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Abstract
AIM: To establish a method for isolation of rat liver Kupffer
cells suitable for patch clamp technique (PCT).

METHODS: Liver Kupffer cells were isolated from Sprague-
Dawley rats by in situ perfusion via the portal vein with
Ca?*/Mg?**-free Krebs buffer followed by collagenase IV
digestion. Then Percoll Isopyknic gradient centrifugation
was performed. Kupffer cells were purified after selective
adhesion. The cells were identified by endocytosis (ink
and latex beads) experiments in vivo and in vitro. The elec-
tric current in Kupffer cells was recorded by whole-cell
patch-clamp recording technique.

RESULTS: The isolated Kupffer cells showed polymor-
phism with typical polygon-like and star-like shapes. A
total of 2.5-3.5x106 cells were collected per gram of rat
liver. The purity and adhesion rate were 90% and 39.4%,
respectively. The activity is over 90%. The isolated and
purified rat Kupffer cells were easy to be used in whole-

cell PCT, and the store-operated Ca?* current was suc-
cessfully recorded in the cells.

CONCLUSION: The Kupffer cells suitable for PCT were
successfully isolated from rats by enzyme digestion com-
bined with gradient centrifugation and adhesion purification.
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W TN T Kupffer 4L Dy RERr I, BRI
HG RSB . BHGE R . A Ak R N %
MBI R AN AR RS+ EENE .
W Kupf fer 40 1 (1 7 &5 55 o, 1140 0 FH 40 v 7 2%
53 B Nycodenz 55 I 73 B Kupffer 40, AT H
TR & B BB FRIE A 5 s TR E 2 A,
R S TP B A T 2 43 2 40 i e e s e A
SRR A, 24 Nk, E A AR E T
R HEAR BT Kupf fer 40 i S 7 85 777, B ATRIE
SO A TR R R R IR SR Kupf fer 40 f S
B TTIE, 0 WA KPR 5T Kup £ fer 41 AR
Th BERE PRI T ML B 52 7 VRS A

1 HRIFSE
1.1 M4+ Spraqae-Dawley KA, R 4-8wk, S
& 200-300 g, &.mPEEIFER BigSLRR s Yt
A R EE IV (collangenase 1V), Percoll 435
Wi, N-2- ¥ ZIEWRNE -N-2- Z G (HEPES), Z % -
(2~ BAHELH) W L% (EGTA) , trypan blue, KL
JFLEE (latex beads, EHAZ 1.1 pm), #43EE Signa
58] 7 i s DMEM G ElGibeo A /) 5 /N ML (LilgtEse Ak
YT . R E = W4k, I ca®’, Mg™
K-H JS A7 (nmo1 /L) :KC1 5, KHsPO, 1, NaCl
115, HEPES 25, EGTA 0.5, 4 0.2 g/L 1V AIELJE
g K — HEEEM AL (mno1/L) :KC1 5, KH.PO, 1,
NaCl 115, HEPES 25, CaCl,~H,0 1, XM IV
0.2 g/L"™. % 0.5 g/L BCJEE IV H9% E W (mmol/L) :
KC1 5, KH.PO, 1, NaCl 115, HEPES 25, CaCly—H,0
L, WRIEEE TV 0.5 g/L. BERR 2P #h ¥k (PBS, g/L):
KC1 0.2, KH,PO, 0.2, NaCl 8.0, NasHPO,~2H,0
2. 08", DMEM ¥55%3 : & HEPES 25 mmol/L, Glutamine
2 mmol/L. —20°CARAE, WA EIA 100 ml/L Hr
0 RGN ML (FCS) . HHEZE 100 kU/L, HHE
100 mg/L. Percol 14 % : 10 mLEE R85 g/L NaCl
(1.5 mol/L) %% 90 mL Percoll (1 :9), 183 100%
ff) Percoll ¥ (300 mOsmol/L, pH 7.4), 4°C{R1E.
s FH AT FH G PR AR 3 3R 7K ¥ Percoll BiAR 30% (V/V, #
FE41044. 8 g/L) F70% (V/V, 1096.8 g/L) M.
IR (RS ZEERE AR AA) , fIE
Biss (Zeiss Axiovert 200, ZEE), SHHEAE
FpL (eppendoff, BE), KEHIGH (Ll
EITAERS ), €O 355548 (Nuaire, EE), HuERR
B RS (AR . JEIE0.22 um), KiFRm
(Nuncon, ZE[EH). T# R EE Would Precision, 3£
[E), MP-285 =428 (Sutter Instrument Co.
£[E), Axopatch 200B & & MK %S & pClamp9. 0 8

{65 (AXON Instrument, SE[E) , BiE & K i BTl E
(I0I Technology Corporation Limited), MODEL P-
97 T BB EY (Sutter Instrument Co. E[H).

1.2 F %"

1.2.1 Kupffer@m ey 5 5434 KMA10 g/L K2
P ip (5 wl/kg #&FE) FREE, FIN-FLLL U/g FIFFE
ip. 15 min JG, M@ THIES L, EHAHS0 ¢/L 1
RALBIIEE, /RN B FARE Bk, FTHIREE
HEEE I TE RN T e FE K, TSN 1 MU/L
FIFFZ 1 wl, PR3 bust, WS, 4
Lz, BAME, EAEHR4 nn PERKE, &
JEANE MBS W] LRI 37 CHIE Ca®,
Mg® K-HJR A7 BT, I E TR h 2 s il
40 mL/min. BYFFREE, JEPA T ISERiK. PUBiET 1-2 min,
Ry AL B T B R R B T AR, IR A B (L
HJE, BEJTHT N EFK, RERARE, [FNE
ANBEA6-8 mm [WAERE, (910, Bk PodEE
PRYE 5 min, DAY H R T A0 3R 1 208 A ok i,
MEESERUE, W& 0.2 g/L IV B JREFI K-H
TEVE A 100 mL, T 37°C. HL I B ZE 5 i
20 mL/min, RGN ITERBGRE T, 2T E#kiR
W SRR 2-3 3%, B PITHAGET R4 10 min.
R4 RFA. PRV 2k, MRS R A MRS AN 5 Pk
&, PR H S e, SR A e 4. K AT
BT, BAWMITCE0.5 g/L WREE IV ISR
50 mlL Hr, SRR FFE0 RN 25 2 4 40, A 40 PR . o
BEE 20 min, HEAKBHE 200 r/min. 5 WH
200 H WA BT g, 1520 A 289 S
ER A 2 BB BL 500 r/min B0 10 min, 3k
NS, A PBS ¥ 50 ml, AT EFE,
PLB0 r/min 85022 min, FRE LG, LR PTTRE  IE
SE TR AN AR A e, T R R Ry S S5 P4 i (NPC).
BAFZIINPC BL 500 r/min B0 5 min, KBUOE,
25 PBS ISR 2 X, BaiE T DMEM i 40 mL 1. HY
10 mL B OE RT3, 17416 Percol 1 73 85402 :
JEEJZ 4 70% ) Percoll 2 mL, ZFFFR 1096.8 g/L;H
JE 0 30% fPercoll 2 ml, B 1044.8 g/L; T2
9 NPC A8 2 wl. HENRER DI, RIFE
JE 2 T FE . TN A SO, B (4T,
800 r/min, 20 min). BUHELE G, | 30% A1 70%
Rz EA—ARRAREm, WERNE &
Kupffer 4 ¥y NPC 40 A, FH SR E 52454 0 J2= 4 I
A BAFRERY, A PBS . LL500 r/min
Ea 5 min, RE 2R mEHMEEF T 4 nl DMEM
T B T VB S e . M i e R 4
WM, IR R KRS AL, 1x10° /L (Y
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AT 3.5 mn (S IR, ANEEFRILBUERCE &
AN FER) DMEM W 1. 5 mL. A 37°C, 50 mL/L
€Oy, 950 mL/L 0, 950 mL/L ¥EFE[ CO, [R5 544
P, B9 60 min GHCH, PEZIENGEEAM, K1
2401 Kupffer 4005, B2 () Kupffer 41 RN T 4T
240 L e %
1.2.2 Kupffer #m oL oh 4 tm LS B 4t & BERESTICE AR
PSSO E AR 1-2 pm, 700 AR NS BB
4-8VIQ Atk ARSNGB 45 (mmol /L) :NaCl1 145, MgCly 2,
CaCl, 10, CsCl 1, KC1 2.8, glucose 10, HEPES 10,
FANaOHIFpHZE 7. 4. b e P 7 A 7 (mmol /L) :CsC1
120, MgCl, 1, EGTA 10, HEPES 10, Thapsigargin
2 pmol/L, A CsOHH pH & 7. 3. il 3% 1E 20-24°C )
FEIR T, 238 Axopatch 200B R EHTHOA 5%,
AR A S A M R s B A (KT 1 6Q
Ja » SR B T O, A PR P VIR S A T PN A L, R
TR AS I EL 2 — B ) (C-slow) FTEL 5 — R BEFE
(G-series) RACVEBER L, FFicW T E. I
HE(E S &N N G #: 1 Labnaster TL-1
-6/ 4 EPE, 43 kHz 3B, SREEM
Z 350 kHz, WIEEHH|HEAL (holding potential,
HP) 4 OmV, SCZGHLA7 (test potential, TP) A -
120-+60mV, FFLEEFA] 50 ms. (59 RESE A, 4
B3 M A5 A B v AL pCLAMP 9. 0 804458 B
srit2 R T EHUE Ll meantSD Kon, Z4H
EZR XM EM, HANNRZRA Dunnett T £
1, P<0.05 hERTE.

2 BER

2.1 Kupffer 2 iL64 313 Fosh 8. A5 B 15 21 Kupffer
=1 (2. 5-3.5)x10%/g, AL 90%, L4 g/L
B ERE, MREHERT 90%. BIEERE T, &
PE 3 545 2 Kupffer 41 A FTE R R ER, H
2410 um, /T4 4R EARZ08 21 ).
MukzoR, BETEEUETE, M. e SEbr
T AME AT LLEFF8-12 h. 7E328 nm PRSI #4h
TSR, RSB0 MR B R 5O, ARG R I A
F R R 2 BRK (BRI EE) 305 1074 /LK L0
FLEE (latex beads, HAE 1.1 um) #) DMEM 5323,
6 hJE /7 AIFEAZE BT T WS 2 Kupf fer 41 i PY A
IRFITRLEIR R CInFLEk (B ) s B B AFAT 12-24 h,
28 SR E IS & 100 g/L ik 3 527K 1) DMEM 9% (2278
)1 nl, 7@ Kupffer M2, I FEAL
CBEEE LG, UL 30-70% ) Percoll HAIA —2
EEY); B RS S, A ZE BB N RS
T Kupf fer 4 ffl P (17 0k 25 ks (& 1)

B 1 2D EIBFRIVAR Kupffer fii8, 185524 hjg, BARDEHM
IR fBRNH TISFFER. (X40)

2.2 Kupffer 894 2a J i i At & 77 B 52 B K B
Kupffer 4 Ml 5 T T2 B A MR 4 5%, SRRl
R Ek 80% LLE(N>1000) , 7EHREEISAET, H
Pt AR RN ARSI, AT AR — A IR R Y T
E, 3 2 pmol/L thapsigargin + 10 mmol/L
EGTA FEYBANML Y453 5-10 s J5, 7E-100 mV &I
KR, SPYREREA N -650£50 nV(N = 12), i
L7 (reverse potential) 2§ 0~+10mV, EHHER
MR, (B 2) Snbfm ki 2 m i, ks i

1500
A 1000 -
103.4 ms A103.4ms 310.1 ms A 103.4 ms
500 449 pA  A-18pA  -479pA A-8pA
0 ==——-——-
500 4 = ‘ =
-1 000 -
-1 500 -
41.3 ms A41.3ms 124ms A41.3 ms
400 | -345pA  A168pA -21pA A168pA
B 200
0 -
-200
-400
-600 -

@ 2 ISR SHERASRAT Kupffer 40 _EA4E IR MAVER S BT
{lsoc), HP: 0 mV, TP:=120~+60 mV, }54&E0tiE 50 ms. A: Biig(step)
EFRIER. B: RlEramp)ZFBIER.
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FLIR B 45 55 (Ca™) fagk (L ARAME H ICa” |
10 mmol/L #4524 100 nmol/L W, %W [H HIRJLF
e, N = 1), XfCa® BAgmEEEEE, o
2-APB ‘g MU (FEARAME AN 100 pmol/L 2-APB
Ji, 1E 100 mV EHH] AL YRR —162+11 pA,
N = 5) (H3). KL F I BT AE TR Ca® FIE

HJR (store—operated Ca® channel currents, Isoc).

Voltage (mV)
6001~
z 400
e 2001
) L | |
 -150 50 100
5
O
—e— Control
-800+
-1 000L —&— 100 uM 2-APB

B3 100 Umol/L 2-APB X+ AS8ET Kupffer & Isoc HIEIWERBIER /
BB E(/V)BHL:.

3 e

B, R HHE. FAENREKE
Kup ffer 40 i 2 5 7 £ SR DI IR R BE . %0 X3
MR, AiE LAt RE NG, FRATERZE B — Mg,
P 77 B K HLE PG O IE T A SR K SR
Kupffer 4 k) St 20 735, HZ SUh - Bie4-8 wk.
VEVE PRI S 40 wl/min; JRAVHALETE 0.2 g/L IV
RS IR B 22 20-30 ml/min, ATARER, WTRA
TEINETE , AR VH A0 A2 P 08 v o 8 L K g
RSN TN A =13 i TE Ve = = IR IS
B (DB 1 h N, 55 F A R 4
AN EAHERR, SHEBEMHX, HE N EE
1 h, MM ERINANE. B, 0 E B R
Ko, AR it 2 A B TR RN A I TR 2, S 304
PRSP T B, A ST R0 B IR TR T 20 min. (2) B :
KL H " "R A “ronase—collagenase” [
775, {HPronase E X 40 Mom I FH 3k B FITESS
(AR B4R, H B A SCHRIE BT Kupffer 40 1E
AR E . T B0 AR S B DNA, i 40 kG i
REF R ERY), FEH Dnases T ¥ fE, 30400
T R PR 2 R MO 40 S R AR . SEEBRIE B0 B 0 AR
FAA 0.5 g/L IV IR JRRE, FRll# i B+ ca™
WL AR L L F AR, 0] 3RA3 2 2 10 7 i . X T
QAT LR AR 0 it 50 3 P ) it b Bk 4 i, AT
15 FH 220 2 0V AR 40 R iRy S 3 1 (01096 g/L)
B KT Kupffer 4 EYF % 5 (1 040-1 060 g/L)
FIRE A, B4EH 50 r/min 50 g 2B 40 A [
4k 2 LA 500 r/min [0 B 0T 45 3 4S8 540 i,

T Kupf fer BIAF7E TiX—Z R 4. Percol 1 & —F L
REIEL AR, REWSM 52 @ KA i, | A T &
HFLHER AN B p 43 85, ANREUATAT 40 M 21k . Jef 148 )
528y, 7F Percoll Jy 1044. 8 g/L f11096.8 g/L 5t
T2 1) 7] 3045 4t R R B0 05 2 () Kup £ fer 41 ™.
S R PT SR ) Kupf fer 41 ML £ R E 2% 10° LA |, &8
Percol IANIESE FEh T 25 0 J5 3R A3 Kup £ fer 4 iU 21
LRT0%, BABEERMTHEBERL A, RN
Kupffer 48 15 min /5 RIFF4RIGEE, 1 h BEIEFFLR
iR, A2 [ G B T35 5 L. 6 4 M4 7 30-60 min
Ja, FE BIHWE T UL RR 4R 2 R G B R B2 4R
FOFNARE AN, SRS S 4 Kupffer 4108, &
YspaliE KT 90% ™. R B R, RERRE
M 0 L 7= R M P TR 3R« (1) VR VA SR TR
37°C, PN 0-4°CHEEW AT IE B B il AR A 28 T
TRAP T A 2340 M, (BRI B v At 2R, T
BB TR TE; (2) IEF WA R 37°C, ZME
PR RAEEAEE, WA R TR A EN;
(3) Bt FROREF 4°C IR 4% A Rl D38 25 o 40 1) ) 48
B g iRl R, O HRD IR A AR

Bl BB A Pl M B IR AR I BB B, T
Toft 5 SR T AS 5 gl R P . 3 P ARV A D0 6 E
I3 By R BT Kup £ £ er 40 il [R) R A7 AE Hadk n) 381,
75 5 1 RN D 45 R R SR R AR s M s kL AL,
SPEE R Kupffer 40, REZRAAILEEY4E
fiE, X BRI AT R, A fe fit A 38 22 T 5
. AT BRI K B Kupffer 400 BABR R4
Mtx, HAnfpmg b, %wHA 8 aEmmi, A
G S BB AR 10 7% B — Pl 40 i P S it FE IR S
B EHA S A A I BH B F L, X Ca®”
B S REEEE, BEwE 2-APB 5% SKFouses 45 512k
i, EREONEERY Ca® WIEH IR (Isoc) . BIh
SOCIBIE IR A MMCa™ WM EEmE ™, &
BFZ 23 85 7 V2 B B Hh AR A7 K BRI Kup £ fer 201 Jifd 2 %2
BT EER hRe.
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