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Abstract: The protective effects of carotenoids extract from Phaffia rhodozyma on chemical-induced liver
injuries in rats were determined. Sixty rats were randomly divided into six groups: normal group, model group,
bifendate group and test groups treated with low dose (0. 187 5 g/kg), medium dose (0.375 g/kg) and high
dose (0.75 g/kg) of carotenoids extract. Except the normal group, other groups were liver-injured by carbon
tetrachloride ( CCl,) . The activities of alanine aminotransferase ( ALT) and aspartate aminotransferase ( AST)
in serum were detected, and the pathologic changes of liver were observed. Compared with model group, the
ALT activity in rat serum of the high does group carotenoids extract significantly decreased (P <0.05). The

test sample with different dose groups could reduce the hepatic necrosis in chemical-induced liver injuries by
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CCl, in rats. These results suggested that the carotenoids extract from P. rhodozyma had auxiliary effects in pro-
tecting chemical-induced liver injuries in rats.

Keywords: Phaffia rhodozyma; carotenoids; CCL,; chemical hepatic injury; pathological examination
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BRKWERE (Phaffia rhodozyma) J&—FPEF FH 22 Rl i A & IR 647 S 3R A0 & 45 P 2800 8 | 3%
ML st Hrb i P RaEIrE R g W MR B, ERERR. B - Rk
TR, B R RBEE AT TR R QI I N RS A M 5 TR R A R
e A AR, @SS ERE S . I R R F ISR AR, R E e & R
B RARIF T ZE BT IR

JFER A — P 2 AR D RE 3 g™, B i T B e T . AR . TR 25 L K
TR N E SR . — ST, &RV . R BN R A et g2, T
JFET 2 Al — B RS K I A TR 33 e 01 o — BRI PR b, 97 Lk R 55 B8 405 2 AP 9 97
] B A ER T, LA R i R PR YT T A SR

JFHR A5 — R 50 A P A A5 R B A A 2, e el R 5k 3 DL PR A 2 P T 405 o
T S28ehH A CCLy | SRS S (TR rp s, AL 22 PR R G A TR ) CCL PR i B M7 e 2
FPEHILAH, o QB i 1 il 2R R & e R RN R [ AR
e AFAN M BN 207, SUAnIERR A SE s, it EL vl 5B AP A g it Ak, B A ANIEAE T
[FES, BRSNS RAINES S, BOEBEABAIIE T, 20 MR 0 A2 PR L &
WIEREIAK, WRBREEL N (alanine aminotransferase, ALT) FIK[ T4 2 RA L FEE (as-
partate aminotransferase, AST) %5 MANME bR s A M . Bk, PR 005 B 36 br vl 5% 4k
S AE MG R ALT FLAST BO3EPE. MEHFFE R 7" SRz i HACR RE 25 W gtk %
E. fBER . SFEEMEE IR AR 0T DB SRR B R SR ] 3 e A AR B ss I i e

WA, B LA AR, AR a5 05 5 A O Ve R i D Aa 7 A 5%
Pobiz— MY N RACEA BRI A b 2SR IE e, T E A 2y 115
A L, ARSCR AR RN REIRIOE KBRS MR, i dr CCL SRRk
FFRA OG5, KGR BRI Y ALT . AST 36, T URE AT I 20 A At s BRI 100, A58 HEX Ak 24 M
PTPERT, S PRI A2z 5 403 1) R SR ORI SRR AR SR R B A A o

1 #Rl5FE=E
L1 SEgas
1.1.1 =2isshy

MTARAA WK 60 L SPF il SD KB (Hb#fE*S SCXK () 2013 -0002), Hix 60 H AR
PRBTRPE 160 ~ 180 g, #4 60 FURFRIEAT 4 d ByAE, dhe f@ R ny K RFT 508, B R R4 K
BT, BREAERRR, ki, FRE G s 2R R R T B . #E 7 Scse 2z my, il
FHAR AR R X 60 R B T45, Horh KBRS AS [F]07 A [R) R 5 B e (. 4 5 Ab 3, 3 G 7 Acb P gl
MR T 60 HOREAACERBIARIC . RH—4 5 HRBRA B Tr 208 60 JUR AT /- 7R, X Ay
YR BRI BRI E] oy 10 he 14 b (g 5 BEA TR T RRBH AL B, 7ESCSR s #trh, 4 IR 60 H
FRLAI MR IR R A R Tkt AP BT TR FR I ] B oK. o TR R R A SR A R R AT SR, AE
SRR, PRIE T IR AIRARE
112 HRERbREM

TR ZEPRUES (100% , United States Pharmacopeia Reference Standard (USP)) 4 & F 35 [F Sigma
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/NS
113 FEKH]

TR T 5 VAR Tl AT BRA R R UER T AL RN T M A = AR (25)0k) e A R
o)y CCL W) M g AR A BRA =) 5 Ao b W T b v e Ak~ iR A BR A W) 5 S 4y 3H
T 2L AL FRA R ALT A1 AST 30 & 390 F i RHEA Y TR KR OABRA R, #5455
W54 20151222 120151122,

1.2 FEMFESEE

BS -3000A 7R, FigAFHEsABRA R ; CS — VI BUREF# 0L, W1dk 2208 BE 28 A PR
)y RM2235 #lEg ) i HL . ASP300S A4 {3k L. EG1150 YA ¥4 214331 . AutoStainer —
XL 7 [ shy Ly R isE LEICA® |
1.3 FHik
L3, 1 % bR &

FREC10 g WL REEREEIA (T HERAYARA LML) T 500 mL 25060, [0 8.0 dim A
6 mol/LIWFLERY 200 mL, FHIEESERK HAEFE5), F 30 CHAKREZME F AT EELL PR 10 min, 18
A EE ARG, 4 500 r/min B0 10 min, B0 5 ER_FEZAHAZLERE W, K 200 mL ZE1F K INA B
DR, FHBCEREEPEAT FIMAZE IR K B B AR PR 4 500 r/min 17800 10 min, 2.0 )5 FRis
FEWAR, FAZEMEKR S AT ERAE 3 Wk, K 200 mL PR BS ORI A e AR T, R B g
PEFEYS), TER IR TIRAES min, BHEL5HR)E, 4 500 v/min Z.0 10 min, W E.OIE ) EIER, 7EE
IR R An DU AR DIEW, FHRASRONER AT R, AT B2 N RIRE R IR 0 2K .
1.3.2 2% D REEBAI LI 0 50 A

R T WBAH (43857 (high perfor- F 1 ZORBAX SB-C18 filfh s B bt &4
mance liquid chromatography, HPLC )  Tab.1 The gradient elution conditions of ZORBAX SB-C18 columns
XL D FARM) PN AT we p(BAEK Ula-pure water) o (HIE Methanol)
Bro milaik (AZ) KHEE (BZE)  Time/min /% (AFR) /% (BR)
ZH R e RO AR S R R g, 0 15 85
ZORBAX SB-C18 {&,i¥4E (100 mm x 40 0 100
58 0 100

2.1 mm, 3.5 wm) XPRESHIEFT VR 66
B, VEMEAAAEINER 1 R . Ry
474 nm, FAEE RS pb, HIEN 35 C, #EHN 0.2 mL/min,
1.3.3  RE-2H Ak 3

W S0 B R GRS T 1 R B BT s BEAL S0 A 6 4, BR2H 10 H, R IER A, BRI, BOR
AL, Ik, . mflEd . HEARMEZ Y MEEZR 75.0, 37.50, 18.75 ¢/L J54r 5l T, .
1% 3 AR 2 K AT B AL 3], DL B S8 n 9 B 500 40 A S T AR I R T 20 10 £% L 5 A%
2.5 /% (ZARFERIRMEL O REMEN LDy, > 15 g/kg, MEIGIRIIRZA N 0.075 g - kg™ - d™') ., IEHW
ZH IR K RURE H 28 11 5 AR ] 1 19 oK, BRORAUBRZH ) B H 28 I 5 Rl s s ik B 15 o/
HYERA BRI FL o T 25U E, SR 10 ml/kg 25 K B#EAT 30 d S B 4 254038, 1 /d, 7EXS
KB THE B AL FEAY 30 d P, B RARTT N R BB PIRAS AT AR N 9L 8E, JFTEAHIC %, 7630 d #EH
I TF IR ARG, YR R B BT s R AT 1 il o 7E0E B g ibin], A AR e 20 R R o
REHEET 2 YRR, JFPRAC S T
1.3.4  KREJHFHH CCl, BRI

TR A 30 d X0 20 R BB AR B AEOKZY 16 h 5, WA 2 T, HAagialeman
R B DA s b S5 5 438 40% CCL, VAT (4% 10 mL/kg) 2 o KA X R 70 42 A A2 3R i T
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4 h JEHE S 25 O ) 500 a2 A DR BRL, TR () 45 A Y S ORI 45 R A IR B A ) B, IR AR R
10 mL/keg 0 X6F R OBUMR 2 1) KRR A 7 IR XU T FLAYE 5
1.3.5 iR bril &

FESS CCL ARFIR R 24 h )5, 0 K RUINTE H AST A ALT B35 J17KF

1.3.6  FFAEZH 2005 HEAG A
fir ) R BRBCEC R, B I [ 52 5 A TR B R R A o 530 2 A T % R B &8 4

PEATIREEIEANIC SR, ARG A5 B X B A T AL L5 (P4, PP PR 2 BT
x2 HAFFEFIRE
Tab.2 Histological scoring criteria

AR /32 Lesion classification AR5 1 0 Situation of cell damage PF43 Score
S BREEZAS Changes of balloon-like KELIEH Roughly normal 0
N ﬁﬁﬂ?éﬂﬂﬂ@ﬁ <1/4 El/‘] %g/MJﬁLE? Diseased liver cells account less than one
N7 Steatosis 1
quarter of the entire field
95 A% B 4 ~ HEAS I B Diseased li ) .
W Cytoplasmic condensation AR A0 5 174 ~ 2/4 B3P ET Diseased liver cells account for one ’
quarter to two quarters of the entire field
I3 A5 4 2/4 ~3/4 BEEALEF Diseased liver cells account for t
JKFEZE P Degeneration of water sample TR AT ! eased fver eefls accotit Tt wo 3
quarters to three quarters of the entire field
AR T4 5 3/4 ~4/4 FREA P ET Diseased liver cells account for three 4

ﬂ?éﬂiﬂ@%% Hepatocyte necrosis

quarters to four quarters of the entire field

1.4 HIESIAIE
GG SPSS 21. 0 AbBNRIGHAE, X BARIEATALR 7 2208, WSRALB Iy 2255, sk s 5o

LI T 255%, R R T 2208 (LSD 35) o 5 Bl 77 28 Zad et J AT AN 5%, ISR FH B A AG 36
GrHT. BURLPFE £ AR (v £5) FOR, KK F o = 0.05, LLP < 0.05 FoR i 5,

HERESM
2.1 EHE MRRBWB ST
K HPLC 08775k, xR0 N ZRB A S EA RIS M Ebrikdh CGEIRE, g - 9%
NERAE) HEATLOED, ZRANIE L A 2 PR, RE L S8 2 SEATR AT AT, SRS N RS
EENO NIFE R, HINE RS S FARR P b 0 R 0 R 70. 24% o A KBS TR
BRI 1] 73590 18. 570, 23. 147, 39. 091 min AHITHYZEHIE b RARMER (HEAREOR B4 I 1] 45. 926 min,

B - A% N E G FA] 60. 213 min £§)

13.966

s ‘,‘ 60 13.|995

a |3 | E 50 |

o ‘\ 22 40

<15 \ T=

= E ‘\‘ = E 30

m £10 @ g 5

'3 18.570 =S

2E sl | 223,147 39.091 22

= 0 V)\“"‘\ )\ ‘L_/‘A\,__J\———”VL-—M«_%,,\_,_\ = 0 li o B -
10 20 30 40 50 60 10 20 30 40 50 60

t/min t/min
B1 #FXBEEHT N ERIUNSUEHEREE B2 MERHEMNENRERIEE

Fig.1 HPLC of the carotenoids Fig.2 HPLC of astaxanthin standard substance

extract from P. rhodozyma
2.2 FEPE PRREBYXRRENF T
7530 d iR a], AR OR R AE BRI 5, JEEH S N R B X g 2 K BB 2 1 52 el 17 10
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W3 Fzn. 3 A BIRIZH 5 IR W AL e, WZH rh i O BRU7E I S 300 ) o B AT e T 25 5
P>0.05; fi&. . & 3 AREA BRI B SERE HAL, BR 1A R RESS 8 d FIZE 15 d i
BrEATPrdE (P < 0.05) Z4h, HARR AR B el e g2 5 (P > 0.05),

R3 LW PRRIUNKRERENZM

Tab.3 Effects of carotenoids extract on body weight of rats

m/g

t/d IEWA AR R XU AR 4 {5k aibilEedl SRk =]
Normal group Model group Bifendate group Low dose group Midium dose group High dose group

220.2 £5.1 219.0 £6.5 221.3 +8.8 224.7 +8.1 218.3+6.4 221.4£5.6

266.4 £6.4 264.9£9.0 259.6 +13.8 268.8 +10.2 259.3 +9.1 265.7 9.3
8 300.7 £9.2 298.3 £13.2 301.0+17.3 304.2 £15.6 285.8+9.3"7 294.6 £13.2
11 325.6£11.4 321.8 £13.2 330.3+£19.2 331.3+18.9 309.6 £11.2 318.8 £17.4
15 361.9 £13.6 356.1+17.8 364.0+£23.2 362.1£25.1 336.9+12.6" 350.7 £22.3
18 380.7 £15.1 381.2+17.4 386.2 £27.7 379.9 £25.9 357.2+15.3 369.8 £26.4
22 407.3 +£20.7 401.9 £23.5 411.3 £34.4 408.5 +31.6 379.1 +18.5 393.4 £27.9
25 426.9 +21.7 419.4 +27.9 431.1 +38.5 428.7 +37.9 394.0+19.2 406.6 +29.9
29 456.7 +£26. 1 444.0 +31.6 459.0 +43.2 450.9 +42.0 417.7 £19.7 435.1 +32.1
30 457.1 +25.7 445.7 £32.0 460.6 +43.2 451.5 +42.3 419.7 £20.1 437.6 +32.6

UL« FORGEAIHZ MW, H o« AR, P<0.05

Notes: #* indicated the comparison with the model group, and indicated statistical difference, P <0.05
2.3 KPP MRREIIXKRMIE ALT, AST i& K0T

AR DRI I P AR UM TE TR AR sE i 45 R Nk 4 fos . R 4 TTLUEH . SIEW 4
FAEE, BORIZH R B P ALT, AST B3 TR, AStil¥ER, P<0.05, KU CCl, X HFIEA B
POER . SRR LA, R, TR R R UL T ALT, AST §936 ¥ egeit 25, P>
0.05, HIRAXUERAL A A i 2 rh R BUALE ALT & A PRk, Ageite22R, P<0.05, LHHHE
XU AU 1o ) vk I BRI 3 N SR SR B 0 R B AT IR 8V — e AR B R PR P PR

x4 HPE NREBWIXIKRMF ALTAST & SR #0m
Tab.4 Effects of carotenoids extract on the level of serum ALT and AST in rats

ZARW) J5 & FL Test substance ALT 3% 77 ALT activity AST 7% 77 AST activity
2057 Group

mass ratio/ (g + kg™") /(U-L™") /(U-L™"
1E % 2H Normal group 0 37 +8 85 +29
HEFIZH Model group 0 440 +151% 470 = 112"
B2 XU iR 4H Bifendate group 0.150 140 +102* * 549 +205
5B 4 Low dose group 0.187 5 418 +226 588 £200
H5 4 20 Midium dose group 0.375 523 £253 635 £374
i F 40 High dose group 0.750 288 +104" 627 +287

B #FORSIEW A Z MR IR, Hoh “#7 38 P<0.05, 1 “##7 R P <0.01, =+ Fon 5B Z [ IL
B, Hrp " =" IR P<0.05, i “ o« FIRP<0.01
Notes: # indicated a comparison with the normal group, indicating P <0.05, while ## indicating P <0. 01l. * indicated a comparison with

the model group, indicating P <0.05, while # * indicating P <0.01

2.4 EHE MREBWIXT K RIFEARRBEZH M

XK BUFIE AUEA T e Ay, LA RN 3 Fs o IEHW AR AT RIS R AF, Tosm i 21k
(ULIE 3a) o A2 AP i 20 K B TP AE L S O die Dy P, B« i S KBGO o B 1 IR s
PERIG, A/, REIE, S0 AT 2 i, AR VRS SR AR s FENR A M kL

http : /xuebaobangong. jmu. edu. cn/zkb



- 426 - T2 (ARPHERRD) 23 %

oG, KR A A RS, AR R, AR EE Ik, Uiz 4k, anl&l 3b e 3d P
o SRR AL, TR UURE LA e 7 B LA B MO 2R LI BE B %, BRAEAE (LI 3¢ Al
B 36) o HRFRIR LI A A T TR S E A i, UBRAEAE (1] 3e) o DL EAEIRIRWT, IR XU AL
I R A 2T 2 I 2 BRI K R I RAT — e R A BRAP VR, HG s 30 0 KB R
L 73 E 7/ R0 DN ) XS A (SR SR T

Wit 2 ‘-ﬁ“r

o) AL D mAR
3 ARAHEARREFHREMNELER(x100)
Fig.3 The results of rats histopathological examination(x100)
IR AR R R IE L VAT BT o), AR INER S s . i S al i, BAZUA 5 IEH 4
PO, RORIZH R SRR AR i 05, 22 R 3% (P < 0.05) , EERPUOGTBREEA | JEWTAEE

IR IS B S
RS KHPE MRERUNARFEAAREZHNITHER

Tab.5 Grading results of carotenoids extract on the liver histopathology of rats

SR FE A (FH43) Pathological change (integration )

158 Group WAHE CORWE o KEEREE TR
Cytoplasmic Changes of . Degeneration Hepatocyte
. . Steatosis -
condensation balloon-like of water sample necrosis
1FE % £H Normal group 0 0 0.7x1.6 2.8+1.0 0.2+0.4
FRAIZH Model group 0 8.3 +3.4* 10.6 £2.5* 3.4+0.4 7.6 +1.6"
A XS ZH Bifendate group 0 6.6+2.7 7.9+3.5 2.7+0.6 4.1+1.5"
{542 2H Low dose group 0 5.0£2.9 6.9+1.8" 2.7+0.7 6.9+1.4
F157) 5 20 Midium dose group 0 9.0+£2.0 9.1+1.7 3.0+0.4 6.4+0.8"
=774 High dose group 0 6.1+£2.0 5.8+1.7" 2.9+0.7 5.4+1.3"

LR BRI O 22T W TR b A R A VE R AR IR IE , AT A8 B ) B DR 3R 5 28 0T B R B KRR P, Bk
FIRLIG B R BR 0 TIREAE . #20R HIERWALZ M LLEL, Horh “#7 Rox P <0.05, 17 W2 7m SRR AL 2 0] i He A,
Horpr %7 IR P <0.05

Notes: The index of single factor ANOVA were steatosis and hepatocyte necrosis. The index of variable conversion of single factor ANOVA
was water sample, and the index of rank-sum test was balloon-like. # indicated a comparison with the normal group, indicating P <0.05, while

# indicated a comparison with the model group, indicating P <0. 05
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HRIR DU 2 ST LA, ORI 2 b A TP IR SE X — N bn2e 5 B3, HAR AL fE bR
B WV S s (RGN A S RORZE A, RGR) i 2 vt A AT A M D5 A P X — e hr 25 57 3%
HA IR A B2 . R0 SRR LA, X ALR SR TF 20 L SR e 7
FEFEMIA SZARE dh Je 25l I HL v )i 4R S A TR M i A Pt el . 238 L i, ST
AUARLE, BB AL RS N AR Bk AT 4 M B 0 B AN R R B ROAE A, ek
KBNS R AR KA TR DA B PRI 1

Yl , CClall s S A Gz 4SO, AR ™ AR 1% I Y A i 5 — RS SIS MY I R &
SEOFAMMAET  FALVE AR R A A 55 AU BB ) LA Rk ™ 45
RIS, T EEAARSR AR | R T AR S o I R BRI N AR
R BT ER B TS - e S B A28 N RIS ER B e, DA B Ay S0 B2 B 5L A Wi
SPGB T AR SR T RIS T R A, W [ S A P R A T
PRI EE G, AR NIRRT Y T, AR AR R R e RGE Y, PEMTRELIE T ALT, AST
MR P R R

3 it

AIRIGEER, BRI ALT, AST ¥ TAE 4, AFAAR AL PE . ~OREEAS | AT 240 IR SE
PP TIEW A, U] CCLHR AR R BN o 3 MO [ 700 o (912 R RS IS 3R 32 U X T
ARHRAT AN R R RE A, TR g R0 B LR BRI ALT SR IZ LU AR B I (P <0.05), RWIIAR
BERERIE N SR SE U KU AT — @ R IR P o R REERESEIT S N RISt A7 o 73
Mrkl, HEEWNIFE R,

[ &% 3Tk ]
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