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There are two studies on male Wistar rats presented in 

this thesis. Study I was designed to.quantitate the effect of 

vitamin B6 or pantothenic acid deficiencies on the urinary 

excretion of deoxycytidine. Study II was designed to 

determine: if the decreased deoxycytidine excrertion seen in 

the vitamin B6 deficient rats of Study I persisted when the 

control animals were pair fed to the vitamin B6 deficient 

animals; the effect of a vitamin B6 deficiency on 

incorporation of deoxycytidine; - and how a vitamin B6 

deficiency affects the normal elevation of deoxycytidine 

excretion in rats which occurs after exposure to 

X-irradiation. 



Results from Study I demonstrated that there was a ten 

fold decrease in deoxycytidine excretion by the third week 

of the vitamin B6 deficiency and a three fold decrease by 

the fifth week of the pantothenic acid deficiency. These 

effects were reversed with repletion of the vitamins. 

Deoxycytidine excretion returned to normal in the vitamin B6 

deficient group by the end of the first week of repletion 

and in the pantothenic acid deficient group by the end of 

the second week of repletion. 

Results from Study II were more difficult to interpret 

because the control and deficient diets were not comparable. 

Analysis of the diets demonstrated the control diet to have 

only one fifth of the vitamin mix which was expected to be 

in the diet and which was in the deficient diet. This 

resulted in the control groups receiving intakes of vitamin 

B6, thiamine, riboflavin and niacin which were at 14, 64, 6 4 

and 53%, respectively, that of the NRC requirements. 

The results indicated that there was a decrease in 

deoxycytidine excretion in both the pair fed and deficient 

animals as compared to starting levels. The level excreted 

corresponded well to the level excreted by the vitamin B6 

deficient group in the first study. The ad libitum control 

animals excreted about half the level of deoxycytidine as 

the corresponding controls in the first study. 



■ Plasma PLP'values indies-ted' all of the animals were 

deficient in vitamin B6 but at slightly different levels of 

deficiency. The low deoxycytidine excretion in all of the 

animals in the second study lends support to the thesis that 

a vitamin B6 deficiency results in a decrease in 

deoxycytidine excretion which is strongly correlated to 

vitamin B6 intake. 

The affect of the deficiency on the incorporation of 

labeled deoxycytidine was assessed by measuring excretion of 

labeled deoxycytidine after the labeled animals were 

exposed to X-irradiation at 600R. It was apparent that the 

animals with the higher levels of vitamin B6 intake had the 

greatest deoxycytidine incorporation. 

The expected elevation in deoxycytidine excretion after 

irradiation treatment may have been affected by the dietary 

regime of the pair fed control animals; possibly as a result 

of a multiple vitamin deficiency or the meal feeding habit 

of these animals. The vitamin B6 deficiency did not seem to 

alter the normal pattern of elevation of deoxycytidine 

excretion following irradiation. 

A possible explanation for the decrease in 

deoxycytidine excretion may be related to the interaction 

between vitamin B6, folic acid and pyrimidine 

deoxynucleotide metabolism.   A vitamin  B6 deficiency may 



influence folate metabolism and thus thymidylate synthetase 

activity. If this occurs, deoxythymidine triphosphate can 

not be formed and thus deoxycytidylate aminohydrolase would 

be expected to become elevated since it is regulated by 

deoxythymidine levels. With high levels of deoxycytidylate 

aminohydrolase, deoxycytidylate would be converted to 

deoxyuridylate and thus less would be available for 

conversion to deoxycyitidine. 
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DEOXYCYTIDINE EXCRETION IN 

VITAMIN B6 OR PANTOTHENIC ACID DEFICIENT RATS 

I.  INTRODUCTION 

In a preliminary study Leklem (personal communication) 

observed a decrease in urinary deoxycytidine in vitamin B6 

deficient rats. My research quantitated this observation. 

A similar change occurring in pantothenic acid deficient 

animals was also quantitated. Effects of X-irradiation on 

vitamin B6 deficient rats was observed. 

A possible association between vitamin B6 deficiency 

and nucleic acid metabolism has been proposed by Axelrod and 

coworkers (1). Their work on vitamin B6 deficient animals 

has demonstrated a decreased immune response after exposure 

to an antigen. They have proposed the inhibition manifests 

itself by inhibiting pyrimidine deoxynucleotide synthesis 

through interference with folate metabolism. 

These investigators have also found that a pantothenic 

acid deficiency causes a reduced immune response but 

believe this reduction to be due to an inhibition of protein 

transport and not to an alteration in nucleic acid synthesis 

(2) . 



It.  REVIEW OF LITERATURE 

A.  Pyrimidine Deoxynucleotide Metabolism 

Deoxycytidine triphosphate (dCTP) is one of the two 

pyrimidine nucleotides found in DNA. Deoxycytidine (dC) is 

the deoxyribosyl compound that occurs in the highest 

concentration in rat blood, tissues (3) and urine (4). The 

major anabolic and catabolic pathways for pyrimidine 

deoxynucleotides in mammalian tissues can be seen in Figure 

1. 

Some of the enzymes which are important in the 

regulation of pyrimidine deoxynucleotide metabolism are 

included in the pathway in Figure 1. Reaction 1 is 

catalysed by deoxycytidylate aminohydrolase (2'-deoxy- 

ribosyl 4-aminopyrimidine 2,5'-phosphate aminohydrolase; 

E.G.3.5.4.12). This enzyme is subject to allosteric 

activation and inhibition by both purine and pyrimidine 

deoxynucleotides. This allosteric control allows for 

regulation of the pyrimidine deoxynucleotide pool (5) . The 

enzyme has been shown to be inhibited in rat embryo mince by 

high concentrations of deoxythymidine triphosphate (dTTP) 

and deoxyguanidine monophosphate (dGMP),  and  activated by 



Thyjnine 

I 
Carbamyl-B-aminobutyrate 

B-aminobutyrate 

Methyl malonate 

L-glD    ATP 
^     UXP —^—■ ^- 

ADP ^glu 
-3 2L—>CTP 

dTMP—> dTDP—frdTTP-^DNA ^— dCTP<~dCDP 

RXT   4T 

dUMP^ RXT 1 dCMP 

RXT 51 I RXT 7 i 
dU <- 

I 
Uracil 

I 

J 
iCD 

I 
RXT 8 I' 

•dC 
(some species) 

PLP 
Carbamyl-p-alanine ——> p-alanine V Malonate 

Figure 1.  Pyrimidine Deoxynucleotide Metabolism, RXT 1,2,3,4,5,6,7 ^nd 0 
require the following enzymes; deoxycytidylate aminohydrolase 
ribonucleotide reductase, nucleoside monophosphate kinase, 
thymidylate synthetase, deoxyuridine phosphorylase, thymidine 
phosphorylase, deoxycytidine posphorylase and deoxycytidine 
aminohydrolase, respectively (Adapted from Greenberq 1970). UJ 



low  concentrations of dTTP and high  concentrations of dCTP 

(5,6) . 

Through this regulation, the enzyme is able to maintain 

an optimal ratio of the two pyrimidine deoxynucleotides, 

dTTP and dCTP, which are available for DNA synthesis. 

Another pathway for the formation of deoxyuridine 

monophosphate (and thus dTTP) is the direct reduction 

(Reaction 2) and subsequent dephosphorylation (Reaction 3) 

of uridine diphosphate (7). These reactions are catalyzed 

by the ribonucleotide reductase system. 

Reaction 4 illustrates how the deoxyuridine mono- 

phosphate (dUMP) formed either by the deamination of dCMP or 

the reduction and dephosphorylation of UDP can be converted 

to deoxythymidine monophosphate (dTMP). This reaction is 

catalyzed by thymidine synthetase, an enzyme which requires 

5,10-methylene tetrahydrofolate (CH2=FH4). Figure 2 shows 

the manner in which CH2=FH4 is involved in this reaction and 

how it is regenerated. The CI^^FH^ acts as a source of 

reducing power and a one-carbon source for the methylation 

of dUMP. 

The major points of catabolism for pyrimidine 

deoxynucleotides begin with the dephosphorylation of dUMP, 

dTMP and dCMP (Figure 1, reactions 5, 6 and 7, 

respectively). Rats are not able to degrade dC further, thus 

there is an accumulation and subsequent excretion of this in 
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Metabolism. RXT 1,2,3 and 4 require the follow 
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urine. Of the deoxyribosyl compounds found in rat urine, dC 

occurs in the highest concentration representing about 60% 

of the total excreted. This is followed by 

5-methyldeoxycytidine and deoxyuridine representing 20% and 

10-15% respectivly (4). The level of these compounds found 

in the urine is species dependent since animals have varying 

levels of the enzymes responsible for degrading the 

nucleotides. In particular, the hamster, calf and human have 

been found to have a much higher concentration of liver 

deoxynucleotide deaminase (cytidine: deoxynucleotide 

aminohydrolase; E.G.3.5.4.5) than the rat (8,9). The 

activity of this enzyme in the liver of human, calf, golden 

hamster and rat has been reported to be 583+842, 80+155, 

190+38.3 and 2.6+2.2nmoles/g/min, respectively (9). This 

enzyme is responsible for the deamination of dC (reaction 

8). Further degradation of the compound to CCU occurs in the 

hamster (8,10). The high enzyme activity in the human would 

suggest a similar fate for dC in the human. This is 

supported by the extremely low urinary excretion of dC found 

in humans. An excretion of 9-44nmoles/day has been reported 

for humans (11). In contrast, male Wistar rats weighing 

16Og have been reported to excrete an average of 

2.7pmoles/day under normal conditions (11). 



The nucleotides dC, dU and thymidine are reused via 

salvage pathways. They can be phosphorylated and reenter 

the deoxynucleotide pools. Thus deoxycytidine radioisotopes 

can be used to label DNA (12). The enzyme thymidine kinase 

(ATP:thymidine 5'-phosphotransferase; E.C.2.7.1.21) cata- 

lyzes the phosphorylation of dU and thymidine. The enzyme 

deoxycytidine kinase (NTP:deoxycytidine 5'phosphotrans- 

pherase; E.C.2.7.1.74) catalyzes the phosporylation of dC. 



B.  Irradiation and Deoxycytidine Metabolism 

X-Irradiation is known to affect nucleic acid synthesis 

and degradation. It has been found that following whole 

body irradiation, many mammals including the mouse (12), rat 

(12,11) and human (11,14) excrete elevated amounts of dC. 

Excretion of du and thymidine were also found to increase 

under these conditions in both the rat and the mouse (12). 

In the rat this increase has been reported to be linear up 

to a dose of 300R (15) . 

In the investigations into the mechanism of the 

increased excretion of these deoxynucleotides, researchers 

have found an increased degradation of DNA and thus an 

increase  in  the  release  and excretion of the nucleotides 

(12).  DNA was  labeled  in  rats  and mice  in  vivo  by 
i 4 

administration  of  _ C-dC.   The  labeling  procedure  was 

followed by whole body  irradiation  and  the  animals  were 

found to have an  increased excretion of several labeled 

nucleotides. This indicated that  it was  the  preexisting 

nucleotides   in  the  DNA which were  affected by  the 

irradiation and not  a change  in  the  synthesis  of  the 

compounds  excreted.  In the treated rats used in the study, 

excretion of labeled dC, du and thymidine was 82%,  72%  and 



61%/ respectively, higher than that of the control animals. 

It would appear that the loss of radioactivity from labeled 

DNA in lymphoid tissues and other radiosensitive tissues 

accounts for all of the dC excreted following whole body 

irradiation (15). Other radiosensitive tissues include 

spleen, thymus and intestine. 

In addition to the deoxynucleosides mentioned above, 

the nucleic acid metabolites uric acid, xanthine and p-amino 

isobutyric acid are also excreted in elevated amounts 

following irradiation (15). Another effect of irradiation 

is a temporary loss of appetite immediately following 

irradiation treatment. This is accompanied by a decrease in 

mobility and tonus of the intestinal tract, a delay in 

gastric emptying and an increase in stomach weight (15), 

which is at least, in part, a result of regurgitation of 

intestinal content into the stomach. However, transit time, 

is not altered. The intestine, being one of the 

radiosensitive tissues, is extensively damaged following 

high doses of whole body irradiation and thus with severe 

damage,absorption of nutrients can be impaired. 

The major contribution of experiments on irradiation 

in relation to the study presented in this thesis is the 

development of techniques for assessing dC concentration of 

urine. The technique used in this thesis was described by 

Chen  et  al.    (11,13,16)   and  involves  ion exchange 
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chromatography. The dC is separated on cation and anion 

exchange resins and then a spectrophotometric detertination 

of the deoxyribose portion of the compounds is carried out 

(13,16). The colorimetric determination employed involves 

the use of thiobarbituric acid (TBA). The detection limit 

for the determination of dC is lyig dC/lOml of urine (11) . 

This sensitivity allows for detection dC in rat urine, but 

is too insensitive to detect the low levels found in human 

urine. Chen et al. has modified the procedure to measure 

the low dC concentration in human urine (11). 
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C.  Vitamin Deficiencies and the Immune System 

The tissues of the immune system have a rapid rate of 

turnover. Thus there is a high activity of cell 

proliferation and nucleic acid synthesis. As a result, 

factors which affect nucleic acid synthesis also affect the 

immune system. 

A number of vitamin deficiencies have been found to 

inhibit the normal expression of the immune response (1). 

These include pantothenic acid, folate and vitamin B6 

deficiencies. Some of the physiological manifestations of 

the deficiencies with respect to the immune system are 

similar. For example, there is an inhibition of the normal 

antibody response following an antigen challenge. The cause 

of the inhibition is thought to be different for the 

different vitamins. 

1.  Pantothenic Acid 

Pantothenic acid deficiency is thought to exhibit its 

effect by inhibiting transport of newly sythesized proteins 

from the intracellular compartments where they are produced. 

Two major studies appear in the literature which support 

this  theory.   Axelrod  and  Trekatellis   (2,17)   found 
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differences in protein labeling patterns of smooth and rough 

endoplasmic reticulum (SER and RER, respectively) between 

control and pantothenic acid deficient rats. RER and SER 

were examined after varying pulse periods with C-14 labeled 

amino acids. Normal rats exhibited an initial increase of 

C-14 on RER followed by a slower increase in C-14 on SER. 

Deficient rats showed a simultaneous increase in C-14 on 

SER and RER with a higher specific activity on SER. The 

authors interpreted this to mean that the normal secretion 

of protein from SER was inhibited in the pantothenic acid 

deficient  animals, thus causing an accumulation on the SER. 

In addition to these differences in labeling of the 

endoplasmic reticulum, serum proteins were shown to be 

affected. For example, the in vivo incorporation of labeled 

amino acids into serum albumin was decreased in the 

pantothenic acid deficient rats (17). However, polysomes in 

these deficient rats were similar to those of the control 

rats, both in concentration and in vitro activity. Thus, 

protein synthesis does not seem to be impaired, but release 

of the protein may be reduced. 

There is evidence that in cases of pantothenic acid 

deficiency, the inhibition of the immune system manifests 

itself at the cellular level (2). The ability of the spleen 

to clear complexed antigens is not impaired in the deficient 

rat,  but  there are  fewer antibody  forming cells (AFC) 
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produced in response to an antigen challenge in the 

deficient rat. .Axelrod and coworkers postulated the reduced 

production of AFC could be a result of inhibition of 

protein secretion. They suggest that either the normal 

stimulation of AFC production by thymus derived immune cells 

may be inhibited in the deficient rats (perhaps as a result 

of inhibition of protein excretion) or AFC antibody 

production may be affected. It has also been reported that 

the lymphoid population of spleens in pantothenic acid 

deficient chicks is dramatically reduced. In addition, the 

bursa of Fabricius and thymus of these animals contained 

many necrotic lymphocytes (18). 

2.  Vitamin B6 and Folic Acid 

Both vitamin B6 and folic acid deficiencies have been 

found to inhibit the normal response of the immune system. 

An interrelationship between pyridoxal phosphate (the active 

form of vitamin B6) and folic acid metabolism can be seen in 

Figure 2. This point of interaction between these two 

vitamins is believed to be related to the observed 

inhibition of the immune system. 

A vitamin B6 deficiency like a pantothenic acid 

deficiency has been shown to decrease the normal AFC 

production in response to an antigen challenge.   Unlike  a 
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pantothenic acid deficiency, a vitamin B6 deficiency results 

in the inhibition of RNA synthesis and a decrease in 

polysome activity (1,19). Incorporation of orotic acid, a 

precursor to pyrimidine nucleotides, into RNA is impaired in 

vitamin B6 deficient rats (19). This may reflect a decrease 

in the availability of pyrimidine compounds for RNA and DNA 

synthesis. In this study (19), total RNA content was also 

decreased (especially mRNA) as well as total polysomes. 

Another group of researchers found pyridoxal phosphate to 

be bound to DNA, and have suggested a possible role of 

pyridoxine in DNA repair (20,21). 

Several studies have been carried out which relate 

vitamin B6 deficiency to impaired cell production. This 

impairment often manifests itself in rapidly proliferating 

cells. In particular, the normal expression of the immune 

system (15) and tumor growth (22) have been found to be 

inhibited in vitamin 36 deficient animals. Both of these 

processes require cell division and therefore nucleic acid 

production. Reactions one and two in Figure 2 illustrate one 

manner in which pyridoxine is involved in nucleic acid 

synthesis and related to folate involvement in nucleic acid 

synthesis. 

Both reactions one and two of Figure 2 require 

pyridoxal phosphate dependent enzymes and are involved in 

pyrimidine deoxynucleotide synthesis.  The CK-=FH. produced 
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by these reactions is further metabolized to 5,10 methenyl 

tetrahydrofolate and used for purine synthesis. Reaction 

one involves serine hydroxymethylase (E.C.2.1.2.1) which 

catalyzes the methylation of tetrahydrofolate (FH^) via the 

C-1 fragment derived from serine. Reaction two involves the 

Glycine Cleavage Complex and catalyzes the methylation of 

FH4. In this reaction, the C-1 fragment is derived from 

glycine (2 3). Reaction one is believed to be the major 

pathway under normal conditions. Reaction two, believed 

to be more active during gluconeogenesis (23), is thought to 

be the major processes by which glycine carbons are 

converted to glucose. 

Axelrod and coworkers (1,22) have proposed that a 

deficiency of pyridoxine affects deoxynucleotide synthesis 

by interfering with the C-1 fragment production from serine 

(Figure 2, reaction one). These researchers reported a 

decrease   in   the   incorporation   of   serine-3-  C, 

thymidine-CH -"'C,   adenine-  C and du-  C and an increase in 
14 

the incorporation of formate- . C into RNA and DNA in the 

liver  and  spleen of  pyridoxine  deficient rats.   They 

suggested these changes in pyridoxine deficient animals may 

in part be  related to the decreased production of the C-1 

fragment via the serine-hydroxymethylase reaction. 
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Takami and coworkers (24) have reported a decrease in 

serine-3--^C incorporation into DNA of regenerating liver in 

pyridoxine deficient rats. These investigators also 

observed a decrease in the activity of serine dehydratase 

(E*C,4.2.1.12), an enzyme responsible for degrading serine. 

Further investigation demonstrated liver serine 

concentration to be elevated in the deficient animals. In 

addition, no change in the activity of the serine 

hydroxymethylase was found. They thus attributed the 

difference in serine incorporation between control and 

pyridoxine deficient rats to the unusually high serine 

concentration in the deficient rats (about 30% greater in 

the deficient than the control rats). This high 

concentration would presumably dilute the labeled serine, 

thus making the total serine incorporation appear to be 

less. Other investigators have also reported a decrease in 

the activity of serine dehydratase (25,26) and an increase 

in liver serine concentrations (27) in pyridoxine deficient 

rats. 

It has also been reported (28) that both a vitamin B6 

and folic acid deficiencies in rats significantly increased 

survival of skin grafts. This is presumed to be a result of 

interference with the normal response of the immune system 

in forming antibodies against the foreign skin grafts. The 

authors  suggested that the effect of pyridoxine deficiency 
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on the immune system may be a result of interference with 

folic acid metabolism via the hydroxymethylase reaction. 

Other investigators (24) found that the administration 

of folate antagonist, amethopterine—as with a pyridoxine 

deficiency—did not interfere with liver regeneration. 

Liver regeneration involves cell proliferation, nucleic acid 

synthesis and, therefore, nucleotide production. 

It has been reported that certain enzymes are elevated 

in neoplastic tissues, including embryo and regenerating 

liver (29,30). Such enzymes include deoxycytidylate 

aminohydrolase and thymidine synthetase (Figure 1, reaction 

1 and 4). These enzymes are related to folic acid, 

pyridoxal phosphate and pyrimidine deoxynucleotide 

metabolism. If these enzymes are adaptable, it is possible 

that their activity could be increased in a deficiency of 

these vitamins in an attempt to overcome an inhibition of 

dTTP production.  This has not been studied. 

Folate antagonists such as aminopterin and 

amethopterine interfere with pyrimidine deoxynucleotide 

metabolism (see Figure 2). These compounds are thought to 

inhibit the conversion of dUMP to.dTMP by interfering with 

folate reductase (31,32). Other folate antagonist such as 

5-fluoro- 2'-dexoyuridylate inhibit thymidylate synthetase 

(5). Thus there is a general consensus that pyridoxine and 

folate deficiencies inhibit the normal immune response by 

interfering with nucleic acid production. 
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D.  Vitamin B6 

The active form of vitamin B6 is usually pyridoxal 

phosphate (PLP) and occacionally pyridoxamine phosphate, 

which are cofactors for over 60 enzymes (33,34). The 

majority of these enzymes are involved in protein and amino 

acid metabolism. PLP usually binds with a lysine residue on 

the enzyme (34). One of the major types of reactions 

catalyzed by PLP dependent enzymes is transamination (3 3). 

Transaminases catalyze reactions which involve transfer of 

alpha amino groups from amino acids to keto acids, usually 

alpha ketoglutaric acid, producing glutamic acid and a new 

keto acid. Decarboxylation is another important reaction 

catalyzed by PLP dependent enzymes (33). These reactions 

involve removal of carboxyl groups from amino acids to form 

amines. Two compounds produced by such a reaction (33) are 

serotonin (5-hydroxytryptamine) and gamma-aminobutyric acid 

(GA3A). Other PLP dependent reactions include 

transsulfuration, racemization, cleavage, synthesis and 

dehydration (35). 

In addition to its function as a cofactor, PLP has been 

reported to be involved as a structural part of the enzyme 

glycogen phosphorylase (33,36). It has been suggested that 

this enzyme serves  as  a  storage  form of  PLP  (37).   A 
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possible role for PLP as an allosteric effector for 

aldolase, glutamate dehydrogenase and hexokinase has been 

proposed since PLP is known to inhibit these enzymes (32). 

PLP is required in - porph.yrin. formation (32,38). 

Specifically, PLP is required for the decarboxylation 

reaction which forms delta-aminolevulinic acid, an 

intermediate in porphyrinr synthesis. Thus hemoglobin 

synthesis is affected and hypochromic microcytic anemia can 

develope in pyridoxine deficiency (39). PLP is also 

required in sphingosine synthesis (40). Sphingosine is a 

precursor to sphingolipids which are important in membrane 

structure. In addition, there are PLP requiring enzymes in 

the conversion of tryptophan to niacin (33,41). Thus, PLP 

is involved in maintaining niacin status. And as previously 

demonstrated, PLP is involved in folate metabolism. 

These examples of PLP involvement illustrate the wide 

distribution and varied function of pyridoxine in the body 

and give some idea about the effect of a- deficiency of this 

vitamin on the maintance of normal metabolism. Deficiency 

signs include anorexia (33), poor growth (42), dermatitis 

(42), hypochromic microcytic anemia (39), convulsive 

seizures (33), decreased plasma growth hormone levels, 

(43,44,45), decreased insulin response (34), abnormal 

carbohydrate metabolism (34,46), abnormal lipid metabolism, 

decreased  insulin  response  (34,47),  hypertrophy of the 
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adrenal gland, (34,42), altered nucleic acid metabolism 

(1,19) and abnormal amino acid metabolism (34). The poor 

growth and decreased growth hormone levels are abolished by 

pair feeding. The decrease in insulin response is abolished 

by administration of glucocorticoids and the abnormal lipid 

metabolism is thought to be an indirect response. 

There are a number of methods used to assess vitamin B6 

status. Those used in this study are discussed in some 

detail below. In general, vitamin B6 status is assessed by 

measuring excretion of tryptophan and methionine 

metabolites, 4-pyridoxic acid, the major metabolite of PLP 

in the urine, and the different froms of the vitamin 

(33,34). In addition, activity of erythrocyte transaminases 

are assessed with and without PLP included in the assay 

media. In more recent literature, plasma PLP is measured. 

1.  Plasma Pyridoxal Phosphate 

Although plasma pyridoxal phosphate levels have been 

mentioned in the literature for over two decades, the 

methodology has only recently been modified to a sensitivity 

that will allow it to be useful in assessing low plasma 

levels. This is especially true for human plasma which has a 

relatively low PLP level. in contrast to the rat plasma 

level which is about ten times  the  level  found  in human 
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plasma (48). Values for plasma PLP in rats and humans are 

73-245 and 5-30ng/ml, respectively (48,49). The plasma PLP 

levels in vitamin B6 deficient rats has been reported to be 

4.5-6ng/ml. 

The modified procedure involves the use of radioactive 

tyrosine which serves as a substrate for the PLP requiring 

enzyme tyrosine decarboxylase (50). The radioactive CO2 

which is evolved is trapped and counted. The sensitivity of 

detecting changes in content of radioactive CCU is much 

greater than that of the older method which did not employ 

the radiotracer compound. 

In the last six or seven years, the new method has been 

recognized as a useful method for assessing B6 status. It 

is a much more direct means of assessing body stores than 

many of the other methods mentioned previously. 

It has recently been observed that PLP binds to human 

(51), dog (51), and bovine (52) plasma albumin which is 

thought to be the major transport form of the vitamin. PLP 

is known to remain very constant in the plasma with a 

constant dietary intake and is believed to be regulated by 

PLP levels in red blood cells (53). Blood PLP may serve as 

the intermediate between PLP produced in the liver and that 

subsequently distributed to the tissues. Plasma PLP has 

been shown to decrease with vitamin 36 deprivation. The 

relation of plasma PLP levels to B6 status corresponds well 
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with a similar relationship of other more conventions! 

measurements of vitamin B6 status such as tryptophan 

metabolism and erythrocyte transaminase activities  (54,55). 

2.  4-Pyridoxic Acid 

Huff and Perlzweig (56) reported the isolation, identi- 

fication and synthesis of 4-pyridoxic acid (2-methyl 

3-hydroxy 4-carboxy 5-hydroxy methylpyridine) and identified 

it as a metabolite of vitamin B6 in 1944. Since that time 

the quantitation of 4-pyridoxic acid (4-PA) in 24hr urine 

collections has become a a useful means of assessing vitamin 

B6 metabolism. 4-PA reflects metabolism of ingested vitamin 

B6 (57). 

From one report in the literature (58) it can be 

calculated that between 20 and 45% of pyridoxine in the diet 

of male Wistar rats was excreted as 4-PA. In vitamin B6 

deficient male Wistar rats between 21 and 115% of the 

pyridoxine in the diet was excreted as 4-PA. Two protein - 

levels, 10 and 70%, were fed in this study. Total 4-PA 

excretion and the ratio of 4-PA excretion to vitamin B6 

intake was higher at the high protein than at the low 

protein intake. 

Another study in rats reported urinary 4-PA to 

represent 18.6% of the total radioactive compounds excreted 

following  intraperitoneal  injection of labeled pyridoxine 
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(59). The protein level in the diet of these animals was not 

given. The 4-PA represented only 8.1% of the total labeled 

pyridoxine administered in the first 24 hours following its 

injection. 

In human urine, 4-PA accounts for 30-5 0% of the 

pyridoxine ingested (60). Variations in methodology used to 

assess urinary 4-PA concentration could influence the value 

obtained (61,62). 

3.  Tryptophan and Methionine Metabolism 

With the initial identification of some of the urinary 

tryptophan metabolites by Dalgliesh et al. (63) in the 

1950's, a new tool for assessing tryptophan metabolism 

became available. Subsequent studies demonstrated the 

usefulness of the quantitation of the urinary metabolites in 

assessing vitamin B6 status. A "load" of tryptophan 

stresses the vitamin B6 requiring enzymes in the metabolic 

pathway of tryptophan. This results in abnormal excretion 

of a number of the metabolites especially in vitamin B6 

deficiency. Figure 3.illustrates the postulated metabolic 

pathway for tryptophan and includes the vitamin B6 requiring 

enzymes Table 1 illustrates species differences in excretion 

patterns of some of the tryptophan metabolites in vitamin B6 

deficient  animals  following  a  tryptophan  load.    Of 
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particular interest is the fact that in all species listed 

xanthurenic acid (XA) excretion is elevated in vitamin B6 

deficient animals following the tryptophan load. Kynurenine 

and hydroxykynurenine are also both elevated in vitamin B6 

deficiency in all species listed. However, kynurenic acid 

(KA) excretion is more variable as it is found to be 

elevated in some species but not in others. 

Along this same line of thought, it has been reported 

that there is some strain variation among the same species 

in methionine metabolism (68). Like a tryptophan load test, 

a methionine load test can be used to assess vitamin B6 

status. The metabolism of methionine requires vitamin B6 and 

a vitamin B6 deficiency can cause abnormal excretion of its 

metabolites. Cystathionine is the metabolite most often 

elevated following a methionine load test. It has been 

reported (68) that a vitamin B6 deficiency in Wistar and 

Long-Evans rats results in a very high excretion of 

cystathionine following a methionine load (20-30 times the 

control animals) . In contrast, vitamin B6 deficient 

Sprague-Dawley rats show a relatively small increase in 

excretion (2-3 times the control animals). It would seem 

feasible that there are also some strain differences in 

tryptophan metabolism. This possibility will be discussed 

later. 
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III.  MATERIALS AND METHODS 

The objective of this study was to assess the changes 

in excretion of dC in pyridoxine and pantothenic acid 

deficient rats and to establish the presence of a pyridoxine 

and pantothenic acid  deficiency through dietary means. 

A.  Study I 

In the first study, 30 male Wistar rats weighing 

80-ll5g were divided into three groups of ten rats each: 

Group I, control; Group II, pyridoxine deficient; and Group 

III, pantothenic acid deficient. The animals were fed a 

semisynthetic diet containing 22% casein, 48% cerelose, 25% 

fat (Mazola oil), 4% H.M.W. salts (69), 1% corn starch and 

a vitamin mix. 

The diets were prepared by B. Ott through the 

direction of J. Rosenkoetter (B. Amberg' for Study II), 

administrator of the Environmental Health Science Center 

Small Animal Facility, Oregon State University. The diet is 

the standard semisynthetic experimental diet used by the 

animal facility. The pantothenic acid and pyridoxine-HCl 

were supplied by the department of Foods and Nutrition. 

Appendix I lists the components of the diet and their 

manufacturers. 
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The diets were adequate in all nutrients except the 

deficient diets which were deficient in either pyridoxine or 

pantothenic acid. The pyridoxine content was measured to be 

4.9 and 5.0>ig/g in the control and pantothenic acid diets, 

respectively, and Q.l]ig/g in the pyridoxine deficient diet. 

The pyridoxine in the deficient diet was supplied by that 

in the vitamin free casein. Pantothenic acid content of the 

control and pyridoxine deficient diets as prepared was 

40)ig/g. The diet was not analyzed for pantothenic acid. 

The room housing the animals was windowless and 

subjected to a 12hr light-dark cycle. The light cycle was 

8:00 AM until 8:00 PM. The animals were housed in stainless 

steel wire bottomed wire cages and fed ad libitum. Food 

consumption was measured weekly. Body weights were measured 

three times a week. 

The study lasted eight weeks. The deficient diets were 

fed to Groups II and III for the first five weeks. At the 

beginning of week six, these two groups were switched to the 

control diet for the remaining three weeks of the study. 

The control diet was fed to Group I for the entire eight 

weeks of the study. A bulking agent (2% Sulfa flo) was 

added to the diet in the second week of the study because 

some of the animals developed diarrhea. 
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At the end of week five, four animals from each group 

were sacrificed by decapitation. Blood was collected in 

heparinized tubes, and plasma and red blood cells were 

separated. Plasma was stored frozen until analysis. At the 

end of week eight, all remaining animals were sacrificed and 

blood was collected as previously described. 

Weekly 24hr urine collections on eight to ten of the 

animals were carried out on the first day of each week in 

plastic metabolic cages (model 1 - 100 manufactured by 

Maryland Plastics, Inc.) for the first five weeks and on all 

remaining animals for the last three weeks of the study. 

One half ml of 5% acetic acid was used as a preservative in 

the urine collection flasks. Urines were collected by 

rinsing the cages with distilled water several times and 

filtering the urine and the rinses into plastic bottles. 

The urines were stored frozen until analysis. Body weights 

were obtained three times a week. A tryptophan load test 

was administered at the end of week five to assess 

pyridoxine status. A load of 26mg of L-tryptophan was 

injected intraperitoneally. At this time, 24hr urines were 

collections were carried out prior to and following the 

tryptophan load. Figure 4 illustrates the experimental 

design used in this study. 
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B.  Study II 

In the second study, 18 male Wistar rats weighing 

z2-66q were divided into three groups of six rats each: 

Group I, pyridoxine deficient, Group II, pair fed control 

and Group III, ad libitum control» The diets were prepared 

by B. Ott as previously described with the bulking agent. 

After completion of the study it became apparent from the 

data that something was wrong with the diet. Subsequent 

analyses of the pyridoxine and thiamine in the diets led to 

the conclusion that the vitamin mix was incorrectly added to 

the control diet. It appeared that the vitamin mix in the 

control diet was only about one-fifth of that expected. The 

vitamin levels in the pyridoxine deficient diet were as 

expected. The pyridoxine contents of the control and 

pyridoxine deficient diets were 1.6 and 0.5ug/g, 

respectively^ as analyzed. The slightly higher pyridoxine 

content of this deficient diet as compared to that from the 

first study, can be attributed to a different batch of 

casein. 

The duration of Study II was six weeks. The control 

diet was fed ad libitum to all animals for one week.. During 

the remaining five weeks the pyridoxine deficient diet was 

fed to Group I. The rats in Groups I and II were matched by 

weight and Group II was pair fed the control diet. Group 

III was fed the  control diet ad  libitum throughout the 
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study. Body weights were obtained daily and food consumption 

was measured daily for pair feeding purposes. Food spillage 

was assessed weekly and weekly food consumption was 

corrected by taking into account the spillage. Weekly 24hr 

urine collections were carried out as previously described. 

The second day of week six all of the rats recieved a 

luCi injection of 2-l4C-dC intraperitoneally. The labeled 

dC was diluted with saline to a concentration of 1 uCi/0.5 

ml prior to injection. Twenty four hour urine collections 

were carried out following the injection and for two days 

after the injection. These collections were carried out in 

stainless steel metabolism cages. The third day after the 

injection half of the rats from each group were subjected to 

600 R of whole body x-irradiation delivered by a General 

Electric 300-keV peak X-ray unit. The exposure rate was 52 

R/min. Dr. D. J. Kimeldorf of the OSU Radidation Center 

administered the treatment. All animals were irradated 

simultaneously in a multiple-unit plexiglass cage. The 

nonirradiated rats were subjected to a sham treatment. 

Twenty four hours after irradiation, animals were sacrificed 

as previously described for study 1. Figure 5 illustrates 

the experimental design for this study. 

Manufactured by New England Nuclear 
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WTCEK 0 1 2 3 4 5     6 
DAY -7 1 8 15 22 29     36 
URINE . XX X X X X XXX 
■^C-dC INJECTION x 
IRRADIATION x 
SACRIFICE • x 
dC ANALYSIS X X XXX 
PLP ANALYSIS x 14C ANALYSIS X X 

DIET 
ad lib C  

c— -_————^ pair fed 
v B6D C   ^D  _——. —_____.   4 

Figure 5.  Experimental Design, Study II..- 

ad lib,pair fed,B6D see Appendix 10 

C and'D represent control and deficient diet, respectively. 
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C.  Analyses 

The urine was analyzed for dC using a modification of 

the  procedure  as  described by Chen et  al.   (11,14). 

Deoxycytidine was separated on  cation  and  anion exchange 

resins. One third of a 24hr urine sample was acidified to pH 

1.5 with HC1 and applied to  a  IXlOcm Dowex-50-H+  column. 

The  column was washed with three 20ml water rinses and the 

dC eluted with the last 30ml of a 60ml 0.5  N  NH4OH  rinse. 

This  30ml  fraction  containing  the dC was eluted directly 

onto a lX4cm Dowex-1-OH~ column.  Dowex-1-OH- was  prepared 

by washing Dowex-l-Cl~ with NaOH until the silver nitrate 

test for chloride was  negative.   The  dC was  immediately 

eluted  from this  column with an additional 60ml of 0.5 N 

NH OH. 
4 

This latter fraction was then dried by rotary 

evaporation. The dried residue was redissolved in 3ml of 

0.01 N HC1 and acidified to pH 2.4+0.1 with HC1. A volume 

of sample containing between 1 and 30ug dC/ml (0.2-1.0ml of 

sample) was digested in a boiling water bath for two hours 

to hydrolyze the ribose sugar from the dC. The colorimetric 

TBA analysis was carried out on this fraction as described 

by Chen et al. (11,14). Ribose and dC standards ranging 

from 1 to 34>imole/l were used to establish standard curves 

for the TBA analysis. The dC standards were hydrolyzed 

along with the sample and the corresponding standard curve 
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was used to calculate dC content of the samples. Reagents 

used in the TBA analysis were reagent grade thiobarbituric 

acid, <ribose, arsenic acid, periodic acid and deoxycytidine 

(see Appendix 11 for manufacturers). 

Urine analysis also included determination of 

4-pyridoxic acid (4-PA), the major pyridoxine metabolite in 

the urine. Kynurenic acid (KA) and xanthurenic acid (XA) 

were determined on the post tryptophan urines from Study I. 

Analyses of these three compounds involved separation on ion 

exchange resins followed by fluorometric determination with 

an Aminco Bowman Spectrophoto Fluorometer (61,70). The 

excretion levels of these three compounds were used to 

evaluate pyridoxine status. Reagent grade 4-pyridoxic acid, 

xanthurenic acid and kynurenic acid were a gift from Dr. R. 

R.  Brown, University of Wisconsin. 

Creatinine was also determined on all urines as 

described by Pino et al. (70). This served as an index of 

the completion of the collection. Urines from week 5 of the 

second study were analysed for C-14. In addition, all 

rinses collected during the dC fractionation were counted. 

Counting was done on a Beckman LS-3133P liquid scintillation 

counter using ANPO (Appendix I) as a fluor. Preliminary 

studies on the methodology led to the discovery that du and 

thymidine were eluted in the first rinse off of the 

Dowex-50-H column. Thus special interest was taken in the 

analysis of this fraction as it served as a crude estimation 
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of the dU and thymidine excretion. 

Blood analysis included plasma pyridoxal phosphate 

(PLP) as described by Rose (50). Determination of plasma 

PLP levels were done by Terry Schultz. PLP was assessed by 

a radiotracer procedure involving conversion of labeled 

tyrosine to labeled CO by a plasma pyridoxal phosphate 

dependent enzyme, tyrosine decarboxylase (L-tyrosine 

carboxylyase, E.G.4.1.1.25) isolated from S. faecalis. The 

labeled CO> ,was trapped in an organic base and the sample is 

counted in a liquid scintillation counter. 

Pantothenic acid status was assessed on the basis of 

growth and appetite changes. Pyridoxine was determined in 

the  diets  by  the  microbiological  assay  involving 

Saccharomyces caplsbergensis   (72,73).    Thiamine  was 

determined by the thiochrome method (74,75). 

Data analysis included student's t tests using a two 

tailed distribution (76) to determine significant 

differences between experimental groups and weeks in any of 

the parameters measured (4-PA, KA, XA, dC and PLP) The 

methods of least squares was used to determine the degree of 

correlation between dC and 4-PA excretion, weight and dC 

excretion, dC excretion and diet consumption, dC excretion 

and growth rate (^BW), dC excretion and PLP and dC excretion 

and vitamin B6 intake. 
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IV.  RESULTS 

A.  Study I 

GROWTH AND FOOD CONSUMPTION: In Study I, growth and food 

consumption by the deficient groups began to decrease by the 

beginning of week two. The change in body weight (^BW) in 

grams per week can be seen in Table 2 and Figure 6. This 

ABW was always positive in all groups throughout the study. 

However, the ABW for the deficient groups was smaller than 

that of the control group even during week one. The ^BW for 

the control, pyridoxine deficient (B6D) and pantothenic acid 

deficient (PAD) groups during week one was 39, 24 and 

26g/wk, respectively* The control group continued, to grow 

at about the same rate until week four when their.^BW began 

to decline until it was only about 17g/wk by the end of the 

study.. In the B6D group the ^BW declined steadily 

throughout the deficiency period with a. gain of only 5g/wk 

during week five... During week six, after the. deficient 

groups were put back on the control diet, the ^BW. for the 

B6D group increased to 47g/wk-» A similar but less dramatic 

trend was seen with the PAD group. Their j^BW was down to 

20g/wk  by the end of the deficiency and increased to 19g/wk 
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Table    2 .    Change in Body Weight (g/week), Study I 

Week Control n B6D n PAD 

1-2* 39 + gCf 9 24 t4
C 10 26 + 5f 10 

2-3 39 + 13bd 9 ' 24 t3
b 9 26 + 5d 9 

3-4 40 + 6cf 9 12 ; 7C9 9 22 + 8f9 9 

4-5 28 + 4cf 9 6 ^6ch 9 16 + 7fh 9 

5-6 28 + 5C 9 5 + 2cg 6 20 + 13g 6 

6-7 29 + 6cd 5 47 t 5° 6 39 + 9d 6 

7-8 16 + 5cd 
5 28 t2

c 6 27 + 7d 6 

8-9 17 4- 3C 5 42 + 6C9 6 19 + 29 6 

Control,  n,  B6D,  PAD, See Appendix   10   for explanation of abbreviations. 

See Appendix   3   for interpretation of superscripts. 

*This  refers  to  the change  in body weight between the  indicated 
weeks. 
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Figure 6.  Change in Body Weight, Study I 
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during the first week on the control diet. By the end of 

the study, the ^BW for B6D and PAD groups was 42 and 19g/wk, 

respectively. 

Final body weights (BW) were comparable for the two 

deficient groups and although they grew very rapidly during 

the last four weeks, they never reached the BW of the 

control group. As can be seen in Table 3, the body weights 

at the beginning of the study were 99, 89 and 94g, at the 

end of the deficiency, 272, 163 and 202g and by the end of 

the study, 334, 281 and 287g for control, B6D and PAD 

groups, respectively. Figure 6 illustrates the change in 

body weight over time. Note that during the deficiency 

period, the increase in weight for the B6D group leveled off 

by week three, while that for the PAD group continued to 

increase but at a slower rate than that of the control 

group. During the repletion period, both the PAD and the B6D 

groups demonstrated a rapid and dramatic increase in rate of 

growth which persisted through to the end of the study. 

Food consumption expressed in g/day and averaged over 

the week can be seen in Table 4 and Figure 8. The food 

intake for the control group slowly increased from 15g/day 

in week one to 22g/day in week seven. Food intake for the 

B6D group was only ll-12g/day during the deficiency period 

but increased to 22g/day during week seven. It appeared 

that the appetite of the PAD group was  not  as  severely 
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Table 3 . Body Weight (grams), Study I 

Week Control n_ B6C I n_ '     f 5A0 n_ 

1 99 + 13a 9 89 + 5a 10 94 + 12 10 

2 138 + 14CS 9 113 + 8C 10 120 +■ 16e 10 

3 176 ■h iacs 9 138 + 9C 9 145 + 
a 

19^ 9 

4 216 + 17cf 9 150 + 10C3 9 166 + 25f9 9 

5 244 + 16cf 9 156 + 12ch 9 183 + 25fh 9 

6 272 + 1 7cf 9 163 + Hch 6 ■202 + 20 fn 6 

7 301 + 19cf 5 210 ■i- 15cg 5 241 +• 21 f9 6 

a 317 + 19ce 5 239 -K 15C 6 268 + 26- 6 

9 334 + 17C9 5 281 + 17c 6 287 + 25a 6 

Control n, 86D, PAD, see Appendix 10. 

See Appendix 3 for interpretation of superscripts. 

The body weights are those taken on the first of the 
indicated week.  The B6D and PAD groups were switched 
to the control diet at the beginning of week six. 
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Figure 7.  Body Weights, Study I 
Control, B6D, PAD see Appendix 10 to 
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Table 4 . Food Consumption (g/day). Study I 

Week Control* n* B6D* n 1 3AD* ri_ 

1-2 15 + lcf 9 12 + 1C 10 11 + 3f 10 

2-3 18 + 2cf 9 12 + 19 10 14 + 2f 10 

3-4 20 + 2ce 9 11 + lCi 9 17 + lei 9 

4-5 20 + 2cf 9 11 + 2i 9 16 + 1fi 9 

5-6 21 + 2cf 9 11 + 2ch 
9 15 + 2fh 9 

6-7 23 + lcf 5 17 + lc 6 18 + lfh 6 

7-8 21 + 1 5 20 + 2 6 19 + 2 6 

8-9 22 + 2 5 22 + 1 6 21 + 2 ■6 

Food consumption is averaged over the week. 

See Appendix 3 for the interpretation of the superscripts 

* 
Control, n, B6D, PAD, see Appendix 10 
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affected by the deficiency as that of the B6D group. Unlike 

the B6D group, the PAD group increased their food 

consumption until week three at which time food consumption 

began to decrease and continued to decrease until the end of 

the deficiency period. 

VITAMIN B6 STATUS: Pyridoxine deficiency was assessed by 

measuring various biochemical parameters. These included 

plamsa PLP, urinary 4-PA and urinary tryptophan metabolites. 

Values for PLP can be seen in Table 5. The plasma PLP 

values of the animals sacrificed at the end of the 

deficiency period demonstrated that the B6D- rats had a 

marked reduction in PLP circulating in the blood with only 

4.5+1.5ng/ml of plasma compared to 108.3+33.0 and 

112.6+49.5ng/ml of plasma for the control and PAD animals, 

respectively. There was no significant difference in PLP 

levels between the control and the PAD group, but the PLP 

levels for the B6D group were significantly lower than that 

for the other two groups (pjC. 001) . At the end of the study, 

PLP levels in the B6D animals rose to 105.7+27.3ng/ml of 

plasma. In the control and PAD animals the PLP level at the 

end of the study was 141.6+34.9 and 96.2+23.Ing/ml of 

plasma, respectively. 
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Table  5 .    Plasma. Pyridoxal  Phosphate (ng/ml), Study I 

Week Control n_ B6D n_ PAD n_ 

5        108.3 + 33.9C       4 4.5 + ^.5c',        4      112.6 + 49.51        4 

9        141.6 + 34.9>d      5      105.7 + 27.3 6        96.1  + 23.ld        6 

Control, n,  B6D,  PAD, see Appendix   10 

See Appendix   3   for interpretation of superscripts. 



Table   6.    Urinary 4-Pyridoxic Acid (nmoles/day). Study I 

Week                 Control                       n B6D                 * n^ PAD                              n 

1                 79.9 + 14.55 c n          7 26.5 + 6.o"     _ 8 89.4 + 7.4^  _                     7 3,6,9 -         3,6,9 -         5,9 

3              128.1  + I9.63                   7 2.2 + O.aj 8 106.8 + 30.61                       7 

138.9 + 21.6gd                9 Og1^ 10 105.2 + 37.5^]                   10 

5 

(130.6 + 17.2)£*            (5) (0)C16,12 (6) 0^.6 + 27.4)Jil0            (6) 

6 163.0 + 19.7C                  5 4.0 + 0.4C1 6 141.1+ 30.61                      6 

7 159.8 + 29.0                    5 135.6 + 43.0 3 125.8 + 15.0                         3 

8 160.0 + 29.4g                   5 159.4 + 28.2gj2 6 181-4 t 39-9g ]0 }]           6 

Control,  n, B6D,  PAD, see Appendix 10 

Superscripts and subscripts, see Appendix 3 

The numbers  in parenthesis for week 5 represent those animals not sacrificed at the end of the 
deficiency. 
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Table 7. Ratio of Urinary 4PA Excretion to Dietary Vitamin B6 Intake 

Week Control n_ B6D n^ PAD n_ 

1 0.18 + 0.04 7 7.60    +■ 2.30 8 0.32 + 0.16 7 

3 0.22 + 0.04 7 0.65    +0.15 8 0.22 + 0.07 7 

5 
0.23 + 0.04 9 10 0.25 + 0.08 10 

(0.21  + 0.02)* (5) (6) (0.29 + 0.05) (6) 

6 0.25 + 0.03 5 0.008 + 0.001 6 0.26 + 0.05 6 

7 0.26 + 0.04 5 0.23    + 0.06 3 0.24 + 0.04 3 

8 0.24 + 0.05 5 0.24    + 0.04 6 0.29 + 0.06 6 

Control, n, B6D, PAD, see Appendic 10 

* 
The numbers in parenthesis represent those animals not sacrificed at the 
end of the deficiency period. 
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Values for urinary 4-PA excretion and the ratio of 4-PA 

excretion to pyridoxine intake are found in Tables 6 and 7, 

respectively. Even on the first day of the deficiency, the 

4-PA excretion was significantly lower in the B6D group than 

in the other two groups (p<.001). This value continued to 

decline such that 4-PA was not detectible in the urine of 

B6D animals by week five. The 4-PA levels in this group 

increased to levels comparable with those of the control 

animals by the end of the study. Except for the first day 

of the deficiency, 4-PA excretion in PAD animals was lower 

than that of the control animals during the deficiency 

period. From week six on, 4-PA excretion in the PAD animals 

was not significantly different from that of the control 

animals. In addition, the difference seen in week five 

disappeared when taking into account the excretion of just 

those animals not sacrificed during week five. The data for 

week seven represents only three animals from the B6D and 

PAD groups. Even when this is taken into account, there was 

an apparent decrease in 4-PA excretion in the PAD animals 

one week after these animals were placed back on the control 

diet. 

Data in. Table 7 demonstrates that there was no 

significant difference in the metabolism of pyridoxine 

between control and PAD groups. It is also apparent from 

this  table  that the  percent of pyridoxine metabolized to 
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4-PA in the B6D group was normal by the second week of 

repletion. In addition, the high ratio of 4-PA to ingested 

pyridoxine in the B6D group during the deficiency period 

illustrates that was a greater proportion of ingested 

pyridoxine being metabolized to 4-iPA by the animals in this 

group than by the animals of the other two groups. 

Table 8 and Figure 9 represent the results from the 

tryptophan load test. Xanthurenic acid excretion was 14-18 

times higher (p^. 001) in the B6D animals than in either 

control or PAD animals. The difference in XA excretion 

beween control and PAD animals was not significant. 

Kynurenic acid (KA) excretion was 3-4 times higher (p^. 001) 

in B6D animals than that in the other two groups. In 

addition, the KA excretion in PAD animals was 1.5 times 

lower (p<.001) than that of the control animals. 

PANOTHENIC ACID STATUS: Pantothenic acid deficiency was 

assessed by changes in growth and appetite of the PAD 

animals when compared with that of the control animals. 

Based on the growth charts, it appeared that the animals in 

the PAD group became deficient more slowly than did the B6D 

animals. 

DEOXYCYTIDINE EXCRETION: The values for urinary excretion of 
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Table 8..  Xanthurenic and Kynurenic Acid (ymoles/day), Study I 

Acid Control n_ B6D n_ PAD r^ 

KA 1.4+0.2cf        9 3.9+1.3C1      10        0.9 + 0.3fl       10 

XA 1.7 + 0.9C 9        23.0 + 5.g01      10        1.3 + Q.61 9 

Xanthurenic and kynurenic acid was determined in 24 hour urines col 
lected after a 26 mg (ip) injection of L-tryptophan. 

Control,  n,  B6D,   PAD,   XA,  KA, see Appendix  10 

See Appendix    3   for interpretation of superscripts. 
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1  2  -3 

Figure 9. Xanthurenic and Kynurenic Acid Excretion, Study I 
1, 2, and 3 represent the control, vitamin B6 de- 
ficient and pantothenic acid deficient groups, re- 
spectively. 
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Table 9 . Deoxycytidine Excretion (ymoles/day), Study I 

Week   Control     n_     B6D        n.     PAD     n_ 

1 1.44 + 0.34. 7      1.26 + 0.38-., 8      1.17 + 0.42       8 
- 4 0,0, 

2 2.07 + 0.46ce       7     0.83 + 0.32cl1 8      1.37 + 0.31eh    8 

6 3 1.64+0.52c 7 0.25 + O.O63             7 1.07+0.64 

4 2.23 + 0.89cd 7 0.30 + 0.07cg           7 l.n+1.02d9    8 

2.10 + 0.60cf 9 0.20 + 0.06?,, 1C 9 0.88 + 0.55f1    9 c                                                              -           6,12,15 

(2.02 + 0.56)4Cf (5) (0.17 + 0.04^1
12 18(6) (0.78 + 0.47)fl(6) 

2.25 + 0.80cf 

(2.45 + 0.86) cf 0.24 + 0.08Ch 6      0.71  + 0.30fh    6 

7 1.98+0.34f 5      1.42+0.74 6      0.95 + 0.27f      6 

8 2.12+0.80 5      2.64+1.88^2 6      1.47+0.63        6 

9 1.88+0.34 5      1.78+0.4515 6      1.70+0.63        6 

Control,  n,  B6D, PAD, see Appendix  10 

*Numbers  in parenthesis  represent data from those animals not sacrificed 
at the end of the deficiency. 

See Appendix    3    for interpretation of superscripts and subscripts. 
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dC  expressed as pmoles/day or pmoles/mg creatine can be 

seen in Tables 9 and 10, respectively. 

When the dC data is expressed as pmoles/day, no 

decrease with time was seen in the control animals after 

week one. The dC excretion appears to remain relatively 

constant over the entire course of the study. In the B6D 

and PAD groups there was a decrease in dC excretion with 

time through the end of the deficiency period. In the B6D 

group, excretion of dC at the beginning of the study was 

about six times greater than that at the end of the 

deficiency (week six). The dC level returned to control 

levels after about one week of repletion (week seven). 

In the PAD group, the decrease was less dramatic with 

the level at the end of the deficiency being slightly less 

than half of the level seen at the beginning of the study. 

The level returned to control values by the second week of 

repletion (week eight) . The dC excretion expressed in" terms 

of creatinine decreased with time (age of animal) in all 

groups. This was seen best in the control animals where a 

steady decrease was observed from week one to week nine of 

the study with the level of dC/creatinine (dC/C) decreasing 

from 0.62 to 0.20 pmoles/mg. This trend was also seen in 

the other two groups, but in both cases the decrease was 

exaggerated by the deficiency. In addition, during the 

repletion period (week six-nine), there was an increase in 

the level of dC/C until A level comparable to  that of  the 
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Table   10.    Deoxycytidine/Creatinine (pmoles/mg), Study I 

Week Control n^ B6D n_ PAD n_ 

1 0.63 + 0.07 7 0.62 +■ 0.19 8 0.62 + 0.26 6 

2 0.59 + 0.14cf 7 0.27 + o.nC9 8 0.43 + 0.10f9 8 

3 0.36 + 0.08c 7 0.08 + 0.01C9 7 0.29 + 0.179 6 

4 0.40 +• 0.16C 7 0.08 +• 0.02cd 7 0.24 + 0.19 g 8 

0.30 + 0.09C   - 8 0.04 +■ 0.01cf 9 0.15 + 0.09Cf 9 

(0.29 + 0.08)cf (5) (0.03 + 0.01)cf (6) (0.13 + 0.07)Cf (6) 

0.30 + 0.11Ce;- 9                              rh                                        eh 
6 " 0.05 + O.Or 6 0.12 + 0.04 6 

(0.32 + 0.12)ce (5) 

7 0.23 + 0.04e 5 0.23 + 0.12 6 0.14 + 0.03e 6 

8 0.24 + 0.06 5 0.34 + 0.25 6 0.23 + 0.10 6 

9 0.20 + 0.07 4 0.22 + 0.05 6 0.21  + 0.07 6 

Control, n, B6D,  PAD, see Appendix   10 

See Appendix   3    for interpretation of superscripts. 
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control group was reached in week seven by the B6D and in 

week eight by the PAD group. 

It could be argued that the steady decrease in the 

level of dC/C was a result of an increase in creatinine with 

time. This was illustrated in Appendix 4 which lists 

creatinine values for the three groups. As can be seen in 

Appendix 5, the change with time seen in the creatinine 

values was much less dramatic when creatinine was expressed 

per kg BW. The values demonstrate that when animal size is 

taken into account, the differences in creatinine between 

groups apparently disappears. The consistent creatinine 

values and the small standard deviations indicates that the 

urine collections were complete and consistent. 

Figures 10 and 11 illustrate the dC excretion expressed 

as dC/day and dC/C. It can be seen that the response of the 

two deficient groups was different.. The B6D animals appear 

to have a marked and immediate change in dC excretion which 

responded rapidly to a change in diet both at the beginning 

of the deficiency and at the beginning of the repletion 

period. On the other hand, the dC excretion for the PAD 

animals paralleled the excretion for control group (although 

at a some what lower level) until week five when their dC 

excretion appeared to decrease. In the three weeks that 

followed,, their dC excretion increased slowly in response to 

the repletion diet with the excretion not  reaching  control 



3 r 

> a: 
a 

± 

>. a: 
a 
\ 
u 
a 

2.5 

2 - 

1.5 

0.5 - 

0 

+ CONTROL 
v B6D 
o  PAD 

4   5   6 

WEEK 

7 8 

Figure 10, Deoxycytidine Excretionf Study I . 
Control, D6D PAD see Appendix 10 en 



v. 

i 

I— a: u 
u 
\ 
u a 

.7 - 

4 - 

3 - 

1 - 

0 

+ CONTROL 
x BSD 
a  PAD 

WEEK 

Figure 11,  Deoxycytidine per Creatinine, Study I 
Control, U6D, PAD see Appendix 10 

un 
oo 



59 

levels until the end of the study. 

The %^dC and %^dC/creatinine normalized to week one 

can be seen in Figures 12 and 13. These figures demonstrate 

that from week three through the end of the deficiency, 

there was no longer a decrease in the rate of change in dC/C 

in the deficient animals. By week seven, the difference in 

the dC/C excretion increased to control values and with the 

exception of the excretion of one animal in week eight it 

remained comparable through the end of the study. The 

difference in dC/C excretion of the PAD animals did not stop 

declining until week five and did not increase to a level 

comparable to that of the control animals until week eight 

(two weeks after the beginning of the repletion period). In 

addition, the difference in dC/C excretion in the PAD 

animals was never as low as the level seen in the B6D group. 

The figures of these normalized values look very much like 

the corresponding figure of the raw data (dC/day and 

dC/creatinine). This further demonstrates that there was no 

large variation in the starting values between groups. 

Another point of interest was the response of two 

animals which were accidently deprived of food during week 

three for a period of between two and four days. One animal 

was from the B6D group and the other from the PAD group. 

Both animals lost weight and their dC excretion dropped 

dramatically.  However, the dC for the PAD animals increased 
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in the weeks that followed while that  for  the  B6D  animal 

continued to decrease until the end of the deficiency, 

B.  Study II 

GROWTH AND FOOD CONSUMPTION: Because the control diet was 

incorrectly prepared, it is difficult to compare data for 

the groups in this study. However, patterns in BW, ^BW and 

food consumption for the ad libitum control (ad lib) and B6D 

groups followed trends similar to those seen in the control 

and B6D groups from Study I. The BW, ^BW and food 

consumption patterns can be seen in Tables 11, 12 and 13, 

respectively. Figures 14 and 15 illustrate the BW and ^BW, 

respectively. The pair fed control (pair fed) group followed 

similar trends to those of the B6D groups. By the fifth 

week of the study, BW for the ad lib group (200g) was 

intermediate between the control (244g) and B6D (156g) 

groups of Study I. The BW for B6D groups from both studies 

started out at similar levels and BW and ^BW decreased 

similarly, but at a greater rate in Study II. 

The ^BW for week one was much lower in both the ad lib 

and B6D groups of Study II than the control and B6D groups 

in Study I. This may have resulted from the animals in 

Study II having been placed on the control diet during a one 

week adjustment period prior to the beginning of the 

deficiency period  (week  0).   As a result, they were very 



Table 11. Body Weight (grams), Study II 

n, ad lib, pair fed, B6D, see Appendix 10 
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Week n. Ad Lib Pair Fed B6D 

0 6 66 + 1 63 + 1 65 + 2 

1 6 96 + 3 86 + 5 85 + 3 

3 6 156 + 12 111 + 5 109 + 12 

5 6 200 + 3 130 + 3 127 + 8 
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Table 12. Change in Body Weight (grams/week). Study II 

Week n_ Ad Lib Pair Fed B6D 

0-1 6 30 + 2* 24 + 5* 20 + 2* 

1-2 6 32 + 4 16 + 6 18 + 5 

3-4 6 27 +• 3 11  + 4 15 + 7 

4-5 6 29 + 7 10 + 5 7 + 3 

n, ad lib, pair fed, B6D, See Appendix .10 

* 
All animals were receiving the control diet during this week. 
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Table 13. Food Consumption (grams/day), Study II 

Week n_ Ad Lib Pair Fed B6D 

0-1 6 13 + 1 12 + 1 11  + 1 

1-2 6 13 + 1 10 + 1 11  + 1 

2-3 6 13 + 2 8 + 0 9 + 3 

3-4 6 14 + 2 8 + 1 8 + 1 

5-6 6 20 + 3 9 + 1 10 + 1 

n, ad lib, pair fed, B6D, see Appendix 10 
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likely becoming deficient before week one of the study. In 

addition, since they were about 30g smaller when subjected 

to this semi-deficient (week zero) they would likely be more 

susceptible to the stress of the deficiency. 

The pair fed group can best be compared to the ad lib 

group. It is apparent that while the food consumption of 

these two groups during week one, was similar, the ^BW for 

the pair fed (16g/wk) was only about half of that level for 

the ad lib group (32g/wk). A possible explanation to this 

may be found in the considering the fact that the ad lib 

group appeared to nibble or chew a great deal of their food 

without actually consuming it. They would often empty the 

entire container overnight. Perhaps in this way, they were 

excracting vitamins from the food. The pair fed group was 

not able to do this, since their food intake was restricted 

to the amount they were given and they always consumed all 

of it. 

The difference in ^BW between the ad lib and pair fed 

groups became greater throughtout the study. By week five, 

when food intake was twice as great for the ad lib group, 

the ^BW was about three times greater for the ad lib group. 

The ^BW for the ad lib group in Study II was slightly lower 

than that seen for the control group in study I. 

VITAMIN  B6 STATUS: The 4-PA excretion was not detectable in 
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the urine from any of these animals. In addition, as can be 

seen in Table 14, plasma PLP values were extremely low in 

all of the groups. It should be pointed out that half of 

the animals from each group were irradiated before the blood 

was collected. As can be seen, irradiation appears to have 

had some effect on PLP levels in the B6D animals but not in 

the pair fed control animals. Blood was not available from 

the ad lib control non-irradiated animals, thus a similar 

comparison could not be made between the irradiated and 

non-jdrradiated animals in this  group. 

Judging from the PLP levels, it would appear that all 

of the animals were deficient in vitamin B6. The PLP level 

in the ad lib group was only three times greater than that 

of the pair fed group but ten times less than that of the 

control group of Study I (week five), The B6D group in 

Study II had an even lower level than the B6D group in Study 

I. This may be a result of the early semi-deficiency these 

animals were subjected to in week zero. 

DEOXYCYTIDINE EXCRETION: Values for dC ex-cretion 

(umoles/day) for Study II can be seen in Table 15 and Figure 

16. The levels were lower in Study II when compared to 

corresponding values in Study I, At the beginning of the 

study  (week one) the dC excretion for the control group was 



70 

Table 14. Plasma Pyridoxal Phosphate (ng/ml), Study II 

Group PLP n^ 

Ad lib NIR - - 

IR 13.0 + 0.2 2 

Pair fed NIR 5.9 + 1.3 3 

IR 5.6 + 2.5 3 

B6D NIR 0.3 + 0.4 3 

IR 1.3 + 0.2 3 

Ad lib, NIR, IR, pair fed, B6D, PLP, n, see 
Appendix 10 
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Table   15.     Deoxycytidine Excretion (umoles/day), Study II 

Week         n_             Ad Lib Pair Fed                      B6D 

1           6         0.67 + 0.07, 0.64 + 0.2U c         1.19+0.67,. I -          3,6                    -          3,6 

3            6          0.49 + 0.14^f 0.19 + 0.043g            0.12 + O.OS^0 

5            6          0.81  + 0.34cf 0.13 + 0.03^              0.11  + 0.04^ 

See Appendix   3   for interpretation of superscripts and subscripts 

N,  ad lib,  pair fed,  B6D,  see Appendix 10 
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about half of that for the control group in Study I, For 

some reason, the dC excretion for the BSD group for week one 

of Study II, was twice as high as the level for the ad lib 

and pair fed groups. The B6D group had the animals with the 

highest (6.0 9jiinoles/day) and the lowest (0.38yimoles/day) dC 

excretion. The difference between the control and the B6D 

group persisted even when dC values were adjusted with 

creatinine. However, by week three, the level of the B6D and 

pair fed groups had dropped down to levels lower than those 

seen in the first study. 

Further examination of the dC excretion expressed as 

jamoles/mg creatinine (Table 16 and Figure 17) demonstrated a 

decrease with time similar to that seen in Study I. In 

addition, there appeared to be a rapid decline by week three 

and then a leveling off in the weeks to follow. This 

occured in both the B6D and the pair fed control groups and 

looks very much like the effect seen in the B6D animals of 

Study I. 

Another important comparison can be made between the 

two studies. The animals in Study II had been on the 

semi-deficient control diet for a week (week zero) prior to 

week one of the study. Assuming the diet was low in vitamin 

B6, week one of Study II corresponded to week two of the 

vitamin B6 deficiency in Study I. If dC excretion for these 

two weeks (week one-Study  II  and  week  two-Study  I)  are 
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Table 16.    Deoxycytidine/Creatinine (ymoles/mg), Study it 

Week               n Ad Lib                       Pair Fed                           B6D 

1                  6 0.20 + 0.05                0.25 + 0.12                0.35 + 0.21 

3                  6 0.10 + 0.02                0.06 + 0.02                0.04 + 0.02 

5                  6 0.13^0.06                0.03 + 0.01                0.02 + 0.01 

N, ad lib, pair fed, B6D, see Appendix   10 
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compared, it becomes apparent that the values are about the 

same. This may indicate that the animals in the second 

study were at a level of deficiency comparable to that of 

the B6D deficient animals from the first study during the 

second week of deficiency. 

IRRADIATION: The expected increase in dC excretion after 

irradiation did occur as can be seen in Table 17 and 18. 

The effect was most dramatic in the B6D group. The B6D 

animals showed a 180 fold increase in dC excretion after 

irradiation. Following irradiation, the ad lib and pair fed 

groups had a 25 and 38 fold increase in dC excretion, 

following irradiation, respectively. 

When looking at total dC excretion after irradiation, 

there appeared to be a difference in the way the pair fed 

group responded. When compared to the B6D and ad lib groups 

in the ad lib and B6D groups, the excretion was within a 

range of 20-33pmoles/day. In the pair fed group, the range 

was 0.46-15pmoles/day. One animal from this group excreted 

only about twice as much dC in the 24 hours after 

irradiation (0.46uinoles/day) as he did in the 24 hours prior 

to irradiation (0.21umoles/day). In addition, the other two 

animals from the group only excreted about 15pmoles/day 

which was less than the amount excreted by any of the other 

irradiated animals.  The lower dC excretion in the pair  fed 
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Table 17. Pre and Post Irradiation Deoxycytidine Excretion (ymoles/day), 
Study II 

Collection n_ Ad Lib Pair Fed B6D 

5 a* 6 1.02 + 0.38 0.20 + 0.06 0.13 + 0.03 

5 c NIR 3 1.39 + 1.12 0.26 + 0.07 0.14 + 0.03 

5 c IR 3 35.04 -K 15.02 9.98 + 8.96 25.29 + 6.69 

5 a, 5 c NIR, and 5 c IR represent the dC excretion in week five from 
the urine samples collected after the dC-'^C injection, after the sham 
irradiation treatment and after the irradiation treatments, respectively, 

N, ad lib, pair fed, B6D, see Appendix 10 
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Table 18.    Pre and Post Irradiation Deoxycytidine/Creatinine (ymoles/mg), 
Study II 

Collection n_ Ad Lib                   Pair Fed                       B6D 

5a 6 0.14 + 0.05 0.04 + 0.02 0.03 + 0.01 

5 c NIR 3 0.19 + 0.14 0.06 + 0.01 0.04 + 0.01 

5 c IR 3 4.58+3.08 2.20+1.82 6.66+1.42 

5 a, 5 c NIR, 5 c IR, see Table 17 

N, ad lib, pair fed, B6D, see Appendix    10 
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irradiated animals is difficult to explain. But, it must be 

remembered that due to the nature of the diet and the 

restricted food intake of these animals, they may have had a 

multiple vitamin deficiency. 

The animals in the irradiated pair fed group did not 

lose their appetite and did not lose weight as expected from 

reports in the literature (13) . A, possible explanation for 

the difference in food consumption and ^BW seen between the 

pair fed group and the other two groups may be that the 

expected anorexia is not an immediate effect. The eating 

habit of these animals was affected by pair feeding, so that 

they consumed what food they were given immediately. Since 

they were fed shortly after being irradiated (within two 

hours), it is likely that they consumed their food before 

the normal anorexia observed in the other irradiated animals 

was able to occur. The differences in food consumption and 

^BW for the pre- and post-irradiated period can be seen in 

Table 19 . 

EXCRETION OF 14C-COMPOUNDS: Data on excretion of labeled dC, 

can be seen in Tables 20 and 21". Table 20 represents data 

on the excretion of labeled compounds in the first 24 hours 

after the injection of labeled dC. The animals had not been 

irradiated at the time of the collection, but the  data was 
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Table 19. Pre and Post Irradiation Change in Body Weight (gm/day). 
Study II 

ABW       Food Consumption 

Group £* Ec NIR Ec IR Ea Ec NIR Ec IR 

Ad lib 6 + 5 5 '+■ 3 -10 + 2 20 + 4 17 + 4 4 + 3 

Pair fed 0 +- 1 T + 3   , 4 t 4 10+0 9 + 2 9+2 

B6D 1  + 3 -4- + 2 -12 + 1 9 +■ Z 7 +-2 2 + 1 

*Ea, Ec. NIR, Ec IR; see Table 17 

Ea, Ec NIR, Ec IR, n = 6, 3 and 3, respectively, 

n, ABW, ad lib, pair fed, B6D, see Appendix 10 



14 
Table 20. Urinary Excretion of C-Compounds (DPM/Day) in the First 24 hours after the 

Injection of Labeled dC (Collection Ea^ days prior to Irradiation-Treatment) 
Study  II. 

Group n 

Ad lib NIR 3 

Ad lib  IR* 3 

Pair Fed NIR 3 

Pair Fed IR 3 

Pair Fed  IR 2 

B6D^IR  1 3 

B6D  IR 3 

Urine 

123,901+15,995 

153,110+2,766 

120,191+13,215 

133,159+40,424 

111,632+22,091 

92,056+23,875 

115,791+15,192 

dU + 3 
Thymidine 

2 
%  Urine dC %  Urine 

Total 
% Urine 

30,102+10,989 24% 40,680+25,013 33% 56% 

42,934+2,380 28% 68,105+2,699 44% 72% 

35,456+4,693 29% 35,881+1,942 30% 59% 

32,141+7,219 24% 54,823+30,660 41% 65% 

28,450+4,745 25% 39,692+22,500 36% 61% 

33,848+4,125 37% 29,637+5,876 32% 69% 

28,113+1,888 24% 29,936+2,977 26% 50% 

Two  animals   in  this  group may  have  gotten  an  incomplete   injection of   -^C-dC.     This 
may  explain   the   slightly   lower  excretion  of   labeled  compounds   in  this   B6D  NIR group. 

2 
%Urine represents the % of the total urinary ■L4C excreted in the corresponding 24 

hour urine.  Total % represents the %Total for the dU + thymidine and dC fraction. 

3 
The dU-thymidine fraction is a crude by-product of the dC fractionation procedure. 

ad lib^n, pair fed, B6D, IR, see Appendix 10. 00 
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Ad lib NIR 

Ad lib  IR 

Pair fed   wiR 3 

Pair fed IR*3 3 

14 Table  21.    Urinary Excretion of      C Compound^.   First  24   hours  after  Irradiation 
(Collection  5c),   Study   II   (DPM/day). 

1 
Urine dU + Thymidinel    % Total dC % Total      Total  %** 

12763      + 4649 

149819ab + 40780 

14550      +  3183 

56790 a + 44621 

2445 + 646 

36313 +  15855e 

2841 + 555 

30679 + 27922 

Pair fed IR    (2)    (74525      + 45771)  (15059 + 9771) 

BCD    NIR 

B6D IR 

3 

3 

10317      + 2402 2223 + 641 

60187b    + 8540        11470 +  1635( 

19 5217 + 3455 

24 112725ue + 44143 

20 4599 + 1468 

54* 35622d + 30474 

(20) (49240 + 27289) 

22 3248 + 497 

19 36859e + 4106 

41 

75 

32 

63 

(66) 

31 

61 

60 

99 

52 

117 

(86) 

53 

80 

The  dU-thymidine   fraction  is  a  crude  by-product of  the  dC   fractionation procdure. 

2 14 
%Total  represents  the   %  of  the  total  urinary       C  excreted  in  the  corresponding 
24  hour  urine.     Total   %   represents  the  %Total   for  the  dU +  thymidine  and dC  fractions 

3 
The  data  for  total  urinary  -L4C   from one  animal  in  this  group was  apparently  incorrect 
since   total   fractions   amounted  to   37 2%of   the   total   counts   found   in  the  urine.   Thus   the 
%Total  represented  in columns  5,   7  and  8  are  likely  to be  too high.     Data excluding 
this  value  can  be   seen   in  parenthesis. 

For  any  given  fraction,   means  sharing  the  same  subscript have  the   following  levels  of a, 
significance:   a^O.lO,   b<0.05,   c<.0.10,   d^O.01,   e<p.50. w 

ad  lib,   n,   pair   fed,   B6D,   IR,   see Appendix   10. 
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divided into irradiated and nonrirradiated groups to allow 

for easy comparison with the post-irradiation collection 

data. Excretion of labeled dC increased after irradiation. 

The percent of total urinary label which was excreted in the 

dC fraction tended to be slightly higher than the percent 

found in the dU-thymidine fraction. This was true both for 

urine collected immediately after injection (collection 5a) 

and for urine collected after irradiation (collection 5c). 

In the 5a collection/ 24-37% of the label was found in 

the dU-Thymidine fraction and 26-44% in the dC fraction. In 

the 5c collection, 19-22% of the total label was found in 

the dU-thymidine fraction in the non-irradiated rats and 

19-24% in the irradiated rats- For this same collection, 

31-41% of the label was found in the dC fraction in the 

non-irradiated rats and 61-75% in the irradiated rats. The 

ad lib group was always the group with the greatest percent 

found in the dC fraction.. Figure 18 illustrates the 

relative distribution of the label in. the fractions from the 

5c collection in both irradiated and non-irradiated groups. 

As can be seen, the ad lib group had the greatest excretion 

of labeled dC after irradiation which may reflect that this 

group had the greast incorporation of dC. 

CREATINE EXCRETION: Data on excretion of creatinine for  the 

animals  in Study  II can be seen in Appendix 7.  The small 
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standard deviations demonstrates that the collections were 

complete and consistent. Appendex 8 demonstrates 

differences in creatinine excretion after irradiation. 

There was an increase, although not a significant one, in 

creatinine excreted by the ad lib group after irradiation 

when compared to the pre-irradiation and non-irradiation 

groups. 

DIET: It should be stressed that the control animals 

may have been deficient or on marginal intakes of a number 

of vitamins- The vitamin B6 and thiamin levels as measured 

in the diet can. be seen in. Table 22.. From this data it was 

estimated, that the vitamin mix was. added to the control diet 

at about one fifth the level it should have been added. 

Thus, calculations on. nutrient intake (Table 25 and Appendix 

9) were adjusted to account for this- 

The 1972 NRC requirements (76) were used.to estimate 

the required intake of the nutrients which were incorrectly 

added to the diet.. The nutrient density (mg/kg) set by the 

NRC was multiplied by the food intake of the ad lib group to 

yield requirements for weeks one, three and five. The 

expected intake was calculated by multiplying the nutrient 

density (mg/kg) which was expected to be in. the diet by the 

food intake of the ad lib group for weeks one, three and 

five  (column  two Appendix  9a).  Finally, actual nutrient 



Table 22. Vitamin B6 and Thiamine Content of Diets 

 Vitamin B6 (ng/gm)   Thiamine (ng/gm)  

Study   Diet   Hydrolized Unhydrolized Expected %  Expected Obtained Expected %  Expected 

I    Control     4.12 4.88      5.00      98 2.36* 4       60 

B6D       0.07 0.02      o        - 2.08* 4 

PAD       4.35 4.96      5.00      99 - 4 

II    Control    1.57 1.36      5.14      27 0.74 4       18 

B6D       0.45 0.14      0        - 3.81 4       95 

* 
The diets from Study I were quite old when they were analyzed for Thiamine. This could account 
for the low values obtained here. 

Hydrolyzed, unhydrolyzed, control, B6D, PAD, see Appendix 10 

CO 
en 
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intake was estimated by multiplying the corrected nutrient 

density of the diet (one fifth the expected level for the 

control diet and the expected level for the B6D diet) by the 

actual food intake- of each of the groups for weeks one, 

three and five (columns three/ four and five, respectively. 

Appendix 9b) .. Table 23 illustrates the nutrient density of 

the NRC requirements and expected dietary level (mg/kg). 

The percent of NRC requirements the control diet should have 

contained and the percent it .. actually contained (assuming 

one fifth the expected level) are included in column four 

and five, respectively.. 

As can be seen from this table,- with the exception of 

vitamin B6, the nutrients which had NRC requirements set 

were expected to be at least three to five times in excess 

of the NRC requirements in the diet... Thus, when the diet 

was adjusted for the actual nutrient content,, there were 

four nutrients which were found to be below the NRC 

requirements. Vitamin. B6, thiamin, riboflavin. and niacin 

were 14, 64, 64 and 53% below the requirement, 

respectively. Thus it is apparent that of all the vitamins, 

vitamin B6 was the lowest... While it is still difficult to 

compare, the groups it would, appear that vitamin B6 was the 

nutrient most drastically affected— This could help explain 

why the control animals had such a low dC excretion. It 

also helps support the hypothesis that the dC  excretion  is 
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rabia. 23 .     Percent, of the NRC  requirenent  in  the coatrol 
Diet  from Study   II. 

Nutrient Dens.ity  (mg/!<g) % NRC 

Ado ustad Adjusted 
Vitamin NRC Diet Control   Diet Diet Control   Diet 

86 (ug/gm) 7 5 1 71% 14% 

312 0.005 0.2 0.04 4000% 300% 

Folic Acid - d 0.30 - - 

Thiamin 1.25 4 0.80 370% 64% 

Riboflavin 2.5 8 1 .5 320% 54% 

Pantothenic Acid 8 40 3 500% 100% 

Choiine 750 4240 848 565% 113% 

Niacin 15 40 8 267% 53% 

Biotin - 0.3 0.05 - - 

Inositol « 200 40 .. *. 
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related to the vitamin B6 status.. It should be pointed out, 

that their was no requirement, set. for folic acid, and thus it 

was not possible to assess how. low the. intake of this 

vitamin was.. It is quite possible, that a folic acid 

deficiency would result in a similar change in dC excretion 

as that seen here with the B6 deficiency. 
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V.  DISCUSSION 

A.  Deoxycytidine Excretion in Pyridoxine Deficiency 

The studies presented here have quantitated a decrease 

in dC excretion in vitamin B6 deficient rats. A ten fold 

decrease was observed in the rats deficient in this vitamin. 

Both the depletion and the repletion of the vitamin resulted 

in a rapid and dramatic change in urinary dC content. These 

changes paralleled changes in growth, appetite and 4-PA 

excretion seen in the deficient animals. For the animals in 

Study I, correlation coefficients for dC and food intake, 

4-PA excretion and plasma PLP were 0.55, 0.62 and .75, 

respectively. These high correlations indicate a strong 

association between vitamin B6 status and dC excretion. In 

addition, it is apparent from the results of the second 

study that a decrease in dC excretion will occur on marginal 

intakes of the vitamin. 

The estimated vitamin B6 intake for all groups in Study 

I and II can be seen in Tables 24 and 25, respectively.   It 

should be  emphasized that these values represent estimated 

vitamin B6 intake based on food consumption.   The values, 

especially for Study  II may have been low if the animals 

were, as previously suggested, chewing  their food without 
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Table 24. Estimated 86 Intake (yg/day). Study I 

Week Control B6D PAD 

1 73 .84 55 

2 88 .84 69 

3 98 .77 84 

4 98 .77 79 

5 102 .77 74 

6 88 83 88 

7 102 98 93 

8 107 107 102 

Control, B6D, PAD, see Appendix 10 

Table 25. Estimated B6 Intake (yg/day). Study II 

Week Ad Lib Pair Fed B6D 

0 21+2 19 + 2 18 + 2 

1 21+2 16 + 1 5 + 1 

2 20 + 4 13 + 0 4 + 1 

3 23+3 13+0 4+0 

4 22+3 14+0 6+3 

5 32+4 15+0 4+1 

Ad lib, pair fed, B6D, see Appendix 10 
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consuming it in order to extract the vitamin. In support of 

this statement/ was the fact that the dC excretion actually 

increased with time in the ad lib group and based on 

recorded observations and data of food spillage (Appendix 

6), it appeared that the animals were digging through their 

food to a greater extent as the study progressed. A similar 

behavior was observed in the B6D group. There was very 

little spillage in the pair fed group since they consumed 

all of their food immediatly. 

From the tables on vitamin B6 intake, it can be seen 

that there were five different levels of vitamin B6 intake. 

The control group from Study 1/ the PAD group during the 

deficiency period from Study I, the B6D group during the 

deficiency period of Study I, the ad lib control group in 

Study 11/ the pair fed control group from Study II and the 

B6D group from Study II had vitamin B6 intakes of 75-110, 

55-75,  0.77-0.84, 21-32, 13-16 and 4-6ug/day, respectively. 

If the vitamin B6 intake for all of these groups is 

correlated with dC excretion, a correlation cofficient of 

0.86 was obtained. This suggests a strong relationship 

between vitamin B6 intake and dC excretion. When vitamin B6 

intake was correlated to dC excretion for just those animals 

in Study I or II, respectively, correlation coefficients of 

0.8 0 and  0k85 were obtained.  Another important aspect  of 
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the first study was the fact that the dC excretion of the 

vitamin B6 deficient rats rapidly returned to normal values 

by the end of the first week of the repletion period. This 

too supports the thesis that the dC excretion is strongly 

influenced by vitamin B6 intake and status. 

A deficiency of vitamin B6 has been shown to affect the 

ability of rats to utilize precursors to DNA (1). In 

particular, serine incorportation into DNA has been shown to 

be reduced- A number of investigators have proposed that a 

vitamin B6 deficiency may interfere with nucleic acid 

synthesis by inhibiting the serine hydroxymethylase 

reaction.. This proposal has been clouded by reports of high 

or normal activity of this enzyme in regeneration liver of 

pyridoxine deficient rats. In addition, high serine content 

of tissues (24,26) found in deficient rats could explain an 

apparent decrease in labeled serine incorporation by the 

deficient rats. It has also been reported that there is 

little difference in DNA content of tissues between vitamin. 

B6 deficient and pair fed animals.. Even so, it is apparent 

that purine and pyrimidine nucleotide incorporation into 

both DNA and RNA is inhibited in vitamin B6 deficient rats. 

Serine hydroxymethylase, which is a PLP requiring 

enzyme, is a point of intersection between DNA and RNA 

metabolism.- The enzyme is indirectly involved in both DNA 

and  RNA symthesis, through the interconversion of folate to 
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a form required for purine synthesis. A general decrease in 

the metabolism of purines could result in an inhibition of 

DNA synthesis. Thus, the studies involving incorporation of 

specific labeled compounds into DNA should be examined v/ith 

this in mind. The decrease in dC excretion demonstrated in 

this thesis could be a result of a decrease in. the 

production of pyrimidine deoxynucleotides as a result of a 

general inhibition of nucleotide metabolism, or it could 

reflect an alteration in . the interconversion of the 

pyrimidine nucleotides. The later possibility will be 

explored below.. 

Certain enzyme systems have been found to be activated 

in neoplastic tissues including rat embryo and. regenerateing 

liver (7) ». These enzymes include thymidylate synthetase and 

deoxycytidylate deaminase- In addition, it has recently 

been suggested that thymidylate synthetase as well as 

dihydrofolate reductase are activated in the presence of 

folate antagonist' which are known to inhibit 

dihydrofolate Eeductasd. (78,79) . 

The deoxycytidylate aminohydrolase has been shown to be 

activated just prior to the activiation of thymidylate 

synthetase under normal conditions of cell proliferation 

(29) .. In addition, deoxycytidylate aminohydrolase is 

believed to be regulated by dTTP and. dCTP concentration (7). 

Since these enzymes are  believed  to  be  activated during 
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mitotic activity, it is not surprising that they are found 

to be elivated in neoplastic tissues. Furthermore, the 

deoxycytidylate aminohydrolase is believed to be regulated 

by dTTP and dCTP concentration. It has also been shown to 

be activated just prior to the activation of thymidylate 

synthetase. At a low level of dTTP production the pathway 

from dC to dTTP is most active. Thus, it is conceivable 

that if vitamin B6 deficiency is interferring with folate 

metabolism and thus dTTP production . then these enzyme 

systems may be activated during the deficiency. If this 

occurs, the dC could be shunted through this pathway in an 

attempt to incorporate it into dTTP. Thus, dC excretion 

would decrease. In addition, it would be expected that 

total dC incorporation into DNA would be reduced. That is, 

there would be a reduced conversion of dC to both dCTP and 

dTTP. Less dC would be available for dCTP production and 

that available for dTTP production would be diluted and 

possibly poorly incorporated if the serine hydroxymethylase 

reaction is inhibted. 

B.  Incorporation of Labeled Deoxycytidine 

The second study presented in this thesis was in part 

designed to indirectly measure incorporation of dC into 

nucleic  acids.  Tissues were to be labled with radidoactive 
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dC and the excretion of the label following induced tissue 

degradation was to be measured. The excreted label 

increased after irradiation which indicates that the dC 

probably resulted from tissue DNA and not from newly 

synthesized sources. This is in keeping with results found 

in the literature (12). It is difficult to say how a 

vitamin B6 deficiency affects this phenomenon since all of 

the animals were apparently deficient although at different 

levels of deficiency. However, the magnitude of the 

increase in label excreted in the dC fraction does suggest 

some differences in dC incorporation between the three 

groups. 

From the data on the excretion of labeled dC, it 

appears that there was less incorporation of dC into tissues 

of the deficient animals when compared with ad lib control 

groups. Unfortunately, the ad lib group was at least 

marginally deficient in vitamin B6. Even so, the dC 

incorporation by the deficient group appeared to be only 

about one third that of the ad lib group. 

From the data in Table 24 and Figure 18 it may be 

suggested that the incorporation of labeled dC into the 

thymidine fragment of DNA was lowest in the B6D group. This 

was true even though all of the groups showed signs of 

deficiency based on plasma PLP levels. This observation is 

purely speculative and is based on  the  greater  amount  of 
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label excreted in the dU-thymidine fraction of the ad lib 

and pair fed groups. There is no way of knowing for sure if 

this greater excretion is due to a breakdown of DNA 

containing labeled dTTP or labeled dCTP. In either case, 

the data suggests that there was a greater incorporation of 

dC by the ad lib group than by either of the other two 

groups. This is interesting in regard to a paper by Driskell 

and coworkers (80) which reported that changes in tissue 

nuuleic acid occured in weanling rats with a vitamin B6 

intake at or below 10ug/day. The animals in Study II were 

receiving 30, 15 and 4pg/day for ad lib, pair fed and BSD 

groups, respectively. Even so, differences in excretion of 

labeled dC and total label were seen between the 30 and 15jag 

intake. In addition, differences in the incorporation of dC 

may have occurred between the 15 and 4pg intake. 

These observations would suggest two things; one, that 

the changes in nucleic acid metabolism occur at a vitamin B6 

intake as high as 20-30jag/day (since all of the animals in 

Study II had depressed dC excretion when compared to those 

seen in Study I) and two, an effect on dC conversion into 

thymidine may occur at a vitamin B6 intake of 4jag/day (since 

the label excreted in the dU-thymidine fraction was lowest 

in the B6D group). All of the observations in this part of 

the study need further investigation since the diet was not 

well controlled and the sample size was so small. 
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Another interesting observation about the ad lib control 

groups in the second study was that their increase in total 

dC after irradiation was twice as great as expected from 

reports in the literature. It can be estimated that the 

expected increase in dC excretion after irradiation 

treatment at 600R is about 10 fold (11). In the present 

study, a 25 fold increase was observed in the ad lib control 

animals while a 40 and 180 fold increase was observed for 

the pair fed and B6D groups, respectively. The high 

increase seen for ad lib group may have resulted in a low 

pre-irradiation dC excretion which resulted from the 

semi-deficient state of these animals. 

When a similar comparison is made regarding differences 

in labeled dC excretion a 22, 8 and 11 fold increase was 

observed for ad lib, pair fed and B6D groups, respectively. 

Again this supports the idea that there was a greater 

incorporation of labeled dC by the ad lib group than by the 

other two groups. 

If the normal increase- in dC excretion was a-f.fec.ted by 

the different dietary treatments, the low dC excretion in 

the pair fed group may indicate that the labeled dC 

excretion was not reflective of total incorporation. Thus, 

it is possible that there was an even greater difference in 

dC  incorporation between pair fed and B6D animals.  There 
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was a three fold greater level of label in the dU-thymidine 

fraction and the total urine in the ad lib control group as 

compared to the other two groups. This would indicate that 

there was a greater incorporation of dC into DNA in this 

group. Very little can be deduced about the conversion of dC 

to dTTP. However, the fact that the percent of total label 

which was found in the dU-thymidine fraction was slightly 

greater in the irradiated groups could indicate a slightly 

greater conversion of labeled dC to dTTP in the ad lib 

group. There is no way of knowing for sure whether the label 

was from the dU, the thymidine or from some other compound 

since this fraction was only a crude separation. 

One report in the literature (4) indicated that of the 

deoxyribosyl compounds found in urine, the dC and dU 

fractions represented 60 (80 with 5-methyl-dC) and 20%, 

respectively. In the present study, the dU-thymidine 

fraction represented about 20% of the total counts in the 

urine. The percent of total counts in this fraction was not 

greatly affected by irradiation. 

Unlike the dU-thymidine fraction, the percent of label 

found in the dC fraction was increased by irradiation. In 

the dC fraction, there was an increase of about 30% after 

irradiation. The dC excretion for the nonirradiated and 

irradiated groups was 41, 32 and 31 and 75, 63 and 61%, of 

total excreted label for  the  ad  lib,  pair  fed  and B6D 
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groups, respectively. Thus, it appears that the labeled dC 

was not utilized the same by the three groups. In both 

irradiated and nonirradiated groups, the percent of dC 

excretion was greatest in the ad lib groups. This could 

indicate that more of the dC was shunted through the 

deoxycytidine deaminase reaction and thus less was converted 

to dCTP in the other groups. However, in all cases the 

dU-thymidine fraction represents only about 20% of the label 

in the urine. This may be a result of rapid degradation of 

compounds or a result of a limited conversion of dC to dTTP. 

C.  Deoxycytidine Excretion in Pantothenic Acid Deficiency 

Another aspect of the study, was the effect of a 

pantothenic acid deficiency. The pantothenic acid 

deficient animals showed a depression in dC excretion. The 

change was not as rapid or as great as the change seen in 

the vitamin B6 deficient animals. The pantothenic acid 

deficient animals excretion changed slowly over the entire 

course of the deficiency. There was no rapid drop and 

leveling off as seen in the vitamin B6 deficient animals. 

The whole effect is difficult to explain biochemically. It 

may have been a result of an overall depression in growth 

due to the effect of a pantothenic acid deficiency on energy 

metabolism. 
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These animals appeared to take longer to become deficient 

than the vitamin B6 deficient animals judging from their 

changes in appetite and growth. Thus, it is possible that 

the excretion of dC would decrease even more in these 

animals as the deficiency proceeded for a longer time. 

However, it is also evident that the dC excretion is not as 

directly related to pantothenic acid status as it is to 

vitamin B6 status. The effect warrants further- 

investigation. The incorporation of labeled precursors into 

DNA in pantothenic acid deficient animals should be 

explored. 

As described earlier, Axelrod and coworkers have found 

that a pantothenic acid deficiency like a vitamin B6 

deficiency causes a decrease in the immune response (2). 

Previous studies have demonstrated that unlike a vitamin B6 

deficiency, a pantothenic acid deficiency is probably not 

directly related to nucleic acid metabolism. Even so, 

there have been no reports in the literature which indicate 

that incorporation of labeled precursors into nucleic acids 

has been studied in pantothenic acid deficient animals. The 

present study seems to indicate some kind of a relationship 

between pantothenic acid deficiency and nucleotide 

metabolism although it may be indirect. 
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Since a pantothenic acid deficiency is believed to 

manifest itself on the cellular level with respect to the 

immune system, it seems likely that this would result in an 

inhibition of cell division and thus a reduction in nucleic 

acid synthesis. From the decrease in dC excretion observed 

in the present study, it might be suggested that the 

inhibition is general and not just an effect on the immune 

system, that is if it can be assumed that the reduction in 

dC excretion is not wholly a result of changes in the immune 

system. 

Deoxynucleotide synthesis could be inhibited in 

response to a depression in cell metabolism. Since 

pantothenic acid is involved in energy metabolism a general 

depression of energy requiring processes might be expected 

in a deficiency of this vitamin. The gradual decrease in 

dC excretion would suggest such an inhibition. 

D.  Pantothenic Acid and Vitamin B6 Metabolism 

Plasma PLP levels in the pantothenic acid deficient 

animals appeared slightly although not significantly lower 

after the repletion period than during the deficiency. This 

is in contrast to the control animals who had an increase in 

plasma PLP levels between the end of the deficiency period 

and  the  end of the repletion period.  The lower PLP level 
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suggests that pantothenic acid deficiency in some way 

influences plasma PLP status, perhaps by decreasing albumin 

concentration in the plasma. Such a decrease has not been 

studied although it has been reported that pantothenic acid 

deficiency does affect the incorporation of amino acids into 

plasma albumin (17). If albumin were less concentrated in 

the plasma of pantothenic acid deficient animals, the PLP 

value seen in these animals at the end of the deficiency 

could reflect albumin with abnormally high PLP content. 

There is very little existing evidence to support this 

hypothesis. 

The lower PLP level at the end of the repletion period 

may suggest an increase in PLP requiring metabolic 

processes. This could occur as energy metabolism was 

restored to normal. The 4-PA excretion was apparently 

normal in these animals when compared to the control animals 

which suggests that the metabolism of pyridoxine was not 

abnormal. 

Since pantothenic acid is involved in lipid metabolism 

a deficiency of the vitamin may affect cell membrane 

integrity and thus interfere with transport systems. Thus 

it is possible, that such a deficiency could interfere with 

the transport of the PLP into and from cells. Similarly, 

the transport of nucleotides such as dC could be affected. 

There is little evidence to support either of these 

hypotheses. 
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E.  Excretion of Tryptophan Metabolites. 

Another point of interest regarding the results of the 

first study is the fact that the vitamin B6 deficient 

animals had an increase in the excretion of KA. As can be 

seen in Table 1, this is not true for all species of rats. 

In .view of this, it is likely that the rats used in this 

study would make a better model for the human than some 

other strains since the human is also found to excrete 

elevated amounts of this compound during a vitamin B6 

deficiency. In the same regard, the excretion of some of the 

other tryptophan metabolites need to be explore and compared 

with human data in order to discern how similar human and 

this species of rat are with respect to the quantitative 

aspects of this metabolic pathway. 

The KA excretion in the pantothenic acid deficient 

group was found to be significantly lower than the excretion 

of the control animals. This could have been related to the 

animals size or the organ size although it would seem 

unlikely since the XA excretion was not affected. In 

addition, Axelrod et al. (2) reported no apparent 

differences in organ size in the pantothenic acid deficient 

animals as compared to the control animals. 
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VI.  CONCLUSIONS 

It appears that dC excretion is profoundly influenced 

by a vitamin B6 deficiency with a decrease occurring within 

seven days of initiation of the deficiency period. The 

decreased excretion is rapidly reversed with repletion of 

the vitamin. It also appears that dC incorporation into DNA 

is affected by vitamin B6 status. 

The thymidylate synthetase reaction may be inhibited in 

vitamin B6 deficient animals since PLP is required for 

generation of CH-3^^ a cofactor required by this enzyme. 

Such an inhibition could result in a decrease in dTTP 

production. The alteration in dC metabolism observed in the 

present study could result from dCMP being shunted through 

the deoxycytidylate aminohydrolase reaction in an attempt to 

incorporate it into dTTP for DNA synthesis. This enzyme is 

activated by low concentrations of dTTP. Thus if dTTP 

production is inhibited, the enzyme could be activated and 

more of the dCMP present would be shunted through this 

pathway. Thus, less would be dephosphorylated to dC and 

subsequently a decrease in the later compound would appear 

in the urine of the vitamin B6 deficient rats. 
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A similar but less dramatic decrease in dC excretion 

occurred in the pantothenic acid deficient animals. The 

decrease was not highly significant until the fifth week of 

deficiency. In addition, as with the effect seen in the 

vitamin B6 deficient rats, the dC excretion in the 

pantothenic acid deficient rats was reversed with repletion 

of the vitamin but at a much slower rate. The decreased dC 

excretion could reflect a general slow down in metabolism as 

a result of an inhibition in energy utilization which may 

occur in pantothenic acid deficient animals. 
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Appendix I.    Composition of Diet 

Components Percent Company 

Casein 22 Nutr.  Biochem. Corp. 

Cerelose 48 Staleydex 

Fat and Vitamin Mix I 25 Mazola 

H.M.W.  Salts 4 U.S.  Biochem. Corp. 

Corn Starch + Vitamin 
Mix II 

1 Argo 

Vitamin Mix I  (Fat 
(Soluble) 

unit/kg Diet 

Vitamin A 8.75 I.U. 

Vitamin D 1.25 Units 

Vitamin E 
(D-Tochopherol Acetate) 

36.4 mg 

Vitamin Mix II 
(Water Soluble) 

ug/g Diet 

Thiamine    HC1 4 Nutr.  Biochem. Corp. 

Riboflavin 8 Nutr. Biochem.  Corp. 

D-Ca-Pantothenic Acid 40 U.S.  Biochem.  Corp. 

Inositol   (Meso) 200 Nutr.  Biochem.  Corp. 

Menadione 4 Nutr.  Biochem.  Corp. 

Folic Acid 4 Nutr.  Biochem.  Corp. 

Niacin 40 U.S. Biochem. Corp. 

Choline Dihydrogen Citrate 4240 I.N.C.  Pharmaceutical 

Biotin 0.3 

Vitamin  Bi2   . 
Pvriodoxine  HC1 

0.2 

5 Calbiochem 
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Appendix 2.    Reagents for the Preparation of ANPO 

Reagents 

259 g Naphthalene 

18.4 g P. P.O. 1 

0.1839 g o<N.P.O.   2 

1.4 liters Xylene 

1.4 liters Dioxane 

0.84 liters Absolute Ethanol 

Company3 

Baker Chemical Company 

I.C.N. Chemical  and Radioso- 
tope Division 

I.C.N. Pharmaceuticals,  Inc. 

Baker Chemical  Company 

Baker Chemical  Company 

Baker Chemical  Company 

P".P.O.-  2 rS-Diphenyloxazole 
2 
"tN.P.O.   2-(l-Naphthyl)-5-phenyloxazole 

See Appendix 12  for the  addresses  of the manufacturers 
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APPENDIX 3 

Superscripts;  For any given week, x sharing   the same 
superscripts have the following levels of significance 
between appropriate groups. 

Study    Group      p£o.05    p<0.01    p<0.001 

I       C-B6D 
a b c 

II  Ad Lib-Pair Fed 

I       C-PD 
d e f 

II  Ad Lib-Pair Fed 

I     B6D-PD 
h i j 

II   Pair Fed-B6D 

Subscripts:   For any given group, x sharing the same 
subscripts have the following levels of significance 
between appropriate weeks. 

Week p_<0.05 p<0.01 p_<0.001 

1-3 1 2 3 

1-5 4 5 6 

1-8 7 8 9 

5-8 10 11 12 

5-9 13 14 15 
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Appendix     4.     Creatinine  Excretion   (mg/day),   Study  I 

1 2.32 + 0.34 7 2.02 + 0.20 8 2.25 + 0.50 6 

2 3.50 + 0.21 7 3.10 + 0.20 8 3.22 + 0.26 8 

3 4.40 + 0.69 7 3.32 + 0.30 8 3.64 +■ 0.38 6 

4 5.51 +• 0.56 7 4.02 + 0.39 7 4.34 + 1.04 8 

5 
7.08 + 1.53 9 5.01 + 0.48 9 5.68 + 0.65 9 

(7.15 + 0.97) * (5) (5.04 + 0.62) (6) (5.73 + 0.81) (6) 

6 
7.54 

(7.59 

+ 

+ 

0.93 

0.62) 

9 

(5) 
5.27 + 0.43 . 6 5.83 + 0.70 6 

7 8.66 + 0.85 5 6.07 + 0.52 6 6.53 + 0.73 6 

8 8.88 + 2.05 5 8.10 + 1.98 6 7.05 + 1.20 6 

9 9.92 + 2.34 4 8.05 + 0.49 6 7.93 + 0.64 6- 

Control,  n,  B6D, PAD, see Appendix  10 

* 
Numbers  in parenthesis  represent data from those animals not sacri 
ficed during week six. 
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Appendix 5 . Creatinine/kg Body Weight (mg/kg), Study II 

Week Cont 

23.14 

:ro 

+ 1.82 

n_ 

7 

E 

23.84 

S6E 

+ 

I 

1.83 

n_ 

8 

F 

24.64 + 4.47 

n^ 

1 6 

2 24.02 + 1.48 7 27.14 + 1.87 8 25.00 + 2.63 8 

3 24.96 + 3.62 7 24.54 + 2.18 7 23.38 + 2.06 6 

4 25.17 + 1.61 7 27.16 + 1.77 7 25.62 + 4.55 8 

5 
29.24 + 6.71 9 31.91 + 2.84 9 31.19 + 4.31 9 

(29.76 + 5.38) (5) 31.3 + 2.39 (6) (30.20 + 3.08) (6) 

6 
27.57 

(27.77 

+ 

+ 

2.44 

1.82) 

9 

(5) 
31.96 + 1.76 6 28.67 + 2.03 6 

7 28.99 + 2.99 5 28.92 + 2.03 6 27.06 + 2.37 6 

8 28.04 + 6.35 5 33.47 + 6.76 6 26.28 + 3.94 6 

9 29.48 + 7.06 4 28.80 + 0.83 6 27.84 + 1.60 6 

Control, n, B6D, PAD, see Appendix 10 
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Appendix 6. Food Spillage (g/6 days). Study I 

Week Control 

1 

2 

3 

4 

28 + 19 

25 + 21 

41 + 40 

54 + 18 

PD B6D 

6 + 2 48 + 32 

0 29 + 19 

0 56 + 40 

0 81  + 35 

Control, PD, B6D, see Appendix 10 



Appendix 7. Creatinine Excretion (mg/day), Study II 

Ad lib, pair fed, B6D, see Appendix 10 
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Week Ad Lib Pair Fed B6D n 

1 3.52 + 0.60 3.33 + 2.50 3.31 + 0.84 6 

3 4.78 + 0.37 3.32 + 0.13 3.15 + 0.42 6 

5 6.54 + 0.62 3.92 + 0.13 4.72 + 0.77 6 
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Appendix  3.   Pre and Post Irradiation Creatinine Excretion, Study II 

Collection Ad Lib Pair Fed B6D r^ 

5 a 7.71 + 2.13 4.44 + 0.26 4.23 + 0.37 6 

5 c NIR 7.03 + 0.55 4.48 + 0.42 4.05 + 0.06 3 

5 c IR 9.01 + 3.56 4.56 + 0.04 3.79 + 0.45 3 

5 a, 5 c NIR, 5 c IR, see Table 20 
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Appendix 9a. Nutrient Intake (ug /day); Week one; Study II 

NRC 
Requirement 

Esf 
Im 

imated 
take 

Act ual Intake 

Vitamin Ad Lib Pair Fed B6D 

B6 91 65 13 10 1.1 

B12 6.5 x 10"2 2.6 0.5 0.4 2.2 

Folic Acid 52 10 8 44 

Thiamin 16 52 10 8 44 

Riboflavin 32 102 20 16 88 

Pantothenic 
Acid 100 520 100 80 440 

Choline 9,750 55 ,120 11 ,020 8 ,480 46 ,640 

Niacin 200 520 100 80 440 

Biotin 3.9 0.8 0.6 3.3 

Inositol 2 ,600 520 400 2 ,200 

NRC requirements and expected intakes were calculated by 
multiplying NRC nutrient requirements and expected nutrient 
mantent of the diet, respectively, by the food consumption 
of the ad lib group for the corresponding week. 



125 

Appendix 9b. Nutrient Intake ( ug /day); Day one; Study II 

NRC 
Requirements* 

Estimated 
Intake* 

Actual Intake 

Vitamin Ad Lib Pair Fed B6^ 

B6 98 70 14 80 80 

B12 7 x 10"2 2.8 0. 6 0.3 1.6 

Folic Acid 56 11 6.4 32 

Thiamin 18 56 11 64 32 

Riboflavin 35 11 22 12 62 

Pantothenic 
Acid no 560 no 60 320 

Choiine 10,500 59,360 11 ,870 6 ,780 33 ,920 

Niacin 210 560 no 60 320 

Biotin 4.2 0. 8 0.5 2.4 

Inositol 2,800 560 320 1 ,600 

NRC requirement and expected intake were calculated by multiplying 
NRC nutrient requirements and expected nutrient content of the diet, 
respectively, by the food consumption of the ad lib group for the 
corresponding week. 
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Appendix 9c. Estimated Nutrient Intake (ug/day) 

NRC 
Requirement 

Expected 
Intake* 

Act ual Intake 

Vitamin Ad Lib Pair Fed B6D 

B6 140 TOO 200 90 10 

B12 lOxlO'2 4 0.8 -0.4 2 

Folic Acid — 80 16 72 40 

Thiamin 25 80 16 72 •    40 

Riboflavin 50 160 32 14 80 

Pantothenic 
Acid 

160 800 160 72 400 

Choiine 15,000 84,800 17,000 7 ,630 42,400 

Niacin 300 800 160 70 400 

Biotin — 6 0.1 0.5 3 

Inositol ....... 4,000 800 360 2,000 

NRC requirements and expected intake were calculated by multiplying 
NRC nutrient requirements and expected nutrient content of the diet, 
respectively by the food consumption of the ad lib group for the 
corresponding week. 
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APPENDIX 10 

List of Abbreiations 

dCTP 
DNA 
dC 
dGMP 
dTTP 
dUMP 
dTMP 
CH2=iFH4 
UMP 
UDP 
UTP 
CTP 
dCDP 
dCMP 
RNA 
dU 
dUDP 
ATP 
FH2 
FH, 
NTP 
TBA 
SER 
RER 
AFC 
PLP 
4-PA 
XA 
KA 
ip 
_BW 
BW 
B6D 
PAD 
pair fed 
ad lib 
dC/C 
%^C 

n 
NIR. 
IR 
5a 

5c 

deoxycytidine triphosphate 
deoxyribonucleic acid 
deoxycytidine 
deoxyguanidine monophophate 
deoxythymidine triphophate 
deoxyuridine monophophate 
deoxythymidine monophophate 
5,10 methylene tetrahydofolate 
uridine monophophate 
uridine diphosphate 
uridine triphosphate 
cytidiae triphosphate 
deoxycytidine diphosphate 
deoxycytidine monophosphate 
ribonucleic acid 
deoxyuridine 
deoxyuridine diphosphate 
adenosine triphosphate 
dihydrofblate 
tetrahydrofolate 
nucleotide triphophate 
thiobarbituric acid 
smooth endoplasmic reticulum 
rough endoplasmic reticulum 
antibody forming cells 
pyridoxal phosphate 
4-pyridoxic acid 
xanthurenic acid 
kynurenic acid 
intraperitoneal 
change in body weight 
body weight 
vitamin B6 deficient group 
pantothenic acid deficient 
pair fed control group 
ad libitum control group 
deoxycytidine excretion per mg of creatinine 
percent change in deoxycytidine excretion nor- 
malized to week one 
number of animals in the sample 
non-irradiated animals 
irradiated animals 
first 24 hour urine collection after injection 
of labeled dC in Study II 
first 24 hour urine collection after irradia- 
tion 
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(APPENDIX 10 cont.) 

RXT reaction 
gin glutamine 
glu glutamate 
f female 
m male 
OC oral contraceptive users 
HP high protein diet 
LP low protein diet 
D deficient diet 
C control diet 
dU-thymidine the fraction from the dC fractionation proced- 

ure which contained the deoxyuridine and the 
thymidine fractions. 



APPENDIX 11. 

List of Reagents 
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Dowex Resin 
(a trademark of Dupont Corp.) 

Thiobarbituric Acid 

Ribose 

Arsenic 

Periodic Acid 

Deoxycytidine 

Kynurenic Acid 

Xanthurenic Acid 

4-Pyridoxic Acid 

L-Tyrosine Decarboxylase 
Apoenzyme 

HC1 

NaOH 

Bio Rad Laboratory 

Sigma Chemical Co. 

Sigma Chemical Co. 

Sigma. Chemical Co. 

Sigma Chemical Co. 

P-L Biochem. Inc. 

Gift from Dr. R. R. Brown 
U. Wisconsin 

Gift from Dr. R. R. Brown 
U. Wisconsin 

Gift from Dr. R. R. Brown 
U. Wisconsin 

Sigma Chemical Co. 

Baker Chemical Co. 

Baker Chemical Co. , 
MaJlinckrodt Chemical Co. 

NH4OH Baker Chemical Co 



APPENDIX 12• 

Addresses of Manufacturers 
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Bio Rad Laboratory 

Sigma Chemical Co. 

P-L Biochenw , Inc 

2200 Wright Av. 
Sichaond,  CA. 

P.O.. Box 14508 
St. Louis, MS 

1037- W.. McKinlev Av 
Milwaukee W"S 

J. T. Baker Chemical Co. 

Mallinckrodt 

Nutrition Biochem Corn 

U. S. Biochem Corp 

I.C.N. Pharmaceutical 

Calhiochem 

I.C.N. Chem. and Radioisotoce 

New England Nuclear 

22 2 Red School Lane 
Phillipsburg, NJ 

P.O. Box 58 6 45 
Los Angeles, CA 

2 62 01 Miles Av. 
Cleveland, OH 

P. 0. Box 22400 
Cleveland, OH 

2 6201 Miles Rd. 
Cleveland, OH 

P. 0. Box 12037 
San Diego, CA 

272 7 Campus Dr. 
Irvine CA 

5 49 Albany St. 
Boston, MA 


