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[Abstract] Objective To investigate the mechanism of action by which Yiyuan Drink treats diabetic kidney disease (DKD)
by regulating the transforming growth factor-f1 (TGF-B1)/phosphoinositide 3—kinase (PI3K)/protein kinase B (Akt) signaling pathway.
Methods Seventy—five SPF male Wistar rats were randomly divided into five groups: control group, model group,Yiyuan Drink group
(2352 g-kg+d"), pancreatic kininogenase tablets group (36 U-kg?+d™), and Zhenwu Decoction group (4.2 g-kg™-d™), with 15 rats in
each group. Except for the control group, the remaining rats were fed with a high-sugar and high—fat diet for 4 weeks, followed by
intraperitoneal injection of streptozotocin (STZ, 30 mg-kg™+d™) to establish the DKD model. Treatments were administered for 8
successive weeks. The general conditions of rats in each group were observed. Renal histopathological changes were examined by
HE and Masson staining. Random blood glucose (GLU), 24-hour urinary protein (24 hUTP), and urinary albumin—to—creatinine ratio
(UACR) in each group were measured. Western blot analysis was performed to test the expression levels of TGF—1, PI3K, Akt,
phosphorylated PI3K (p—PI3K), phosphorylated Akt (p—Akt), and fibronectin (FN) in renal tissues. Results Rats in the control group
exhibited good overall conditions, including normal mental state, appetite, activity levels, water intake, and excretion. Rats in the
model group exhibited lethargy, lusterless hair, and polydipsia, polyphagia, and polyuria. Rats in the Yiyuan Drink group showed
significant improvement in mental state, activity levels, and responses to external stimuli; their water intake and urine output were
reduced compared to the model group, and their body weight increased steadily. Rats in the kininogenase tablet group showed
relatively good recovery in mental state and activity levels. Rats in the Zhenwu Decoction group were relatively active but still
exhibited a tendency to lie down and appeared lethargic, with sluggish responses to external stimuli. Histopathological examination
revealed that rats in the control group had regular glomerular morphology and minimal collagen deposition in the renal interstitium.
In contrast, rats in the model group showed marked mesangial matrix proliferation, tubular epithelial cell edema, and massive
collagen deposition in the renal interstitium by week 8. The Zhenwu Decoction group showed moderate recovery, while the Yiyuan
Drink and the pancreatic kininogenase tablets groups showed improved renal morphology and reduced renal interstitial fibrosis.
Compared with the control group, rats in the model group exhibited reduced body weight (P<0.05), elevated GLU levels (P<0.05),
increased 24-hUTP levels (P<0.05), and elevated UACR (P<0.05), along with significantly upregulated expressions of TGF-B1, p-
PI3K, p—Akt, and FN (P<0.01) in renal tissues. Compared with the model group, all treatment groups exhibited increased body weight
(P<0.05), decreased renal hypertrophy index (P<0.05), reduced 24-h UTP and UACR levels (P<0.05). Furthermore, all treatment groups
significantly suppressed TGF-B1 expression (P<0.01) and reduced the phosphorylation levels of PI3K and Akt (P<0.05, P<0.01), while
simultaneously downregulating the expression levels of the FN protein (P<0.05, P<0.01). Compared with the Zhenwu Decoction group,
the pancreatic kininogenase tablets group showed decreased levels of 24-h UTP and UACR (P<005). In the Yiyuan Drink group, body
weight increased (P<0.05), while the levels of 24-h UTP and UACR were reduced (P<0.05). The degree of improvement in the afore-
mentioned indicators in the Yiyuan Drink group was comparable to that in the Pancreatin kininogenase tablets group (P>0.05).
Conclusion Yiyuan Drink can reduce GLU levels, improve renal function, and alleviate pathological damage in DKD rats, thereby
delaying the progression of DKD. Its underlying mechanism of action may be related to inhibiting the activation of the TGF—-31/
PI3K/Akt signaling pathway.

(Keywords) diabetic kidney disease; renal fibrosis; Yiyuan Drink; TGF-B1/PI3K/Akt signaling pathway; streptozotocin
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#RICIRA T B 30 ¢, Bl 20 ¢, IR 15 g,
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9 g MM 9 g BRI F AL T BE 2R Y
JRBERE 2 )Ry . ARECh AR N RALANE 25 ) (20204
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0.1 mol/L .pH=4.5,%%5 .PH1716) ; #E IR 1/i 7 % ( I
AR YR A RA A, 575 . T1507) ; TGF-B1 |
PI3K . #i% 1k PI3K (phosphorylated PI3K, p-PI3K) .
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(R R YR A R A ], 585 :G1006) ; 6
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$245:HC01200195 . V271932) ; s A A ELOAL(PU T
ERMYESAT BRA R, B . TGL-1850); 41 41 H sh itk
Bl AL A Y] AL (R E DR A R RS
ASP300S . EG1150H ,RM2235) ; {24 & S hiif% R 48
(L RAERH A BRA R, 145 . 5200) ; SDS-PAGE#E
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#1% .Mini—PROTEAN Tetra Mini Trans—Blot.Pow-
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DR B A R A IV, I X 4L 9 HAW A G 1143
M. zRoCtkdl  HRAHA 5% 23.52 4.2 g-kg'-d?
R 25 2 ; PO R A 41 4% 36 U-kg™'-d! i
42l BB 5 IE W A 25 TR RRZEIROK . 2R 2
JERRHE R BRUA T it AR FH 25 700 o, 24 R A 8
22 Zhi4bZEFn'S Ak H L 018

SEER AR R RARE (AR 12 h FRE S,
28 CO, RIS AL AE PR e B WU B IE , A A
A ER K gk TR AR T, BR A A B A L
TR ERE AR 2, B NG $h= (B I d A2
TR )x100%, TR 1/2 725 42 4% 5
[ ; R BN BN B Tl A T, 5 % -80 C
UKFE VR URIRAE
23 —RIERNE

Sg it RS R R B OGO
MORAS B 5UOKEMNZL K2 i
K HHIGEHIEN, B2 B, 4k Rk T — kAR
5 R KB I e B AIL AR, 0 SRR 40
R BRI 8 U 4 A A K B (2R B AR5 K )24 h
PR, 10 SRR B B PR A, B R IR AS IR K
24 BEARFREFETN
2.4.1 HE Yt HBiK 3 YA Bl i
Ja PR BB 4L 40, 4T HE Yefa | 28 2 TR B I
K EWG I PER I , 5 SR8, F AR T E
HET, TOEEE N WEIFH0E% , TE 0SB Nk 4 A
Az AL DA B/ INE S 1) BT 55
242 Masson Y8, KEVHE 4] F 28 i b 2
Fth BE KL B2 ACIRAS , iz 6 b 51k
W M S S a0 IR Y

K , G M ASE W T LR IR S, T e
WERGL A ZEIR B/ INERIGEE A B | TR
Wl I/ INER B A e R BT /N 22 T )
SEFEIE RIS 150 B ) BT 2F 4R AL R P
2.5 Western blot ME KRB AEALEF TCF-B1,
PI3K.Akt,p-PI3K,p-Akt.FN BEHRIEKE

B T80 CYRVRIRAF I B IEREAS | 817 $2 1
S H 2R BCA SEERFRE, HhKEhab 2]
10 min 8P, B 20 pg ZBPERE A [FE H R PVDE/
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x1 BHARERELR (g,025,n=9)

Table 1 Comparison of body weight among groups of rats (g, x+s, n=9)

Eigl HITH YT 2 R YT 4 AR AT 6 JAAR RYT 8 AR
IEHH 360.08+4.08 373.204.78 386.30+5.12 402.30+9.52 419.80+10.29
i) 361.30+7.52* 360.30+7.85% 351.30+8.25% 340.60+8.19% 332.10+7.30%

Ul 21 360.89+6.87* 369.78+9.40* 377.67£9.31%" 387.22:10.16%" 397.11+9.56*"
st TG 359.67+8.86* 370.33+11.09% 381.00£12.46%" 393.78+12.36+" 406.67+13.33+"
HilmH 361.1026.62* 367.007.56* 374.00+8.23+" 382.307.80%" 389.80+8.66*"

. SIER 4L, #P<0.05 ; SHEIZ LS, 7P<0.05; 5 H iz L #R , 24P<0.05,

(P<0.05) . 5B R AA LY, B I it - 20 445 o
TEIRYT 2.4.6 8 ARG ot (H 22 % e it
B X (P>0.05) ; 1 35 0K AL AR IR 7 301 ) 1 o e A
R THE, HAEIRIT 8 FIRIHATEA B & 2R
(P<0.05) . 35 ICIRAAEIRYT 2.4.6.8 AR R T 245
TR 4, (R 25 R IESe T3 L (P>0.05) .
TEW 1,

55 IE 8 AU H AR 9 B IR KR B4 T
(P<0.05) ; SRV LY, 43R 97 41 B AR KH6 503
A (P<0.05) , ISR SRt o 2K T 35 ookl  (H 25
FIG L (P>0.05), TEILE 2,

32 BHEALREFTN
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Pl B ZH R BRI /K R PR o Wl 25 A
B LR MK R, 24T IS, i

.

ik

B HEXRREHAR

*2 BHEXRERKIEHLE (my/g,x+s,n=9)
Table 2 Comparison of kidney hypertrophy indexes

among different groups of rats (mg/g, x+s, n=9)

5 B A R %L
IEHH 3.13+0.18
FETIL 4.84+0.24

B A D i R 2 3.57+0.25%*
fRIGIRA 3.66+0.35%
HR A 4.03+0.26%

SRR 4, #P<0.05 ; S EIZH He A, 7P<0.05

TCREH e JR IR T e 20 B /BRI B/ INE TR A R
WO, MR G R AR R, PRI
K1,

3.2.2 Masson YL g IE B 41 ] (LWL D
WYL I ST 4 | 4347 TE T ABEAUL B/ IR J] [l B )
J PR R W Y IR TR AT A URR 2259 T U, 459R
I A IS ) 1 ] o 2 A AL AR B V% 2R n ikl S
TSR S 2 /N ER S R A | RS A 947 |

BB DR B 4
HE #fmg5R (x100)

Fig.1 HE staining results of renal tissues in each group of rats (x100)
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IEH AR GLU /K FARETEIE R X A, 5 1R
A LY BT 5 453097 KRR GLU K3 T
(P<0.05) . SERIAAH EL, #5907 AEIRYT 6.8 AR
GLU /KP4 B TR (P<0.01), SERBAX L, B
PR R 205 25 TR K B GLU 7K R R 0
B R TGH 2 5 X (P>0.05) , H K s H- 4 5
i TR R B GLU ZK-FAH (P>0.05) . TEILE 3,
34 FHEKR 24 WRERAEEKFEREBEZEA/MN
BF 7K EE B

HIEREAM L SR 5 57R TAIRE 24 hUTP
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X, & VAT 4R B 24 hUTP \UACR /K V-3 T ¢
(P<0.05) ; 5 FEALLNT L, 25 02 15 FBa ik D
F#H 24 hUTP UACR 7KF-34 R [ (P<0.05) ; 4 JT IR

ik

41 24 hUTP /KF \UACR 7K 3415 F IRk Ik I il
H,HEFTGFE XL (P>0.05), HEIE 45,
3.5 HHEKREREALH TCF-B1,PI3K Akt ,p-
PI3K,p-Akt FN & B RIXKFLLE

HIER A L SRV R B A 4 TGF-B1
p-PI3K p-Akt J& FN 2 I REAKCTH 2E THm (P<
0.01), S, #1077 A REM R TCF-B1
(/)35 , B#AIK PI3K Akt [WBERR LK, T FN &
2615 7KF (P<0.05, P<0.01) , 5 G 2H 5 s bk i
filf i SCRE T B A 4L, A 22 7 4022 8 X
(P>0.05), HEILEI 3.3 6,
4 iFig

Hr B2 24 DKD H S5 “ JH 8« B 7 < oK i
“PRUL ARG | HFEAR P HLAE TS Z W
FETe M, JB A FEARSL ZUFB2, ARG TF 25K
FRBA I I8 2% R AT #50TIK, SR IKIG YT DKD
8 AR 2 L (N B B L2 LR B P25 ) Al

73 GINGIe

B2 |AKXREHEHEL Masson FRBEER (x100)

Fig.2 Masson staining results of renal tissues in each group of rats (x100)

£33 H[AKRMEEREE (mmol/L,x+s ,n=9)

Table 3 Comparison of blood glucose levels in each group of rats (mmol/L, x+s, n=9)

215 IRYTH BT 2 R BT 4 AR BT 6 K BT 8 K
TEH 4 9.42+1.68 9.93x2.02 9.43£2.20 9.57£1.50 10.33+1.95
B 28.26+3.03* 27.41x1.76% 27.68+0.92% 27.51£0.69* 28.37+0.74%
JERHUIK 5 il 2 27.86+2.52% 25.78+2.22% 25.54+1.78% 23.34+3.26% 21.49+3 .45+
f IR 28.76+2.76% 25.31+2.32% 23.82+3.11% 21.06+3.17+% 19.10+3.18**
Haitmd 30.04+3.89% 26.55+2.99*% 26.08+2.86* 23.14+2.89% 21.98+4.04+%

0 HIEH A L, #P<0.05 ; SHRIZH HhAs , #P<0.01,
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F4 BHEKRR 24 h REAEEWLLE (mg/24 h,xxs,n=9) At [ o o - o =] 56kDa
Table 4 Comparison of 24—h urinary protein quantification p—Akt l — | ek

among different groups of rats (mg/24 h, x+s, n=9) PI3K | e — | ——
ZH B PANY ] 4 ] —
vl Y7 4 IR YT 8 JHK p-PI3K | — ams = ] w—
IEHH 14.12+5.68 11.60+4.02
TGF-Bl [ = @ = e ame | 14kDa
HEAIZH 115.04+76.19% 131.84425.34%
T
TR B 2L 82.1324.86* 58.05:+6.27+ FN E o ol ! | 273 kDa
#RICIRAL 84.24+7.57* 56.76+5.70%% B-Actin | — — — — — | 43 kDa
HkindH 103.86+8.87* 87.78+6.50% A B C D E

5 IER A L, *P<0.05; SR 4] L, #P<0.05; 5 AR
4, 2P<0.05,

£S5 HBAKR UACR KFELEE (mg/g,x+s,n=9)
Table 5 Comparison of UACR levels among different

groups of rats (mg/g, x+s, n=9)

41 RIT 4 R BT 8 K
EHH 6.93+1.35 8.53+1.28
FEAIZH 183.58+20.16* 211.29+34.04*

JER I il 2 119.19+13.47% 87.66+7.16%
#EoTIRAL 118.56+21.04* 85.97+6.41%%
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Fig.3 Comparison of protein expression levels of TGF-B1,

p—PI3K, p—Akt, and FN in renal tissues among different
groups of rats
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Table 6 Comparison of protein expression levels of TGF-B1, p-PI3K, p-Akt, and FN

in renal tissues among different groups of rats (x+s, n=3)

215 n TGF-B1/B-Actin p—Akt/Akt p—PI3K/PI3K FN/B-Actin
EH 3 120.19 120.16 120.14 120.16
FEAIZH 3 4.86+0.427% 2.1120.17%* 5.1520.25%* 3.21£0.27%*
JERHUIK 5 il 2 3 1.77£0.19%# 1.13£0.10%# 3.030.10%# 1,350,245
£ ILIRAL 3 2.49+0.16%*% 1.2240.1 15 3.62+0.36% % 1.79+0.20%+#
HRAH 3 3.37+0.31 % 1,530,145 4.16+0.40%+* 2.22+0.25%

HSIERF A, #+P<0.01; SHA L, 'P<0.05,%P<0.01
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