
Vol. 47, No. 2,1972 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ARAPIDMFIHOD FORTHE ISOL,ATIQN OFLARGEQUANTITIES OFRAT LIVERPAREN~ 

CELL!3WITHHIGHANAEKLICRATES 

By 

W.R. Ingebretsen, Jr.* and S.R. Wagle 

DepamnentofPhamacology 

IndianaUniversity SchoolofMedicine 

Indianapolis, Indiana 46202 

Received March 22, 1972 

A mpid method for the isolation of rat liver parenchymal cells using 
in vitro liver perfusion is described. The procedure requires 40-50 min 
hxatectmy to cell isolation with exposure to collagenase (20 mg/lOO ml) 
for lo-15 min. Under optimal conditions 4.5 to 6.0 x 108 oells (3.0 g of 
cells) were isolated from the liver of a 200 g rat. Ninety to 95% of the 
cellsisolatedby thismethodexcludedavitalstainandwere undamaged 
when viewedwith light microscopy. These cells actively incorporate 
NaHCl403 into glucose and protein in the presence of lactate, alanine and 
pymvate. Glucoseproducticm fmmgluconeogenicprecursorswas equivalent 
to thatcbsemedwititheisolatedperfusedliver. Unlike liver slices 
or the isolated perfused liver, these cells shm increasing glumeogenic 
rateswith increasing lactate concentrations above 20 nM. Accmcentration 
of 80 a+l stimulated glucose production to 80-90% of the calculated in vivo 
gluameogenic rate. 

-- 

Several methods have been described for the isolation of rat liver 

parenchymal cells (l-6). Earlier methods relied upon chelating agents in 

cmjunction with mchanical disruption (l-4). More recently, enzymatic 

procedures usinghigh cmcentrations ofmllagenaseandhyaluronidasehave 

been described (5-6). These studies have dealt primari ly with nmphological 

description and respiratory capacity. The cnly study dealingwith glucc+ 

neogenesis in isolated liver oells shcwed mu& lmer rates of glucose 

production thanwe report here (7). Inthiscmnunicationwewishtoreport 
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a rapid method for obtaining large quantities of viable hepatocytes with 

gluconeogenic rates amparable with that of the isolated perfused liver. 

These studies shm forthe first tine aninvitmsystemwhichis capable -- 

of attaining 80-90% of the calculated in vim gluconeogenic rate. -m 

MA!cERIALs AND METHODS 

Male, Cox rats fasted 18-24 hr (180-220 g) were used except where 

indicated. All buffers used were equilibrated with 95% O2 and 5% COP. 

All reagents were purchasedfmsigma Chemical Co. exceptwhere indicated. 

All procedures used for isolation and incubation of liver cells were 

carried out in plastic ware. 

Cell preparation: Pats were anesthetized witi Na-per&barbital (60 

&kg) Wkmtt) andthepmtalveinwas cannulatedandperfusedwitiaCatt 

and gluccee free (25 IIM NaHCO3) modified Hanks buffer (8). Follawing the 

cannulaticm of ihe inferiorvenacava the liverwas removedandplacedin a 

Millerrecirculatingperfusion apparatus andperfusedfor15 minwith 

100 nil of modified Hanks buffer containing 1.5 g bovine serum albumin 

(F'racticm V) and 10 mg stpeptosycin sulfate (Pfizer). Folkming this pre- 

psrfusicnperiod,lO or20 ngofcollagenase (Type 1,125 units&> was 

addedandthe perfusicnwas amtimed for 10-X min. The livarwas then 

remved, placed in a beaker containing 30 ml of mdified Hanks buffer, finely 

minced with scissors and then gently bubbled with 95% O2 and 5% C62 for 2 min. 

The resulting tissue suspension was oentrifuged at low speed (600-800 rpm) 

in an International Clinical centrifuge (Model CL) for 15-30 sec. The 

supernatantwas discardedandthe cel.lswereresuspendedinmdifiedHanks 

buffer (37OC) by gently stirring with a small glass rod. The tissue 

suspension was allawed to stand for approximately 30 set or until larger 

particles had settled. 'Ihe cellswere carefullypouredoff,centrifuged 

andw~resuspen&dinfreshmDdifiedHanks. The abovewashin~were 

repeated two tines with an Umbreit Ringer 25 II+! NaHC03 buffer (23-21rOC). 

The final suspensicm was diluted to a volune of 30 ml. These isolated 
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cells were used &mediately in all the biochemical studies reported here. 

An aliquot of the final suspension (1 nil, 50-100 mg of cells wet wt 

containing 140,000 cells&g) was incubated in 3 ml of Unbreit Ringer 

25 nM NaHC03 buffer in stoppered 1.0 oz vials (Nalgene #2002) with various 

substrates at 37OC for lhr at 90 oscillaticms/min in a Dubnoff metabolic 

incubator. Vials were gassed with 95% O2 and 5% CO2 for 5 min. At the 

end of lhr of incubation, the vial contents wema placed in iced centrifuge 

tubes and centrifuged in an International centrifuge at full speed for 5 

min. Aliquots of the supernatant were taken for analysis. Glucose was 

estimted by the glucose oxidase method (9). Incorporaticm of Cl into 

glucose was estimated by isolating glucose as the phenyl ceazone (10). 

Tissue proteins were isolated by trichlomacetic acid precipitation follmed 

by extraction with hot trichlorcacetic acid, perfomte digestion and repre- 

cipitation according to the rmathcd of Manchester and Krahl (11). The 

protein was dissolved in Soluene 100 (Packard Instrwnent Co.>, placed in 

liquid scintillation fluid and counted in a Packard scintillation counter. 

Cell viability was initially checked by using trypan blue (.2%) (6). 

Cell cmnts were camied out using a hemcytmter. All values are reported 

as mean + S.E. of the man. 

biverperfusicm: Livers wem rmovedandperfusedas indicatedabove 

except that umbreit Ringer 25 ITM NaHC03 buffer was used thmughout. Livers 

were allawed to equilibrate for 30 min before the addition of substrate 

(10 nM lactate, alanine or pyruvate). Gluaseproducticmwas followedby 

taking aliquots of the perfusate at 30 min intervals for 90 min. 

F'ESULTS AND DISCUSSION 

Table I indicates the cell yields obtainedundervarious editions. 

In the presence of 20 m&100 ml of collagenase and Umbrait Ringer buffer 

as the perfusion medium the cell yield was 0.24 g/100 g bcdy wt. Under 

++ similarconditicmsi.naCa free Hanks buffer the cell yield was incnaased 

to 1.23 g/100 g body wt. Althou& the use of either 10 or 20 a@00 ml of 
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TABIE I 

g of ce11s/100 g body wt 

Animal Fed Starved 
24 h?? 

Buffer Cd++ hbxxit 
Ringer 

ca++ heHanks 

Amunt of 
Collagenase 

20 mg/lOO ml j 10 mg/lOO 1 20 mg/lOO 

Cell Yield 
(N) 

0.24+0.01, 1.23+0.08 1.07+0.01 1.59+0.1 
<a> (9) 09 (??I 

Figure 1 

Light micrograph of hepatocytes during final stage of 

isolation (600 x magnification). 
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collagenase in the perfusicm n&id results in adequate cell yields, 20 n&100 

nil of collagenase produced a mma rapid disruption of the liver. Higher 

concentrations of collagenase (> 40 mg/lOO ml.) resulted in a reduction of 

perfusion rates. This same phenomenon was also observed if less than 

lo-15 min was allcmed for equilibration before the addition of 20 mg of 

collagenase. Earlier reports have used a minisum of 50 mg/lOO ml of 

collagenase in conjunctim with high concentmtims of hyalurmidase (> 100 

mg/lOO ml). Hyalumnidasewas not requiredwith ournethod. Under ideal 

conditions 2.3 to 3.0 x lo8 cells were isolated per 100 g body wt, a lo- 

fold increase over that reported by other authors (6,12,13). 

TABLE II 

Incorporation of NaHC1403 into Protein and Glucose by 

Isolated Rat Liver Parenchymal Cells* 

Substrate 

(10 nW 

Glucose N&d40 3 
into Glucose 

cpm/gh moles/g/hr 

L(+)-Lactate 139 + 18.2 
(N) (5, 

60,300+9,100 
(3-l 

8.2 + 1.2 
(73 

L-Al& 
(N) 

36,700+1,900 
<5> 

5.1 + 0.27 
(5> 

Na-Pyruvate 
(N) 

128 + 12.2 
(5) 

85,800+7,400 
(5) 

11.7 + 1.0 
(9 

No Substrate Added 53 + 2.3 
(N) (3) 

3,600+ 500 
(t) 

0.49 + 0.07 
Ct> 

* 
50-100 mg of isolated rat liver parenchymal cells (140,000 cells/mg) were 

incubated in 3 ml of Unbreit Ringer 25 mM NaUC03 buffer containing 0.5 uCi 

of NaHC1403 with various substrates on this and Table III. 
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Figurelshms the typical spherical shape of the isolatedhepatocytes 

with intact callmexrbranas. Only 5tolO% of the cells prqkmdbyour 

methodstainedwithtrypanblue,derrPnstnatingrelativelyl~ ccntamination 

with disrupted cells. Furthenmre,theseprqaratims displayedahigh 

rate of glucose production. Inafewpxqaraticnswhere graaterthan 

40-50% of the cells stainedwithtqpanblue vtqlaw gluconeogenicrates 

were observed. 

The data shawing tie incorporation of NaHC1403 into glucose and protein 

is sumsrized in Table II. The additicm of lactate, pyruvate or alanine 

differentially stimlated incoqmmtion of NaHC1403 into both protein and 

glucose. These data show a lo-fold increase in the in aqmation of CO2 

into protein and a 5-fold increase in the incorporation of Cl402 into 

glucose over the inuxporation observed with liver slices (14,151. 

TAEU III 

Glucose Roducticn inVarious Rat LiverPxqamtions 

(umles glucose/g wet wt/hr) 

substrate 
(10 nW 

Liar Perfused 
Ce-llS Liver 

Liver 
slices* 

L(t)-Lactate 
(N) 

42.5t4.7 
(5) 

29.2t5.7 
<JTl 

24.ot2.0 
03 

L.-Alanine 
(N) 

1a.2+1.2 
(?3 

20.7t1.1 
(?3 

14.0+2.4 
CF> 

Na-Pymvate 
(N) 

35.2t3.2 
(5) 

32.8t6.6 
<I3 

16.Ot1.5 
(I? 

No Substrate Added 2.29tO.6 
(N) Gil 

7.2t1.3 
'(14) 

9.6tO.7 
03 

* 
Previously published data (16) included for cunparatim purposes only. 
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Alanine stimulated the incorporation of NaHCl403 into protein to a greater 

degree than did either lactate or pyruvate. Lactate and pyruvate served 

as better precursors for CO2 fixation into glucose than did alanine. Into+ 

poration of NaHC1403 into protein and glucose was linear for 120 min. Longer 

tim periods were not studied. 

Glucoseproductianobtainedfromlivercells are ccmparedwithperfused 

liver and with liver slice data (16) in Table III. Isolated liver cells 

produced glucose at rates ccmpamble with those of perfused liver. Further- 

more, -the cells isolated by our nethod responded to increasing lactate 

concentrations (Table IV) a phencmanon not observed in liver slices (16) or 

isolated perfused liver (17). Liver cells isolated by Eerry and Friend 

(7) produced glucose at rates mm comparable with those of liver slices than 

those of perfused liver. 

TAELE IV 

Net Glucose Production with Various Concentrations of L(+)-Lactate by 

Isolated Rat Liver Parenchymal Cells* 

Substrate Concentmtion 
Lactate (mM1 

(moles glucose/g wet wt/hr 

0 1.7 + 0.7 
0.5 15 T 1.0 
1.0 23 il.8 
5.0 38.3 i: 1.3 

10 44.0 T 2.2 
20 57.6 r 4.7 
40 74.6 T 6.7 
60 84.7 v 8.2 
80 93.2 T 6.6 

50-100 mg of isolated rat liver parenchymal cells (140,000 cells/r& were 

incubated in 3 ml of Unbreit Ringer 25 r&l NaHC03 buffer with various 

amcentmtions of lactate. N = 5. 
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Our laboratory has previcusly calculated by isotope dilution (16) that 

in viva glucose production may approach 106 unoles/g/hr. -- In the present 

studies glucose productionwith various concentrations of lactate approached 

80-90% of this in vivo gluconeogenic rate (Table IV). Similar results -- 
were not observed with pyruvate or alanine (data not shawn). 

Hens et al. (18) have suggested that the stringent test of metabolic -- 

integrity of liver cells is the ability to produce glucose fr0n lactate, 

since this process requires energyaswell as tie aqerationandintegrity 

ofbothmitcchondrial andcytoplasmiccqxrtnents. The cells described 

here demonstratedahigh degreeofnmtabolic integrity by these standards 

as shwnbylhehigh glucose production inthepresence of lactate. This 

methodshouldprovetobe ausefultoolin studying the regulation of 

hepatic metabolism. 
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