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BER A X B AR X AR R, F ik R A SRURAE R AT S ENE . FRTHFARKREF K Tme) S5 5
Agilent Zorbax SB-C s\ Agilent TC Cis, F 304805 A THE-7K(36:64, V/V) | F B85-0.1 % B8k 7% (75: 25, VIV) A il 35 9 5 A A2 K %
B B A AR E TR 7 K] 5 (U5 F Ak % 4 254 nm) , B F) 4 30,25 °C, Ak 4 1.0 mL/min, #4253 4 20,10 uL, #
SD K K FAALH A 5% 40 ALAN L J A 20(1.80 g/kg) A= TYPAK 7P & 7 2 40(1.71.3.43.6.85 g/kg) , #4010 R, FRaEd 2040, &
BK R KIN5/6 Bk Ty ik BB CRFAER . 2 AN A G, B A B 20 K K3 § A0 Rk ARoK, &4 25 KX Rt B A0 R
By, BB LR, S 128 KRB S B R kA KR A LA (Ser) o RU(BUN) Wk A % (PTH) F= 2 B F[ &
e -6(1L-6) 7B 3RS B F o TNF-0) 4%, R A P AT LA 5 1k &k Al dn g2 S Ae ) 3 i 45 | e Bk 4%, £ Pearson 44
BER LR T HAHRRMMA LI (45 ad PTH 6 MAN, SR . REPH KTE KREmen Rk Ea X RE s
#) Fy 54.537~381.759,2.960~20.720,6.318~44.223 png/mL (#>0.999) , & & &2 %] 4 0.010.0.288,0.216 pg/mL, &l [k 5 ) A
0.003,0.096,0.072 pg/mL, 5 % E . & F 1k A8 € M X366 RSD 3> F 3.0% , mAf w1 & % 97.18% ~102.33% (RSD<<3% ,n=
9), EHIG (LA AR WA B2 K K e i Scr BUN A MR EFARFHAEH(P<0.01);4 %5, 545 M KR LR 547
WA AR A AT R FHIR(P<0.01), 5 EFALE AN KR n454F R FEMK,IL-6 TNF-osF¥ 2EH 5 (P<
0.01); 5HEAAILE JYP Y S FARReBEEHRHI G, AFFHAPTHAZ,JYP T S A FAPTH.IL-6 &2 A& &%
41 TNF-a8 %3 2 FHAL(P<0.05 X P<0.01);/2JYP X K R 45 £ B 5 Hv, B E f ik Uﬁlﬂ% 5B R AR X 18 AR
REFMEM(P>005), it ASFNEF L EERE ZRES, TATIYPPHRETH KT E XAHe4& 20
o JYP T8 & CRF AL K R 09 B2 ik, 2 ML A5G 8L, SH A L K BT a9 Rk
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Content Determination of Indicator Components in Jianpi Yishen Pills and the Effects on Calcium,
Phosphorus Metabolism and Inflammatory Factors in CRF Model Rats

JIANG Xia"*, CHEN Qiugu’, GUO Ligin', HU Zhaoliu’, HUANG Shiying’, WANG Fochang’, ZHENG Ping’, Y1
Tiegang’, ZHANG Shangbin’, LI Shunmin®, CHEN Jianping’ (1. Dept. of Pharmacy, Guangzhou Hospital of
TCM, Guangzhou 510130, China; 2. Shenzhen Key Lab of Hospital TCM Preparation, Shenzhen Hospital of
TCM, Guangdong Shenzhen 518033, China)

ABSTRACT OBJECTIVE: To establish the method for the content determination of astragaloside IV, emodin and chrysophanol
in Jianpi yishen pills (JYP) and to investigate the effects of JYP on calcium, phosphorus metabolism and inflammatory factors in
chronic renal failure (CRF) model rats. METHODS: HPLC method was adopted. The determination of astragaloside IV, emodin
and chrysophanol was perform on Agilent Zorbax SB-Ci;, Agilent TC Cis column, respectively; mobile phase consisted of
acetonitrile-water (36 : 64, V/V) and methanol-0.1% phosphoric acid solution (75 : 25, V/V) ; the detectors were evaporative
light-scattering detector and diode-array detector (detection wavelength of 254 nm) ; the column temperatures were set at 30 “Cand
25 C at the flow rate of 1.0 mL/min; the sample sizes were 20 and 10 puL. SD rats were randomly divided into normal group,
model group, Niaoduqing group (1.80 g/kg) and JYP low-dose, medium-dose and high-dose groups (1.71, 3.43, 6.85 g/kg), with

10 rats in each group. Except for normal group, CRF model of other groups were established by 5/6 nephrectomy in other groups.

A L4001 F + 5 [ SRR 3 4 VR BT H (No.81804052) s BRIl Four months after modeling, normal group and model group

FHEHIT H (No.ZDSYS201606081515458 JCYJ20160428182041577) were given constant volume of water intragastrically; admi-

* B A 2G0T, BRI - P22 . E-mail: 342593972@qq. nistration groups were given relevant medicine intragastrically,
com once a day, for consecutive 12 weeks. The levels of serum
HREEE B AT 20 1. WS PR . E- creatinine (Scr), urea nitrogen (BUN), parathyroid hormone
mail : lycjp@126.com (PTH) and inflammatory factors (IL-6, TNF-a.) were measured
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by ELISA. Methyl thymol blue colorimetric method and phosphomolybdic acid method were used to detect the contents of blood
calcium and phosphorus. Correlation of inflammatory factors with related calcium and phosphorus metabolism indexes (blood
calcium, blood phosphorus, PTH) were investigated with Pearson assay. RESULTS: The linear range of astragaloside IV, emodin
and chrysophanol were 54.537-381.759, 2.960-20.720, 6.318-44.223 pg/mL, respectively. The limits of quantitation were 0.010,
0.288, 0.216 pg/mL; the limits of detection were 0.003, 0.096, 0.072 pg/mL. RSDs of precision, reproducibility and stability tests
were all lower than 3.0%. The recoveries were 97.18%-102.33% (RSD<<3% ,n=9). After modeling (before medication), serum
contents of Scr and BUN in model group and administration group were increased significantly, compared with normal group (P<<
0.01). After medication, above indexes of administration group were decreased significantly, compared with model group and the
same group before medication (P<<0.01). Compared with normal group, the content of blood calcium were decreased significantly,
while the contents of IL-6 and TNF-o were increased significantly (P<<0.01). Compared with model group, the content of blood
calcium were increased significantly in JYP medium-dose and high-dose groups, while serum content of PTH in Niaoduqing group,
serum contents of PTH and IL-6 in JYP medium-dose and high-dose groups as well as serum content of TNF-a in administration
group were decreased significantly (P<<0.05 or P<<0.01). JYP had no significant effect on blood phosphorus in rats, and there was
no correlation of inflammatory factors with related calcium and phosphorus metabolism indexes (P>0.05). CONCLUSIONS: The
established content determination method is simple, specific and sensitive, and can be used for content determination of

astragaloside IV, emodin and chrysophanol in JYP. JYP can improve renal function of CRF model rats, relieve calcium metabolism

disorder and inhibit the expression of inflammatory factors.
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18V} B 233 ( Chronic renal failure, CRF) J& & g
955 (CKD) HEA 7 i S A R B B, AT B B4 32 40
VB ThEEAR 4, TS & LAES B G 2S00, ZK | H i o
R B0 7 S5 LA B PN A3 I A T Ry E B AR AR I PR 25
FEM, 2012 4R A TG 2 A 45 5 i /K, FR[E CRF () &
RIGAEEETL | OO fE T O A AEERE (1) 5 DL ™ B
— o HE, IR B IR B b AT A S b2 24
TRIT S BT A ERIER R, HES B R
BEARAEIRAS B AL AE , 2367 T B 5t i
ORI 32 31— BRI, H R 259397 CRF A7 2 T4
PR, T T R CE A T 8, A 25 22 O]
P RZEAIRITYE R, AT B 1 FSELR CRF /Y & A4
KR BRI &SR ) AR BRI
() FR 2536590 CRF (3697 HAT R X

{@ )% 25 5 L (Jianpi yishen pills, JYP) J& 131 i v &
Bt (LA fRTRR “ TR B ™ ) 28 K JA I DR 52 886 . 4485 - ko g
255 D7 I, B R (2 S AR G K
%5 RS 8 IR ZY M AL, FLAT (AR 25 B L SE DRt
MABIE I THRL™ 1% 259697 CRFIFRCGH YT, HICH A
KN T B0 45 o R AR AT 5 A% 0 R
L KB R AR A T T 2 IS, 5
Z: 18 2015 45 it I 245 810 ) (PO ) “ ALF 7 500 A
WA T T R, 1 O A I 700 A e A A 5
TAERIAISCER . T AP R =5 TY P ()0 s b of,
5 LI A FH 24 0 A 3550k 22 4 e | AR 9 76 30 B
HER LR b AR JYP (il 48 T2, dar TR 25 B EE A
i 25 K B 38 b 43 o DU E B R RO A i
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(HPLC) , I 012 R0 T 12%75 %k CRF AR B A A L
FNGRAE PR TS5 8 r RS20, A 0 5838 TYP B AR of |
FIWIHAATY CRF B R RS2

1 ##
1.1 {28

20A % HPLC ¥ . ELSD-LT I %12 % S & 55 £ i
#% . SPD-M20A 7 — 4% 4 B4 51 (PDA) kI #% ( H 4% Shi-
madzu 2> 7)) ; Varioskan Flash 947 K494 X £ D el
FRAX . TSU300 %Y AL ik 7K F (3 [5] Thermo Fisher Scien-
tific 2y Al ) ; BS224S Bl J7 43 7 — L KV (18 5] Sartorius
3] 333000 7Y S L A (728 G&G /A ) ; DD-2 7Y
Fen A EEL T (b 5T AR i R Y7 R AT BR 2N 7] ) 5 3K 30
B E Sigma /A F] ) o
1.2 Z@m5ikH

JYP K HBled e R BERE Y Bl B B P BE R A
(R Ak Ty 12000 2 A I R 24 B B ot BEAE i) 15 P R B
002 ] S5 R 20180615 ,20180625 20180620,
KSR 0.05 g FRFEWE R BHME X BE  FE R 250k (N5
A BRFAT L] S 20130628, HAS - B4$ 5 g]; B
FH X R (1645 110781-201717, 4l : 96.9% ) . Kk
2N IR, (A5 110756-201512, 46 : 98.7% ) K & iy
X HR S (50 110796-201621 , 45 : 99.29% ) ¥ A v [E
B 29 A E ST B s LA K 6 (TL-6) IR IR AL [
Fa(TNF-a) | FR 25 IR 38 25 (PTH) il B¢ fe v W o)
(ELISA ) e il 3 751 G ( OR 2 o i B A 0 2 AR AT BRAA
AL M-S 4355k 385171104 ,569171102 468171104 ) 345
W & DA A LT (Ser) R R A& (BUN) IR & (R 3t
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HEREY TR T, #5543 31 20171022 ,20170913
20171024.,20171027) ; ZJiE  FF I Wi R 35 A f i i,
AR R A3l KR ZEIE K

1.3 4

SPF 4% SD K Bl , M2k 452 , 8 Al %, 14 i i 180~
220 g, M AR AL sh) hon ARt s A =]
IES : SCXK (#)2013-0002,

2 FHiEE&R

2.1 {EpESAERRSHNSENE

2.1.1 HEPTFSTENE BTIYPHREZHER
FHZK BRI, SO AT T2 B2k, AR BF ST vy T B
JUT 35 FE AR B A3 H5 HE FHFEO  RE I A2 i, DA UE L A
ool O P R E ) —

(D) 3% 554 (6% Agilent Zorbax SB-Cis(250
mmx4.6 mm, 5 pm) , K Sk 28 K UGN 2 (RS
BB 55 °C, ASE 17 :360 kPa) , i shAH b Z i -7k
(36:64, V/V) AL A 30 °C, ¥t A 1.0 mL/min, 4 &
420 pL.

(2) Bl 2%« QO 156 FF A ) B ol o, RS AR
SE IR S A7 ol AT v R 0.2 mg/mL Y X BE i
W QWUIYPRESIE &, W, KBRS 10 g, in A E
50 mL, ITFR R 1 b, SEad, 5% Y H EEEe 4 3 UK, IR
20 mL; & PRI, 78T, R K 50 mL %, 4K
TR IE T BEPRPEAEE 4 K, BRIK 40 mL; & 91 1E T B2
B, A2 0E T AR AT K U I 3 1K, K 40 mL, F1H
1% S A BN DRI 3 UK, BRI 40 mL s A FF VRIS, 7%
+, 5% FH IR AR 0T E A5 2 5 mL 8P, f5 47, BS
M T . DIBUER S BH M X R B 10 g, K AR
FE 45 b AR R A T A B X B

(3) % SRR 2 W A X BRI T A
VSR T X B VR A i, 4202, 1.1 (L) "0 g 2
PERENNE sk i I . a5 5L, o BE S A i
TRAEAR R B AT [R]— (o e, H BT BRI il T4
FAA T LT R A WL 1.

|
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Note: 1. astragaloside IV
Bl SaikEEEE(ER)
Fig 1 HPLC chromatograms (Astragalus membrana-

ceus)
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(4) £ 6 22 A R 5 it PR ARG T IR 2% 45« Lt R
TP SIS B RS SPR o, s e, T o e vk By
0.779 1 mg/mL [ 25 o A %25 W 13RI 45 7 0.07
0.14.0.28.0.35.0.42.0.49 mL, & T 1 mL &, i A et
FEZS, FEA] AR 43 90 54.537.,109.074,218.148
272.685.327.222 . 381.759 pg/mL AL X IR S IR , T
“2.1.1 (D) "R gk AR AR E e SR A DA
VR (pg/mL) 19 B SR X 8L (x) R AL by I TR AR Y B
SRITEL () A AR R UEA TR A [, A5 [B1)H 5 8k y =
1.225 4x+8.057 3(»=0.999 7) , 3 HH B 15 F 546 00 ot B
W LR VY Ll 54.537~381.759 pg/mL. 5 LLf5 IR 1L
10:1.3: 175 SR Kl PR 435124 0.010,0.003 pg/mL.

(5K B (EEM R MRS QR
“2.1.1(2) "I A5 A BOE L $02. 1.1 (1) IR g
SNSRI E 6 I, HE T NG . QBUE —Ht
JYP RS, $2242.1.1(2) "R 5 A 1l 2% 6 it
AV R, HEREINE B E A M, QW R EE MR
A [l — A R SR U, 4 ) T3 I & 0.3.6.9. 12,
18 h I HEREI A , B8R ihfasE e . @EUIYP#RS 4107,
530 FH PRI 5 3 45 A vk il e i v, ATR) —
AR HERENE , 8P R 2 . QIR E A& =
JYPHESH S g AEHME, e it 1:05.1:1,1: 1.5
I A T R s i , PR AR I AR P
O VR PR AR, BRI A, R SRR [ 2
ORGSR A FE MR R A (AR
2R ) B RSD H4/NT 2.0% A% Hb e o vk AR
sl VA VR 1)1 49 10 A T A 26 43 53] oy 101.80% . 100.37%
101.51% ,RSD 4351124 2.13% .2.08% .1.23% .

(6) FE 5t & B SE - BUIYP AL 10 g, AT 3407, 4%

“2.1.1(2) 7T 7 vkl A S U, P 2.1.1(1) 7 I
TS UEREINE 0 S T R, bR I R A
1R HEE AT 1P 5 i 0.102 mg/g s # A X [ % =
JYPFE S EE 0 o i/ CREE 2 M P S EE R A 1 &
ST JYP BT EE 2 1) B ) x 100 9% TR AR L B R
M ATA3% [Ho, iz 2015 4F R Hp [ 24 il ) (— 38 “ 3%
FE I B F A a0 R O AT B EE 2 R
B F A& 5 0.402 mg/g, 5 58 TYP 5 S 25 4
0.538 4 g].
2.1.2 RERMKED SEME hFIYPHHRRH.
FIAR[2015 4F g Hh 25 30 ) (—358) o 6 75 5 0 2 P54 A
S NCR A Gl ek = N W o (E i = SR L& W = Ve
PERAE) G2 I LMW G A 20 SR X UL T 2004k A
W HEN T REPT SRR R R R &
IR 7, DAPRUE L Bt ot i A A e 28—

(1) 8,38 4« (0354 & Agilent TC Cis (250 mm x
4.6 mm,5 pm) , KI5 K PDA K 2% , 4600k 4 254
nm, i A A HE-0.1 % B RIS W (75: 25, VIV) AETRA
25 °C, i K 1.0 mL/min, FFFEFE A 10 uL.,

China Phartmacy 2019 Vol 30 No. 1€ < 2195 -



(2) FEW ) 25« OBUR H 28  KB % B i 53
R B FRAE 0 VA A AR VR A0k 12 .24
pg/mL TR A X BE ST . QUIYP AL S &, e A
BARE 1.5 g, A H 2 25 mL, FRE BT i, InE A1 30
min, B, R BRI AR 0 B o o, 5T, BB R
B 5 mL, 5 J5 50, BRI N 8 % R RV K 10 mL,
A (I3, 250 W, 4% : 40 kHz) 4B 2 min, TR =44
FBE 10 mL, I I 1 by 5, & s =, =4
F B R PR AL 3 R, A UK 10 mL; & 9F =S W e 2 B0,
W [N R 22, AR N P A VS R E A5 2 10 mL i
R, AT, RIS HE S AR . IR v B X e
i 1.5 g RS BEFRAE , #ie bR A v R 25 O VA AR B
PR BRIV

(3) % @ P 6« 28 i B s o Bt Vs T At
VTR B BV A G i, 4502.1.2(1) "I (A &1
HEFENE  C S S R o g5, X BRI S i
TR AEAR R B AT ) — e, H M) BRI OC T4
KA LR R RAF B 2.

75 000 ﬁ 75 000 ,
7,50 000 IJ\ 7,50 000 1 m
= 25000 \ = 25000 |
0 R | 0 JMAWJLJ«&_N )
5 10 15 20 25 5 10 15 20 25
t,min t, min
AN BRI B
75 0004
7,50 0004
= 25000

o Moo

5 10 15 20 25
T p—
HBWN ¢ SPPN
Note: 1. emodin; 2. chrysophanol
B2 SuREeEE(KH)
Fig 2 HPLC chromatograms (Rheum palmatum)
(4) £ 2 2 LA K R i R ARG PR 2% 5%« UK B 3%
BT BE S 25105 1 AE AR, T HR st , T i o it
We 8439124 0.118 4.,0.180 5 mg/mL 18—V 4 Wi . K
S BB AR R R £ 0.25,0.50,1.00, 1.25, 150,
1.75 mL, K& I 45 7 0.35.0.70.1.40 . 1.75.2.10, 2.45
mL, & T [f— 10 mL &, i e 25, 350, RIS K
HOZ R > 9ol 2.960, 5.920, 11.840 ., 14.800,
17.760.,20.720 pg/mL, K ¥ M o7 i ¥ B2 43 03l o 6.318
12.635,25.270,31.588, 37.905,44.223 png/mL 1R & &
X R AV TR, $52.1.2(1) "I T (g S R E AR 2 i
ST . DARFIN A T i e BE (x, pg/mL) A AR bR L 06
TR () WA FRIEA TR M, 75 KB R KRB
] 59 7 #4391 Ky y=43 557.7x—29 724.5(;=0.999 1) .
y=59 374.6x—70 701.2(+=0.999 6 ) , £ P K i & K
Py Ao I BT Mk RE £k S B 43 i R 2.960~20.720
6.318~44.223 ng/mL. 75 LAfFEME b 10: 1,3 1045 K%
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R ORI A E R BR > 58 0.288.0.216 pg/mL, A6l B
435114 0.096 ,0.072 pg/mL .

(5) MG % A FE k%4 D
“2.1.2(2)7 T A5 R BOE L $202.1.2 (1) "I 3
PN LA E 6 I, H R AEEE . QHE —4it
JYPHRESD, $22.1.2(2) "I T I i A 7l & 6 A (i i i
W, AR, B E A M, W AR Z M5 1 [
— PR AR, i T E R N 0.1.2.3.6.9.12,
18,24 h i HEREI 22 , 55 FE MRS S M . DHLIYPRE 4
13, 53 5300 R RS AR 5 3 3 i o 2 i R L DA
] — AR HERE I 2 , 22 RS % . Q9 17 TS
A IYPHESL 0.75 g KEBEFRE , il e b 1:0.5.1: 1,
L2 15N AR ZR TR B B o o, P Ry 32 il
PRI HP o O VAR B VAT, SRR AR AR
MR, 55 K58 R R M R
K2 m (APRHEI &5 5) A RSD /N F3.0% 5
AR AP 0 TR A o T R P O [T iR 43 53]
7 99.78% . 98.91% . 97.18% , RSD 43 %l y 1.55% .
0.76 % .0.51 % ; KK  H | i BTt v AR S V2 Y e o
FE i 2645 51k 98.29% . 102.33% .98.94% , RSD 43+ 7]
$71.02% .0.32% .0.70% .

(6) B i S BRI 2 - B IYP RE SR 1.5 g, AT 3 40, 4%
“2.1.2(2) " HUF il A AEal S B 2.1.2(1) " 1
NSRRI E 0 S 0 TE R bR o 2R T
19 KB R IR Y 7 1 439 4 0.341.0.770 mg/g,
F RN 1111 me/g; %2.1.1(6) "I T A 1544
RN 97.90% [ Horp, 43 2015 4F Ji (b [ 24 i) (—3)
ORI AR B S R iR A 25 M e R R
FIC BT 4 2 2 50 6.322 mg/g, B 7L JYP o Kl 24
#0.179 5 ]

2.2 JYP X} CRF {28 X R GBI K B FE 4645
A

221 syl A RBRYERERFET d, R )5 BEHL A
RIE R AR SRS LA TYPAR A,
R 10 H MERERF

2.2.2 LRAFIEWE  RIRCP PRI e )
) AR 2 TR P 589 "0 ARL 4300 DA PR 3598 1.80 g/kg
(2 BN R SERIGR) B 19 L A5 33045 ) A S JYP 1.71
3.43.6.85 g/kg (43 4% BN N R 558 800 i 1Y 1741721
RS )AE A S S S 56 1 45 24557

2.2.3 MRV R 5/6 B VIR i A2 K B CRF 5
T G RS 10 9% 7K A SR TR , WA T3
VITFE R, Rk e Je 8 15 35 Ja , o A e A i T DIk 2/3
A IR A B 2 R R VIR A2 . IEHAR
SRS AR ) 5 R T TR I, 8 B I 5 A6, ki i 22
B, A4 5 IE RIS 4 K R K T AR
TRFRUK 45 45 24 20K FUHE B AR V. 2590 (20 mL/kg, ¥ DAk
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NEHD EH LK, ESE 12,
2.2.4  MSCAEAREEI R Geit ot o3 nl T (452
B FIARIER 255 1 h B AR BRI 20 25 13 L >R
ELISA 7 LA AR (SR 1L #5 H Ser BUN (45 25 il K 45 2
JE ) VAR PTH RAE A 7~ (45245 )5 ) & ik, 3 BiR L
L T A € 3 Ml R G DN G I 5 ot 2 (R
2y ) o TR IRAH BRG] SO A5 ER 1 . SR SPSS
22.0 AR B IEA TG 0T RGBT £ 5 0%,
Z2 A 1A LR F R DR 3107 2253 # , 2R IA] BRI SNK
8% Dunnett’ s T3 35, AH 56 M 43 #1 2% FH Pearson 15, P<<
0.05 hZEFA GRS AR IR L R 2,
®1 SHEKXRRAHHEME Ser BUNSEEE (x+
s,n=10, pmol/L)
Tab 1 Comparison of serum contents of Scr and BUN
in rats of each group before and after admini-
stration(x+s,n=10, pmol/L)

s E ) LR

Ser BUN Ser BUN
il 7246+2530 460£0.38 793842746 1904032
fi 151.90+82.25° 11.35+2.74* 349534 5084089
IREEH 152.343090°" 1209389 0276436.0470 3034 1447
TYPIERIEE  15052429.18" 13374634 143893703 35610467
JYPRAIEA 162822910 10541 147" T30EDSIIFY 3090797
IYPEFIEAL 15583424357 10.03£157" ST97£1002% 3180457

T SRR S, " P<0.01; SRR AL, #P<<0.01; 5 [F4 45
2T L, P<<0.01
Note: vs. normal group, ™ *P<<0.01; vs. model group, “P<<0.01;

vs. the same group before administration, **P<<0.01
®2 BAXREHRFMES MBEMRERFEEHLER
(xts,n=10)
Tab 2 Comparison of the contents of blood calcium,
phosphorus and inflammatory factors in rats
of each group(x+s,n=10)

Al 1055, mmol/L LB, mmol/L PTH, pg/mL IL-6,pg/mL  TNF-a,pg/mL
e 1654009 2120022 2536841293 468+182 236742152
R 13950137 2520092 2572442438 1347175 47035163647
IR 146+0.19 236+047 1830143885 9554314 19609+ 1189"
IYPIGAIEA 1572015 2164008 1881242595 9594330 205.19+30.86"
IYPEABA 16630107 2098034 17642£15807  828+210°  185.1242623"
JYPRAEA 1731007 2151072 16192£17.06% 761255 173.18+1370%

T SIEH A A, " P<0.01; SR HL 4%, “P<<0.05,7P<<0.01
Note: vs. normal group, **P<<0.01; vs. model group, “P<<0.05,
#P<0.01

H 2 1 AT D, S A (2R 24D , B2 A5 25 25 40 K
ALY Ser BUN & it M55 IE # 4L  ETH 7, 2RI 4
T B L (P<0.01). 52y, BEARLA K BRI ¥ Ser.
BUN % f B8 0E 8 20 10 2 T i, 5 4% 25 245 20 K B
Scr BUN 5 12 Y 50A5 0 20 1 [R) 4 45 24 i 4 5 TR A1, 22 5%
WA SR X (P<0.01),

MR 2] 0L, 51 4 H A, B R UM S % 2 8
FREAK, IL-6 \TNF-a % 35 B 5 T, 2 A Gl
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HY(P<0.01), SEEARIHHHE, TYP 55 & 2H K
% 5 1 N T i 5 PR EE I 2H R BUIMLTE PTH 3% 6,
JYPH 4] PTH  IL-6 75 DL K 4% 25 2541 TNF-o iy
B AR, 22 B A Gt 3 L (P<<0.05 5 P<
0.01) o fH JYP X K B 8 &5 4 59 52 0 o 48 1 7 5
(P>0.05),
2.25  RIEH T GEBEAAOCTEPRAARICHE T
T CRF A BREG B Z AL A Ik RAER S, 38 b P
ANTRIFR B AR RS, A 5% R ] Pearson £ 50 7%
BT & 4 2 2H R BRI A IR 5 S AR AR DG 6 b
AR M . SR R, A 25 25 AR B R AE A 1 TL-6
TNF-o 55 IfiL 5% | I @  PTH A9 AH OGP 3 e 4t 12 3
(P>0.05), 7L 3.
x3 RIERTFEHEBHCIEECIERAVE K

Tab 3 Correlation between inflammatory factors and

related indexes of calcium and phosphorus me-

tabolism
RE - EHR R4l Jyp{EA JYPRES JYeERlEA
53 et r P r P r P r P
6 I -022 064 025 060 005 091 —020 070
it —057 024 008 087  —046 044  —194 076
PTH 004 093 046 030 005 091 —0.64 017
TNF-a 15 014 01 -0l 08 =005 090  —063 0.10
it 057 018  —041 050 005 093  —044 045
PTH 029 045  —062 014 0.6 069 007 087

3 Wig
3.1 BENERIRE S HIEER T EIMRA
PR BEOF TR, B R B R AR B B
A RLAF A GBI A JEAE I 70K A L AT
Aifl s B D RESEAE I [, = FH A B R R
TR FR T, S B , PR E ™, B TY P B3
T8 AT BCR 25 B B B AR K T
AR AR R , i 25 8 R B R AR B B o by
PEAZY T A M B R AR , 2 e el Tk, L
SEH JYP B BRI R
AWFFES BESCHR 19T . 188 P R A9 5 S 5 5
5 B DL OKAR sk 0], il 45 00 B b o5 VR
JERR , HATE LAY W AR B W8I K B
FER 2% WO SR Ry 1 9% SR ANV T, LRSS
AR AR B AL IR B BB AR A B ARCR , HIgE
By, IR EELCRR, SR R R, AT TR
R S R E
HAMERTFE L R, 2B R BB R 5 — A R0E
JI G 7 T S I 2 Y DO AR SR A T BB
FRARL, FHRER, MR 2l AR | GG AE AR A A
A i 48 7 IR ERE W AT 1 ORI R AN
B 5 BT A 2 B VR DA KR T AR B R
Rl B AR ST B A2y L 2 RSB AR ) 5
I E T A KB, i T AR TS R 2R M 2 ke IR
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A2y, SO E R R 2R £, T ™, Bk
ZePAE T S BRI AL LR AR S A B T K
SRR A AR A e HL M R R RS R B R AR
WEE R 12 R 0 S F6 R o

Dy 2 g 2 SR S R Won AT ST I B A HPLC 7
fAp i P, ol PR E R AT R R KRE B E
Mo TEJELERFoE P AN E— 2 A B 88 S R
R 2 R R TR ) N A i L DA — 2P 5 %
JYP (i e A
3.2 FNEIEPAMEZ YR ERE

25 RS B N S BR AIF IS UE 52, DR 7 1 Ok —Fh A
B R 25 52 5 IR AR IR IR © A5 20 2419 b F i
o, Xt CRF HAT R A97 300, SOAR A 52 3k 6 DR 443 175
BAER BAPEXT B . A58 45 SR R, PREE 0kL AT & 2%
WA CRE A3 K BRLIML 7 Ser BUN & &, it L 5 ohdg
TR E PTH 095 5, ] 285 A F TNF-a ) %35,
5B AT SCHR A 45 AR —
3.3 JYP Xt CRF# 2K R X I5FRAIE M0

JYP 23T B RIMXBAJ e 2 F AR 1 B
W, FEEA R BEIATT IS B ) 20 ARG PRZT0 B
SETIAS A 8 T R o %0 E R 2R A A AR T B
s 2] R Ll 2 f RN LB R A o e
2l 5 PR B K BE i i A, SRR TR AR IR A TR, 3
TS FESE AR, K TS o S HERR
OB, A2, TS DG TR K 8 TS T T AR
43 2 75 5 5 H R ANE 25 5 15 255, ok f
Jith , FeZR AR 2R B S AL DT, ARG T
JYP Xf CRF #81 K fl Scr . BUN A A A K 48 4 K 1
EMARAR R . S5 BRI (A 2000 , B
H AN 25 25 4H K FRUIMTE Ser . BUN S 45 \F H 4H B 2%
This , $8 8 K RS ThRe sz 2600 BRI . A2
Ji5 , AR 4 K BRI I Ser . BUN 2 285 1F % 21 1 2 7+
T4 25 2540 K UM Ser Al BUN 2 i A 45 750 45
[ 2H 25 2 iy 3 WA L 32738 TY'P ] ARG CRF AR K B
% Ser . BUN & i, MR H B Uhie

AWFFE L5 R BN, 5 IEH 4L b, BRI 41K Rl
S B B RAIG, IL-6 . TNF-0 & & 3% 5.3 7H sy, $2m
CRF 0] K BUAR PSR I8FZEL L 20 1k 38
SRR LA, TY P o e AR e 2K R AT i 34 2 T
B VREE TR 40K BN PTH & & L, JYP L & R 4l
PTH . IL-6 &5 & LA K 4% 45 25 20 TNF-o &5 1) B8 BRI, 32
7N IYP RIS AR BR AR Y S A5 35 L , 4 il R 0 B 111
Fik o ABABIFE IR K IR TY P %A Bl 2 ik ) S i,
HEAMLRAT R 2t T R R .

FH F CRF & 7ES % B AN [R) B B Hh A A AN ] A il
RIEFER AW — 58T SAER T i 545
BEACI AR R PR B AR M . S5 SR BN, RIE R F 1L-6,
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TNF-o 5 45 @ A A G A8 AR TC B 2 A G, X 5 e
SCHR R 45 R PIEAR — 2 HER RN, WaE R
TR ES IS, 2R 42 IR B, CKD 4~5 191 i

I3 E5 W FR 5 SEE R - (IL-6 R C S b 8 1) AT

K, TMAE CKD 1~3 B 3 th AR A B2 AR GME . Hh

BERT UL, ASBIFFE 5 TE A R — 2 iE

25 FRTR  ASHEST 7 1 HPLC VA fRE & Jm PR |

R, FTHTIYP i AT KSR KW

T UK TY P BT ] TYP A] 20 CRF ALK B

B DR, LA A ZE L, I R AE R i3k
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OE B8 AR 0 B A 1A BT 2 58 (eBF2K) #70) A) s F , 4 eBF2K ¥ 7 09 % it AR A RAL A HE . ik R
AR R AL A R M & eEF2K B & dh Ak M AL S+ 34T Loop At Fe o F 3 71 464, 45 B SAVES £ &R 4~ % A Verify 3D .EE-
RAT Fods K B 4 3 A7 do 5T bk AR gk 473F 48 . SR 55 /> eEF2K 494 7 /s 5-F , 4% J Insight Il #4242 P 89 28 AN (%5 4 4,
F A GG ) A A e LA E TR 46 7 69 Hypogen 25 st HIBE AL | A 55 S0 2T AN (%3 5 A B AL, & A 3K 4R ) #E 47 B iE | 3 it
TP B A ) ARG i 32K (pICao) TR L & S5 {E 544 8) Ligand profiler 2% B 7 ik Sk 25 s B AR . 454 Lk 25 3 H AL A fm
Lipinski ZAHLR | 4 a4 7 ik it 47 eBF2K ) s o F 09 i if i . 45 R 5 4536 AT s eEF2K & & b Ak 5 M B A o AR R 2 B
F 4 93.697, 2 F 83.33% 44 R I B% Verify 3D 134 =0.2, B4 T RAF R AR ILER b R ILBR B 5009 1.7% , AR LB M E A F
BRI BRI EG, RAME T 9A LA ELTRM 2 4849 Hypogen 25 2 B A7 (02~105 ), 47 03 5 Zh 2 AL AL 61,42/
S DA 2 BT B, T TAFIR AR F AT, HplCo FRMME S JL 5B 3 A 3R 47 (B X 2 40 0.665 3) , AL A 4247
89 TR A Ay A B 8 T e, B A BT R R 43R AT 9 AN A2 49 eBF2K 4 ) 71 /) - F (pICs, FUMMAEL % 1.074~1.185, 4 F 5% &
A8 Z 4 /A 44 Dcoking-score 134~ 4 —9.730~ —7.467) , 3£ ¥ Pro268 . Asp267.GIn171 ,Phel21 .Glu212 7T 4% eEF2K #7417 5 e & %
G EAE R 6 s R AR 5 X L A4 AR K. ER ST A 2R A eEF2K 305 FI AT L 49 56 51064

KEBIR A AEAY BT 23808 ; k) R s o B R ABLEE s Hypogen 26 20 H) 5 41 x4 5 B 400 it

Study on Homology Modeling of eEF2K Protein and Virtual Screening of Its Inhibitors Molecules

LI Yumei', KONG Yan’, YU Dayong', SONG Yu', TANG Chuan', SHI Liying’ (1. School of Life Sciences and
Technology, Dalian University, Liaoning Dalian 116622, China; 2. Dept. of Oncology, Dalian Third People’s
Hospital, Liaoning Dalian 116033, China; 3. Institute of Materia Medica, Dalian University, Liaoning Dalian
116622, China)

ABSTRACT OBJECTIVE: To screen potential eEF2K inhibitor molecules, and to provide reference for the design and R&D of
eEF2K inhibitor. METHODS: The eEF2K crystal structure model was constructed by homology modeling technique. The model
was optimized by Loop optimization and molecular dynamics. With the help of SAVES online server, the above models were
evaluated from three aspects such as Verify 3D, EERAT and Laplace diagram. Totally 55 eEF2K inhibitor molecules were
collected. Hypogen pharmacophore model with activity prediction ability was constructed based on 28 of them (odd number, as
training set) by Insight Il software and validated by other 27 (even number, as test set). The optimal pharmacophore model was
screened by fitting the predicted and experimental values of activity [i.e. negative logarithm of half inhibitory concentration (pICs)]

and using Ligand profiler thermogram. The virtual screening of small molecules of eEF2K inhibitors was carried out by combining
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