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ABSTRACT 

A study has been made of the factors influencing 

increases in the xanthine oxidase activity of ageing homog

enates of rat liver. The previous finding that liver 

xanthine oxidase activity depends upon the dietary protein 

content was confirmed. It was found that the xanthine oxi

dase activity of homogenates of livers of rats fed normal 

or low protein diets increased with the age of the homogen

ate. A study was made of the kinetics of the enzyme assay 

with both fresh and aged, normal or low protein homogenates. 

There was no significant change in the kinetics of enzyme 

action during the ageing process. 

The increase in enzyme activity was dependent upon 

th·e ageing temperature. The enzyme activity was found to 

increase with ageing at 37°C, 4°C and -20°C. Dialysis of 

an ageing homogenate at 4°C rapidly decreased the enzyme 

activity. When the concentrated dialysate was added to a 

normal ageing homogenate, it initially had no effect,then 

transiently interfered with and later stimulated enzyme 

activity. Methylene blue is reduced by the homogenate and 

stimulates the xanthine oxidase activity of both fresh and 

aged homogenates. However, the stimulus decreased with the 

age of the homogenate. It is suggested that methylene blue 

acted as an additional hydrogen acceptor and permitted un

restricted enzyme activity. The increase in enzyme activity 
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in the ageing homogenate seems to depend on the avail

ability of hydrogen acceptors, most likely flavin adenine 

dinucleotide. 

It has been shown that uricase is not rate limiting 

in the assay of xanthine oxidase in ageing rat liver homog

enates. The isolation of uric acid from the dialysate of 

an ageing normal homogenate suggests that at 4°C uricase 

activity is rate limiting in the xanthine oxidase system. 

The dialysate from a normal ageing homogenate was 

analyzed to determine which of its components stimulated 

the enzyme activity of normal and low protein ageing homog

enates. A chemical analysis indicated the absence of gly

cogen, protein, reducing sugars, calcium and magnesium. 

Chloride ,phosphorus, ferrous iron, sulphur and non-protein 

nitrogen were detected. The dialysate contained a consider

able amount of 260 mr-absorbing material. Column and paper 

chromatographic analysis suggested that the dialysate con

tained uric acid, ~IP-5f, adenine, guanine, cytosine, uracil, 

and thymine. The presence of these substances was confirmed 

by a spectral analysis of the isolated components. It was 

found that uric acid enhanced the enzyme activity of xanthine 

oxidase in an ageing rat liver homogenate. AMP-5 f caused a 

delayed stimulation of enzyme activity. However, the stimu

latory effects of these substances was not as great as the 

initial stimulation of xanthine oxidase activity by methylene 

blue. 
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1 INTRODUCTION 

The activity of liver xanthine oxidase in vivo is 

extremely labile and is governed by many factors. It is 

very sensitive to the level of protein and riboflavin in 

the diet. Tumor-bearing rats, in contrast to normal rats, 

do not show a decrease in xanthine oxidase when fed a low 

protein diet (52). The complexity of the problem is mag

nified by the fact that the state of inanition experienced 

by the host does not seem to be linked with the changes in 

xanthine oxidase activity. Accompanying the normal level 

of xanthine oxidase in the tumor-bearing host is an increase 

in urinary allantoin excretion (13). The reason for this 

increase is not attributed to hormonal influence, to the 

presence of additional amounts of endogenous xanthine or 

hypoxanthine, or to 'large amounts of nucleic acid in the 

diet (13). 

Perfusion of rat livers in vitro tends to maintain 

normal levels of xanthine oxidase activity while unperfused 

control livers tend to show an increase in the level of 

xanthine oxidase activity (20). The differences in activity 

between perfused and unperfused rat liver, while not statis

tically significant, suggest that perfusion activates an in

hibitory mechanism presumably non-operative in the control 

liver. 

The xanthine oxidase activity of rat liver homogenates 

increases with the age of the homogenate (19). This increase 

1. 
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in activity, in vitro, could be due to the release or forma

tion of an "activator" which stimulates either the enzyme 

activity of preformed enzyme or enzyme synthesis. Alter

natively, the increase might be due to the removal or sup

pression of inhibitors which function in vivo to maintain 

normal levels of xanthine oxidase activity. The increase 

might also be due to changes in xanthine oxidase kinetics or 

to increases in the activity of uricase or peroxidase if 

these enzymes were rate limiting. 

This study was initiated with the purpose of eluci

dating the factor, or factors, responsible for the increase 

in enzyme activity observed in ageing rat liver homogenates. 

The long range objective was to ascertain how these factors 

are involved in tumor-host relationships. There are several 

experimental approaches which might be used in obtaining an 

explanation of the changes in xanthine oxidase activity of 

aged liver homogenates: (1) Examination of the enzyme kinet

ics of xanthine oxidase in aged homogenates with regard to 

the effect of temperature, substrate concentration, hydrogen 

ion concentration, and enzyme concentration on enzyme activ

ity. (2) The addition of metallic ions to an ageing homogenate 

might reveal the identity of specific inorganic activators or 

inhibitors of the Tractivating H system. (3) Dialysis of the 

homogenate would remove small molecular weight substances 

some of which might be essential to the xanthine oxidase sys
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tern or to the HactivatingH system. Analysis of the dialy

sate should indicate the nature of such substances. (4) The 

addition of methylene blue to an ageing homogenate might 

stimulate activity by increasing the concentration of hy

drogen acceptors which may be deficient or not easily oxi

dized by oxygen in the fresh homogenate. 

Most enzyme systems, in vivo, operate at only a frac

tion of their potential capacity. Presumably deviations 

from normal levels of xanthine oxidase activity reflect a 

stress on either the catabolic or anabolic processes control

ling purine metabolism. The enzyme studies on xanthine oxi

dase described in this thesis were conducted in vitro using 

liver homogenates from rats maintained on two types of diet. 

The first diet which contained 25% protein was called a nor

mal diet, while the second which contained 6% protein was 

called a low protein diet. The two types of diet were used 

to determine whether the factors influencing the activity of 

xanthine oxidase in aged homogenates of rat liver depended 

per se upon the amount of xanthine oxidase available. The 

supply of xanthine oxidase is dependent upon the protein con

tent of the diet of normal rats. Perhaps homogenates from 

rats on a normal diet possess more ninhibitors H or Hactivators 'i 

than homogenates from rats fed a low protein diet. 



2 HISTORICAL REVIE\rl 

Most studies on xanthine oxidase have been done in 

an attempt to determine its mode of action. Accordingly, 

numerous methods have been used to measure the enzyme ac

tivity of animal tissues. These include manometric meas

urement of oxygen consumption during substrate oxidation (2), 

spectrophotometric determination of the rate of formation of 

uric acid from hypoxanthine and xanthine (2$), measurement 

of allantoin production colorimetrically (53), and measure

ment of the time required for the reduction of methylene 

blue (17). 

Initially the enzyme was called TlSthardinger f s enzyme fj 

after the investigator who observed the decolorization of 

methylene blue by formaldehyde in the presence of milk (43). 

Burian in 1905 first used the name xanthine oxidase (11). 

Later work by Ball (2), Corran et ale (15), Morgan et ale (39) 

and Westerfield and Richert (40) established that the enzyme 

was a metalloflavoprotein containing flavin adenine dinucleotide 

(FAD), molybdenum, and iron. Subsequently, xanthine oxidase 

from liver tissue, milk xanthine dehydrogenase, the ~hardinger

enzyme, and avian liver xanthine dehydrogenase were proven to 

be identical and were shown to be capable of catalyzing the 

oxidation of purines and aldehydes. Xanthine oxidase cata

lyzes the oxidation of hypoxanthine to xanthine, and the oxi

dation of xanthine to uric acid. Bergmann and Kwietny (6) 

4.
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in 1958 proved that uric acid is the end product of xanthine 

oxidase action although there are several intermediates (14). 

Kalckar (28), Corran (15), and Westerfield and Richert (47) 

report that xanthine oxidase is the rate limiting enzyme in 

the purine catabolic pathway leading to the formation of uric 

acid. Uricase levels were normal in riboflavin deficient 

rats whose xanthine oxidase activity was very low (1). In 

rats the enzyme is distributed among the liver, kidney, spleen, 

small intestine and lung with 67% of the total enzyme activity 

occurring in the liver (46). Intracellularly, most of the 

enzyme activity is present in the supernatant fraction of 

tissue centrifugates (44). Electron acceptors for the enzyme 

include cyctochrome c, methylene blue, tetrazolium salts, 

ferricyanidetnitrates and quinones. The flavin component of 

the prosthetic group is actively involved in the hydrogen 

transferring system of the enzyme (38). Figge and Strong re

ported that high concentrations either of substrate or of 

uric acid inhibit the enzyme (22). 

Dialysis of liver homogenates removes small molecular 

weight compounds, such as substrates and end products of 

xanthine oxidase action which might act as inhibitors. Wester

field and Richert (46) reported that liver xanthine oxidase 

activity is unchanged by dialysis. Dialysis against ammonia 

destroys xanthine oxidase activity; it may be restored by the 

addition of molybdates to the enzyme system (34). 
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Some tissue preparations of xanthine oxidase have 

no significant ability to react directly with oxygen and 

hence have been labelled dehydrogenases. For example, in 

bird tissues the aerobic activity of the enzyme is negligible 

compared with its activity in the presence of methylene 

blue (48). The enzyme is reduced by the substrate xanthine 

faster than it is reoxidized by air and consequently, the 

addition of methylene blue to the aerobic system greatly in

creases the xanthine oxidase activity. The Ttoxidase tf and 

Hdehydrogenasefl' activities of the enzyme oxidizing xanthine 

can be differentiated by the use of certain inhibitors {48}. 

Unlike most enzymes xanthine oxidase does not show a 

high substrate specificity. It readily oxidizes xanthine 

hypoxanthine, aldehydes, purines, and pterins (51). While 

high concentrations of xanthine inhibit xanthine oxidase the 

exact mechanism involved is not known. With electron ac

ceptors such as methylene blue the inhibition seems compet

itive. Hofstee, using two substrates xanthine and isoxan

thopterin, reports a noncompetitive type of inhibition (27). 

Activation of the enzyme requires the presence of in

organic phosphate, and the action displays a broad optimal 

hydrogen ion concentration ranging from pH6 to pH9 (34). 

The enzyme action is inert to metal binding agents but is 

sensitive to temperature changes. Borate ion competitively 

inhibits the activity by a reversible reaction with the 
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ribytyl group of the riboflavin portion of the prosthetic 

group (42). Inhibition of xanthine oxidase activity can 

be demonstrated by the omission of riboflavin. molybdenum 

and iron from the diet of the animals under investigation 

(40). The prosthetic group of the enzyme contains flavin 

adenine dinucleotide, molybdenum and iron in a ratio of 

8:1:1 respectively. Gutfreund and Sturtevant (25) using 

fast reaction spectrophotometric techniques concluded that 

both xanthine and oxygen combine readily with the enzyme to 

form Michaelis-Menten compounds, before the reduction and 

reoxidation of the FAD moiety of the enzyme. Also, they re

port that the steady state ratio of reduced flavin adenine 

dinucleotide (FADH2) to FAD, during turnover of the enzyme 

at optimum concentrations of xanthine and oxygen, corresponds 

to the ratio of the first order rate constants for reduction 

and reoxidation. Bray and coworkers using electron spin 

resonance methods have shown that iron may be in the ferrous 

or ferric state, molybdenum is reduced and that free radicals 

are formed when the substrate is added to the active enzyme (10). 

The marked loss of xanthine oxidase activity of tissues 

of animals fed low protein was first reported by McQuarrie 

and Venosa (33). This fact has been confirmed by many workers 

(29) (35) (31) (37) (45) (5). Bass et al. (4) have shown that liver 

homogenates from rats receiving low protein were not capable 

of oxidizing guanine, guanosine, xanthosine, or adenosine to 
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hypoxanthine and xanthine, whereas normal rats were capable 

of these oxidations. However, the addition of preparations 

of milk xanthine oxidase restored the activity of such 

homogenates. Bass et al.(4) concluded that low protein 

feeding abolishes nucleoside oxidative activity - i.e., 

xanthine oxidase is depleted - but does not seriously de

press the activity of the hydrolytic enzymes involved in 

purine catabolism. 

Haddow (26) has shown that tumor growth is inhibited 

by the administration of xanthine oxidase to tumor-bearing 

animals. Greenstein (23) has shown that xanthine oxidase 

activity of hepatomas is only one half that of normal liver, 

but the activity in normal liver and liver from tumor-bearing 

animals is the same. DeLamirande et al.(30) confirmed this 

finding for Novikoff hepatoma. ~fueeler (50) and coworkers 

have reported that xanthine oxidase is the rate limiting en

zyme in the catabolism of purine ribonucleotides in the tlli~ors

of rats and mice. They have also shown, however, that some 

hepatomas have normal levels of xanthine oxidase. Thus, while 

low xanthine oxidase activity is not a prerequisite for neo

plastic growth it might contribute to the control of the rate 

of tumor growth. 
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PURINE METABOLISM IN RAT LIVER
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n4P xanthosine 5'-phosphate (xanthylic acid) ~1P-5'

GMP guanosine 5'-phosphate (guanylic acid) GMP-5' 



3 METHODS

)-.1 Materials 

The animals used in this project were females of the 

Wistar strain within a weight range of 175 gms.to 250 gms. 

They were fed ad libitum on either the normal diet (25% 

protein) or the low protein diet (6% protein) (Appendix A). 

The rats were maintained on the diet for a minimum period 

of one month prior to any experimental studies. The diets 

were synthetic and identical to those used by Burton (12). 

The homogenates were aged in a constant temperature 

room at 4°C. Enzyme assays were performed with a Dubnoff 

Metabolic Shaker manufactured by the Precision Scientific 

Co., Chicago, U.S.A. 

Color development in the xanthine oxidase assay was 

measured with a Bausch and Lamb Colorimeter using Spectronic 

20 cuvettes. 

The ultraviolet absorption determinations were made 

with a Beckmann DB Spectrophotometer coupled with a model 

SRL Sargent Recorder. 

Paper chromatograms were developed in a Chromatocab 

and the spots were identified by examination with a portable 

ultraviolet lamp. 

All chemicals used were commercial preparations. 

3.2 Preparation of Homogenates 

The rats were killed by decapitation, and the liver 

was quickly excised. After the removal of excess connective 

11.
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tissue the liver was washed with 0.9% cold saline, blotted 

dry with filter paper, weighed, and immediately homogenized 

for 1.5 minutes in a Waring Blendor with seven volumes of 

cold 0.067M phosphate buffer at pH 7.2. Unless otherwise 

stat~the homogenates were stored at 4°C in a constant 

temperature room. 

3.3 Xanthine Oxidase Assay 

3.3.1 Preparation of the Supernatant 

Xanthine oxidase activity was determined by the method 

of Young and Conway (53). The reaction mixture consisted of 

2 mls. of homogenate, 2 mls. of 0.067M phosphate buffer at 

pH 7.2 plus 0.1 mI. of 0.038M xanthine as substrate. Prior 

to incubation, a 1 mI. aliquot of the reaction mixture was re

moved and deproteinized with 1 ml. of 6% trichloroacetic acid 

(TCA) in order to measure the preincubation allantoin con

centration. The reaction vessels were capped with parafilm 

and incubated for 60 minutes at 37°C with the metabolic shaker 

set at two oscillations per second. After incubation a second 

1 mI. aliquot was precipitated with 1 mI. of 6% TCA. All pre

cipitates were centrifuged at 2,000 rpm for 10 minutes in a 

model CM International Centrifuge using head number 225. 

3.3.2 Development of Color 

Two tenths of a millilitre of the supernatant were 

pipetted into 1.8 mls. of distilled water in a test.wbe. The 

alkalinity was adjusted to approximately pH 12 by the addition 
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of 0.4 ml,~ of 0.5 N NaOH. The allantoin was converted to 

allantoic acid by immersing the tubes in vigorously boil

ing water for 7 minutes followed by rapid cooling in an ice

water bath. The allantoic acid was hydrolyzed by the ad

dition of 0.5 m14 of cold 0.5 N HCl. Four tenths of a mil

lilitre of freshly prepared 0.3% phenylhydrazine hydro

chloride were then added to the tubes to produce the phenyl

hydrazone of glyoxylic acid. The phenylhydrazone was hydro

lyzed by heating the tubes for exactly two minutes in vigor

ously boiling water. After rapidly cooling the tube contents, 

1.2 mls.of cold concentrated HCl were added, followed by 0.4 

ml,. of freshly prepared 1.8% potassium ferricyanide which 

produced a chromophore. 

The color was allowed to develop for twenty minutes; 

then 5.1 mls.of distilled water were added to the tubes. 

After thorough mixing, the contents were transferred to a 

cuvette and the percent transmittance was determined at 515 m? 

against a reagent blank (per cent transmittance set at 100) 

which was prepared using distilled water in place of the 

supernatant aliquot. 

The allantoin concentration was determined from a 

standard curve prepared specifically for this assay and color

imeter (Appendix B). The standard curve was prepared by 

measuring the per cent transmittance of standard solutions of 

allantoin ranging in concentration from 0 to 32 pgms.per mI. 
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In all assays for allantoin, duplicate tubes were prepared, 

and the mean value was used. 

3.3.3 Enzyme Kinetics 

3.3.3.1 Enzyme Concentration 

The optimal enzyme concentration for xanthine oxidase 

action was determined by varying the amount of enzyme in the 

incubation flask. The flasks contained 0.1 mI. of O.038M 

xanthine and from 0 to 4 mls. of homogenate. The volume of 

the incubation mixture was kept constant by the addition of 

the appropriate quantity of O.067r1 phosphate buffer at pH 

7.2. The effect of varying enzyme concentration on xanthine 

oxidase activity was determined with both low protein and 

normal homogenates. 

3.3.3.2 Substrate Concentration 

The optimal substrate concentration for xanthine oxi

dase action was determined with a normal rat liver homogenate 

by varying the xanthine concentration in the incubation flask. 

The reaction mixture consisted of 2 mls. of homogenate diluted 

with an equal volume of 0.067M phosphate buffer, pH 7.2, plus 

o to 0.3 mI. of 0.038M xanthine in O.05N NaOH. The total 

volume of 4.3 mls. in the incubation flask was kept constant 

by adding the appropriate quantity of O.05N NaOH. The xanthine 

oxidase activity, as measured by allantoin production, was de

termined daily on the ageing homogenate. The procedure was re

peated with a low protein homogenate. 
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3.3.3.3 Hydrogen Ion Concentration 

To ascertain the optimal hydrogen ion concentration 

for xanthine oxidase action, aliquots of the homogenates 

were incubated with equal volumes of various buffers at dif

ferent pH values. Phosphate, tris(hydroxymethyl)aminomethane, 

barbital, and borate buffer at pH 6.0 to 8.0, 7.0 to 8.0, 

6.8 to 8.2 and 7.0 to 8.0, respectively, were used. The con

centration of the buffer solutions was 0.067M. All pH 

measurements were made immediately before and immediately 

after the incubation period with a Beckman model 72 pH meter. 

The assays for xanthine oxidase activity using the various 

buffers were made daily with both low protein and normal rat 

liver homogenates. 

3.3.3.4 Incubation Time 

Xanthine oxidase activity in ageing normal and low pro

tein homogenates was measured after 15, 30, 60, and 90 minute 

periods of incubation at 37°C. Optimal concentrations of sub

strate and enzyme were used. At the appropriate time, a 1 mI. 

aliquot was removed from the incubation mixture and deprotein

ized with 1 ml.of 6% TCA. 

3.3.3.5 Homogenate Age 

To determine the effect of ageing on the xanthine oxi

dase activity of rat liver homogenates, the enzyme assays were con
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ducted daily using optimal concentrations of enzyme, sub

strate and hydrogen ion. The effect of ageing was deter

mined on both normal and low protein homogenates. 

3.4 Factors Affecting the Xanthine Oxidase Activity of 
Aged Homogenates 

3.4.1 Ageing Temperature 

Xanthine oxidase activity was measured with homog

enates which were allowed to age at 4°C and at -20°C. The 

latter homogenates were thawed as quickly as possible prior 

to the assay for xanthine oxidase by placing the flask in 

water at 34°C. The homogenates aged at -20°C were assayed 

every three or four days. A third sample of homogenate was 

incubated continuously at 37°C for 45 hours; 2 ml.aliquots 

of the incubation mixture were removed at regular intervals 

ror the assay or enzyme activity. A layer of toluene was 

pipetted carefully on to the surface of the incubation mix

ture to minimize bacterial action during the extended incuba

tion period. 

Dialysis of Homogenates 

Homogenates were dialyzed at 4°C against distilled 

water using a one liter graduated cylinder as a vessel and a 

magnetic stirrer to keep the dialysate slowly swirling. The 

homogenate was poured into a seamless cellulose dialyzer tube 

suspended so as to permit optimum contact of the dialysate 

with the tubing. The xanthine oxidase activity of the dialyzed 
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homogenate was determined daily. 

Aliquots of the dialyzed homogenate were aged to

gether with equal volumes of non-dialyzed homogenates. The 

xanthine oxidase activity of the mixtures and the activity 

of the dialyzed and non-dialyzed control homogenates was de

termined daily. 

The optimal substrate concentration for xanthine oxi

dase activity of the dialyzed homogenate was determined in 

the same way as described in section 3.3.3.2. 

3.4.3 Metallic Ions 

As mentioned in the introduction, iron and molybdenum 

are essential for xanthine oxidase action. Samples of homog

enates containing FeC13 and (NH )6 M07 024 at concentrations4 
-2 -3 -5of 10 M, 10 M and 10 M were aged and assayed daily for en

zyme activity. 

3.4.4 Methylene Blue 

Methylene blue acts as a hydrogen acceptor for the 

prosthetic group of xanthine oxidase. Methylene blue was aged 

with normal and low protein homogenates. The ageing mixture 

contained 0.15 ml •. of 0.113M methylene blue per 2 mls.of ho

mogenate. The enzyme activity was determined daily. The ef

fect of methylene blue on the xanthine oxidase assay per se 

was also determined. 
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3.4.5 Uricase 

Commercially prepared uricase was added to an ageing 

homogenate in concentrations of 10 mgms. per mI. and 0.1 mgm. 

per mI. The xanthine oxidase activity was determined daily. 

The enzyme activity of the uricase preparation was determined 

spectrophotometrically by measuring the conversion of uric 

acid to allantoin. The enzyme solution was prepared by dis

solving uricase in O.ll~ borate buffer, pH 8.5, at a con

centration of 1 mgm. per mI. The substrate consisted of uric 

acid (20 mgms. per liter) diluted with an equal volume of 0.2M 

borate buffer pH 8.5. The enzyme blank consisted of 0.4 mI. 

of enzyme solution, 0.2 mI. of KCN (I mgm. per mI.), 0.2 mI. 

of substrate solution and 2.2 mls. of water. The test solu

tion consisted of 0.2 mI. of substrate, 0.4 ml. of enzyme, and 

2.4 mls. of water. The optical density was read every two or 

three minutes at 290 my on the Beckmann DB Spectrophotometer. 

3.4.6 Dialysate of the Aged Homogenates 

3.4.6.1 Preparation and Concentration 

The combined homogenate from the livers of two normal 

rats was dialyzed at 4°C for 48 hours against two liters of 

distilled water. In order to chemically analyze the dialysate 

it was desired to reduce the volume (concentrate)o~the dialysate. 

It was also necessary that the method chosen to concentrate the 

dialysate be such that it would reduce the volume of the dialy

sate without altering any of the components. 

The first method employed carbowax as the water-removing 



agent. Carbowax is a polyethylene glycol manufactured by 

Union Carbide of Canada. It absorbs approximately 25 mls.of 

water per hour when used in a ratio of 10:1 on a weight basis. 

The solid carbowax flakes were poured into a dialyzer tube 

and the entire tube was immersed in the dialysate. While 

serving to remove water and thus reduce the volume of the 

dialysate, the carbowax contaminated the solution being con

centrated. The foreign material gave the concentrate a cloudy 

appearance and interfered with the xanthine oxidase assay. 

Thus,this method was discarded. 

A second method used to concentrate the dialysate con

sisted of a desiccant used in conjunction with reduced pres

sure. Calcuim chloride granules and sodium hydroxide pellets 

(2:1 ratio) were used as the desiccant. The dialysate was 

placed in large beakers situated in a glass-walled vacuum 

desiccator and the pressure was reduced to 25 mm.Hg. This 

method proved to be extremely slow and was discarded. 

The final, successful method employed distillation 

under reduced pressure. An all-glass apparatus was assembled 

with standard taper joint glassware. The volume of the dialy

sate was rapidly reduced from 2 liters to 124 mls.at a pres

sure of approximately 16 mm.Hg. 

3.4.6.2 Effect on Homogenates 

Aliquots of the concentrated dialysate were aged to

gether with samples of normal, low protein, and dialyzed 
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homogenates. The xanthine oxidase activity was measured 

daily to ascertain the effect of the concentrate on the 

ageing homogenates. The effect of the concentrate on the 

xanthine oxidase assay per se was also determined. 

3.4.6.3 Analysis 

3.4.6.3.1 Chemical Tests 

The concentrated dialysate was examined for the pres

ence of glycogen using Lugol's iodine test and Benedict's 

reduction test. 

After hydrolysis of the sample with HCl, tests were 

made for reducing sugars using Barfoeds and Benedict~ solution. 

nClinitest H tablets (Ames Co. of Canada, Ltd.) were also used 

to test for the presence of reducing sugar. 

Qualitative tests for protein were made using the 

Ninhydrin and Biuret tests. A quantitative protein test was 

made using the Folin-Ciocalteau method. 

Qualitative tests were made for the presence of iron, 

chloride, phosphorus, sulphur, calcium, ~agnesium and non

protein nitrogen. 

Details of these tests are given in Appendix C. 

3.4.6.3.2 Chromatographic 

Preliminary spectrophotometric analysis of the con

centrated dialysate indicated the presence of material which 

showed a high absorption at 260 ill? Column and paper chrom

atography methods coupled with spectrophotometry were used to 
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determine whether the absorbance at 260 m? was due to purine 

and pyri~dine bases, nucleosides, nucleotides or related 

compounds. 

The methods of ion exchange column chromatography 

have been extensively applied to the analysis of nucleic 

acids and their derivatives. Column chromatography requires 

two essential steps; the sorption of the sample containing 

the components to be separated and an elution sequence in 

which the various components are brought off the column 

separately. The sorption step utilizes conditions of high 

affinity between solutes and the exchanger to facilitate the 

retention of the sample in the uppermost layers of the column. 

Elution, however, utilizes conditions in which a larger frac

tion of the constituent in question is released from the resin, 

thus setting up a distribution between solvent and exchanger 

which permits a reasonable degree of movement of the solute 

down the column with the solvent flow. The conditions for 

elution are, of necessity quite opposite to those for sorption. 

Thus,elution is accomplished by a reduction in charge of the 

sorbed constituent or by an increased concentration of the 

competing ion or by some combination of these. In the analysis 

described here the solute was eluted by increasing the con

centration of the formate ion. 

The formate form resin was prepared from a sized and 

purified form of Dowex 1 (chloride) resin of 200 to 400 mesh 
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(AG 1 - XIO resin of California Corporation for Biochemical 

Research). The chloride ion was exchanged with formate ion 

by treating the resin with 3M sodium formate until no more 

chloride ion was eluted. The excess sodium formate was 

washed off with distilled water. 

The resin column was supported in a glass tube 40 ems. 

long and 1 em. in diameter with a constriction 10 cms.from the 

bottom. A heavy filter pad disc covered with glass wool 

rested on the constriction. The resin was poured into the 

glass tube as anaqueous slurry until a column 5 ems. in height 

had been formed. The column of resin was then covered with 

glass wool. Before use the formate form resin was washed with 

30 mls.of IN sodium formate in 4M formic acid, followed by 

30 mls~of concentrated formic acid, to remove traces of colored 

materials from the resin. The columns were washed with dis

tilled water until the pH of the effluent became constant. 

The concentrated dialysate sample was applied at pH 

6.95 to the column. The concentrate contained 14.4 ymoles of 

material assuming a molar extinction coefficient of 10,000 at 

260 mp. The sample also contained a few drops of phenol red 

indicator. 

The sample effluent fraction was collected; then an 

ammonium formate and formic acid elution scheme (8) (Appendix D) 

was used to elute the components from the resin column. All 

eluates were read at 260 m? and at 280 m? on the Beckman DB 

Spectrophotometer using the appropriate blanks. Fractions 



23.

showing an optical density greater than 0.10 were scanned 

over the entire ultra violet spectrum using the Sargent 

Recorder in conjunction with the spectrophotometer. 

Identification was made, provisionally, by comparing the 

wavelengths of maximum absorption, the ratio of the ab

sorption at 250 mr to that at 260 mp, and the ratio of the 

absorption at 280 mr to that at 260 mr of the samples with 

the corresponding data obtained from known substances. 

To identify, unequivocally, the substances present 

in the eluates of the column chromatography experiment, the 

various fractions were analyzed by paper chromatography. 

Paper chromatography usually functions by a combina

tion of partition, adsorption and ion exchange processes. 

If the factors of adsorption and ion exchange are neglected 

the movement of substances in a paper chromatogram is a func

tion of their solubility in the developing solvent. Briefly, 

the method of paper partition chromatography consists of ap

plying a small drop of the solution, containing the substances 

to be separated, a short distance (the origin) from one end of 

a paper strip. The drop is allowed to dry and the end of the 

paper nearest the spot is placed in the developing solvent. 

The solvent flows past the spot by capillary action and the 

substances are distributed over the length of the paper strip. 

The ratio of the distance moved by a given substance from the 

origin, to the distance of the solvent front from the origin, 
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is called its Rf value. Development may take place in any 

direction, but usually either an ascending or descending 

closed system is used; both systems were used in the analyses 

described in this section. 

Analyses of the ammonimli formate and formic acid eluates 

The various fractions collected from the elution of 

the resin column were placed in a vacuum desiccator contain

ing calcium chloride and sodium hydroxide (2:1 ratio). The 

fractions were evaporated under reduced pressure until all 

volumes had decreased to approximately I mI. Having reduced 

the volumes of the respective fractions it was now hoped that 

each fraction would contain a sufficient concentration of 260 

mp-absorbing material to permit resolution and identification 

by paper chromatography. 

Earlier experiments had suggested the presence of 

nucleotides in these fractions. ConsequentlY,the purpose of 

the first solvent system used was to separate, if present, 

nucleotides M~P-5f, CMP-5 f , GMP-5 f , and ill1P-5'. Accordingly, 

solvent system No. 1 (Appendix E) was employed using an as

cending technique with 550 mls,of solvent (9). Standard 

solutions of the 5' nucleotides were prepared and 0.1 pmole 

of each solution was spotted on strips of Whatman No. 1 Chrom

atography Paper. Similar aliquots of the fractions obtained 

experimentally were also spotted on paper strips. The spots 

were dried with a hair dryer; then the strips were developed 
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in the solvent system. After the development was complete, 

the strips were dried in a drying oven at 30°C, and examined 

with a portable ultraviolet lamp. The Rf values of the spots 

from the sample and from the standards were measured and com

pared. The ultraviolet light-absorbing spots on the chromato

grams were cut out, eluted with 0.Oll1 HCl for 24 hours, and 

the eluates were then analyzed spectrophotometrically. The 

results from the spectrophotometric analyses were used to con

firm the results obtained from the Rf measurements. 

The fractions collected from the resin column were sub

jected to further analyses using solvent systems No.2, No. 3 

and No.4 (Appendix E). The purpose of this was to confirm 

the presence of substances already identified and to examine 

the fractions for additional components. 

Analysis of the Sample Effluent 

The sample effluent from the resin column was evaporated 

in vacuo to a volume of approximately 1 mI. using calcium chlo

ride and sodium hydroxide as a desiccant. 

Earlier experiments~had suggested that the sample ef

fluent might contain nucleosid~$ and purine and pyrimidine bases. 

Standard solutions of uracil, adenine, guanine, cytosine, thymine, 

xanthine and hypoxanthine were prepared and aliquots containing 

0.1 pmole of each solution were spotted on paper strips of What

man No. 1 Chromatography Paper. Similar aliquots (assuming a mola] 

extinction coefficient of 10,000 at 260 mp) of the sample efflueni 

were spotted. After drying the spots with a hair dryer the paper 
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strips were developed using solvent system No. 2 (Appendix E) . 

with a descending technique. After development was complete 

the chromatogr~1s were dried in a drying oven at 30°C and 

then examined with a portable . ultraviolet lamp. The Rf 

values were measured and compared. The sample effluent 

fraction was also analyzed using solvent system No.5. As 

in the analyses of the ammonium formate and formic acid elu

ate, the spots from the chromatograms were cut out, eluted 

in O.Oll~ HCI and analyzed spectrophotometrically. In all the 

solvent systems used, blank chromatograms were developed 

simultaneously with the standards and unknowns; spots were 

cut from these strips and eluted, and the eluates analyzed 

spectrophotometrically to correct for ultraviolet-absorbing 

substances in the paper. 

3.4.7 Components of the Concentrated Dialysate 

Concentrations of 0.1, 0.2 and 2.0 pmoles per mI. of 

homogenate of uric acid and AMP-5' were added to ageing 

homogenates. Xanthine oxidase assays were made daily on all 

homogenates. The effects of uric acid and M~P-5' on the 

xanathine oxidase assay per se were also tested. 



4 RESULTS AND DISCUSSION 

General 

Where possible the data are presented graphically 

with the discussion in the text of the thesis. All points 

plotted are the means of at least two values. In many 

cases the homogenate was prepared using two rat livers, 

thus removing some of the biological variation between rats. 

4.1 Xanthine Oxidase Assay 

4.1.1 Color Development 

The estimation of xanthine oxidase activity by the 

measurement of allantoin production is based on the fact 

that allantoin is a stable end product in rat purine metab

olism. There are, however, several steps in the assay and 

many factors can affect the degree of color development. As 

Young and Conway (53) cautioned, it is essential to adhere 

rigidly to the exact boiling periods regarding the hydrolysis 

of allantoin and allantoic acid. The hydrolysis of allantoic 

acid, for example, is not harmed by boiling for longer than 

the two minutes specified; but, excess boiling ldo~s interfere 

with the phenylhydrazine reaction, subsequently resulting in 

a decrease of color intensity. On the other hand, rapid cool

ing after hydrolysis increases the color intensity. Sunlight 

does not influence color development. The phenylhydrazine 

hydrochloride and potassium ferricyanide solutions are stable 

for only a few hours and must be freshly prepared for each 

assay. The allantoin solution used as a standard in the assay 

27.
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remains stable for about one month. Young and Conway (53) 

reported this fact and suggested the use of potassium al

lantoate as a standard. It is stable for only about two 

months so there is not much advantage in using it. 

Maximum color development is attained in 20 minutes 

with no decrease in color at 30 minutes and about a 10% de

crease in color at 60 minutes. Young and Conway (53) report 

a color loss of 8% at 60 minutes and maximum color develop

ment in 20 minutes. The color intensity and therefore the 

xanthine oxidase activity is directly proportional to the 

supernatant volume used in the enzyme assay (Figure 4.1). 

For each increment in supernatant volume there is a corre

sponding increase in xanthine oxidase actiVity. One would 

of course expect this to be true. The supernatants may be 

refrigerated for several days with no decrease in activity. 

Data shoWing the replicability of the enzyme assay are pre

sented in Appendix B. 

4.1.2 Enzyme Kinetics 

General The underlying principle in any study of enzyme 

kinetics is to vary one factor at a time keeping all other 

conditions as constant as possible and to ascertain the ef

fect of that one factor on the velocity of the enzyme re

action. The factors studied in this thesis have been treated 

in this manner. 
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4.1.2.1 Enzyme Concentration 

Within fairly wide limits the speed of an enzyme 

reaction is proportional to the enzyme concentration pro

viding the substrate concentration is maximal and that 

there are no interfering substances or inhibitors present. 

Figure 4.2 shows this linear relationship between xanthine 

oxidase activity and enzyme concentration. This linearity 

holds true for the duration of the ageing process and for 

both low protein and normal homogenates. It is assumed that 

the enzyme is distributed uniformly throughout the homogenate. 

If the liver tissue has been completely homogenized all 2 ml. 

aliquots, for example, should contain the same amount of 

xanthine oxidase. 

4.1.2.2 Substrate Concentration 

As was mentioned in the historical review xanthine oxi

dase does not show sharp substrate specificity. Using 0.038M 

xanthine, as substrate, it was found that 0.1 ml.of the sub

strate per 2 mls.of homogenate diluted with 2 mls.of O.067M 

phosphate buffer produced optimum xanthine oxidase action with 

both normal and low protein homogenates (Figures 4.3a and 4.3b). 

The enzyme activity is expressed as micromoles of allantoin per 

hour per 2 mls.of homogenate. As may be seen from Figures 4.3a 

and 4.3b, excess substrate causes inhibition of enzyme activity. 

It is interesting to note that regardless of the sub. 
strate concentration used or the type (normal or low protein) 
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of homogenate employed the xanthine oxidase activity in

creases with the age of the homogenate. The maximum en

zyme activity attained with an ageing normal homogenate is 

approximately 4.6 pmoles allantoin per hour and the maximum 

enzyme activity attained with an ageing low protein homog

enate is approximately 1.8 pmoles allantoin per hour. Thus, 

the amount of enzyme activity is dependent upon the protein 

content of the diet. 

It was found that freshly prepared solutions of 

xanthine were oxidized by the liver homogenate approximately 

10% less rapidly than solutions which had aged several months. 

This fact was also reported by Richert and coworkers (41) who 

suggested that sunlight produced small amounts of peroxide in 

the xanthine solution which might hasten the oxidation of the 

substrate by the enzyme system. As a precaution against the 

effects of such possible changes in the xanthine solution, 

fresh solutions of xanthine were prepared each month. 

4.1.2.3 Hydrogen Ion Concentration 

Enzymes are usually active over a limited range of pH 

and usually have a pH optimum. Preliminary experiments in

dicated that xanthine oxidase activity was optimal between 

pH 6.8 and 7.4 with the buffers tested. Dixon and Thurlow (18) 

reported a broad optimal range from pH 6 to pH 9. Most workers 

use the range pH 7 to pH 8. Phosphate buffer produces the 
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highest xanthine oxidase activity which is maximal at pH 

7.2 (Figure 4.4). Mackler and coworkers reported that in

organic phosphate was required for xanthine oxidase activity. 

Figure 4.5 compares the xanthine oxidase activity ob

tained with phosphate, barbital, tris(hydroxymethyl)amino

methane, and borate buffers at pH 7.2. There is no signif

icant difference between barbital and tris buffers with re

gard to enzyme activity. Borate ions inhibit enzyme activity 

by interfering with the action of uricase (42). Normally, in 

the rat, uric acid is oxidized to allantoin via allantoin 

hydrate with hydroxyacetylenediureinecarboxylic acid and 5

ureido-2-imidazole-4,5-diol-4-carboxylic acid as intermediates 

(14). In the presence of borate, however, a complex is formed 

with uric acid such that the end products are alloxanic acid 

and urea rather than allantoin. Hence the bulk of the xanthine 

oxidase activity is not measured by allantoin formation. The 

activity which is measured represents that fraction of uric 

acid which escaped reaction with borate and was oxidized to 

allantoin. 

The pH of the reaction mixture did not change signifi

cantly during the incubation period with any of the four buf

fers tested. The phosphate, barbital, and tris buffers did 

not affect color development per ~ in the enzyme assay. 

4.1.2.4 Incubation Time 

Incubation of the xanthine oxidase assay reaction mix

tures at 37°C for periods of time from zero to 90 minutes 
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shows a linear relationship between enzyme activity and the 

duration of the incubation period (Figure 4.6). This lin

earity between enzyme activity and incubation time is inde

pendent of the age of the homogenate. As may be seen from 

Figure 4.6, this relationship also holds true for low pro

tein homogenates. In this thesis all subsequent enzyme as~

says were incubated for 60 minutes using optimal concentra

tions of enzyme and substrate. The incubation mixture con

tained 0.067M phosphate buffer, pH 7.2. 

4.1.2.5 Homogenate Age 

The xanthine oxidase activity of normal and low pro

tein homogenates increased with age (see Figure 4.7, also 

Figures 4.3a, 4.3b and 4.5). This increase in enzyme activ

ity has been demonstrated in all experiments utilizing age

ing homogenates. The increase in activity may be dependent 

in vitro upon the substrate concentration, enzyme concentra

tion, incubation time, hydrogen ion concentration, homogenate 

age and of course on the nature of the homogenate itself. 

Xanthine oxidase activity is calculated by subtracting 

the preincubation allantoin value from the postincubation al

lantoin value. The preincubation allantoin value (i.e., the 

endogenous allantoin concentration of the ageing homogenate) 

is an indication of the endogenous uricase activity and also 

of the xanthine oxidase activity if uricase is not rate limit

ing. In ageing homogenates the endogenous allantoin concentra
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tion slowly rises to a maximum and then remains constant 

(Figure 4.8). The maximum value for normal homogenates ex

ceeds the maximum value for low protein homogenates. In

itially the endogenous allantoin concentration is quite low 

and will depend on the amount of purine substrates (guanine, 

hypoxanthine, xanthine, uric acid, etc.) and purine catabolic 

enzymes in the homogenate. The supply of substrates in turn 

will depend upon the availability of the precursors required 

for substrate formation. Such precursors include the purine 

nucleosides and nucleotides as illustrated in the diagram of 

purine metabolism in rat liver (see Historical Review). Pro

viding that substrate and active enzyme are available the 

endogenous allantoin level will increase. When the supplies 

of substrate or active enzyme are exhausted allantoin pro

duction ceases. 

As far as is known xanthine is the only substrate 

which produces uric acid. Rat liver is rich in uricase and 

thus allantoin production is a measure of xanthine oxidase 

activity. 

The amount of xanthine oxidase in the homogenate is 

equal to the amount present initially,plus the quantity which 

can be synthesized or activated in vitro during the ageing 

process. The mechanisms involved do not appear to be clear 

and are not likely to be simple. Undoubtedly, inhibitory 

and activating mechanisms influence both the formation and 

the activation of the enzyme. In the ageing homogenate 
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release of an activator or greater enzyme synthesis might 

provide the stimulus for increased activity. Such activa

tion or increased enzyme synthesis would have to be greater 

than the enzyme destruction or inactivation processes operat

ing in the ageing homogenate. Otherwise, no increase in the 

enzyme activity of an ageing homogenate would be observed. 

Suppression of inhibitory mechanisms might permit the xanthine 

oxidase system to operate at full capacity limited only by the 

availability of substrate and enzyme. At the end of the age

ing period the enzyme activity begins to decrease. This re

flects the disappearance of enzyme, likely by destruction or 

inactivation, together with a declining rate of enzyme syn

thesis or activatiuDwhich eventually ceases. 

4.2 Factors Affecting the Enzyme Activity of the Aged 
Homogenate 

4.2.1 Ageing Temperature 

The increase in xanthine oxidase activity in ageing 

homogenates is temperature dependent. Continuous incubation 

at 37 c C provides maximum endogenous allantoin production 

(Figure 4.9). The amount of allantoin formed at 4°C is only 

about one half that at 37°C after two days of incubation. 

At -20°C the endogenous concentration of allantoin is very 

low but even at this temperature the enzyme activity increases 

with age. 

At all three ageing temperatures there is an increase 

in xanthine oxidase activity with age (Figure 4.10). The 



41.

6 

37°C.5 

< 
0
f-. ...... 4<« ~
-J ~-J 

~
~

3 
!",.

I/) III
:;) Cl.0 
~

-\I) 

2 
IJ.l 

~\!l
I:) 0
Q t 
~

l..4 ~

I 
-20°C. 

OL..-__--L --'- ..L..-__---1 ......... ....L..-_

o Z 3 4 5 6 

HOMOGENATE AGE (days) 

Figure 4.9 Endogenous allantoin concentration of a 
normal homogenate and the ageing temperature. 



42.

6 

5 
:> 4°C. 

-ZO°c. 

37°C. 

--I- ~ ....'_......._L--__....-.-__

1 Z 4 IZ 20 

HOMOGENATE AGE" (days) 

Xanthine oxidase activity of a normal 
homogenate and ageing temperature. 

.... 
~ '"" ~
~ ::s v Q« ~

~Iu \I 
\I) Q.. 
~
Q .... s::: 

~ 'i
~14l -.....; 

(::j~.... 
1: 

\I)t-
~

~ Q
-( tx 
~

4 

.3 

2 

I 

. a L..

o 

Figure 4.10 



43.

homogenate aged at 37°C shows a very rapid fall in activity. 

At this temperature the rate of endogenous allantoin forma

tion was very great. The fall in activity is probably due 

to the activity of protein degrading enzymes surpassing 

xanthine oxidase synthesizing activity. 

The homogenate aged at 4°C reached maximum activity 

at 4 days. The homogenate aged at -20°C reached maximum 

activity at g days. Freezing an ageing homogenate does not 

destroy the potential activity of the xanthine oxidase system. 

Indeed, when an aliquot of the homogenate at -20°C was thawed 

and assayed it nearly reached the activity attained by the 

homogenate aged at 4°C. 

The ageing temperature affects a low protein homogenate 

in a similar manner (Figures 4.11 and 4.12). The endogenous 

allantoin concentration is greatest at 37°C and the xanthine 

oxidase activity of all homogenates increased at the respective 

ageing temperatures. The relative activities of the low protein 

homogenate are lower of course since there is not as much enzyme 

available at the outset (see section 4.1.2.2). 

4.2.2 Dialysis of the Homogenates 

Dialysis of an ageing homogenate against distilled water 

produces a very rapid decrease in xanthine oxidase activity 

with both normal and low protein homogenates (Figure 4.13). 

The graph shows the activity of a nondialyzed and a 

dialyzed ageing homogenate. If a homogenat l8 is dialyzed for 
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24 hours and then allowed to age the homogenate may show an 

initial increase or a steady decrease in enzyme activity. 

These results vary with homogenates. In all homogenates 

dialyzed for 2 days there is never an increase, but always 

a decrease, in activity with subsequent ageing. If dialysis 

at 4°C is continued for 3 days most of the enzyme activity 

is lost. Dialysis removes endogenous substrates as well as 

other low molecular weight compounds. Such compounds may be 

part of the enzyme activating system. The xanthine oxidase 

of dialyzed homogenates was found to have the same optimal 

substrate concentration as the enzyme of nondialyzed homog

enates. The removal of any inhibitor, by dialysis, should 

result in increased activity in the dialyzed homogenate. 

Since this increase does not occur 1 it might be that such an 

inhibitor is not dialyzable and that it has a high affinity 

for xanthine oxidase. In such case dialysis might simply be 

removing activators such as inorganic ions. In the absence 

of these activators, the inhibitors would exert their full 

effect resulting in the observed decrease in enzyme activity. 

Dialysis certainly alters the physiological concentrations of 

salts and inorganic ions in the homogenate. This undoubtedly 

assists in enzyme degradation which will result in decreased 

enzyme activity. 

Figure 4.14 compares the enzyme activities of a non

dialyzed homogenate, a dialyzed homogenate, and mixtures of 

equal volumes of the two homogenates throughout the ageing 
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period. The dialyzed and nondialyzed control homogenates 

display enzyme activity similar to those discussed for Figure 

4.13. The activity of the mixtures of dialyzed and non-

dialyzed homogenates exceeds the mean of the activity of the 

control homogenates. The mixtures of the homogenates also 

show an increase in activity with age. This supports the 

hypothesis that the nondialyzed homogenate possesses sub

stances which activate the xanthine oxidase system. 

The enzyme activity for the homogenates used for Figures 

4.13 and 4.14 is expressed as micromoles of allantoin per hour 

per gram, of protein. Since a dialyzed homogenate increases 

in volume by 50% during the dialysis, the activity must be 

stated in terms of protein content. Protein quantitative de

terminations were made by the method of Lowry et ale (32). 

Metallic Ions 

Figure 4.15(a) compares the xanthine oxidase activity 

of a control homogenate with homogenates containing various 

concentrations of Fe+~-~ as FeC1 • It can be seen that con3
centrations of 10-3M FeC13 and lO-2M FeC13 produced inhibition 

of enZ}~le activity while concentrations of 10-5M FeC13 evoked 

a slight increase in enzyme activity. The effects of FeC13 on 

the homogenate seem more pronounced at later stages of the 

ageing period. 

Figure 4.15(b) compares the activity of an ageing con

trol homogenate with the activity of ageing homogenates con

taining Mo+6 ion as (NH4)6 Mo7024 • It was found that a con
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centration of 10-3M ammonium molybdate produced inhibition 

of enzyme activity and a concentration of lO-2M ammonium 

molybdate formed a green colored complex with the homogenate 

which interfered with the color development in the enzyme 

assay. A concentration of 10-5M ammonium molybdate produced 

a slight increase in enzyme activity. Thus, the metallic 
+-1-' '6ions, Fe ,,- and MoT do exert some influence on the xanthine

oxidase activity of ageing homogenates. The nature and ex

tent of this influence depends on the concentration of the

ions in the ageing homogenate.

Iv'Iethylene Blue 

Figure 4.16Acompares the activity of homogenates aged 

with and without the addition of methylene blue. Both low 

protein and normal homogenates reduce methylene blue. As was 

'mentioned in section 3.4.4 methylene blue acts as a hydrogen 

carrier in the xanthine oxidase system. In the ageing homog

enate, which might be thought of as being initially deficient 

in acceptors, methylene blue will act as an additional acceptor. 

The effect of methylene blue, as shown in Figure 4.16Asuggests 

that the hydrogen acceptors in the homogenate are increased 

during the first few days of ageing. It is possible that in 

the ageing homogenate the FAD component of the prostheti'c group 

of xanthine oxidase is reduced by the substrate faster than it 

can be reoxidized by air. That is, FADH2 will accummulate and 

the supply of FAD will limit the activity of the enz}~e.
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Addition of methylene blue to the ageing homogenate provides 

a hydrogen carrier and thus permits unrestricted enzyme 

activity. It is known that methylene blue permits the 

xanthine oxidase system to bypass cytochrome c (49). In this 

way the influence of inhibitors of the cytochrome system would 

be avoided. This could be a factor in the greater initial 

activity of ageing homogenates containing methylene blue. 

The decrease in the-xanthine oxidase activity of the 

ageing homogenate with methylene blue may be due to methylene 

blue activating the protein degradation system, or inhibiting 

xanthine oxidase synthesis or activation, 

The reaction between methylene blue and the ageing 

homogenate occurs quite rapidly. Figure 4.l6B shows the eff

fect of adding methylene blue to the incubation mixture in the 

xanthine oxidase assay rather than to the ageing homogenate. 

A comparison of Figure 4.16A and Figure 4.l6B shows that the 

effects of methylene blue are similar for both cases. Ageing 

methylene blue continuously with the homogenate (Figure 4.l6A) 

has almost the same effect on xanthine oxidase activity as the 

addition of methylene blue to the homogenate just prior to the 

enzyme assay (Figure 4.16B). 

Methylene blue is reduced by the homogenate in the ab

sence of oxygen. This was shown by means of a Thunberg tube. 

In the absence of oxygen, the dye became a blue green color, 

indicating visually, reduction by the homogenate. 
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Uricase 

Uricase does not affect the activity of an ageing 

normal or low protein homogenate (Figure 4.17). This sup

ports the assumption that uricase was in fact present in 

excess in an ageing homogenate. The assumption was based 

on the work of Westerfield and Richert (47), Kalckar (28)~nd

Axelrod and Elvehjem (1) who reported that rat liver was 

rich in uricase. It was necessary to show that this also 

be true for ageing homogenates of rat liver. Uricase is not, 

therefore, the rate limiting enzyme in the catabolic pathway 

leading toward the production of allantoin. 

The commercial preparation of uricase possessed only 

one half its specified activity. 1 mg. of the uricase 

preparation converted 3 x 10-3 prnoles of uric acid to al

lantoin per minute. 

4.2.6 Dialysate of the Aged Homogenate 

4.2.6.1 Effect on Homogenates 

Preliminary experiments indicated that the concentrated 

dialysate or l1concentrateff had no effect on the enzyme assay 

per se. Incubation of a reaction mixture containing 10% con

centrate produced no significant difference between the con

trol homogenates and the homogenates to which concentrate had 

been added (Figure 4.18). This was true for both nondialyzed 

and dialyzed homogenates. 

Ageing normal and low protein homogenates containing 
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concentrate show an initial inhibition and a later stimula

tion of xanthine oxidase activity. The magnitude of the in

hibition and subsequent stimulation depends on the concentra

tion of the concentrate in the ageing mixture (Figure 4.19A). 

Ageing homogenates containing 10% concentrate show a larger 

initial inhibition and a larger subsequent stimulation of en

zyme activity than is shown by homogenates containing 5% con

centrate. Other experiments indicated that a 10% concentra

tion of concentrate produced the maximum effect. These ob

servations demonstrate the presence of some factor or factors 

in the concentrate which stimulate enzyme activity late in 

the ageing period. This stimulation provides a 20% increase 

in activity over the control homogenate. The maximum activity 

of the stimulated homogenate is reached about 2 days after the 

control homogenate has reached maximum activity. This delay 

is no doubt linked to the initial inhibition produced by the 

unidentified factor. The concentrate has no significant ef

fect on normal and low protein dialyzed ageing homogenates. 

(Figure 4.19B and Figure 4.20). 

The preceding results suggest that the concentrate has 

initially no effect, then interferes transiently with the 

xanthine oxidase activating system of the ageing homogenate, 

and finally stimulates xanthine oxidase activity. This stim

ulation may be accomplished by providing substrates for the 

activating system. These substrates may provide a higher con

centration of FAD as suggested by the methylene blue experiment. 
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Dialysis produces an irreversible change in the homog

enate. In addition to the loss of small inorganic ions there 

is accompanying protein denaturation which may explain the 

failure of the concentrate to produce any significant change 

in the activity of dialyzed normal and low protein homogenates. 

4.2.6.2 Analysis 

4.2.6.2.1 Chemical Tests 

The tests for the presence of glycogen using Lugol's 

iodine solution and Benedict's solution were negative. No 

reducing sugars were found in a hydrolyzed aliquot of the con

centrate. This test was made with Barfoed's solution, Bene

dict's solution, and nClinitest H tablets. 

The tests for elements and ions indicated the presence 

of ferrous iron, chloride, phosphorus, sulphur and non-protein 

nitrogen. The tests for calcium and magnesium were negative. 

These tests were only qualitative. The absence of any 

particular ion may of course mean that it was not present or 

that its presence was not detectable by the method used. 

No measurable amount of protein was found in the con

centrate by the quantitative Lowr~ method. This is not sur

prising since no protein should have been dialyzed or passed 

through the dialysis tubing. 

4.2.6.2.2 Chromatographic 

Table 4.1 shows the results of the resin chromatography 

experiment with regard to the fractions collected and the con

centration of the 260 mr-absorbing material in each fraction. 
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Table 4.1 Fractions collected from the resin column us

ing the ammonium formate and formic acid elution scheme 

given in Appendix D. Final volume refers to the volume of 

the fractions after they had been evaporated under reduced 

pressure as described in section 3.4.6.3.2. The concentra

tion of 260 mr-absorbing material was calculated by assum

ing a molar extinction coefficient of 10,000 for each 

fraction. 

Fraction Quantity of 260 mp- Final Concentration of 
Absorbing Volume 260 mp-Absorbing
Material Material.(per mIl 

Sample Effluent 6.76 Foles 1 mI. 6.76 pmoles 
rr ITO.lN Formic Acid 4.26 1T 2.2 1.93 

n H n0.211.1 Ammonium 0.44 1.5 0.29 
Formate 

n n It3M Formic Acid 1.88 1.8 1.04 
n tl II tt fT8M 0.24 1.5 0.16 
11 11 n Tt !r12M 0.52 1 0.52 

14.10 pmoles 
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14.1 of the 14.4 FDoles of concentrate (assmaing a molar ex

tinction coefficient of 10,000 at 260 mp) applied to the 

column were recovered. The discrepancy, 0.3 pmoles, might 

be attributed to error arising from the eluting procedure by 

which the fractions were collected. The volumes collected 

in each tube were not rigidly measured but were assumed to 

be 10 mls.since this was the volume of eluent used. However, 

the volume collected may vary from 9.5 mls.to 10.5 mls.de

pending upon the quantity of eluent retained in the resin 

column. The calculation of the concentration of 260 mp-ab

sorbing material in each sample of eluent is based on 10 mls. 

Thus, a small amount of error in the volumes collected could 

account for the discrepancy of 0.3 pmoles of material. Also, 

12M formic acid, which was the last eluent used on the column 

(see elution scheme Appendix D) is not strong enough to elute 

all nucleoside triphosphates from the column (7). 

For analysis by paper chromatography it is preferable 

to spot approximately 0.1 to 1 pmole of material using as 

small a volume as possible; preferably not greater than 0.2 

ml~ Inspection of Table 4.1 reveals that only three fractions 

have enough material to permit analysis by paper chromatography. 

These fractions, which are the sample effluent, the O.IN formic 

acid fraction and the 3M formic acid fraction, constitute 92% 

of the material eluted. 



Analyses of the Formic Acid and Ammonium Formate Eluates 

The O.lN formic acid and 3M formic acid fractions 

were analysed in four solvent systems. The former fraction 

yielded spots which were readily seen under ultraviolet ex

amination. The latter fraction occasionally yielded spots 

which were only faintly visible and often the chromatogram 

bearing the sample had no spots whatsoever. Thus, only the 

O.IN formic acid fraction provided any evidence concerning 

the nature of the components in the concentrate. Table 4.2 

presents the data obtained from the paper chromatographic 

analysis of this fraction. The R values of the spots def 
veloped in the various solvent systems are compared with the 

Rf values of known substances. This analysis suggested quite 

strongly that uric acid and AMP-5' were the identities of the 

spots on the chromatograms from the O.lN formic acid fraction. 

All spots shown in Table 4.2 were positively identified 

by a spectrophotometric analysis. Each spot on the chromato

gram was cut out, eluted with O.OIN Hel and the resulting 

eluate scanned from 220 mp to 300 mp using the Beckman DB 

Spectrophotometer and the Sargent Recorder. A comparison of 

the ratio of the absorption at 250 mp to that at 260 mp 

(250/260 absorption ratio), the ratio of the absorption at 

280 mp to that at 260 my (280/260 absorption ratio) and the 

wavelengths of maximum absorption for the eluates was made 

with the corresponding data for standard solutions of uric 

acid and M4P-5'. The data are presented in Table 4.3. 



Table 4.2 Paper chromatographic analyses of the O.lN 

formic acid fraction obtained from the resin chromatography 

of the concentrated dialysate of a normal rat liver homog

enate. Composition of the solvent systems are given in 

Appendix E. Duplicate chromatograms are shown for each 

system. Uric acid showed no movement in solvents No. 2 and 

No.4. 

Rf Values Provisional 
Solvent Identity of 

Spot System Sample Standard Spot 

1 0.16 0.15 uric acid 
2 No. 1 0.12 0.15 uric acid 
3 ascending 0.32 0.29 Arv'IP-5' 
4 0.33 0.30 AJVIP-5 ' 

5 No. 2 0.52 0.51 AMP-5' 
6 descending 0.53 0.51 AMP-5' 

7 0.19 0.21 uric acid 
8 No. 3 0.23 0.21 uric acid 
9 ascending 0.35 0.38 AMP-5' 

10 0.40 0.38 AMP-5 ' 

11 No. 4 0.10 0.09 JUVIP-5 ' 
12 ascending 0.12 0.09 AMP-5' 
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Table 4.3 Spectrophotometric analyses of spots eluted 

from the paper chromatograms described in Table 4.2. Values 

used in the calculation of the absorption ratios have been 

corrected for absorption due to the chromatography paper and 

solvent. 

250/260 
absorption 

ratio 

280/260 
absorption 

ratio 

Wavelength 
of maximum 
absorption 

Identity 
of 

Spot 

Sample Std. ,;< 

1 0.97 1.05 2.42 2.68 283 283 uric acid 
2 1.10 1.05 2.36 2.68 282 283 uric acid 
3 0.81 0.85 0.25 0.22 258 257 Al'JIP- 5 ' 
4 0.82 0.85 0.24 0.22 258 257 A:f\J1P- 5 f 

5 0.87 0.85 0.24 0.22 258 257 AMP-5' 
6 0.92 0.85 0.34 0.22 257 257 AIv'IP-5 ' 

7 0.92 1.05 2.50 2.68' 283 283 uric acid 
8 0.92 1.05 2.56 2.68 283 283 uric acid 
9 0.84 0.85 0.23 0.22 258 257 ATJIP- 5' 

10 0.92 0.85 0.28 0.22 257 257 AMP-5 ' 

11 0.88 0.85 0.25 0.22 258 257 ArvIP- 5 ' 
12 0.86 0.85 0.23 0.22 257 257 AIvlP- 5 ' 

* Standard known substance 
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As may be seen from Table 4.3 there is very good agree

ment between the values for the sample eluates and the values 

for known substances. Thus,the identities suggested by paper 

chromatography were confirmed unequivocally by the spectral 

analyses. 

A ribose determination using the orcinol method (j) 

was made on one of the AMP-5' spots from a paper chromatogram. 

The spot was cut out, eluted for 24 hours with O.OlN HCl and 

the absorption read on the spectrophotometer at 260 mp. Us

ing a molar extinction coeffioient of 15.1 (24) the concentra

tion of AMP-5' in the eluate was found to be 0.016 pmoles per 

mI. The ribose determination on the eluate produced 0.016 

pmoles of ribose per mI. Thus ,there was a 1:1 correspondence 

between the quantity of ribose and the quantity of AMP-5' in 

the spot from the chromatogram. 

Analysis of the Sample Effluent 

The sample effluent contained (see Table 4.1) 6.76 

~~oles of 260 mp-absorbing material per mI. Chromatographic 

analyses were made using the HCl-isopropyl alcohol system and 

the butanol-urea solvent system. The former is known to be 

very satisfactory for separating pyrimidine and purine bases. 

Table 4.4, shows the results of the chromatographic analyses. 

To confirm the identity of the spots described in Table 4.4, 

they were cut out, eluted with O.OlN HCl and scanned on the 

Beckman DB Spectrophotometer coupled to the Sargent Recorder. 
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Table 4.4 Paper chromatographic analyses of the sample 

effluent recovered from the resin chromatography of the 

concentrated dialysate of a normal rat liver homogenate. 

Compositionsof the solvent systems are given in Appendix E. 

Rf Values Provisional 
Solvent Identity of 

Spot System Sample Standard Spot 

1 0.26 0.28 guanine 
2 No. 2 0.41 0.36 adenine 
3 descending 0.54 0.47 cytosine 
4 0.70 0.68 uracil 
5 0.78 0.78 thymine 

6 No. 5 0.32 0.35 uracil
7 ascending 0.44 0.41 adenine
8 0.54 0.52 thymine 



Table 4.5 shows a comparison of the 250/260 absorption ratio, 

the 280/260 absorption ratio and the wavelengths of maximum 

absorption for the eluates and the corresponding known sub

stances. The spectrophotometric analyses agree with the 

chromatographic analyses and confirm the identity of the 

spots shown in Table 4.4. No trace of hypoxanthine,xanthine 

or any nucleosides was found in the sample effluent. 

The sample effluent was also analysed for the presence 

of deoxypentose using the diphenylamine reaction (16). No 

deoxypentose was found in the sample effluent. This indicates 

that there are no deoxynucleosides or deoxynucleotides present. 

A ribose determination was made on the sample effluent 

using the orcinol method (3). It was found that an aliquot 

containing 0.02 pmoles per ml.of 260 mp-absorbing material al

so contained 0.015 pmoles of ribose per mI. Since no ribonu

cleosides were detected by chromatography the ribose measured 

must be present as free ribose or as ribose phosphate. 

The concentrate contained some material which was not 

present in sufficient quantity to be identified by chromato

graphic and spectrophotometric techniques. On some chromato

grams faint spots were visible along with the distinct dark 

purple spots. These faint spots did show some absorption at 

260 mr but not enough to make a positive identification. 

SQ~ary

The components ident~fied in the concentrated dialysate 

or concentrate were uric acid and M~P-5f from the formic acid 
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Table 4.5 Spectrophotometric analyses of the spots eluted 

from the paper chromatogr~1s described in Table 4.4. Values 

used in the calculation of the absorption ratios have been 

corrected for the absorption due to the chromatography paper 

and solvent. 

250/260 280/260 Wavelength Identity 
absorption absorption of maximum of 

+.:> ratio ratio absorption Spot 
0 
P-i 

(f) Sample Std~:~ Sample Std~:~ Sample Std~:~

252 248 
1 1.09 1.37 0.81 0.8"4 276 275 guanine
2 0.78 0.76 0.42 0.37 263 263 adenine 
3 0.58 0.63 1.20 1.53 274 274 cytosine 
4 0.82 0.84 0.27 0.17 259 259 uracil 
5 0.73 0.67 0.63 0.53 264 264 thymine 

6 0.84 0.84 0.13 0.17 259 259 uracil 
7 0.84 0.76 0.34 0.37 263 263 adenine 
8 0.72 0.67 0.54 0.53 263 264 thymine 

* Standard known substance 
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ammonium formate fractions; and guanine,adenine, cytosine, 

uracil, and thymine from the sample effluent fraction. 

4.2.7 Components of the Concentrated Dialysate 

It was now of paramount interest to determine the 

effect of the components of the dialysate on the ageing 

homogenate. Figure 4.21 shows the effect of uric acid on 

the xanthine oxidase activity of the ageing homogenate. 

Preliminary calculations indicated that uric acid was present 

in the homogenate at a concentration of approximately 0.4 

pmoles per ml.of homogenate. Young and Conway (53) reported 

that uric acid affects the color development of the enzyme 

assay. This was confirmed and it was found that uric acid 

is 8 times as effective as allantoin in producing color. 

Figure 4.21 suggests that uric acid is being oxidized by 

uricase since the effect of both concentrations of uric acid 

is the same after 2 days of ageing. PresumablYythere is 

sufficient uricase present to oxidize the endogenous uric 

acid, the uric acid produced in vitro by the xanthine oxidase 

system, and the uric acid added to the ageing homogenate. If 

the uric acid were not oxidized, one would expect that the 

magnitude of the increase in xanthine oxidase activity due to 

uric acid should remain the same throughout the ageing period. 

The enzyme activity due to uric acid should parallel the 

activity of the control homogenate. As Figure 4.21 indicates 

this is not the case; uric acid must be oxidized. In any case, 
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Figure 4.21 The effect of uric acid on the xanthine 
oxidase activity of a normal ageing 
homogenate. 
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the effect of uric acid on the ageing homogenate appears 

to be one of enhancement of enzyme activity. 

The presence of uric acid in the dialysate is unex

plained. Normally, one would expect the uricase to oxidize 

it as rapidly as it is produced. Since the addition of com

mercial uricase to the xanthine oxidase assay produced no 

increase in xanthine oxidase activity, the explanation is 

likely, that at 4°C uricase is unable to oxidize uric acid 

rapidly enough to oxidize the total amount. At 37°C, on the 

other hand, uricase is active enough to oxidize all the uric 

acid produced. Thus,during the dialysis at 4°C small amounts 

of uric acid could occur in the homogenate and hence appear 

in the dialysate. 

The effect of AMP-5' on the xanthine oxidase activity 

of the ageing homogenate is shown in Figure 4.22. There is 

a delayed stimulation of enzyme activity which may be due to 

an increased supply of the precursors required for substrate 

formation. The precursors will be supplied by the degradation 

of M~P-5'. Fiala and Kasinsky (21) report that the deamina

tion and hydrolysis of M~P-5' in rat liver is accomplished by 

the action of two enz)~es - a phosphatase and a deaminase. 

Richert, Edwards, and Westerfield reported that adenine slowed 

and prolonged the early endogenous activity of xanthine oxi

dase (41). Enzyme activity as measured by allantoin produc

tion can not be realized until the precursors and substrates 

have been converted to allantoin. 
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5 CONCLUSIONS 

Measurement of xanthine oxidase activity by deter

mining allantoin production was found to be a reliable 

method and readily applicable to a study of normal and low 

protein ageing rat liver homogenates. 

The xanthine oxidase activity of homogenates in

creases with age and is dependent upon dietary protein con

tent. The enzyme activity depends upon substrate concentra

tion, enZ~ile concentration, hydrogen ion concentration, and 

is constant with incubation time. There is no significant 

change in the kinetics of enzyme action with either normal 

or low protein homogenates during the ageing process. 

Phosphate buffer, pH 7.2, produces optimal xanthine 

oxidase activity while borate buffer inhibits enzyme activity. 

Two tenths of a milliliter of O.038M xanthine incubated for 

one hour with 2 mls. of homogenate and 2 mls. of o.o67M phos

phate buffer (final concentration of xanthine, 1.8 millimolar) 

produced optimal enzyme activity. 

The increase in xanthine oxidase activity in normal 

and low protein ageing homogenates is temperature dependent. 

Therefore, the mechanism by which xanthine oxidase activity 

is enhanced must be enzymatic in nature. The enz}~e activity 

increased with the age of the homogenate at all temperatures 

studied. Continuous incubation at 37°C produced the maximum 

endogenous allantoin concentration. Freezing an ageing homog
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enate at -20°C does not destroy the potential activity of 

the xanthine oxidase enzyme system. 

Dialysis at 4°C against distilled water decreases 

the xanthine oxidase activity of both normal and low pro

tein ageing homogenates. Dialysis may remove activators 

of the xanthine oxidase system or promote enz~ne denatura

tion. The shape of the graphs illustrating the effects of 

dialysis suggest that inhibitors of the enzyme system are 

not removed by dialysis. If inhibitors were removed by 

dialysis one would expect the enzyme activity to increase. 

However, any processes which might stimulate enzyme activity 

during dialysis are probably overcome by the enzyme de

naturation processes. It may be that the inhibitors are not 

dialyzable or that they have a high affinity for xanthine oxi

dase. It was found that the dialysate from a normal homog

enate contained one or more factors which initially did not 

affect, then transiently interfered with, and later stimu

lated xanthine oxidase activity in normal and low protein 

ageing homogenates. This observation strongly supports the 

hypothesis that the dialysate contained substances which in

creased enzyme activity by supplying precursors for substrate 

formation or by stimulating enzyme synthesis. In fact, guanine, 

which is a precursor for xanthine was isolated from the con

centrated dialysate. Similarly, iron which is essential for 

the synthesis of active xanthine oxidase was also isolated 

from the dialysate. 

Ferric and molybdenum ions stimulated xanthine oxidase 
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activity at a concentration of lO-5M, but appeared to have 

little influence on the increase of xanthine oxidase activ

ity during the ageing of homogenates. 

Methylene blue is reduced by and stimulates the 

xanthine oxidase activity of normal and low protein ageing 

homogenates. Methylene blue might act as an additional 

hydrogen acceptor in the ageing homogenate. This would off

set any deficiency of FAD, and any accumulation of FADH2' 

in the ageing homogenate. Hence, enzyme action would pro

ceed unrestricted. The increase in activity of ageing ho

mogenates seems to depend on the availability of such hydro

gen acceptors. It is quite possible that the concentrated 

dialysate might contain precursors of FAD which are synthe

sized to FAD in the ageing homogenate. This might be a 

factor contributing to the stimulation of enzyme activity 

observed in the ageing homogenate which contained concen

trated dialysate. 

Uricase was found to be not rate limiting in the 

xanthine oxidase assay of normal and low protein ageing 

homogenates. Therefore, the increased xanthine oxidase 

activity of ageing homogenates could not be due to increased 

uricase activity during the ageing period. 

The concentrated dialysate from a normal homogenate 

did not contain glycogen, reducing sugar, protein, calcium, 

or magnesium. The dialysate did contain ferrous iron, 

chloride, phosphorus, sulphur, and non-protein nitrogen. 
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The chromatographic analyses of the concentrated 

dialysate indicated the presence of uric acid, AMP-5', 

adenine, guanine, cytosine, thymine, and uracil. The 

spectral analyses confirmed the presence of these com

pounds. No xanthine, hypoxanthine, nucleosides, or 

nucleotides, other than ~lP-5' were found in the dialy

sate. 

Uric acid enhances xanthine oxidase activity and is 

oxidized by the ageing homogenate. There seems to be suf

ficient uricase present in the homogenate to oxidize the 

endogenous uric acid, the uric acid synthesized in vitro 

in the homogenate, and the uric acid added to the homogenate. 

The fact that uric acid was isolated from the dialysate of a 

normal homogenate suggests that uricase may be rate limiting 

at 4°C. It was found that AMP-5' produced a delayed stimu

lation of xanthine oxidase activity in the ageing homogenate. 

This delay reflects the delayed stimulation of enzyme activity 

caused by the addition of the concentrated dialysate to an 

ageing homogenate. 

Much more research must be done on xanthine oxidase 

to elucidate its mode of action in ageing homogenates. It 

would be of interest therefore to investigate the action of 

inhibitors such as cyanide on the xanthine oxidase activity 

of ageing homogenates. Cyanide i's a known inhibitor of 

xanthine oxidase. The usual type of cyanide inhibition with 

oxidative enzymes is instantaneous and readily reversible. 
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This is not true, however, for xanthine oxidase. Cyanide 

must be incubated with enzyme in the absence of substrate 

in order to inhibit xanthine oxidase (15). Once complete, 

cyanide inhibition is irreversible. Corran et ale (15) 

have shown that incubation with cyanide abolished hypo

xanthine-aldehyde activity without affecting the capacity 

to oxidize reduced diphosphopyridine nucleotide (DPNH). 

Mackler et ale (34) have demonstrated that cyanide-treated 

xanthine oxidase was much less capable of transferring 

hydrogen from DPNH (and only DPNH) to cytochrome c than un

treated xanthine oxidase., In view of this data they sug

gested that there may be different sites at which DPNH and 

purines are attached on the enzyme surface. Another in

hibitor of xanthine oxidase, hydrogen peroxide, was first 

studied by Dixon (17). He indicated that catalase protected 

the enzyme from hydrogen peroxide. Thus, the addition of 

catalase to an ageing homogenate would remove peroxide and 

would be expected to stimulate xanthine oxidase activity. 

The most potent inhibitor of xanthine oxidase known 

is 2-amino-4-hydroxy-6-pteridyl aldehyde (28). Kalckar et ale

(28) and Hofstee (27) have reported the inhibitory action 

of this compound on milk xanthine oxidase. It would be of 

interest to study the effect of this inhibitor on the xan

thine oxidase of ageing rat liver homogenates. 

It is quite possible that xanthine oxidase from dif

ferent sources will react differently with a given inhibitor. 
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A study of the effects of the above mentioned inhibitors 

on only one source of xanthine oxidase would not permit 

any generalizations to be made about the nature of the in

hibitory mechanisms or about the mode of enzyme action. 

Thus,this study should be expanded to include other sources 

of xanthine oxidase such as milk, and tissues from mice, 

chickens and rats. Comparative studies with the various 

known inhibitors and with activators such as FAD, employ

ing several substrates and electron acceptors, with puri

fied preparations of milk, rat, and chicken enzJ~es, should 

aid greatly in understanding not only the mechanisms of in

hibition but also the mechanism of catalysis. 

Xanthine oxidase activity should also be measured by 

determining the production of uric acid. It would be of 

interest to compare the xanthine oxidase activity in ageing 

homogenates as measured by uric acid production and as 

measured by allantoin production. There may be changes in 

xanthine oxidase activity as a result of changes in uricase 

activity. Thus, the uricase activity in ageing homogenates 

should also be determined. 

A study of the effects of methylene blue and metallic 

ions such as Fe+++ and Mo+6 on the xanthine oxidase activity 

of tumor and host liver might be useful in resolving the 

problem of the non-lowering of xanthine oxidase in the host 

liver of rats on a low protein diet. 

Xanthine oxidase synthesis in the liver of normal and 
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tumor-bearing animals should be investigated. The incor

poration of labelled amino acids into enzyme could be 

studied using isotopic techniques and chromatography on 

cellulose resins. Such a study should include the livers 

of animals on low protein diets. 

Nucleic acid synthesis in the liver of normal and 

tumor-bearing rats should be investigated. Using labelled 

precursors the metabolic pathways of nucleic acid synthesis 

in the various livers could be compared. This study should 

include livers from tumor-bearing rats on normal and low 

protein diets. 

Throughout this thesis xanthine oxidase activity has 

been discussed rather than xanthine oxidase concentration. 

Whether the xanthine oxidase activity of ageing homogenates 

might be due in fact to an increased concentration of xanthine 

oxidase or to the influence of low molecular weight substances 

or enZ)mleS is a problem for further research. 
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APPENDIX A 

Composition of Rat Diets 

Component Percent Qy Weight 

Casein 25% or 6%

Corn Starch

Corn Oil 10010I 

Salt M:ixture 

Sucrose 51% or 707"0 

Water-Soluble Vitamin Mixture 16 c~.per kgm.of diet 

Fat-Soluble Vitamin Mixture 10/ kgm.of d"1etc~.per

The detailed composition of the salt and vitamin 

mixtures are given on subsequent pages. 

These diets are modifications of those used by 

Miller (36) in studies of enzyme levels during protein de

pletion. 
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SALT MIXTURE 

Component 

CaC03 
CaH4 (P04 )2 • H20 

CuS04 • 5H20 

CoC12 • 6H20 

FeC6H507 · 3H20 

K2HP04 
KI 

MgS04 
MnS04 • H20 

NaCl 

ZnC12 

Content 

600 gms. 

139.2 H 

0.6 Vi 

0.6 ff 

55 H 

645 1'1 

1.6 T1' 

99.5 n 

T1'1.0 

335 n 

n0.5 



87.

VITM~IN MIXTURES 

Water-Soluble Vitamins 

Component Content per liter 

Biotin 20 mgms. 
nFolic acid 50 

Pyridoxine 500 
Thiamine 500 
Calcium pantothenate 5.9 gms. 

nCholine 100.0
Inositol 10.0

nNiacin 5.0 
VIRiboflavin 1.0 

These compounds are dissolved in a solution contain

ing 500 mls.of distilled water and 500 mls.of ethanol. 

Fat-Soluble Vitamins 

Cod liver oil . • • • • • • • . • . • 240 gms. 
(2,000 IU Vitamin A and 85 IU Vitamin D per gram) 

Wheat germ oil •• . • • • • • • • • 240 gms.
(2 IU Vitamin E per gram)

Menadione • • • • • • • • • • • • • • 2.4 gms.
(dissolved in 480 mls.com oil)
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APPENDIX B 

Xanthine Oxidase Assay 

Xanthine oxidase activity was calculated by sub

tracting the preincubation allantoin concentration from 

the postincubation allantoin concentration. 

Allantoin (from the standard 
Tube Transmittance pgms.per mI. curve) 

A 74% 4.20 

B 23% 20.4 

where A = preincubation allantoin concentration

B = postincubation allantoin concentration

after 60 minutes incubation at 37°C

Xanthine oxidase activity, per hour 

A - B = 20.4 - 4.20 = 16.2 pgms.allantoin 

16.2 x 43.1 = 698.22 pgms.al1antoin 

where 43.1 = dilution factor 

698.22 = 4.42 pmoles al1antoin 
158.1 

where 158.1 = molecular weight of a11antoin 



Xanthine Oxidase Assay of an Ageing Normal Homogenate of 
Rat Liver 

All values are the means of duplicate tubes. 

Homogenate 
age 

(days) 

Preincubation 
allantoin 

(pmoles) 

Postincubation 
allantoin 
(Foles ) 

Net Allantoin 
formation 

(pmoles per hour) 

o 0.38 
0.36 

3.51 
3.50 

3.13 
3.14 

1 1.01 
1.03 

5.96 
5.95 

4.95 
4.92 

2 1.85 
1.90 

5.65 
5.65 

3.80 
3.75 

4 3.46 
3.45 

5.48 
5.46 

2.02 
2.01 



CURVE 
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/00 ALLANTOIN STANDARD 

80 

60 

40 

10 L..-__.L.-__L..-__..I..-__..I..-__......

o 8 

ALLANTO/N CAgm. per mI.) 

/6 Z4- 32 
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APPENDIX C 

Chemical Qualitative Tests 
(Reference: Laboratory Manual, Biochemistry Department, 

University of Saskatchewan, 1961-62.) 

Lugol's Iodine Test - (Lugol's solution - Dissolve 0.5 gms. 

of iodine plus 1 gm.of KI in 10 mls.of water.) Add 2 drops 

of the solution to 1 mI. of the acidified sample. A red pre

cipitate indicates the presence of glycogen. 

Benedict's Qualitative Reagent - Dissolve 173 gms.of sodium 

citrate and 100 gms.of Na2C03 in water and make up to 850 mls. 

Add to this, with rapid stirring, a solution prepared by dis

solving 17.4 gms.of CuS04·5H20 in 100 mls.of water. Dilute 

to 1 liter. Reduction, and thus the presence of reducing 

sugars, is indicated by the appearance of a finely divided 

precipitate which makes the whole solution opaque. The cup

rus oxide precipitate may be red or yellow. 

Barfoed's Reduction Test - Dissolve 66 gms.of cupric acetate 

and 10 mls.glacial acetic acid in water and dilute to one 

liter. Reduction takes place in acid solution instead of in 

an alkaline solution as in Benedict's test. If a monosac

charide is present a red or yellow precipitate forms after a 

few minutes of boiling. 

Biuret Test - Dissolve 45 gm.sodium potassium tartrate 

(Rochelle salt) in 200 mls.of 0.2N NaOH. Dissolve 5 gms.of 
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CuS04·5H20 in this solution followed by 5 gms.of K1. Di

lute the solution to one liter with 0.2N NaOH and store in 

a non-glass bottle. Proteins and polypeptides produce a 

violet or pink coloration with this test. 

Ninhydrin Test - Add I ml.of 0.2% ninhydrin to 4 mls.of the 

protein solution. Mix, boil lor 2 minutes, and cool. A 

positive test is shown by the appearance of a pink, purple 

or blue color. This test is very delicate in detecting 

proteins and all alpha amino acids. 

Elemental Tests 

Non-protein nitrogen - Grind a sample of the test 

material with soda lime and heat. Observe by smell and by 

action on red litmus that NH3 is given off. 

Tests for sulphur, phosphorus and chloride - Mix a 

sample of the dried test material with 3 times its weight 

of oxidation mixture (2KN03 + Na2C0 ). Gently heat until
3 

fusion is complete and all the charred particles have dis

appeared. Cool, extract with hot distilled water and filter. 

Sulphur - Test a portion of the filtrate by adding a few drops 

of BaCl2 solution containing BCI. A positive test for sulphur 

is shown by the appearance of an insoluble precipitate of 

Phosphorus - Acidify a portion of the filtrate with nitric 

acid, add excess ammonium molybdate solution and warm. The 

presence of phosphorus is indicated by the formation of a 
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yellow precipitate of phosphoammonium molybdate. 

Chloride - Acidify a portion of the filtrate with con

centrated HN03 and add a few drops of 2% silver nitrate. 

The presence of chloride is indicated by the appearance 

of a white curdy precipitate which is soluble in excess 

ammonia. 

Test for iron - After fusion of the sample material 

with oxidation mixture, extract the fused mass with 1:1 

concentrated HCI and water. Boil off the excess acid. 

Test the filtrate for the presence of ferric ions by add

ing a few drops of K4Fe{CN)6. A blue color, ferric ferro

cyanide, indicates a positive test. 

Test for calcium and magnesium - After fusion of the 

sample material with oxidation mixture, extract the fused 

mass with excess 30% acetic acid. Filter. 

Calcium - Treat the filtrate with 2% ammonium oxalate and 

observe the precipitate of calcium oxalate. 

Magnesium - Treat the filtrate with a few drops of 5% di

sodium phosphate and a few drops of concentrated ammonia. 

A white crystalline precipitate which may appear slowly, 

indicates magnesium. 



94.

APPENDIX D 

Formic Acid and klli~onium Formate Elution Scheme 

References: Blair, D. G. R., and Hall, A. D., unpublished 
observations. 

Blair, D. G. R., Stone, J. E., and Potter, V. R., 
J. Biol. Chern. ?22, 2379 (1960). 

Hurlbert, R. B., Schmitz, H., Brumm, A. F., and 
Potter, V. R., J. Biol. Chern. 209, 23 (1954). 

Eluent No. of 10 mI. Compounds 
samples per fraction eluted 

sample effluent purine and pyrimidine 
3 bases and nucleosides 

O.lN formic 
H20 

acid 10 
3 

uric acid, 
NAD, NADH2 

M~P-5', CMP-S' 

0.2M arr@onium formate 
H20 

6 
3 

UMP-5', IMP-5' 

31/1 formic acid 
H20 

16 
3 

GMP-S f, ADP 

8I'JI formic acid 
H20 

6 
3 

UDP 

12IvI formic acid 3 GDP 

AMP-5f adenosine 5f-phosphate
ADP adenosine 5f-diphosphate 
Clv1P- 5 ' cytosine 5f-phosphate 
GI'1P- 5' guanosine 5f-phosphate
GDP guanosine Sf-diphosphate 
IMP-5' inosine 5f-phosphate 
NAD nicotinamide adenine dinucleotide 
NADHZ reduced nicotinamide adenine dinucleotide 
U]YIP- 5 f uridine Sf-phosphate
UDP uridine Sf-diphosphate 



APPENDIX E 

Paper Chromatography Solvent Systems 

No. 1 Ammonium sulphate-propyl alcohol-sodium phosphate. 

Dissolve 600 gms.of ammonium sulphate in one liter 

of 0.ll1 sodium phosphate buffer at pH 6.8 and add 20 mls. 

of n-propyl alcohol. Developing time is approximately 18 

hours. 

No. 2 Isopropyl alcohol-HCl. 

Add 41 mls.of concentrated HCl (S.G. 1.19) to 170 

mls~of iso-propyl alcohol and make up to 250 mls.with dis

tilled water. Developing time is approximately 40 hours. 

No. 3 n-Propyl alcohol-water. 

Mix 600 mls.of n-propyl alcohol with 400 mls.of dis

tilled water. Developing time is approximately 16 hours. 

No. 4 n-Butyl alcohol-formic acid-water. 

Mix 770 mls.of n-butyl alcohol with 100 mls.of con

centrated formic acid and make up to one liter with distilled 

water. Developing time is approximately 17 hours. 

No. 5 n-Butyl alcohol-urea. 

n-Butyl alcohol is saturated with a 10% aqueous solu

tion of urea. The saturated n-butyl alcohol layer is used 

as solvent. Developing time is approximately 24 hours. 
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