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Abstract: Objective To investigate the effect of Salvianolic Acids for Injection ( SAFI ) combined with three statins on liver safety
in rats with liver injury. Methods The rat model of liver injury was established by intraperitoneal injection of 20 % CCls oil solution.
The successfully modeled rats were randomly divided into eight groups: model group (ig + tail iv 0.9% sodium chloride injection ),
SAFI group (ig 0.9% sodium chloride injection + tail iv SAFI 11.61 mg-kg™!), atorvastatin group ( ig atorvastatin calcium tablets
1.79 mg-kg ' + tail iv 0.9 % sodium chloride injection ), rosuvastatin group ( ig rosuvastatin calcium tablets 1.79 mg-kg™! + tail iv
0.9 % sodium chloride injection ), pravastatin group (ig pravastatin sodium tablets 1.79 mg-kg™! + tail iv 0.9 % sodium chloride
injection), atorvastatin + SAFI group ( ig atorvastatin calcium tablets 1.79 mg-kg ! + tail iv SAFI 11.61 mg-kg "), rosuvastatin + SAFI
group ( ig rosuvastatin calcium tablets 1.79 mg-kg™' + tail iv SAFI 11.61 mg-kg™"), pravastatin + SAFI group ( ig pravastatin sodium
tablets 1.79 mg-kg™!' + tail iv SAFI mg-kg™!), and another 10 rats were taken as control group ( ig + tail iv 0.9 % sodium chloride
injection ). Each group was administered once a day for 14 days. After the end of administration, blood was taken from the abdominal
aorta of rats in each group, and the levels of alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase
(ALP) and lactate dehydrogenase (LDH) in serum were detected by kit method. All liver tissues were taken out and weighed to calculate
the liver index. The levels of superoxide dismutase (SOD), malondialdehyde (MDA), glutathione peroxidase (GSH-Px), tumor necrosis
factor-a (TNF-a), interleukin-1p (IL-1p), interleukin-6 (IL-6) and interleukin-10 (IL-10) in liver tissues were detected by kit method.
HE pathological observation of liver tissue. Results Compared with the model group, the liver index of the SAFI group was
significantly decreased after administration (P < 0.05). The levels of serum ALT in each administration group were significantly
decreased (P < 0.01, 0.001). The levels of serum AST and LDH in rosuvastatin group, pravastatin group, atorvastatin + SAFI group,
rosuvastatin + SAFI group, pravastatin + SAFI group and SAFI group were significantly decreased (P < 0.01, 0.001), and the level of
SOD in liver tissue was significantly increased (P < 0.001). The levels of serum ALP in rosuvastatin group, pravastatin group,
rosuvastatin + SAFI group, pravastatin + SAFI group and SAFI group were significantly decreased (P < 0.01, 0.001), the level of TNF-
o in liver tissue was significantly decreased, and the level of IL-10 was significantly increased (P < 0.05, 0.01, 0.001). The levels of
MDA, IL-1P and IL-6 in liver tissue of each administration group were significantly decreased (P < 0.05, 0.01, 0.001). The levels of
GSH-Px in liver tissue of rosuvastatin group, atorvastatin + SAFI group, rosuvastatin + SAFI group and pravastatin + SAFI group were
significantly increased (P < 0.05, 0.01, 0.001). Compared with the statin group, the serum AST and LDH levels in the atorvastatin +
SAFI group were significantly decreased (P < 0.01), and the SOD level in the liver tissue was significantly increased (P < 0.01). The
level of MDA in liver tissue of rosuvastatin + SAFI group was significantly decreased (P < 0.05). The level of GSH-Px in liver tissue
of pravastatin + SAFI group was significantly increased (P < 0.05). The levels of TNF-a, IL-1p and IL-6 in liver tissue of each
combination group showed a decreasing trend, but the difference was not statistically significant. HE staining results showed that no
aggravation of liver injury was found in each administration group. Conclusion In the case of liver injury, the combined use of SAFI
and statins is safe for the liver, and there is no aggravation of injury.
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Table 1 Body mass of rats before and after administration and liver mass and liver index after administration ( X *s)

15 WH g kg ) Lt WRESG B
el “HYjfE

payict 10 — 339.70+10.28 350.40+10.11  9.43+0.37 2.62+0.58
TR 10 — 291.00+36.07* 32550+29.63  9.75+1.28 2.9940.15%#
R HFEARABYT 9 1.79 320.56 +31.49 338.56+33.30 9.34+1.11 2.76+0.13
Hin &7 AR YT 9 1.79 306.67 +26.49 336.11+37.10  9.69+1.04 2.8940.20%
Ty 8 1.79 301.75+35.43 34550+29.89  9.78+1.48 2.82+0.27
B FEARABTT 4 SAFI 8 1.79+11.61 291.75+51.69 333.38+28.70  9.59+0.88 2.88+0.13
B &A% At 7T+ SAFI 9 1.79+11.61 304.78+34.89 332.78+35.21  9.47+1.06 2.85+0.16
AT +SAFI 9 1.79+11.61 309.22+22.96 346.22+23.81  9.75+1.24 2.81+0.26
SAFI 9 11.61 301.00436.90 332.67+39.78  9.0941.02 2.7340.06"

Hxtie4itbss: *P<0.05 *P<0.001; SAHLLE: "P<0.05.
#P<0.05 *P<0.001 vs control group; “P < 0.05 vs model group.
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VIR AL, BB MhyT +SAFI 4ifijE AST.

LDH B ZREIL (P<0.01), HARBSHIER G0
B ZE RIS 2E L. 5 SAFI 41Eb%:, Bt
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FBH, SAFI 54y T 25 A A8 FH XK BRI Zh RE 1Y
A REF, H SAFL K 5hyT SR 259 0 FH 4 1 T
Dheefatn KA B B o
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K

Nz 3 Fion, SxPIRdL s, ALK AT
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2 MERFINEEHEHR ALT. AST. ALP. LDH 7KE (X *s)
Table 2 Serum liver function indexes ALT, AST, ALP, LDH levels ( X *s)
A5 n/H FlEi(mgkg") ALT/(ngmL")  AST/(ngmL')  ALP/(ngmL")  LDH/(ngmL™")

payict 9 — 30.62+3.46 21.13+£2.92 21.91+3.30 47814555
e 10 — 47.71+£4.27*  32.91+2.11%* 37.09+4.34%# 78 144732
R HFEARARYT 9 1.79 40.25+4.84"  32.21+2.7124 34.93+4.86 71.52+6.71
&AM T 9 1.79 39.12+2.13" 25194250 29.62+3.64™  64.17+4.44"
T AR AT 8 1.79 39.51+3.33""  26.62+3.30" 30.45+3.84"  62.94+7.02""
FTFEARABIT +SAFL - 8 1.79+11.61  36.80+4.83"" 25.68+3.06""44 32.02+3.55 59.24+7.04** A4
AT +SAFL 9 17941161  34.26+2.89™  23.30+3.99" 26.97+2.81"™" 56.67+8.17"
WAL Ah T+ SAFI 9 1.79+11.61  3553+358" 253042717 29.13+2.75"™"  55.48+757""
SAFI 9 11.61 37.50+£2.86""  25.74+4.35" 30.74+3.40"  62.91+4.83"

XA e #P<0.001; SR T *P<0.01

group.

Table 3 Liver tissue oxidative stress indicators SOD, MDA, GSH-Px levels ( X *s)

*P<0.001: SARMIMRIT 25 AL L 44P<0.01: 5 SAFI4LLEE:: “*P<0.01.
##P < 0.001 vs control group; P <0.01 **P<0.001 vs model group; “*P <0.01 vs corresponding statin monotherapy group; ““P < 0.01 vs SAFI

£3 FFALSEWRIEIERR SOD. MDA, GSH-Px 7KF(X +5)

2H 55 n/ A 7l 2/(mg kg ™) SOD/(ng g7h) MDA/(nmol g7) GSH-Px/(ng g7
oyt — 14.34+1.58 3.23+0.18 30.98+3.40
R 10 — 6.52+1.18%# 5.61+0.53"# 14.71+2.80%#
Bl FEAR AT 9 1.79 8.37+1.38"" 4.73+0.28™" 17.45+3.23
Hin &7 AR YT 9 1.79 11.39+2.26™ 4.22+0.35™ 20.62+3.86"
AT 8 1.79 10.91+2.54™ 4.04+0.30™ 19.89+3.94
B FEA AT + SAFI 8 1.79+11.61 11.83+2.05"**44 4.27+0.32"™ 22.48+5.07""
B &A% At 7T+ SAFI 9 1.79+11.61 13.71+1.78™ 3.714+0.31""4 24.52+4.30""
e RAbIT +SAFI 9 1.79+11.61 13.49+1.89™ 3.5440.28™ 26.53+3.91** 484
SAFI 9 11.61 11.74+1.95™" 4124027 19.78+3.37
SRR LR #¥P<<0.001; SRS *P<0.05 *P<0.01 **P<0.001; SHINABIT K250 A L P<0.05 **P<0.01; 5 SAFI

HELE: ““P<0.01.

##P < (.001 vs control group; *P<0.05 **P<0.01 **P<0.001 vs model group; “P<0.05

“4P <0.01 vs SAFI group.

fhVT2H S AT 4 FIFEAA YT +SAFT 4. i &7
BeAhyT +SAFI 41 H %A 7T +SAFI 2. SAFI 4JH
HZ SOD /KFRZETmE (P<0.001); &4
MDA /K-35 53 3 FEAK (P<<0.001); FdFAfhyT 40
FIFEARABTT +SAFI 4. Ea®PAfhyT +SAFI 4. ¥
Hefh 7T+ SAFI 20 GSH-Px /KF & T 5 (P<<0.05.
0.01. 0.001). HfhyTARZW 5 L LU, BTHEAifth
7T+ SAFI 40 FF 4141 SOD /K- &35 T & (P<<0.01);
Hi 47 fthyT +SAFI 4 MDA /KF &3 EL (P<
0.05); MARAhiT+SAFI 41 GSH-Px /K& THiE
(P<<0.05). 5 SAFIZHLLHE, BFoikihyT 4 Ar4He]
SOD /K& E (K (P<<0.01), MDA /K &3& T+
i (P<0.01); EA%4thyT +SAFI 41 MDA /K7 &%
B (P<<0.05), GSH-Px /K- &3 7t (P<<0.05).

44P <0.01 vs corresponding statin monotherapy group;

SERRA, SAF 547 T R 5 AR I CCly
JHR K RO IEA B R R i, B SAFIL K5
VT 25 2 ) P AL R 06 B B AT 4%
3.4 FFELAKREEF TNF-an IL-1ps IL-6. IL-10
kI

W 4 fion, SxPIRdEbds, A K RATA
21 TNF-a. IL-1B. IL-6 7K-F & 2 7t & (P<<0.001),
IL-10 /KB Z K (P<0.001); SR %,
B KR IL-1B. TL-6 /KT & 35 P&
(P<<0.05+ 0.01+ 0.001); Fi#TAAhyT4 . BARAhTT2H.
B AABYT +SAFL 4. £k Aty +SAFI 4. SAFI 41
TNF-a /KT 23K, TL-10 /KT 52 T (P<0.05.
0.01. 0.001). SflyT2P s A L, SECHZAM
Y1 TNF-a. IL-1B. IL-6 B PGS, (HERTLS
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F4 FFELAKERTF TNF-an IL-1p IL-6, IL-10 KFE(X *5)
Table 4 liver tissue inflammatory factors TNF-a, IL-1f, IL-6 and IL-10 levels( X Ls)

151 nfH FIEI(mgkg)  TNF-a/pgg?l)  IL-1p/Apggl) IL-6/(pg g7") IL-10/(pg ")
pagict — 308.89+44.15 25.69+9.19 133.89+30.74 97.71+10.73
ieis) 10 — 510.20+50.25*# 68.38+7.45"#  246.64+30.81"* 60.03+11.53"*
R FEA AT T 9 1.79 449.68+49.68 55.64+7.16" 197.34+31.28"  62.92+10.47
B &7 (v T 9 1.79 403.18+45.69"" 43.27+9.18""  188.11+27.78"  82.50+11.15"
ARy T 8 1.79 422.48+58.52"  43.69+539™  180.05+37.56™ 80.28+10.42"
FTFEARARYT +SAFI 8 1.79+11.61  442.87+56.13 46.49+10.17"" 181.61+23.80 74.35+12.35
BT+ SAFI 9 1.79+11.61  405.77+36.64™ 35.34+9.95™  160.71+35.81"" 87.97+11.87"
T RABIT +SAFI 9 1.79+11.61  377.76+£4558"" 39.33+6.92"  175.02+28.70"" 90.92+12.45""
SAFI 9 11.61 401.64+48.91™ 4581+7.02"  193.87+30.17°  78.19+10.55"
SxRALE: " Pp<<0.001; SERAALLLRE: *P<0.05 “P<0.01 **P<0.001.

#4p < 0.001 vs control group; P <0.05

THERE X G R, SAFL 5T RAWEA A
SINE CCLy A5 K BRI T RAE SN, H. SAFI
L ST SRR L ) SO S S0 W SR 0
3.5 HEKRRRIE HE REERYR

i3 HE Gt i o A IHH AU BE, 4551
BT P, BRI S5 e B8, i

“P<0.01 ""P<0.001 vs model group.

W, HRAPIZEEL, v IR AL, A 5
() 95 SRR 5 o A2 LU, BafFEAR ARy T 4.
Bty G AR YT 2L A ARAR YT 4 BT AR AT +SAFI 41
Hiy 7 A% AT+ SAFIL 40 %A% Ath VT +SAFI 4 . SAFI
HRFRILAS G, 240 IR A RN HE I

%, H SAFI A K5 BHAHRT /I Zhaia T IR

SIEEST, TCRANMRIRIR s AR ST/ S5 A

BIEAALT + SAFI

FAFRALIT -+ SAF

R RS EE I BGE

E1 &ZEAKRFE HE £BLER (X200)

WAABIT+SAFI

Fig. 1 Pathological HE staining results of rats in each group (x 200)
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YR K DhReAn . 5l g ). CCla 3l
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—EFEAHE (- CCl), JEHESHEEA LR
CCLOO ™ « 5| Kgliid b [ b, CCLOO -« 5ljd
1 b B8 5 ) R Dy B () i AR 0O, R SR B
LA T 0 A0 03 B 2 152 1) JE U 9 73 4R A0 5 95 25 1
A2, Hopl e gy R — M R AF, R
PEUF, J5iEfRT . ALK ip CCly 33 7 K B
Pk, KRG T AST 1 ALT K-FEFh s, e
SRTMFR U IR, PR HEFI AL, B
SR IASE, H AR RAMRIEILS, BHE
RS o

ALT F1 AST FEEAFAETHMEH, it
BRI R, FItiiE s+ ALT f1 AST &
WV DIRE 22 B4R AR 14, ALP. LDH tH# 1
IR RR &, AT TS, i
ALP. LDH 1 & ik th ] je BRF S RE DS, A 5E
RIVEACRI PS5 FFLF4edt . FFAfb 25 AP
YA 507, SOD M1 GSH-Px A& I 2 > EE K
PUAALEE, TE4ERRIT A S RIThRE . TERR E
B RARE AT AR RE ) B EE/ER, MDA 2
VT4 M g o ot S A ) S AR =, AR D R
1 P g o AR A A AR REORE FE 1 A PR R A0
AR R PG ER 7 5 R B R AR R SRS R
4], TNF-a. IL-1B. IL-6 2 R R TR, 251K
FHEAE 28 P A iR i, M R A AT S 2 2R BE 021,
IL-10 2 —FEERHRE T, M N E
SR, TR e 2] — e MR e, I8
BRI RREE, AR VPRI LA S B I RN 58
RE 7T U TR BRI,

AT, B KRR B N, Wi
e BT, £ CCL s G TR & B3 . &%
LU ER R, SEMAIE&AAA
FEFEEURAC, VLR 225 25 HF 00 6 ks . 5
R LA, KR 2 KRIMEH ALT. AST. ALP.

LDH K AT SOD. GSH-Px. TNF-a. IL-6.
IL-1B K3 ANFIREFE TR, 4244 MDA, IL-10
KT AT RS A LR, BTFEARAbyT
+SAFI 4 1f1j% AST. LDH &3 %Mk, AT4HZ1 SOD
KPR T, FEF AT 4+ SAFT 41 MDA 7K1 2
FRRAK, W ARARIT 4+ SAFI 4 GSH-Px /K& ETF
e B IMYE L AL TR RS B A
%2, SAFI BXE AT RZMRT CCly 175 S5 K
B2t REF, RGBSR .
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