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A= N2 Effect of Rhodiola on the

XA LPO Peroxidative Damage Model in
A 28 1) 5% Microsomes

WA /2 TR S/ W LI Jia-lin, HAI Chun-xu”, LIANG Xin, LIU Rui, WANG Peng
(5 Y 25 B R 2 Ty 1. 27 2 2 B 24 0T =5, Bk ( Department of Toxicology, Fourth Military Medical University,
P94 710032) Xi“an 710032, Shaanxi> China)
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RELSEYIFIK 2D o F5 DTUE vE SR BUHEYE SD K BURFHORE A4 o SR FH DUMBUR 71 Ve /Fe? i S 57 A (Cumine  hydroperoxide, CHP) < CCly/
4 11 (Nicotinamide-adenine dinucleotide phosphate, NADP) FIE I ZY4H 5 11 (Reduced form of nicotinamide-adenine dinucleotide phosphate
NADPH)- it Z %82 (Adenosine diphosphate, ADP) /Fe? *# 4Ok A4 IR 5T i 84k (Lipid peroxidation, LPO) B2, IIAMREES 25 mg/ml.
12.5 mg/ml+6.25 mg/ml~3.13 mg/mls 1.56 mg/ml [FEL5REESRMIRIKEEY), WERAE 4 PR R G b HUEWAE/ . 76 Ve/Fe? * CHP.
CCly/NADP A7 P ik Ll (432500 52 % 7 — 8% (Malondialdehydes MDA) I3 7E H] , NADPH-ADP/ Fe? #5570 3 job 460 i AR V2 ) o o o A 2 11
PHEER . g 2R RKIEWITEMREE N 6.25~25.00 mg/ ml G, H CHP BB MDA & & AKX TRH LRI AON 4. 78
Ve/Fe” "« CHP 1 CCL/NADP KT, 21 5t R BRI MUK IR Y 2R 4L MDA & AR 3 B30T X IR 4L, JF HAE — @ & Rk EN A
FUHE - VKR o fE NADPH-ADP/Fe? *BEAY i, 5 iy i 2 (1 WE SR A K S M IR I 3 73 A B 769% R 43% - Zik: LLSCRITPIRT IR
YA BORIIPUAAAE I, IR AR — B AR BN IR R o L 2L R BEAR YN W 2 15 1 S5 S R A RS T /K 329 o PR B T
LU R BUEAACAE FIFIDL], Ho 85 RO 205 RAE B th S50 Th iR DR 1 IR B T SEse ik 4

cin) 2R, il BEpad sl Sk
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[ ABSTRACT] BACKGROUND & AIM: To investigate the antioxidative action of the ethanol and water extract of
Rhodiola and their dose relationship. MATERIAL AND METHODS: Sprague-Dawley rats were killed and the livers were
removed to isolate the microsomes by calcium ion precipitation. The ethanol and water of Rhodiola were extracted by
recirculating and boiling. Four LPO models were built which were stimulated by Ve/Fe®*, CHP, CCl,/ NADP and
NADPH-ADP/ Fe’*. Two different extracts were added into four models and titrated to final concentrations of 25
mg/ml, 12.5 mg/ml, 6.25 mg/ml, 3.13 mg/ml and 1.56 mg/ml. Then the contents of malondialdehyde (MDA) were
measured to assess the antioxidative action of Rhodiola extracts in the first three models.The electrode oxygraph was used
to determine the inhibition rate of oxygen consumption in NADPH-ADP/ Fe®* model. RESULTS: In CHP model,
compared with control group, the content of MDA in group 6.25, 12.5 and 25.00 mg/ml of water extract decreased
significantly (P <0.05) . In the Vc/ Fe’*s CHP and CCly/ NADP models, the content of MDA in those groups with
different dosages of the two extracts decreased significantly(P <0.01), and there was dose-dependent relationship
between the final concentration and the inhibition rate of MDA to some extent.In NADPH-ADP/Fe®* model, the inhibition

rates of the highest concentration of the ethanol and water extracts reached 76% and 43%, respectively. CONCLUSION:
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The two extracts of Rhodiola had good antioxidative effects. The ethanol extract had comparatively stronger effect in the

models containing enzymes.

I kEy worDs] thodiola; antioxidative; lipid peroxidation;

215K (Rhodiola) F5CRFHL SR JEMY), K>
KT 3 500~ 5 000 m A5 A7 L UK ) 1 b %, I
FILDIREA : PUBLEL PP ST+ 0 PO 8 (0 X0 ) 3 5
SELR 5 ZAE H PUREAE F S BUdm S AR R B e 4 FH 6 Y
3 U FR G (0L Y 1A A5 o ARSI 6 41 SR AT T
FEIURI 7K LI, I F 22 P BoRr 4 B 401 701 97 B 4SS L T 5
PRAT S ) B P A ) B RO R &R

1 MRSFE

1.1 3WMZM  —ZuEbE sp KR 20 2, (A
H 180 ~200 g, HHEE DY 4L K2 SEER B bt K
TELL 5 R —G0h 500 g, IO TP JT A3 B M i 7

1.2 FERHEGNEE  MICEZR (Thiobarbi-
turic acid, TBA) , I 483 % N 2K (CHP) 4l T (NADPH,
6-) Tl 1R ] 2 B (glucose 6-phosphate, G-6-P), 6- iG]
B 11 2015 (glucose-6-phosphate dehydrogenase , G-6-PD) 351 4
Sigma /= fii s NADP A Genview 77 %%, MDA b #fE i by
Merck 7% s % Th {2 , 25 1035 (8 A o He5eiRk)  7)
FEdhs PURIER . GRIER W AR AN CCl, S350 AR 2l F;
3K30 2 5 A A A R B DL (Sigma) s CY-2 BN
SRR (B AR ) 7=) + 501 BB G TR 4% (DS SK
B 7Y 722 BROGHN Y BT (AR s AT
#)), 6P IE A (R RRE) ).

1.3 AFRREREYBHE KHINRE S &L
SRR U BUKAE LT 5 RAR ZE R B R 6 B 100
H FRECHLEY , I 8 5 AR 70% 8%, T RIE R &
85 °ClAMFLEL, JLHEE 3 K, I A0 54 1.5 < 1. 1 hs
PHWEE o SR BV 4% 20 R KAR Y B DR I
8 fH MK 1.5 h G, 1€, YU HL s 5 HE R
IKHIZE 1 hy FF/KEE o BESRIBCRI /K S At 98, 198
WAREINIA, FERBIK S I L0, B4R RKIEE
28 80 CHET#HL, KK 73 /N T 5% o THEDS P ERAF

1.4 PORAERIHIE B KA 24 h, HIHERLF AL
B, TRGEICH L, P04 (0 A 3 b K e & iy, WK
o B, 125 ml/ g FRBEER LGN pH=7.4 1 250
mmol FEWE -Tris/ HCl 221, FHLBIAI ARSI . 4
VEAIIFEAE (0~4)°C N7 RABITEHEBUT ok
A, =20 CORATHHTHZ | ml/g TR E LLHIH A1 0.15
mol /L KCl & . Hr 75 5K FH 2% B 2 vl o

1.5 SERF¥E

S
Q)Q‘\:\ C//,

electrode oxygraph

1.5.1 Hohidk Ve/Fe2 IR EAL R IEAR] R
FASRF 100 B 510 o N AR 2 Hb (1) 3 AR 98 vl b
Tris/HCl (0.1 mol/L, pH=7.4) 5 KC1(0.15 mol/L) #%
1: 2 LUBRABCH . 70% LBEE IR SR THY, Ik 5
AL, N 25.00 12.50 6.25. 3.13. 1.56
mg/mle FEALBE 5 AFATHE . R, ¥ 1 AN A O 3
ANBH T O 2800 K AR L SRR I ) « S AR &
T 0.8 mly 50 tmol/L FeSO4 0.15 ml> 5 mmol/L
Ve 0.15 ml, SRR B FNAS [R] IR (P 41 5 R 75
0.2 ml,37 C/K# 15 min, 10% —SEEIR 3.0 ml &1l %
M, 3 000 r/min &0 10 min, B EWE 2 ml A 2 ml
0.67% TBA, 100 C7K¥# 15 min, YiL7K¥A &1, E535 nm Lt
o, B2E oD o RIS FHAS[RIAR B2 11 MDA SRt i VE A e
ek, PUA bR 27 R, IS5 211 MDA 5 & .

1.5.2  #kifk cHP i i EACBURBRAL 2 np
WELH] . B IRF 1.5, 1. RNVARR P &Ml
1 ml> 1 mmol/L CHP 0.15 ml, T8R4 0.2 ml FIA
[F) 1) 2 PR 21 5K BE 32 0015 mle

1.5.3 kif% CCl/ NADP fB USSR A

SN £ W FE ARG P 100 ml, 4.172 g G-6-P,
50.5 mg G-6-PD, 0.7 g NADP, 0.508 g MgCl,: 6H,0, i
BI5GB FH VR IE 3 AR R 10 1% o RONAR FR rp £ 2 v
W 1.85 ml, M 0.3 ml, CCly/ & (3 100)0.05 mls
TR AA A8 Y RS [R) 9 B3 1) 40 e R AR P45 0.3 mlo

1.5.4 hifk NADPH-ADP/Fe* A RT3 EE S
BERIWE S50k (5, 6], RN, KA cy-2 24
AR BIER S X AZPPED AL B3 ml Y
W, PEHIKIREE 37 °C, Wi HFEE B ELE 60 r/min, R
WUE 1/8, (IXAHEB WL 1) KINARZR:NADPH ~ 0.037
5 tmol/Ls ADP 0.927 tmol/L;Fe’* 9.375  tmol/L; TCkiL
#0.365 mg protein/ml (LA BRI IR, FHIEALE
MBRAMNME 3 mle W3 AL, [ 3 APATHE.

oxygraph
recorder
1 M R AR T B

Figure 1 The connection of electrode oxygraph for oxygen uptake assay
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1.5.5 FHEEXMHIERITE S MDA LD
12 (% ) FEA S ARSIV 2 (9% ) 3 T A1 A XTHH

MDA ZERANEIZR (%) = (BAPEX] MDA - ££5 MDA) / FH
PEXT i MDA x 100%

= . 241 1/L) x #F i

FEAEIMHIZ (%) = (BT FOFEAERE — BE S FESURD) / B
XHEAESA R x 100%

1.6 S FEE FdE £ ZoRH SPSS 12.0 4t
TE 3 B A I ANOVA JEAT 2415 41 18] (1) 9 P LE A 2
WTAIZEPERA 30T, SRR % 25 RARLL a=0.05H
6 56 7K VEE

2 & 7

2.1 LRI Ve/Fe? BRI LPO BB R

Wik 1 R, HEEMEX AR, 7EL0 s RIK R
W45 ZIREE T Ve Fe? R IR I 84K (LPO) 1)
MDA & i 5 30— 2 P RIS AR R R BRI (P < 0.01) 5 7E
12.5 mg/ml WS N AT B RFNEIE, 1 MDA & Rl
YR ) S 3G i T e K REREEU) A4 2T S
TR Z A )€ R 8 R? 7354 0.116 A1 0.9531,

O
(o)

2.2 ARRX CHP BRI LPO BRE I

W 2 Fron, 5 P AL EE, 20 50 R L /K3 B
W) 2545 29U BE TR M CHP UK 1 1PO (1) MDA % i34 &
LM E R FRAS (B34 P <0.01, 7KEEVI4L
P <0.05) 0 7K EEFEIU) 45 25 T B 15 F I 2 2 R) fr ok
JE R R0 0.607 3F10.749 1.

2.3 ARRX CCLBUKHK LPO ALK W

W 3 o, 5 PH M AL AR B, 20 50 R R L KR ER
VIR 45 29 B R A CCL UK I LPO 1 MDA 5 5
FHEC (P <0.01), IR IIFIE - RV KR K
LS HUA) & 25 2 5 5 ) 23 2 TR) PR o 2R 40 R? 43 il
4°0.790 3 F10.949 3,

2.4 4R RXF NADPH-ADP/Fe? ¥R [ LPO HLH!
b=

W 4 PR, WL SR B KEEBUI) 1,56+ 6.25+
25 mg/ml 3 42T PRSI X NADPH-ADP/
Fe? WU I LPO A AR AW 2, JLrh /KA 414
SR PRI 2B = (P <0.05) 7K\ BEEHEL
W) 2 2R L A 2 2 T P R R? ik
0.972 3 1 0.682-

T 1 LSRR BIRYIN Ve /Fe? U ILPORE R (X 521y
Table 1 Effect of Rhodiola extract on the content of MDA in the Vc/Fe’* lipid peroxidation model in microsome

Groups (mg eml!)

n

MDA (ptmol * I.71)

Inhibitory rate ( x 107* )

Water extract

Ethanol extract

Water extract

Ethanol extract

Control 3 5.095+0.115
1.56 3 0.339+0.032" °
3.13 3 -0.417+0.022" °
6.25 3 -0.087+0.060" "
12.50 3 -0.107+0.029" *
25.00 3 0.007+0.103 "~

8.369+ 0.003 — —

0.567+0.119" " 93.35+0.61 93.23+1.42
0.750+0.080" * 100.84 + 0.45 91.04+0.96
0.853+£0.011" " 101.67+1.16 89.67+0.14
0.957+0.023" " 102.08 £ 0.54 88.57+0.27
1.827+0.083" " 99.84+1.99 78.17+1.00

Compared with the control: * P <0.05, * * P<0.01.

R 2 LLERFEIPNT CHP WU IILPORE BY [ 52 1)
Table 2 Effect of Rhodiola extract on the content of MDA in the CHP lipid peroxidation model in microsome

Groups (mg * ml ")

Control 3 4.889+0.012
1.56 3 3.147+0.052" °
3.13 3 4.010+0.031" "
6.25 3 4.706+0.023 "
12.50 3 5.038+0.053"

25.00 3 5.142+0.086 " °

n

MDA (#tmol * L.7")

Inhibitory rate ( x 10> )

Water extract

Ethanol extract
6.957+0.164

5.181+0.211" "
4.171£0.12" "
2.696+0.072" "
2.290+0.095" "
1.547+0.035" "

Water extract

35.63+1.23
17.57+0.67
3.75+0.24
-3.05+1.18
-5.17+1.93

Ethanol extract

25.44+3.59
40.04+1.30
61.22+1.11
67.02+1.82
77.74+0.63

Compared with the control: * P <0.05, ¥ * P <0.01.

* 3 LSRN CCL, WK ILPOR I (1 52 1
Table 3 Effect of Rhodiola extract on the content of MDA in the CCL

lipid peroxidation model in microsome

Groups (mg * ml ™)

n

MDA (#tmol * L.7")

Inhibitory rate (x 107> )

Water extract

Ethanol extract

Water extract

Ethanol extract

Control 3 3.312+0.074
1.56 3 0.330+0.000 " "
3.13 3 0.430+0.040 "~
6.25 3 0.557+0.013 "~
12.50 3 0.867+0.052" "

25.00 3 0.091+0.070 "~

8.873+0.308

1.152+£0.084" "
2.452+0.092" "
3.346+0.031" °
4.426+0.042" "
4.693+0.011" "

72.67+2.33
74.33+1.45
83.33+0.33
87.00+1.15
89.33+0.33

46.98+1.85
50.00+1.79
62.19+1.40
72.27+1.65
87.06+0.5

Compared with the control: * P <0.05, ¥ * P <0.01.
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* 4 LLERIEEYIN NADPH-ADP/Fe? * UK I LPORR L 1) 54 1
Table 4 Effect of Rhodiola extract on the content of MDA in the NADPH-ADP/Fe’ * lipid peroxidation model in microsome

Oxygen uptake (Hmol * ¢~ pro * min ')

Inhibitory rate ( x 107% )

Groups (mg* ml™")

Ethanol extract

Water extract Ethanol extract

" Water extract

Control 3 29.190 + 1.479
1.56 3 25.664+0.742" "
6.25 3 22.585+0.686" "
25.00 3 16.566 + 0.937 " °

13.812+0.316 — -

7.560+0.133" " 12.03+2.08 45.21+1.56
4.681+£0.065" " 22.44+3.87 66.20+1.26
3.597+0.080" " 43.07+4.25 73.90+1.10

Compared with the control: * P <0.05, * * P <0.01.

3 i #®

H 0T 20 5 RWFIT 2 R o JL3E M B2 B pk 41
RAF B RKAR T TEEGEAT B A E -9, (2, T A
P 3 S HLAT B R 1 A R — P B A A R AR AR Y
A A1 S 56 v TGV BT (R R o AR S5 B X AT
SRSV R K BE DAL AR SMEORL PR i T S A B 7Y
(RSN, D PR AGAE F BOSE PR Bi i, DL SR B I
KA, N DHT L2 BEAE H$R AL S 00 15 BB AR H

TRORE A 2 0 6 P9 B P PRI R 2 A1 T D e AL il
R GRG0 M (0 2R A AR PAS0(CYP450), EIEEIR AL
ity 55 22 Bl [ g , 25 5 P IRPE R SR JEPE A S AR . T
Wi AR R A AR SO R A IR KA RN 45 5%
TEFE R AR T o AR AR T AR R R
(AL S N AR A R AT B B ER ik R A AR
J, AT LA R AL R 22 ANV AR IR kA R R A A
IV o 5 10 5 45 ) S Dy e, SR 4008 B 1 R IR S AR K
3T FETH BRI 2K AL T3 B0 S0 11 k2,
DRI AT 5 v 2545 R0 53 I A8 A A FORE L Y6 9T Ik 26
PRI ] RE R FE B AR .

AHIFFCR FH I DY ROk A& LPO A7 23 i AR R T A
A (R R AR 2R 5 Ve/Fe? ' CHP PR AR RACKAERG 2 5 1%
BN, Hor Ve /Fe? AR TCHIAIL ), CHP LA NI
WO A; « NADPH-ADP/ Fe? RN 2 5 VE [ B, 6 AR 2R
AL SIS S AL, NADPH i S0 S5 A2 fe WV 3L
B, CCly 20 WORE 4 Bl 40 KD €5 38 P450 0% i ZE B »
CCly, 117 SO 40 B, & 2 PPl 2 50 | V. A 32
CHM&EE T, Wik FENTON &V, ARt A Y] &
T H I A .

NI o i A8 A S Y 1R 285 R 1 R B 2 AN A T
JUit2 (Polyunsaturated fatty acids, PUFA) Z# 42 % MDA
SELE) R PE B AU R T FE, PRI 8 MDA BUFE AU i
()2 A B T b S W T 0 284 (R 7K o NG T LU
AT SOREESE Y RUKSE Y5 DY Bl LPO A A E AT — 52 1)
FHIER . 75 CHP WORB AL, 21 5URBESZ YN MDA
I HIE 58 T7K$E9, 11 Ve Fe F1 CCL, WU 151
i, JLOKFEDD A FH St T BB o 45 RS20, PR A4

S
QQ'\\ C//,

Yy AR AN 5 W 2 5 1 SO AT BRAE T (H 2 AR T
PHUEIEAAA o SRR LE , 7K S0 66 S 2 (100375 Bl
ST T B RN B R, O EOG) 40 I R 4
W FIERY . H I, WE SR FE S B A3 1 22 0
TOKEEY), RS REESEYX NADPH 2 5l
PER N ABGRER, NADPH 2ok 1LPO #5xUx Y
(1) 6 75 BT Bl NADPH—>FP—>CytP450—>Fe? *—>R—>LPO
YR BT, HEWT LD 5OR I R ) ) LA AR PR AE T
)T NADPH 3 Ji i PR 35 PE o A SCHRARIE 7, 7K $2 4
LRI & S TRy, BNy, ZL50REE R
Wb B A R A s R H B AN B B A AR s AR T T
NADPH . 5256 45 AW, 205K A2 — P AU Bt 11,
IS P AR AR iR o 4P A 2R i B 328 70 46 A 70 ) T 5 1
BARF-E.
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