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SUMMARY 

Alloxan diabetic rats maintained on protamine zinc insulin for two weeks were 
used for these studies. Isolated liver cells were prepared fm these rats at 
various time intervals after the withdrawal of insulin (0, 48, 72, and 96 hr>. 
A maximal increase in the rate of pluconeogenesis in the presence of 1OmM alanine 
(14-34 fold), lactate (4-7 fold), pymvate (4-6 fold), or fructose (2-3 fold) is 
observed in isolated diabetic liver cells 72 hr after the withdrawal of insulin 
fmnthe donor rat. Protein synthesis in isolated diabetic liver cells as 
measured by the incorporation of radioactive isoleucine, valine and phenylalanine 
into protein decreases (5-6 fold) with time after insulin withdrawal. GlucaFon 
(10B6M) alone increases cyclic AMP levels five-fold, while plucagm with theo- 
phylline (ImM) increases cyclic AMP levels ten-fold in liver cells isolated 
from rats maintained cm insulin (0 hr) or from rats withdmwn from insulin for 
48 l-r. The ability of plucagcm to elevate cyclic AMP levels in isolated diabetic 
liver cells decreases at 72 hr following insulin withdrewal. 

Rat liver parenchyml cells prepared by perfusion techniques have been shown 

by recent studies to be a gcod tool for studyinp: hepatic rretabolism (l-9). 

Isolated liver cells are useful in studyinp protein synthesis, Eluconeo,qenesis 

(l-2) and fatty acid metabolism (3-5). Furthemre, ~lucamm has been shown 

to stimulate adenylate cyclase (61, to increase cyclic AMP levels (7) and to 

stimulate alycolrenolysis and gluccneo~enesis (7-9) in isolated liver cells. 

Previous studies have shcmn increases in rates of pluconeopnesis (10) 

and in cyclic AMP levels (11) in liver slices and in isolated perfused livers 
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f?om acute alloxan diabetic rats. In contrast to these increases protein syn- 

thesis has been shown to decrease markedly in muscle (12,lO) and to decrease to 

a lesser decree in liver (13,101. In the nresent studies we report seouential 

changes in FluconeoEenesis, protein synthesis and cyclic AW levels in liver 

cells isolated fxm alloxan diabetic rats withdrawn from insulin. 

NUEfUALS AND METHODS 

Kale, fed, Cox rats were used in the experiments reported here. All 

buffers except for the Yrebs Rinser Phosphate buffer used in the cyclic AMP 

determinations were ecuilibrated with 95% 02 and 5% CO2. All rea,rents wzre 

purchased from the Si- Chemical Co, except where indicated. Olucapon was 

a pift of the Eli Lilly Co. Radioactive aminoacids were purchased fromINC 

(Irvine, Calif.). 

Diabetic rats were produced by the intravenous injection of alloxan 

(40r&kE, Fastmsn Orpanic Chemicals, Rochester, N.Y.1, after a 48 hr fast as 

reported previously (14). Normal rats were starved for 48 hr but were otherwise 

untreated. Rats exhibitinp blood plucose levels greater than 3OOmp/lOO ml three 

days followiq alloxan administration were started on insulin and maintained on 

4 units of pro-tan&e zinc insulin (Lilly) for 2 weeks prior to use. These dia- 

betic rats ware used at various time intervals after the withdraw1 of protamine 

zinc insulin (0, 48, 72, and 96 hr). Both the diabetic and normal rats weiFhed 

between 270 and 350 p when used. 

Rat liver parenchymal cells wsre isolated using? the method of Increbretsen 

and !&@e (1) with 20m~/lOO ml of collapenase (125 units/mg) in the perfusion 

media. The isolated cells were suspended in 40 ml of a 25 mM NaHCO3 Umbreit 

Rinper buffer and were used immediatelv for studies on pluconeoeenesis and 

protein synthesis. Cells used for cyclic AMP determinations were suspended in 

a Krebs Ringer Phosphate buffer and were used imaediately. 

Glucose production and the incorporation of ~14~amino acids into protein 

were determined as previously described (1). Cyclic AM? levels were determined 
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by the competitive txotein kinase binding assay of Gilman (15) after a 2 min. 

incubation in a Krebs Ringer Phosphate buffer at 37OC (pii 7.4). Cell counts 

were determined usinp a hemocytometer. All experiments were conducted in 

dunlicate and all values reported are the mean f the standard error of the 

mean. 

REJJLTS AND DISCUSSION 

Data in Table 1 derraonstrate the effects of insulin withdrawal on gluconeo- 

TABLE1 

Net Glucose Production by Isolated Liver Parenchml 
Cells from Normal and Diabetic Rats* 

(umoles plucoselg wet wt cells/hr) 

Hours after Insulin Withdram 
N 1 

1OmM z= 0h.T 48 hr 72 hr 96 hr 
Substrate Rats 

Alanine 2.3iO.2 1.7io.9 10.8i3.2 53.3t9.0 34.426.4 
(4) (9) (4) (6) (5) 

Lactate 9.ai2.9 21.2i1.8 37.8i3.9 91.3LL4 48.Oi7.5 
(4) (9) (5) (6) (5) 

Pyruvate 4.3*1.a 11.2t1.4 16.922.7 61.OP7.8 41.627.7 
(4) (8) (4) (6) (5) 

Mxctose 54.625.3 57.323.6 105 +, 12 162 + 22 143 !: 32 
(4) (9) (4) (6) (5) 

*A 1 ml aliauot of the Vmbreit Rinser cell suspension was incubated 
in 2 ml of &breit Rinper buffer with various substrates. Values 
renorted have been corrected for @yco,cenolysis by subtnactinp: 
the plucose pxduction in the absence of substrate from those 
values in the presence of substrate. 

gaesis in isolated liver cells. Isolated liver narenchymal cells from diabetic 

rats withdrawn from insulin for 48, 72, or 96 hr exhibit higher rates of gluconeo- 

genesis than do liver cells isolated from rats maintained on insulin (0 hr) or 
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from normal fed rats. There is a peak rate of ,@uconeoEenesis at 72 hr after 

insulin withdrawal in diabetic liver cells with all the substrates used. 

Tarrant and Ashmore (141, reported a peak in glycosuria at 72 hr in similarly 

treated diabetic rats. Spiro et al. (161, found a peak in pluconeopenesis in 

liver slices frcm! diabetic rats at 20 hr after the withdrawal of a shorter acting 

insulin preparation. Liver cells isolated from alloxan diabetic rats withdrawn 

from insulin for 46 hr and fram 24 hr starved rats (1) show similar rates of slu- 

ccneogenesis. The increase in rate of Eluconeopenesis observed at 72 hr in the 

presence of alanine (14-34 fold) is far pater than the observed rates with the 

other substrates used (lactate, 4-7 fold; pyruvate, 4-6 fold and fructose, 2-3 

fold). This supports the role of alanine in gluconeoFenesis as suRgested by 

Cahill (17). 

The supression of protein synthesis in diabetes is well established.(l2,13). 

The ability of isolated liver cells to incorporate radioactive amino acids into 

protein decreases with time after the withdrawal of insulin from alloxan 

diabetic rats (Table 2). Fates of incorporation of C14-isoleucine, valine 

and phenylalanine in cells isolated from diabetic rats kthdrawn from insulin 

for 96 hr demonstrate a 5-6 fold decrease from control values. In contrast 

to the effects of a lack of insulin, isolated liver cells from diabetic rats 

maintained an exogenously administered insulin (0 hr) exhibit higher rates 

of amino acid incorporation into protein than do isolated liver cells from 

normal rats. This observed decrease in amino acid incorporation into protein 

by isolated liver cells is far greater than has been Dreviously reported usinp 

other in vitro liver preparation from alloxan diabetic rats. -- 
The effects of insulin withdrawal on cyclic AMP levels are presented in 

Table 3. 'Iheophylline by itself does not increase cyclic AMP levels. (Iluc%on 

(10'6M) alone or in the presence of theophylline increases cyclic APLP levels 

(5 and 10 fold, respectively) in liver cells isolated from rats maintained on 

insulin (0 hr) and from rats withdrawn from insulin for 48 hr. This ability 

of ~luwon or ElucaFon with theophylline to elevate cyclic h?P levels decreases 
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TABLE 2 

Inccxporation of C14-Isoluecine, 
and Phenylalanine into Protein bv Isolated 

Cells from Normal and Diabetic 

(cpm/w potein) 

Valine 
Liver Parenchymal 
Fats* 

Dlabetlc Pats 
Hours after Insulin Withdraw1 

Normal 
1omM Fed 0 hr 48 hr 72 hr 96 hr 

Substrate Fats 

Isoluecine 869 +, 58 1'+77+-124 650 +, 86 463 +, 27 286 t 57 
(5) (5) (6) (3) (5) 

Valine 1009: 85 1621+126 1176518 528 + 43 322 t 50 
(5) (5) (6) (3) (4) 

Phenylalanine 764 i 65 1206+,U9 10472113 435 f 85 200 t 20 
(5) (5) (6) (3) (4) 

*A 1 ml aliquot of the Lhnbreit Pinker cell suspension was incubated 
for 1 hr in 2 ml of Lhnbreit Pin-r buffer containing 1OmM cold amino 
acid, 0.5 uCi of UL C14+mi.no acid and 100 w/100 ml plucose. 

in diabetic rats deprived of insulin for 72 or 96 hr. Control cyclic AMP levels 

show a maximal level at 72 and 96 hr after the withdrawal of insulin. Similar 

increases in cyclic AMP levels in livers from acute alloxan diabetic rats have 

been reported by Jefferson et al. (11). They also found that livers from un- 

treated alloxan diabetic rats have higher cyclic AMP levels than do livers from 

treated rats. 

The decrease in the ability of glucwn to increase cyclic AMP levels or the 

decrease in C14-amino acid incorporation into protein in isolated diabetic liver 

cells after the withdrawal of insulin is not a function of cell deterioration 

or changes in cell counts. While the cyclic AMP response to glucafton and rates 

of protein synthesis deminish, rates of gluconeop;enesis are elevated. Gluconeo- 
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TABLE 3 

Cyclic AMP Levels in Liver Parenchymal Cells 
Isolated from Diabetic Rats* 

(Picomoles cyclic AMPAng wet wt cells) 

Hours after Insulin Withdrawal 

Oh?? 48 hr 72 hr 96 hr 

Control 0.7:$X 1.06iO.22 1.77io.59 1.75+0.30 
(3) (4) (4) 

Theophylline O.';;;.O" 1.15+0.09 2.24tO.84 1.96f0.10 
(In+0 (3) (4) (4) 

Glucagon (10-6M) 3.4620.83 5.8321.59 3.87f0.62 2.6OkO.46 
(4) (3) (4) (4) 

Glu. + Theo. 7.9Ok.19 10.2020.64 6.40+1.00 4.34iO.62 
(4) (3) (4) (4) 

fi 1 ml of the original Krebs Ringer Phosphate buffer cell suspension 
was incubated in 1 ml of Krebs Rinser Phosphate buffer for 2 min at 
37oc. The reaction was stopped by the addition of 10% Trichloroacetic 
acid. The cells were then homopenized for 15 set with a Polytron 
homogenizer at full speed. The preparation was extracted 3 times 
with diethyl ether and lyophylized. The dry tissue was redissolved 
in 100 JTFI Na-Acetate (pH 4.0) in a constant weight per volume pro- 
portion (nv!//ml). Cyclic AMP was determined in 20 ul aliquot of the 
prepmtion. 

genesis is a stringent test of metabolic integrity of isolated liver cells 

(1,3,7). Thus liver cells isolated from diabetic rats deprived of insulin 

show a high degree of metabolic integrity by these standards. Cell counts 

on preparations from rats withdrawn from insulin for 48 and 96 hr do not differ 

frcm those obtained from normal fed rats (144,000 * 10,000, 144,000 f 14,000 

and 139,000 f 20,000 cells/mg wet weight, respectively). However, there is 

a 25% increase in the cell count at 72 hr (162,OOOf 17,000) over that ob- 

served at 0 hr (126,000 i 10,000). These changes in cell counts do not 

account for the metabolic alterations observed. 
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These studies show that isolated liver cells are llrre sensitive to meta- 

bolic changes than other liver preparations. Isolated liver cells should 

prove to be a useful tool in study&w other endocrine disfunctions or 

disease states bown to effect the liver. 
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