI JPXKX T2DM A FRIR A&
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5 :SCXK(F5)2023-0020, ) i &= A& UE-5 : A20230517. 3]
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S E S PR B St (51 2024-1006)
12 EERAEHME  TPXKHE K30 g, KA AHHE 1]
A WEA15 g, T o, 2212 g4, W T 21 b BE g v 2
B o GG T P R BT A 2R AT 2 S P 2R R I
miR-126 antagomir(F540 7] ) (3 EMed Chem Express/A
5 :231106-02) ; TR AKE T (HE ) Y 357 & (it
YR AR A A S 2Y240118) 5 55— DNAA AR
& (EOEEDNAN) (L g Eit AR A R AR, S
BN230925-03);2xSYBR Green qPCR Master Mixi&i & (b
TOERH A AR A BR AL #E5 : DKW240210) ; TUNELAH
e 8 A R & (G I A S A R R A R AL A
YT231208-01) ; AN FE 1B (interleukin-1B, 1L-18) /&
PRFEH F—a( tumor necrosis factor —a, TNF—a) . FINSEFEC 4
£ BRI (ELISA )R & (GRS AR E W BHE e A5
PR H], 485 : E-EL-R0012 .E-HSEL-R0001 .E-EL-R2466 ) ;
B-actin ., 3§ Y B K H -3 (cleaved Caspase—3).JL~17A.
BAR 23 E AL W (HRP ) (3 [ Abcam 2 7 , 585 : ab6276
ah32042.ab318150.ab205718 ) 51 B Wb il ( g B 28
FRANF], B2 . Ts2R ) s QRT-PCRAX (S A A R A BR A
F), A5 : ABI Prism 7700).
13 %%k
1.3.1 T2DMzh¥adt Jr4i fizhzy k10 AR, AT IE
WARE ,VEHN Control L, FIA K A T RIIRIK & (HFD, 2K 45
20% , B IKAL B HI35% , BEWi45% ) , 115728 do 88 )5 , HFD K i
IV SR T 2R (30 mkg) , Control 2 K BRI fis 1 S st
PR A R A 2R I, 72 WG, 28 IR UM (FBG) = 11.1 mmol /1L
S RAALIE = 16.7 mmol/LIY A B A AR PR AR B,

W NI Y K ERBEDL 43 T2DM A 1L-JPXKAH (3 B
10 g/kg I JPXK!™) \H-JPXKZH (7# 5 20 g/kg A JPXK) \miR~
126 antagomirZ (7 B 20 g/kgf JPXK+E#HIKE #1120 nmol/mL
miR-126 antagomir"), B2 4510 X, T2DMZ Fl Control 417 B
FE S A BRER K, R0 3R TR 1R, 25228 d.
132 EHVELIERRN RS A KRR KN, R A4
ARG I ASCRS N 11 355 7 I WL (serum creatinine, Ser)  JR 2 &
(blood urea nitrogen, BUN) . H ¥l = (triglyceride , TG ) . & JH
[E % (total cholesterol, TC) & H o
1.3.3 B R URPERT I 8 P a0 R SRS i 3R A
JI§ 1B (fasting blood glucose, FBG ), & i i & 2 ELISA 15
BRI A B2 B IV FINS, JF 1155 5 Z A48 2 (Ginsulin
resistance index, HOMA-IR ) HOMA-IR=FBGxFINS/22.5
1.3.4 gRT-PCRFMmiR-126.IL-17A mRNAFRILKTF 1
W TS 39686 1 LY Z2 BV BRI AL SE K B, SRAET2DM B 2H 21,
— 85 T L 2R, —8 53 T 2 PR 1 SRk kil .
K F TrizolR FIHE UK BUE 2 ZUERNA [ S —4EcDNA R
BRI & A eDNA , i FI2xSYBR Green qPCR Master Mix
RFANATEABI Prism 7700 %40, miR-423-5p AUGTE N2,
IL-17ALAGAPDHAE RN Z: R I DL R AR 25 : 94 CC AL
3min,62 CIR K105, €72 CFEM10 s, JEF301K, #4TqRT-
PCRAG I o #2220+ 50 R B 41 21 miR-126 mRNA .

14

IL-17A mRNARIEAFESIWFF £
#z 1 qRT-PCR S|4

AR LisG-3) T H(5-3) /1S
miR-126 GGAATGTAAGGAAGGTG GAGCAGGCTGGAGAA 89 bp
Il-17  TCCCACGAAATCCAGGATGC — GGATGTTCAGGTTGACCATCAC — 75bp
U6 CACAGCACACCAGAATCA  GCAGTCCTTGAATCCTTGT 83 bp

GAPDH  GAAGGTGAAGGTCGGAGTCA  AATGAAGGGGTCATTGATGG 109 bp

1.3.5 HEZ ORI EHLU K492 T H RS 2 1) B 41
21, AR FH70% .80% .95% . 100% £ BEA AL h, INA ZH
AR 30 min, A AR, YIRS poERYIR A ZH
HAEFE10 min, 100% .95% 80% 70% £ BEA AL ERD min, fiIlA
IANG YA FES min, FHELYLRAL T2 min, —-H ZEALPE2 min,
TR R E R, 7E AR T AR
1.3.6 TUNELZ: A0S /IVE TR i T Z H R s
B 2] Fr, 6 BRI K, AR T BEK/10 mmol/L Trisi
WP F37 CTHEE 15~30 min, MA3% H,0,%% & 10 min, il
ATUNELR NG AE3T CHROEIFE 60 min, IIADAPHFES min,
IR TEDO i R AR
1.3.7 ELISAKINE ZHAUFIL-18 INF-a ik EREE4
VR A5, A3 000 r/min (B L2EA210 em) B0 15 mink_E
V&V, 8 FHAH R IL-18 \TNF—a ELISATRF &, FFIL-1B . TNF-a
B S A R A O6FLAR IFE 1 h, AW ZE L i
I 30 min, AL B 1EJG A BEFRAX 450 nmAbi 5 '
B ITATL-1B . TNF-a ik
1.3.8 HHEFEIE(Western blotting ) WA B 221 cleaved
Caspase—3.1L-17AFRIE Y8 VR B WEAE A AL S IR il 2]
¥, TE14 000xg I #5060 min, Y& 17 , HI Bradford i3 &
M BTHREE , FERTE-80 CORAF R, 5 1Y 2R 1 Bl 3 SDS -
PAGE /&, FiE X 1 B —actin(1:5 000) . cleaved Caspase—3
(1:500) .IL-17A(1:1 000) —HLMF & ML, FH —Ht (1:1 000) 4k
PR h, I HECLAR G HEAT AT AL , i P (ORI SR 1 ik
T4 E i
14 %it$ 5% RAASPSS 26.04k 45t A7 50dE 44 , 75
GRS TR TR BB hR i 227 (s ) 3R, LRI L
BER R R 2507, 2 SR FHSNK—¢ R 5 P<0.053
REFHGFE X,
2 % B
2.1 JPXK* K R AR T2DMZ K B Ser . BUN,
TG .TC/K -5 T Control 4 ( P<0.05 ) ; L-JPXK . H-JPXK 41 K il
Ser BUN.TG . TC/K AR FT2DMAL (P<0.05);miR-126 antagomir
#Ser .BUN TG . TC/K -7 FH-JPXKZ ( P<0.05) . (WL32)
Fz2 JPXK W ARAENIBIRAIZN

(x5, mmol/L)

45 n Ser BUN 6 ¢

Control#H 10 3257+9.27 431119 085+019 174+052
T2DM4 10 12048+1259  1828+237 176032 6.03+1.05
L-JPXKH 10 93.16£1034"  12.19£2.03 133024 431076
H-JPXK4 10 43681031 6.08+174 089020 1.96+0.55

miR-126 antagomirZl 10 10842 1165'  1697£225" 164£0270 5274098

7E: 5 Control 41 }L 3% ,*P<0.05; 5 T2DM 48t 4% ,"P<0.05;
51-JPXKZ8 4R ,°P<0.05; 5 H-JPXK4L }b 4%, 'P<0.05,
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22 JPXKA X A M B EH AR Hw  T2DMA KRFBG.
FINS .HOMA-IR % F* ControlZH ( P<0.05) ; L-JPXK .H-JPXK 4
K ELFBG .FINS \HOMA -TR ik T T2DM 4 ( P<0.05 ) ; miR-126
antagomirZl K FFBG . FINS \HOMA-IR = TH-JPXKZ ( P<0.05) s
(W3&3)

F3 IPXK XM ARESRS RN

(xzs)

H-JPXK A K BV /NG L B2 48 i 08 7 A% T T2DM 4 ( P<
0.05) ;miR-126 antagomirZ] K FUE/IVE T AT R 5 T
H-JPXKZ41(P<0.05). (W35 ILIE2)

x5 JPXKWARENMNELREBATHRE (xs)

b n FBG/(mmol/L) FINS/(mIU/L) HOMA-IR
Control4] 10 4.87+1.09 203£054  044£0.10
T2DM4] 10 1726185 5.79+£096" 4.45+048
L-JPXK4 10 1234127 403£0.79° 221025
H-JPXK#4 10 705£1.03  220£067" 0.69+0.13"
miR-126 antagomirfl 10 16.59 + 1.78" 5.18+0.85" 3.82:041"

51 n JATH%
Control4 10 0.72+0.21
T2DMAH 10 42.85+4.39¢
L-JPXKZH 10 27.34+2.85"
H-JPXKZ 10 11.36£1.19"
miR-126 antagomirff 10 31.09+3.47¢

E: 5 Control 28 }6. 42 ,°P<0.05; 5 T2DM 48 }b 4% ,"P<0.05;
51-JPXKZALIL £, P<0.05; 5 H-JPXKZH HL4% , 'P<0.05
2.3 JPXKA K R B4R P miR-126 mRNA.IL-17A mRNA
Fiktg¥en T2DMALKRBEALIHIL-17A mRNAR T Control
2 ,miR-126 mRNA{X T ControlZ ( P<0.05); L-JPXK .H-JPXK
HARBREHLPIL-17A mRNAETT2DME] , miR-126 mRNA
B FT2DM4 (P<0.05) ; miR-126 antagomirf K FL B 4147
IL-17A mRNAE TH-JPXK4, miR-126 mRNA{KTH-JPXK
2H(P<0.05).(IL.3%4)
R4 JPXK X KREHALF miR-126 mRNAIL-17A mRNA

RIEMEFM  (xxs)

215 n miR-126 mRNA IL-17A mRNA
Control2H 10 1.00+0.14 1.000.33
T2DMH 10 0.35£0.10° 2.16+0.56°
L-JPXKZ 10 0.64+0.12" 1.59+0.41"
H-JPXK4H 10 0.93+0.13" 1.25+0.38"
miR-126 antagomirfl 10  0.48+0.11 1.87+0.49"

7% : 5 Control 22 Y 45 ,*P<0.05 3 55 T2DM £ }e 45, P P<0.05 ;
51-JPXKZLIEL,°P<0.05; 5 H-JPXKZE L4k, 1P<0.05.

7% : A.Control 21 ; B.T2DM 4 ; C.L-JPXK 22 ; D.H—JPXK #8 ;
E.miR-126 antagomirZl, & &4 k387 a0 fL8 =,

B 2 TUNEL FEaNxRE/N ERMERAT (x400)
2.6 JPXKA XA KALRFIL-18. TNF-a kA FHh T2DM
AR FVEHL P IL-1B . INF-a 235 5 T Control 4 ( P<0.05) 5
L-JPXK .H-JPXK 4 K BB 04U IL-18 INF —a R 5K T
T2DMZ ( P<0.05) ; miR-126 antagomirZl K F'EZHZIHIL-18.
TNF-o Kk T H-JPXKZH ( P<0.05) . (IL3%6)

F6 JPXKXWKEBEHLH IL-18.TNF-a FRIEHIF N
(xxs,pg/mL)

E: 5 Control 28 1L 4% ,°P<0.05; 5 T2DM 48} 4%, " P<0.05;
5 1L-JPXKARILEL, P<0.05; 5 H-JPXKZE L4, P<0.05
24 JPXKAM KR BEALRH 6% 0 Control 21 K B IEZE
FAI T s T2DMEZH KBRS L U AR A 8, MO A1 SR %2 A7
HH SR () RAE AN IR ; L-JPXK . H-JPXKZH K B _E AR 347
AR A s miR-126  antagomird] K UK E R B — 25
JnEE . (WA )

7E : A.Conirol 48 ; B.T2DM 48 ; C.L-JPXK4H ; D.H-JPXK 41 ;
E.miR-126 antagomirfi . 2 & 47 k35 = K 4z 20 8L ; 4k & 47 %
FTMBIG A
1 HEFBRMKXREALRBRG (x200)
2.5 JPXKA KRB E LR @mBA T T2DMALK
BB /N L BRI JR TR 5 T Control 2H ( P<0.05 ) L-JPXK |

gl n IL-1B TNF-o
Control4H 10 29.57+3.05 8.09+£2.15
T2DMZ 10 84.36+8.79° 49.28+6.74*
L-JPXK# 10 57.18+7.05" 27.54+4.18"
H-JPXK41 10 32.25+6.03"¢ 11.25+3.08"¢
miR-126 antagomirZl 10  78.06+8.12¢ 34.17£5.20°

7E: 5 Control 48 }L 3% ,2P<0.05; 5 T2DM 28 tb 2% ,"P<0.05;
5 1L-JPXKALILAL, *P<0.05; 5 H-JPXKZL L4, 'P<0.05
2.7 JPXKAF K R B4 F cleaved Caspase-3.IL-17A% & &
Haggrm T2DMALRE 4 Hrcleaved Caspase-3.11~17A%E
FIZIE = T ControlZH( P<0.05) ; L-JPXK H-JPXKZ A U 2H 2
Hicleaved Caspase-3.1L-17A % H R IAL T T2DM4A (P<
0.05);miR-126 antagomirZl K FUE 414 H cleaved Caspase-3 .
IL-17AZE 13354 5 T H-JPXK41( P<0.05) . (WLIEI3 . %7)

cleaved Caspase-3 = SR sun s SN 17 Da
IL-17A e SEED S S W 15 kDa

B-actin M- S A . A 43 kDa
A B C D E
7E : A.Control 28 ; B.T2DM 48 ; C.L.-JPXK 4 ; D.H-JPXK 48 ;

E.miR-126 antagomird,
B 3 Western blotting ;5K R 'EHLAH cleaved
Caspase-3.IL-17A EARIE
15
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Fz 7 JPXK XF T2DM KFREZHLE A cleaved Caspase-3.

IL-17A BERZHHM  (xs5)

21531 n cleaved Caspase—3 IL-17A
ControlZH 10 0.18+0.02 0.42+0.10
T2DMAH 10 0.79+0.09° 1.25+0.19°
L-JPXK4H 10 0.52+0.06" 0.84+0.15"
H-JPXKZ 10 0.31+0.04" 0.53+0.13
miR-126 antagomir4l 10 0.67+0.08¢ 1.07+0.17¢

7E: 5 Control 28 FL 2% ,*P<0.05; 5 T2DM 28 tb %%, P<0.05;
51 -JPXKZLILER,°P<0.05; 55 H-JPXKZA H 4%, 'P<0.05
3N ®

W PRI 2 — b Z2 T IR 1) S 0 PR 00 , 6 R B4 AR
B R UL, AR, TR R TR B R W PR I R AT
AR A T AR AR A AAR I 5 (R TITRE , A PR — P 1 B
PR (T1DM) FT2DM, FHorhT2DM i 244, [ 5 RILPTZT2DM
) — A EE EARRIE I T2DM A A A 2 — R Pk SR A, AR
I 2 5 4 R Al 51 SR e A0 7= A 1 41 4% 40l R it
JEE 3, ALFETL-1 B AN TNF - , {5 &5 2R S0/ 0 L RN B 240 L 2
REAL  HEAL , i Z M RAN R (TG  TCAF ) ST A RN 2 A K
A O, T2DMAR F TC A A8 b (T 45, 3R M. T2DM
HRERR PRI EEEL R S RE RN 210 T4 PR B A A, Ju R
VI, LRG0 1% 2 2, B I A 401 00 2 5 B0 2o i A
ST 0 AR NI B AT B /N BRE S 3, 51 W PR 1
DI RAE M &AL R T2DM I I R RET I A 1E  (HIRYT
T EAE REAE R LA , IR ZERES A S T B T2DMAY I 4
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