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7500 Fast System), Basic H17k{¥(Bio-RAD, Power-
Pac Basic), %K 1% 50t & 45 (Bio-RAD, Chemi-
Doc XRS+), 1F# {5 (Zeiss, Axio Scope.Al), fI
I #l (Leica, ARCADIA), 1 % ¥ A Ml (Leica,
RM2235),
1.2 Hah5EKA

ASg TR PCO™ i #%5 C-190430, Amax/
A280=3.0)l [ Hi i BT PRIRE A IR )5 RNAiso
Plus(Total RNA 2FGR7). PrimeScript™ RT reagent
Kit with gDNA Eraser (Perfect Real Time) . TB Green™
Premix Ex Taq™ II (Tli RNaseH Plus) ¥ Takara 2y
Fl; HE BetaidF) &M Masson YL (il &l Tl
KEPARAF
1.3 ER3HH

SPF %% Wistar MitE KR 21 K, A 130~160 g,
W H TR B SR s B E A RA A, VFRIES:
SCXK(%) 2019 0003 5% T 1L 7R [ b A MRk bl .

2 HiE

21 EBRFHHH4ERTH

TFEEAE: I (23+2) 'C, MIXHEE (45+10)%,
SEHRFEW R 12 h SEHR/12 h 2BEE, i e kK.
TN PR R JE S, DUATE AR, 8% 21 HOKEBE
LA 3 41, B 7 R oA =Uh: X R4L(NC), I
2 YE4k 4 (FIB), CCl+PC T4 (FIB PC), CCl+PC
THLHERHEE 100 mg/kg 19 PC, Xf BRLHAE H [F) 45
IRFRZRIRK, 58k 4 )8 FRE RS 9 CCL Y i ik
SERFEFHEARAE Y, FLOR v by B s i AR B0k
12.5%0H9 CCl, A, Lh 0.01 mL/g /AR & i 1
B2, Fige 4 B,
22 HAR%E

KRB ZAE T F BN G — KRR KRR
R PTIBUES e oy R Bt 2 HE (8 G JC S 1, m) VA
FEAR AR N OR R AT T, B AT HE), 5 )IHE T
(2 AR S USSR T T I VR A48, SR S B
WARPER IR, BT-80 C WKAHATRAT .
2.3 K KAFPIE48 21449 HE #= Masson % &

i Fs T 5 TR 0 BN 10% 07K A SRR #(0.3 mL/
100 g KE), HREIEAJRBRRASR, BURFIE 9 5 K
M, B TRESECH 4% R REE 2R P EE,

4 CUKFEMIEE 24 h 5, LU 50007 k4T HE
e e, (5 ARG -G 4, hematoxylin and eosin stain)
A1 Masson Z {0 (X FR 5 £ = {0 L {4, 15, masson’s
trichrome stain), 181 %52 AT 4148 o 58 P4 41 i Fn &F
A Ak B R A ) B T 2T A A 1 9 B o 8 R A 1)
T80 CUKFE T IRAF, LAA 5 SLAG I AH DG A
1) 2RI5 o

2.4 RT-PCR #% K SATIELA L & 4 44k

&R

B3 HRBRF44L, F RNAiso Plus if 7
FRICE RNA. A 4efbbris® 1 B8 58 A
(collagen type I, Co-D)F1 o-F1F WAL 3L H (alpha-
smooth muscle actin, a-SMA)RIH B 5[4 h L &
MBI ARARA G K FITHRR:
a-SMA_F GCCATCAGGAACCTCGAGAA; a-SMA R
AGCTGTCCTTTTGGCCCATT; Co-I_ F GGAGAGA
GCATGACCGATGG; Co-I R GGGACTTCTTGAG

GTTGCCA; B-actin F CGTAAAGACCTCTATGCC
AACA; B-actin R GGAGGAGCAATGATCTTGA

TCT. B MR E 2 M EARFAT, PCR RN 41
H: o He 95 CHUAEYE 30 s, HEAMEIR, FEER 40 K,
TEIR S 95 CAEME 55, 60 “CIB K FIFEMH 30 s,
LA B-actin E RS, FHMGE/REE Ctik(2 24t 4
118 25 R B4 AR X ek i
2.5 MEERANZEENF

FIFZEE DNA HEBGR M G4 BUK U E RE A
(L2 DNA. DIAITE Y 16S AZAHAR RNA LR [
V3—V4 w78 X 5| ¥ (338F 5-ACTCCTACGGGAG
GCAGCAG-3'Hl 806R 5'-GGACTACHVGGGTWTC
TAAT-3"), ¥ FriE By DNA FEABEFTH) PCR ¥
1 (ABI GeneAmp® 9700 %I PCR 1%). 2%F5 5 4 Hi, ik
Rl 98 AEdh, () AxyPrepDNA &E 1l it &
(AXYGEN 7 &) Ul B [l Y& PCR 7= 4%, ffi
TruSeqTM DNA Sample Prep Kit i& 7 & (Illumina 2
AR EE MiSeq SCHE, FEARYE DT A A lumina
MiSeq 7 F- & #4707
2.6 GitFF ik

F IBM SPSS Statistics 22 A4 BARIEATH 45
BT, GRS EAREZE (X o) 2 0, FIRR Ry
2RI AN R 2 2 (6] B S8, FH wilcoxon AR ARG 56
SIHTAN R R Z A1) b 254k . P<0.05 R WIAN[A]4H 2 [i]
AR EEER
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Fig. 1 Effects of phycocyanin on the liver expression of

alpha-smooth muscle actin (a-SMA) (a) and colla-
gen type I (Co-I) (b).
T NC: XTHE4L; FIB: £ 4E4k41; FIB_PC: CCL+PC T4, *#R
P<0.05, Rl

MassonL {7,

K 2
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J1 HE e85 Masson J& 8 9F4 < B A -2 405
FEJ¥E . HE Je (025 31 WoR, NC 4L K 5UAY IFIE 25 49
IEH, FIB ZhH 80 17 Kt i R I /A R oK i 25 i
FEAS P AT 40 L . FIB_PC 41 rh g R /A Fil 23 T A
AP A0 ML FIB 2R A T % . Masson {8
SER R, NC A4S X A7 AR > i 0Bk e i i
o B R JE 2T 4k, T FIB 41 Ry 48 X R A7 A K i
(e IR 2F 4k, H IR IR AT 4t 7e 7 —ie, R T &F
o e B, U B O B A RS BT A 4 A A R
FIB PC 4 B ARICAE X WAFHE—E i £F 48, |
WA AT g, Ha4eb @ EE FIB 415 (&
2) A 1 RIS, R CCL AT 4 J& #E 1S WU
ELT 44k, PC T WHEA G CCly & B 2T 4E 4k
IVEH
3.3 MEMAE N ABRESA

AWMy 21 DEAFAEAIL T 1043 032 5%
HRFH, ABELH KN 505 342 145 bp, A AL
P50 (1 F K BE R 423 bp o 4% RE SRR BRI 4
Shannon 18 A 2% (K 3a), coverage I8 8L F] T
95%L4 (K 3b), H.reads $(7E 35 000 L) [+, Pl
Y 1 £ 4 A % B e H K BRI T R AR 1Y) 4R
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3.2
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Fig. 2 Pathological section staining of liver tissue (200%)
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Fig. 3 Phycocyanin intervention modulated composition of gut microbiota

3.5 OTUs RE 54

X A5 45 AL B A kAT OTUs BT,
AE AL unifrac 3 A4 A5 43 M7 (principal co-ordinates
analysis, PCoA)IZ5HANE 3d iR, DL 95%0 B (5
DX () 25 I 4 A0 oy A, 455 s NC 41,
FIB 411 FIB_PC 17 K] X i i s o3 A EL A g v,
H NC 415 FIB 41 . FIB_PC 4 143 20 1 15 15 5 38 4.,
UL PC Al CCL #RREMUE B R . 5 FIB 4l I,
PC_FIB 410 KM EE NC 4liE, mlREE N
PC FIB 41/& CCl, il PC WE T, H PC E#H T
Wi, 7ETH AL IE B B A s fok, R R X B
SRR/ NI) A TN

TENTKF B, B A E /T 0.005 (91130
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I'] (Firmicutes) #1481 #T I '] (Bacteroidetes)(&l 4).
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Fig. 4 Relative abundance of gut microbiota at the phylum
level

TERLKF I, CCLy 175 3 FEAR T BUAT L (Bacte-
roidaceae) . H IJf & £} (Rikenellaceae) . 4§ B &t
(Tannerellaceae) %5 & #f Y 32 &, PC AN A J5 X L8}
B 20 R AR T =E RS n . bAh, 5 ONC 4L, FIB.
PC 23 8 3 39 0 1 4 1k 8 Bk B B} (Peptostreptoco-
ccaceae) . MWL FT # Fl(Bifidobacteriaceae) A AH Xf =
J¥ (& 5).
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Fig. 5 Phycocyanin intervention changed the relative abun-
dance of gut microbiota at the family level
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I & (Blautia) WA X F 2 2 35 [ IR (P<0.05) . T
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Fig. 6 Phycocyanin intervention changed the relative abun-
dance of gut microbiota at the genus level
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S B R R A 2L, I DA T 4 A A A A
SR . ARSLEE T, CClLy 755 1 R U IR
P P 4EAU AR S Y a-SMA F1 Co-1 E 4, B
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F %, MRS e AL AR 5. Ou 25 7HIE I
PC 1] L3 i3 15 56 1 48 (reactive oxygen species, ROS)
F- 30 A AL W Ak i (superoxide dismutase, SOD)AI
2 e H KIS E AL P (glutathione peroxidase, GSH-Px)
MG PRI CCL 75 0% - teAb, PC 1 i (2
#: %5 JJH 2 (phycocyanobilin, PCB)RE . FHH#EE CCly /)
SR I AR AR A ) SOD AKSF, FAR 014031 # A i
gih, PC TR T CCly i55 M K BUFIE41 2
a-SMA HI Co-I fHEIN, B3t 1 R U IELT 2L By B
R, B PC HATHCE A 4e b EH .

B 75 AR Bl Ak A, CCLy 5 S B 4T 4k
WA BE S B EREAHE . D’ Argenio 25U CCl, i
T T KRBl &AL K BRAETE 8 B RER
P IR bt kBT AL R A E A R, Qin
AT o) R R SR A 2E A 5 RN T RFRE AR R
FMEE R N R Z (B A 22 5, Ffa@h AAH L, Ak &
F#iE Bacteroidetes B FEEREAK, M Firmicutes f)
F TR . Firmicutes/Bacteroidetes(F/B) 1] L) S5z it i
T A 0 2R DR O o ARHIF Y & 30 R RS A 2 22
AU |14 Firmicutes Al Bacteroidetes, iX 2 PH 5
PR BB 90% LA I, B B 7 RH
A fAIE AT o CCL PS44I T Firmicutes A2, [
it T Bacteroidetes 3B, Bl CCly iR T KM
J B AR R R, T PC A T CCLy i 1Y Bacteroi-
detes 19 =F BE KA Firmicutes M FEFE 5, Uil PC
RERE IS CCly SRR B UE R ZETL, XA lcE
Al Hef B F PC & T 4F 4k 1k .

A5 H CCly T T Bacteroides . Parabac-
teroides . Blautia S5 % FJE, X SLRARRE ™ A i HE NG
R 200, f i v i BT R EL A LR AR, e A
i R s/ 25 ML I 9 E S P o 22 BT 5T RS
B { G RIEVERT S Parabacteroides 1I=EJE FEAE2,
AETERS TN 5 I 28 35 AT AE Ak 5B 5 AR N Blautia W 5%
FIEMEY, Yan 5 NPUUIERR] CCL AL HLS K R iE
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0 I EF 4 AR B DY B B TR RE R A T EREL, (R R
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JHFIIE B R S 7K SF-, G2 ik I IR 41 4k Ak

PC %I CCl, S04 4L BA B0 ecE 1
M oASCE R E T PC THiX; CCly 5 S 14T 4
bR R A AL S A R . a5 SR R T
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Abstract: The effect of phycocyanin (PC) on carbon tetrachloride (CCly)-induced liver fibrosis and gut microbiota
in rats were investigated to develop a medicinal value of algal active substances. Rats were randomly divided into
three groups: control group (NC), hepatic fibrosis group (FIB), and PC + CCly intervention group (FIB_PC). After a
4-wk-long intervention, the messenger ribonucleic acid (mRNA) expression of a-smooth muscle actin (a-SMA) and
collagen type I (Co-I) in rat liver were detected by real-time reverse transcription polymerase chain reaction, and
composition of gut microbiota were detected by 16S rRNA high-throughput sequencing. Expression of a-SMA and
Co-I in liver were significantly higher in FIB group than those in NC group. Expression of a-SMA and Co-I in the
PC group was decreased after PC intervention. CCl, reduced the abundance of Bacteroides, Parabacteroides, and
Blautia, which had anti-inflammatory activity. PC intervention significantly increased the abundance of Blautia, a
probiotic with anti-inflammatory activity. These results indicated that PC could maintain gut microbiota homeosta-

sis, which might alleviate liver fibrosis caused by CCl,.
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