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Hyperoside-corn peptide nanocomplexes: Preparation, characterization, and
ameliorative effect on renal ischemia-reperfusion injury
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Abstract: Objective To prepare hyperoside-corn peptide nanocomplex (Hyp-CP-NCs) and investigate its physicochemical properties
and its therapeutic effect on renal ischemia-reperfusion-induced renal injury. Methods Molecular docking analysis was conducted to
explore the binding trend between hyperoside and corn peptide; single-factor experiments combined with Box-Behnken design-effect
surface method were used to optimize the preparation process; transmission electron microscopy, X-ray powder diffraction, differential
scanning calorimetry, and fourier transform infrared spectroscopy were employed to characterize the complex; the saturated solubility
and in vitro cumulative release rate of the complex were determined; a mouse renal ischemia-reperfusion model was constructed, with
sham operation, model group, valsartan (positive drug, 10 mg-kg™"), Hyperoside (120 mg-kg™'), and Hyp-CP-NCs at low and high
doses (60, 120 mg-kg™") groups were set up. Renal index, serum creatinine, and urea nitrogen levels were measured, and renal tissue
pathological changes were observed. Results The optimized best process was a corn peptide concentration of 13.66 mg-kg™!, a
preparation temperature of 65 ‘C, and a preparation time of 35 min; the encapsulation rate of the complex was (84.02 = 0.80)%, the
drug loading was (5.19 + 0.07)%, the particle size was (70.64 + 4.13) nm, presenting a spheroidal shape, hyperoside existed in an
amorphous form and was bound to corn peptide by hydrogen bonds; the complex significantly enhanced the solubility and in vitro

release rate of hyperoside, with a cumulative release rate of 87.85% at 18 h; animal experiments showed that Hyp-CP-NCs could
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significantly reduce renal index, serum creatinine, and urea nitrogen levels, significantly improve renal tubular atrophy, inflammatory

infiltration, and collagen deposition, and the effect was better than that of using hyperoside alone. Conclusion Hyp-CP-NCs can

effectively improve the solubility and release rate of hyperoside, significantly alleviate renal ischemia-reperfusion injury, and have a

promising development prospect.

Key words: hyperoside; corn peptide; nanocomplexes; solubility; release rate; renal injury; renal ischemia-reperfusion
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Fig.1 Molecular docking schematic diagram of hyperoside
and corn peptide

2.2 Hyp-CP-NCs H$|& T2

HY 50 mL 240 AN I8 & KK, Bl — @ i
L I TR IRV, F 7K AH  BLE 22 Bk 1 50 mg
BT 5 mL KOl fENEVIAE. £ 600 rrmin!
T 77 3 FE T B G ALAH 22 1500 0 225 K IR B 7K A
o RN — 5 B[R] 4 22 B AN ORI I A A
TER 7 S5 G E— T o IR BRI iE 25 45 min 2
TBER, M8 0.22 pum PRALIEMENE, SRuEM - #b
hnaift/K % 50 mL, B4 Hyp-CP-NCs W& HX
TR, NG 22 Bk [V &2 AR A VR
p= ¥
23 S4REEENESENENL
2.3.1 Hyp-CP-NCs i1l % K% H Hyp-
CP-NCs & 1 mL BT 10 mL &, NaowE
S5mL /A Smin, IANLEERBEER. % 1 mL
% 25mL EHEH, IMHEE-0.5%FE (65 : 35) Hikk
JE 25 BI1§ Hyp-CP-NCs il i, % E4F. [
L& BNKE SRR
232 @ KA Diamonsil Cis F (250 mm X
4.6mm, 5 pm) R IRBIFENHEE-0.5% H R (65 -
35); AR 10 uL, FEE 35°C; KK 360 nm;
AR E 1.0 mL-min ',
233 LMXRRER WELthirids, MHPE
Fic i) JoE B FE S 200.00 pg-mL! 4 22 Bk X B
W, i EE-0.5%F R (65 & 35) Rk Rl ik
410.00. 5.00. 2.50. 1.00. 0.20. 0.05 ug-mL™"'
— RYIXT ISR, 15 “2.327 TR ke, g
LR SR ERIKE (O SRR (YY) FHATE R
H, & 5FE Y=36.181 5X+1.2078, r=0.9999,
2RV 0.05~10.00 pg-mL's
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SEWBR (C) K HPLC &ikE
Fig.2 HPLC spectrum of Hyp-CP-NCs (A), hyperoside

reference substance (B) and blank nanocomposite solution (C)
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2.50+ 0.05 pg-mL " ) 4 22 Bk 6 IR S VAT, o0 Tl i
SN E 4 2 MR IFIE T AR 6 Yk, 1S RSD 249 A
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0. 2. 4. 6. 12, 24h E &2 phFIEHEAN, 5
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AR E T R AT
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FUEIRE 10~20 mg-mL ! #4704 .
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Table 1 Effects of concentration of corn peptide (X s, n=3)

TR B E/(mg mL™Y) 2% L% bz /inm Zeta L7 /mV
5 60.68+0.90 10.02+0.11 70.24£3.77 —24.55+0.87

10 71.454+1.30 6.39+£0.05 68.25+3.23 —21.80%£0.85

15 84.54+1.49 5.11+0.13 77.95+1.01 —22.74+1.06

20 87.01+1.87 4.18%+0.11 81.894+3.01 —23.64+0.99

25 87.30+0.39 3.83£0.08 84.30+2.71 —23.52+1.38
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Table 2 Effects of prepare temperature (X £s, n=3)
i &I/ °C %1% WAEI% i Inm Zeta HLAL/mMV
45 65.97+0.75 4.16+0.06 73.87+2.39 —23.73+0.73
55 72741151 4.6210.08 75.561+4.26 —24.91+0.43
65 83.12+1.21 5.1910.09 74.5315.90 —23.83+1.67
75 77.77£1.72 4.8210.06 75.4914.29 —22.551+0.62
85 73.26+1.07 4.46+0.04 85.92+3.26 —24.38+0.65

InjE RS, w] L& IR XS Hyp-CP-NCs 1)
TE B SR, 0] g A2 R 1 ) 2 R A F T4
22 kAT 5 EOKRE 2 8] B 2035 1 Hyp-CP-NCsl',
E ] 25 R O =TT Re T 3 2 Bk T B AR D), T
SN LA R 2 . )& s S Hyp-CP-
NCs Fife A 3Kk s, (Hifil %R X Zeta HLAT 5
e P2 55 A O S Ko 456 25 RE il 45 iR X% Hyp-CP-
NCs &-f8briz i fadh, J5 a8t il &5 & 55~75 C
HATIRAL .

2,53 MR FEE [EE BRI EIR AN

15 mg'mL™, HI&IEEN 65 CHA N B & m
[E]%} Hyp-CP-NCs 5. SRR 3, 4 ma
X} Hyp-CP-NCs sMEUK,  Fifi 25 il £ I 8] (1) 12 KA
HRMPAGEY BAIGINE N EBEE, vREse
B 5 TR [ 3 H 2T Hyp-CP-NCs 52—
SE B[]0, (EL ) 28 B ) K 2 T B0 22 Bk A2,
SEE B TR E N &R E X Hyp-CP-
NCs Fift il Zeta HLALZIAFE FEAHNT AN K 256 7 1&
il %% i} [B] % Hyp-CP-NCs & brsgmiash, feaf
] £ ] 15~45 min BEATRAL .

#=3 HIEETEMEm (X Xs, n=3)
Table 3 Effects of prepare time ( X X5, n=3)

] £ B5] (8] /min (SN =% Fifz/nm Zeta HLA7/mV
5 64.40+0.71 4.12+0.04 83.35+5.01 -23.23+0.38

15 74.66+1.34 4.60+0.10 85.68+3.97 -23.29+0.71

30 83.71+1.09 5.12+0.06 84.05+2.17 -2456+1.41

45 76.87+£0.26 4.81+0.10 82.11+1.87 -23.59+1.27

60 73.00£0.21 4.39+0.05 87.62+4.31 —22.33+£0.72

2.6 Box-Behnken % it-3{ N E A (BBD-RSM) i
£ Hyp-CP-NCs 275

2.6.1 WKW LR BETHRERELBHEN
Kerm Rz, R AKKBmEIRE (XD, Hil &R
(X)) Kl £t (X3) AELRE. & “2.5” HUN%
2RI Hyp-CP-NCs if235/N T 90 nm, Zeta HLAL
Y XHEIIN 23 mV A7, NGRS T &, Mokifs
Nl Zeta WA FAE AR bR . EHEEZE (YD
M#Ez4E (Vo) £~ Hyp-CP-NCs [\t ibiEdr, N
f§ Hyp-CP-NCs 3} RRIHZ5 B 5w, #ux 2 Mg
PRSI —{E (OD) ATV . il & A R Ak
77 L2 N Hyp-CP-NCs, Wl 5E Ik F &,
HHE OD fH. 87 S0 H g S 38 . R
BBD-RSM #8473 (K3 3 /K3 17 IReREs, LM
1t Len-Ala-NCs 4757 1.2, RIZEAK BT g5 10
* 4.

d=(Mi— Minax)/(Mmax— Mimin)

OD=0.5Xd @u=10.5Xd nzn
Miv Muax T Munin 535 BB R R B SE . KA
Fl e /ME
2.6.2 HERIE K T7 2504t 18T H Design Expert 2K
f (V12.0) X SRBe s it AT ilG, 15 k=0
FEH: Y=0.80—0.12 X;+5.09X 1073 X,+0.04 X5+
8.84 X107 X1.X2+8.53X 1073 X1.X3—0.10 XoX3—0.22
Xi2—0.20 X2>—0.26 X3%, {FEH OD M=, J7
ZoM L 5, B P<0.0001, HIERZE (R2) Al
VA E REL (Rag®) 537709 0.983 1 F10.9615, Ut
AR AR B L, HAUA S RS S0 (H A
Ktk . KT P=0.076 4, LREMER X, U
BG4 RS RS . OD R =T 5,
X ﬂﬁﬁ%'lﬁfmﬁi (P<0.05), Xi~ X2.X5- X12\ X22
X2 BAEWEEEZR (P<0.01). HRIE— IR
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&4 BBD-RSM iRIEFKF. Rt RER
Table 4 BBD-RSM factor level, test design and results

F5  XdmgmL?Y)  XJC  Xodmin Y% Y% OD | 5 X(mgmL') X/C Xymn N/% Y% OD
1 15(0) 75(1)  15(-1) 7512 459 0445 | 10 20 55 30 7497 359 0250
2 20(1) 65(0) 15 7333 342 0167 | 11 20 65 45 7546 370 0286
3 20 75 30(0) 7428 355 0221 12 10 65 45 6793 582 0456
4 10(-1) 55(-1) 30 69.84 605 0559 | 13 15 65 30 8264 505 0.765
5 15 75 45(1) 7157 444 0307 | 14 15 65 30 8327 513 0.800
6 15 55 15 6869 419 0170 | 15 15 65 30 8409 515  0.829
7 15 55 45 7496 463 0448 | 16 15 65 30 8331 508 0.791
8 10 75 30 68.13 599 0495 | 17 10 65 15 6823 585 0371
9 15 65 30 8411 518 0835
RS HEDHER
Table 5 Results of variance analysis
WH  CFEFM HBE 2] F1E P TiH SFOR HHE B3 F1E P
el 0.92 9 0.10 4536 <<0.0001 | X2 0.21 1 0.21 92.88 <<0.0001
X1 0.11 1 0.11 51.04 00002 | X2 0.17 1 0.17 7540 <<0.000 1
Xe  207X10% 1 207X10% 009 07700 | X2 0.29 1 0.29 12839  <<0.000 1
X3 2.02 1 2.02 658 00373 | &= 0.02 7 2.24X1073
XXz  3.13X10% 1 313X10% 014  0.7199 | &I 0.01 3 414X10°% 503 00764
XiXs  291X107 1 291X10%4 043 07293 | 4lifz  329X10°3 4 8.22x10*
XoX3 0.04 1 0.04 19.30 0.0032 | Mz 0.93 16
REAHER /NI EN, SR X OD E 2T 13.66 mgmL .

X1 >X3>X00

2.6.3 WML AT TR f#H Design
Expert fF (V12.0) £l AR XiXo. XXz XoXs
HRAR OD WK, 458K 3, KR
AL . OD (HB ARG SBEAR, SEMAL
Hyp-CP-NCs &b 5% OD itk B b5 A KIE,

X 6] &N 0~1, 53] Hyp-CP-NCs ffEAL T H:

TR R BEWE N 13.66 mgmL™", & HE N
64.86 ‘C, #HI%&EAN 34.20 min, T OD fH AN
0.847. % B R|SLPRIEAE, Kbl &R RE R 65 C,
HI 45 I 1A JH#E Y 35 min, 1] KRR EWREAT AN

0.84; 0.84
0.69' 0.67'

8053 S 049
0.38! 0.32'
0.22! . 014
75 . ! 45
Xo/'C 65 T

: .30
3 Xa/min
55 10 Xy/(mgmL?)

~_— 15
15 10 Xy(mgmL?Y)

2.6.4 Hyp-CP-NCs #77%HIE il % 3 it Hyp-CP-
NCs, & HEARI 2 45 R W3 6. LATiT OD E(0.847)
NZH, 3 A AE OD AH FI A T 250 N
-1.89%, A WL B R I PE R 4F . 3 ik
Hyp-CP-NCs V3 G5 M 25550 78 (84.02 £
0.80) %F1 (5.194£0.07) %, M FHREHN
(70.64+4.13) nm, PDI &>} 0.073+0.005; Zeta H,
IR (—23.0940.87) mV, ZER LK 4.

2.7 Hyp-CP-NCs RT3 & R IR 14 B

2.7.1 Hyp-CP-NCs #rKiil#% ¥ Hyp-CP-NCs

TR R EVUMH T, —30 CRRIR VKA o i

0.84

20 75

65 X,/ 'C

3 &EE¥ OD EMFNT

Fig. 3 Effect of various factors on OD value
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Fzo6 NAWIEHER (X Ls, n=3)
Table 6 Results of prescription validation (X £s, n=3)

LR L3 2 1% HZEIY% oD &
1 84.024-0.77 5.17+0.06 0.831
2 it 84.13+0.92 5.21+0.08 0.842
34t 83.861+0.74 5.14+0.05 0.820

1 10 100 1000 10000
FiAE/nm
—200 -100 0 100 200

Zeta HLf/mV

[El 4 Hyp-CP-NCs Hi{2H Zeta B
Fig. 4 Particle size and Zeta potential of Hyp-CP-NCs

7 3 d, SERUECE B R TR S, [ e A
BEMET, 3 d/EEUH RIS Hyp-CP-NCs # K.
IAgithoK, B 10 s RS, M5
BOHAE. KM Zeta A HA (84.11+
1.03) %, (5.14£0.09) %. (77.03+3.44) nm A
(—23.61+1.11) mV. 5 Hyp-CP-NCs J&EI% T-Hif
M, BEE, FHdE. AN Zeta AT RE
PR (P>0.05).

2.7.2 Hyp-CP-NCs W& TiA/KILE  HL Hyp-
CP-NCs JR& EAN Hyp-CP-NCs ¥ K 5 1% o 1R 2,
Sl E I, RO M R . 25 R L
5, SRS BB SR RE D T IR R ILA, $EH] Hyp-
CP-NCs JEEA Hyp-CP-NCs ) K I 5 i 2l
BJE T Bk &, ARE RS R KRTRL .
2.7.3 Hyp-CP-NCs ¥y ARIEMEEENE 73 Bl 22
B A EOK IR ) BB A, P = LA Hyp-CP-
NCs 3K, 1ENVEIRAY) . BOd &4 224 R
245, YIRS YA Hyp-CP-NCs ¥ A& 7 ) B T4k
K, 25 CHRKIEHHEI I 3 d, 8 500 r'min! 5
O 10min, B EIEHINE & 22 BRI AR . [FE
SESFEMTE pH 2.0 A1 pH 6.8 BERR £ 22 ik VA i
FEo GRILE 6, MIEIRAYINRIES T 44k

5 Hyp-CP-NCs E&i® (A) 1 Hyp-CP-NCs #} R4k
KERBERBR B) BTIARAR

Fig. 5 Tyndall effect of Hyp-CP-NCs suspension (A) and

suspension of Hyp-CP-NCs powder redissolved by purified

water (B)
3500 W 4oz pkiy
. ok
30004 "VPEREEN .
Hyp-CP-NCs
—~ 2500 okt
L‘ = Kk
£ 2000 ‘##
2
2 15001
=
% 1000 - " >k *
500 - . I I
0 . ,
7K pH2.0 pH 6.8

L& 2T TP<0.01: SYHIREYILE: “P<0.0L
**P <0.01 vs hyperoside; P < 0.01 vs physical mixture.
6 SZME. YIRS R Hyp-CP-NCs M REARE
NERPBBRE (X s, n=3)
Fig. 6 Solubility of hyperoside, physical mixture and Hyp-
CP-NCs powder in in different media ( X x5, n=3)

FRPEAIAL /K. pH 2.0 A pH 6.8 TER £h 28 v 11 7
R (P<0.01), AJRER FKIEA & HA W oE Ekr
P, RABEERD, 53R S YA, Hyp-CP-
NCs X 4 22 Bk I A B )42 s i PTG AR B 3 1 22
5 (P<0.01), 8 Hyp-CP-NCs ¥ HARH, —J
[l Hyp-CP-NCs 4b 75 1 T K KA B LA 1Y 04 22 bk
H AR FE AR FH s 53— J7TH Hyp-CP-NCs Fif2 5/,
TEHCRMEARN . § B 2 AR R 52~ i —
BN T S BRI .

2.7.4 TEM W% Hyp-CP-NCs 4M5i  BURB: 50 1%
Hyp-CP-NCs JEEW 30 pL hnZ4im L, 45
JEEH 1L0% BRI A, 8T, BT TEM
A% Hyp-CP-NCs 255 (X 11000), 5% LK 7,
Hyp-CP-NCs JR= 71 Hyp-CP-NCs # R 4itb/KE
W JE TR B T SR B K B AN B R ERTE 1Y
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A

7 Hyp-CP-NCs EEi® (A) #1 Hyp-CP-NCs #} R4k
KERERER (B) TEM [E (X 11 000)
Fig.7 TEM image of Hyp-CP-NCs suspension (A) and
suspension of Hyp-CP-NCs powder redissolved by purified
water (B) (x11 000)

Hyp-CP-NCs 44K Fiki .

275 FT-IR #r RSB FRIE 2k . Bk
B~ “2.7.37 TR YIEIR AW K Hyp-CP-NCs Fy K %
S5mg, BT, SN 0.5 g IR, 7
TFBES V50 Ja e ol o PRV, EAT A A i i
FT-IR MR 2% PREEIRAE 30%, SGPRFL4E 100.0,
B EH 2 W, BERHE 16 R 25 R 8 Fik:
G2 HREAE 1651 om™ A HILFFEME C=0 (Hh4idk
B, 7E 3 242 cm™ KEHILEY RS O-H (H4E4HEZ)
s FKAKAE 3 398 cm™ A1 3 284 cm™ 4b 2 BB
B N-H RN FRAER 0 . YIRS 4 A
AN A 22 5 FORIRRRIE VR B2 0, 3R
TAHARERE S T IRIMH EAER . 7E Hyp-CP-
NCs ZLAMNEEH, S22 86H 1651 em ™! 4k C=0 45
PRENIE R DS, FOKK 3 398, 3 284 em ! 4b
T f N-H RFAE WS RE AT 5%, 8 b HE I 43 22 Bk
a7 H R B R TOK U BT M ik 2 [R] T B TR A
M EAER, @#FimA 2 Hyp-CP-NCs.

Hyp-CP-NCs

W

YRR A

FoRAK

4000 3200 2 400 1600 800
viem®

El8 FT-IRZR
Fig. 8 FT-IR results

2.7.6 XRPD 70t alkE BRI &2k . Tk
Bk~ “2.7.37 TR Y93EIE G54 & Hyp-CP-NCs 3 AR jdi
&, HHT XRPD llE, 455 9. XRPD iR
M Cu-Ka #8, H#HEE N 4 min?, HFEHE (20)
JEFEN 3°~45". S HRTTAE 7.4°, 8.3°, 1257, 18.5",
20.7° 250" b5 H BRI B RRAE AT UG, T
FORMRAC I 2 Ak 58 Bl IR BT Ve . P EVR A
() XRPD 1 r 75 o] 15 W0 % 281 < 22 Bk 1 R RFAE AT
S, R R EIR A HE AR O S 22 BRI R Y
ZER). 52 MLk, Hyp-CP-NCs ¥ XRPD [&li:
WK I & 22 R I RRAE AT S 0, SRR S BT 1)
A ASEER R A FEAR,  FR I R T B A RS
WTCE . A EmToE RASNER, T
T2V . Vs H R R R

M\i}’ﬂ'ﬂ?s
YIEREY)

FoKAK
e
0 10 20 30 40 50

20009

B9 XRPD %R
Fig. 9 XRPD results
2.7.7 DSC 70t ER& 2k . ToKAR. “2.7.37 1
YIRS YA Hyp-CP-NCs ¥ K B T4, &
AR SR RS ARG, AHRE 30~330 CaEATl
R, W REMLE. SGRILE 10, &2 T
268 CHILARBLIIE S, FOKRIKTE 94 CHEiEH
I T R s . TEPERIR G4 DSC Y, 422k
H IR SR AT E 229 C, AJRER TR IA S8
IX, B Zn i E ORI BB T =R A
TR IR SCAT K Al B =R R, 3 T 0 4 22 WK EF I A
W= AR g, FECHA SUESERT. /£ Hyp-CP-NCs
) DSC Pl b 43 22 B s U3 i e T B AS
&2k A EiRAY) DSC EREX AR, Ul
B 4 22 Bk EFE Hyp-CP-NCs M &4 7481k, al5
XRPD 743-#fr &5 S AH BAEIE .
2.8 Hyp-CP-NCs {F5MNEHUE N E
R BRI 2 BRTF 20 mg, B T HUEE X4 T
4 8000~14 000 FZEHTEEH, I pH 2.0 IR EE
e S mL, HEENTEM G, BHET 1L0L.
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Hyp-CP-NCs 100 -
YR EY) —— R EY)
. 80 |-=Hyp-CP-NCs
FKIK &
= 60
LB E%
B 40
20 4
; . . . . . . 0 T T T T T T T T T
0 100 200 300 0 2 4 6 8 10 12 14 16 18

T/IC

10 FH5HE) DSC EiE
Fig. 10 DSC spectrum of each sample

37 ClHEIRN pH 2.0 BEFR R+, 7E 75 r'min”!
(G N AT AR AN RS . 43 F 025, 0.50.
1.00. 1.50. 2.00 h HUFE, 2 h BRFESERE, SLRTKE
B R4 1.0L. 37 CIEIRN pH 6.8 B2 &h
SRR, AREEREFRIF T 3. 4. 6. 8. 10, 12,
18 h BUFE . BRRHUREARFASS 9 S mL, HURE G LR )
R R AN A RAR FE A pH IR 2550,
DALERFAR RARFREE 4 BT EURE i B T 8 500 rmin™!
A N BSOS min, HURTEWR, KA R e
e SR, % EIRMIFEIE, SaEss
YRR 5 K Hyp-CP-NCs K1k 4B 2447
N, SRS R LA 11,

SR A RN, A2 HhELE 18 h I BARE
AL 40.17%; THAEVIEIREY ) 18 h R
TR TR T 22 55.60%, HEW I 5 KT AT G P 3 VR
E VI ORI S 2 phF A G E R, i
HEE L WK VA A, T o LR 2473 e e AR
. (ERERM A, Hyp-CP-NCs [ 18 h 2R
TR FRIE 87.85%, Xt 4 24 Wk R AN TR 3R T
MR TYEIR A -

2.9 Hyp-CP-NCs M} RF2EME R
HUH ) % Hyp-CP-NCs VEEW, IE S22 pkts

t/h

1 AMEREhZ (X £s, n=3)
Fig. 11 In vitro release profiles (X Xs, n=3)

TE (mo. AR, HAE., KM Zeta AL,
4 Hyp-CP-NCs JREM % “2.7.17 Hl#& MR, %
HETEEBEAERAAE S CGREREE 5% E N
40 C. 75%), T 0. 1. 2. 3. 6 A& & Hyp-CP-
NCs ¥R, nafitb /K25, (FH/H 0.22 pm FHALIENRE
JEIt, ME S22k EE&E (n), HHEIER. W
V5 )5 Hyp-CP-NCs IREM M BLE 2, #E. K
1A Zeta WAL 255 WAR 7, BEA il A7 I R] A ZE
Hyp-CP-NCs # RytFe @i m, HE5 6 NMHUT
FERATIN T 1.5%0 55 6 N H B EZAIIRT 80%, FF
A ChEZgH) DU RT3 5 W e, HEZ
HART 5%. 55 0 ML, 5 6 MHKALH Zeta
HLA7 480 . 3 1 22 5% (P>0.05), i#H Hyp-CP-NCs
AR M R AT -

VLR = (mo— mi)/mo
2.10 Hyp-CP-NCs Xt &5 FEZEFEBUE AR
MEEH
2.10.1 SERHE 42 FUNREEHL BT AR,
AR, diybiH (BHMEZY, 10mgkg™?) I, 4
22 (120 mg-kg™) B, FoKARAL (FHEI[F Hyp-
CP-NCs =784, Hyp-CP-NCs k. =ifll&E (60,
120mg-kg™) H, FH 6 R BRIERFARAS, Hihs

%7 Hyp-CP-NCs KRB EMER (X £5, n=3)

Table 7 Stability results of Hyp-CP-NCs powder (X *s, n=3)
It E/H DR 1% (RESESLT WAEY% FifzE/nm Zeta HLAL/MV
0 0.70x0.10 83.9810.21 5.1410.04 79.2013.47 23.551+0.64
1 0.86+0.06 83.7410.15 5.09+0.03 75.93£3.75 23.42+0.70
2 0.96+0.07 83.4910.17 5.06+0.08 76.3312.27 23.71+0.66
3 1.1740.04 83.18+0.22 5.04+0.03 77.83+3.86 22.91+0.25
6 1.434+0.09 83.10+0.12 5.02+0.10 77.24+6.28 22.95+0.92
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PN ip KB, IEIERLHFARIIFT IR
g, R ERS R, 8L TR, AMnE R
ARG, IERPHZE, {EF B 45 minl'®), 2%
W@ ha e R, FinE SO E4EA R, iR
FEhE RS . BFARA ip REH-Z4N, T IEPL
FFARITIFTIF RGNS 5 53 B85 B &, AN P UL 8 S R A
B, EEREREAMSA. FAREFWH 9 00
ThEE %, ig RFN 10 mL-kg!, Hrb R TR AR
UL T 0.5% 8 BT YN, HR&HS T
0.5%2 F L 21 2 Z ANV v e 1l (A RE 259« B
igl Ik, ESEY14d. 514 RABZ6h)E, #
NRE T B CBEA T, BRI S 37 R4 BIR BR Y
M, 3000 r-min~ BCr 2 min 45 M35« SOHER 9%

ARBE/INER ST BN PR, EAR IR TR I K 73
JERR R, VHEE RS O E, o R AR
THES, WA RAT 4.0%2 KHE.

R U = 7 00 O A5 B A

2.10.2 HEfREOES R ARILE 12, 5HF
RAMEI, BARHGT RN EEA R (P<
0.01), FEHAEEEMAGIE, HHERKRD). 5
RERIZHARLG, FORMRA S NERECA — & R, (H
BEWES (P>0.05); TMN&GAH ST E
I Bl 2 R R (P<<0.05. 0.01), Vi B A B I
K AF B i 5 &2 kA L, Hyp-CP-NCs {i
T 2H IR 250 3 1 R [ (P<<0.05), 17T Hyp-CP-
NCs =72 S e Ho 2 2 1% R % (P<0.01),
S —E 7 A .

2.10.3 BEIhaeAIl ARSI A /N B Ser AN
BUN /KF, 53 ILE 13, SEFARLMEL, BA4H
Scr I BUN 7K~ B E A= (P<0.01),

45 - e
%6 A ~
F A :

| -
L

S g
3 <
5 18 5
3 2

9 4

0
BFEAR HAR 4biH &2 ORI 60

BH

120

Hyp-CP-NCs/(mg kg ™)

27 4

*k

81 ol

#HH #HA A

B EHE % (mg g7Y)

0
BFA B &ybiE &4 Tk 60 120

Bety Hyp-CP-NCs/(mg kg%

SEFARALE: "P<0.01; SHMAIHE: P<0.05 #P<0.01;
HE LR 2P<0.05 24P<0.01.

**P < 0.01 vs sham operation group; *P < 0.05 *P < 0.01 vs model
group; 2P <0.05 24P <0.01 vs hyperoside group.

B 12 BHENMREHEEBUVEER (X £s, n=6)
Fig. 12 Determination results of kidney index in each mice

group (X s, n=6)

WA R . SR AHAR L, FORERZH Scr 1 BUN
KPHEBT R, (BIEREFEEZER (P>0.05); 1%
Y5 2454H Scr Al BUN KT 247 5 25 1 mlibfe 4o 2 1k R 1%
(P<<0.05. 0.01), ULEABEIIRETSEINGE . 5428k
AL, Hyp-CP-NCs {&F1 &4 Scr A1 BUN /K-F
IR EM TR (P<0.05), i Hyp-CP-NCs &7 &
1 Scr 1 BUN 7K PR 2 M % (P<<0.01), ¥t
] Hyp-CP-NCs 35 | & 22k H 2538

2.10.4 JRIRKE-A (HE) 4eft, BURTE 4%%
R E AL TR, A, YA (E
FEZ) S um), {FHIFIAKE G 5 min, R MG,
IR ET gt 1 min, LREBOK, IR R E F o
WO B TR B0 S WSS B O, 0
MR, ERILE 14, BFERADREIFHLIER; &
36 7

*k

27 1

18 A

0 - -
auvbiH 442 FOKRK 60 120

ke Hyp-CP-NCs/(mg kg?)

BFA B

SEFARALLE: “P<0.01; SHIEMLE: P<0.05 #P<001; S&LMITFAHIE: *P<0.05 P<0.01.
**P <0.01 vs sham operation group; *P<0.05 *P < 0.01 vs model group; *P<0.05 22P<0.01 vs hyperoside group.

E 13 KA/ Ser #1 BUNNELR (X x5, n=6)
Fig. 13 Determination results of Scr and BUN in each mice group ( X s, n=6)
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BT T w0

120

Hyp-CP-NCs/(mg-kg™)

LU SRR ANE 4, W T R-TIE TR, SROHT k-2 PRI .
Red arrow-renal tubular atrophy; blue arrow-widened interstitium; green arrow-inflammatory cell infiltration.
14 HE 3BLZER (X400)

Fig. 14 Hematoxylin-eosin staining results (x400)

RN EHA RIS NE 245, IG5, &
PEAIMIZ ISR B S, B E BRI, &
22 B A TR IR S NE B A LR g, (A m]
DL R RIRTEIL S, 1697 R A . Hyp-CP-NCs
K. A EHEE NE R REE, R
PR 45 2555 2= A 3G N 84% s Hyp-CP-NCs =157
o 2H 0 B G I DL PR 2

2.10.5 Masson Jtft HUNR'EHLNK, A
M, Yk R 5um), 2% Masson e i & Ui
B EAT AL EEOO), D) v B TS A TSR,
e, SR 15, BFEARENREMEHR TR )R
DURL BN /N R B B R R TR, &5
FIZRTEL; A 2k AR K PR 2T L B S5 e Jie S
IS, JRIT R R AE: B4 Hyp-CP-NCs 45 247

Hyp-CP-NCs/(mg-kg 1)

ROFER-RIRTO; St k-4 ZE L.
Black arrow-collagen deposition; Yellow arrow-structural disorder.
& 15 Masson EaLER (X 400)
Fig. 15 Masson staining results (x400)

RN, RIETURIL S 8, B 15 Dl
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HAE LI TP .
211 GtESH
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FPEHT, P<0.05 FIEAAAE RS E R,
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Hyp-CP-NCs [FJRi42EAN £ 80 nm, SR FH i 250

VEME DM A BOTUE , HE T 520 45 B8ORS e 45
SRR P20, R 1 e 3 0o VE AN IE F T Hyp-CP-
NCs BLE R LA RN E . FRKGET HEE.
LB, 1R 0.22 pm TALUEMEIEE ) Hyp-CP-NCs
TR, IINIE E RS TR LK 4544,
i & 22 B FF U SR, %07 V3R TRE H AR
B BRI CGEREATETEM, AFFIERECEEN
WAL, AT EEFESHAERNE. HPLC EllE
Gy SRR, B 360 nm VE RN, 1%
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KIKAE 1A T TG BRI, AT A A5t o o) 43 22
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