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CHAPTER 1 

INTRODUCTION 

Cholesterol gallstone disease, cholelithiasis, is a 

painful, widespread and costly disease in affluent Western 

societies. The etiology of this disease appears to lie in 

a combination of factors which relate genetic and environ

mental effects to endocrinological and nutritional abnor

malities. Portions of the mechanism have been demonstrated 

to affect gallstone disease in humans and research animals. 

The formation of cholesterol gallstones has been 

associated with abnormalities in the relative concentration 

of the three bile constituents: cholesterol, bile acid 

(BA) , and phospholipid (PL) (1) . Gallstone formation pro

ceeds in three stages: Bile becomes saturated or super

saturated with cholesterol, nucleation occurs, followed 

by growth of the precipitated crystals to symptomatic 

size (2) . 

Supersaturation of bile with cholesterol may be 

increased by a number of factors . The cholesterol con-

centration in bile may be increased by high rates of 

cholesterol secretion from the liver or reduced secretion 

of BAs and PLs . The secretion of hepatic cholesterol into 

1 
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bile may be stimulated through increased cholesterogenesis 

due to an increase of the rate-limiting enzyme 3-hydroxy-3-

methylglutaryl Coenzyme A reducta se (Ec · l.l.l.34) (3). 

Reduced conversion of cholesterol ·to BAs, mobilization of 

cholesterol from tissue pools, and increased ingestion and 

absorption of cholesterol are important factors which may 

also affect cholesterol secretion (2). 

The amount of cholesterol that can be kept in solution 

in the bile depends on the relative concentration of bile 

salts and PLs in the bile. In normal bile the ratio of 

cholesterol to bile salts is 1:20-1:30. If this ratio 

falls to 1:13, precipitation of cholesterol crystals can 

occur (4). 

Insufficient concentration of BAs may result from an 

accelerated loss of BAs from the body which exceeds the 

ability of the normal liver to compensate with increased 

BA synthesis . Faulty regulation of BA synthesis through 

enterohepatic circulation or an inability of the liver to 

secrete adequate amounts of BAs are other causes for dimin

ished BA concentration. These factors may lead to corre

spondingly higher cholesterol concentrations in the bile 

(2 , 5 , 6 , 7) . 

Decreased synthesis and secretion of PLs could also 

contribute to enhanced saturation of bile with cholesterol. 



Lecithin can suppress cholesterol absorption by either 

having a direct ef f ect on the mucosal cell membrane, or by 

holding cholesterol in a micellar form in the lumen of the 

intestine (8). 

3 

The complete mechanism behind bile cholesterol super

s a turation and concomitant changes in the relative concen

t ra t ion of BAs and PLs is not clearly understood. Some 

con troversy exists as to whether an increase in serum lipid 

concentrat i on leads to an increased incidence of cholesterol 

gal lstone disease. Very early epidemiological and clinical 

data suggest an increased risk for gallbladder disease in 

patients wi t h coronary heart disease (9, 10). Swedish 

researchers have · f ound that male and female patients with 

gall s tone d i s ea s e hav e h ighe r serum tr i glyceride concentra

tions when c ompared wi th controls. Serum cholesterol con

centrations were not found to be linked positively with 

conditions leading to t he f ormation of gallstones (11-15). 

The report from this re s earch group could not be confirmed 

in a similar study in Scotland , whe r e ga llstone disease did 

not appear to be associated wi th a bnorma l s e r um lip id con

centrations or ischemic heart disease (16). 

Serum cholesterol lipid fractions have been f ound to 

constitute a reliable predictor of atherosclero sis . As 

concentrations of low density lipoproteins (LDL) i n serum 
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rise, and high density lipoproteins (HDL) decrease, the 

incidence of coronary heart disease (CHD) increases (17). 

Very low density lipoproteins (VLDL) and LDL are synthesized 

in the small intestine and in the liver and carry choles

terol and triglycerides to the visceral and peripheral 

organs for cellular use or storage. Serum HDL bind 

peripheral cholesterol and prevent its uptake by smooth 

muscle and other extrahepa~i~ tissues. High density lipo

proteins then transport cholesterol to the liver for 

synthesis of BAs and/or other sterol compounds. Through 

this mechanism,HDL aids in the removal of cholesterol from 

serum, thus preventing excessive tissue storage and an 

associated high risk of atherosclerosis (18). Little is 

known about how changes in serum lipid concentrations may 

be associated with changes in biliary lipids. The manner 

in which the distiibution of serum LPs affects gallstone 

formation is not well understood. Cholesterol which is 

returned to the liver by HDL is used primarily for BA 

synthesis and excretion into bile (19). One may speculate, 

therefore, that _higher serum HDL levels may lead to 

increased BA synthesis in the liver and higher BA concen

tration in the gallbladder . 

Intensive research has focused on the effect of 

dietary intake of a variety of substances on serum lipid 
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concentrations. Diet has also been implicated in gallstone 

formation. Gradual reduction in total calories to attain 

ideal weight, increased intakes of complex carbohydrates 

and indigestible fiber, as well as low intakes of simple 

sugars, appear to lower the risk of gallstone disease by 

decreasing serum lipid concentrations (20-23). In the past 

much attention has been focused on dietary cholesterol and 

saturated fatty acid (SFA) intakes and their effect on 

serum cholesterol and triglyceride concentrations (24, 25). 

Examination of dietary protein source, animal or vegetable, 

has shown that protein may alter serum lipid concentra-

tions. Studies using man or experimental animals have 

confirmed that dietary vegetable proteins are effective in 

lowering serum lipid levels when compared to animal pro-

teins (26-31). Protein source has also been shown to 

effect gallstone formation in laboratory animals such as 

hamsters (20, 32). 

The purpose of this study was to determine the influ-

ence of dietary protein sources on serum cholesterol levels 

and the major bile constituents. The specific objectives 

of this study were to : 

1 . Determine the effect of dietary vegetable 
(cottonseed) and animal (casein) prote ins 
on cholesterol gallstone formation in 
hamsters . 

2 . Determine the effect of dietary vegetable 
(cotton s e ed) and animal (casein) proteins 



on the three major bile constituents: BAs, 
cholesterol and PLs. 

3. Examine the effect of dietary vegetable and 
animal protein on the total cholesterol con
centration in both serum and the HDL 
fraction. 

4. Determine if a correlation exists between 
contents of bile components and serum lipid 
concentrations with the different diets. 

5. Determine if the manufacture~'s processing 
of the diets (pelleted vs. powdered) has any 
effect on growth and gallstone formation. 

6 



CHAPTER 2 

REVIEW OF LITERATURE 

Bile Synthesis, Metabolism and Functions 

Cholesterol, synthesized primarily in the intestine 

and the liver, is the precursor for important metabolic 

products which are formed from the steroid nucleus. In 

terms o f quantity, BAs are the main product of cholesterol 

degradation . Bile acids are classified as primary or 

secondary BAs. 

The primary BAs are cholic and chenodeoxycholic acid. 

These acids are synthesized in the liver in three major 

steps. In the first reaction hydroxyl groups are added to 

the steroid nucleus at the C-7 and C-12 carbon positions 

in the alpha orientation. A beta-hydroxyl group is added 

at the C-3 position and is converted to the alpha position. 

The reduction forms dihydroxy c henodeoxycholic and tri

hydroxy - cholic acid . The enzyme ?-alpha-hydroxylase 

(EC 1 . 14 . 13.17) , released from the endoplasmic reticulum 

of the hepatocyte catalyzes this reaction. Nicotinamide 

adenine dinucleotide phosphate -H (NADPH), oxygen, and 

ascorbic acid are required . Formation of the ~alpha

hydroxycholesterol is the rate limiting step in BA 

synthesis ( 4) (see Figure 1) . 
7 
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In the second step the double bond of the steroid 

nucleus at the C-5 and C-6 position is reduced. 

In the final step the hydrocarbon chain of cholesterol 

is shortened to five carbons by oxidative and thiolytic 

cleavage. A carboxyl group (CoASH) is added at the C-26 

position. The CoASH is then replaced by either of the two 

amino acids, glycine or taurine, in peptide linkage at the 

C-24 position. This reaction requires ATP, CoA, and 

Magne sium (Mg++) as cofactors. 

After conjugation with glycine or taurine, the BAs are 

secreted from the liver cell into hepatic bile ducts in a 

mixture of glyco- and taurocholic acids and glycochenode-

oxycholic and taurochenodeoxycholic acids. The ratio of 

glycine to taurine conjugates is 3:1. Conjugated BAs can 

pa ss from the liver directly into the duodenum through the 

common bile duct, or may be stored in the gallbladder for 

future use in the digestion of dietary fats. 

Secondary BAs are deoxycholic and lithocholic acid. 

Primary BAs are converted by bacterial action to secondary 

BAs while transported through the intestine. The reaction to 

form secondary BAs involves hydrolysis of the amide peptide 

linkage and release of glycine and taurine (see Figure 7) 

as well as the removal of the hydroxyl group at the C-7 

position . The newly fo rmed secondary BAs are absorbed in 

9 



the intes t ine a n d carried baGk to the liver through the 

portal blood stream (33). 

Bile secretion by the liver is stimulated by the hor

mone hepa t ocrinin. The bile released by the liver and 

colle cted in the gallbladder contains both primary and 

s e condary BAs. Gallbladder bile in addition contains 

c ho l e sterol, PLs, bilirubin, water, and salts. Sodium and 

pota s s ium are present in significant quantities in bile 

(0 .6 5%) . Ga l lbla dder bile is alkaline and has a pH of 

6 . 9-7.7. For this reason it is assumed that BAs are 

actually p r e sent i n the form of salts and are,therefore, 

freque nt l y referre d to as bile salts (34, 35). 

As b ile is colle cted and stored in the gallbladder, 

water i s absorbed through the cell walls and the bile 

b e comes more con c entrated. Gallbladder bile is transferred 

into the inte s tine via the cystic duct, after stimulation 

b y cholecystokinin which is secreted from the small intes

tine in response to dieta ry amino acids and fats. 

In the intestine BAs c omb ine wi t h di e tary lipids 

(chol e sterol , PLs , and triglyc e r ides ) to f o rm mixed 

mi c e lle s , a n imp ortant step in lipid d iges t i on (3 5 , 36). 

The mixed micelle s release their contents for absorption 

10 

at t he brush border where BAs are deconjugated from g lyc i ne 

and taurine . The d e conjugated BAs are combined with alb u mi n 
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and carried back to the liver in the portal blood. In the 

liver the recycled BAs are separated from albumin and re

conjugated with glycine and taurine and resecreted into 

bile. This recycling process is known as the enterohepatic 

circulation (EHC) which provides an important portion of 

the total BA pool (4). The BA pool of approximately 3-5 gms 

must be kept at an optimal level. Only a small amount of 

BAs (approximately 1%) are lost in the feces in the form of 

lithocholic acid. This loss is replaced through de novo BA 

synthesis from cholesterol. Cholesterol degradation to BA 

is the major pathway of cholesterol excretion, and is there

fore very important for the maintenance of normal choles

terol levels in serum (4, 34, 35). 

Synthesis of cholesterol by the liver is controlled by 

dietary intake of cholesterol and· by BAs in the EHC. 

Changes in the rate of synthesis of BAs are generally 

parallel to changes of cholesterol synthesis in the liver. 

The rate limiting step of BA biosynthesis is at the 

7-alpha-hydroxylase reaction; in the biosynthesis of 

cholesterol it is at the 3-hydroxy- 3- methylglutaryl-CoA 

(HMG - CoA) reductase step. 

The activities of these two enzymes change in parallel, 

and it is not clear if synthesis of BA is inhibited 

primarily at the ?-alpha-hydroxylation step, or at the 
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HMG-CoA reductase step. Bile acid synthesis is regulated by 

the amount of BAs returned to the liver from the intestine. 

Bile acid synthesis decreases as increased levels of BAs 

return to the liver from the intestine. As cholesterol 

absorption increases, BA synthesis increases (19, 33). 

Bile secretion from the liver is stimulated by the 

hormones hepatoc~inin and cholecystokinin which are secreted 

in response to foods in the intestine. Hepatocrinin 

activates release of bile into the gallbladder. Chole

cystokinin stimulates the gallbladder to start rhythmic 

contractions which expel bile through the Sphincter of Oddi 

into the intestine (4, 34, 35). Other factors which con-

trol BA synthesis are dietary components such as cholesterol, 

saturated fats, proteins, carbohydrates, fiber, and vita

mins . Diseases characterized by faulty lipid metabolism 

and hormone changes have been observed to alter BA forma

tion . Bile acid synthesis also responds to drug therapies 

which alter cholesterol synthesis as well as cholesterol 

and BA elimination in feces (4, 7, 14, 33). 

Bile acids have three important functions in the body: 

emulsification of fats , neutralization of gastric acid, and 

excretion of a variety of materials from the body. The 

primary function of BAs is to emulsify partially digested 

fats in t he small intestine. Bile acids lower the surface 
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tension at the oil-water interface, and solubilize fatty 

acids and water-insoluble soaps by forming mixed micelles 

with fatty acids, cholesterol and PLs. This allows for the 

absorption of fatty acids, cholesterol, fat soluble vita

mins, and monoglycerides at the brush border. Bile acids 

make the lipid molecule more accessible to action by pan

creatic lipase for cleavage of fatty ·acids to form di- and 

mo noglycerides. The digestion of other food constituents 

i s also aided by the action of BAs as they prevent the 

coating of food particles with fat which makes them less 

a v ailable for breakdown and allows increased bacterial 

action, causing putrefaction (35, 37). 

The second important function of BAs lies in the neu

t r ali zation of gas t ric acid in the intestine. Bile acids 

repre s ent a major reservoir of alkali (35). 

The third function of BAs is to aid in the removal of 

drugs, toxins, bilirubin, and various inorganic substances 

from t he body . The most important excretory function of 

BAs is to serve as a c a t abol i c product of cholesterol 

removal from circulation in t h e body . The effect of BAs on 

cholesterol metabolism is to maintain a balance in which 

the rate of chole sterol s ynthesis and absorp tion tends to 

equa l the rate of exc retion a nd degradation under d i verse 

physi ca l cond i tions . This way BAs c an minimi ze ei the r 

accumula t ion of cholesterol in plasma and ti s sues , o r a 
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deficiency of cholesterol needed for various metabolic func

tions. Disturbances of this equilibrium be t ween cholesterol 

and BAs may lead to gallstone disease (38). 

Choleste rol is insoluble in the aqueous medium of the 

bile. It can be kept in solution by forming mixed micelles 

with bi l e acids, PLs (primarily lecithin), water, and salts. 

Mixed micelles, however, have a limited capacity to keep 

chole s t erol in suspension. The "cholesterol-holding 

c apacity " depends on the proportion of cholesterol to BAs 

and PLs (1 4) . Redinger and Small (39) have devised a tri

angular coordinate (shown in Figure 2) which illustrates 

the relative p r oport i ons of the three major bile constitu

ents . The norma l r at io of chol e sterol to PLs and BAs is 

5 - 15 - 80 % respec tively . As c h olesterol concentration in 

bile increase s and BA a nd PL concentr ation decreases the 

bile becomes s aturat ed or supersaturated and is referred to 

as lithogenic bi l e . Prese nc e o f lithogenic bile is the 

first stage of gallstone fo r ma t ion. The second phase for 

gallstone formation is nucleation , whic h may b e he tero

geneous or homogeneous in nature . I n he t e r ogeneous 

nucleation some foreign particles such as bacter ia , c e ll 

fragments , ova , parasites, or metal fragments form the 

nucleus around which cholesterol crystals slowl y aggr egate 

or add to the surface of the nucleus . Homogeneous 
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Fig . 2. Triangular Coordinates. 

Triangular Coordinates representing three major 
bile components (bile acid, phopsholipid and choles
terol) , expressed as molar percent of total bile 
sample . Line ABC represents maximum solubility of 
cholesterol in varying mixtures of bile acids and 
phospholipids . Point P represents bile composition 
containing 5 % cholesterol, 15 % phopholipid and 80 % 
bile acid , which falls in a zone of micellar liquid 
p hase . Bile , having a composition falling above 
line ABC would contain excess cholesterol in either 
su persaturated or precipitated form . (Modified from 
Re dinger and Small, 38) . 
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nucleation of cholesterol occurs spontaneously and proceeds 

at a very rapid rate. ~he third step in gallstone formation 

is the growth of the nucleus and microlith to symptomatic 

size. Small stones in the gallbladder may be expelled or 

may remain undetected for extended periods of time. Only 

wh e n bile ducts become obstructed or inflamed, due to the 

f r i c t ion of the stones, may · clinical symptoms arise (2, 4). 

The comp lete mechanism leading to lithogenic bile and 

gallstone formation is not clear. The major defect seems 

to o c c ur i n the liver cell and is intimately related to the 

control mec hanism o f cholesterol and BA synthesis discussed 

earlier (2, 3 4 , 36, 37). 

Etiology of Gallsto ne Di sease 

Choles t erol gallstone diseas e (GSD) is a multifactorial 

disease . Several e tiologi c al f ac t ors a ppear to promote 

development of the disease . Age, s ex , race, ethnic origin 

and geographic location infl uenc e incidenc e of GSD. 

Gallstone disease i s rare l y f ound in huma ns before 

2 0 years of age . It predominates in premeno pausal fema les, 

but past the age of 50 years afflicts men and women to the 

same extent (4 , 10) . Hhite Anglo - Saxons seem to be a t 

higher risk than persons of black , Spanish o r Oriental 

origin . The Pima Indians of North America report an un

usually high incidence of GSD among their middle - aged 



women {5). Cholesterol gallstone disease predominates in 

affluent Western societies who are known to live on high 

intakes of saturated fats and animal proteins. Oriental 
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and African pop ulations, with vegetables as the main dietary 

staple, rarely develop cholesterol gallstones. Gallstones 

found in these countries are mostly pigment stones which are 

not formed due to faulty cholesterol or BA mechanisms (37). 

Several disease states, characterized by defects in 

lipid metabolism also appear to increase the risk for gall-

stone disease. An excess amount of plasma lipids,l2-14 

hours after eating, indicates diseases known as hyperlipo

p roteinemias (HLP) . Hyperlipoproteinemias are classified 

i nto six types according to the predominant lipoprotein 

p r e s e nt in plasma (40) (i.e., chylomicrons, very low density 

l ipoprote ins [VLDL] or low density lipoproteins [LDL]). 

Serum l ip id concentrations of patients with HLP type IIa 

(elevated s e rum LDL concentrations) , HLP type IIb (high serum 

concentrat i ons of both LDL and VLDL) , and HLP type IV (high 

VLDL concentra t i on s) have been compared to those of subjects 

with normal serum lip i d concentrations (11-14, 39). These 

studies showed t hat men a nd women with HLP type IV, between 

40 and 59 year s o f age , ha d n e arly twice the incide nce of 

GSD compared to hea l thy s ub jects. The composition of BAs 

in patients with HLP was f ound to di f f e r f rom t hat in normal 
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subjects. The ratios of cholic to chenodeoxycholic acid and 

of glycoconjugated to tauroconjugated BAs were found to be 

higher in patients with HLP compared to normal persons (41). 

Tauroconjugated BAs are more polar and therefore can attract 

a nonpolar lipid such as cholesterol and keep it in solution 

more effectively than the less polar glycoconjugated BAs. 

Patients with type IV HLP were also observed to have in

creased cholesterol synthesis, due to a twofold increase in 

HMG CoA r eductase activity, when compared to healthy sub

jects. I n summary, the researchers concluded that an 

association between HLP and GSD seems to exist. 

A high rate o f GSD has been observed in obese people 

(11 , 12 , 33) . Supersaturated bile is frequently found in 

obese patients and it is believed to be due to increased 

cholesterol synthesis. Obesity, combined with an over

sensitive feedback mechanism, seems to be one factor which 

plays a role in the development of GSD in Pima Indian 

women . Even in very young women obesity is common among 

this tribe , and these young women have been observed to have 

gall stone free lithogenic bile (5). 

Diabetes and glucose intolerance (as seen in t ype IV 

HLP) appear to increase risk of GSD . It has been hypoth

esized that this is due to defective carbohydrate metabolism, 

which in turn may lead to increased serum lipid 
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concentrations (4, 33, 42). Impairment of gallbladder 

contractility has been observed in diabetic patients and 

could possibly lead to gallstone formation due to prolonged 

storage of bile in the gallbladder (2). In animal studies, 

sucrose feeding has been observed to decrease chenodeoxy

cholic acid and lecithin in bile, therefore altering the 

relative cholesterol concentration in bile (13, 42). 

Increased occurrence of GSD has been associated with 

pregnancy and contraceptive therapy. Observation in the 

Framingham Study (10) and the Boston Collaborative Drug 

Surveil lance Program (43) indicated that pregnant women and 

menopausal women receiving estrogen treatment were at higher 

risk for GSD incidence. Plasma lipoprotein concentrations 

(especially VLDL) are frequently elevated in pregnant women. 

Hormonal c hanges due to pregnancy may also affect gall-

bladder contractility. Researchers (4) were able to alter 

bile flow rates in mice through administration of steroid 

hormones . Estrogen increased bile flow rates in male mice, 

while androgen increased bile flow rates in female mice. 

Other medical treatment such as ileal resection or by

pass surgery may be predisposing factors t o GSD by inter

fering with the reabsorption o f BAs into the EHC and 

consequently lowering the BA pool (2 5 , 44). Gallstone 

disease is also reportedly higher in patients with liver 
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disease. Cirrhosis of the liver has been associated with 

smaller than normal BA pools and above normal levels of BA 

in serum (4). The range of incidence of GSD in carcinoma of 

the gallbladder is between 65 and 100 % in various reports, 

however patients with GSD only rarely develop cancer of the 

gallbladder (4). 

Treatment of various diseases may also lead to gall

stone formation. Hypolipidemic drugs administered in treat

ment of atherosclerosis have been observed to increase the 

cholesterol concentrations in bile relative to BAs and 

PLs. Clofibrate, nicotinic acid and other drugs increase 

excretion of cholesterol in feces and BAs (25, 45). As 

serum cholesterol levels decrease, cholesterol is mobilized 

rapidly from body tissue pools and secreted into bile faster 

than compensatory amounts of BAs can be synthesized. This 

may lead to supersaturated bile and possible gallstone for

mation . Because of these side effects drugs interfering 

with cholesterol and BA synthesis are no longer recommended 

for routine treatment of hype rlipidemic disorders (15, 16, 

35 , 43, 44) . 

Dietary Effect on Gallstone Disease 

Clinical and epidemiological data have indicated that 

dietary components have a definite influence on cholesterol 

and BA metabo lism . ~his in turn may affect gallstone 
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formation. Dietary and endogenous cholesterol in the liver 

can follow one or more pathways: synthesis of new lipopro

teins, conversion and elimination as BAs and direct excre-

tion into bile. It is believed that dietary and newly 

synthesized cholesterol in the liver is first incorporated 

into plasma lipoproteins before it is catabolized and 

excreted into the bile (46) . The rate of cholesterol 

synthesis in the liver is determined by the amount of die

tary cholesterol removed by the liver and by the rate of 

lipoprotein synthesis (7). In times of stable dietary 

cholesterol intakes, increased synthesis of plasma lipopro

teins may be associated with increased hepatic cholesterol 

synthesis. If dietary cholesterol intake rises, need for 

de novo cholesterol synthesis declines. It has been 

observed that there is a prompt mopilization of cholesterol 

from tissue stores if plasma cholesterol concentration is 

reduced . The mobilized cholesterol is carried by plasma 

lipoproteins to the catabolic pool in the liver (47). 

Plasma lipoproteins function to transport lipids in a 

water -soluble form . Chylomicrons carry dietary triglycer

ides from the intestine to extrahepatic tissues for 

utilization and storage . Very low density lipoproteins, con-

taining primarily triglyceridesrare made in the liver. Low 

density lipoproteins are derived from catabolism of VLDL. 
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High density lipoproteins are synthesized in the liver. 

Most of the cholesterol in plasma is carried by LDL and HDL. 

Cholesterol is carried from the liver to peripheral tissues 

by LDL, which regulates de novo cholesterol synthesis in 

nonhepatic tissues. High density lipoproteins promote 

cholesterol transport of free cholesterol from peripheral 

tissues back to the liver (19) . The amounts of LDL and HDL 

in plasma and their relative ratio to each other are 

reliable predictors of atherosclerosis. High concentra

tions of LDL have been associated with an increased risk of 

atherosclerosis , whereas high concentrations of HDL appear 

to provide protection from the disease (17). 

The apparent relationship between dietary cholesterol 

intake and atherosclerosis has stimulated much research 

regarding the effects of various amounts of dietary lipids 

in research animals and man (48-50). To a certain degree 

ma n can respond to excessive cholesterol intakes with 

increased cholesterol excretion and suppressed endogenous 

cholesterol s ynthe sis. Continuous high cholesterol intakes, 

howe e r, have been associated with increased cholesterol 

accumulation in plasma and in various tissues and may lead 

to formation of lithogenic bile (34). Grundy (24) studied 

the effects of dietary polyunsaturated fatty acids (PUFA) 

on lipid metabolism in humans . It was found that feeding of 
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PUFA increased the excretion of endogenous neutral and acid 

sterols. Diets containing 40% of the total calories as fat 

(lard) resulted in increased secretion of cholesterol and a 

higher incidence of gallstone disease. Other studies (51, 

52) confirm that the ratio of PUFA to saturated fatty acids 

(P/S) is an important factor in the control of plasma lipid 

concentrations. High intakes of PUFA are recommended to 

reduce plasma lipid concentrations of VLDL,LDL and total 

c h olesterol in patients with hyperlipoproteinemias. In 

some patients this treatment has been observed to cause 

lithoge nic bile. It is suggested that a person attain near 

ideal weight before initiating a change in PUFA intake, and 

increase PUFA intake slowly until a P/S ratio of 2:1 is 

reache d (25). 

Di eta r y carbohydrates can also influence plasma lipid 

concent r a tions. Carbohydrates are partly converted to 

endogenous t ri g lyce rides in the liver and are transported as 

VLDL in the blood stream. Insulin stimulates lipogenesis 

and through cAMP inhibits lipolysis (35, 42). Simple 

sugars , espec ial l y g l ucose and sucrose, are more readily 

available for c o nve rsion to tr iglyce rides than are complex 

carbohydrates . 

Dam (20) and Christensen e t al. (53) d e veloped a diet 

for hamsters which contained 74.3 % sucrose . I n combination 
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with casein as a p rotein source this diet is nearly 100 % 

e f fective in producing gallstones in hamsters. When sucrose 

was replaced with a complex starch (rice starch, whole 

wheat, rolled oats or grain sorghum) gallstone formation was 

inhib i ted and previously developed stones could be regressed. 

Diets high in complex carbohydrates and low in saturated fat 

a n d cholesterol have also resulted in a significant reduc

tion of VLDL and LDL in -hyperlipidemic and normolipidemic 

s ubjects (54, 55). Addition of indigestible fiber to the 

di e t ha s been shown to lower plasma triglyceride concentra

tion s and to decrease the risk for atherosclerosis. Fiber 

can comb ine with cholesterol and BAs in the intestine to 

form comp l exe s which are excreted in fec e s. Vegetables in 

the diet seem to lower t o tal plasma cholesterol concentra

tion , a nd d i ffe r e nt t ypes of vegetables were associated with 

a lowering o f s pecifi c pla sma lipo proteins. People adhering 

to strict vegetarian diets r eportedly have lower plasma 

lipoprotein concentr at ions tha n peop l e eating mixed 

diets (56) . 

The source of dietary protein , vege table or an imal, 

appears to be a major influencing fa c tor on pl a sma lipid 

concentrations . Extensive research in r e c ent years ha s 

focused attention on dietary protein sources . 

Observation that the "Dam diet " was most lithogenic 

when casein was used, led to further examination of the 
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dietary protein source. Kritchevsky and Klurfeld (32) 

observed that vegetable protein diets (soybean) , when fed to 

hamsters, reduced gallstone formation and helped regress 

gallstones which had already formed. In several studies 

with rabbits, Carroll (29, 57) concluded that protein from 

vegetable sources (soybean) tended to protect animals from 

atherosclerosis. Forsythe (58) fed pigs with diets contain

ing either soybean meal or casein as well as various concen

trations o f fats. Results showed that total plasma and HDL 

cholesterol concentrations were lower in pigs fed plant 

protein , compared to those eating animal protein. Roy 

et al. (59) studied mice fed cholesterolemic diets contain

ing various protein sources and trypsin inhibitor. The 

animals fed soy diets had lower plasma cholesterol and 

higher intestinal BA concentrations than mice fed casein 

diets . Sirtori et al. (31) compared the effect of soy pro

tein to animal protein on 42 hypercholesterolemic subjects 

fed diets containing various amounts of fat. Results showed 

that soy protein diets were hypocholesterolemic at different 

P/S ratios, but became less effective in diets with low P/S 

(0 . 1) r atios . The researchers concluded that soybean diets 

have therapeutic value in reducing plasma lipid levels in 

patients with hyperlipoproteinemia (type II a and b). A 

possible mechani sm for this hypocholesterolemic effect of 



plant protein may be the increased fecal excretion of 

neutral sterols. Van Raaij (60) fed young, healthy male 

26 

and female students identical diets containing either casein 

or soy protein. After six weeks of feeding he found that 

total serum cholesterol did not significantly change in 

either group. There was however a significant reduction in 

LDL cholesterol and an increase in HDL cholesterol in the 

group fed soy protein. 

Kritchevsky (26) obtained different results when he fed 

various combinations of dietary amino acids to rabbits. He 

hypothesized that the ratio of lysine to arginine may be an 

important factor in the mechanism determining atherogenicity 

of protein . Lysine was found to inhibit liver arginase 

activity . When dietary lysine was higher in concentration 

than arginine, the arginine was incorporated into arginine

rich lipoprotein E , which has been observed to contribute to 

atherosclerosis . The lysine:arginine ratio of casein is 2.0 

and that of soy protein is 0.9. Kritchevsky found that the 

addition of enough lysine to soy protein diets to raise the 

ratio to the same level as in casein made these diets more 

atherogenic . Huff and Carroll (61) carried out more 

detailed experiments on rabbits to further investigate the 

relationship between dietary amino acid composition and 

plasma cholesterol levels. Although these researchersfailed 
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to confirm Kritchevsky's findings concerning lysine:arginine 

ratio, dramatic changes were observed with various manipula

tions in the amounts of essential and nonessential amino 

acids in the diet. The results of this study led to the 

conclusion that an interaction of essential and nonessential 

amino acids is an important influencing factor on plasma 

cholesterol concentrations. Park and Liepa (62), studying 

rats fed various vegetable and animal proteins, confirmed 

that amino acid combinations do affect plasma lipid concen

trations. Higher serum VLDL and LDL concentrations in rats 

fed animal protein compared to those fed plant protein have 

also been documented (30). A high correlation between 

dietary arginine and serum triglyceride levels was estab

lished in this study. Although the mechanism is poorly 

understood there is evidence that dietary protein source is 

an influencing factor in atherosclerosis and in gallstone 

disease . 

Few studies have examined the importance of vitamins 

and trace minerals on plasma lipid concentrations and on 

gallstone formation . Several vitamins are important 

cofactors in BA metabolism . Vitamin C is a cofactor in the 

7-al pha-hydroxylase step of BA synthesis. Chronic vita-

min C deficiency was observed to decrease BA synthesis in 

guinea pigs (63) . Niacin is needed for synthesis of NADPH, 
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which is also a cofactor in BA synthesis. Vitamin B6 is 

necessary for the conversion of methionine to cystathionine. 

Malfunctions in this pathway have been associated with 

atherosclerosis (64). Feeding of vitamin K1 and K
2 

in rats 

seems to increase BA excretion in feces. Vitamin A defi-

ciency in rats decreases cholesterol synthesis at the 

squalene step (33). In summary, it may be concluded that 

diet as a whole is an important factor in lipid metabolism 

and gallstone disease. Dietary protein, however, has been 

shown to play a key role. Interactions between protein and 

other dietary components such as fat, carbohydrates, and 

fiber are involved in this mechanism. Variations in the 

catabolism, absorption and synthesis of these dietary com-

ponents in individuals also imply that multiple etiologies 

exist in the development of gallstones. 

Treatment and Prevention 
of Gallbladder Disease 

At this time the most common treatment for GSD is sur-

gical removal of the gallbladder . The gallbladder is not 

an essent ial organ since enough BAs can be contained in the 

enterohepatic circulation for proper function of the BA 

me chanism. 

Research involving regression of formed gallstones is 

still in the experimental stages . Dissolution o f gallstones 
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has been accomplished in some animal and human studies with 

dietary treatment and with pharmacological agents (20, 32). 

Normal bile contains enough BAs and PLs to keep choles-

terol in suspension. It has been hypothesized that 

lithogenic bile may become unsaturated if the bile salt pool 

could be expanded through feeding of bile salts. When 

c h e n odeoxycholic acid and cholic acid were administered to 

women suffe r i n g from cholelithiasis, previously saturated 

bi le became unsaturated with chenodeoxycholic acid. Cholic 

a c id had no e ff ect on cholesterol concentration in bile (4). 

Gall s t one s were regressed in 6-18 months of chenodeoxycholic 

acid t he r apy ( 6 5, 66). Ahlberg et al. (65, 66) observed 

that hepa t ic c h olesterol concentration was approximately 

20% higher in p a t ients with GSD, compared to healthy sub-

jects . Treatmen t o f these GSD pa~ients with chenodeoxy
, I ~""/ , ,.{ 

I r\ ' ,...., ~" ,~ 

cholic a c id resul t e d in normalization of hepatic cholesterol 

concentration . Bil e acid treatment reduced HMG CoA 

reductase activity by 40 % in some of the subjects treated. 

Cholic acid had n o effect on hepatic bile saturation. In 

another study (67) it was f o und t hat feed i ng of chenodeoxy-

cholic acid to gallstone patien ts brought concentrations of 

phosphatidylcholines , whic h r epr esent mo r e tha n 95% of 

biliary PLs , within normal range . 

For treatment of hyperlipoproteinemias , weight r e duc 

tion to near ideal body weight has been found to be most 
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successful ( 6 8) . Weight loss is generally accompanied by 

reduction of serum lipoprotein concentrations to near normal 

levels, and may therefore also be beneficial in prevention 

o f GSD (69 ) . Weight loss howev er should proceed slowly to 

prevent massive mobilization of tissue lipid stores which 

might lead to increased plasma lipid concentrations and 

increased risk for GSD (70) . 

Prevention of GSD may be possible by reducing the risk 

facto rs. Maintenance of ideal body weight through appro-

p r i a te caloric intake is an important first step. Intake 

of a p rudent d i et low in saturated fats, animal protein and 

s imple c a rbohydrates, but rich in all types of complex 

c arbohydrates, vege table protein and unsaturated fats, is 

rec ommended , begin n ing at an e arly age. This diet, combined 

with increas ed p h y s i cal activity should greatly aid in main-

taining normal l ipid metabolism and consequently reduce the 

risk for atherosc lerosi s a nd g allstone disease (71, 28). 

Effect of Manufacturing 
Process on Dietary Protein 

Diets in pellet form are more conven i e nt to administer 

to hamsters . Pelleted diets are less wasteful and are more 

compatible with the natural instincts (gather i n g and stor-

ing) of the hamsters . Pelleted diets are t h erefor e pre -

ferred to powdered diets f or hamsters in t he l aboratory 
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setting. The pelleting process of a diet subjects food 

components to an increase in temperature under high pressure. 

The possibility of a denaturing affect on the proteins 

exists. When subjected to heat, proteins undergo structural 

changes, whlch uncoil protein macromolecules and expose 

reactive groups. The denatured proteins can interact with 

each other through a variety of bonds to form aggregates 

which contribute to opacity, gel structure and water 

solubility. Denatured protein becomes insoluble in solu

tions in which the original protein was soluble (72) . 

Solubility of protein may be an important factor in the 

digestion and absorption of proteins. Decreased avail

ability of protein or lack of specific amino acids may 

affect lipoprotein synthesis in the liver. The resultant 

changes of serum lipoprotein concentrations may also lead 

to GSD. 



CHAPTER 3 

EXPERI~ENTAL DESIGN 

Selection of Animal Model 

In the affluent societies of North America and Western 

Europe cholesterol gallstone disease (cholelithias) has 

been found to occur frequently (2). Cholesterol gallstones 

can also be induced in some laboratory animals by dietary 

means. The hamster meets the criteria for an ideal animal 

model , since its bile and gallstone composition resemble 

the composition of bile and gallstones found in humans. 

Hamsters produce sufficient quantities of bile and stones 

for analysis when treated with specific diets (20, 53). 

Some differences do exist between gallstone formation in 

hamsters and humans. In man, gal lstone formation increases 

with advancing age and is found more frequently in female 

than male patients , particularly during middle age. 

Hamsters however , form gallstones more rapidly if experi

mental treatments are initiated soon after we aning, and the 

incidence of gallstones is higher in male than female 

animals (2) . 

32 
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Description and Care of Animals 

Thirty male hamsters (Mesocricetus auratus, Engle 

Laboratories, Inc., Farmersburg, Indiana), approximately four 

weeks old, weighing 65 ± 5 g were utilized for this study. 

The animals were housed individually in wire cages (small 

mesh, 17" x 9.5" x 7") in a well ventilated room. Artifi

cial lighting was provided from 7 a.m. to 7 p.m. The body 

weight of each animal was recorded upon arrival, on the 

first day of experimental diet, and every seven days there

after until the time of sacrifice. After the initial 

weighing the hamsters were randomly placed into individual 

cages. Fourteen days were allocated as an equilibration 

time, during which all animals were fed Purina Rodent Chow 

(diet #501 2). Following equilibration the hamsters were fed 

one of three diets (1 animals per group) for 35 days. Food 

and water were provided ad libitum throughout the study. 

The control diet (Group I) contained casein as a pro

tein source and was fed in a pelleted form. The experi

menta l diets contained either casein or cottonseed as a 

protein source (Table 1). The experimental casein diet 

(Grou p II) was fed in a powdered form, whereas the experi-

mental cottonseed protein diet (Group III) was fed in a 

pelleted form . The three die ts used in this study con

tained proteins of high pur ity (isolates which are considered 



TABLE 1 

COMPOSITION OF DIETSl 

Group I Group II 
Pelleted Powdered 

Ingredient Casein Casein 

% % 
csp3 0 0 

Casein 4 20.0 20.0 

Sucrose 74.3 74.3 

Vitamin Mix 5 0.5 0.5 

Mineral M' 5 lX 5.0 5.0 

Choline Chloride 0.2 0.2 

1 supplied by U.S. Biochemical, Cleveland, Ohio. 

2csP: Cottonseed protein. 
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Group III 
Pelle ted 
csp2,3 

% 
20.0 

.0 

74.3 

0.5 

5.0 

0.2 

3csP isolate was supplied by Oilseed Protein Research 
at Texas A & M University, College Station, Texas (Table 3) 

4casein isolate was supplied by U.S. Biochemical, Cleve
land, Ohio (Table 2). 

5supplied by U.S. Biochemical, Cleveland, Ohio 
(Tables 4 & 5). 
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to be free of carbohydrates, fat and indigestible fiber), at 

a concentration of 20% of total ingredients {Tables 2 and 

3). Vitamins and minerals were added in equal amounts to 

all three diets (Tables 4 and 5). 

Collection and Preparation 
of Samples for Analysis 

Experimental diets were fed for 35 days. The animals 

were then fasted for approximately 12 hours, water was 

allowed ad libitum. Sacrifice was performed between 8 a.m. 

and 11 a.m. The hamsters were anesthetized with ether, 

after which the abdominal and chest cavities were exposed 

by making a midline incision through the abdominal wall. 

Blood was withdrawn by internal cardiac puncture of the 
I 

right atrium into nonheparinized syringes. Samples were 

collected in sterile 3 ml polypropylene test tubes, capped, 

and chilled with ice until completion of the sacrifice. 

Bile was aspirated from the gallbladder using 50 ~1 Hamilton 

syringes, collected in self-closing 1 ml polypropylene 

centrifuge tubes and chilled with ice until the sacrifice 

was completed. The gallbladders were visually examined for 

the presence of stone s . Gallstones , if present, are clearly 

visible to the unaided eye . A dissecting microscope was 

used for verification of the presence of stones if any ques-

tion existed . Gallbladders that contained stones were 



TABLE 2 

COMPOSITION OF PROTEIN IN CASEIN DIETl 

Ingredient 

Protein (Nx6.25, as is) 

Moisture 

Ash 

Ether Extractables 

Carbohydrates 

Fiber 

Heavy Metals 

% 

1supplied by U.S. Biochemical, Cleveland, Ohio. 
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of Total 

85.4 

9.8 

1.8 

1.1 

1.8 

0.1 

10 ppm 
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TABLE 3 

COMPOSITION OF PROTEIN IN COTTONSEED PROTEIN DI ETl 

Ingredient % of Total 

Protein isolate (Nx6.25, as is) 84.8 

Moisture 3.7 

Ash 6.5 

Fat 0.6 

Carbohydrate 3.8 

Fiber 0.6 

1supplied by Oilseed Protein Research Center at Texas 
A&M University , College Station, Texas. 



Ingredient 

TABLE 4 

COMPOSITION OF VITAMIN MIXTURE 

p-aminobenzoic acid 

Vitamin C 

Biotin 

Ca Pantothenate 

Choline citrate 

Folic acid 

Inositol 

Vitamin K 

Nicotinic acid 

Pyridoxine-HCl 

Riboflavin 

Thiamin - HCl 

Vitamin A (500,000 U/g) 

Vitamin B12 

Vitamin o2 (50 00 ,000 U/g) 

Vitamin E acetate (250 U/g) 

38 

g/kg 

0.1100 

1.0170 

0.0004 

0.0660 

3.7150 

0.0020 

0.1100 

0.0500 

0.0090 

0.0220 

0.0220 

0.0020 

0.0390 

0.0290 

0.0040 

0.4850 



Ingredient 

TABLE 5 

COMPOSITION OF MINERAL MIXTURE 

A1 2 (So 4 ) 3 . 24 H2o 

CaHP04 . 2 H2 0 

CaC03 

Ca (C 6H507 ) 2 . 4 H
2

0 

Cuso4 

Fe (NH 4 ) (C 6H5o7 ) 2 

MgC03 

MgS0 4 

MnS04 

KC1 

KI 

KH
2

Po4 

NaC1 

NaF 

Cr (C 2H3o2 ) 3 

Znco3 

39 

Per Cent 

0.009 

11.280 

6.860 

30.830 

0.008 

1.526 

3.520 

3.830 

0.020 

12.470 

0.004 

21.880 

7.710 

0.050 

2 ·x 10-6 

5 X 10-5 
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excised away from the liver and were stored in saline solu

tion for future reference. After completion of sacrifice, 

blood samples were centrifuged at 4000 rpm for 30 minutes 

at 4°C. Serum was collected in closable polystyrene test 

tubes and frozen at -20°C for later analysis. 

frozen at -20°C for future analysis. 

Analytical Techniques 

Bile was also 

Total serum cholesterol was determined quantitatively 

using the enzymatic method of Roeschlau (73, Appendix B). 

High density lipoprotein cholesterol was analyzed using the 

heparin-manganese precipitation procedure developed by 

Warnick et al. (74, Appendix C). The three major bile con

stituents: Cholesterol, BAs and PLs were analyzed quanti

tatively by the methods of Reyes et al. (75, Appendix D), 

Turley et al. (76, Appendix E) and Trudinger (77, Appen

dix F), respectively. 

Statistical Analysis 

Data obtained using the five different analytical tests 

were computed and analyzed separately using one-way analysis 

of variance or the student' s t-test(78) . Between group dif

ferences were tested by using the Newman-Keuls multiple 

range procedure (78) . The relationship between serum 

cholesterol and bile choles terol was measured and reported 



as a correlation coefficient. A chi-square analysis was 

performed to investigate the effects of dietary protein on 

gallstone formation. For all statistical analyses a prob

ability of 0.05 or less was accepted as statistically 

significant. 
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CHAPTER 4 

RESULTS 

The primary objective of this study was to determine 

the effect of dietary vegetable and animal proteins on 

cholesterol ,gallstone formation in hamsters. The specific 

objectives of this study were to examine the effect of 

vegetable and animal proteins on the concentrations of the 

three major bile constituents, and on the concentrations of 

total cholesterol and high density lipoprotein cholesterol 

in serum. This study was also designed to determine if a 

correlation existed between the concentrations of various 

biliary components and serum cholesterol concentrations in 

animals fed different diets, and finally to examine if the 

processing of the diets (pelleted versus powdered) had any 

effect on hamster growth and gallstone formation. 

Effects of Dietary Protein on 
Cholesterol Gallstone Forma
tion in Hamsters 

The results of this study showed a significantly 

greater (p< 0.01) amount of gallstone formation in hamsters 

fed casein when compared to animals fed cottonseed protein 

(Table 6) . Of eight animals fed pelleted casein (Group I) , 
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five had gallstones present in the gallbladders. Nine of 

the animals fed powdered casein (Group II) were found to 

have gallstones. The difference between these two groups 

was not statistically significant. · There were no gall-

stones present in the animals fed cottonseed protein 

(Group III) (see Figure 3). The Chi square value associ-

ated with the global results is: 

p<O.Ol). 

Effect of Dietary Protein 
on Blliary Const1tuents 

(Chi 2 [df,2] = 15.89; 

The concentrations of the three major bile constitu-

ents: cholesterol, bile acids and phospholipids were 
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analyzed quantitatively to determine if the dietary protein 

source had any effect on the bile components. Bile con-

stituents were reported first as absolute concentrations 

measured in rnicrornoles/ml. The absolute values were then 

calculated as relative proportions (molar %) (Table 6). 

Effects on Biliary 
Cholesterol Concentration 

Absolute biliary cholesterol concentrations ranged 

from 1 .0 mol/dl in the cottonseed protein to 6.6 ~rnol/ml 

in the pelleted casein group. The mean values for the 

three groups were: 3.80 ~mol/ml (SE ± 0.48) group I, 

2 . 87 ~mol/rnl (SE ± 0.91) for group II, and 1.70 umol/rnl 
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(SE ± 0.56) for group III. There was a significant differ

ence between the casein and the cottonseed protein groups 

(F(2,18) = 3.96) p < 0.05). The relative concentrations of 

bile cholesterol were 2.40% and 2.62% for the casein groups 

and 0.98% for the cottonseed group. The difference between 

the casein groups vs. the cottonseed group is significant 

at the p < 0.01 level (F(2,15) = 9.62). 

Effects on Bile Acid Concentration 

The means of the absolute concentrations of total bile 

acids in the bile of the animals of the three different 

dietary groups were not statistically different from each 

other. The mean ·values for group I were 125.79 ~mol/ml 

(SE ± 15.76), for group II 93.86 ~mol/ml (SE ~ 1.74) and 

for group III 137.32 ~rnol/ml (SE ± 9.81). However, when 

bile acids were expressed as relative values the means of 

the two casein groups were significantly different from the 

cottonseed group . The mean value for group I was 82.11%, 

for group II was 78.96%, and for group III 89.04 %. 

( F ( 2 , 15 ) = 8 . 7 8 ; p < 0 . 0 1 ) . B i 1 e acid con centra t ions were 

significantly higher in the cottonseed group when compared 

to the casein groups. 

Effects on Phospholipid Concentration 

There was no significant difference in the mean abso

lute concentrations of phospholipids between the three 



47 

dietary groups. The mean values were 26.39 1-t mol/ml 

( S E ± 3 . 91) group I , 19 . 57 lJ .rna 1 /ml ( S E :t 2 . 5 5 ) for group I I 

and 15.38 J.l·mol/ml (SE ± 1.49) for group III. (F(2,15) = 

2.76; n.s.). When the relative concentration of the 

phospholipids was calculated there was a significant differ-

ence between the groups fed different proteins. The animals 

fed the cottonseed protein diet had significantly lower 

relative phospholipid concentrations than those fed casein. 

Mean relative values were: 15.49 % group I, 18.42 % in 

g r o up II and 9. 98 % in group III (F (2, 15) = 5.10; p < 0. 05) . 

Effects o f Diets on 
Total Serum Choleste rol 

The means of the serum cholesterol concentrations in 

the three die t a r y g roup s were not statistically different. 

The means were 1 04 .73 mg/dl (SE ± 16.44 ) for group I, 

118 . 36 mg/dl (S E ± 1 9 . 00 ) for group II and 114.09 mg/dl 

(SE ± 12 . 51) fo r group I II (F(2,24) =0.172; n.s.). Serum 

cholesterol c onc entration wa s highe r in g roup II than in 

group III but not significantly so (Tab le 7). 

Effect of Dietary Protein on High 
Density Lipoprotein Cholesterol 

A comparison of the three dietary groups showed no 

significant difference in HDL concentrations between case in 

and cottonseed fed animals (Table 7) . The mean values were 



TABLE 7 

TOTAL SERUM CHOLESTEROL AND HIGH DENSITY LIPOPROTEIN 
CHOLESTEROL CONCENTRATIONS IN HAMSTERS FED 

DIETS CONTAINING VARIOUS PROTEINS 

48 

Group Diet 
Total Cholesterol 

mg/dl 
HDL Cholesterol 

mg/dl 

I Pelle ted Casein 104.73 + 16.44* 79.76 + 13.41* -
II Powdered Casein 118.36 + 19.00 96.90 + 15.68 

III Pelle ted Cotton-
s e ed Protein 114.09 + 12.51 99.57 + 11.19 -

*Means + SE. -
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79.76 rng/dl (SE ± 13.41) for group I, 96.90 mg/dl 

(SE + 15.68) for group II and 99.57 rng/dl (SE ± 11.19) for 

group I I I ( F ( 2 , 2 4) = 0. 56 5; n. s. ) . 

Correlation of Serum Total and 
HDL Cholesterol Concentration 

When serum cholesterol was correlated with absolute 

bile cholesterol concentration the correlation coefficient 

was r = 0. 48 (df = 19; p < 0. 05) . The correlation coeffi-

cient between serum HDL cholesterol and bile cholesterol 

was r = 0.365. 

Effect of Manufacturers Processing 
of Dietary Protein on Animal Growth 

Mean body weight on day 35 of experimental diet was 

102.3 g (SE ~ 5.4) for group I, 111.8 g (SE ± 2.28) for 

group II and 114.9 g (SE ± 5.2) for group III (p < 0.05). 

There was no significant difference (p < 0. OS) in the final 

weight of the animals fed either casein or cottonseed 

protein (see Figure 3). 



CHAPTER 5 

DISCUSSION AND SUMMARY 

In this study gallstone formation was found to be sig

nificantly higher in hamsters fed diets containing animal 

protein (casein) when compared to animals fed diets con

taining vegetable (cottonseed) protein. In the casein 

groups 63 % (pelleted diet) and 90% (powdered diet) of the 

animals developed gallstones, whereas in the cottonseed 

protein group all animal s remained free of gallstones. 

These findings are in agreement with similar data reported 

by Kritchevsky (32) and Dam (20), who reported increased 

incidence of gallstone formation with the feeding of diets 

containing casein compared to vegetable protein (soybean) . 

Mahfouz (79) in a study with hamsters found that soy

protein reduced gallstone formation by one half, and 

cottonseed protein seemed to inhibit gallstone formation 

completely in hamsters fed lithogenic diets. In the 

present study all variables were identical for the three 

dietary treatment groups , with the exception of the protein 

source . Therefore the assumption may be made that casein 

was the causative factor in gallstone development. In the 

formation of gallstones the relative concentrations of the 
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major biliary constituents: BAs, cholesterol and PLs are 

the determining factor (39). As relative cholesterol con

centration in bile increases and concentration of BAs and 

PLs decrease, bile becomes lithogenic. A relatively low 
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BA pool was reported by Grundy (5) studying the Pima Indian 

women with high incidence of gallstone disease. In this 

study anima ls with relatively high biliary cholesterol con

centrations and relatively low BA concentrations (casein 

groups), developed gallstones. Animals with relatively 

high BA concentrations and normal cholesterol concentra

tions (cottonseed protein group) , showed no gallstone 

formation. 

In man,an association between hyperlipoproteinemia and 

gallstone disease seems to exist (9, 14). For this reason 

it was o f interest in this study to determine if serum and 

bile cholesterol concentrations may be related. The corre-

lation coefficient between serum cholesterol and bile 

cholesterol was r = 0.48. Serum cholesterol concentrations 

in animals fed casein were not significantly different from 

those in cottonseed protein fed animals. It appears in 

this study that serum cholesterol concentrations were not 

greatly influenced by dietary variations. Total serum 

cholesterol concentrations in the individual animals were 

well within the normal range (80-200 mg/dl) for 
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hamsters (80). It may be speculated that these animals 

have some protective mechanism which allows them to keep 

serum cholesterol concentrations within normal range 

through increased cholesterol excretion into bile (as seen 

in casein group) and increased BA synthesis (as seen in 

cottonseed group) . These data are in agreement with the 

studies by Ahlberg and Einarsson (14, 13) in which serum 

triglyceride concentrations, but not serum cholesterol 

concentrations, were associated with gallstone disease in 

human subjects. 

Serum high density lipoprotein cholesterol was deter

mined in this study to examine if this major cholesterol 

fraction contributed to increased cholesterol levels in 

bile . A relationship between serum high density lipopro

tein cholesterol and biliary cholesterol was not observed. 

Serum high density lipoprotein cholesterol (HDL) concentra

tions were not significantly different between the differ

ent dietary groups , and were within the normal range. 

(30 -150 mg/dl) (80). In all groups HDL cholesterol was 

highly correlated with total serum cholesterol (r = 0.98), 

indicating that HDL is a major cholesterol carrying com

ponent in serum . Inc r eased levels o f HDL are believed to 

contribute to higher BA synthe sis (19). This could not be 

substantiated in this study since the animals with high HDL 
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concentrations had relatively low BA levels and had gall

stones present. At this writing comparable research 

examining the specific aspects of HDL cholesterol in gall

stone formation does not exist. Current research 

:'(underway at this laboratory) examining HDL cholesterol 

fractions and subfractions in detail may bring greater 

understanding to the questions about the complex mechanism 

of HDL and it's relationship to gallstone formation. 

The final aspect of this study was to determine if the 

manufacturing process involved in diet preparation had any 

effect on hamster growth or gallstone formation. The final 

weight of the hamsters in the various dietary groups was 

not significantly different. Acceptance of diet and resul

tant weight gain was approximately the same in the two 

casein groups and in the cottonseed group. Gallstone 

formation between group I (pelleted casein) and group II 

(powdered casein) was not statistically different. As a 

result of these observations it may be concluded that the 

manufacturing process did not affect the protein quality 

and the lithogenicity of the pelleted casein diet. 

Admin istration of pelleted diets to research animals there

fore seems appropriate and may be recommended for future 

studies . 
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Summary 

The results of this study suggest that proteins from 

an animal source (casein) can promote gallstone formation 

in hamsters. Proteins from a vegetable source (cottonseed) 

appear to protect animals from this disease. Significant 

changes occurred in the relative concentrations of the 

three major bile constituents when animals were fed differ-

ent dietary proteins. Total serum cholesterol and HDL 

cholesterol concentrations apparently were not affected by 

dietary protein source. On the basis of the previously 

discussed results the following conclusions may be 

formulated : 

1. Animal protein in the diet is effective in 
producing gallstones in hamsters. 

2. Vegetable protein in the diet seems to pro
tect against gallstone formation in hamsters. 

3. Increased biliary cholesterol concentrations 
and dec reased BA concentrations in the 
hamsters fed casein diets may be suggested 
as the mechanism for gallstone formation. 

4. Additional data is necessary to draw definite 
conclusions about the relationship between 
serum cholesterol and biliary cholesterol and 
the influence of dietary protein on these 
parameters . 

5. Pelleted diets s e em to give identical results 
to powdered diets in terms of both animal 
growth and lipid metabolism. 

App lication of this information to the human situa-

tion suggests that substitution of all or part of dietary 
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animal protein with vegetable protein may be beneficial in 

lowering the risk of cholelithiasis. Since some of the 

contributing factors in the etiology of gallstone disease 

are difficult or impossible to alter (genetics, environ

mental factors) , diet modification could ·represent a con

venient and practical alternative in the prevention of 

gallstone disease in man. 
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APPENDIX A 

ABBREVIATIONS 



LDL 

VLDL 

HDL 

CHD 

BA 

EHC 

HMG-CoA 

PL 

HLP 

PUFA 

c AMP 

ABBREVIATIONS 

Low density lipoproteins 

Very low density lipoprotein 

High density lipoprotein 

Coronary heart disease 

Bile acid 

Enterohepatic circulation 

3-hydroxy 3-methylglutaryl Coenzyme A 

Phospholipid 

Hyperlipoproteinernia 

Polyunsaturated fatty acids 

cyclic Adenosine rnonophosphate 
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METHOD FOR DETERMINATION OF SERUM CHOLESTEROL 

Principle 

A single aqueous reagent is used in which cholesterol 

esters are hydrolyzed to free cholesterol by cholesterol 

esterase (EC 3.1.1.13). The resulting free cholesterol is 

oxidized by cholesterol oxidase (EC 1.1.3.6). In this 

reaction hydrogen peroxide is produced, which transforms 

methanol to form·aldehyde. The formaldehyde reacts with 

ammonium ions to form a chromogen which has a maximum 

spectrophotometric absorption at 400 - 420 nm. Samples 

were analyzed using a Perkin-Elmer Model 552 

s pectrophotometer. 

Reagents 

A bmc cholesterol Reagent Set, solutions #1 - 4 (Bio

Dynamics/bmc #1 2 4 087), was used for this assay. 

Prepare as much reagent mix as is needed to process 

all samples and s tandards . Reagent is stable for one month 

if stored in amber bottle at 2 - 8°C. 

60 
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Table for Reagent Mix 

Number of Assays Solution #1 
ml 

Solution #2 
ml 

Suspension #3 
ml 

10 
50 

100 

50 
250 
500 

2.5 
12.5 
25.0 

Analysis of Sample 

0.2 
1.0 
2.0 

1. Bring cholesterol reagent mix to room temperature. 

2. Each sample requires a sample blank. Prepare each 

samp le in duplicate. Use glass test tubes (3 ml, 

12 x 7 5 mrn) . 

3. Sample Blank (tube A) 

a. 25 1-11 sample 

b. 2.5 ml cholesterol reagent mix 

c. vortex 

4. Sample (tube B): 

a. 10 ~1 cholesterol oxidase (#4 from bmc kit) 

b. 1.25 ml reagent mixture from sample blank 

(tube A) 

c. .vortex 

5 . Incubate sample and sample blank for 60 minutes 

6. Zero spectrophotometer with distilled water . 

7. Read sample blank and sample at 400-420 nm in 

spectrophotometer (Perkin-Elmer Model #552) . 
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Color is stable for approximately 2 hours at room 

temperature. 

Calculation 

Prepare a calibration curve using Preciset Cholesterol 

Calibration Solution (bmc Preciset Cholesterol Catalog 

#125512). Prepare standards using cholesterol solutions 

in concentrations of 50, 100, 150, 200 and 300 mg/dl. Pre

pare each concentration in triplicate. Follow steps out

lined above for cholesterol determination· of sample. Plot 

obtained absorbance on graph paper against the respective 

cholesterol concentration. 

Calculate: 

mg cholesterol/dl serum = Optical Density Sample x 

Concentration of Standard (mg/dl) 

Optical Density of Standard 
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METHOD FOR DETERMINATION OF HIGH DENSITY 

LIPOPROTEIN CHOLESTEROL 

Principle 

Manganese chloride and heparin are added to the serum 

and incubated at 4°C for 30 minutes, to precipitate apoB 

containing lipoproteins (very low density and low density 

lipoproteins) . Lipoproteins are separated by centrituga

tion (10,000 rpm for 10 minutes) in a Sorvall RC-SB 

Refrigerated Superspeed Centrifuge. An aliquot of the 

supernatant containing high density lipoprotein cholesterol 

can be quantitated following the same enzymatic procedure 

outlined for total serum cholesterol analysis (Appendix B) . 

Reagents 

1. Manganese chloride (MnC1 2 ) 1M: 

Dissolve 197.91 g of Mncl 2 • 4H 2 0 in 1 liter (1) 

distilled water in volumetric flask. 

2. Heparin (5000 U/ml): 

Dissolve 1 ml of heparin (40,000 U/ml) in 7 ml of 

saline (0.15 M). 

Analysis of Sample 

1. Use 3 ml glass centrifuge tubes 
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2. Add to tubes: 

a. 100 111 serum 

b. 4 ~1 heparin solution* 

c. 5 ~1 MnC1 2 solution* 

3. Vortex 

4. Cover samples and incubate in refrigerator for 

1 hour. 

5. Centrifuge at 10,000 rpm for 10 minutes at 4°C. 

6. Pipette 25 111 of the supernatant into test tubes 

prepared with bmc reagent. 

7. Run enzymatic assay as outlined for total choles

terol determination (Appendix B) . 

Calculation 

Total corrected high density cholesterol (HDL) = 

HDL cholesterol x 1.09 dilution factor. 

*May be mixed together. 
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METHOD FOR DETERMINATION OF BILIARY CHOLESTEROL 

Principle 

The bile sample and a known amount of internal stan

dard (stigmasterol) (Supelco, Inc., #4-7158) is heated with 

alkali to split fatty acid esters from the cholesterol 

molecule. The resulting free cholesterol is extracted with 

chloroform. The chloroform containing the free cholesterol 

is evaporated to dryness under nitrogen gas. The sample is 

then reconstituted in a known amount of heptane and 

analyzed quantitatively using a gas liquid chromatograph 

(B~ndix Model #2500) . 

Preparation of Standard 

A. Reference Standards: 

1. Weigh 1.00 mg cholesterol standard (Supelco, Inc. 

#4 -4990), mix with 1.00 ml absolute ethanol 

(chromatographic grade) 

2. Weigh 1.00 mg stigmasterol 

mix with 1.00 ml absolute ethanol 

3. Combine 0.50 mg cholesterol with 1.00 mg 

stigmasterol 

dissolve in a final volume of 1.00 ml absolute 

ethanol . 
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4. 1.00 mg cholesterol combined with 

1.00 mg stigmasterol dissolved in 1.00 ml ethanol 

5. 2.00 mg cholesterol combined with 

1.00 mg stigmasterol dissolved in 1.00 ml ethanol. 

B. Internal Standard: 

1. 10.00 mg stigmasterol dissolved in 100.00 ml final 

volume absolute ethanol. 
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This yields a concentration of 1 Ug stigmasterol/ 

10 ~1 ethanol. Stable in airtight glassbottle with 

teflon liner for l week at 4°C. 

C. Reagents: 

1. Ethanolic-Potassium Hydroxide (ETOH-KOH) 

2. Absolute ·Ethanol (chromatographic grade) (ETOH) 

3. Potassium Hydroxide (KOH) (mW 56.10) : 

Slowly add 3 ml of 50 % KOH to 47 ml ETOH = 50 ml 

final volume . 

4. 40 % Ethanol: 

Add 40 ml ETOH to 60 ml distilled water. 

5. Chloroform distilled in glass (chromatographic 

grade J. T. Baker, Arlington, Texas). 

6. Heptane distilled in glass (J. T. Baker, Arling

ton, Texas) . 



Sample Preparation 

Use only glass 5 ml centrifuge tubes. 
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l. Add 50 ~l stigmasterol internal standard (1:10) to test 

tube. (Yields 5 ~g stigmasterol.) 

2. Add 500 ~l ETOH-KOH mixture. 

3. Add 5 ~l bile. 

4. Vortex. 

5. Heat the tubes in a ~ 55-60°C water bath for l hour. 

Vortex tubes 3 times at approximately 20 minute inter

vals during incubation. 

6. To the cooled tubes add 2 ml chloroform and l ml ETOH 

and vortex. 

7. Centrifuge tubes at 1500 rpm for 5 minutes at 4°C in 

Sorvall RC-SB Refrigerated Superspeed Centrifuge. The 

mixture will separate into 2 layers or phases. The 

top layer is water, the bottom layer is chloroform. 

The separation is frequently delineated by an opaque 

membrane-like layer. 

8. Aspirate the water layer and the opaque layer with 

Pasteur pipettes as completely as possible, leaving 

the chloroform layer intact. 

9. Add l ml of 40% ETOH, centrifuge at 1500 rpm for 5 

minutes and aspirate water layer, l eaving chloroform. 

10 . Repeat step #9 two more times, for a total of four 

washings. 
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11. Evaporate the chloroform layer to dryness under stream of 

nitrogen gas. Place the tubes in a warm water bath 

(40°) to speed evaporation process. Seal dried tubes 

with corks. May be stored at room temperature until 

ready to use. 

12. At the time of injection into chromatograph add 15 ~1 

of heptane to the dried tubes and vortex. 

13. Inject 3 ~ 1 sample _ into chromatograph (in duplicates). 

Analysis of Sample 

A. Chromatograph Bendix 2500 Conditions: 

1. Glass column - U-shaped 1 meter long by 2 mm 

interior diame ter (Supelco #2-0610). 

2. Packing 3 % SP-2 250 on 100-120 Supelco Support 

(Supelco, Inc. #1-1878). 

3. Oven Temperature 250°C. 

4. Inle t or Inj e ctor Temperature 260°C. 

5 . Flame I onization De tector Temperature (FID) 350°C. 

6 . Trans fer Temperat ure 340°C. 

7. Input Attenuation X 10. 

8 . Recorde r Attenuation X 2. 

9. Suppres s i o n Range X 10. 

10 . He lium (Carr ier Gas ) 48 p s i/t a nk - 3.5 cc / min 

Flow Rate Module . 
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11. Hydrogen 49 psi/tank - 30 cc/min Flow Rate Module. 

12. Air 48 psi/tank - 300 cc/min Flow Rate Module. 

B. Hewlett Packard Integrated Recorder: 

1. Zero 0 

2. Attenuation 1 

3. Chartspeed 1 em/minute 

4. Peakwidth 0.64 

5. Threshold 0 

C. Calibration Curve: 

1. Inject 1 ~1 cholesterol reference standard 

( 1 mg/ml) . Record retention time and peak area 

(repeat 3 times) . 

2. Inject 1 ~l stigmasterol reference standard 

( 1 mg/ml) . Record retention time and peak area 

(repeat 3 times) . 

3. Inject 1 ~1 of combined cholesterol-stigmasterol 

standard of all three concentrations prepared. 

Repeat each 3 times and record results. 

4. Calculate calibration curve and record mean peak 

areas of 1 mg cholesterol with l mg stigmasterol 

in 1 ml ethanol . 

D. Injection of Sample: 

1. Add 15 W. heptane to dried tubes. 

2 . Vortex. 
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3. Inject 3 ~1 of reconstituted sample (in duplicate). 

4. Record retention times and peak areas for stigmas

terol and cholesterol. 

E. Calculation 

1. Record mean area of stigmasterol standard and 

cholesterol standard. 

2. Divide area of stigmasterol of sample tube by mean 

area of stigmasterol . of standard tube = Conversion 

Factor for Internal Standard (IST) in sample. 

3. Divide area of cholesterol in sample by conversion 

factor = Corrected Area of Cholesterol (unknown) . 

4. Divide corrected area of cholesterol by mean area 

of cholesterol standard = ~g cholesterol/~1 bile. 

5. ~g/ 1 x 1000 divided by 386.64 (mW cholesterol) = 

~mol cholesterol I ml bile. 

Example: 

150775 (x area Stigmasterol) ~ 168936.66 (x area 

Std . ) = 0 . 89249 (Conversion factor) (CF) 

136000 (area cholesterol sample) + 0.89249 (CF) = 

152380.95 (Corrected area Cholesterol) 

152380.95 T 158545 (x area cholesterol standard) 

0 .9 611 ~ g cholesterol ~l bile 

0.9611 x 1000 T 386 . 64 = 2 . 485 ~mol cholesterol/ml 

bile 



APPENDIX E 

METHOD FOR DETERMINATION OF BILE ACID 



HETHOD FOR DETERMINATION OF BILE ACID 

Principle 

The 3 alpha-hydroxyl group of the steriod in bile acid 

is oxidized by 3 alpha-hydroxysteroid dehydrogenase 

(EC 1.14 .13 .17) ( 3 a -HSD) to a keto proup with a sirnul tane

ous reduction of nicotinamide adenine dinucleotide (NAD) 

to NADH. Hydrazine hydrate is used as a ketone trapping 

agent and the amount of NADH produced is measured to quan

titate the total amount of bile acid in the sample. 

Reagents 

EDTA = disodium ethylenediamine tetraacetate 

Tris = tris (hydroxymethyl)-aminomethane 

1. Tris-HCl Buffer pH 9.5: 

a. Weigh Tris (0.133 M) 16.11 g. 

b. Weigh EDTA (0.666 mM) 223.0 mg. 

Add Tris and EDTA to 1000 ml distilled H2 0. Adjust 

pH to 9.5 with addition of concentrated HCl. (Stable 

for 3 months at room temperature.) 

2. Tris-HCl Buffer pH 7.2: 

a. Weigh Tris (0.133 M) 3.64 g. 

b. Weigh EDTA (1 mM) 336.2 mg. 
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Add Tris and EDTA to 1000 ml distilled H20). Adjust 

pH to 7.2 with addition of concentrated HCl; (Stable 

for 3 months at room temperature.) 

3. Hydrazine Hydrate (1M) pH 9.5: 

a. Hydrazine hydrate (100%) 

b. 2N Sulfuric Acid (H 2so 4 ) 

c. Distilled Water 
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Under a hood (in ice bath) add 50 ml hydrazine hydrate 

to approximately 200 ml distilled water. Gradually add 

15 ml 2N H2so4 and bring up to 1000 ml with distilled 

water. This yields a 1M solution pH 9.5 which is 

stable for 3 months (in amber bottle) at room 

temperature . . 

4. Nicotinamide adenine dinucleotide (NAD) 7 mM pH 7.0: 

a. ~ -NAD (Sigma Chemical Co., Grade III #N-7004) 

b. Sodium Bicarbonate (NaHC0 3). 

Dissolve 464 .5 mg NAD in distilled H2 0 and bring to a 

final volume of 100 ml. Adjust pH to 7.0 by adding 

solid NaHC0 3 . 

4 °C) • 

(Stable for 2 weeks when stored at 

5 . Bile Salt Standard : 

a. Sodium Taurocholate (Calbiochemical-Behring Corp., 

Grade A #580217) . 

b . ethanol (Reagent grade) . 
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Weigh 107.50 mg sodium taurocholate and dissolve in 

100 ml methanol. Concentration = 0.2 ~mol bile acid 

per 100 ~1 solution. (Stable for 4 months when stored 

6. 3 alpha-hydroxysteroid dehydrogenase ( 3 a -HSD) : 

a. 3 a -HSD (Worthington, STDHMP code - #LSOO 04910). 

b. Tris-HCl Buffer pH 7.2 (cold). 

Prepare enzyme at a ' concentration of 2 units of 

enzyme/ml buffer (stable 1 week, when stored at 4°C). 

Wrap in foil to keep dark. 

Note: 

Prepare standards in volumetric flasks with ground 

glass stoppers. Do not use magnetic stirrers with 

enzyme preparations. 

Analysis of Bile Sample 

Prepare all samples in duplicate in disposable glass 

culture tubes (12 x 75 mm). 

1 . Mix enough Tris-HCl Buffer pH 9.5 with Hydrazine 

hydrate and NAD to make Reaction mixture (RM) for all 

samples. 

Number Total Volume Tris-HCl Hydrazine NAD 
of Tubes (ml) pH 9.5 (ml) Hydrate (ml) (ml) 

1 2.8 1.5 1.0 0.3 
50 140.0 75.0 50.0 15.0 

100 280.0 150.0 100.0 30.0 



2. Prepare the following culture tubes: 

Sample (in duplicate): 

a. 2800 111 ( 2. 8 ml) RM 

b. 1 wl bile 

c. 100 111 methanol (CH 3 0H) 

d. 100 111 3 a -HSD 

Standard (in triplicate) 
) 

a . 2 8 0 0 11 l ( 2 • 8 ml ) RM 

b. 100 111 sodium taurocholate standard (equal to 

0. 2 1J .mol bile acid) 

c. 10 0 111 3 a - HSD 

Reagent Blank (in triplicate) 

a . 2 8 0 0 1J 1 RM ( 2 • 8 ml ) 

b. 100 11.1 CH 30H 

c. 100 111 3 a -HSD 
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Vortex all reagents before adding enzyme. Vortex again 

after adding enzyme to insure thorough mixing. 

3. Incubate all tubes in water bath (30°C) for one hour 

then read at 340 nm in Perkin-Elmer Model 552 spectra-

photometer. 

water. 

Zero the spectrophotometer with distilled 

The delta (6) optical density (OD) of the sample and 

the standard is obtained by subtract ing the OD of the 

reagent blank. 



Calculations 

OD Standard ~ OD Reagent Blank = OD for standard 

( 0. 2 lJ.mol cone. ) 

OD Sample - OD Reagent Blank = OD for sample 

Concentrat ion of Standard (1Jmol) x ~ OD sample = 

~ OD of Standard 

11.mol Bile Acid/1Jl Bile 

lJIDOl Bile Acid/1Jl Bile x 1000 = 1-lmol Bile Acid/ml Bile 
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METHOD FOR DETERMINATION OF BILIARY PHOSPHOLIPID 

Principle 

Organic phosphorus is extracted from the lipid frac

tion by digestion with perchloric acid and heat. The free 

phosphorus reacts with ammonium molybdate-malachite green 

reagent to form a chromogen which can be read at 660 nm in 

the spectrophotometer (Perkin-Elmer Model 552). 

Reagents 

To avoid phosphorus contamination of the sample metic

ulous laboratory procedures are essential for the success

ful completion of this assay. 

Use only glass distilled water (GDW) for all aqueous 

solutions. 

All laboratory glassware (do not use any plastic) must be 

acid washed in 10 % nitric acid solution and rinsed 3 times 

with GDW. 

Use new 1.0 liter amber reagent bottles, rinse 3 times with 

GDW. 

Use new disposable 3 ml glass culture tubes (12 x 75 rom), 

r'nse 3 t~mes ith GDW, dry in o en on foil -lined test tube 

rack. 

Seal with corks or foil, store until ready to use. 
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Prepare the following reagents: 

1. 70% Perchloric Acid 

2. 4.2% Ammonium Molybdate in 5N HCL: 

a. To make 5N HCl add 415 ml concentrated HCl to 

585 ml GDW. 
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b. Add 42 g Ammonium Molybdate to 1000 ml (lit) 5N HCl. 

3. 0.2% Malachite Green: 

Dissolve 2 g malachite green in 1000 ml (lL) GDW. 

4. No. 2 Whatman Filter Paper. 

5. 1.5% Tween 20 (Polysorbate or Span). 

6. Standards: 

a. Inorganic Standard K2HP0 4 : 

Dissolve 174.8 mg K2HP0 4 in 100 ml GDW (final 

volume). Dilute this solution 1:100 with GDW 

(1 ml:lOO ml). This will yield a working standard 

at a concentration of 1 nmol phosphorus/10 ~ l 

solution. Store at 4°C. 

b. Organic Standard Diphenylphosphinic acid (Aldrich 

Chemical Company, 99 % purity, #10 ,852-9). 

Dissolve 21.81 mg diphenylphosphinic acid in 100 ml 

ethanol (final volume). Dilute this 1:10 with 

ETOH to give a working standard at a concentration 

of 1 nmol phosphorus to 10 ~1 solution . 



Analysis of Sample 

Prepare all samples in disposable glass culture tubes 

(12 x 75 mm) , which have been rinsed and dried as stated 

earlier. 
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1. Add 1 ~1 bile to culture tubes (prepare each sample in 

triplicate) . 

2. Pipette aliquots of 50,100 and 200 Wl of both inorganic 

and organic standards into culture tubes (each concen

tration in triplicate). Each standard yields 5,10 and 

20 nm of phosphorus (P) respectively. 

3. Evaporate contents of tubes to dryness under a stream 

of nitrogen gas. 

4. Add three empty culture tubes for blanks. 

5. Add 50 ~ 1 70 % perchloric acid to all tubes (work under 

a hood) . 

6. Vortex . 

7. Place tubes in a sand bath (200°C + 20°C) under a hood 

and digest for 90 minutes. 

(Sample blanks contain only perchloric acid at this 

point . ) 

8 . While samples and standards are incubating prepare the 

following reagent: 

Mix three parts malachite green (0 . 2%) with one part 

ammonium molybdate (4.2 %) reagent . Stir for 30 minutes 



with magnetic stirrer. Filter malachite green: 

ammonium molybdate reagent (MG:AM) mixture 2 times 

through No. 2 Whatman filter paper. (Color should be 

brown-amber, if green, contamination is present). 

Prepare only enough reagent to be used immediately, 

do not store. 

9. Af ter 90 minutes incubation remove tubes carefully 

from sandbath and let cool. 

10. Add 400 ~1 GDW and vortex. 

11. Add 2 ml MG:AM reagent followed immediately by 100 ~ 1 

o f 1.5 % Tween and vortex. 

a t ime.) 

(Work only 2 or 3 tube s at 

12. Read at 660 nm as soon as possib l e in s pectrop hotometer 

(no later than 60 minute s after mixing ) . 

Spectrophotometer has to be ze r oed with blanks. 

Ca lcu l a tions 

nmol phosphorus/~ 1 b i l e = 

Concentration Standard (nmol) 

Optical Density (OD) Standard (nm) 
x OD Sample 

The average c oncentr ation o f the combined three standards 

5 , 10 and 20 nmol = 11 . 67 nmol phosphorus for both the 

organic and inorganic standards . 
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11.67 divided by mean OD of the three standards = Constant 

Standard (inorganic or organic) . 

Mean OD sample times constant inorganic standard = nmol P 

per 0.5 ml x 2 = nmol/ml. 

nmol P/ml bile = nmol P/~1 bile x 1000 
1000 

Example: 

35 ~ 3 = 11.67 + .410 (mean OD inorganic standard) = 

28.45 =Constant inorganic standard. 

Mean OD sample 0.23 ~ 28.45 x 2 = 12.94 nmol P/ml bile. 
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