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The objective o f  this work was to determine if  rat liver cell responsiveness to the phosphoinositide 
cascade agonist vasopressin was influenced by the source of  dietary fat. Male Sprague-Dawley rats 
(185-200 g) were maintained for 21 days on a diet containing 20% metabolizable energy as safflower 
oil, tripalmitin, or menhaden fish oil. Freshly isolated rat hepatocytes were maintained Jor 20 minutes 
in a suspension media that contained O, 0.1, 0.25, 0.5, 1.0, or 10 nrnol/L arginine-vasopressin. 
Hepatocyte responsiveness to vasopressin was assessed by the activation of  glycogen phosphorylase 
a activity and glucose output. Dietary fat  significantly (P < 0.05) altered hepatocyte vasopressin 
responsiveness. Relative to hepatocytes isolated from rats adapted to the saJflower oil diet, hepato- 
cytes from rats fed the menhaden oil or tripalmitin diets displayed a significant (P < 0.05) reduction 
in vasopressin-mediated glycogen phosphorylase activation and a reduction (P < 0.05) in hepatocyte 
glucose production. Stimulation of  glycogen phosphorylase a activity and the glucose output by vaso- 
pressin did not differ between the tripalmitin and menhaden oil dietary groups. The level o f  glycogen 
phosphorylase a activity in non-vasopressin treated cells was unaffected by type o f  dietao' flit. Our 
data indicate that depletion o f  (n-6) fatty acids fi'om membrane phospholipids is associated with 
reduced hepatic responsiveness to vasopressin. 
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In troduc t ion  

Several  metabolic processes are regulated by dietary 
fat, particularly fats rich in polyenic fatty acids.l4 For 
example,  polyenic fatty acids inhibit expression of  
genes coding for lipogenic enzymes1'2; suppress tri- 
glyceride synthesis via inhibition of diacylglycerol 
acyltransferase3'4; and induce peroxisomal fatty acid 
oxidation.  5 These metabolic changes may be the direct 
consequence  of  feedback regulation by fatty acids, or 
the result of  more indirect actions such as modifica- 
tions of  hormone sensitivity. 6-9 With respect to hor- 
mone action, dietary fats rich in long chain polyenic 
fat ty acids have been reported to enhance epinephrine 
binding to membranes,  s increase glucagon-stimulated 
adenylate  cyclase activity, and improve peripheral tis- 
sue insulin sensitivity. 9 These three hormones are im- 
portant  regulators of  hepatic fatty acid metabolism, 
and may function interactively with dietary polyenic 
fat ty acids to regulate fatty acid partitioning between 
oxidation and triglyceride synthesis. Recent evidence 
indicates that vasopression enhances the catalytic ef- 
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ficiency of phosphatidic acid phosphohydrolase, l°  and 
in this way plays an important role as a regulator of 
hepatic triglyceride synthesis and triglyceride out- 
put. 10 

Since the cellular transducing events for the vaso- 
pressin signal involve several membrane dependent  
functions such as phosphoinositide metabolism, 
phospholipase C, protein kinase-C activation, and Ca- 
release,  it seemed reasonable to hypothesize that en- 
r ichment of membrane phospholipid with 20- and 22- 
carbon (n-3) fatty acids brought about by ingestion of 
dietary fish oil would reduce the hepatocyte respon- 
siveness to vasopressin,  and thereby decrease the he- 
patic triglyceride synthetic rate and triglyceride out- 
put. This hypothesis  was examined by quantifying 
vasopressin responsiveness in hepatocytes  isolated 
from rats fed diets containing lipids rich in (n-3), (n- 
6), or saturated fatty acids. 4 

Mater ia l s  and methods  

Materials. Sprague-Dawley rats were obtained from 
the Upjohn colony. The fat-free basal diet (catalog # 
15750) and safflower oil were purchased from US Bio- 
chemical  (Cleveland, OH). Menhaden fish oil was ob- 
tained from Zapata Haynie Corporation (Reedsville, 
VA). Tripalmitin, arginine-vasopressin, and glucose-l-  
phosphate  were purchased from Sigma Chemical (St. 
Louis,  MO). UJ4-C-glucose-l-phosphate was pur- 
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chased  f rom New England Nuclear  (Boston, MA). 
Col lagenase  (EC 3.4.24.3) was obtained f rom Boeh- 
ringer Mannheim Biochemicals  (Indianapolis,  IN). 

General animal handling. Male Sprague-Dawley rats 
(185-200 g) were trained to a meal-eating regimen 
(0830-1200 h). Prior to hepatocyte  isolation, the rats 
were  maintained for 21 days on a high carbohydra te  
diet (sucrose,  58.43%; vitamin-free casein, 21.1%; cel- 
ufil, 16.45%; salt mix USP XVII ,  4.00%; and vitamin 
mix #23431 0.02%) supplemented (w/w) with: (a)20% 
tripalmitin, (b) 10% safflower oil, or (c) 10% fish oil. 
Tripalmitin was provided at twice the oil amounts  be- 
cause  its digestibility is only 50% that of  the oils. T M  

As a precaut ion against lipid peroxidation,  the fat-free 
basal diet was supplemented with 0.1% butylated hy- 
d roxy to luene  and the fats were mixed with the diet 
daily. The effect of  feeding these lipids on liver fatty 
acid composi t ion  has been extensively character-  
ized. TM Consequent ly ,  determining hepatic fatty acid 
compos i t ion  within this study was not deemed nec- 
essary.  

Hepatocyte isolation. Rat hepatocytes  were isolated by 
a modification of  Seglen 's  procedure  13 as described by 
Salad and Clarke. t4 Hepa tocy tes  isolated by this pro- 
cedure  have  been found to be responsive to physiolog- 
ical concentra t ions  of  insulin, glucagon, growth hor- 
mone,  and vasopres s in )  5 and have been determined 
to maintain physiological levels of  ATP during the in- 
cubat ion period. 15 Rats were anesthetized with sodi- 
um-pentobarb i ta l  and the portal vein cannulated. The 
lever was immediately perfused (40 mL/min) with oxy- 
genated calcium-free buffer  consisting of 142 retool/ 
L sodium chloride, 6.7 m m o l / L  potassium chloride, 
20 m m o l / L  Hepes  (pH 7.4), 25 m m ol / L  glucose, and 
1 m m o l / L  EGTA.  After 9 minutes,  the liver was per- 
fused (30 mL/min)  with buffer containing collagenase 
(67 m m o l / L  sodium chloride, 25 m m ol / L  glucose, 6.7 
m m o l / L  potass ium chloride, 100 m m o l / L  Hepes  pH 
7.4, 6.3 m m o l / L  calcium chloride, and 0.5 mg colla- 
g e n a s e / m L .  After 10-12 minutes of  perfusion, the 
liver was removed  f rom the body cavity to a petri dish 
where  the cells were combed  free from the capsule. 
Hepa tocy tes  were pelleted at 50g for 3 minutes and 
washed 3 times with Krebs/Hensele i t  buffer. Liver  
cells were  diluted to a final concentrat ion of 25 million 
ce l l s /mL.  Cell viability was determined by t rypan blue 
exclusion and cellular ATP concentrations.16 

Hepatocyte responsiveness to vasopression. The objec- 
tive was to determine if hepatocyte  vasopress ion re- 
spons iveness  varied with source of dietary fat. Iso- 
lated hepa tocytes  were preincubated for 10 minutes at 
37°C to equilibrate cells with the suspension media 
prior  to the addition of hormone and substrate.  Fol- 
lowing preincubation,  hepatocytes  were allocated to 6 
suspension flasks, each flask containing Krebs /Hense-  
leit buffer,  2 m m o i / L  lac ta te /pyruvate  (9:1 molar ra- 
tio), and vasopress ion  (0, 0.1, 0.25, 0.5, 1.0, and I0 
nmol /L) .  Final cell density was 5 million ce l l s /mL in a 

total volume of 15 mL.  Hepa tocy te  suspensions were 
incubated with t reatments  for 20 minutes at 37°C. Cell 
aliquots (1 mL) were removed  at 0 and 5 minutes of 
incubation with the respective t reatments  and immedi- 
ately frozen in liquid nitrogen for later assay of glyco- 
gen phosphory lase  a activity. 17 Cell samples for glu- 
cose  analysis were removed  from the t reatment  flasks 
at 0, 10, and 20 minutes of  incubation. The cells were 
pelleted and the supernatants  removed for determina- 
tion of glucose. '6 The data were subjected to a re- 
peated  measures  analysis of  variance and the means 
were compared  by LSD. ~s 

Results  

The level of  safflower oil utilized in these studies was 
sufficient to fulfill the essential fatty acid needs of  the 
growing rat. 19 Therefore ,  for the purpose of these stud- 
ies the safflower oil group was considered the refer- 
ence group. Exchanging the safflower oil component  
of  the diet with menhaden fish oil or tripalmitin sig- 
nificantly decreased  hepatocyte  vasopressin respon- 
s iveness  (P < 0.05) as determined by reduced glyco- 
gen phosphorylase  activation and less glucose release 
(Figures 1 and 2). Est imates  of  an EC 50 dose for 
vasopress in  based on the curves in Figures 1 and 2 
indicate that the effect of  tripalmitin and fish oil was 
to decrease  the maximal response to vasopressin.  For 
example ,  10 nmol /L  vasopressin (an apparent  saturat- 
ing dose) resulted in a glucose output in the (n-3) en- 
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F i g u r e  1 Vasopressin-mediated activation of glycogen phosphor- 
ylase a in hepatocyte suspensions isolated from rats fed safflower 
oil, fish oil, or tripalmitin. The graph depicts the increment rise in 
phosphorylase a activity induced by the cited concentrations of 
vasopressin. Hepatocytes (n =4 preps/curve) were isolated from 
rats fed a diet containing safflower oil (solid circles), tripalmitin 
(open triangles), or menhaden oil (solid squares). Basal glycogen 
phosphorylase a activity in non-vasopressin treated hepatocytes 
was 32 + 4, 35 _+ 2, and 28 _+ 5 nmol G-1-P incorporated into 
glycogen per min/106 cells for the safflower oil, tripalmitin, and 
menhaden oil groups, respectively. Data were subjected to re- 
peated measures of analysis of variance and means were com 
pared by least squares difference/8 The effect of fat, vasopressin, 
and a fat × vasopressin interaction were significant (P < 0.05) 
The concomitant effect of vasopressin treatment on glucose pro- 
duction in these cell preparations is depicted in Figure 2. 
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Figure 2. Vasopressin-mediated stimulation of glucose output by 
hepatocytes isolated from rats fed safflower oil, fish oil, or tripalmi- 
tin. The graph depicts the increment rise in glucose output induced 
by vasopressin. Hepatocytes (n=4  preps/curve) were isolated 
from rats fed a diet containing safflower oil (solid circles), tripalmi- 
tin (open triangles), or menhaden fish oil (solid squares). Values 
for the basal rate ot glucose output in non-vasopressin treated 
hepatocytes were 252 _+ 30, 373 + 42, and 308 -+ 72 nmol/h per 
106 cells for the safflower oil, tripalmitin, and menhaden oil groups, 
respectively. Values are expressed as means _+ SEM. Analysis of 
variance for repeated measures revealed a significant effect of fat 
and vasopressin (P < 0.05). Glycogen phosphorylase activation 
by vasopressin in these cell preps is depicted in Figure 1. 

Tab le  1 Effect of dietary fat on basal activity of glycogen phos- 
phorylase a and glucose production in rat hepatocytes 

Source of dietary fat 

Safflower Menhaden 
oil Tripalmitin oil 

Phosphorylase a, ~ 32 +- 4 35 -+ 2 28 + 5 
(nmol G-I-P/min/106 cells) 

G lucose)  252 -+ 30 373 _+ 42 308 +- 72 
(nmol/h/106 cells) 

Values are expressed as means _+ SEM, n = 3-5. ANOVA re- 
vealed no significant effect (P > 0.05) of fat. 

riched liver cells which was 300 nmol/h less than in 
the safflower oil group. Vasopress in-mediated activa- 
tion of  hepa tocyte  glycogen phosphorylase  a and glu- 
cose  output  did not differ be tween the menhaden oil 
and tripalmitin dietary groups. In addition, basal gly- 
cogen phosphory lase  a activity in isolated hepatocytes  
was not affected by the type of  dietary fat ingested by 
the donor  rat (Table 1). 

Rat liver cell responsiveness to vasopressin: Blake and Clarke 

on phospholipid class), respect ively,  by the insertion 
of  20 : 5 and 22 : 5 (n-3) fatty acids.4 Similarly, replacing 
safflower oil with a saturated fat led to a 2- and 6-fold 
enr ichment  in 18 : 1 and 20:3 (n-9) content  of  mem- 
brane  phospholipid.  This enrichment  was accompa-  
nied by a 65% and 30% depletion of 18:2 and 20:4 
(n-6), respect ively.  4 We have hypothesized that these 
changes  in membrane  phospholipid fatty acid compo-  
sition lead to altered hormonal  responses within the 
hepa tocyte .  The hormone model chosen for study was 
vasopress in  because  it utilizes several lipid mediated 
events  in the phosphoinosi t ide cascade mechanism for 
hormonal  signal transduction.  2°-23 

Our data clearly indicate that activation of hepato- 
cyte  glycogen phosphorylase  by vasopressin  was de- 
pendent  upon the type of dietary fat ingested. Specifi- 
cally depleting rat liver cell membrane  phospholipid of 
(n-6) fat ty acids by feeding a diet low in (n-6) fatty 
acids or rich in (n-3) fatty acids was associated with a 
reduct ion in vasopress in-mediated activation of glyco- 
gen phosphorylase .  The mechanism by which dietary 
fats modulate  glycogen metabol ism has several  poten- 
tial loci including vasopress in  receptor  binding, hor- 
monal  signal t ransduction,  624 and endoplasmic reticu- 
lure calcium release. 25 Regardless of  the mechanism,  it 
is important  to emphasize  that the reduced hepatocyte  
vasopress in  sensitivity associated with dietary fish oil 
was not a unique feature of  the high intake of (n-3) 
fat ty  acids,  but rather  was an outcome of the depletion 
of (n-6) fatty acids f rom the membrane  phospholipid. 
Thus ,  certain metabolic  events  attributed to the intake 
of  menhaden  fish oil may reflect the displacement of  
long chain (n-6) fatty acids from the cell rather than a 
specific event  mediated by (n-3) fatty acids. Finally, 
our  data support  the concept  that hormones  which uti- 
lize the phosphoinosi t ide cascade as a signal transduc- 
ing mechan ism may be regulated by the type of dietary 
fat consumed.  An extension of this conclusion is that 
vasopress in  sensitivity of  hepatocytes  does not play a 
role in the antilipogenic mechanism of dietary polyun- 
sa turated fats. This speculation is based upon the fact 
that tripalmitin, which reduced vasopressin  sensitiv- 
ity, has no ability to suppress fatty acid or triglyceride 
synthesis .  4,~2 
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Discussion 

The fat ty  acid composi t ion of  membrane  phospholipid 
in hepa tocy tes  isolated f rom rats fed a comparable  diet 
to that utilized in this study and containing safflower 
oil, menhaden  fish oil, or saturated fat (hydrogenated 
coconut  oil) has been exhaust ively characterized.  4 
When  safflower oil was replaced with menhaden oil, 
hepa tocy te  membrane  phospholipid 18:2 and 20:4 
(n-6) were  displaced 50-85% and 30-65% (dependent  
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