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Protection Effect of Panax Notoginseng Saponins in Rats with

Cisplatin-induced Nephrotoxicity
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[ Abstract ] Objective: To investigate the protective effects of panax notoginseng saponins ( PNS) in rats
with early stage of cisplatin-induced nephrotoxicity through serum metabonomic analysis. Method: The rats
received intraperitoneal injection with a single dose of cisplatin, and a subset of rats were also intraperitoneally
injected with PNS once a day. After 24 hours, the renal functions of the rats were evaluated; the pathological
changes of renal tissues were observed by using hematoxylin-eosin staining ( HE) ; and the serum metabolic profiles
were analyzed by using nuclear magnetic resonance-based metabonomics technology. Result: PNS decreased the
concentration of serum creatinine ( SCr) and blood urea nitrogen ( BUN) , and improved the renal histopathological
damages. Additionally, principal component analysis ( PCA), partial least squares discriminant analysis ( PLS-
DA) and orthogonal partial least squares discriminant analysis ( OPLS-DA) of the serum samples showed a clear
difference for the normal control group from cisplatin-only group and the cisplatin-PNS group, and showed a part
overlap between the cisplatin-only group and the cisplatin-PNS group. Moreover, acetone, n-acetyl glycoprotein

signals, pyruvate, lipid and very low density lipoprotein ( VLDL) expression levels were lower, while glucose,
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valine and tyrosine expression levels were higher in the cisplatin-only group and the cisplatin-PNS group when
compared with the normal control group. The expression level of lactate in the cisplatin-only group was higher than
that in the cisplatin-PNS group. In addition, the expression level of phenylalanine in cisplatin-PNS group and
normal control group was higher, while the expression level of tyrosine was lower than those in the cisplatin-only
group. Metabolic pathways of different metabolites mainly included pentose-phosphate pathway, glycolysis /
gluconeogenesis pathways, pyruvate pathways and other pathways related with energy metabolism. Conclusion;

PNS had a protective effect on cisplatin-induced nephrotoxicity, and its protective mechanism may be associated

with reversing the disturbed metabolism induced by cisplatin, especially the disturbed energy metabolism.

[ Key words ]

metabonomic; serum

I 2 W b 7 ) e T B AR Y 2 > — L {HLE
T S B ST s PR 09 2 R R N 2 — o I
BB TR RO HLE B R SE A I . 2 T BRI 9 2 B
BLE 7T BE ¥ B Z A HLH (2 55 DNA 45045 | %8016 0
-1 P AR SIE: ) U8 SR (11 = R 1 7 =
A1 48 LA B R R 25 . = b MR
(PNS) RfEgh iz = LW, &4 — R 5% 1
WAy, AR = BB R, LR A S B Re,, Rb,,
Re 25 Z k4. I, PNS H AT £ F0 25 8E I, Lk
nH A FUE T R S5 . WS & B PNS fig
ThiE B /N b B 20 A R AR A B R
BRI 375 JULISF (SCr) |, 1l JR 26 6 ( BUN) /K-, P B i {4
OB PR I T AR 06 7 T8 R, PNS A L g
AR E T RE 40 IR 2B K 3 SR IR B B AR A
FI' L BRI R Ah , A R 2H T 35 B 5T & B PNS {34
A 451 2 FT R S L A B A e bl
BT E R 0 5132 L R PNS Xt EL AR B0 VR 8
Je AR LA T A R T B R AT
EX B R S

JEF R ALIR (" H-NMR) B9 R 20 2 1 R 2 v
MR 22— AT T 2 T TR R G
J& UL 25 INA T AR R R LA R . B
G A IR )T H-NMR A 3 4 27 07 12 0F 58
BN R A TR I R A A b AR B 4% 3
AR08 7 T, Portilla 25 BFSY &
B, F T H-NMR AR 5 20 27 %oF I 471 52 52k B A 7R T
HEAT R, 45 SR 2 W], 3% 05 12 T 0 TR 9 47 S 1
AR AR . Kwon 4513 1 30 4 JR W ' H-
NMR 3% F5 0000 00 350 493 5 10 4 o 5 4, O & LA
PO T LS R R M R BB . (AR L
A A B 451 % K PNS T 995 o B I 3 1 # i 4
SEWFFARE o A SCH R H-NMR 355 2 2 45 AR %
G471 45 2 B R PNS T S A BRI 3 19 A% 38 4

panax notoginseng saponins; cisplatin; nephrotoxicity; nuclear magnetic resonance;

HEATHESE , LA R 58 M H8 0 MOTAT B 450 3 L S PNS {47
YERIR 737 AL, S PR R IR 3P 259 .
1w

SD HEPEIR B 45 2, A (200 £20) g, )P
BERL R S8 s ) b 4R 43, S AR IE S SCXK ()
2009-0002 . 28] P4 = Bk K 2 3 ) 18 B 2 51 4 At ofE
(L= 12061726)

=L R HORY B [P A M A 2 (4R AT By
AR AL 45 20110115 ], 0 AF by 41 591 (5% & il 24
AR F L # 5 0070152DB) , LR (SCr) , JR £ &
(BUN) ,B-N-£ Bt e 5 4 %5 0% 11 B (NAG) il 5 &
(P BUEE R AR W) AR BF ST B, i 5 43 0 S COLl-1,
C013-2, A031), H /K (D,0), s L = & W %
(CDCl, ), TSP ( ¢ [# Cambridge Isotope Laboratories
N, #S 4 5 DLM-4TPB-PK, DLM-66 , DLM-48-
PK) .

Varian Inova 600 MHz #% #f 97 % 3% ¢ ( 22 [H
Varian 23 @ ), WG-1000-7 # ¥ ff 2k 4 (NMR) &
(d =5 mm, 3 [F Wilmad-Labglass 2y #] ) ,

2 FHiE

2.1 Y ks S REAKREBERFAMT A
MR ROK, el P SR 1 S BEALAY 3 4,
RIS K, IEWH S TR R AR R K I ZH
4T BRI LR (5 mg-kg™') o PNS THIA LA T
BSR4 (5 mg-kg ), L T PNS(31.35 mg-
kg™') o WBUEIZLHI PNS T 41k BUAA T UG K i &
B . WA, PNS 25 2457 & 2 B8l i 19 I R
JH 7 8 4 A Sy R Bl A &4 24 79 e A DR £ i 4 AT
FART TR R MR A R
24 h 5, BT A R B KO B SG E BE 2 4 (30 mg -
kg ™) HEATIRR I, SR AR B P L K 1) 42 1M 3 000 r-
min ', B0 15 min, 7E -80 C#& .

2.2 [fi{& BUN,SCr FIJRK NAG ¥ B2 & R H 4

- 105 -



22 B 21
2016 £ 11 H

RESSEAFZERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol.22,No. 21
Nov. ,2016

ARt R 22 3k 43 ) E K BRI SCr, BUN [ 7K
o I R M L 63 D K BRUR T NAG & &
JIT A AR 1 T A 4 R & B I 5 R AT

2.3 HE LA EHLSURHIE S ¥ E  HAHL
28 10% 7K E RIS 5 8 A0 A Y0 R S 3R AT
HE Yo 179 B2 S 4G 2

2.4 FESLALFEFD NMR BCHlE R AR I 3K 92 ool
(600 mmol-L~",pH 7.4) [l : k5 % #x Bt K,HPO, -
3H,0 2.213 0 g fil NaH,PO,-2H,0 0.378 2 ¢ & F
20 mL &, A D,0 &% 20 mL, 153 K,HPO,
Ml NaH,PO, BE/R LKy 4:1,

Bl g 400 pL % T 1.5 mL g.0% S8 5
A3 2% shilg 30 wL A1 D,0 170 wL, 8 HETR &) 1
min, #RJ5 4 °C,12 000 r-min ' Z.0> 10 min, B [
500 wL & TS, TR,

NMR 5256 5% AR 3 418 6 3% X (600 MHz) ,'H
LR A AR I 599. 91 Haz, 4 1] it 35 i A 5% 56 >R FH 7K
WD I B4 Carr-Purcell-Meiboom-Gill( CPMG) [¥ 31 , it
WHEIR 2 s, SRAENT[E] 0. 998 4 s, i %% 8 012. 8 Hz, Ji
JE 25 °C, B [El S E] 100 ms, SN 128 1K,
2.5 R AL 0k A A b B 22 A i gt A A
{#i | MestReNova &4 (V7. 1) X} fFr G NMR 3% & o
A7 T A S AR S, R A R B LRI, B e bR 5 b
B, T A 1 VR R AT (6 57 AR 46 B 34 3fe D) B 5 IR
1 Hz 046 5 v oR B0 DL 4 = {5 M bl o Xl 3
CPMG Jik #h 51 %4 , BL53 [X 8] 6 5. 90 ~5.50 , F4)
(B #E >4 0. 002, [A] B 25 PR IX [H] 6 5.90 ~5.50 JR R g
H185.22 ~4.30 K,

f#i | SIMCA-P* #& 4 ( V11.0, Umetrics AB,
Umea, Sweden) X} IH—4k J& /) B8 E 47 855 20U 2
AR AT o FE B A3 AT (PCA) {1 s A 48 53 1) %K
b B 5 5 0 55 A R /> 3 k- A0 ) 43 B ( PLS-
DA ) feff JH] 35 480 53 %) B840 A B2 460 55 07 X5 PLS-DA SR
FH 12 138 SCBGIF 76 X AR R 1) 5T 8 2R AT 56 E , I F 5
TEJG 19 B0 S50 R X R Q7 (43 A% 2 A5 8 ] fift e 14
A g RIS 700 (%) ] 000 B ) %o A AR A A v 1 AT A
JEXF PLS-DA #55 # 39F 47 1F 58 i 5 /> — 3 -1 1] 43
Hr (OPLS-DA) , f: R Ak Ml ™y I 55 7Y Py 355 AN [|] 4001 =2
A g 25 5
2.6 EFARUWWMTHESEE @il OPLS-DA 4
BT, LA B A Bt 45 A8 0 HH L B4 AH 6 SR80, F B gt &
SR E— 2 A9 . AEAHOC R EE R R —
AN S () 27 (5 FEAR WA 22 0 5 AR (R AH 3 )5 i
AT RO 1 LA e 4 o SR 5 550 L P4 AH G R 50 B

- 106 -

FHEATHOA 15 3 51 4 18] 25 5 A9 A .

2.7 GitEgrik SR SPSS 16,0 483t 2% S Xt
SR M FE AT AL BRI HT . ALIE) HEECR AR R
250 HT (ANOVA) , ¥R R & s R, P <
0.05 FEFAGI=E L,

3 &8

3.1 PNS %k B & SCr, BUN 1R NAG /K1
M R NAG K OV-7E 4 41 2 [ A W A8 1k .
A ASE TR 21 A BRI 5 SCr A BUN B9 7K SF- 15 1 2% v
FIE# A" . PNS + 3 o] ff K KL SCr A1 BUN
(¥ 7K - 5835 WA, T JR NAG (39 7K F- 75 4 18] 3% A
BEER,

3.2 PNSXI AR BAL R ENER R HE
e 1k HEAT 1 2 0 R 2R R A, 2 SR I O I AR A
R B B /NG b B R M K e B N A e e A
PNS it g3 Kk U 2 4L B i L I 1

C. IEWEH s M. JWTAAZH ;D. PNS THIH (B 2 ~5,% 1 [)
B 1 PNSMARBHLREFHIM(HE, x400)

Fig.1 Histomorphological examination of rat renal tissue( HE, x400)

3.3 PNS Xt oK B 35 A 155 75 4 5 )

3.3.1 [ H-NMR SGiga#r  1E % 41 04A 41 70
PNS F i 20 14 %" H-NMR 3% [&] WL 1€ 2, 3 1 K R
f 1375 H-NMR 3% 20 M, 4 21— 250 B9 1R 4, 0
& OBEC TR SR PR A 7 W AR B IR AR A
IR R 5

B2 #HAKXRME 600 MHz 'H-NMR i (50.5~5.5,5.5~9.0)
Fig.2 Representative 600 MHz 'H-NMR spectra of serum samples
obtained from three groups(50.5 ~5.5 and §5.5~9.0)

3.3.2 i iE A 2 UL e B R R B I
TR A A K3 2E 17 PCA 23 M B, I 41 41\ PNS
TR R PCA 15373 151 5878 1X 79 4 4 ] Ik IX 73



22 B 21 M
2016 4£ 11 H

HEREAFFERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol.22,No. 21
Nov. ,2016

TFIEH 4. BRI AL 7 41 Fn PNS - il 41 ) #F A
SRR RSy B R R R B3 WA 4 Z B AE TR
— & WYX 43, PNS - il 4 i B A 32 22 45 A 7 — 4k 1A
AR AEM . DL 3,

] c o M * D
4 9‘}
1.0 Coh
wu,,)
05 o @ o ¢ g
- o ° Cy
B L]
200 - ? =
5 » LS 04
z -0.5 0- u foz
el -
1.0 / ~oa§
[02 &
L] 04 <
-2 -1 0 1 2 06
PC1 (57.0%)
g’ =4k
R*X =76.2% , Q* =0.716 R*X =83.3% , Q* =0.756

E3 KAz Ei#T PCA HIFENES
Fig.3 Scores plots of PCA analysis from three groups

75 PLS-DA BRI B GE [ b ([ 4, %) R, Q0° %
B0y BIAC FAE REHLAL v A5 H AR TR 6 B0 11 it B e
£ LXK TR B T B 7, [ 0 % B AR K, 5
Fy AR B /)N, 52 7% 5 0 9 3 e, A6 7 1) T M)
Ll 5 v 22 3 A AT — Yk B WL HE 51 72 A 1 R, Q°
57N T A S B D A, 15 T A A R i T i 1 K
TAEAT— U BEHLHES y A5 42 00 T B8 7, B AE 20 A
o MIE 4 T, A2 5 IE ¥ 2 [ (RPX =

17.3% , R°Y =96.4% , Q° =0.514) ,PNS -zl 5
EH 2z (RPX =20.3%, R°Y =94.2% , Q° =
0. 549) A7 W Kb (%) 25 5, 7 HL 3k W5 > 40 5 1F 8 %
HRZH 22 [A] i) 25 5 B A R4 i) L S M R0 Al il 2 o Ot
AR RIZ AT PNS W2 Z 0] 1) 22 5 B R 79 5
S E T AL (R'X =21.6% , R°Y =90.3% ,
0’ =0.342),

= C « M R? 02
1.0
307 1 0.8 1
201 . i 1
_ 10/ & |- 0.6
SO -t 04 .
~ 101 “; - .
20 02 i |
=301 0.0 /I 1 u
40 20 0 20 40 02 .

1] 0 02 04 06 08 1.0

B4 KXRIMFEPLS-DABSE(L)MKIEE(A)
Fig.4 PLS-DA scores plots and verification plots

M OPLS-DA #8453 (&l 5) w] WL, 1E % 20 5 i
BRI W3 % 5 (R°X =17.3% , Q° =0.749),
AT AR B R ORI AT TN AR Q7 UE AR B 5 K
BRIV B ) 5 1E 8 415 PNS - Tl 4 o A7 i 3 2%
2(R’X =20.3% , Q7 =0.659) ; JIfi 4145 %I 2 Fi1 PNS
FHA (RX =21.6%, Q° =0.129), af # ) ¥4
PR A

s C e M
40 10 e 400 " ——ii ]
A |
20 /¥ S| e Al 20T | sl I°-8
@) " ) | 1] o kel | 06
! “ | !
= 0 bl ] '{ 0 p.”pl,m [1]% A -Lq A
= L | I 1 ) I
» 4 ¥ A 0.4
-20 -5 -200 1.1
U‘ 042
-40 () — 400 . . . I
-40 -20 0 20 40 858 75 7 65 6 5 4 3 2 1 0
t[1]P
R*X =17.3% , Q> =0.749

5 XRMm#E OPLS-DA G5 E (£)MEKRMMBE(F.H)

Fig.5 OPLS-DA scores plots and corresponding coefficient loading plots

3.3.3 ZEHMNUYMIHES%E  #id OPLS-DA
I, LA B a3 A 25 A AR N B A 5 2R 880, W A et
B A AT HE— A TERSE R B
K A — A7 Y Ao {45 A 9 O 22 1907 7 AR EL A
e Jei HEAT KA B [0 P e o AR 5 A B A O R R
I S AE R 2E 17 HE X, 15 3 5k 41 18] 22 5 i A0 90 .
1 50 A A R 3R 22 A

3.3.4 UMY LG s T
KEGG i J7e , WU BCH 38 3 A PNS s ) £Q

R SR L 2, xRS S T K
AR Wl I A/ B S 2R AT, DL R H R | 22 & R 9
R A A5 A B, AT 3K 3 Jr 4% 5 TN I R 4
WA G, B AE B A R i 2 R IR,k S AR 3
1 e S B T RE S IDURA A5 R PNS B9 U G o
4 tig

A PR 2H R A i P AR AR 2H B F 5 R BRI
BRI PNS = 1Us 5300 i 3 AU a0 el . AR AR S
56 v R BRI I T A B WA S L BUN A SCr

- 107 -



22 B 21
2016 £ 11 H

RESSEAFZERE

Chinese Journal of Experimental Traditional Medical Formulae

Vol.22,No. 21
Nov. ,2016

F1 JFEZEEZHME G EEXE

Table 1 Major serum metabolites of each group
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