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Abstract: Objective To establish a rat primary hepatocytes isolation and identification system, and carry out studies in rat primary
hepatocytes and BRL-3A cells for liver toxicity characteristic of early drug evaluation. Methods Rat primary hepatocytes were
isolated by two-step in situ collagenase perfusion method, and then were identified by PAS staining and its dual-nuclei structure; The
ICs, values, which was hepatocelluar toxicity of APAP in rat primary hepatocytes, was evaluated by CCKS8 assay; Damage to the two
kinds of cells from the drug was observed using inverted phase contrast microscope, hematoxylin eosin (HE) staining, and transmission
electron microscopy (SEM); Automatic biochemical analyzer was used to detect the contents of ALT, AST, ALP, LDH, TP, ALB, GLU,
and BUN changes in cell supernatants after administration. Results PAS staining shows positive involvement of two nuclei in some

cells, cell viability was ranged between 80% and 95%. Rat primary hepatocytes grew best with a cell density of 60 000/cm?, 3—35 d was
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ogarithmic growth phase; Primary rat hepatocytes BRL-3A were exposed to concentration of APAP showed that ICs, values were 18.03
mmol/L, 95%CI = (17.28, 8.81) mmol/L and 20.05 mmol/L, 95% CI = (18.99, 21.17) mmol/L. In the high- dose groups, transmission

electron microscopy revealed that cells were organelles swelling, nuclear membrane rupture and the nucleus were almost invisible.

Meanwhile, compared with control group, with drug concentration increased, the values of aspartate aminotransferase (AST), urea

nitrogen (BUN), glucose (GLU), alkaline phosphatase (ALP), and lactate dehydrogenase (LDH) were significantly changed, while

other targets were no significantly changed in BRL-3A cells. Conclusion Compared with immortalized BRL-3A cells, primary

hepatocytes can be more reflective model with the liver toxicity. However, primary hepatocytes cannot live for a long time and lack of

extensive metabolic enzymes. Thus, increasing the kinds of liver enzymes of immortalized cells is a better means to boost BRL-3A cells

as liver toxicity screening model.
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Fig. 1 Morphology of rat primary hepatocytes in different periods
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Fig.2 Growth curve of rat primary hepatocytes
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Table 1 Enzyme secretion of primary hepatocytes in supernatant (X £, n = 4)

AR b AL”l_“{ AS"IZ LDH_II/ ALIZ TP_/1 AL]_31/ BUN/_I GLU/_1
UL UL UL UL (gl (gL) (mmolLl ) (mmolL )

0 43.00=1.15 153.25+£7.93 598.50%+151.14 28.25+0.96 3.40+0.08 2.93+0.46 3.954+0.06 10.96%0.09

8 3.2540.96" 63.50+£6.56"126.00+ 10.23"33.75+£0.96" 3.404+0.14 2.85+0.19 4.06+£0.04 10.96%0.08

24 7.00£0.827°120.50+£9.75"152.75+  7.41°3025+£1.50 3.7320.1572.984+0.33 4.26+£0.10" 9.50+0.34"
48 3.50£1.00" 75.00£5.00" 77.25+ 1.90"35.00£0.00" 3.631+0.0573.25+0.17 4.17£0.06" 9.6840.26"
72 3.00£0.82" 88.25+5.00” 73.50%= 1.00"34.50+£0.58" 3.631+0.13" 3.2840.17 4.20£0.06" 9.4840.22"

Hoh4llE: "P<005 “P<0.01
"P<0.05 “P<0.01vs0h group
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Fig. 3 Growth curves of BRL-3A cells with different

inoculation concentration (X *s, n =12)
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FHBS TR0, FOHI7E 28 s . VE 4 hy X KR
JRACHT 40 SR e HmAIVE R, X BRL-3A 41 i i sl

YEFBEAE R EETHEg k. EH 24 h, 24 APAP ik
FE T 15 mmol/L I, 5 2 Bl ffa irs i R A —
5, 20 mmol/L () APAP X 2 Ff 4 Jid (1) 41 R 4R ik
F 50%LL ;5 mmol/L ) APAP i A FR AT 40 fif
FHHIRIE ] 18.88%, X BRL-3A 4l g HA kA4
KIIPER . 1ER 24 b3 R RUACH4H g f BRL-3A
A HLH ICs0 431 4 18.03 mmol/L (95%'E A5 X 1] 4y
17.28~18.81 mmol/L) 1 20.05 mmol/L (95% &%
[X [k 18.99~21.17 mmol/L). £5H W3 2.

3.5 X2 MURRFSRIENG

350 XERRUBARF AN RIS Em 0 2040 i
WhBEAE, 5 RFEIERCEIR, PbitELr, mifEER
RS R A i S AT A%, 5 mmol/L ZH 41
MDA E, 10~20 mmol/L P YLiFik
JEE 3 o0 s B A ) oD A, BRI £,
30 mmol/L 14N a2, WAL, WHEEAE,
iR LK 4,

3.5.2 X BRL-3A 4B 0T L2 41 i g
BERE. WG, ZEWEE5, o] W3,
ERARA R . 5 mmol/L 418 H 5% BR A1 Lh 4,
WOk G, (HARSAFT LT o 20 mmol/L 21 41 i 5L,
A Mg, AT WRIg AT, MG BB A
BT, MREFEEA—, BRI Z DA —, &
HARZ W, GERIANGG, SHHmgitii:, Bk,
30 mmol/L 41w WA MR o3 A, L e fr B 2

%2 APAP M KRIFERATHAEFN BRL-3A HAIEIIHIE (X £s,n=8)
Table 2 Inhibition of APAP on growth of primary hepatocytes and BRL-3A cells (X L5, n=8)

- o JE A 4t
& /(mmol-L™)
4 h 3% 8 h FHIZ/% 12 h 31 /% 24 h IR /% 48 h A% /%
5 —4.07+6.41 5.5345.00 25.1942.77 18.88+5.26 33.17+13.47
10 2744833 -1.18%3.51 17.64+2.16 34.0114.05 4296+ 8.14
15 -9.43+1.81 -0.77+431 22344293 44394219 70.194+11.99
20 ~7.66%2.56 3.47%3.15 21.80+2.49 55.6042.52 78.14%+ 2.73
25 ~11.54+3.80 8.03+1.66 26.87+0.87 56.1313.15 78.78+ 7.84
30 4.14+4.24 19.634+4.57 35.00+1.89 64.76+2.31 81.53% 6.06
\ B BRL-3A
FH/(mmol-L ™"
4 h 12/ % 8 h HZ/% 12 h 31 2/% 24 h 12/ % 48 h 2 /%
5 -2.22420.11 0.42+ 9.54 -1.73+ 9.69 -8.451+4.88 66.321+10.15
10 -0.57+ 5.29 567+ 5.48 13.50+ 8.44 18.44+4.20 81.74% 8.05
15 51141133 12.294 5.46 24.28410.22 37.01+2.45 90.33%+ 2.46
20 11.10+ 7.43 19.18410.99 28.86+ 8.16 51.2148.20 96.70+ 1.38
25 1629+ 9.24 29.17+12.24 4456+ 8.73 52.914+3.29 97.83%+ 121
30 27.16+ 5.48 42.61+11.99 61.50+ 9.00 79.82+8.61 99.04+ 1.16
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ML AT I GR LA 5.
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Fig. 4 Toxic effect of APAP on cell morphology

of FR APAP 5 mmol-L™

APAP 20 mmol'L™" APAP 30 mmol-L™!

B 5 APAP Xf BRL-3A RS HI%2 M0
Fig. 5 Toxic effect of APAP on BRL-3A cell morphology
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¢

JE AR 2

Bl 6 APAP Xf BRL-3A #Hffl. KERRAFFHEEBRMEHRITME
Fig. 6 Toxic effect of APAP on ultrastructure of BRL-3A cells and primary hepatocytes

3.6 X2 MR LiEE IEFRAISE

3.6 F KB SR 40 i 13 AR Ak R BR 11 52
M 24 h 2 )5, BEA APAP WRJEHITFE, 10, 25,
30 mmol/L #1[1) AST A4 25411¥ BUN. GLU
WETE (P<0.01); ALP. LDH 452541 5% 2
Fois BB (P<<0.05. 0.01); ALB Al TP 4¢84k

ERARE (P>0.05). 450 ILE 4.

3.6.2 X BRL-3A 40 it a4k fabnitosgmy 151
24 hZJa, B APAP KRIZEMTHE, BRL-3A 41/
UL AST T T, 22 AN s S0 AL,
ALP.LDH & 2 F#{X(P<<0.05.0.01);25.30 mmol/L
I ALT B2 THE (P<0.05). 48R WN#E 5.



%#isaaz  Drug Evaluation Research 39k FH3IW 20166 H *355.

FT4 APAP X KRBERFMABMEFTUIEE (X £s,n=4)

Table 4 Acetaminophen influence on enzyme secretion of primary hepatocytes (X £s, n = 4)

415 %UE/,l AST{ ALT/I GLU/ B BUN/il ALli/ TP{l ALP/il LD}711/
(mmol-L™) (U-L) (U-L) (mmol'L) (mmolL ) (gL) (gL) (mmol-L) (U-L)
2 — 3254096 0.2540.50 11.57+0.20 3.73+0.08 3.05+0.313.55+0.13 34.50+0.58 56.75+ 1.71
pagist — 92.75+5.68 425+1.71 9.434+0.19 4.13+0.04 3.133+0.26 3.63+0.05 34.25+0.98 81.25+13.89
APAP 5 108.00%3.56" 4.7540.96 10.54+0.24" 4.3440.13" 3.10£0.12 3.63£0.05 30.75+0.98" 22.75+ 3.59"

10 123.754£5.97" 5.754+1.71 10.93+0.30" 4.4340.02" 3.30£0.08 3.63£0.05 29.254+0.50" 3.00+ 1.41"
15 95.75+3.77 5.75+0.76 11.16£0.28" 4.4740.09" 3.0140.16 3.68+0.10 28.000.82"" 3.25+ 0.96"
20 82.50:8.66 5.2540.36 11.6020.14" 4.3940.03" 3.28+0.17 3.68-0.13 27.25+0.50" 2.50+ 0.58"
25 64.0015.42" 4.0010.82 11.86+£0.29" 4.40+0.13" 3.3340.22 3.68+0.10 26.25+0.96" 3.00%= 1.63"
30 72.001+9.83" 4.5040.58 11.72+0.33" 4.37+0.06™ 3.3320.17 3.78£0.21 24.50£0.58" 3.75+ 0.96"

R4 P<0.05 TP<0.01, T
"P<0.05 ""P<0.01 vs control group, same as below

%5 APAP 3J BRL-3A {HBERIBEF LMD (X L5, n=4)
Table 5 Acetaminophen influence on enzyme secretion of BRL-3A cells (X s, n=4)

% FE/(mmolL) LDHAUL')  ALPA(UL) ASTAUL') ALTA(UL')  TPAgL™) ALB/(gL™)
2 — 62.75+1.71 36.2540.50 6.00£0.00  4.0020.00 10.5040.41 2.4340.05
Xif — 77.254+1.89 34.2540.50 7.254£096 2.7540.50 10204022  2.33£0.05
APAP 5 39.00+2.16"  34.00+1.41 7.50+£129  3.5040.58 10.184+0.26  2.33£0.05
10 18.00+£2.16™  32.25+0.50°  7.00£141 3.50%0.58 10.18+0.10  2.28+0.05
15 13254222 31.50£129" 8254126 3.25%0.96 10.3540.13 2.3020.00
20 8.50+£1.29™  30.75£0.50"  7.75+£0.96 3.2520.50 10.204+0.26 2.3540.06
25 550£1.00" 302520967  8.00£0.00 3.75%+0.50" 10.55+0.13 2.3540.06
30 4504058  29.754+0.50"  8.50%0.58  4.00+0.00 10.73£0.26"  2.35+0.06
4 e WETE, GLU K VF&, RIILHFER N, $oR

AHIEFORE R B A0 R K BRI 40 T R
BRL-3A 4 il % &% T [F A BE Y il (5~30 mmol/L)
IFFRETEZ5H) APAP, 5 AN [A) MR 52 24 1) 0T 440 Jfa 1Y)
BEME o AN MRAETE SR S WA 52 40 1 R A
APAP E T KBRS AT 41 B A1 BRL-3A 411 /i 24 h
i, 10~30 mmol/L 452520 40 Mo A7 5 K 10
1, F R YA RGO, B -
RN G FR, APAP XK BRUEAR 4L ¥ 1Cso 24 18.03
mmol/L, *f Kl BRL-3A 4H i) ICso A 20.05
mmol/L, 2 Fh4lBEIT 95% & {5 XX [0 ¥ A7 A8 S 43 »
SEAMNT, B 2 A 1Cs) 2 A WE M ER, #n
BRL-3A 4HJf1x) APAP JH- 2344 ) S0k S5 B AR Bt
M2 . APAP fERARHKREE (5 mmol/L) K, X}
JEAR K BUTF40 B (1 461023 K T BRL-3A 4188, 1fi7E
BRI (30 mmol/L) B, X BRL-3A 41 fuft) 5k
KPRBRIEANT M. R T2 APAP
If, AR 40 &2 BRL-3A 40 i (4 i br (1) A2 40
JUTRA W, RACK U4 AST. ALT

JEUAR K BRI 40 i fi 0% DA 2% F b A2 10 K 48 718 5
M. FESEUIBEAT T APAP (IZERSH Y SES, R
KB AST. ALT BT, SAWTE: Ry
By RUIK R4 i 2AT 5 16 PR s i s s s
FAACL B BT 75 PE VP BE o VBRI AR I
BRL-3A 4 JufE 254 (¥ U AN TF AR A7 (1A 1 il
TR ACE T EAE TR RIS 4n M, whE 2 T
KIARE K, 1818 ool B REan i, &
T 4 M SR AT (e o

ASERG R I, 24 FLBREEFL 300 L, 40 E K
6 X 10°/mL I N e tE AR ML 7R 46 1, Bl BAr
BRFR A M B 3 0, A0 B AP R PR, B2
SEAANIERE, X 5% 24 FLIREEFL 600 pL!!
ZERNERA, HED J5 IR ] G5 15 FR IR A 55 . BUCK
L D i, JRARHF 4t 4 S L iusk, MR IRl
KT 2 mm I, B SUE GRS, ZitfaA
SRR IR E K 1.5 mm, 5 SCERARE 3. SOk
B, 22 T AR TR A A AR AR 4 s
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L TIHERRKE, SRRy, HT
SRS IN o3I il B R, AR SR AR B4 i
iR WME 573k rp B 18 0 LK) FBS RIXLL
2k, BN I ZEKAS . S 2R EGF, T4
M B AE KR, DMEgESLEE R DNA &
B 75 F VPN 259 S 230k i 2 SR AR A

ARSI R, —T7 T, KRS 4 ik 2
BN TS 2 APAP IR KT BRL-3A 41 /i,
BV i A0 AR B TR 250 B mp Ay DO e S 2, 42
INSLUB VR [R5 WA AST. ALT. GLU
B A 25 2 e e i im = AR AR N AR A, SRS
Vs gt J—2, 17 BRL-3A 4 JLT- B g2
bR A gk 2, HA— @M RRYE; 5
— 5, JEAROK ST 40 PR A S B 7 A 7% ) R
I BRL-3A 4l L2k B di i, wTLAEFRALAR, 78
AT KW R B 42555+, BRL-3A 40 2%
A IE P4 PR . BRL-3A 40 Ak BLEAC T 41 i
PB4 2 PR ET A s P B, X
AP IR AT B s 2y ik b, w5
TR AN [R] 1 SE B0 ZERE P SIS I PET Y, AR
U Hb T REIR IR AT 290 22 Vv TAE. ok, 5
TKAEAL AU IARLE K B4 i S B A4 2451 1)
JIFREREPEVE D, BRL-3A 40 o b BT 21 2 g 2%,
ST HE A 2 T TR S AR T K A A At A A T
E B P TR A T B —
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