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WE: B AL R TBF PR B &P 5 %% A & (N-acetylcysteine activated carbon microcapsules, ACNAC)/E X KA
AL T P EARGE T T RANY A, % AR & E AR CBE¥ bR BE (V-acetylcysteine, NAC)#) .25 7%
P ) &-43 5] ACNAC, vA v EALEE (CCL)4H & K FATF 4 LA | ACNAC & . F. 1&A 241(80, 40, 20 mg'kg'-d™!,
R OB AR )BT EL S, NAC, KR EAMETRBEGY, %77 8 ABALKA, Bid X AIFHRIH.
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RIF L% ) HE £ A0 MR A e & R AT 4F A2 A M~V A, 9% 4048 B 7 A A TGF-B,/TP-R, #= Smad2/3
X&F &k, ACNAC, NAC #F= SM AT ¢F 4 fb X e 7& ALT. AST A Tbil A ZF 696771 A, ACNAC 35 AR
2T NAC F= SM (P<0.05) ACNAC &% 57 A K RATLL R R B bn i R AT 4 Yededs it e yk 4840 2 8 W TGF-B,/TB-R,
#o Smad2/3 &L Y, ACNAC &# TM AL LB F M £ F(P<0.05), 58 ACNAC 3+ K ST LF AL A R 4125 5 F
TGF-B,/TP-R, #= Smad2/3 A A B3p404E A , T3 K RIFLF A F AR, AEFH 30 NAC A BEY K H EH L
R FWIT A
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Effect of N-Acetylcysteine Activated Carbon Sustained-release Microcapsules on the Expression of
Intracellular Fibroblast Signaling Molecules in Rat Liver Fibrosis

MIAO Liangbin'?, BAO Jianfeng®, LIU Shourong’, FANG Hongying®, YANG Zongxin>, HUANG Congxiang®,

PAN Yijianz, GAO Jianqingl*(I.College of Pharmaceutical Sciences, Zhejiang University, Hangzhou 310058, China; 2.Xixi
Hospital of Hangzhou, Affiliated to Zhejiang Chinese Medicine University, Hangzhou 310023, China)

ABSTRACT: OBJECTIVE To study the effects of N-acetylcysteine activated carbon sustained-release microcapsule
(ACNAC) by oral administration on hepatic fibroblast signaling molecule expression in rats with hepatic fibrosis. METHODS
ACNAC was prepared by gelatin entrapping with acetylcysteine-loaded activated carbon. The rat model of liver fibrosis was
prepared with carbon tetrachloride (CCly). The rats were given ACNAC high, middle and low dose of 80 mg-kg™'-d™’,
40 mg-kg'-d™!, 20 mg-kg '-d™! (calculated according to acetylcysteine), NAC and silybin as the positive control drug by gavage
administration. Rats were sacrificed after 8 weeks of treatment. The effects of ACNAC on the expression of intracellular signal
molecules were evaluated by rat liver function, pathological sections and immunohistochemistry. RESULTS CCl,-induced rat
liver fibrosis model was successfully established. The pathological changes of liver tissue were observed by HE staining and
reticular fiber staining. The degree of hepatic fibrosis was grade M-IV, and immunohistochemistry showed that TGF-B,/Tf -R;
and Samd2/3 were abundantly expressed. ACNAC, NAC and SM had significant therapeutic effects on serum ALT, AST and Tbil
in rats with hepatic fibrosis. The ACNAC high dose group was superior to NAC and SM (P<0.05). The pathological sections of
liver tissue with treatment groups showed improvement of hepatic fibrosis. Immunohistochemistry showed that TGF-B,/TBR;
and Samd2/3 expression were decreased in the NCSM group, and the NCSM high dose group (80 mg-kg™'-d™") expression was
significantly different (P<0.05). CONCLUSION ACNAC could significantly inhibit the expression of TGF-B;/TB-R; and
Smad2/3 in rat liver fibrosis. The effect of ACNAC on liver fibrosis was significantly improved, and has a better therapeutic
effect than of NAC and the control drug silybin.

KEY WORDS: N-acetylcysteine ativated carbon sustained-release microcapsules (ACNAC); hepatic fibrosis; fibroblast
signaling molecules
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AEAL B TT RCR -
ICER AN Y

I A B A (extracellular matrix, ECM)AE 5 A BT 1
BHWTAEF o FLALHIA NAC T B e 2505
BRAFHEE 2%, BAWT TGF-B/Smads #4155 7
FAE S B s S U, TG HSC s ik
1 ECM ARG NAC 780 F1FF£F 4L 1 I R
BT, BONERIKIESS, AR AR, 2GR
SR AR R S AR BEAR A R R, S Il PR
MRFESZ, ARSMEET 10%, R T il
RN RFEF 4t feicte, & E R,
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e S E AR . BT AT TR, A B R L R
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P2 2E B2 B SR B sh ) L 3R 4L, SV RTE S
SCXK #7-20080033.

2 ik

2.1 ACNAC #i#%

RSB, /K 10 mL, fHIRZE 55 C,
1000 r-min~" HEEFE VA MK o K SRR 26 5 o
0.1 g MNP, £ 55 CHi+E 20 min AR
BN BRI 50 mL, Hn\ =] #%-80
TREIME A o K AHGAR I AH, 4k B2
15 min, JIFHEE 15 mL Bi/K 3 min, FHK 8
10 mL [E4k 5 min, #i$E, T4 CHAE 24h, 7NH
BEpeik 3 %, 98, KBeS 3 R, IR, FRED
5. MBS MNE: 5 R THUMR E
W3 RARMEER RS BN S ET
R EE, AWiE)E, TR THEM M T,
L B RS . IR T =500 MOME, 2
WP b, WOVFRAEARE S, SRR
BNHATIRAEE, [FIRARYE T A A Rt Ak
P EIRLAR () RUREAZ 73 A

500 500
d= (;nldl)/(;nl)

A dy, dydi NEBERIRIAR, ny npng 77
BIRNEBRERN d, dye-d P EL.

2.2 EhYsE

¥ o125 HRRBENL N 2 A, IEEXTIRA KR
10 H, iR 115 K, 85 5 Hkriass,
BERY A AT IE AR, GBI (Al o K BTl g AT 4]
IF . ML T 40% CCl, MBS A T
1 mL-kg ™' -d ™" #EAT B T 7S A 4% T 4T AL B R,
Ji 3k, EEE 4R IEEXTHRAL T 0.9%4F
K 1mL-kg ' -d™' Je RyES, A 3K, ELL 4 R
TGRSO A B V)R BRI & . B RS
BEAN. F 4 FXERA KRG 6 X,
BEAT HFLH AR LT Y et WS I T £F 4E AL FEFE
R 1) £ I I & Bk — 2 AT S I K R
BEHLZY R 6 41, Hrf ACNAC &, F. (KFIE4H
%16 K, NAC SFHEZ . /K REI = (SM)4L% 15 H,
BRI 14 R ZWsEi0 B BT KR LA SE 4 R
RS 5 Rk g%, ACNAC K. . ErlE4
34T ACNAC 7K B (Fra AN 38 R R I
THEO)HE B 4525 (1 NAC i, SRR R )20,
40, 80 mgkg'-d”"', NAC ZHLL NAC /KIEWEH
45245 80 mg-kg ' -d”', SM 4LLL SM /KR B (34

R E B 255 2016 4E 11 H %6 33 555 11 3

SR FEAR Y L O WE B 4424 80 mg-kg ™' -d',
R ZH R0 OE H 0 IR ZH E 15 40 24 SR AR 0.9% 42 B 3h
K BH VIR, ESSHRIT 8 A, TRIRGY
24h 5, WIEEHKE, FBHULEE 1000 g 550
10 min 7> & 1f7E, HTWll%E ALT. AST. Tbil 4§
brs BUFAZS 2 7, — 4 T HE GL PR LR
Y:yutt, Smad2. Smad3. TGF-B;. TP-R; 24
HLU IR IME, 53— H T HIEHLA K
Ja %2 TGF-B;.
2.3 ARG

FFIh eI S 2248 F5 ALT. AST. Tbil f&tx, AT
H I TGF-B #1845, HdlE 4 R EH SPSS 16.0 47
N, X tsEoR, ¢ RAES 0T, P<0.05
NESEFEEE. FASREEE T 2 A%
SRR LR G, P<0.05 AZESEA R
EE,
3 F#R
3.1 ACNAC & KRR

HEREEMBERLR, MELSEA, ME
SMCIR R, RiARESN ), oLy, KRS A fE
80~140 pum 5% 5 B2 81.9%, “FHIkifEN
110.4 pm, SD A 13.59 pum, iR LA 1. BEEM
WERER, EHFHEETUE, S4MERT
e, RWEAYME TR, SRLE 2. b
Iy A WL 3.

1 ACNAC #548 F(200X)
Fig. 1 Optical microscopy of ACNAC(200X)

2 ACNAC w84 5 B
Fig. 2 Scanning electron microscope of ACNAC
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Fig. 3 Particle size distribution of ACNAC

32 KER—MIEN

BRI B, IEW A RREA, A
B, RMOIRASE, WEShBEE, EYOKEM
BIEFRES. BAAH L EREA,. WM. MK,
KRB, 1TANEORLE, RERIEM, AR mT T
K BRI D, fEiER R KRAET: 12 H,
A 8 HUIB AR ZH KRR PR Ak T 7 B 9 SRR
RO S B S s SEER I B AR A K R R 45 T
YEITHIEL 2 HBETS, NAC 40/ SM 404 B 1 HAE
To. BRI BL, IEHAIRA KR FFE, %2
WA B — MR L B A TR o) R 2 A R R R e
3.3  IMiEFfeirgs

5 IR H 0 B L, AR 2H K BRI 5 4R A
HEF &, Z58BA 51T %8 L (P<0.05);
ACNAC. NAC 1 SM X K B £F 4k i35 2= 45 4
Thil 4 &3 FIWEIT AR, 45 UL 25 W%t K SRTF&F
Yetb 39 — B MIRTTER . ACNAC 1. m7AES
H R BT NAC 1 SM(P<0.05), #7R
ACNAC TEAHIF 5T bt I £F 44k 36 97 1 e 4 AR
H, fEhRER R IER 1.

FT 1 ACNAC P4 miFEF T (X L)
Tab. 1 Effect of ACNAC on serum indexes of liver fibrosis

(x£s)
41 Al n  ALT/U-L™ AST/U-L™  Tbil/umol-L™
IEHXRAL 10 56.84+5.73 119.70+9.03 1.61+0.26
FRERIZH 12 258.11+7.31V  212.08+8.54"  2.15+0.13"
ACNAC IGRI B2 15 231.67+4.01°7  179.47+6.147  1.86+0.187

ACNAC A 15 20639+6.767 151.23+8.017 1.70£0.217

ACNAC 4 15 174.67+7.42Y%9 141.43+7.89Y 1.56+0.1873
NAC 4 14 266.13+9.75?  179.37+6.91”  1.88+0.26”
SM 41 14 203.79+8.97”  160.16£8.29”  1.72+0.31%

TE: SIERRERALILE, "P<0.05, SEAMA L, PP<0.05; 5 NAC
A, YP<0.05; 5 SM4LE, YP<0.05.

Note: Compared with the normal group, "P<0.05; compared with the
model group, ?P<0.05; compared with the NAC group, *P<0.05;
compared with SM group, Pp<0.05.

3.4 AU AL BL(HE Yeta. MRk GL o)

B X S B 2 KRR TR A 2R AT g
JEEEAT, KL HE Jeta 2R, R ZH K B 1T
ML K = A M 98 ME L AR B, HOK &
e TICE X, v 97 40 R B2 2R & ML
FIRIEIE AL />, B A A — w2,
ACNAC AT NAC f1 SM xf 4, JLHZ
ACNAC @&fIERITH, MR B B2
Do AR AT o Gty 32 7= B B 2H KRR 2H 2R 21 4
WA NIV, 16T 4R R A4 AN
[~V, mkEERZRREHIAFR, ACNAC %7
BH, WEEFENIGR, AR, 4
R 2,

w2 BUFTAEANTF R R

Tab. 2 The distribution of liver fibrosis in each group

A 5 ] JFF £ 4 Al 590 53 A7 B /m
0 I~1I [T v~V VI
TEH X AL 10 10 0 0 0 0
BRI 2 12 0 0 3 0
ACNAC LA #4A 15 0 1 9 5 0
ACNAC Hil&EH 15 0 4 8 3 0
ACNAC & &4 15 0 6 6 3 0
NAC 41 14 0 1 5 8 0
SM 41 14 0 1 8 5 0
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AR 2 e, Rt 2 50 4H
PR EL 881 (H=37.853 1, C=0.8853, Hc=
42.759 0), f3HEAAE ACNAC HflE A A
P<0.05, 5 ACNAC miflE4 i P<0.01, &
REZER . ACNAC &2 24H 2 A b 2 7 A B
&, 15 ACNAC F7|&EAHA ACNAC &EilEAH 5
W5 NAC 4, WA HBEEEREEER
(P<0.01); ACNAC mi#l&ES5 SM AN 42
203 7 F(P<0.05).

3.5 AF4L4H TGE-B,

TGF-B; HIAxHE 26 y=0.001 27x+0.049 58,
5=0.037 9, r=0.998 1. HAEAFTIE KEEARN
R bR AE Al 5 R, A8 IR A
TGF-B; il (pg-mL™"), HRIEZ4 I3 1513 40
LB E AT A TGF-B, & & (pgg). AL
W, RS AR 4E A0 KR TGF-B,y 13RE /K7 B 2
T IEW R KT, i4(4 649.14+67.33)pg g '
RFer 4t KR 404 ACNAC. NAC F1 SM 697 )5,
JF2H 4 TGF-B, 130K B 2 2 240, JEH 2 w77

R E AR 24524 2016 4E 11 H 55 33 H5 11 )



&) ACNAC 577 )5 » Xt TGF-B, IR IE M H| 53%,
Al W, ACNAC X FF 41 44k 55 Z 45 br TGF-B, A B &
MEMER, H ACNAC A&l s 4l 2 B
T NACH, ZRE 3,

£3 HAEAN TGF-B #IFLER(X )
Tab. 1 Results of TGF-B, in liver fibrosis(x £ 5)

A 5l n TGF-B/pg-g”
E X A 10 1 486.07+58.77
[ EitEe! 12 4 649.14+67.33"
ACNAC M7= 4 15 3 633.75+89.022%
ACNAC H 7l =4 15 3217.21£73.689YY
ACNAC El=4 15 2 894.52+69.3423%
NAC 41 14 4116.93+56.05”
SM 4 14 3 102.63£97.09%

T SIEEOHA LS, VP<0.05; SEAIALLE, YP<0.05; 5 NAC
AL, PP<0.05: 5 SM4LLL#, YP<0.05.

Note: Compared with the normal group, "P<0.05; compared with the
model group, ?P<0.05; compared with the NAC group, *P<0.05;
compared with the SM group, ¥P<0.05.

3.6 JHHLR G H LU

T 0T 5 2H KRR I 2H SR AT S s H Uk 2
M. RER, SIEEXRALRE, Hhprfa
HHH KR H TGF-B. TB-R;~ SMAD2/3 #J
FEHAMBEERE, HPEERARER

b, RMHRIEERK, HREHITHNRIE
®ED, Hf ACNAC &, H. &AEH L L
PR RIERERMRCR, ACNAC =il &AW
TGF-B;+ TP-R;+ Smad2/3 HIFKIE S ZiRyr 4L
FREPRREAREE R SR IE 4 %K 4.

%%4 E?éﬂ//\%féﬂ//%t”"% (fis)

Tab. 4 Immunohistochemical expression area of liver
tissue(x £5)
21 n  TGF-Bi/% TB-R1/% Smad2/3/%
EFMBA 10 2.13+0.23 1.68+0.91 2.09+0.32
R 12 9.97£0.57"  8.45+0.41"  8.21+0.65"
ACNAC fEFIEA 15 6.27+0.53”  6.12+0.57”  6.31+0.36”

ACNAC HIE4A 15  4.78+0.34YYY 533+0.3199Y 4.98+0.482%

ACNAC mAIEA 15 3.96+0.272%% 3.07+0.22999 3.27+0.4199Y

NAC 4. 14 6390312 47720477  5.95+0.71%

SM 41 14 6.16£0.34Y  5.98+0.67”  6.01£0.45”

FE: GIERRALILE, "P<0.05; SEAALLLE, PP<0.05; 5 NAC
A, PP<0.05; 5 SM4LLL#, YP<0.05.

Note: Compared with the normal group, "P<0.05; compared with the
model group, ?P<0.05; compared with the NAC group, *P<0.05;
compared with the SM group, ¥ P<0.05.
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Fig. 4 Results of TGF-B;, TB-R;, Smad2/3 immunohisto-
chemistry in rat liver fibrosis tissue(100X)
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