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Study on efficacy-enhancing and toxicity-reducing of different rhubarb processed
products combined with atorvastatin

ZHAO Ying, LI Bing-shao, ZHAO Xin-yu, LIU Xin, WANG Yong-jie, LIU Xin-yan, YU Ling, WU Qing
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To explore the effect of different processed products of rhubarb combined with atorvastatin (ATS) on the
efficacy-enhancing and toxicity-reducing. Methods L02 cells were used to investigate the hepatoprotective effects of raw rhubarb,
wine-fried rhubarb and wine-steamed rhubarb in clinical application combined with ATS, and the extracts of the processed products
with the best liver protection were screened out. The effective lipid-lowering dose range of the extract of the processed product was
determined by HepG2 cell experiments; Finally, based on the model of hyperlipidemia in SD rats, the lipid-lowering and
hepatoprotective effects of the optimal extract and ATS were generally evaluated by measuring the blood lipid and transaminase levels
and related oxidative stress parameters, detecting the histopathological section of the liver. Results The alcohol extract of wine-fried
rhubarb in the three processed artillery products significantly improved the survival rate of L02 cells, and had the best protection effect
on LO2 cells induced by ATS. At the same time, the wine-fried rhubarb ethanol extract also effectively reduced the content of TC and
TG in HepG2 hepatic steatosis cells. The liver-protection ratio and lipid-lowering ratio (mass ratio) of ATS to wine-fried rhubarb
ethanol extract were 1 : 6.7—1 : 9.0 and 1 : 35.8—1 : 71.6. The wine-fried rhubarb ethanol extract and ATS reduced the blood
lipid level and lipid content in the liver of hyperlipidemia rats; The serum levels of ALT and AST were significantly decreased, the
SOD activity in the liver was significantly enhanced, and the MDA content was significantly reduced; And high-dose wine-fried
rhubarb ethanol extract and ATS combination group significantly inhibited inflammatory cell infiltration and bile duct hyperplasia.
Conclusion The combination of wine-fried rhubarb ethanol extract and ATS can significantly improve the liver function damage
caused by ATS, enhance the effect of lipid-lowering therapy on hyperlipidemic rats, and play a role in reducing toxicity and
increasing efficiency.

Key words: rhubarb processed products; atorvastatin; lipid-lowering; efficacy-enhancing and toxicity-reducing; TC; TG

YisBE: 2019-06-06
{EEREN: & B, WLiad, ETRNFEHLHTASHEARBIF . E-mail: 18801151218@163.com
*BIEEE =R G, 80z, LA, FENFEPLAHHNSHEATA . E-mail: qwu@vip.sina.com



¢ $# Chinese Traditional and Herbal Drugs 25 50 % 25 18 3 201949 A

mEIMAE Chyperlipemia) & A A 8L 00—
T WP, BRI AR R I EER R, 7T
5| 7S E A OIS [ It T S BRI
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F1 TRIAHEERIHEERLEBINELER (X £5,n=8)
Table 1
rhubarb extracts (X s, n=28)

Determination of anthraquinones in different

FF i BER/ (mgeg")  WFEERR/ (mgg™")
A KFKIEY 5.2040.10 2.71£0.03
K FKIEY 4.71+0.07 3.03+0.03
BKHF KD 4.33+0.08 3.9740.04
AR BERY) 11.41£0.16 5.21+0.04
R BEEY) 10.90+0.11 731£0.07
RO BERY) 9.7740.24 9.2940.06

W, BFLIEER R N 1.5 X 1044y, B 24 h 5,
[ LA 0.11 mg/mL (200 umol/L) ATS F10. 0.25.
0.50. 0.75. 1.00 mg/mL . J#. BAFH /KL
FESEVE ] T4000 36 h, KBRS, L0
IO 100 uL 10% MTT TAEW, [FINFEE—L ok
A rFL, mEAFIAN 10% MTT TAERIER
THEfL. BG40 Ja, EBRESL 10% MTT T4E
W, FEALA BN 150 uL DMSO, &% 5 F B bR
T 490 nm KA E L FLTOLEE (4 H, HE
Y A7 2

TEER=(A sp—A w)/(A wn—A 21)
2.3 EAEEEZIM ATS BEAX L02 4R 5
IKFHIF N

HUORH AR KT L2 g Fl T 6 FLES IR
W, LR SN 6X10° S, BERP 24 h )5,
[N L 0.11 mg/mL ATS 1 0. 0.25. 0.50. 0.75.
1.00 mg/mL W R BESEI1EH T 40 36 h, K%
FEMES) EP &, 1000 r/min 250 10 min, %
AR 0 v B B 3 VRO I % A S R ALT
AST /K-
2.4 SEKXEERYIA ATS B X HepG2 FFBER T
MLREEA TG TC K FEHIENR

U6 B0 K 11 Hep G2 4H i 2 i T+ 6 FLES R
o, BALEEM N 4X 1054, R 24 h LA
0.75 mmol/L (OA-PA2 : 1) % Si&E#: 24 h,
SRJE LA 0.014 mg/mL (25 umol/L) ATS 43 5l F1E K
FEREHEY) 0.104 0.25. 0.50. 0.75. 1.00 mg/mL BE&
YEF T 400 24 h, WEE553E, PBS iEWE 1 X,
FLANA 200 pL RIPA MM, T KK LEEf# ¢4
JE R EE R EP b, 4 IR Sl i R
TR M N TG TC /K7, F£LL BCA VElE
HILEAE.

2.5 GEXEERMS ATS Bt XS A8 A A R AT
BREEME R ARRTER

251 AZFIERE B €227 “237 TisLIRLE R
AIHT ATS AN KB BEAEYI BEy 1 2 6.7~1 ¢
9.0 If, JHKFEEEIRYINT ATS Fraltft) LO2 44545
AR R E R s B “2.47 TSI 45 5L nT 0
ATS FNP KRSy 10 35.8~1 1 71.6
i, B A X HepG2 400 19 TR 1E A0k [RII,
28 R SCER o TR ET ORISR BIR, ATS 4%
FIE 60 mg/kg RIS BRI 4 2 B /K P B35 T
i, HANSSTELS 245 1R] 51 R K BRI U= ST TR,
KB ATS 25 255730 60 me/ke, ARAE DL H4HH L
BTG b gt S R SRR IE D113, IR TR R
WA IS s SR N 0.5 2.0 4.0 8.0 g/kg.
2.5.2 FEAIHI%  BEEL SPF 2% SD it KR 56 H,
ERPEMRTE 3 d 5, BENLIE 8 RAE X IR, 1]
MEEETRL . H 48 FUAE AR AR LA 2% v i I
FEAY  BEEFRART R 1 IR, 3G 2 S, BEMLE
8 UK A 8 WOntHRZH KB, HRAEHIML, I05E ML
EH TG, TC KF, DMERIK R IM3E+ TG, TC /K
2 e TR IR A R v T T AR 1) % B ) o

253 HUNESHHE G REII BR B>
R | ATS 20 (60 mg/kg) ATSH P KB fig i
0.5, 2.0, 4.0. 8.0 g’lkg (ATS+VL. ATS-+L.
ATS+M. ATS+H) 4, 418 H. St fsA
HAKRIBEL ig 45T 0.5% CMC-Na; ATS 41K
R EF ig B THBAER ATS B2 ATS+
VL. ATS+L. ATS+M. ATS+H &K L4 ig
YT RN ATS VR, FR N1 i s H
YRR ig 45 T AH NI KB RESEMD 2T - 45 24 A TADA
FRZH b S TR AR}, AR 5 2 4 8 ] M o T 1
Bh KRR SRR E 1K,

254 IMBAFHIEREARSE 52454 )5, 28 12
h, XPEHARRIEEZMKELL, &3 h)5, 3 000
r/min &0 10 min, 4 & ML7E, T-80 CERAAFI.
H% 2H K BRUFF I, FH Y04 1) A B 2R 7K 5 25 3R T Ifi
FHUEARN 2o R AR B AR BE 3K, FRFiE, HEHE
SRS % OHEFEE = A &) . BE A
Fe I RERR R B G, 3 R A R AR R R A %
UL AT A1 A AL FE, 250 5 L B TR T80 C IR
FERFI o BOR BR A JHEIE, T 10% 48 /R SRR
i 72 48 h, HEAT HE el fE AT HLUREY) Ao
2.5.5  IMEARSCHEAR ARSI EOK BRI 44 18 &k
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FIEL A DG U0 $ A, T8 B AR SO s L ifn 37
TG. TC. LDL-C. ALT. AST /K°F.
2.5.6 FFUEAHSCTRAR BTN EFFIEZH 245 7
EEIAR DG B A, I B AR OGN R TG
TC. MDA &% SOD & /1, 3 LL BCA L& %
FEARRIE A KT
2.6 ZtFES

B> MR F SPSS 16.0 2 bt s 45
PALx+s R, B RH T 258 (One-way
ANOVA) BIMSIAEA ¢ K556
3 4
3.1 A, B, BAKEIREUWIS ATS FrE Lo2 4
e RIFER

Ext IR ELEE, ATS 4140 A7 5 5 55 2 BRI
(P<0.01). 5 ATS 41tb#:, 4. . PoRFKIE
VI MAF TS R TC I g, 1 3 H IR 40 i
FERBAAREEZRSEE (P<0.05. 0.01), H
KB EEY) 1.00 mg/mL 44HMIAEE L& ATS

1201

100 [ B
- "R
% 80r RNy
1T LN
& L
2 60
F

40

kk
20+ ****I a5 L - "

X ATS _ 025 050 075 1.00

ATS+ K 7K/ (mg mL-1)

M 2.5 15, RPVERRLE (B D,
3.2 EAEEERYIM ATS BEAX L02 {HAEME S S
IKFEH 20T

xR EeEE, ATS ZHAM s 72 1) ALT.
AST /K FBZETHE (P<0.01). 5 ATS 41EE,
KEWARY 0.75. 1.00 mg/mL ZHEAH MR 200 1)
ALT. AST /KF- 52 P& (P<<0.01, % 2), Bl 0.75~
1.00 mg/mL W KEBEIRYI AT N; ATS FrELr) L02 41
H 0 R AT AR AP VE A, Rk SR T K 3
RESEYNEE ORI RI 2, B3 3] ATS 51l K
PR BC L (P& A1 6.7~1 1 9.0,
3.3 EAXEEERYF ATS B X HepG2 FFAS A ZE
MH4ABA TG TC KRS

xR b, BAHMEAN TG, TC K
BERI (P<0.01). SHERHLLE, ATS H. ATS
AN K B SR S5 B A4 N TG TC /K P34
FZREK (P<<0.01). 5 ATS 41Eb4E, ATS FIE K35
FEERY) 1.00. 0.75. 0.50 mg/mL BEF 440N TG

1201
100
80T

60

YHNAFTE /%

40+

201

I ATS 025 0.50 0.75 1.00

ATS+ KIEREHEY)/(mg-mL-1)

LxALLEE: "P<<0.01; 5 ATS 41HE: *P<<0.05 #P<<0.01
**P <0.01 vs control group; ¥P < 0.05 P <0.01 vs ATS group

E1 KEEEWIRT ATS PR3 L02 HAEHRAHIEME (X 5, n=10)
Fig. 1 Effect of rhubarb extract on L02 cell injury induced by ATS (X %5, n =10)

*x2 BARAERYF ATS BAX L02 4R SEK RN (X £5,n=3)

Table. 2 Effect of wine-fried rhubarb ethanol extract and ATS on level of L02 cell transaminase (X *s, n = 3)

ZH p/(mg-mL-1) ALT/(U-L-1) AST/(U-L-Y
pagicl — 0.14%0.05 1.08+0.18
ATS 0.11 1.50+0.21" 4.07+0.62"
ATS I RE B 0.1140.25 1.344+0.28 3.4240.25

0.1140.50 1.28+0.20 3.1740.14*
0.1140.75 0.58+0.17# 2.54+0.25%
0.1141.00 0.43+0.06* 1.95+0.18#

LR LEE: "P<<0.01; L5 ATS 4HLL#: #P<<0.05 *#P<0.01
**P <0.01 vs control group; P < 0.05 *P <0.01 vs ATS group
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TC /KB E K (P<<0.01, £ 3), BN KR
FE470.50~1.00 mg/mL F1 ATS 55 FH % JHF I 77 2% 1k 4
JH 8 P R R A, R Lo LA TP K B R R G
A SO AR 2, JFH AR 2] ATS 5K S i i
VIR ARECEL (FRELL) A1 :35.8~1:71.6.

34 KEERYS ATS BB EMEMEXR AV
BEE M RARRFER

340 XPRRAEfE# M SXTHRA b,
R KRR EOE S (P<0.01). SHEAIAH
Eb4%, ATS+VL. ATS+L. ATS+M. ATS-+H 41K
ST B H048 B FAK (P<<0.05), 5 ATS 41Hb#g,
ATS+M 21K BRAFRBUE 5 PR (P<<0.05, & 4).
342 XTMIEMCTRFRIEm  SXTRA I, B
RIZH KRR & TC. TG. LDL-C. ALT Fl AST /K
FRET R (P<0.0D). SHERANE, &4GH44Y
fE i 2 PR R LS TC. TG /KF (P<<0.05. 0.01),
ATS+H KRIMEF LDL-C /KFEFEFHEK (P<

0.01), ATS #1. ATS+VL 4 KM%+ ALT Al AST
KFEHIEETHE (P<0.01), ATS+M 4. ATS+H
HRRIMES AST KFHEZERFIL (P<0.05), H
ALT KPP REMNZE S 5 ATS 4HE, ATSHL 4.
ATS+M 4. ATS+H 4K IMiEH ALT F1 AST 7K
TFHEZERFK (P<0.01). 4L, ATS FIE R
KBTSV 5 B OR RIS TG AT LDL-C 7K
(A Y ik, 1 HL B 8% S5 25 B OK BRI i) ALT
HTAST 7K, A H SRR T0 FRAH K (R 5D
3.43  PHFREAHOCTR bR RS 5T HEZH B,
R KRR TC. TG+ MDA 7K~F & T
(P<0.05), SOD iH/1EZEMHE (P<0.01), S5k
R R, HAAHRNRINEH TG #1 TC /K5
BERRL (P<0.05), SOD i ¥ EEH (P<
0.05), ATS+M 4H. ATS+H 4 KEAFEF MDA
AKFHIEZFRIT (P<0.01). 5 ATS 4HEb%, ATS+
M 4. ATS+H HKEHEH TG, TC #1 MDA 7K

3 EAEERYIF ATS BEAXT HepG2 4HBEA TG TC KFEHIENT (X £5,n=3)
Table 3 Effect of wine-fried rhubarb ethanol extract and ATS on TG and TC content in HepG2 hepatic steatosis cells (X *s,

n=3)
205 pl(mg-mL™") TG/(mg-g™") TC/(mg-g™")
ot iR — 56.86+1.08 30.88+1.17
it — 80.59 + 1.45% 46.6711.64%
ATS 0.014 70.98 +2.23% 39.57+1.63"
ATSHIN KB 0.014-+0.100 71.32£2.04% 40.86+1.59"
0.01440.250 71.2241.74% 39.56+1.71#
0.014-+0.500 62.03 £ 1.39%°4 33.54+1.14%°°
0.014-+0.750 60.69 £ 1.33#°4 32.99+ 1 344
0.01441.000 60.24 +1.39#°4 32.86+1.05%""

SRIBALEE: TP<0.01; S “P<0.01; 15 ATS 4Lt “°P<0.01
*P <0.01 vs control group; *P < 0.01 vs model group; 24P < 0.01 vs ATS group

F4 FBEXRAATARIESE (X £s,n=38)
Table 4 Statistical results of liver index of each group of rats
(X £s,n=28)

451 78/ (gkg™) JHREFE %
X H — 2.6540.09
it — 5.93+0.53"
ATS 0.06 5.61+0.61
ATS+VL 0.06+0.50 5.43+0.35%
ATS+L 0.06+2.00 5.2040.44#
ATS+M 0.06+4.00 5.05+0.32"
ATS+H 0.06+8.00 5.1740.42%

ExRA g P<0.01; SHMANKE: P<0.05 #P<0.01;
5 ATS A E#: “P<0.05

**P < 0.01 vs control group; *P < 0.05 *P < 0.01 vs model group;
AP <0.05 vs ATS group

SRR PR (P<<0.05), SOD i /74 i 2 18 58
(P<0.01). %&b, ATS A, &7l ok s i)
B (ATSHM 4H. ATS+H 41) ] Rk
SR BE R TG A1 TC 7KF, 3658 ik 1) SOD ¥ 77,
AKX MDA /K-F, A H BB A A (R 6).
3.4.4 XTHNEAHZURE =R SLIREE R BIR,
X REZH K BRI /N 45 4 e 8, VA X E R B 57
W, HAREAIESR, R REREESE. 5
BUZH R BRI T L e i K IR, P4t 2™
2y PE e As HA2 R8T, FF I SEE5 M 2%,
RAMAT Kuppfer 4RI, /N [a] fHEF 18
ABRE, AT OB AR IASE X 8. ATS 4RI
JFEHERE D A AT AT B, A 2 vk, A7)
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#£5 KEARMFES TG. TC. LDL-C. ALT. AST K (X *5,n=8)
Table 5 Levels of TG, TC, LDL-C, ALT and AST in rat serum (X *s, n =8)
2H ) #&/(gkeg!) TC/(mmol-L") TG/(mmolL™') LDL-C/(mmol-L™")  ALT/(U-L) AST/(U-L™)
Xif e — 0.60+0.14 2.45+0.44 1.16+0.18 5244132 19.37+2.61
it — 1.04+0.24" 7.38+1.50" 2.01+0.25" 19.63+3.81"™  28.04+5.38"
ATS 0.06 0.77+0.19" 4.94+1.39" 1.7140.35 37.73+£7.55"  39.194+5.61"
ATS+VL 0.06+0.50  0.70+0.27"% 4.90+1.07" 1.77+0.55 36.23+6.15"  34.57+5.38"
ATS+L 0.06+2.00  0.68+0.20" 4.52+1.48" 1.76+0.29 19.01+4.25"  23.67+4.19*"
ATS+M 0.06+4.00  0.68+0.26" 4.38+1.47" 1.70+0.25 16.6743.59%"  22.72+3.99%44
ATS+H 0.06+8.00  0.53+0.10*  3.98+0.89" 1.54+0.24" 16.90+2.61°%  20.52+2.88"**
XA “P<0.01; 5HMAE: *P<0.05 #P<0.01; 5 ATS #HH#H: “P<0.05 ““P<0.01

"P <0.01 vs control group; *P < 0.05 #P <0.01 vs model group; 2P <0.05 24P <0.01 vs ATS group

=6

ZHKXBRATIES TG TC. SOD. MDA K¥E (X *s,n=38)
Table 6 Levels of TG, TC, SOD and MDA in rat liver (X *s, n =8)

TG/(mmol-L ™)

SOD/(U'mg™")

MDA/(umol-g™")

2H ) HE/ (gkg™") TC/(mmol-L™)
PO — 107.84+15.39
i) — 235.14+23.06™
ATS 0.06 204.95+24.07"
ATS+VL ~ 0.06+0.50  201.91+28.24"
ATS+L 0.06+2.00  190.59426.55"
ATS+M 0.06+4.00  177.43420.73%
ATS+H 0.06+8.00  173.35+21.09"*

21.63+ 2.83

101.54+15.25"
83.59+14.32%
80.99+12.32%
82.50+14.61%

64.91+ 11.03##2244
63.81+ 7.43o0as

196.73 4 18.00

115.10+ 9.41™*
135.824+10.62"
135.61+15.107
142.90+17.47%

158.98+ 126524
165.02+ 18.35%#2044

2.0440.56
7.02+£1.27"
7.51+1.74
6.59+1.16
6.03+1.07"
3.7040.8304s
3.3240.34700a4

SXHBALLE: “P<0.01; SEARALE: *P<005 #P<0.01; 5 ATS ALLE: “P<0.05 ““P<001; 5 ATS+L ALL#: “P<005 **P<0.01
P <0.01 vs control group; *P < 0.05 #P <0.01 vs model group; 24P < 0.05 44P <0.01 vs ATS group; “P<0.05 “*P<0.01 vs ATS+L group
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