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ABSTRACT 

The effects of epidermal growth factor (EGF) and 

diet were examined in pancreatic acinar cells isolated from 

rats fed for 1 week diets with 67% Kcal as fat (HF), 67% 

Kcal as carbohydrate (HC), or rodent chow. Cells were 

cultured for 48 hr in serum-free medium containing 4.2 nM 

(control), 42 pM, 0.42 nM , or 42 nM EGF. Cellular viability 

was maintained at all concentrations of EGF, but declined 

rapidly without EGF. EGF did not affect cellular amylase, 

lipase, protein, and DNA. In fresh1y-iso 1 a ted and cultured 

cells, specific activity of intracellular phenylalanine in 

HF cells was higher than in chow and HC cells. Only in 

fresh1y-iso 1ated HF cells did diet and EGF interact to alter 

specific activity. In fresh1y-iso lated • ce 11s, EGF increased 

protein synthesis in HF cells at 42 nM. In cultured cells, 

EGF biphasically increased synthesis at 42 pM and 42 nM in 

chow and HC cells, but only 42 nM EGF increased synthesis in 

HF cells. Dietary alterations of cellular responsiveness to 

regulatory peptides might participate in pancreatic regulation 

in vivo. 

x  



INTRODUCTION 

Nutrient regulation of metabolism is an important 

concept of homeostasis in mammals. When the nutrient intake 

varies, digestion is modified to ensure optimal utilization 

of the food consumed. This modification occurs in part by the 

adaptation of the exocrine pancreas to diet. The synthesis 

of the digestive enzymes amylase, lipase, trypsinogen, ana 

chymotrypsinogen , by the pancreatic acinar cells changes in 

response to changes in diet. Amylase activity increases 

with increased dietary carbohydrate, lipase activity with 

increased fat, and protease activity with increased protein. 

The mechanisms of this adaptation to diet are unknown but 

represent examples of nutrient regulation of gene expression 

and cellular function. 

Epidermal growth factor (EGF) is a polypeptide mitogen 

known to stimulate DNA synthesis and exert long term trophic 

effects on the exocrine pancreas in vivo (Dembinski et 

al. 1982 ). EGF potentiates cho1ecystokinin - stimu1 ated 

release of amylase from short-term cultures of intact mouse 

acini (Logsdon and Williams 1983b). Rat pancreatic acini 

have specific, saturable high-affinty EGF receptors (Korc et 

al. 1983b), and EGF is required for serum-free culture of iso

lated acinar cells (Brannon et al. 1984 ). However,the role of 



EGF in the regulation of the exocrine pancreas is not clear. 

To elucidate this role, the effects of EGF and its interaction 

with dietary adaptation were examined in hormonally-responsi ve , 

serum-free primary cultures of isolated acinar cells. 



LITERATURE REVIEW 

Pancreatic Adaptation 

The pancreas is both an endocrine and an exocrine 

organ. The endocrine tissue, the islets of Langerhans, 

secretes insulin, glucagon, somatostatin, and pancreatic 

polypeptide directly into the bloodstream. The exocrine 

tissue: acinar, ductal and centroacinar cells, secretes 

pancreatic juice into the upper duodenum. The acinar cells, 

which synthesize and secrete digestive enzymes, comprise 95% 

of the total exocrine cells. The scattered ductal and 

centroacinar cells, which secrete bicarbonate-rich fluid and 

electrolytes, are few in number. Further, the wedge-shaped 

acinar cells are clustered into functional, morphological 

units, acini, that are interspersed among the islets of 

Langerhans. 

The role of the pancreatic acinar cells in digestion 

is well known. In response to dietary stimuli, the cells 

discharge digestive enzymes and zymogens into the lumen of 

the duodenum, via two main pancreatic ducts, to facilitate 

hydrolysis and subsequent absorption of molecules of ingested 

food. While always containing amylase, lipases and proteases, 

the exact composition of pancreatic juice varies according 

to dietary intake (Desnuelle and Figarella 1979, p. 86-125). 
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Any durable change in the diet constitutes a change in 

substrate abundance for the hydrolytic enzymes and leads to 

a concomitant adaptive response on the part of the pancreas. 

Amylase activity increases with increasing dietary carbohydrate 

(Ben Abdeljlil, Palla, and Desnuelle 1965; Reboud et al. 1966; 

Snook 1965, 1971), as does lipase activity with increasing 

fat (G idez 1973; Bazin, Lavau, and Herzog 1978; Bazin and 

Lavau 1979; Saraux et al. 1982) and protease activity with 

increasing protein (Grossman, Greengard , and Ivy 1943, 1944; 

Snook and Meyer 1964a, 1964b; Johnson, Hurwitz, and Kretchmer 

1977; Bourdel 1983). These adaptations have been characterized 

in the rat (Grossman et al. 1943; Reboud, Ben Abdeljlil, and 

Desnuelle 1962; Snook and Meyer 1964a), and have been confirmed 

in the chicken (Imondi and Bird 1967), dog (Berhman and Kare 

1969), calf (Gorill and Thomas 1967), and pig (Corring ana 

Saucier 1972). Although the mechanism(s) is unknown, the 

rates of synthesis of the digestive enzymes: amylase, lipase 

ana the proteases, are altered in response to diet (Marchis-

Mouren , Pasero, and Desnuelle 1963; Reboud et al. 1 966; 

Snook 1968a). The nature of the adaptation of each of these 

enzymes and the proposed key regulators will be considered 

in light of the existing evidence. 

Amy 1 a s e 

All mammalian species synthesize a pancreatic hydrolase 

(7^- amylase (EC.3.2.1.1) that is secreted by pancreatic 

acini in the active form into the gut lumen where it acts on 



starches and glycogen. This enzyme requires Cl~ for hydrolytic 

activity and cleaves internal Crf-1,4 glycosidic bonds by the 

transfer of glycosyl radicals to water. This hydrolysis 

reduces polysaccharides and oligosaccharides to maltose, 

maltotriose and o(-limit dextins; a slower hydrolysis converts 

maltotriose into glucose and maltose. The actions of intestinal 

disaccharidases and glucoamylase complement the amylolytic 

degradation enabling the absorption of dietary carbohydrate 

as simple sugars (Semenza 1967, p. 2640-41). 

The dietary adaptation of pancreatic amylase has been 

clearly demonstrated, since first observed by Pavlov in 1898 

in the dog. In the normal rat, a change in the amount of 

ingested carbohydrate causes parallel changes in the specific 

activity of amylase in both pancreatic juice and pancreatic 

tissue (Ben Abdeljlil, Visani, and Desnuelle 1963). The 

adaptive response begins within 24 hours of the dietary 

modification, is maximum and stable after the 6 days (Ben 

Abdeljlil and Desnuelle 1964), is fully reversible (Deschodt-

Lanckman et a 1 . 1973; Gidez 1973; Corring 1977), and has 

been elicited by a variety of carbohydrate regimens. When 

starch in a balanced diet was increased from 20% to 75% by 

weight, a 3- to 5-fold increase in tissue amylase (Reboud et 

al. 1962, 1966; Palla, Ben Abdeljlil, and Desnuelle 1968), 

and an 8-fold increase in the rate of biosynthesis of amylase 

(Palla et al. 1968) were observed. Ten times more amylase 

was recovered from rats, fed 5% fat:95% sucrose compared to 



rats fed 95% fat:5* sucrose (Snook 1975), and this is the 

maximum induction reported in the literature. While glucose 

has been reported to be a better inducer of amylase than 

fructose or galactose (Christophe et al. 1971), dietary 

starch, glucose, dextose, and sucrose have resulted in 

comparable increases in amylase (Grossman et al. 1944; Ben 

Abdeljlil and Desnuelle 1964; Christophe et al. 1971) . A 

hypertonic glucose solution elicits a marked rise in amylase 

in both pancreatic juice and tissue, whether administered 

orally, intraperitoneally, or intravenously (Horisset and 

Dunnigan 1971; Lavau, Bazin, and Herzog 1974). In contrast 

to dietary carbohydrates which raise amylase levels within 

24 hours, glucose administered directly in the duodenum 

stimulates a measurable increase in amylase after 5 minutes 

(Dick and Felber 1975). 

Amylase responds to dietary manipulations other than 

increased carbohydrate. Increasing dietary fat, at the 

expense of carbohydrate, results in a sharp decrease in 

amylase and an opposing 1.5- to 2-fold increase in lipase 

(Snook 1971; Gidez 1973). Protein quality has been re

ported to modulate the induction of amylase. The synthesis 

of amylase increased 2- to 3-fold when the proportion of 

sucrose was increased to 64% in a sucrose/casein diet, however 

when the protein component was of low quality, eg. zein, 

gluten, or gelatin, increasing the proportion of sucrose did 



not induce a significant increase in amylase (Johnson, 

Hurwitz, and Kretchmer 1977). 

Severe changes in nutritional status which influence 

carbohydrate metabolism, such as fasting and diabetes, 

affect amylase. In the fasted rat, amylase in tissue anc 

juice is markedly reduced (Deschodt-Lanckman et al. 1971; 

Morisset and Webster 1972; Danielsson 1974), and acinar cell 

responsiveness to sec retion-stimu1i is halved (Lee, Brooks, 

and Lebenthal 1982). The decline in amylase synthesis is 

unaffected by protein supp1ementation, during fasting. 

(Bazin et al. 1978). The effects of fasting are fully 

reversed with refeeding (Lee et al. 1982) or intraperitoneal 

injection of glucose (Morisset and Dunnigan 1971). 

Levels of amylase are severely depressed in the diabetic 

animal and can be restored by administering insulin (Snook 

1968a). In rats made diabetic with alloxan injection, amylase 

activity and rate of synthesis decreased 10-fold (Palla et 

al. 1968). In another study, a 1 1 oxan-diabetes depressed 

amylase, and insulin treatment raised amylase to greater than 

pre-diabetic levels. However, the total protein content of 

the pancreas (calculated per unit of DNA) remained fairly 

constant throughout the experiment, supporting the investigators ' 

contention that the changes in the rate of synthesis appear 

specific to amylase in the diabetic (Ben Abdeljlil et al. 1965). 

Messenger RNA (mRNA) for amylase was reduced 100-fold, 

accompanied by a 300-fold decrease in the enzyme, after 13 days 



of streptozotocin-induced diabetes compared to control 

rats. Both parameters returned to normal range within 7 

days of insulin treatment (Korc et a1. 1981c), suggesting 

that the regulation of amylase gene expression in diabetes 

is at least partially insulin-dependent. 

Lipase 

Lipases are the active agents of lipid degradation, 

with lingual lipase initiating triglyceride hydrolysis in 

the mouth and stomach, and pancreatic lipases acting in the 

small intestine. Human pancreatic juice contains three principal 

lipolytic enzymes: a lipase that is specific for exogenous 

triglycerides, a type Ag phospholipase that is specific for 

phospholipids, and a carboxyesterase, for which the specificity 

is undetermined. Pancreatic lipase (EC 3.1.1.3), the most 

abundant of the three, requires calcium ions and a non-enzymatic 

cofactor, co-lipase, for optimum activity. A small protein 

also secreted by the pancreas, co-lipase forms a ternary 

complex with one molecule of lipase and one micelle arid 

prohibits the inhibition of lipase by bile salts in the 

upper small gut. In this form, lipase acts at the lipid-water 

interface and rapidly hydrolyzes triglycerides specifically 

at the SN-1 and SN-3 positions, producing 2-monoglycerides 

and free fatty acids which are then absorbed from the intestinal 

lumen by the epithelial cells. Intraluminal hydrolysis of 

the monoglyceride moiety is very slow, as it depends primarily 

on the migration of the remaining internal chain to an 



external position; therefore the production of glycerol for 

absorption is limited under normal conditions (Desnuelle and 

Figarella 1979, p. 86-125). 

Although the underlying mechanism is not clearly under

stood, diet composition has a decisive influence on lipase 

activity. In healthy rats, increasing the proportion of 

dietary fat in an isonitrogenous isocaloric diet significantly 

elevates lipase activity in pancreatic juice and tissue 

v» 

(Bucko and Kopec 1968; Deschodt-Lanckman et al. 1971; Gidez 

1973). Although most investigators report a 2-fold maximum 

inductionof lipase with dietary modification (Vandermeers-Piret 

et al. 1977; Mourot and Corring 1979; Ouagued et al. 1980; 

Saraux et al. 1982), increases of 130% to 230% over controls 

have been experimentally induced (Gidez 1973; Corring 1975). 

Parenteral administration of emulsified lipids raises lipase 

activity to the same extent as oral ingestion (Lavau et al. 

1974). The adaptive response of lipase is fully reversed 

when dietary fat is decreased (Deschodt-Lanckman et al. 

1971; Christophe et al. 1971; Corring 1975). 

The experimental evidence on the effects of chain 

length and degree of saturation of dietary fat is inconclusive. 

Long chain triglycerides reportedly induce lipase more 

effectively than medium chain (Saraux et al. 1982). However, 

the degree of saturation of the triglycerides varied as well 

in this study, so the effects on lipase may have been influenced 

by both properties of the dietary lipids. Conflicting 



results concerning the effect of saturation have shown that 

unsaturated fats induced lipase to the same degree (Lavau et 

al. 1974; Saraux et al. 1982) or more than (Deschodt-Lanckman 

et al. 1971; Christophe et al. 1971) saturated fats. The 

effect of saturation may be directly related to the proportion 

of fat in the diet: as 72% of the total calories, saturated 

and unsaturated fats had equivalent effects on lipase but as 

55% of total calories, saturated fat increased lipase more 

than the unsaturated fats tested (Bazin et al. 1978). 

In other metabolic states such as diabetes and fasting, 

that are characterized by the body's utilization of lipids 

as a primary energy source, the activity and biosynthesis of 

lipase is increased and that of amylase depressed (Bazin et 

al. 1978). Lipase increased 2-fold in rats made diabetic 

with alloxan and maintained on a low-fat chow diet (Deschodt-

Lanckman et al. 1971). In streptozotoein-diabetic rats the 

amylase to lipase ratio declined by 95%, with no change in 

total pancreatic protein, and blood ketones rose 400% (Bazin 

and Lavau 1979). Insulin corrected the hydrolase ratio and 

the hyperketonemia only in rats.fed a low-fat diet; a high-fat 

regimen prevented the restorative effects of the insulin. In 

clinical diabetes in rats, ketonemia is well correlated 

(r=0.82) with elevated pancreatic lipase activity (Bazin et 

al. 1978). Infusion of B-hydroxybutyrate raised lipase and 

depressed amylase, as well. 
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Short term fasting elevates lipase as early as the 

first day, and the increase stabilizes at twice control by 

the second day (Lee et al. 1982; Deschodt-Lanckman et al. 

1971; Bazin et al. 1978). Refeeding reverses the alterations. 

The adaptive response of colipase is subject to debate. 

While some have noted its fluctuations as a result of diet 

(Mourot and Corring 1979), others have found it unaffected 

by induced diabetes, fasting or diets high in carbohydrate 

or fat (Vandermeers-Piret et al. 1 977 ) . Colipase may be 

more sensitive to protein intake than to lipid intake (Ouagued 

1980). In any event, colipase does not seem to be a limiting 

factor in the digestive role of lipase. 

Proteases 

Although protein digestion begins in the stomach, the 

activity of the gastric protease, pepsin, stops when gastric 

contents are mixed in the duodenum with alkaline pancreatic 

juice, pH 6.5. This elevated pH is favorable for continued 

digestion by pancreatic enzymes, among them the endopepti-

dases: trypsin, chymotrypsin , and elastase, and the exopepti-

dases: carboxypeptidases A and B. These proteases are 

synthesized and secreted by the acinar cells of the pancreas 

in an inactive, zymogen form and are activated by a cascade 

of limited proteolysis in the upper small gut. In active form, 

they function in concert to continue the process of protein 

digestion; the endopeptidases hydrolyze peptides to prepare 

substrates for the exopeptidases. Trypsin attacks peptide 



bonds in the interior of the protein molecules to produce 

peptides with basic amino acids in the carboxy-terminal 

position, excellent substrates for carboxypeptidase B action. 

Similarly, chymotrypsin and elastase produce peptides with 

aromatic or nonpolar amino acids as the carboxy-terminal 

groups, the preferred substrates for carboxypeptidase A. 

Aminopeptidases and dipeptidases produced by the intestinal 

mucosa complement and extend the action of the pancreatic 

proteases. The end products are free amino acids, dipeptides, 

and tripeptides which are absorbed from the intestine into 

the duodenal mucosa (Keller 1967, p. 2605-2628; Desnuelle ana 

Figarella 1979, p. 86-125). 

An increase in dietary protein is reported to affect 

the biosynthesis and outflow of pancreatic proteases, although 

the dietary adaption has not been conclusively characterized. 

A significant increase in protease-content of pancreatic 

secretion and tissue results in rats and dogs fed high 

casein diets (Grossman et al. 1943; Reboud et al. 1962,1966; 

Ben Abedeljlil and Desnuelle 1964; Bucko and Kopec 1968; Behrman 

and Kare 1969; Lavau et al. 1974; Poort and Poort 1981). 

Chymotryptic and tryptic activities decrease more than 75* in 

rats changed from a 15% casein diet to a protein-free diet 

(Snook and Meyer 1964b). These results indicate a dietary 

adaptation of proteases to protein intake; however, other 

research reports do not support this thesis. The specific 

activity of chymotrypsinogen increased 2- to 3-fold but that 



of trypsinogen remained constant in the pancreatic contents 

of rats fed a high casein diet (Reboud et al . 1962; Desnuelle 

et al. 1962, p. 90-114). In addition to quantity, the type 

of protein may affect the activity of pancreatic proteases. 

In rats fed isonitrogenous diets, substituting equivalent 

amounts of whole-egg protein for casein increased the synthesis 

of proteases and RNA almost immediately (Snook 1968b) . A 

diet high in low quality protein did not raise protease 

activity unless selectively supplemented with amino acids 

(Johnson et al . 1977 ). Long-term consumption of inadequate 

protein reduces pancreatic proteases in malnourished humans 

as well (Tandon et al. 1969). 

Whether hydrolyzed proteins induce protease synthesis 

is disputed. The effects seen with high casein diets have 

been mimicked by casein hydrolysates (Snook 1965) and an 

amino acid mixture (Ben Abdeljlil 1966) by some investigators. 

Others, however, have failed to induce chymotrypsinogen or 

trypsinogen with oral (Grossman et al. 1944; Lavau et al. 

1974; Johnson et al. 1977) or intravenous (Morisset and 

Dunnigan 1971; Lavau et al. 1974) administration of hydro

lysates or essential amino acids. Peptides derived from 

fish protein increased chymotrypsinogen activity to the same 

extent as the fish protein itself when each was tested as 

the only protein component in isonitrogenous diets (Johnson 

et al . 1977 ) . 
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Dietary adaptation of proteases reportedly occurs in 

diabetes and fasting. C1 inica1ly-induced diabetes (alloxan 

or streptozotocin) has been accompanied by a marked rise in 

chymotryptic and tryptic activity (Ben Abdeljlil et al. 

1965; Pallaetal. 1968; Snook 1968a, Korcetal. 1981c). After 

fasting, tryptic activity was enhanced 2-fold in a 1971 

study (Deschodt-Lanckman et al. 1971). However, conflicting 

results have been reported in which trypsinogen levels were 

unaffected by fasting or subsequent refeeding (Lee et al. 1982) . 

Mechanism of Regulation 

Amylase and lipase may share a factor or factors in 

their coordinated yet opposing regulation. The behavior of 

the two enzymes is almost exactly opposite in instances of 

dietary adaptation (Christophe et al. 1971). Reproducibly, 

high carbohydrate intake induces amylase and depresses 

lipase synthesis; the reverse is true with high fat intake 

(Deschodt-Lanckman 1971; Snook 1971; Gidez 1973; Bazin and 

Lavau 1979). The specific activity of both hydrolases 

tripled within five days of feeding diets primarily composed 

of their "best inducers" (corn oil or starch), while the 

specific activity of the second enzyme diminished by 66% in 

a study by Christophe et al. (1971). C 1 inica 11y-induced 

diabetes and fasting promote nearly equivalent changes in 

amylase and lipase. Amylase drops markedly and lipase increases 

as much as 2-fold (Deschodt-Lanckman et al. 1971; Morisset 

and Webster 1972; Danielsson 1974; Lee et al. 1982), decreasing 



the amylase to lipase ratio 95% (Bazin and Lavau 1979). 

The changes in protease activity, by contrast, are less 

predictable and not as easily correlated to the conditions 

that consistently influence amylase and lipase. A number of 

potential mediators have been proposed. 

Substantial evidence exists in support of a role for 

insulin and glucose metabolism in the regulation of these 

adaptive processes. Insulin is known to be involved in a 

variety of cellular functions of the exocrine pancreas. 

Pancreatic acini possess a stereo - specific , saturable trans

port system for D-glucose (Williams et al. 1982), and high 

affinity binding sites for insulin (Korc et al . 1981b). 

Binding of insulin can be correlated with protein synthesis, 

at least in diabetic-derived acini, in which binding increased 

both amylase activity and incorporation of labeled amino acids 

into cellular protein (Korc et al. 1981b; Williams et al . 1981). 

Additionally, levels of mRNA for amylase that diminished 

100-fold with diabetes were subsequently restored with 

insulin treatment (Korc et al. 1981c). Brannon , Harrington, 

and Kretchmer (1982) reported increased cellular and secreted 

amylase, without changes in total protein or DNA, when 

cultured acinar cells from normal rats were treated with 

insulin. In vivo injection of the insulin secretagogue, 

g 1 ibenc1 amide , increased the amylase content of pancreata 

of starved rats and excess secretion of endogenous insulin 



also increased pancreatic amylase in normal rats (Danielsson 

1974 ) . 

Administration of insulin to normal non-diabetic 

rats, however, resulted either in unaltered amylase activity 

(Pal la et al. 1968 ) and unaltered basal amylase release 

(Kanno and Saito 1976), or in decreased amylase activity 

(Grossman et al. 1944; Snook 1971). Insulin treatment 

tended to obliterate the pronounced differences in amylase 

and lipase activities that usually result from antecedent 

carbohydrate- or fat- feeding (Snook 1971). 

The ability of insulin to restore amylase and lipase 

levels that are changed in clinically-induced diabetes and 

fasting appears to be dependent on accompanying nutrients. 

Antecedent fat-feeding prevented the corrective effects of 

insulin on enzyme levels while ketonemia worsened, implying 

that glucose utilization remained low (Bazin and Lavau 

1979). Acinar cell glycolytic flux markedly decreased with 

fat-feeding compared to carbohydrate-feeding; there was a 

50% decrease in glucose transport rate into the cells (Bazin 

and Lavau 1982). In contrast, insulin stimulated by 2-fold 

the rate of uptake of glucose analogs in isolated acini 

(Korc et al. 1978; Williams et al. 1982), and the effect of 

insulin was greater in diabetic-derived acini than in normal 

acini (Williams et al. 1982). In the fasted rats, administering 

both glucose and insulin completely restored acinar cell 

responsiveness to secretagogue, while treatment with either 



compound alone did not (Lee et al. 1982 ) . The part that 

insulin and its interaction with carbohydrate metabolism 

play in the regulation of dietary adaptation remains unclear. 

A role for ketones has been postulated. Ketonemia is 

pronounced in fasting, diatetes, and fat-feeding, and correlates 

well with lipase induction. Additionally, infusion of 

physiologic concentrations of ketone bodies changes the 

enzyme synthesis rates in the same manner as the ketogenic 

regimens (Bazin et al. 1978). 

A number of investigators have suggested that dietary 

adaptation is in part triggered by digestion products (Morisset 

and Dunnigan 1971; Lavau et al. 1974; Dick and Felber 1975; 

Johnson et al. 1977), pool sizes of amino acids, fatty 

acids, and glucose (Snook 1965; Corring 1977), or hormonal 

mediators. Incubating acini in vitro with the gastrointestinal 

hormone cholecystokinin (CCK) stimulated secretion and 

synthesis of digestive enzymes (Korc, Bailey, and Williams 

1981b; Korc 1982), and acinar uptake of glucose (Korc, 

Williams, and Goldfine 1979). Similarly, natural glucagon 

caused a 2- to 3-fold increase in amylase secretion in 

dispersed guinea pig acini (Pandol et al. 1983). The gut 

hormones, vasoactive intestinal peptide (VIP) and gastr.in-

releasing peptide (GRP), were found to stimulate amylase 

secretion (Dagorn and Ongeau 1977; Iwamoto, Nakamura, and 

Akanuma 1983) . 
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Epidermal growth factor (EGF) , a polypeptide growth 

factor, has been implicated in the regulation of the exocrine 

pancreas (Demarest, Brannon, and Korc 1984). It has been 

shown to stimulate DNA synthesis in and exert long-term 

trophic effects on the exocrine pancreas in vivo (Dembinski 

et al . 1982 ). Korc et al. (1983a, 3983b) demonstrated the 

existence in acini of specific, saturable, high-affinity 

receptors for EGF and a direct modulation of the binding by 

CCK. EGF potentiated basal and CCK-stimu1ated secretion of 

amylase from cultured mouse acini (Logsdon and Williams 

1983a). In short-term culture with 5% serum, EGF stimulated 

protein synthesis by intact acini (Logsdon and Williams 1983a, 

1983b). In long-term serum-free culture, EGF is required 

for maintenance of acinar cell viability (Brannon et al. 1984). 

Epidermal Growth Factor 

Epidermal growth factor (EGF), a low molecular weight 

polypeptide factor, was first detected by Cohen as an incidental 

observation during the course of purifying nerve growth 

factor from the murine submaxillary gland. Daily injections 

of gland extracts produced precocious opening of the eyelids 

and early eruption of incisors (Cohen 1962), developmental 

changes that were subsequently shown to be due to direct 

cytomodulatory actions of EGF. The gross anatomical effects 

served as a basis for an assay allowing Cohen to purify the 

active polypeptide, which he termed epidermal growth factor 

(Cohen 1962). Mouse-derived EGF (mEGF) is a 6045 dalton, 



single polypeptide chain of 53 amino acid residues lacking 

lysine, alanine, and phenylalanine (Taylor, Mitchell, and 

Cohen 1972; Cohen and Taylor 1974; Cohen and Carpenter 

1975). It has 3 disulfide linkages, which are necessary for 

biological activity, and is resistant to trypsin, chymotrypsin, 

and pepsin. Human epidermal growth factor (hEGF) was identified 

(Starkey, Cohen, and Orth 1975)' and isolated (Cohen and 

Carpenter 1975) from human urine. It has biological properties 

identical to mEGF, cross-reacts antigenica 11y , and competes 

with mEGF in radioreceptor studies (Cohen and Carpenter 

1975). The two growth factors share very similar, although 

not identical, amino acid sequences. All these findings 

"support the idea that the human growth factor is an evolved 

form of the mouse polypeptide" (Carpenter 1981, p. 73). 

Gregory (1975) reported the strikingly similar sequence of a 

gastric antisecretory hormone, B-urogastrone , isolated from 

human urine. Urogastrone and mEGF show 70% sequence homology 

and elicit nearly identical biological responses in whole 

animal, organ, and cell culture systems (Gregory 1975). 

Additionally, present data indicate that hEGF and urogastrone 

are identical (Gregory 1975; Cohen and Carpenter 1975), 

and the terms are currently used interchangeably. Moore 

(1978) determined rat EGF to closely resemble both mouse and 

human EGF, though not identical to either. 

Mouse EGF was originally isolated from the submaxillary 

gland, and this appears to be the major source of both syn



thesis and storage in the adult mouse (Turkington, Males, and 

Cohen 1971;Byyny, Orth, and Cohen 1972). Serum-levels of 

EG F remain unchanged, however, when this gland is removed 

(Byyny et al. 1974) indicating that there are other sites of 

production. Androgen stimulation of the submaxillary gland 

seems to be important for mEGF synthesis (Byyny et al. 

1974). EGF-release is induced by ctf-adrenergic agonists 

(St. Hilaire and Jones 1982) and has been demonstrated in 

the intact animal (Byyny et al. 1974) and in vitro with 

minced salivary gland (Roberts 1977). Physiologic concent

rations of mEGF have been measured in the adult mouse: l-2ng/ml 

in plasma, 300ng/ml in milk, lOOOng/ml in saliva and in 

urine (Byyny et al. 1974; Hirata and Orth 1979b). 

The sites of EGF synthesis and storage in the human 

are not known. Using an indirect immunofluorescent technique, 

Elder and coworkers (1978) found hEGF concentrated in human 

submandibular glands and the glands of Brunner in the first 

part of the duodenum. Detectable levels have been reported 

in pancreatic secretions (Hirata et al. 1982), urine, milk, 

plasma, saliva, and amniotic fluid (Starkey and Orth 1977); 

and measurable tissue concentrations found in the submandibular 

gland, duodenum, pancreas, jejunum, thyroid, and kidney 

(Hirata and Orth 1979a). Detected tissue-quantities are very 

low (less than 5 to 10%) compared to the concentration of 

hEGF excreted daily in urine and therefore their physiological 

significance is not clear (Carpenter 1981, p.96). No diurnal 



or postprandial variation in urinary hEGF levels have been 

detected (Starkey and Orth 1977), and plasma levels have 

been found unrelated to meal ingestion, sleep-wake activity, 

sex, pregnancy or age (Hirata et al. 1980). 

Biological Effects 

That EGF elicits significant biological effects has 

been reported for a number of cell types, including hepatocytes 

(Richman et al. 1976; St. Hilaire and Jones 1982), glia 

cells (Westermark 1976), granulosa cells (Gospodarowicz , 

111, and Birdwell 1977) vascular smooth muscle cells and 

chondrocytes (Gospodarowicz et al. 1978b), fibroblasts 

(Hollenberg and Cuartrecasas 1973), ketatinocytes (Rheinwald 

and Green 1977), mammary epithelial cells (Turkington 1969), 

respiratory epithelial cells (Frati et al. 1972; Sundell et 

al. 1980), corneal and lens epithelial cells (Savage and 

Cohen 1973; Hollenberg 1975), gastrointestinal tract epithelial 

cells (Scheving et al. 1979, 1980; Weh et al. 1981), pancreatic 

acini (Korc, Matrisian, and Nagun 1983a; Korc et al. 1983b; 

Logsdon and Williams 1983a), and pancreatic acinar cells 

(Demarest, Brannon, and Korc 1984). EGF is a potent mitogen 

and is important for maintenance, growth, and differentiation 

of cultured cells. Regulation of cell proliferation by EGF 

has been most extensively studied in cultured fibroblasts 

(Hollenberg and Cuartrecasas 1973). In the presence of 

EGF, fibroblasts continue to divide despite confluency; that 

is, the cell population is no longer restricted by density 



dependent inhibition of growth (Hollenberg and Cuartrecasas 

1973). Additionally, EGF allows these and other cells to 

thrive in serum-deficient media, with growth and maintenence 

of viability comparable to that obtained in the presence of 

optimal (10%) calf serum (Carpenter and Cohen 1976a, 1979; 

Mather and Sato 1979) . Low concentrations of EGF enhance plating 

efficiency and expand the lifespan of cultured keratinocytes 

and granulosa cells (Rheinwald and Green 1977; Gospodarowicz 

and Bialecki 1978a). Other pleiotypic responses follow 

cellular exposure to EGF in vitro. DNA synthesis is stimu

lated (Cohen and Taylor 1974; Hollenberg and Cuatrecasas 1975; 

Carpenter and Cohen 1976a, 1979, Gospodarowicz et al. 1978b; 

Scheving et al. 1979, 1980; Gospodarowicz, 1981), as well as 

protein and RNA synthesis (Hoober and Cohen 1967; Covelli et 

al. 1972; Hollenberg and Cuartrecasas 1973; Demarest et al. 

1984). EGF induces increased cellular uptake of sugar 

analogs 2-deoxyglucose and 3-0-methy1g1ucose (Barnes and 

Colowick 1976) , o(-ami no-i sobutyrate (Hollenberg and Cuartrecasas 

1975), and potassium (Rozengurt and Heppel 1975). Membrane 

activity such as ruffling and macropinocytosis increases 

significantly with EGF in the culture media (Brunk, Schellens, 

and Westermark 1976). EGF is reported to stimulate release 

of human chorionic gonadotropin by cultured choriocarcinoma 

cells (Benveniste et al . 1978), and to increase both basal 

and CCK-stimu1 ated release of amylase in short-term cultures 

of pancreatic acini (Logsdon and Williams 1983a, 1983b). 



These latter observations "suggest that EGF may have a 

function in some cell types as a modulator of secretion of 

other hormones" (Carpenter 1978, p. 285.) and enzymes. 

EGF has pronounced effects on several aspects of gastro

intestinal function and physiology. It is concentrated in 

the salivary and Brunners glands (Elder et al. 1978), which 

may also be organs of synthesis and secretion. EGF inhibits 

gastric acid secretion in humans (Elder et al. 1975) and 

also in rats infused subcutaneous1y (Dembinski et al. 1982). 

It stimulates cell division in gastrointestinal epithelium 

(Scheving et al. 1979, 1980) and has been shown to stimulate 

the incorporation of thymidine into DNA in epithelial cells 

of the entire gastrointestinal tract (Scheving et al. 1979. 

1980; Weh et al. 1981). Receptors for EGF reportedly exist 

in the small intestine (Forgue-Lafitte et al. 1980), colon 

(St. Hilaire, Gospodarowicz , and Kim 1980), liver (St Hilaire, 

Hradek, and Jones 1983), and pancreas (Korc et al. 1983a, 

1983b) . In the liver, EGF has been shown to have several 

biological effects, including stimulation of DNA synthesis 

(Richman et al. 1976; Weh et al. 3981) and inhibition of 

glucagon-stimulated amino acid transport (Morin, Forest, and 

Fehlman 1981) in primary cultures of hepatocytes. Similarly, 

pancreatic acini possess specific, saturable, high-affinity 

EGF receptors with a single order of binding sites (Korc et 

al. 1983b; Logsdon and Williams 1983a, 1983b). CCK directly 

modulated EGF binding to rat and mouse acini in studies by 



Korc et al. (1983a). In short-term primary cultures, EGF 

induced significant increases in basal and CCK-stimulated 

release of amylase, as well as increases in protein synthesis 

after 10 hours of exposure (Logsdon and Williams 1983a, 

1983b). EGF is required for maintenence of cellular viability 

in long-term serum-free cultures of isolated acinar cells 

(Brannon et al. 1984). Dembinski and coworkers (1982) 

reported trophic effects of EGF on the pancreas and gastrod-

uodenal mucosa in rats in vivo. Chronic parenteral infusion 

of EGF increased the DNA and RNA contents of the pancreas 

and mucosa; intraperitoneal injections of EGF significantly 

stimulated DNA synthesis in these same tissues. 

Mechanism of Action 

The mechanism of action of EGF has been partially 

elucidated in recent years owing to the use of cell culture 

systems and subcellular systems. While a thorough treatise 

of EGF-receptor biochemistry is beyond the scope of this 

thesis, the salient features deserve comment. 

According to current theory, EGF binds to a cell surface 

molecule forming a hormone-receptor complex and initiating a 

biochemical signal that is thought to mediate the mitogenic 

capacity of EGF (Carpenter 1983). The EGF receptor molecule 

contains a protein-kinase active site, the activity of which 

is increased by hormone-binding (Cohen et al. 1978, p.138). 



In addition to enhanced autophosphorylation of tyrosyl 

residues in the site (Ushiro and Cohen 1980), the phosphor

ylation of several other membrane proteins is stimulated by 

EGF (King, Carpenter, and Cohen 1980). A direct causative 

role for phosphorylation in the stimulation of cell division 

by EGF has not been demonstrated. However, the involvement 

of protein phosphorylation in the regulation of intracellular 

processes is well accepted (Cohen 1982) and other tryosyl-

specific kinases have been identified (Carpenter 1983). 

After the initial binding, EGF induces receptor 

clustering (Haigler 1983) prior to rapid internalization of 

the ligand-receptor complex and degradation within lysosomes 

of the ligand (Carpenter and Cohen 1976b). The fate of the 

receptors depends on cell type (M. Korc, personal communica

tion). The interactions of EGF with its receptor at the 

plasma membrane are necessary for the biological effects to 

be elicited (Carpenter and Cohen 1976a); however, the physiologic 

relevence of cellular internalization and degradation is unclear. 

Serum-Free Culture of Acinar Cells 

Cell culture systems for virtually all types of cells 

have generally included serum in the medium. Serum is a 

complex mixture, and many of the components are uncharacterized. 

Sato and coworkers (Barnes and Sato 1980; Mather and Sato 

1979; Rizzino, Rizzino, and Sato 1979) postulated that 

hormones present in untreated serum were responsible for 

cell growth and maintenance, but were capable of masking the 



effects of experimentally-added hormones. The subsequent 

development of defined, serum-free media for a variety of 

cell types has eliminated these interferences. 

The study of pancreatic adaptation to diet requires 

the examination of hormonal and nutritional effects in 

vitro, and therefore requires a hormonally-responsive cell 

system. While a number of short- and long-term culture 

systems have been developed and are currently used for the 

study of exocrine function in pancreatic acini and acinar 

cells (Amsterdam and Jamieson 1974; Williams et al. 1978; 

Oliver 1980; Logsdon and Williams 1983; Brannon et al. 

1984), only that of Brannon and coworkers (1984) uses a 

defined, serum-free medium. The medium was developed to 

avoid the serum factors that were suspected to obscure the 

effects of insulin in isolated pancreatic acinar cells, and 

consists of Waymouth's medium supplemented with HEPES, 

dexamethasone, albumin, and epidermal growth factor. Acinar 

cells cultured in this serum-free medium maintained their 

differentiated morphology and function. Cultured cells 

secreted amylase in response to the secretagogue carbamyl 

choline and were viable for up to 4 days in culture (Brannon 

et al. 1984). 



METHODS 

Animals 

Male, weanling, Sprague-Dawley rats, weighing between 

60 and 7 5g, were maintained on a 12-hour light-dark schedule. 

Rats were fed ad libitum either a standard rat chow diet 

(Wayne Research Animal Diets, Appendix A), a semi-purified 

high fat (HF) diet, or a semi-purified high carbohydrate 

(HC) diet for 7 to 9 days. The isocaloric, defined diets 

were formulated to provide 67 percent of the calories as 

polyunsaturated fat or complex carbohydrate respectively, as 

shown in Table 1. Tap water was provided ad libitum. 

Cell Isolation and Serum-Free Culture 

Two rats per dietary treatment were killed by exsangui-

nation, the pancreata removed aseptically and pooled. 

Pancreatic exocrine cells were isolated and cultured by the 

method of Brannon, Orrison and Kretchmer (1984) (see Figure 

1). All solutions and vessels were sterile; all solutions 

were at pH 7.4. Excised pancreata were transferred to a 

disposable petri dish containing 5 ml of Hanks Buffered 

Saline Solution (HBSS) (Gibco Laboratories) without Ca2+ or 

Mg2+ at 37 ° C. In a laminar flow hood, mesenteric fat was 

removed by blunt dissection, and the tissue minced into 1 to 

2 mm pieces. The minced tissue was transferred to a plastic 

27 
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Table 1 

Diet Composition 

Component High Carbohydrate 
(HC) 

% % 
we i gh t calories 

High Fat 
(HF) 

% 
weight 

% 

calories 

Casein 20 . 0 

DL-methionine 0.3 

Salts1 3.5 

Vi tamins2 1 . 0 

Choline 
bitartrate 0 . 2 

Cellulose 5.0 

Corn Oi1 5.0 

Cornstarch 65.0 

20 . 7 

0 . 3 

0 . 3 

1 . 0 

10.4 

67 . 0 

2 0  .  0  

0 . 3 

3 . 5 

1 . 0 

0 . 2 

34 . 8 

28 . 9 

11.3 

20.7 

0 . 3 

0 . 3 

1 . 0 

67 . 0 

10.4 

1 AIN Mineral Mixture 
2 AIN Vitamin Mixture 
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REMOVAL OF PANCREAS, ASEPTICALLY 

t 

CHELATION OF DIVALENT CATIONS 

• 
DIGESTION WITH COLLAGENASE-HYALURONIDASE 

REPEAT CHELATION AND DIGESTION 

i 

DISPERSAL OF CELLS 

SEPARATION OF EXOCRINE ACINAR CELLS 

• 

CULTURE 1 x 106 CELLS IN 2 ML OF SF MEDIUM 

• 
HARVEST CELLS AT DAILY INTERVALS 

• 

ANALYZE 

VIABILITY 
(TRYPAN BLUE) 

PROTEIN SYNTHESIS 
(3H-PHE INCORPORATION) 

PROTEIN 
(LOWRY) 

AMYLASE ACTIVITY DNA 
(MICROFLUOREMETRIC) (PHADEBAS BLUE STARCH) 

Figure 1. Experimental Methods 



50 ml Erlenmyer flask to which 20 ml of EDTA-HBSS (2 mM 

EDTA) was added and incubated in a 37°C Dubunoff shaking 

water bath for 15 minutes at 120 cycles per minute (cpm) . 

The chelated mixture was then transferred to a plastic 50 ml 

conical centrifuge tube (Corning Glass Works) and centrifuged 

at room temperature for 15 minutes at 1800 rpm (500 xG) in a 

Beckman J6 centrifuge. The supernatant was discarded and 

t h e  p e l l e t  r i n s e d  b y  c e n t r i f u g a t i o n  w i t h  2 0  m l  o f  H a m ' s  F - 1 2  

medium (Gibco Laboratories). After the supernatant was 

discarded, 20 ml of digestion solution consisting of 50 mg 

collagenase type II (Worthington Diagnostic Systems), 50 rag 

hyaluronidase (Cooper Biomedical) in 40 ml Ham's F-12 medium 

and 10 ml heat-inactivated (H.I.) calf serum was added. The 

mixture was transferred to an Erlenmyer flask and incubated 

in a 3 7 ° C shaking water bath for 20 minutes at 120 cpm. The 

mixture was then transferred to a conical centrifuge tube 

and spun at 1800 rpm for 15 minutes. The supernatant was 

discarded, and the pellet was rinsed by centrifugation with 

20 ml of HBSS. The supernatant was discarded. The chelation 

with EDTA-HBSS, rinse with Ham's F-12 medium, and 20 minute 

digestion were repeated in sequence as described. Following 

the second digestion, the cell pellet was rinsed with Ham's 

F-12 medium containing 5% H.I. calf serum. The supernatant 

was discarded and the cells were resuspended by gentle 

pipetting in 8 ml Ham's F-12 - 5% H.I. calf serum. The 

suspension was filtered by syringe through sterile 500p and 



25|i Nytex filters. The filtrate was layered onto 6% supplemented 

Ficoll (38 ml 6% Ficoll and 2 ml H.I. calf serum) in a 50 ml 

conical centrifuge tube. Centrifugation for 10 minutes at 

900 rpm separated the exocrine acinar cells by sedimentation 

through the Ficoll. The exocrine cells were rinsed as 

before with 20 ml of Ham's F-12 - 5% H.I. calf serum, then 

with 20 ml of Waymouth's medium (Waymouth's MB 752/1 with 

7.5% Na2HC03, 1M HEPES buffer, 200 mM glutamine, 0.01% 

soybean trypsin inhibitor, antibiotic-antimycotic). The 

cells were then resuspended , by gentle pipetting, in 10 ml 

of Waymouth's medium. Cell number and initial viability 

were determined by counting, with a hemocytometer, a mixture 

of 0.25 ml of cell suspension with 0.05 ml trypan blue dye. 

The cells were diluted with an appropriate volume of Waymouth's 

medium to a concentration of 1.0 x 106 cells per ml and 

plated in 24-well petri clusters (Costar Mark II) at a 

density of 1.0 x 10® cells per well. To each well was added 

1.0 ml of Waymouth's Serum-Free 2Xmedium, composed of Waymouth's 

medium (previously described) with 20 mg/ml bovine serum albumin, 

2 xlO-6 M dexamethasone, and 50 mg/ml epidermal growth 

factor (EGF) (Bethesda Research Labs). The combination 

of 1 ml of Waymouth's medium and 1 ml of the Waymouth's 

Serum-Free 2X medium constituted a 2 ml cellular environment 

termed Serum-Free medium (S-F medium) having final constituent 

concentrations of 1% albumin, 10~8 M dexamethasone and 4.2 

nM EGF (designated as control concentration). Cells were 



cultured In this milieu in a Queue 2250 RG3 incubator at 

35°C and 5% humidified CO2 for up to 4 days. 

For experimental treatment of the cells with EGF, 

serial log concentrations of the polypeptide (0.5 ng/ml , 

5 ng/ml and 500 ng/ml) replaced the control, concentration 

(50 ng/ml) in the Waymouth's Serum Free 2X medium component. 

Thus, the final treatment concentrations of EGF in the S-F 

medium to which the cells were exposed were 42pM, 0.42nM, 

and 4 2nM. 

Cell Harvesting 

At designated times, cells were harvested in triplicate 

as follows: The cells were gently swirled into suspension 

by repeated pipetting through Berol sterile disposable 

plastic pipets. A 250 pi aliquot was removed from 1 well in 

each treatment group for determination of viability. The 

cells and 2 ml of medium in each well were collected in 3 mi 

disposable plastic test tubes on ice and immediately centrifuged 

at 40 C for 1.5 minutes at 1800 rpm. Tubes were decanted ana 

the supernatant (medium) discarded. The cell pellets were 

washed twice with 2 ml ice-cold, phosphate-buffered saline 

(PBS) and frozen, tightly capped, for subsequent analysis. 

When an experimental treatment involved the use of radioactive 

compounds, this havesting protocol was modified, as described 

under the sections entitled Protein Synthesis and Specific 

Activity. 
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Ana 1yses 

Determination of cellular viability was based on the 

ability of cell membranes to exclude trypan blue dye. A 

250 pi aliquot of cells suspended in medium was mixed with 

50 pi of trypan blue. After 5 minutes, the proportion of viable 

cells was counted on a hemocytometer under a Nikon Diaphot 

Inverted microscope. 

Frozen cell pellets were resuspenaed in 10 ml PBS and 

homogenized by sonication on ice at 60% of maximum power for 

20 to 90 seconds using a Fischer Sonic Dismembrator (model 

150). Aliquots of these cell homogenates were assayed 

accordingly. Cellular protein was determined by the method 

of Lowry (1951) using bovine serum albumin as the reference 

standard. DNA was determinded by a modification of the 

microfluorometric assay of Cattolico and Gibbs (1975), using 

calf thymus DNA as the reference standard. Cellular amylase 

activity was measured spectrophotometrically using Phadebas 

blue starch substrate (Pharmacia Diagnostics) and Phadebas 

Amylase Calibrated Reference Standard (Pharmacia Diagnostics). 

Activity was expressed as units (moles maltose released/minute). 

Protein Synthesis 

Protein synthesis was measured by the incorporation 

of3H-phenylalanine (Amersham) into trichloroacetic acid-preci-

pitable (TCA-precipitable) protein. Cells were plated as 

previously described and incubated 60 minutes. ^-phenyl

alanine (^H-phe) (activity lpCi/pl) was added in 20 pi 



aliquots of Waymouth's medium per well at a dose of 20pCi. 

Wells were either harvested immediately (zero time points) 

or replaced in the incubator and harvested 90 minutes later 

(90 minute time points). At the appropriate time, incorporation 

was effectively stopped by the addition to each well of 

lOOpl of ice-cold nonradioactive 40 mM phenylalanine. Well 

contents were gently collected as previously described. 

Following the initial centrifugation , a lOOpl aliquot of 

supernatant (medium) was taken from each tube for scintillatior. 

counting. Cell pellets were washed twice with ice cold PBS 

and sonicated in 1.0 ml ice cold distilled deionized water 

(15 seconds at 60% maximum power). Two 50pl samples of each 

homogenate were frozen for protein and DNA analyses. Cellular 

protein was precipitated for 20 minutes on ice by the addition 

of 100 pi of 100% TCA (final concentration 10% TCA), followed 

by c en t r i f ug a t i on at 4°C for 4 minutes at 4500 rpm. The 

supernatants were discarded, and the cell pellets washed with 

10% TCA, then dissolved overnight in lOOpl cold 0.1 N NaOH. 

Five Hundred pi aliquots of the dissolved pellets were then 

counted in scintillation cocktail for 3H activity and expressed 

as net disintegrations per minute per pg DNA (dpm/pg DNA). 

To correct for the differences in specific activity 

of intracellular phenylalanine, the measurements of incorporated 

3H-phe were converted from net dpm/pg DNA to nmol phe incorpor-

ated/pg DNA. This was accomplished by dividing incorporation 

values (net dpm/pg DNA) for each treatment group by the mean 



specific activity (net dpm/nmol phe) for that treatment group. 

net dpm 4. net dpm =• nmoi phe 
pg DNA nmol phe pg DNA 

Specific activity was determinded as described below. 

Specific Activity 

Specific activity was measured by the method used to 

determine protein synthesis, with the following modifica

tions: only 90 minute time points were collected; sets of 3 

wells per treatment were pooled at harvesting to become 

single, larger samples; the stop solution consisted of lOOpl 

of ice cold PBS; the supernatants from the final centrifugation 

step were collected while the TCA-precipitated protein was 

discarded. One hundred and ten to 150 pi aliquots of the 

supernatants were neutralized with 2N NaOH and counted for 

3H activity. 

Free phenylalanine was measured f luorimetrically by 

an adaptation of the methods of McCaman and Robins (1962) and 

the modified Sigma method (Sigma Technical Bulletin 60-F/70-F) 

provided by M. Korc. Briefly, the determination is based on 

the enhancement of the fluorescence of a phe-ninhydrin 

reaction-product by the peptide leucylalanine. The assay is 

specific and quantitative for phe because of the narrow 

range of pH (maintained by a succinate buffer pH 5.9) and 

temperature (120 min incubation at 60°C). Specific activity 

is expressed as dpm/nmol phe. 



Statistical Analyses 

For purposes of analysis, all protein synthesis 

measurements were expressed as ai ratio to the mean protein 

synthesis of FI controls (4.20 nM) within each replicate 

experiment. Data were analyzed by one-and two-factor analysis 

of variance, using the least significant differences (LSD) 

criteria as a measure of significance, and by Student's t-test. 



RESULTS 

Primary Culture of Acinar Cells in Serum-Free Medium 

Acinar cells isolated and cultured in serum-free (S-F) 

medium by the method of Brannon et al . ( 1984 ) maintained 

cellular vaibility, protein and DNA comparably through 3 

days in culture, irrespective of antecedent diet (Table 2). 

Cellular amylase-activity decreased markedly with time in 

culture to 10% of fresh1y-iso1 ated (FI) cells after 72 

hours. Lipase-activity declined similarly (Appendix B). In 

this system, acinar cells loosely associated with the bottom 

of the culture well without attaching, and retained their 

shape and integrity for the duration of the experimental 

period (Figures 2,3). In these studies, cultured acinar 

cells were treated with log concentrations of the polypeptide 

EGF, which is essential for S-F culture (Brannon et al. 

1984), and possible interactions between EGF and antecedent 

diet were examined in selected cellular parameters. 

Effects of EGF and Diet 

Viability 

In separate experiments pancreatic acinar cells from 

rats fed standard rat chow (chow), high carbohydrate (HC), 

or high fat (HF) diets were isolated and cultured. The 
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Table  2  

Maintenance of Acinar Cells in Serum-Free Medium^ 

Cellular 
Parameter 

Antecedent 
Diet 

Freshly 
Isolated 24hr. 

Cultured 
48hr. " 72hr. 

Viability2 

% 

Protein/DNA^ 
(pg/pg) 

Standard 
Chow (chow) 
High 
Carbohydrate 
(HC) 
High Fat(HF) 

Chow 
HC 
HF 

96.7 

92.4 
87.8 

37.54±3.23 
35.67il.50 
38.78±6.45 

96.0 

86 .0  
88.7 

22.50±4.03 
23.35i2.52 
25.52±5.03 

81.4 

8 2 . 2  
85.0 

26.17±1.14 

79.9 

80.3 
84.2 

21.25±2 . 55 
21.69±3.46 
17.93±3.20 

Cellular 
Amylase^ 
(U/pg DNA) Chow 

HC 
HF 

2.311.72 
1,76±.17 
0.24 +.06 

.86±.22 

.53i.20 

.05±.01 

.39+.06 .22±.05 
.17+.04 
. 0 2 + . 0 0  

1 S-F media contained 4.2nM (control) EOF. 
2 Data are from duplicate determinations from a representative experiment. 
3 Values represent, mean + SEM for triplicate samples from 2 (HC.HF) or 3 (chow) experiments. 
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Fi gure 2 . F reshly -I solated Ac i nar Ce l ls 

Figure 3 . Acinar Cells Cultured 48 Hours 



culture media contained 4.20 nM EGF (designated as "control" 

concentration) or one of three test concentrations: .042nM, 

.420nM, or 42.OnM EGF. Viability was determined in FI 

and cultured cells at 24 hour intervals (Table 3) . At isolation, 

cells from animals fed chow were consistently the most 

viable (95-98%), followed by cells from HC-fed rats (90-94%). 

Cells from HF-fed rats did not survive the isolation procedures 

as well (87-92%). The slight declines in viability of 

approximately 10% over 72 hours in culture were comparable 

in cells from each of the 3 dietary regimens. Compared to 

control (4.2nM meduim), EGF had no significant effect on 

cellular viability at any of the concentrations tested. 

There was no interactive effect of antecedent diet and 

EGF; viability was maintained at roughly 75-80% through 72 

hours in culture in all treatment groups. To test the 

possibility that EGF was being degraded in culture, the 

polypeptide was added daily to culture wells. In preliminary 

experiments (data not shown), daily additions of EGF to 

cells plated in the various media concentrations did not 

affect viability in cells from chow-fed rats. 

Cellular Protein, DNA, and Amylase 

In cells isolated from rats adapted to the different 

diets, EGF had no effect on total cellular protein or DNA 

(Table 4). In cells from chow-fed rats DNA was maintained 

through 72 hours in culture. In cells from carbohydrate-and 

fat-fed rats, DNA significantly (p<0.05) decreased with time 



Table  3  

Effect of EGF on Cellular Viability-

Antecedent EGF Viability (*) 
Diet Concentration 

Freshly Cul t.ured2 

Isolated2 24hr. 48hr. 72hr. 

Standard 
Chow 0.042nM 91. 4% 87. 4% 84. 2% 

0.420 94. 0 88. 0 80. .7 
4.20 96.7 96. .0 81. .4 79. .9 
42.0 92. .2 86. .5 83 .3 

High 0.042nM 89. .8% 88. .4% 84. A% 
Carbohydrate 0.420 92. .9 90. .7 90. .5 

4.20 92.4 86. .0 82. .2 80 .3 
42.0 85. .4 83. .0 80. .2 

High Fat 0.042nM 87 .8% 87 .0% 86 .7% 
0.420 85 .3 80 .1 80 .0 
4.20 87.8 88 .7 85, .0 84 .2 
42.0 85 .7 83 .7 76 .9 

* Data shown are from 3 representative experiments; N= 2 or 3 for each determination. 
2 No statistically significant difference by 2-factor ANOVA. 



Table 4 
Effects of EGF on Cellular Protein and DNA 

Antecedent 
Diet 

EGF 
Concentration 

Total Cellular DNA1 

(fig/ml) 
Total Protein/DNA1 

<Hg/Pg) 

Standard 
Chow 

0.042nM 
0.420 
4 .20 
42.0 

Freshly2 

Isolated 

9.15±2.41 

Cultured2 

24hr 72hr 
Freshly2 

Isolated 
Cultured2 

24hr 

9.01±1.87 
7.98+1.60 
8.93+2.51 
9.37+1.83 

6.78±1.47 
7.63+1.47 
6.98+2.14 
9.21+1.90 

37.54+3.23 

26.01+1.48 
23.99+1.76 
22.50+4.03 
21. 97±2.84 

72hr 

21.74±2.65 
18.20+3.26 
21.25±2.55 
19.83+2.11 

High 
Carbohydrate 

0.042nM 
0.420 
4.20 
42.0 

16.14±1.78 

14.13±1.37 
12.52+1.38 
14.55+2.09 
13.45+1.84 

11.77+1 .28 
10.65±3.12 
10.12+3.09 
10.97+2.23 

35.67+1.50 

25.04±1.58 
26.49+3.90 
23.35+2.52 
28.72±3.89 

21.90+2.28 
24.52+2.40 
21.69+3.46 
23.13+1.90 

High Fat 0.042nM 
0.420 
4.20 
42.0 

16.43±2.93 

14.91t2.35 
14.28+2.10 
13.39±1.86 
15.20±2.75 

10.76±4.91 
11.82±4.18 
12.49+2.78 
11.74+3.15 

38.78±6.45 

22.98±2.36 
26.12±3.02 
25.52+5.03 
26.11±4.36 

16.30+4.32 
18.16+1.55 
17.93±3.20 
19.24+1.74 

" Values represent mean ± SEM for triplicate samples from 2(HC, HF) or 3 (chow) experiments. 
2 No statistically significant differences between EGF treatment groups by 1-factor ANOVA, within each dietary 
treatment. 

to 



in culture. In all dietary treatments, the protein-to-DNA 

ratios decreased (p<0.05) with long term culture. The 

decreases were not affected by EGF. 

Activities of cellular amylase (Table 5) and lipase 

(Appendix B) were not well maintained in culture The 

average amylase activities after 72 hours in culture were 

significantly different (p<0.05) with chow .22, HC .18, ana 

HF .02 U/pgDNA; these differences were also reflected 

(p < 0.0 5) in the FI values of this enzyme, with chow 2.31, 

HC 1.76, and HF .24 U/pgDNA. Within each dietary treatment, 

amylase activity in cultured cells decreased approximately 

65-75% and 90% from FI after 24 hours and 72 hours respectively. 

EGF treatment did not significantly affect the activity of 

cellular amylase, compared to the control concentration 

(4.2nM) within each of the antecedent diet groups. Addition 

of EGF daily did not alter the time course of amylase or 

protein:DNA diminution in cells from chow-fed rats (Table 6). 

Specific Activity and Protein Synthesis 

Cells were isolated from chow-fed rats and preincubated 

for 60 minutes in S-F media containing 4.2 nM EGF (control). 

^H-phenylalanine (^H-phe) was added, and cells harvested at 

30 minute intervals. Incorporation of label into TCA-preci-

pitable protein was linear from 30 to 180 minutes (Figure 

4). As a result, 90 minute determinations with 60 minute 

preincubations were used for subsequent incorporation experi

ments . 



Table  5  

Effects of EGF on Cellular Amylase 

Antecedent 
Diet 

EGF 
Concentration 

Cellular Amylase* 
U/Ug DNA 

Freshly 
Isolated2 24hr 

Cultured2 

48hr 72hr 

Standard 
Chow 0.042nM 

0.420 
4.20 
42.0 

2.31+.72 

.88±.09 

.86+.06 

.86+.22 

.74t.l7 

.34±.06 

.35+.03 

.39+.06 

.33+.07 

.24+.06 

.21+.05 

.22±.05 

.19+.04 

High 
Carbohydrate 

0.042nM 
0.420 
4.20 
42.0 

1 ,76±.17 

.61±.23 

.62+.25 

.53+.20 

.63+.19 

.20+.06 

.17+.05 

.17+.04 

.17+.05 

High Fat 0.042nM 
0.420 
4.20 
42.0 

. 24t.06 

.04+.00 

.06+.01 

.05+.01 

.05±.01 

. 0 2 ± . 0 1  
.02±.01 
.02+.00 

.01+.00 

iValues represent mean + SEM for triplicate samples from 2(HC, HF) or 3 (chow) experiments. 
2 No statistically significant differences as a result of EGF treatment by 1-factor 

AN0VA within each dietary treatment. 



Table 6 

Effects of Daily Additions^ of EGF on Acinar Cells 
from Chow-fed Rats 

A. Cellular Amylase (U/mg protein)2 

EGF Freshly 

Concentration I so lated3 

Cultured3 

24hr 7 2hr 

0 . 042nM 
0.420 
4 . 20 
42.0 

1 . 32± . 02 
1 . 32± . 02 
1 . 32+ . 02 
1 . 32± .02 

74± . 06 
71+ . 07 
50±.01 
5 3+ . 09 

Add' 1 
EGF1 

. 21± . 03 

.19+.04 
. 1 6 + . 0 2 
.2 3 ±.02 

no Add ' 1 
EGF 

. 24+.01 

. 15± . 04 

.22± . 05 

.16i.02 

B. Total Cellular Protein/DNA (pg/pg)2 

EGF 
Concent rat ion 

Freshly 
Isolated3 24hr 

Cu 1 tured3 

7 2h r 

0 . 042nM 
0.420 
4 . 20 
42.0 

30 . 7±1 . 3 
30.7+1.3 
30 . 7±1 . 3 
30.7+1.3 

Add ' I 
EGF 1 

no Add 
EGF 

2 6.6+2.5 
2 0 . 9 ± 0 . 5 
14 . 0 + 3 . 5 
16 . 3 + 2 . 8 

1 2 . 2  +  1  .  0  
15.7+1.5 
16.8+1.9 
18 . 6 + 4 . 6 

18.7±2 . 5 
15.3±1 . 0 
16.6 ± 0 . 7 
15.6±1 . 4 

- Cells were plated as previously described (106 cells/we 11) 
in varied concentrations of EGF. Beginning 24hr. later, wells 
were treated daily with one of 4 concentrations of EGF accordin 
to their respective media concentration: 0.5ng, 5ng, 50ng, or 
oOOng per wel 1 . 

2 Values represent mean ± SD of triplicate samples. 
3 No statistically significant differences by paired Student's 

test or AN0VA. 



46  

75 

n 
o *-
x 

Z 50 
UJ 

s 
oc 
a. 
o> 
E 
\ 
S 
a. 
a 

25 

R = 0.97 

150 180 60 120 30 90 
TIME (min) 

Figure 4. 3H-Phe Incorporation into Freshly-Isolated 
Acinar Cells 

Cells were isolated from weanling rats 
fed standard chow and incubated 60 
min. in S-F medium containing 4.2nM EGF 
(control). 3H-phe (2pCl/ml) was 
added and cells harvested at 30 min. 
intervals. Values represent mean 
± sd from triplicate samples. Incorpo
ration was linear from 30 to 180 
min. by least squares linear regression 
analysis, r = 0 . 97 . 
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Antecedent diet markedly affected the specific activity 

of intracellular phenylalanine (Table 7). In both FI and 

cultured cells from fat-fed rats, specific activity was more 

than 3-fold higher (p<0.0001) than in cells from chow-fed 

rats and significantly (p<0.0001) higher than in cells from 

carbohydrate-fed rats. Additionally, the interaction of 

fat-feeding and EGF in FI cells resulted in significantly 

(p < 0 .05) different specific activities among the 3 test 

concentrations of EGF and the control. Specific activity 

was not changed by EGF in FI preparations from chow- or 

carbohydrate-fed rats, or in cultured preparations from any 

of the dietary groups. There was an approximate 50% decline 

in specific activity of intracellular phenylalanine in 

cultured as compared to FI cells from each of the respective 

diets; this decline was unrelated to EGF concentration. 

In FI cells prepared from chow-fed rats, EGF (at the 

3 log concentrations tested) did not affect protein synthesis 

differently from the control concentration (Figure 5). EGF 

at the lowest (42pM) and highest (42nM) concentration, 

significantly (p<0.05) increased phenylalanine incorporation 

by 380% and 312% repectively compared to FI control in cells 

cultured 48 hours. Incorporation increased in cultured 

cells in all EGF treatments; the biphasic response at 42pM 

and 42nM, however represents a 4-fold greater increase than 

the increase (90%) seen in control cells. 



4 8  

T a b l e  7  

Effects of EGF and Diet on Specific Activity 
of Intracellular Phenylalanine 

Dietary Med ia EGF Spec i f i c Activity-
Treatment Concentration(nM) DPM/nmol phe x 103 

Freshly Cu 1 tured 
Isolated2 48 hr 2 

Regular 0.042 3 . 74 + 0 . 5 8a 4 2 + 0 61 b 

Chow 0.420 3 . 17 + 0 . 95 a • 1 9 ± 0 5 5 ri 

4 . 20 3 . 61 + 0 . 58a 0 . 9 6 r 0 22 b 

42.0 3 . 7 010 . 74 a 0 . 

o
 

-H to 00 

1 9b 

High 0 . 042 8 . 19 + 2 . 3 1 c 3 . 4 6x1 21d 

Carbohydrate 0.420 8 . 0 4 ± 3 . 5 8 c 3 . 96 + 1 40d 

4.20 8 . 4 6 ± 2 . 30 c 3 . 76±1 60d 

42.0 8 . 2 4 ± 2 . 79c 4 . 11-1 5 3d 

High Fat 0 . 042 11 . 93 + 0 . 6 3 e 6 . 85 + 0 98 j 

0.420 :o  . 90±0 . 72f 5 . 67 + 0 67 -
4 . 20 9 . 98 + 0 .  84?  5  .  7 3 ± 0 66 1 
42.0 10 . 80±0 . 90h 5 . 80 + 0 46 1 

- Values are means ± SEM from triplicate samples of 2 separate exper
iments . 
2 Values with different, superscripts are different (p < 0 . 0 5 } by 2 
factor ANOVA. 

• 
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Figure 5. Effect of EGF on Protein Synthesis in Isolated Acinar 
Cells from Chow-Fed Rats. 

Protein synthesis was determined by 
incorporation for 90 min. of 3H-phe 
(2pCi/ml) into TCA-precipitable protein. 
Values represent mean t SE of triplicate 
samples from 3 experiments. Mean control 
incorporation: 62,721 nmol phe/pg DNA. 
•Signif icantly different (p<0.05) byANOVA. 
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The effects of EGF on cells from carbohydrate-adapted 

rats are shown in Figure 6. The lowest concentration of EGF 

(42pM) increased protein synthesis in FI cells, though not 

signicantly. In cultured cells from HC-fed rats, EGF at 

the lowest (42pM) and highest (42nM) concentrations increased 

incorporation biphasically, though not significantly, to 

280% and 230* of FI controls respectively. Of no te are the 

large standard errors of the means. Cell preparations from 

HC-adapted rats consistently showed 2 to 3 times greater 

variation in protein synthesis than cells from HF- or chow-fed 

rats. 

The effects of EGF on cells from high fat-fed rats are 

shown in Figure 7. In contrast to the responses of cells 

from chow- and HC-fed rats, acinar cells from fat-adapted 

rats were more responsive to acute EGF treatment (FI) than 

to long-term EGF treatment (cultured). In FI cells, the 

highest concentration of EGF (42nm) significantly (p<0.004) 

increased incorporation of 3H-phe 2-fold compared to control 

cells. Further, no biphasic tendency was seen. After 

culturing for 48 hours, the highest concentration of EGF 

(42nM) still increased by 45* the rates of synthesis above 

FI controls (p<0.01); again no biphasic trend was observed. 

Comparisons between diet and EGF with respect to protein 

synthesis are presented in Figures 8 and 9. There was a 

significant (p<0.04) effect of EGF in FI preparations but no 

significant effect of diet alone and no interactive of EGF 
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Figure 6. Effect of EGF on Protein Synthesis in Isolated Acinar 
Cells from Carbohydrate-Fed Rats. 

Protein synthesis was determined as in 
Figure 5. Mean control incorpora
tion: 14,988 nmol phe/fig DNA. 
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Figure 7. Effect of EGF on Protein Synthesis in Isolated Acinar 
Cells from Fat-Fed Rats. 

Protein synthesis was determined as in 
Figure 5. Mean control incorpora
tion: 24,749 nmol phe/pg DNA. 
•Significantly different (p<0.004) by AN0VA. 
••Significantly different (p<0.01) by AN0VA. 



and diet (Figure 8). EGF significantly increased protein 

synthesis at the lowest concentration (42pM) in HC-adapted 

cells and at the highest concentration (42nM) in HF-adapted 

cells. 

In cultured preparations, both antecedent diet (p<0.0001 ) 

and EGF concentration (p<0.01) were highly significant in 

determining cellular 3H-phe incorporation (Figure 9). Again 

there was no interactive effect of diet and EGF. 

Cells from both chow- and HC-fed rats increased protein 

synthesis in response to one or more concentrations of EGF 

after culture, while cells from HF-fed rats had rates similar 

to FI at all EGF concentrations after culture. Chow-adapted 

cells showed a significant biphasic response after culture, 

and a much greater relative increase in synthesis than 

either HC or HF-adapted cells. 

The actual rates of synthesis, when not expressed as 

ratios to Fl-control (4.2nM), were very different between 

dietary regimens. Mean incorporation of the Fl-control 

cells was 62,721 nmol phe/pg DNA for chow-adapted cells, 

nearly 3 times the incorporation of HF-adapted Fl-control 

cells (24,749 nmol phe/pg DNA) and 4 times that of HC-adapted 

Fl-control cells (14,988 nmol phe/pg DNA). Because of the 

consistently lower rates of synthesis by cells from rats fed 

the defined diets as compared to chow-fed, the data from the 

2 semi-purified diets were also analyzed independently of the 

data from chow-fed rats. 
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Figure 8. Effects of Diet and EGF on Protein Synthesis in 
Freshly-Isolated Acinar Cells. 

Protein synthesis was determined as in 
Figure 5. Mean control incorporation 
(nmol phe/ pg DNA): Chow 62,721; HC 
14,988; HF 24,749. 
Bars with different superscripts 
differ significantly (p<0.05) by 2 
factor AN0VA. 



55  

5.0 
-J 
O 
CC 
H 
Z 
O 
o 

rr 4.0 

ab 

u. 
o 

5 
DC 3.0 ' be 

(fl 
< cd 

O 2.0 
5 
CC 

2 
CC 
O 
O 
S 1.0 

iu 
z 
Q. 

cd 

-H 

5 
o 
X 
o 

o 
X 

.042 

cd 

-H 

5 
o 
X 
o 

o 
X 

u. 
X 

cd cd 

a 

5 
o 
X 
o 

o 
X 

5 
o 
X 
o 

.420 4.20 

CONCENTRATION OF EGF (nM) 

o 
X 

42.0 

Figure 9. Effects of Diet and EGF on Protein Synthesis in 
Cultured Acinar Cells. 

Protein synthesis was determined as in 
Figure 5. Mean control incorporation 
(nmol phe/ pg DNA): Chow 62,721; HC 
14,988; HF 24,749. 
Bars with different superscripts 
differ significantly (p<0.05) by 2 
factor AN0VA. 
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The actual incorporation of phenylalanine for the 

HC- and HF-adapted rats is shown in Figure 10. Antecedent diet 

significantly (p<0.001) and markedly affected incorporation 

by FI cells exclusive of EGF effects. Cells from HF-fed 

rats synthesized more protein in both FI and cultured prepa

rations in these experiments. When these data are then analyzed 

as ratios to Fl-control values for the HF and HC preparations 

as shown in Figure 11, there is a significant (p<0.03) 

effect of EGF and a significant (p<0.04) interaction-between 

EGF and diet on relative incorporation in FI cells. After 

48 hours in culture, the relative responsiveness to EGF of 

HC-adapted cells was in sharp contrast to the diminshed 

responsiveness of HF-adapted cells, an influence of diet 

alone (p<0.0003 ) . 

In summary, EGF at the concentrations tested did not 

significantly affect cellular amylase, protein, DNA , or 

viability compared to controls.. Antecedent diet markedly 

affected specific activity of intracellular phenylalanine; in 

both FI and cultured preparations the specific activity was 

highest in cells from fat-fed, followed in turn by chow- and 

carbohydrate-fed rats. EGF interacted with diet in FI 

fat-fed cells only. In FI cells, EGF at 42nM significantly 

increased protein synthesis in cells from fat-fed rats. 

After 48 hours in culture, EGF at 42nM significantly increased 

protein synthesis relative to Fl-controls in fat-fed cells, 

and at 42pM and 42nM significantly increased protein synthesis 
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Figure 10. Effects of Semi-purified Diet and EGF on Protein 
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Protein Synthesis was determined as in 
Figure 5. 
Bars with different superscripts 
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factor AN0VA. 
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Figure 11. Effects of Semi-purified Diet and EGF on Protein 
synthesis in isolated Acinar Cells - As a Ratio 
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Protein synthesis was determined as in Figure 5. 
Mean control incorporation (nmol phe/pgDNA): HC 
14,988; HF 24,749. 
Bars with different superscripts differ signifi
cantly (p<0.05) by 2 factor AN0VA. 
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in chow-fed cells. Additionally, chow-fed cells incorporated 

3 to 4 times more ®H-phe than fat- or carbohydrate-fed cells 

as a result of antecedent diet. 



DISCUSSION AND CONCLUSIONS 

Acinar cells cultured in serum-free medium are viable 

and hormonally responsive for at least 4 days (Brannon et 

al. 1984). These cultured cells, therefore, provide an 

excellent model for the study of pancreatic adaptation to 

diet. In these studies, the role of EGF and its interaction 

with dietary nutrients were examined in the regulation of 

the exocrine pancreas. 

EGF is required to maintain isolated acinar cells in 

S-F culture (Brannon et al. 1984). Cellular viability 

declined rapidly without EGF but was equally well-maintained 

at concentrations of EGF from 42pM to 42nM. Daily additions 

of EGF did not affect viability. These observations suggest 

that the polypeptide is stable in this S-F system and may 

not be readily degraded by isolated acinar cells. A slow 

degradation of EGF by acinar cells is supported by similar 

findings in short-term cultures of intact acini by Dr. Murray 

Korc (personal communication) . This concentration-independent 

requirement for EGF was also shown by cultured cells isolated 

from rats adapted to diets high in polyunsaturated fats or 

complex carbohydrates. The requirement for EGF by acinar 

cells cultured in S-F medium appears to be independent of 

concentration and antecedent diet. 

6 0  
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The activity of cellular amylase and lipase declined 

rapidly in S-F culture at the same relative rates irrespective 

of antecedent diet, medium EGF-concentration , or daily 

addition of EGF. Both enzymes decrease 65-70* after 24 hours 

and 90* after 72 hours in culture. Brannon et al. ( 1 984 ) 

reported similar declines in acinar amylase activity with 

the use of this S-F medium and also with medium supplemented 

with 15* bovine calf serum. In all cases, however, cellular 

protein and DNA were unaltered by EGF, yet adequately maintained 

in long-term culture. It is not clear whether the enzymes 

experience rapid degradation, inactivation, secretion, or 

depressed synthesis in primary culture. The decreases 

appear, from measurements of other cellular parameters, to 

be unrelated to general cell maintenance and may reflect a 

number of conditions: the absence of certain critical regulators 

from the media, the biologically unstable nature of these highly 

adaptable enzymes, or as Brannon suggests simply the alterations 

of synthesis within a normal physiological range of synthetic 

ability (personal communication). 

EGF binds to specific receptors on the surfaces of many 

cell types and can induce a cascade of biochemical events 

such as changes in pH, ion movement, stimulation of tyro^ine-

specific kinases, and ultimately DNA synthesis and cell 

proliferation in certain target tissues. Acinar cells possess 

specific EGF receptors and bind EGF (Korc, 1983b). There is 

no cell proliferation in this primary culture system, and 



EGF did not alter cellular DNA contents. EGF did, however, 

induce protein synthesis in a dose-dependent and diet-dependent 

manner . 

The acute responsiveness of FI acinar cells to EGF 

was strongly influenced by diet. In FI preparations protein 

synthesis was affected by EGF primarily in cells from HF-adapted 

rats; HF-adapted FI celis rapidly responded to a 60 minute 

incubation with 42nM EGF by doubling protein synthesis as 

compared to FI control cells in 4.2 nM EGF. The responses of 

HC-adapted cells were pronounced but. not significant. 

Although variation within and between experiments is expected 

in a dynamic primary culture system, in all experiments the 

cells from HC-fed rats showed a greater range of variation 

in protein synthesis (as well as other functional parameters) 

than chow or HF-fed preparations. Therefore, large standard 

errors of the means resulted. This characteristic may be 

responsible for the nonsignificance of the effects of EGF in 

the HC cell preparations. FI cells from chow-fed rats 

showed no significant response to acute treatment with EGF. 

This lack of response acutely to EGF in preparations from 

chow-fed rats supports observations by several other inves

tigators. Korc et al. (1983b) reported that after 85 minutes 

EGF at 10 to 300 pg/ml had no effect on 3H-phe incorporation 

in intact acini isolated from chow-fed rats. Additionally, 

Logsdon and Williams (1983a) detected increased 3H-leu incor

poration in acini from ,chow-fed rats only after 3-10 hours 
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of EGF treatment in medium containing 5* serum. Responsiveness 

of FI acinar cells to EGF is determined by antecedent diet. 

In contrast to the strong influence of antecedent diet 

on acute responsiveness to EGF, the long-term responsiveness 

of acinar cells was influenced more by concentration of EGF 

in the medium than by diet. The 48 hour culture period 

moderated the influences of diet seen in FT cells. In 

cultured chow- and HC-adapted cells, protein synthesis was 

greater than in FI cells. EGF biphasically enhanced protein 

synthesis at the concentration extremes of 42pM and 42nM. 

Logsdon and Williams (1983b) also reported a 2-fold stimulation 

of protein synthesis in EGF-treated intact acini after 

culturing 24 hours in medium containing 20% serum. A biphasic 

effect was not observed because only a single concentration 

of EGF (2nM) was tested by Logsdon and Williams. According 

to Korc et al. (1983b), pancreatic acini have a single order 

of high-affinity binding sites for EGF. The biphasic response, 

therefore, would not seem to be due to different classes of 

EGF receptors. In HF-adapted cells, the responsiveness to 

EGF after culture is blunted compared to the pronounced 

responses elicited in FI HF-celIs and cultured chow and 

HC cells, a further example of nutrient-modified responsiveness 

to EGF in these cells. 

Diet but not EGF affected the specific activity of 

intracellullar phenylalanine in f reshly-i solated acinar 

cells; these effects were maintained in culture. Specific 



activity in both FI and cultured cell preparations is highest 

in HF-adapted cells and lowest in chow-adapted cells. 

Specific activity can be affected by changes in transport-

rate into the cell and changes in pool size within the 

cell. Here, diet-induced alterations in the intracellular 

pool size of phenylalanine may be responsible for the alterations 

in specific activity. The pool of phenylalanine (nmol phe/mg 

protein) was largest in chow-adapted cells and smallest in 

HF-adapted cells (data not shown). If the transport-rate of 

phenylalanine, or other amino acids or cell nutrients, into 

cells of the exocrine pancreas is changed in animals that 

have adapted to distinctly different energy sources, this 

changed transport could be involved in the functional regulation 

of the organ. For instance, fat-feeding decreased by 50% 

the glucose transport rate into intact pancreatic acini 

(Bazin and Lavau 1982). Dietary adaptation alters other 

parameters of cellular metabolism besides protein synthesis, 

and the role of acinar amino acid and glucose metabolism in 

the regulation of exocrine function merits further investigation. 

While EGF is required for maintenance of acinar cells 

in culture, the results of these studies have shown the 

requirement to be c o n c en t r a t i o n - i ndependen t from 42pM to 

42nM EGF. Therefore, 42pM EGF can replace the formerly used 

42nM (control) concentration in S-F medium for these cells. 

In addition to substantial cost-savings, the 100-fold lower 



EGF concentration improved protein synthesis with comparable 

maintenance of viability, DNA, protein, amylase and lipase. 

It is difficult to propose a role for EGF in the 

regulation of dietary adaption. Little is known about EGF 

synthesis and release in vivo. Physiological EGF levels 

show no diurnal or postprandial variation (Starkey and Orth 

1977), but virtually nothing is known about how EGF is 

affected by type of diet. The results of these studies show 

an influence of diet on cellular responsiveness to the 

polypeptide. Significantly altered cellular responsiveness 

to the EGF in vivo might enable EGF to function in a regulatory 

capacity independent of changes in circulatory EGF levels. 

Most theories of dietary adaptation postulate that 

changes in diet composition trigger changes in hormone (or 

other messenger peptide) concentrations, which then effect 

changes in cellular metabolism (Figure 12, Model 1). The 

data presented in this thesis raise the possibility that 

diet composition may also change the responsiveness of 

target cells to one or more messenger peptides so that 

metabolic events in the cells could be regulated by these 

peptides without changing peptide concentrations (Model 2). 

This relationship between cellular responsiveness and proposed 

regulators of exocrine function needs to be examined further, 

especially regarding its possible role in dietary adaptation. 



Model 1. 
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Diet Altered Peptide ^ Cellular Effects 
Concentration(s) 

Model 2 

Altered Peptide 
Concentration s) 

D i e t  Cellular Effects 

A1 tered Cellular 
Responsiveness to Peptide(s) 

Figure 12. Comparison of Proposed Models of Dietary Adaptation 



APPENDIX A 

Table 1. Composition of Wayne Rodent BloxMv, 8604-00 

Wayne 
Rodent Blo*Jv 

Guaranteed Analysis 

Crude Protein 
Crude Fat.... 
Crude Fiber.. 

(min)24.0% 
(min) 4.0% 
(min) 4.5% 

Ingredients 

Corn and wheat flakes, ground corn, soybean meal, fish meal, 
wheat middlings, wheat red dog, dried whey, brewers dried 
yeast, soybean oil, animal liver meal, cane molasses, Vitamin 
A supplement, D-activated animal sterol (source of Vitamin 
D), vitamin E supplement, menadione sodium bisulfite complex 
(source of Vitamin K activity), riboflavin supplement, 
niacin supplement, calcium pantothenate choline, chloride, 
thiamine, ground limestone, calcium phosphate, salt, manganous 
oxide, copper oxide, iron carbonate, ethylenediamine dihydr-
iodide, cobalt, carbonate and zinc oxide. 
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APPENDIX B 

Cellular Lipase Activity 

Cellular lipase activity was analyzed titrimetrically 

by a modification of the procedures of Naher (1974, pp. 814-818) 

and Marchis-Mouren, Sarda, and Desnuelle ( 1959). The assay 

used an olive oil emulsion as the substrate in the presence 

of excess colipase. Lipase activity was expressed as units 

of activity/ml. All lipase data were collected by Janet 

E. Sabb and Sharon Kenny, to whom the author is grateful. 

68 
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T a b l e  1  

Effects of EGF on Cellular Lipase 

Antecedent EGF Cellular Lipase1 

Diet Concentration U/pg DNA 

Freshly2 

Isolated 
Cultured2 

24hr. 72 hr. 

Standard Chow 
0 . 04 2nM 
0.420 
4 . 20 
42.0 

0 . 61 ± . 13 

0.18±.06 
0.15x.04 
0.21±.06 
0  .  2 0 -  .  1 0  

0.06+ . 03 
0.03; . 03 
0.11+.09 
0.06±.02 

High Carbohydrate 
0.04 2nM 
0.420 
4 . 20 
42.0 

. 15r . 25 

0.50+.07 
0 . 4 7 + . I 0 
0 . 43±.09 
0 . 40+ . 05 

0.06r - 03 
0.07r . 03 
0.06x.02 
0 . 07+ . 03 

High Fat 0.04 2nM 
0.420 
4 . 20 
42.0 

1 . 9 91 • 4 2 

0 . 70*. 14 
0 . 6 6 ± . 2 5 
0 . 7 3 + . 1 3 
0 . 67+.07 

0.0 9 ±.02 
0.06+.02 
0.09a .02 
0.09z.03 

1 Values represent mean + SEM for triplicate samples, from 2 
experiments 

2 No statistically significant differences as a result of EGF 
treatment by 1-factor ANOVA within dietary treatments. 
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