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TEE. B WEEHEE db/db /NSRRI L B B g, s 8 Y db/db /NEUBENL S R A2 |
MR (30 g/kg) A BT2 41 (20 merkg) , ik RIEARE db/m /NRAENIE WAL, AT A0 259 sl 4k BEER K B
5E, KRI/NEIATTE A M (FBG) . JRIEEHHEE (mALB); JRARZEAFL (HE) P, H (Masson)
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Effects of Yitangkang on renal injury in db/db mice based on branched-chain
amino acid metabolism
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(Liaoning University of Traditional Chinese Medicine, Shenyang 110847, China)

ABSTRACT: AIM To observe the effect of Yitangkang on branched-chain amino acid metabolism and renal
injury in db/db mice. METHODS  Eight-week-old db/db mice were randomly divided into model group,
Yitangkang group (30 g/kg) and BT2 group (20 mg/kg), and db/m mice of the same week age were set as
normal group. After 5 weeks of gavage with corresponding drugs or normal saline, the body weight, fasting blood
glucose (FBG) and urine microalbumin (mALB) of the mice were measured. Hematoxycin-eosin ( HE) staining,
Masson staining, periodic acid-Schiff (PAS) staining, periodic-acid silver methenamine ( PASM) staining, and
transmission electron microscopy were used to observe the pathological changes and ultrastructure of renal tissues.

Ultra-performance liquid chromatography-mass spectrometry ( UPLC-MS/MS) was used to detect the levels of
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branched-chain amino acids in renal tissues. Western blot was used to detect the expressions of platelet endothelial
cell adhesion molecule 1 (CD31) and endothelin 1 (ET-1) and branched-chain amino acid catabolic enzymes
BCKDK, PP2Cm and DBT proteins in renal tissue. RESULTS  Compared with the normal group, the body
weight, FBG, mALB, and endothelial cell damage marker ET-1 expression in the db/db group were increased ( P<
0.01), and the expression of endothelial intercellular connexin CD31 was decreased (P<0.01) ; the renal tissue
structure was damaged, the glomerular basement membrane was thickened, the endothelial cells were fused,
proliferated, and swollen, the continuity of the endothelial cell membrane was interrupted, the mesangial area was
expanded, the mesangial matrix was increased, the mitochondrial structure was damaged; and the levels of leucine
(Leu) , isoleucine (Ile) and valine ( Val) in renal tissue were increased ( P<0.01); the protein expression of
BCKDK was increased ( P<0.01) , while the protein expressions of PP2Cm and DBT were decreased ( P<0.01).
Compared with the model group, the body weight, FBG, mALB and ET-1 in Yitangkang group and BT2 group
decreased (P<0.05, P<0.01), while CD31 increased (P<0.05, P<0.01) ; the damage of glomerular endothelial
cells was alleviated and the morphology of renal tissue was improved to some extent; the levels of Leu, Ile and Val
decreased (P<0.05, P<0.01); the protein expression of BCKDK decreased ( P<0.05), while the protein
expressions of PP2Cm and DBT increased (P<0.05, P<0.01). CONCLUSION Yitangkang may alleviate the
injury of glomerular endothelial cells by regulating the metabolism of branched-chain amino acids, thus achieving
the effect of preventing and treating diabetic renal injury.

KEY WORDS: Yitangkang; diabetes; renal injury; branched-chain amino acids; glomerular endothelial cells
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TR IR AT T S BOP LA o MW 2 P A Qs e s, A
PRI B e 2T R, RIS, HEER
RIS DhREEATHE T IS, TR 2ERE ML 2R 1
B FEE A, o AR RO 20 AR T 3 0
L 50% , 10 4F BABET- R mik 31 1%, BEARAR
WAL 2 AUBE PR L0 B0 T ACRE R s R, EORE
PRI B4z 32 B WE R B IR YT, 4555 BA A s 1) B I T
RAE RS, Ud I B2l AR TR R
WG 7 A A JR BRI, S HE R EEMR  (branched-
chain amino acids, BCAAs) & DA 3 &% N 4% 45 ¥4
FRIE M 2 B TR, WG5S AR (leucine, Leu), 7
A M (isoleucine, Ile) F1 45 & MR ( valine,
Val) , JEWiE WA=, AMUB AR E
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WG S R AHEER], HA R R IR 251k
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FZ SR R DSRS0 AT BA BRI 1 44 1 g
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(FE % %£ H 21.201410287755. 4) HAT 12 Ak 3 3y
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1 ##

1.1 ¥ 30 H 8 A MErE db/db /NEL, K&
35~40 g; 10 H 8 JE#HEYE db/m /DL, K5
20~25 g, ¥ H b T Ae B A YRR R A BR A
A [ S8 sh ) A PR AT IE S SCXK (5)  2019-
0008], MFTILTHELRFZMYE, ik (22«
2)°C, AN RS 40% ~70% , 12 h/12 h B AL,
B OKERE, /N R AERERDR I A 2 FH
EEYRHEAERAE, BREEE, ShHeEE
PIGIT T R R S PSStk E (fR P
25 21000042023198)

1.2 KA B5#HY HBHEECEHE (S
21090158) . £2L% (45 21100366) . HAE (L5
20070143) SFErgly, R HE I IR S5 5 L 9 4 T
B, H PN s 2R R SR A R A F AR, W
BT B2 R B B, (8 FH B AR A N 259
WK, KIRIAESE 2R, 4 CHAF,
X REZY P R M6 B U ( BCKDK) A9 22 #4411
fil3 BT2 (500 mg/Jffl, $3%5 HY-114855), W H 3
MedChemExpress NFEL IRMEAEN (mALB)
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WRil& (MR AEY TR ITARAR, %
5 £038-1-1); ECL ZeiAF & (KiEFXECEY
HARARAF, 85 MAOI86-1); 5xSDS-PAGE &
ARG M, f ki D e B 22 ool (RT3
Aok W BB R A A, 485 G2075-10ML,
G2028-15) ; B-WlahiEH (B-actin) . CD31, ET-1,
BCKDK, PP2Cm, DBT Hif& (I =& 4 P4k R
HBRAT, 585 20536-1-AP , 28083-1-AP . 12191-
1-AP | 15718-1-AP, 14573-1-AP, 12451-1-AP)
1.3 B b, R0 (RBUHE R RS AR A
PR ) MK3 AR, STI6R & 3 ¥ VR &5 .0 HL
(& [E Thermo Fisher Scientific /A ) ); KL-T1 4 H
SHLKHL G LR e T B A PR TR AE A
Fl); EG1150H A7 M5 AL ML (75 [ Leica 23 A ) ;
ECLIPSETS100 8] & & (% ( H A& Nikon 2 H] ) ;
Power Pac™ Basic HL k{1, 1658001 I i H, 1k A |
170-3932 ¥ # M Uk # (3 [ Bio-Rad 24 ] ) ; 5200
EAIMFEECEER ARG (LB RAEREA
FRAHD

2 FHik

2.1 @A 30 2 db/db /N ERIRFENLE 7R
PO MBI | fE R AL RN BT2 41, M4l 10 X,
731k db/m /B 10 HAE M IE R A, 38 N RR SR 1
JGWEE 4 25, S5 A Rr ) ol RS A
(70 kg) FZya#edE (RE09.1), MR 25
50 30 o/kg, KFIHVE TZEMAKHIR 3 o/L 24
W, BT2 252554 M 20 mg/kg, BUER, KKINA
10% — 3£ W7 i ( DMSO ). 40% % 7, — B2
(PEG300) . 5% H 1AL E£HE 80 (Tween 80) i
45% 0.9% EALSHIHE W (NS), il 8. 42 mmol/L
EIEEW, BURHBLEC ", IR W LR R 2 S 4G
TZEWAK, FAFEYHN 0.1 mL/10 g, H 5,
RERRFRE 1 AR, $ AR R 4 255 i
2.2 HARE /NRUARBIES, $ZE 24 h R
W, i EJRE, 4°C, 1800 /min (B.OFAE
10 cm) B8 min, q&%iﬁﬁa, JT mALB M %E
BB AT S, AR 4% 2 R PR 208
F, T 98 KR ZM 4 (HE) % 4, DM
(Masson) Yeft | IlfR-F R (PAS) Yeft i pt
BR-7NJHed (PASM) B, 5y HUER 43 i A HE 55 [
SEWEE, HTSE s, Hae-80 C i
fE, MTHEARPEEIE (Western blot) |, = %K
HEE-BEFE (UPLC-MS/MS) A&,

2.3 AfedsAren SRS L IREB S

JEEEE 12 h, EAHUIL, i Zs iE i bk ( fasting
blood glucose, FBG) 7K-F, ™4 Fi& ik 7] & 150 W]
5, KPR mALB 7K,

2.4 HE, Masson, PAS, PASM % & %L 54047
REMEF T PRAEFEEHL, A
4% Z R P e, #T A A VA
PR . HE e, B MUK ALY iR AR
AKGGH D, TR S B3I it B oRK bR
W%, B ge s, Masson Jefh. A% 4 AR 5 A
B, DR o R IR AR et . BRPE i £L Y4 i o
FEHBE IR 31k, B W IR 4 4k YL il i f0, PAS e
o, RS IR A, SR | Schiff 1247 J
ARG, PASM Jeta . K] 7 Had itig A fe /s
TEH BRI b O, 4 SRR AR B Ak 34 LA [
SEGE, FHPARE R, ERREENE, YA
HATHEEE CBEMK . W REN] . TR E A
G B TS HEURBIE, IR HE
KR, Image] FRIEX] Masson Je @, PAS JL ] i
HATE R .

2.5 EHREWEBDRA R @R EL
/NEUVE RPN 1 mmx1 mmx1 mm K/
Yo, #v% 2.5% e W E , RUGHEATIK , il
FEAL, EZY R, LA A% TR A U £,
TEI%5 55 H - 0GB T S B 2 U s i AR A IRk

FHEE,

2.6 UPLC-MS/MS A s RB 20 4% & 4% R A Bk
K

2.6.1 HHAMEMGIE  BURRIEA 50 mg £

i, 23, A 1000 WL 50% B R, $RHEEU h,
4°C . 12000 r/min Z5.0> 10 min, B 10 wL FIHH,
BT LS5 mLB0E D, MA 10 pL M2k, 5 pl
BRI 40 WL SENEE (7 0.1% FIR) , Wik 2
min, 4 °C . 12 000 r/min &5.(> 10 min; F3H 10 pL,
BT LS mL 308, A 70 wL BIRZE vh k|
20 pL AccQ Tag MR, SZRIHR#E 10 s, 1 min
Ja it EATAE R LSS R N, B0 TE S5 CF
JIF 10 min, A 400 pL ZKH R,
2.6.2 PrifEmElAE RABBERBE, MUHI A
400, 200, 100, 40, 20, 10, 4. 2. 1 wmol/L %
FEMRVEW, Sy PEL 20 WL, HN 5 WL WHRAT 40 pL
SENEE (% 0.1% HR), WiEdRY 2 min, 4 C .
12 000 r/min &5.0> 10 min, H 10 uL FiEW%, BT
1.5 mL B0 F, A 70 wL BIERZE ik | 20 pL
AccQ Tag iR, SZEIPREE 10 s, 1 min JFATA
67
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AT A R KA LLAS SRAT AR, 55 C Nt 10 min,
JIA 400 WL KHRE, B 100 wl i, BB ER
/AN, B,

2.6.3 34 Waters ACQUITY UPLC I-CLASS
O AR (1% 1L, Waters UPLC HSS T3 5,3 4
(1.8 pm, 2.1 mmx150 mm) ; FaHAZK (0. 1% H
fR) (A) -ZWE (B), BEEVER (0~0.5 min,
96% A; 0.5~2.5 min, 96% ~90% A; 2.5~5 min,
90% ~72% A; 5~6 min, 72% ~5% A; 6 ~7 min,
5% A; 7~7.1 min, 5% ~96% A; 7.1~9 min, 96%
A); B 0.5 mL/min; KR 50 °C; dERE R
5.0 pL,

2.6.4 JHIEZ  Waters XEVO TQ-S Micro Z:9:7g
PURHT il R 40 ; BB FHHM; BSFEmBE LS
kV; HEFLHLE 20 V; REFISEE 600 C, A
JiiE 1000 L/h; HEFLAARBLE 10 L/h,

2.6.5 HUEAPEAFE SR MassLynx & & 8411
TR, PRRETE VR ZE 15 s, T hRAERT 2
BT RE R ITHT

2.7 Western blot & # M P9 % 28 it 47 & 4 CD31,
ET-1 & ¥ 4% 8k B o ARG B £k /DR 414
FRE TG E TE.OE T, IMARRRBOR, HE
JEUK EFE 0.5 h 20 44H, 4 °C, 12 000xg &
10 min, HC B3, BUMEREREEH, BCA 300l
WRE, 95 CANFAEYE 5 min, BUER FRE, UK.
BETE bRk ) P W B P 20 min, A R Ok TR B-
actin, CD31, ET, BCKDK, PP2Cm., DBT ¥ &,
4 °CWEd &, VRS A BOR o 48 A6 W)
(HRP) #rid ML FEdie 9, ERMWEF 1 h,
TBST ¥l 5 ECL BB, 25, KM Image) ZA4I
TE KA,

2.8 it odr it SPSS 27. 0 HAF AT AL HR,
THEGERILL (x+s) FRoR, WRIESS . 255
A2 1] b Aok R R R 5 22 0 B, PR bR BR
LSD ¥, 2G50 R Dunnett T3 #5565, A5 2
IEZAS A I 2H R L BCR ARS8 UG 5, P<0.05 &
mESHAGIEE L,

3 £R

3.1 #HEET db/db D R — AR LBAR IR E 09 %
o IEEA/DNRIES AR, YOKIEEIER; SIEW
by, BB NRZIR, 28, ZIK, KEEY
i (P<0.01), ISR, Wish, KNRE,
Thaha TR, WA RIS MER LB, 7E/5
SRt B REME RAF; 45240 5 FJE, tabHRRA
68

1 BT2 4/ BRUE R A Frokcss, R &
0.05, P<0.01), W1,
*1 SHNBEFEELLE (x5, n=8)

FEAL (P<

Tab.1 Comparison of body weight of mice in each group
(x%s, n=8)
21 51 Wit/ g
IEH#H 23.85=0. 96
HEAYEH 59. 69=2. 63 **
T e 56.70+1. 48"
BT2 2H 54. 51+4. 04"

W SIEWALLE, ™ P<0.01; 5HA4HE,*P<0.05,
#p<0.01,
3.2 &R db/db A FBG, mALB &K -F ) %
W )5 I, 5IER A, AL /N
FBG. mALB /K- TFt 8 (P<0.01); SHEAIZ L
B, taBEREZ A BT2 2/ FBG . mALB KPR
(P<0.05, P<0.01), W32,

%2 KAEA/NMEFBG, mALB KFELLE (xzs, n=8)
Tab.2 Comparison of FBG and mALB levels in mice in

each group (x+s, n=8)

207571 FBG/ (mmol-L™") mALB/ (mg-L7")
EHH 7.80+3. 64 13.05+3. 12
IR 2 24.56+5. 05 48.79+3.36™

x| 18. 63+3. 47* 34. 1322, 99**
BT2 41 19.29+6. 55% 37.00+5. 17#

W SIEWAHE, ™ P<0.01; SHB4HE,"P<0.05,
#p<0.01,
3.3 #MEE db/db D RUFARRET AN R
3.3.1 HE 4 W1 s, EH4/MNRUE 412
SRMIEH, BANME S R, R UL AE AN MR
i, RESMEFER, REXKCRILY K, SEFA
PeAr, BOAIZH/ N RV R ZETL, /NN B A
LT 2R I 240 M S ) S b, SE A R AR R AP AR
Pz, BAMERENE, REXY KPR, 58
RIZH e, #5 AR 4L BT2 41/ R 421 45 F 1E
SUE,
3.3.2 Masson et N 2, £ 3 Frn, IEWAH
INEUEHZUR W B eFgetl; SR AR, AR
ZH/IN BV /N BRI R AR % 8] Joi ] L 0 J S 2T AR AR
B (P<0.01); SEORIZE e, #5WERR4LF BT2
/N BRU /)N BRIV B % ) Jo € J i 2T A TR sl /b
(P<0.01),
3.3.3 PAS Jefn Wl 3. E 4 PR, ERLN
U /NEROR DL @A IO, SRR A b, A
ZH/INERUEE/INER S IR G IR R SR T 22 P AR A
ook, BEIEDIRR XM (P<0.01) ; SERIZ L
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T RO IR B, A AL B NIRRT £
1 FANREHAL HE & (x400)
Fig. 1 HE staining of renal tissue of mice in each group ( x400)

B2 FEMNRBHR Masson & (x400)

Fig. 2 Masson staining of renal tissue of mice in each group ( x400)

®3 BANRESA[TENLERILE (v+s, n=3) B, tEBEEEZH AN BT2 2H /)N BUBF 2H S08% R DT AR X B,
Tab.3 Comparison of renal fibrosis area of mice in each I (P<0.01), ‘B /NERIGAS B3t
group (¥xs, n=3) 3.3.4 PASM Jetn, M 4 Bk, I 4N RS
A FIEETARL B % ANERAR LTS S IE AL HE, BORAL N U
R 5.28+0.34 - e s sz
- 19141 54 NERBEIR IR, SRORILE LA, SRR A BT2
i il 8. 430, 95* H/NBUVE RIS G
BT2 4 9. 59+0. 874 3.3.5 @ESPEEE WS R, IERA/NRE D
s SIEAALIERE TR0, 01 SRUIALILEL TP<o. 01 BRI B AN 25 1E 3, B AL A 05 A

B3 KAEANMR'SHL PAS B (x400)

Fig. 3 PAS staining of renal tissue of mice in each group ( x400)

F4 FBHNREREERTREREE (X5, n=3) TR sy CHE ) IR/ EY R WL
Tab.4 Comparison of glycogen deposition area in kidney #r‘r%‘»’ 5 TR N A J__ET%'; H5IE%H ttﬁ, FE TR 2H /)N
of mice in each group (x5, #=3) L /INER P R A 75 R B T R P 5
oo BRRR R % th, RIEXY K, RBEEFHE, WG AIRETLS;
e RO B, RS T, AR RS TR
e AL 6.38+0. 87" BV LU, WE B2 A0 BT2 2H /) BUFF /N Bk 13k
BT2 2 8.54x1.29" WG Frisaz
0. SIEWHE, ™ P<0.01; SHRIH I, *P<0.01, 3.4 #H#E db/db R E2E2% BCAAs K85 %
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B4 FHNEREHS PASM HE (x400)
Fig. 4 PASM staining of renal tissue of mice in each group ( x400)

I A EFEMURARR, EEfLARME,

5 JSHENMREA

ARBREEH (%5 000)

Fig. 5 Ultrastructures of renal tissue of mice in each group (x5 000)

oy SIEW AR, BRI /N RUE AL Leu, e,
Val /KT (P<0.01) ; S5HIRA A, #5b
HH BT2 /DAL Leu, Tle, Val KK

(P<0.05, P<0.01), W5,
=5 BAMPMREHLA Leu, Nle, Val KFELLE (x=s,
n=3)
Tab.5 Comparison of Leu, Ile and Val levels in renal
tissue of mice in each group (x+s, n=3)
2H 5 Lew/(pg-g™") Tle/(pg-g™") Val/(pg-g™")
EHH 318.28+62. 01 157. 96+36. 68 237.94+39. 54
MBI 521.59+72.38"  239.15+32.61* 379.24+47.37™
TEMERRAL 338.01+94.05™  151.88+43.51™  246. 83+58. 52
BT2 2H 363. 73+43. 40* 164. 60+19.95%  268.27+35.77%

VE: S OE AL,
#P<0.01,
3.5 #AEFE A db/db AN KB 4242 CD31, ET-1
Eéiﬁuﬁ%ﬁ HIEwA R, BRA/NEA
41 CD31 HEHERIKEM (P<0.01), ET-1 HEHESL
ﬂm (P<0.01); SEIRIYE, 25041 BT2
H/ANBUE L CD31 EEHEXTHE (P<0.05,
P<0.01), ET-1 HFRIEBEM (P<0.05), WE
6. %6,
3.6 HAEET db/db ) K484 BCAAs 2 AR5
*42% @ BCKDK, PP2Cm. DBT &k #9#%wm HIE
WU, BRI /N B 2140 BCKDK & H &35 TH
B (P<0.01), PP2Cm. DBT /& [ FEikEML (P<
0.01); SERAE, R4 BT2 4/
70

P<0.01; SHRL HH,*P<0.05,

2041 BCKDK £ F £ AL (P<0.05), PP2Cm,
DBT A FEikTHE (P<0.05, P<0.01), WK 7.
%%70

Be =HNMNREHAACD3, ET-1 EAKN
Fig. 6 Protein bands of CD31 and ET-1 in renal tissue

of mice in each group

Fx6 HFHNMNREAYL
n=3)

Tab.6 Comparison of protein expressions of CD31 and

0 CD31, ET-1 EARIELLE (xzs,

ET-1 in renal tissue of mice in each group (x=s,

n=3)

451 CD31/B-actin ET-1/B-actin
EHA 0. 87x0. 08 0. 73+0. 10
AL 0.47+0. 08 ** 1.1320. 14 ™

tEBERRELH 0. 68+0. 10* 0. 89+0. 07"
BT2 41 0. 68+0. 05" 0.92+0. 05"
W HIEEHILE,™ P<0.01; H5HRA KK, P<0.05,
#P<0.01,
4 itig

AL e - B SRR <R R AN R
TERY AR AL, <6 JEAR IR B T A I Yy
FACIRA R WOF BEAT IO, BEAR ARG . <L i,
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B7 £4A/NMR'B4HZL BCKDK, PP2Cm, DBT &
B
Fig.7 Protein bands of BCKDK, PP2Cm and

DBT in renal tissue of mice in each group

*7 SHMREHEL BCKDK, PP2Cm, DBT EA &KX
LB (x+s, n=3)

Tab.7 Comparison of protein expressions of BCKDK,

PP2Cm and DBT in renal tissue of mice in each

group (xxs, n=3)

4% BCKDK/B-actin  PP2Cm/B-actin DBT/B-actin
EHAE0.4420.04 0.7720. 12 0. 84x0. 07
A4 0.75=0. 08 ** 0.4320. 07 ** 0.45+0. 08 ™

MRl 0.57+0.07" 0. 62+0. 02* 0. 63+0. 07%
BT2 41 0. 53+0. 13" 0. 69=0. 08" 0. 61x0. 02*

W, HIEWHLE, ™ P<0.01; SERHLE,"P<0.05,
#Pp<0.01,
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