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The Metaboliam of SMethylteitrahydrofolic Acid and Related
Compountids in the Rat
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James Cornelius Kennelly
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The metebolism of SMethylietrahydrofolic acid (5HeTHT)
and its oxidation products were investizated in _the rat using
(14¢ methyl) 2nd mixed label (214¢)(3',5",7,9, H) species.

mhe S5(14¢)MeTIF preparstion is a racemic mixture of
the Cg epimers, however, they are absorbed from the gut
witlout discrimination. The methyl group is removed from
one active epimer forming various metabolites hav the game
chromatosraphic behaviour as those produced from (14Cmethyl)
rethionine. Vo evidence was observed for the oxidation of
SMeTT® methyl to -CH2- or the formation of 5(14¢) e
polyglutamate types.

A
Mixed label (21"'-'0)('5* " ,7,9,33{)5?"5@:-? is metabolised
to various compounds including the formyl folztes and
volyzlutamates.

. Me compound is cleaved to produce urinary
3n 1abelled scission products, which demonstrates that
scission reactionspreviously observed with folic acid are
a function of normal folate metabolism,

-5MeTIF was oxidised to produce its triszzine oxidation
rroduct and SMethyl 5,6, dihydrofolate (5Me 5,6,D°F). The
triszine is biolozically inactive, not being metabolised to
any other compounds by the rat. B5Me 5,6,D7F ig metabolised
in a similar manner to SMeTF after I,P, dosage, however,
only scission metabolites are’observed in urine after oral
dosing., In ¥itro acidification was observed to result in
several products from 5 e 5,6,DEF, including p.aminotenzoyl-
slutamate., These oxidation productas zre unlikely to contribute
to available food folate.

Tn rats bearing the Walker 256 carcirosarcoma the
rodnotion of non-folate compounds from 5{14C)MeMF is
nereazed, possibly due to the increased mass of the tumour,
or becanuse of this tumour's specific demand for methionine.
There is less scission of mixed label SeT™® and diminished
t0tn1 excration of radioactivity. The scission products
differ from the normal.

oy
2
i

e normal metabolism of 5 MeT-F is Aiscussed with reference
to the 'methyl trap hypothesis', the role of vitanin C, and
in comperison with prior studies using folic acid. The
Sl7e™IF metabolism of the tumour bearing rat is contrasted
th the normal.

e

Tey terms: <folate metabolism =nd catabolism
fol=te oxidation
nethyl metabolism

e el
pumour nesAXring rats

-
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1.1 Folate Metabolism

The folates are a ubiquitous group of pterin based
coenzymes involved in the intermediate metabolism of
one-carbon moeities (reviewed by Blakley 1969, Rowe 1978).
The naturally occurins folate coenzymes are derivatives of
tetrahydrofolic acid (fig. 1.1) with one-carbon substituents
on or between the Ns and N1O atoms which are interconverted
and donated during the course of folate-catalysed reactions.
Mammals, including man, are unable to synthesise these
compounds de novo, and thus they are required as vitamins,
(Rodriguez 1978). In therapeutic supblements folate is
usually supplied as folic acid, an oxidised synthetic derivative
of the naturally occuring folates (Fig 1.2).

One carbon units enter the folate pool as the 02
atom of serine, which is ultimatelyderived from carbohydrate
and quantitatively the most important source (Blakley 1969
p289, Newman et al 1974). The C% atom of histidine and
formate are also sources (Blakley 1969 p. 291). These
one carbon units are consumed in reactions producing the

02 and C, atoms of the purine ring, the methyl groups of.

8
deoxythymidylate and methionine, and CO, with recycling
of THF (fig. 1.3).

In fig 1.3 the coenzyme donating the 08 atom of
purines is given as 5, 10y,methenyl THF . and shown in more
detail in fig 1.4.

Yowever, Dev and Harvey (1978a) have shown that this

reaction in ®,coli requires 10CHO THF rather than 5y10CH=THF



Fig.1,1. 5,6,7,8,Tetrahydrofolic acid (THF)

- 3
CH—NH H COOH
HN g N /
,/’L**h 4 T
HN N H |

L

COOH
It o ; 3
2=amino'4-hydroxy 6-methy1 p-aminobenzoate glutamate
5,6,7,8,tetrahydropterin residue residue

Fig.l1.2 Polic acid (FA)
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Figel.3. Key & Enzymes of Folate and One-Carbon Reactions

Enzyme (1) Thymidylate Synthetase - 5,10,Methylene THF 3 4dUMP
C Methyltransferase EC 2.1.1.6

(2) Dihydrofolate Reductase - 5,6,7,8,THF s NAD(P)
Oxidoreductase EC 1.5.1.3

(3) Serine Transhydroxymethylase - 5,10,Methylene THF i
Glycine Hydroxymethyltransferase EC 2.1l.2.1

(4) Formiminotransferase = N-formimino-L-glutamate 3
THF 5-formiminotransferase EC 2.1.2.5

(5) 10 formﬁl THF Synthetase - Pormate s THF ligase (ADP)
EC 6.3.4.3

(6) 10 Formyl THF Dehydrogenase - 10 Formyl THF NADP®
Oxidoreductase EC 1.5.1:i6

(7) 10 formyl THF AICAR Transformylase - 10 formyl THF s
S-amino 1 ribosyl 4 imidazolecarboxamide 5' phosphate
Transforylase :

(8) 5 formimino THF cyclodeaminase - 5f£6rmimino THF 3
Ammonia lyase (cyclising) EC %#.3.1.4

(9) 5,10,Metheneyl THF cyclohydrase - 5,10,CH=THF
5 Hydrolase (decyclising) EC 3.5.4.9

(10) 5 formyl THF : 10 formyl THF mutase

(11) 5 formyl THF cyclohydrase - 5 formyl THF cyclo-ligase
(ADP forming) EC 6.3.3.2

(12) Methylene THF dehydrogenase - 5,10,Methylene THF
NADP oxidoreductase EC l.5.1.5

(13) Glycinamide riboside transformylase EC 2.1.2.21

(14) 5,10,Methylene THF reductase - 5MeTHF: (acceptor)
oxidoreductase EC 1.1.99.16

(15) Methionine synthetase - 5MeTHF 31 L-homocysteine
S-methyltransferase EC 2.,1.1.13

(16) Betaine-homocysteine methyltransferase - Betaine 3
IL-homocysteine S-methyltransferase

EC 2.1.1.5
Note: the substrates for folate catalysed reactions are
formally given as the monoglutamates, however, it is
ikely that they,in vitro,are mainly polyglutamates

1
(see text)



Fig.l.4. Formation of Purine Cg

NH
e 2
PQ? ygf/’»ntﬁFi

o=C 5,10,CH=THF O
e : NH
®OcH, THF  ®OCH,

glycinamide ribeside
transformylase
E.Cu2.1.2,21

OH OH
5°phosphoribosyl 5'p§t:;§:21bosyl
glycinamide N-formyl glycinamide

Fig.Zle 5.  Z0formylTHF tetraglutamate (10formyl tetrahydropteroyl
pentaglutamate)

HO -
i N —I CONH
Hu}m N\(_M/ COOH
)\N ” I
oy N




by the use of enzyme preparations which are free of

O

cyclohydrase (enzyme 9 fig. 1.3) which catalyses the
hydrolysis of 5,10fH = TEF to 10CHOTHF, and under pH
conditions which precludes their non-enzymic inter-
conversion., They suggest that previous experiments which
revorted 5,10CH = THF as the required coenzyme, without
these precautions result in 5,10CH = THF being rapidly
converted to 10CHCTY™, the active donor. They also report
(Dev and Harvey 197€b) that methylene TIF dehydrogenase
(enzyme 12 fig. 1.3) and cyclohydrase activities are
present on a single protein, such that 5,10CE=THF would
have only a transient existence during the conversion of

5,10CH,THF to 10CHOTFF, and this would be unlikely to have

Ha
a donor role in vivo for transformylations. Since these
two enzyme activities are also on a single protein together’
with 10 CHOTEF synthetase (enzyme 5 fig 1.3) in pig (Tan
et al 1977, Tan and Mackenzie 1979) and sheep liver (Paubert
1976) which suggests 10CHOTHF may also be the exclusive
formyl donor in mammalian purine biosynthesis._

The flow of onecarbon units through the foléte pool
is branched at the formation of 5 MeTHF, the reduction of
5,10CE,THF having an‘equilibrium position (Keq = 10?) which
precludes substantial .fommation: of 5,10,CH,THF from SMeTFF
under physiological redox conditions (Kutzbach and
Stokstad 1971). As a result SMeTHF, unlike the bridged
and formyl forms, cannot be directly converted to bther
folate types without loss of its one-carbon substituant,

and does not directly provide any one carbon species for

=3l



thymidylate and purine synthesis. The methyl group of
5 MeT"F is donated to honocysteine catalysed by the

cobalamin (vitamin B requiring methionine synthetase

12) -
(enzyme 15 fig 2) in mammals (Dickerman et al 1964). The
adenyl derivative of methionine, S-adenosyl methionine (SAM).
is the methyl donor in numercus biosynthetic reactions
(Cantoni 1975, see chapter 3). Some labile methyl groups
are provided in the diet as methionine and choline which

may furnish SAM (fig. 1.3), with the rest of the body methyl
group requirements being synthesised de novo from the folate
pool. Mudd and Pool (1975) calculate that human volunteers
on a nitrogen egquilibrium diet synthesised approximately

24% of their methyl requirement de novo which rose to

67% when the labile methyl content of their diet was

reduced by 62%. Regulation of methyl biosynthesis with
dietary - methyl is achieved at two points; control of
methionine synthetase productioﬁ and regulation of

methylene THF reductase activity. The synthesis of
methionine wmynthetast is repressed’ by methionine (Kutzbach
et al 1967 TFinkelstein et al 1971) and stimulated by homo-
cysteime (Kamely et al 1973). Methylene THF reductase
activity is allosterically inhibited by SAM (Xutzbach and
Stokstad 1971) and stimulated by S-adenosyl homocysteine
(sA®) (0sifo 1978). Thus the rate of de novo methyl synthesis
will be modulated by the levels of the methyl donor SAM

and its precursor methionine, versus that of the methyl

acceptor homocysteine and its precusor SAH.



The level of one carbon units in the folate pool is
regulated by the high activity of 10CHOTHF reductase
(Krebs et al 1976, Scrutton and Beis 1979). Should an
increase occur in the formyl or bridged folate forms which
are in equilibrium with 10CHOTHF, due to a decreased rate
of purine synthesis or by inhibition of methylene THF
reductase by increased SAM, the concomitant rise of
10CHOTHF results in‘fhe loss of 01 units aé 002. This
mechanism may explain the constancy of 10CHOTHF levels
compared to 5MeT"F observed in human serum by Ratanasthein
et al (1974).

Rxtraction of folates from cellular material under
conditions which preclude significant enzymatic degradation
produces folate species with supernumerary glutamate residues
(Pfiffner et al 1946 Connor et al 1977, Connor and Blair 1980)
termed folylpolyglutamates. Numerous other reports have
been given of extraction of tissue folates which have high
molecylar weight and either chromatograph with synthetic poly-
glutamates with Kiinked glutamate peptide chaing /Y, or support
the growth of folate - reduiring bacteria after treatment
by glutamate ¥ carboxypeptidase (conjugase) e.g. Bird et
a1(1965), Shane et al(1977), Baugh and Krumdiek (1971) Perry
and Chanarin (1977). Fig 1.5 gives a tyvical polyglutamate
structure.

In vitro studies have shown synthetic polyglutamate
folates to be superior to monoglutamates as coenzymes
in a number of folate requiring reactions viz: thymidylate

synthetase (¥isluik et al 1974), methionine gynthetase

w1~



(Coward et al 1975), dihydrofolate reductase (Coward et al
1974) and AICAR formyl transferase (Bagzot and Krumdiek
1979). Also the polyglutamates of dihydrofolate and
10 formylfolate are more effective inhibitors of thymidylate
qynthetase compared with the monoglutamate (Kisluik et al
1974, Friedkin 1973) this, together with their cosubstrate
activity varies with chain length, from which it is possible
to speculate that the ratio of intracellular pelyglutamyl
types may exert a controlling function on folate metabolism.
Hilton et al (1979) showed that cultured cells showed a
higher ratio of polyszlusmonoslu during log growih phese
than confluent cells, hoﬁever, the ratios of various
polyglutamates was not investigated. The importance of
rolyglutamates, to folate metabolism is illustrated by
a mutant sirain of baby hamster kidney cells (BHx)
described by MacBurney and Whitmore (1974) which were
found to be auxotrophic for glycine, thymine and adenine.
Taylor and Hanna (1977) showed that these cells were unable
to synthesise polyglutamate which resulted in the observed
deficiencies. It was determined that the deficiency was
due to a lack of appropriate folyl polyglutamate coenzymes
by that fact that these metabolic defects persist even
when the cells are provided with excess folate in the medium.
In liver there is an observed turnover of stored polyglutamates
to extracellular folate (Shane et al 1977), thus there
would be a net loss of tissue folate should the rate of

polyglutamate synthesis decrease.

-17-



Work on the polyglutamztes ié hampered by their
complexity. Bauch and Xrumdiek (1971) estimated that witﬁ
varying states of oxidation, one-carbon subgtitﬁents and

up to seven glutamate residues, the possible number of folates
is 150. These present a considerable challenge to analysis.
In earlier studies (reviewed by Blakley 1969 p.34) tissues
were allowed to autolyse, endogensug conjugase liberating
folates as monoglutamate, chromatography and microbiological
assay used to estimate the various folate types. Besides
the problems associated with microbiological assay methods
(see section 1.4), under autolysis there is likely to be
interconversion of folate types., Similarily Noroﬁang

and Aboobaker (1963) showed that freezing and thawing of
tissue samples results in a greater proportion of formyl
folates and a2 decrease in SMeTEF. The method of Bird et

al (1965) prevents autolysis by enzyme inactivation in
boiling ascorbate, with use of conjugase to facilitate
microbiological assay of the chromatographed polyglutamate
peaks. However, conjugase has only recently been exiracted,
purified to homogeniety and characterized (Rao and Norohana
1977), previous use of impure preparations suggests the
possibility of folate interconversions during analysis
(Connor and Blair 1980). Thus there are discrepancies
between the reported tissue folates depending on the methods
of extréction an& analysis viz: Norohana and Silﬁermgn (1962),

Bird et al (1965) report that SMeTHF polyglutamates are

i



the major liver folates, Shin et al (1972) extracted a mixture
of formyl and methyl polyglutamates with up to six

glutamate residues, while Connor et al(1977), Connor and
Blair(1980) showed only polyglutamates of 10 formyl folic
acid. The polyglutamyl folates do not elute from gel
filtration or ion-exchange in a pattern consistent with
either their one-carbon substituents or polyglutamate

chain length (Beuch and Xrumdiek 1971). Attempts have been
made to simplyfy the species derived from tissge by cleaving

9
the C° - N10

bond of polyglutamates producing a series of
p aminobenzoyl glutamyl - ( E'glutamyl)n peptides which may
be chromatographed with relative ease. Recently, however,
it has been demonstrated that reductive (Lewis and Rowe
1979) and oxidative (Mariyama et al 1978, Lewis and Rowe
19?9) 'cleavage' techniques, although able to produce amino
benzoyl glutamates from synthetic folic acid polyglutamatés,
cannot do so consistently from reduced folate types.

Connor (1979) was unable to demonstrate the presence
of 5MeTHF polyglutamates, under extraction conditions
where they would be expected to be stable, in rat liver,
The high molecular weight folate was shown to be mainly
JOCHOFA glu4 by chemical analysis (presumably the oxidation
product of 10CHO THF g1u4) with some 10CHEOFA glu5 which might
be an artifact of extraction (Connor et al 1977, Connor
and Blair 1980). From this result Connor (1979) suggests
that the polyglutamate tissue pool consists of formyl and

bridgedfolates providing the coenzymes for purine and
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thymidylate synﬁ;esis- with methionine synthesis the exclusive
domain of monoglutamate SMeTHF. In support of this hypothesis
it is observed that the BHX mutant strain reported by
MacBurney and Whitmore (1974) while auxotrophic for glycine
purines and thymine, the products of bridged and formyl |
types, shows no requirement for methionine, product of
SMeTHF, As the requirements are aassociated with polyglutamate
deficiency (Taylor and Hanna 1977) this would indicate only
SMeTHF coenzyme activity is independent of polyglutamate
synthesis. Similarly, rat intestine lacks methionine
synthetzese (Pimrelstein €t a1 1971, 1978) yet apparently
forms polyglutamates (Connor 1979) and synthe=ises SMeTEF
(Blakley 1969 p. 370). Should 5MeTHF polyglutamates be
formed, they would be unable to be demethylated in the gut,
effectively trapping folate and sbopping one carbon transfer
reactions.

The apparent primacy of 10CHOTHF polyglutemate as
tissue folates invites speculation about the control
mechanism of folate metabolism which distributesfolate
between the mono - and polyglutamate pool (Connox 1979).
The work of Krebs et al (1976) and Scrutton and Beis (1979)
proposed a role for 10 formyl THF dehydrogenase in controlling
the level of one carbon mnits in the folate pool, releasing
excess units as CO, (fig 1.3). If as is found with other
enzymes, the polyglutamyl folate is the preferred subgtrate
(see above) 10CHOTHF polyglutamate would be the primary

substrate of the pathway, competing with monoglutamyl
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10CHOTHF. When the demand for 10CHOTUF polyglutamate
is increased during phases of nucleotide- zyHthesis,. a greater
proportion of monoglutamyl 10CHOTHF will be wtilised by the
dehydrogenase, generating THF. The increase in THF concentrétion
would result in enhanced polygutamate synthesis, as in vitro
studies (Sakami et al 1973, Spronk 1973 McGuire et al 1979)
have indicated that this folate is the optimal substrate for
polyglutamate synthetase (fig 1.6). This mechanism would
enable nucleotide synthesis to modulate folate conjugation
and provide a ‘rationale for the observgtion of Hilton et al
(1979) that the polyglutamate to monoglutamate ratio is
increased in cultured cells during their logarithmic growth
phase,

The oxidation of 10CHOTHF g1u4 may have physiological
consequences as its oxidation product 10CHOFA g1u4 is
found to be a powerful inhibitor of diﬁydrofolate Teductase
(Priedkin et al 1975). Thus on occasions wgen the oxidation
of 10CHOTWF types is increased, as observed in Vitamin C
deficiency (Stokes et al 1975) increased dihydrofolate
radietasze © inhibition may interfere with cell division
contributing to anaemia. Conversely tell division is
likely to be enhanced by thymidylate synthetase activity
when 10CHOTHF oxidation is diminished, as may occur in
tumour cells which are observed to have a higher redox
potential then normal (Schwartz et al 1974, Schwartz and
Johnson 1976).

Rigorous investigation of these postulates awaits a
technique for the routine examination of cellular folates

without the ambiguities of present analytic methods.
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Fig.1l.6. Relationship between the Mono- and Polyglutamate
Folate Pools
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1.2 Tolates in Physiology

The folate coenzymes are involved at three points in
the synthesis of nucleic acids; purine and thymidylate synthesis
and the de novo production of modifying methyl groups (Nau
1976). This, and possibly their role in amino acid metabolism
makes them essential to cell division. Lack of folate in
man results inha disease primarily characterised by deranged
red bload cell formatibn,.me@aloblastic anaemia. mhe
circulating red cells become macrocytic and their bone
marrow precursors megaloblastic. These cells, together
with transformed lymphocytes and dividing epithelial cells
show chromosome anomalies. 'As a result of decreased erythro-
poesis anaemia occurs. The decreased proliferation of the
epithelial surfaces may, in acute cases, result in the
ulceration of the mouth and upper intestinal mucosa, and
the impairment of gonadial cell division cause male and
female sterility(Toffbrand 1977).

Deficiency of vitamin B12 also gives rise to megaloblastic
anaemia, higtologically and heematolozically.indistinguishable
from that produce by folate deficiency (Blakely 1969 p439).
Their interrelationship is shown by the fact that 312
deficient anaemia may be alleviated by pharmacological
doses of folic acid and folate deficient megalobastosis
by vitamin B,,. FHowever, neurological disturbances and
dezeneration associated with B12 deficiency are not treated
by folate therapy and may even be exacerbated by it (Rowe

1978). To explain the relationship of B, and folate
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deficient anaemias, Ferbert and Zalusky (1962) and Norohana
and Silverman (1962) proposed the methyl tetrahydrofolste
trap' hypothesis. Woting thab B12 is required as a

cofactor for methionine synthetase (fig 1.3) they suggest
that during 312 deficiency the rate of methionine synthesis
thus 5MeTHF demethylation, falls. This results in

available folate being trapped as SMeTHF at the expense of
the purine and thymidylate forming types, this functional
folate deficiency gives rise to the observed megaloblastosis.

That the anaemia is not immediately fatal is possidly
due to residual methionine synthetase activi%y, or ag a result of the
diet éompensating for the block by provision of folates
other than 5MeTHF which would enable vital folate functions
to continue at a low level, yet not prevent the development
of anaemia.

Bvidence for the 'methyl'trap' hypothesis has been provided
bY Mhemen &t al (1973) who reported that the serum of
pernicious (B12 deficient) anaemia patients ghowed elevated
SMeTHF. Blakely in his review (1969 p. 456) considered the
evidence to, date for increased serum 5MeTHF to be equivocal .
However, Rowe (1978) suggested that the majority of serum
folate being normally 5MeTHF (Ratanasthein et al 1977), the
proportional increase may not be readily detected. This is
especially true should microbiological methods be used
which may show high variability (Rothenberg et al 1972).

More directly Lavoie et al (1974) showed a decreased
incorporation of 140 activity from S5MeTHEF into proteins
in cobalamin deficient human cells and Sakamoto et al (1975)

observed a decreased gynthesis of thymidylate in cultured
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312 deficient lymphocytes. The hypothesis has been extended
by the observation that 5( 4C)MeT™F is not incorporated into
polyglutamates with its methyl group intact (Lavoie et al
1974, Blair et al 1976).

This could result either from demethylation of the
5(140) methyl THF proceeding at a much faster rate compared
to its rate of conjugation, so that (?40 methyl) labelled
polyglutamates are not readily observed by this technique,
or that SMeTHF is a poor direct substrate for polyglutamate
synthetase. In vitro studies of bacterial and rat liver
polyglutzmate sythetase (d'Urso - Scott and Malaku 1973
Spronk 1973) show that the enzyme is unable to utilise
SMeTHF, A later report (McGuire et al 1979) observed some
in vitro 5MeTHF conjugation but at a rate some 20% of
that observed with TEF. Thus accumulation of 5MeTHF
during B,, deficiency would result in decreased polyglutamate
synthesis and reduced tissue folate eg. in liver (Thenen
et 211973). Perry and Chanarin (1977) report that the folates
of red blood cells from pernicious anaemia patients
show a different spectrum of polyglutamyl chain lengths
from normal which could have consequences for folate
enzyme regulation. However, the detailed analysis of
chain lengths should be treatedwith caution, as their
analysis was baged on cochromatography with synthetic
SMeTHF polyglutamates which may be Lnappropriate markers
for tissue folates (see sectiont1). In a later report (Perry
et al 1979a)they observe that By, deficient rats show a

marked decrease in incorporation of folate into polyglutamate

when the source is 5MeTHF, compared to formyl and methylene



THF.

The methyletrahydrofolate trap thus explains the haemato-
logical effeéts of B12 deficiency as a consequence of
disturbed folate metabolism, yet Rowe (1978) suggests
the hypothesis is limited in that with congenital methyl-
malonicacidurie there is defective cobalamin metabolism
and methionine synthetase activity (Mahoney et al 1971,
Dillan et al 1974) but those affected do not automatically
show the expected megaloblastic anaemia.

Folate deficiency may arise due to a Yariety of
causes. Blakely (1969 p.411) described nutritional folate
deficiency as possibly the commonest example of vitamin
deficiency in man, However, human folate requirements are
not as yet well characterised (Rodrigues 1978); although
estimates have been made of the minimum amount of folate,
as folic acid, required to forestall the appearance of
deficiency symptoms. Hansen and Weinfield (1962) gave a
value of 100mg daily, Zalusky and Herbert (1961) of the order
of 50mg and Benerjee et al (1975) 75ms. However, it has
to be noted that these values are obtained from populations
of ill defined nutritional status. Folate deficiency is
also observed in malabsorbtion syndromes (Rodriguem 1978),
during the clinical use of folate antagonists (Blakely 1969
p 424, Waxman et al 1970) and anticonvulsants (Chien et al
1974). Tolate deficiency is commonly associated with
conditions characterised by incregsed cell proliferation
v1?; Haemolytic anaemia, mycﬁclerosis,inflanmatory dizezsze

and palignant neoplasia (Hoffbrand 1977), and especially



Pregnancy.

It has been estimated that the folate reguirements of
2 pregnant woman is in the order of 400:4g/day, some 4 to
8 times that of the non pregnant adult woman(Lowenstein
et al 1966) The association of folate deficient anaemia
with pregnancy has been studied since the 1930's and the
observations of Wills (1931). ‘Chanarin-et al (1958) reported
thaf the majority of women in pregnancy and all mothers of
multiple births show folate deficiency. Cooper gt al
(1970) reported that studies to date had showed that 50
of pregnant women had low serum folate and studies in
Britain, Canada and South Africa showed 25% of women with
‘megaloblastic changes in the boné marrﬁw during pregnancy.
Reports differ as to the effects of maternal folate deficiency
on the foetus, for it is apparently able to avail itself
of folate at the expense of the mother even when the
maternal stores are depleted (Rowe 1978). Gatenby and
Lillie (1960), Hibbard and Hibbard (1968) report an increase
in prematurity and congenital defects in the children of
folate &eficient mothers, while Pritchard et al (1970),
Varadi et al (1966), Giles (196€) and Cooper et al (1970)
could not show any increase in perinatal mortality or
morbidity with maternal folate deficiency. This question
will be difficult to resolve now fhat folic acid supplements
are given routinely during pregnancy. Folic acid supplements
have been shown to result in a significant decrease in premature
births to Black South African mothers while no significant

difference was observed among white women with a more
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substantial diet (Braumsleg et 21 1970). The study indicates that
one cannot study folate déprivation amongst human populations in
isolation from other dietary factors.

Tolates have an important role in mental development
evidenced by the congenital folate metabolic diseases.
In his review Rowe (1978) cites several folate enzyme deficiencies
viz congenital malabsorbiion; dihydrofolate reduqtase
formiminotransferase/cyclodeaminase, methylene THF reductase
and methionine synthetase deficiencies. Although slowing
Sf‘physical growth was an occasional feature, mental deficiency
was almost in?ariabyy present to some degree. From animal
studies folate deficiency in early life may be zssociated
with abnormal mental development;Arakawa (1970) reported that
induced folate deficiency in the neonate rat causes a
delayin the maturation of brain electrical activity.
Possibly deranged folate activity affects brain development
by decréasing:mucleic a¢id synthesis during a phase of nerve
proliferation. However, folate and one-carbon metabolism
also have a role in mature brain activity where grovwth
is minimal,

Both folate deficiency and excess have been observed
to cause neuronsychiatric disturbances in adults. TFolate
deficiency in man is associated with neuropathy (Manzoor
and Runcie 1976) and mild depression and fatigue (Botez
et al 1978) Pharmacological deses of FA (15mg/day) are
observed to cause gastrointestinal disorders, sleep diffi-
culties, vivid dreams and jrritability which ean intexrfere

with normal working life (Funter et al 1970). Further work
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Fig.l.7. Tetra- and Dihydrobiopterins
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Fig.1.8. Role of Biovterin in Neurotransmitter Synthesis
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on humans (Hunter et al 1971) showed that 30 mg FA by

mouth resulted in a significant fall in cerebrospinal fluid
levels of hydroxyvanillic acid, a dopamine breakdown product
indicating a decreased turnover of the neurotransmittier.

In rats Botez et al (1979) report a decrease in brain levels
of the neurotransmitter 5 hydroxtryotamine (5HT) in animals
maintained on a folate excess or folate deficient diet.

They postulate that in folate depletion an associated
thiamine def ciency (Thomson et al 1971) results in the
decreased SHT production. Spector et al (19738) report that
dihydrofolate reductase (DHFR) is required for the reduction
of 7,8. dihydrobiopterin in the de novo synthesis of
tetrahydrovterin (fig 1.7) the pterin redox cofactor in
tryptophan (Lovenberg et al 1967), phenylalanine and tyrosine
hydroxylation (Costa and Meck 1974) in the synthesis of

5AT and dopamiﬁe (fig 1.3). Botez at al (1979) proposed
that when high doses of FA are administered the preferential
reduction of FA to DHF and THF decreases the rate of
tetrahydrobiopterin (BH4) by DHFR, consequently decreasing
subsd quent 5HT production as BH4 concentration is thought

to be rate-limiting in hydroxylating systems (Costa and

Meck 1974). Another possible interaction of FA with biopterin
metabolism is via dihydropteridine rsductase (DVPR) the enzyme
which recycles the quinoid dihydrobiopterin product of BH4
requiring hydroxylations (Lund 1972) fig 1.8. TFolic acid

is observed to be an in vitro inhibitor of this enzyme
(Cheema et al 19?3), thus the high transient body coﬁcentrations
of FA after a pharmacologi;al dose would be expected to reculb
in DEPR inhibition. Thus it is possible to envisage folates

interacting both with the de novo synthesis and salvage
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pathways for 334. These postulates are still to be tested

by experiment, however, the biopterin hypothesis suggests

an interesting association between thé two areas of mammalian
pterin metabolism,

Folates and one carbon metabolism are involved in the
two commonest chronic mental disorders, epilepsy and
schizophrenia. Tpileptices treated with anticonvulsant
drugs offén develop folate deficiency and megaloblastic
anaemia (Xlipstein 1964, Waxman et al 1970). It has not
been established whether anti-convulsant drug ﬁction is
primarily due to antifolate activity, however, Ch'ien et
al (1975) note that seizures and ERG abnormalities may be
induced in some drug treated epileptics by high (75mg)
intravenous folic acid doses.

Schizophrenia is of interest in that 40% of chronic
schizophrenics when given methidnine dosés of 20g/day (normal
adult requirement = 10mg/day) suffer acute psychotic att;cks
(Smythies 1975). Opinions as to the mechanism of this
effect differ, Osmond and Smythies (1952) proposed the
transmetﬁyiatiﬂﬁ Eypothebis where atnmormal matﬁylation-of
neurotransmitters occurs in schizophrenia to produce natural
analogues of N- and O- methylated psychomimetic substances
such as dimethyl tryptamine (DMT), bufotenine 5 methoxy
DMT, and mescaline (Rosengarten and Friedhoff 1976).

However, Smythies (1976) reported that there is little evidence
that schizophrenics produce greater amounts of methyl
modified neurotransmitters than normals, and suggested

the methionine effect may be due to action on S5HT metabolism,
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by competing with tryptophan uptake and or by psychotoxic
effects of homocysteine., They note the schizophrenia-like
symptoms associated with methylene THF reductase deficiency
(Freedman et al 1975) which gives rise to homocysteinuria,
and that administration of serine a source of one carbon
units for homocysteine methylation abolishes some of the
methionine effect symptoms in schizophrenics (Peaton et

al 1975). However, conversely simple homocysteine
accunulation is not observed to cause schizophrenia~like
effects in subjects with cyst thionine synthetase deficiency
(Laster et al 1965). 1In contrast to the transmethylation
hypothesis, Levi and Waxman (1975) proposed that the bio-
cﬁemical lesion of schizophrenia is under methylation of
neurotransmitters. Reynolds (1968a) noted schizophrenic
episodes in epileptics undergoing anticonvulsant drug
treatment, which lowers folate, thus presumably trans-
methylation. ievi and Waxman also note the methylene THF
reductase deficient schizophreniform syndrome (Freedman

et al 1975) where there would be diminished de novo synthesis
of methyl groups. They propose that schizpphrenics are
deficient in activating methionine for transmethylation.
Leukocytes from schizophrenics produce less 14002 from

(140 methyl) methionine than normal, suggesting a general
abnormality of transmethylation or exidation of methionine
methyl (Latife et al 1978). Measurement of one carbon
pathway enzymes (Carl et a2l 1978) shows blood cells of
schizophrenics to have diminished serine hydroxymethyl-
transferase (enzyme 3 fig 1.3) and methionine adenosyl

transferase (S synthetase). Deficiency of the former

would result in less de novo methyl group farmation, the



latier less SAM production. However, Levi and Waxman (1975)
do not account for the effect of methionine load, which
simplistically, should allieviate schizophrenia psychosis
caused by under-methylation rather than potentiate it,
However, schizophrenia is a complex disease state which is
diagnosed by hehavioural and psychiatric criteria rather
than physiology and may have several biochemical mechanismg
involved in its actiology (Smithies 1975, 1976). Folate

" and one carbon metabolism are demonstrably altered in

at least some affected patients, and thus further research
in this field would be valuable.

An adequate supply of folate, 312 and one carbon
donors plays an importsnt role in the maintenance of an
effective immmne response (Newberne 1977). Although immune
deficiency is observed with protein calorié (Chandra 1975)
and other vitamin deficiencies(Axelrod 1971), that of
folate deficiency may be especially important due to its
widespread incidence. Folate deficient women have a
decreased cell-mediated immune response as measured by
dinitrochlorobenzene skin tests and depressed phytohaema-
glutinin (PHA) stimulation of peripheral lymphocytes
(Gross et al 1975). In animal experiments damage occurs to
the rat immune reponse following subclinical deprivation
of folate, B,, and methyl donors (choline and methionine)
in the mother (Newlerne 1977). The offspring, in adult life,

show significantly greater mortality when challenged with

Salmonells typhimurum infection, low seTm protein and white

zell counts, and a reduced leukocyte response to PHA



stimulation. In the same series of experiments pre- and
post-natal 312 depletion also supresses the rat immune
Iresponse , however, excess 312 improved the’immune. response
above normal, and the cytotoxic ability of challenged
lymphocytes from post-weaning folate depleted animals
was correlated with their serum folate levels. In the léter
experiments of Williams et al (1979) rats were marginally
deprived of methionine and choline during various growth
and devopmental stages, and it was found that the severest
immunological impairment was associated with deprivation‘during
gestation and lactation, the period of maximal lymphoid pro-
1iferation. If these studies are extrapolated to humans,
they indicebe that folate deficiency should be avoided
guring the early stages of 1life, as even gubelintcal deficiency
of folate.B12 and one carbon Aonors may lead to long term
immune system impairment,

The requirement of folaﬁe for cell division is
exploited #herapeutically’ to destroy invasive or malignant
cells. The sulphonamides, structural analogues of
p.aminobenzoic acid, have antibiotic activity by compet i-
tively inhibiting bacterial synthesis of diliydrofolate
(Brown 1962), 2-diaminopyrimidines are antimalarials which
function by inhibiting Plasmodium dihydrofolate reductase
(Blakely 1969 p.466). Methotrexate (MTX), fig. 1.9 is
widely used in the treatment of neoplastic disease and can
give complete remission of Purkitts lymphoma amichoriocércinnma
with substantial remissioh of acute lvmophoblastic leukaemia

(Condit 1971).
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Fig.l.9. Methotrexate (MTX)
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Methotrexate is a phase specific cancer chemotherapiutic
halting the synthesis of nucleic acida in 19! phase of the
cell cycle by DHFR inhibition. The recycling of folate
coenzymes ceases with the result that the cell undergoes
'"$hymineless death' ('Cohen 1971)., Methotrexate cytoxicity
is proliferation dependent, the kill rate obtained with
cell cultures in log grovwth phase is 6.7 times that obtained
with reéting cell cultures (Hrynuik et al 1969). In mouse
fibroblasts 10_6M MTX is observed to give a 95% kill of
cells passing through the cell cycle after 24 hours,
whereas contact inhibited non-dividing cells are immune
(Johnson et al 1978a). In theraputic use the differential
kill between normal =m@ malignant cells is enhanced by
folate rescue treatment. Tumours are observed to have
a smaller fraction of cells in Go or 'resting' with respect
to the mitctic cycle (Valenote and Van Putten . 1975) which
are thus not subject to S phhse inhibition by MTX.
Methotwexate is administered at high dose to destroy all
mitotically active cells. Provision of S5CHOTHF ox
occasionally SMeTHF after the period of a cell cycle will
act as an antidote for those cells in Gq,especially those
which can repopulate the gut epithelium and the haemopoetic
system, as they reenter the mitotic cycle.

Thtis folates are seen to be involved in several major

areas of normal and diseased human physiology.



P 5 Methylietrahydrofolic acid

5 MeTHF(fig. 1.10) since its discovery as prefolic A
by Donaldson and Keres:bmg(1959) has been recognised as
\qu;nfiﬁatively the most importsnt folate of serum (Herbert
1961, Ratanasthein et al 1974), cersbrospinal fluid
(Levitt et 2l 1971) of autolysed or stored mammalian
tissues (Bird et al 1965, Shin et al 1972), various
foodstuffs (Rodriguez 1978) and the conjugase treated
folate content of a typical British diet (Perry 1971).
Since 5MeTHF would be the major exogenpué folate form -
available to humans, this would suggest it as the most
appropriate folate for investigations of folate metabolism.
However, SMeTHF and its radiotracers have only relatively
recently become commercially available for widespread
research use., Previously most studies have used folic
acid or occasionally SCHOTHF the most chemically stable
and readily available fémms. Polic acid is not a
natuzally occuring folate and it is only by the fortuitous
ability of dihydrofolate reductase (DHFR) to catalyse
 its reductionin DIUT which enables the compound to enter the
folate pool. This unusual reaction hovever, is slow,
proceeding at 2-19% of the rate observed with DIF (Rlakley
1969 p.146) and is the rate limiting step for the incoporation
of folic a¢id into the pool. Interestingly the orientation
of folic acid on the active site of ﬁHFR is inverted with
respect to DI'F yet the enzyme is able to utilise both as
substrates(Gready 1979). So the use of folic acid tracers
may not give valid observations of the normal activities of

of the folate ccenzymes. A similar reservation applies to
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SCHOTHF which although reported to be present in foodstuffs
(Butterworth and Santiri 1963, Perry 1971) it has not been
confirmed to have any one carbon donor role in mammals
(Rowe 1978).

5MeTHF has only one characterised metabolic reaction,
that of donation of its methyl group to homocysteine forming
methionine (Sakami and Uskins 1961). This is the major
methionine synthesis route, although there is a betaine:
homocysteine methyltransferase (fig. 13) this is confined
to the liver in rats (Finkelstein et a2l 1971, 1978, Cantoni
1977, Palinska and Grzelakowska-Sztabert 1978). The
deficiency of cobalamin (vitamin B,,) in pernicious
megaloblastic anaeﬁia is thought to result in the decreased
rate of “5MeTHF demethylation, with the result that folate
accumulates as 5MeTHF which is-unable to participate in
polyglutamate or purine and thymidylate synthesis (the
methyldetrahydrofolate trap see section 1.2). Underpinning
this hypothesis is the assumption that the reduction of
5,10CH,THF is irreversible in vivo as calculated by
¥utzbachend Stokstad (1971). Howewverseveral reporis were
published suggesting '5MeTEF might have a direct methylating
role in neurotransmitter metabolism ELaduron 1972, Hsu and
Mandel 1973, Banerjee and Snyder 1974). It was later
shown (Meller et al 1975) that the 'methylating' effect was
due to methylene THF reductase reacting in the reverse
direction under the oxidising conditions of the assay
employed which included FAD or menadione. The 5,10,CHp THF

formed undergoes non-enzymic dissoeiztion producing
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formaldehyde which condenses with e.g. iryptamine and dopamine
to produce compounds which mimic the pharmacologieal effects
of methylated biogenic amines (Taylor and Hanna 1975, Pearson

and Turner 1975, Fuller 1976, Rosengarten and Friedhof 1976)

Biochemical evidence for the in vivo formaldehyde route
was strengthened by Burton and Sallach (1975) who showed that
the distribution of the putative 5MeTHF requiring methyl-
transferase activity was the same as that of CH,THF reductase.
The physiological sismificance of this reaction is unclear,
the isogquindline and P carbolines produced are not known as

natural products of brzin metabolism, and the oxidation

of 50}{31'513‘ to 5, 10,CHJMF is unlikely (Keq = 107in favour
of reduction, Kutzba;ﬁlgnd Stokstad 1971) at the redox
potential obse'ved in both normal and transformed eells
(Williamson et al 1967, Schwartz et al 1974, Schwartz and
Johnson 1976). Although Stebbins et al (1976) ;nstulafed
that the reaction may occur under special conditions viz:
the metabolism of typtamine by bloo@ platelets, the
pathway has not yet been demonsirated in vivo or in cell
free extracts without added oxidising agents. Were this
pathway quentitatively important it would provide a route
to bypass the 'methyltetrzhydrofolate trap' releasing
5 MeTHF one carbon units by means other than methionine
synthesis.

A second area of controversy involving 5MeTHF metabolism
has been in the apparent methionine auxotrophy of tumour

cells. A methionine deficient diet was observed to inhibit
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the growth of an implanted Walker 256 carcinosarcoma in the

rat ( Sugimura et a2l 1952

Yo Halpern et al (1974)

showed that replacement of methionine by homocysteine

in cell enliuxe did not affect normal cells, however, it
caused cell death with human monocyte leukaemia cells

(J111), mouse lymphoid carcinoma (L1210) and Valker 256.

They proposed that there is a functional methionine simthetase
deficiency in tumour cells (ishe et al 1975) and that a more
offzctive methotrexate regimen would be the simultaneous

b |

dosace of SMeTF with MTX to protect normal cells with

e
—

adeauate methionine synthetase, while the tumour cells

would be mnguarded against MTX inhibition (Halpérn et al

However, these syperiments were critised in that not
all tumour cells show the methionine requireﬁent, HEp2 and
Tela can survive methionine replacement (Magnum et al
1969) as can mouse lymphoma TLX5 (Tisdale 1979) 2nd human
maAwaiy carcinoma A1AE showing that methionine auxotrophy
is a2 poor suide to malignancy (Xries and Coodenow 1978).
Hofman and Zrbe (1976) showed thzt although Walker 256 and
the SV40 transformed human skin fibroblasts SV80 and W18VA2
show arequirement for methionine, both A and SMeTHE cre
equally effective in ztimulating the folate depleted cells.
They are able to take up 5MeT™F normally and use it for
methionine synthesis at rates similar to or greater than
normal cells; 2fter 26 hours 59-83" of 5(1“ C)MeTTF activitf

14

ig found as 'C methionine. Also if otherwise limiting amounts
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of methionine are provided in the medium the cells will
thrive on homocysteine. Peytremann et al (1975) found the
level of methionine synthetase in humzn blood cell lines

to be chroniec lymphocytic leukaemia ly':npocy'hes)nomal
lymphocytes» normal granulocytes » chronic myelocytic
leukaemia granulocytes, and suggested the level of the enzyme
may be related to the cell's potential for division,

Goff and Blakley (1978) have criticised the SMeTHF
protection experiments of Halpern et al (1975) on the
grounds of the MTX concentrations u=ed. They showed that
under conditions more resembling the elinical usage of MX{T
that both BMeTHf and 5CHOTHF have similar éffieacy in
protecting rescuing normal and tumour cell lines, as they
have been observed to do so in the whole mouse (Blair
and Searle 1970). Thus methionine auxotrophy is observed
as a characteristic of only some tumqur cells, although when
the tumour cells revert to normal methionine independence
they also show loss of other tumour cell characteristics
(Hoffman et al 1979), which implies the methionine requirement
is a function of transformation in those cells. The mechanism
does not involve methionine synthetase, but presumably some
as yet wnknown function of methionine or change in tﬁe
folate pool.

> MeTHF is oxidised by air to 5Methyl 556, dihydrofolate
(Donaldson and Ieresztesy 1962, Serimgeour and Vitrols 1966)
the rate of oxidation is increased by the presence of guot

and the polarity of the solvent(Blair et al 1975). TFurther

wll D



oxidation of this compound by H202 gives risg to a species
originally designed as 4a hydroxy- 5methyltetrahydrofolate
(420E5MeTHEF) by Gapski et al (1971) later reformulated as

a pyrazino-s-triazine by Jongejen et al (1979). As the
folate content of foodstuffs is likely to undergo oxidation
in storage (Blair 1976) these 5 MeTHF oxidation products may
be significant in the diet, and their metabolism in mammals

bears investigation to asses their physiological importance.

S



145 Research Objectives and Methods

There are two major methods commonly used in folate
metabolism studies, microbiological assay and radiotracers.
The low concentration of folates in physiological fluids
does not lend them to spectral analysis without lengthy
purification and concentration proceedures which may
cause degradration. The folates are involatile which
renders them unsuitable for mass spectrometry or gas
chromatography. Vicrobiolozical assay, although a sensitive
technique, may be criticised on the grounds of high
variability (Rothenberg et al 1972), In one study
(Butterfield and Calloway 1972) a coefficient of variation
of 25 was obtained for total folate determination. The
technique relies on an assumed 'all or nothing' response by
each test organism to a pérticular folate monoglutamate
which will zive a differential estimate of tﬁe sample
under investigation when organisms with different folate

requirements are used viz: Lactobacillus casei responds

to FA and the reduced folates, Streptococcus faecalis

to all L cagei folates except 5MeTFF, and Pediococcus cervisiae.

to the formyl THF's and THF (.Zapgh and Xrumddek 19?1}
They are also assumed to have no responselto ﬁolyglutamates
higher than the triglutamate.

Pollock and Kaufman (1978) showed that on the contrary,
different folates elicit varying growth responses from test
orzaenisms assumed to be equally sensitive to them. Also
L. Casei does show some response to synthetic polyglutamaies;

folic acid and TA glu and FA glup showing an equal response

lilym



with FAglug 65.6° FA growth), FA glu, (19.9%), FA glug (3.5%)
and FA glu, (2.4%) also giving a response (Tamura et al

1972). Thus determination of individual folate monoglutamstes
and studies attempting to assay the proportion of monoglutamate
to polyglutamates in tissue which rely on.the microbi~logical
activity before and after conjugase treatment are likely to

be suspect.

In tﬁis project radiochemical methods are used to
investigate folate metabolism. Both (3', 5%, 7, 9, 4m)
and.(214c) labelled folic acid are commercially évailable,
but their use has been criticised on the grounds of possible
3" exchange reactions (Blair 1976) for the former, and
difficulties in distinguishing intact (2'%C) folates from
their pterin scission products (Murphy et al 1976). In
this study a mixture of the two folic acid tracers was used
to produce mixed label 5MeTEF from the rat, which in use
avoids most of the problems associated with the single
labels.'5(14c) MeTHF is available commercially and may be
used to follow the metabolism of the methyl group, although
caution has to be obsefved as this compound is provided
as a mixture of the natural and unnatural C, ePimers

After administration tothe rat, radiolabelled species
from urine and tissue were separated by sequential ion exchange
and gel filtration chrommatography which enables substantially
greater amounts of fluid to be analysed than would be possible
with alternative chromatography methods e.g. thin layer
(Peavon 1973). Experiments were wn’ertaken with suitable

radiolabels to a) determine the role of 5MeTUF as a one

carbon donor in comparison with methionine, b) by use of dual

aliBe



labelled S5MeTFF to trace the normal disposition, metéxbolism
and excretion of a naturally occuring folate. c)the synthesis
of dual and methyl labelled exidation products of SMeTHF to
determine their bioavailzbility and metabolism in the rat

d) comparison studies on rats with an implanted WValker 256
tumour to observe changes in S5MeTHF metabolism which might

be exploited diagnostically or therapeutically.

olif:



METHCDS

A'D MATERIALS

2.1
2.2
2.3
2.4
2.5

Animals

Chemiczls

Experimental

Bstimation of Radiocactivity

Chromatography

L.

L8
b8
52
54
55



2.1 Animals

The experimental animals used were 200g male ''istar
albino rats maintained on rat breeding diet (table 2.1).
Experiments concerned with tumour metabolism used meale
"7istars obtzined from the Chester-Beatty Institute,
Tonden, which had been implented under the skin of the
right flank with 106 cells of Walker 256 carcinosarcoma
in suspension. These =nimals were kept for seven days

after implent prior to dosing with radiotracer, by which

time the twmour mass was palpable. X
2.2 Chemicals

The reagents used routinely during experiments were
of 'inala R' grade or equivalent obtained from various
commercial sources. SMethyltetrahydrofolic acid (lMagnesium
salt) was obtained from Eprova Research Laboratories
(Dasle, Switzerland), Radiolabelled, non-radioactive folates

and related compounds were either bought, extracted or

methionine (56421 M), (217C) folic acid (55mCi/pM),
z
(3',5',752,°E) folic acid(45Ci/m) were obtained from
the Radiochenical Centre, (Amersham, Bucks). The following

compounds were prepared:

14 .7 4 : = : . s Foas
2 0(3'5 A"'-"l;//"}‘} and 3',5', 7,9,”F folic acid (450l/m3*),
were sach dissolved in 50mM la phosphate buffer pHT
containing 2¢ Na ascortate and mixed to give a solution

e et v . :
containing 10 MCi “C, 25MCi “H, and 80.5 48 folic acid

- -
per en”, Six rats were orzlly dosed with 0,2em”
1 A - o
‘ : ¥ ;- - - : 7= - Y -
(opci '70 5mCi ‘1) of the solution daily for three days
with daily collection of urine as
Ty

The pooled urines were chromatographed by DE52 ion-

exchange as in Jection 2.5. The SMeTHT fraction was pooled,

-8~



Table 2(1) Composition of Rat Diet

(Rat and Mouse Breeding Diet, Pilsbury's ILtd.)

Crude oil o/
Crude protein 9%
Crude fibre o
Digestible Crude 0il ef

Digestible Crude Protein ¥
Digestible Crude Fibre e/
Digestible Carbohydrates ¥
Gross Energy Cals/Xg
Metabolisable Fnergy Cals/kg

Saturated Fatty Acid 0%
Linoleic Acid of
Other Unsaturated Acids ¥

Calecium o
Phosphorus o4
Sodium Chloride o
Magnesium o
Potassinm % .
Sulphur %
Iron mz/Kg

Copper mg/¥Xg
Manganese wmg/¥g

Cobalt Me/Xg

zine mg/¥eg

Todine N fg
Arginine %
Lysine 9
Methionine o ;
Cystine %
Tryptophan o4
Glycine 4
Histidine %
Threonine %
Isoleucine e’
Leucine %
Phenylalanine o
Valine ol
Tyrosine 9%
Aspartic Acid 9%
Glutamic Acid es
Proline 4
Serine 9%
Vitamin 'A'  i.u./Kg

Carotene mg/Xg

Vitamin B1 (Thiamine) mg/¥g
Vitamin B2 (Riboflavine) mg/Kg
Vitamin B6 (Pyridoxin) mg/Yg
Vitamin B12 ME[Eg
Vitamin 'E' mg/Kg

Vitamin 'X?' mg/Xg

Tolic Acid mzs/%g
Vicotinte Acid Mg/¥s
Pantothenic Acid mg/Kg
Choline Chloride mz/Xg
Riotin mg/Xg

Vitamin D3 i.u.¥g

Vitamin 'C' mg/Xg

-49-

3,26
21.23
3.48
2.48
17.60
2.10
46.80
4072.00
3666,00

0.73
0.99
1454
1.30
1.00
0,635
0.24
0,80
0.2%
171.60
14,50
86,60
104.70
39,60
600,00
1.3
1.14
0.36
0.33
0.23
157
0.51
O«
0.84
1.49
0.89
1,07
0.69
1.64
. 3,96
153
1.00

1,1587.00

0-79
9.10
9.90
10,10
17.00
77.00
3.00
0.70
78,00
27.80
2422
0.12
859.00



froeme dried and desalted by paszage through a2 G15 column
equilibrated with 0.7 lla Ascorbate. After freeze drying
the compound was stored as the solid prior to use. An
aliquot of the stored compound was chromatographed with -
authentic unlsbellsd SleTHE to enﬁ1re.its identity.

5 Methyl 5,6 Dihydrofolate (see fig 5.2, Chapter 5)

Tis compound was prepared hy a medification of the method
of Gapski et al (1971). 50mg SMe™iF (for unlabelled
compound) or 25MCi 140, 62,5 mCi S (for mixed label prepara-
tiong) was dissolved in 2("cm 0.5 phosphate buffer pH5.6
previously gassed with nitrogen., 100 mg potassium
Ferriﬁygnlae wag added, and the mixture left to react for
Z0 minutes under nitrogzen. The reaction mixture was diluted
with II, gassed water to a conduetivity of less than 10"
mhos em- | and chromatograshed on DES2 (section 2.5). The
.re.;,ction product was detected by its UV absorbance or
radioactivity as it eluted from the column, collected and
freeze ﬂried.. mMie unlshelled compound was observed to give
the UV spectrum of 5le, 5,6,DEF as published by Gapski
et al (1971). 5IelT was held as the solid at -20°C

until reonired for dosing, when it was made up in riitrogen

Lk

passed water,

Pyrazino-s-triazine oxidation product of SMeTIR "4a0H 5eTHE"

T
(o}

fig 5.2 Chapter 5)
This compound is described as 420H SHeTIF by Gapski
at al (1971) but this structure was revised by Jongejan

et 21 (1979) as a pyrazino-s-triazine. The compound

« 50



e

was prepared a2 in the proceedure given by Capski et al

.~ [ g - . r 1“- - =
(1971). 50mg of 5Me™T=F or 10 mCi 5( I’C);;e."-:}’ was dissolved

in 10 cm” of 0.1 sodium acetate. O.5cm3 of 30% v/w

IZQ- s V2S5 added to 1Gcmj— of 0,1 sodium acetate, followed

by the SMeT:F solution. The pH of the sclution was

adjusted to € with 1M acetic acid, and the reaction proceeded
for 1 hour 2t room tempesrature. Taie compound was then purified
by DES2 ion exchonge (section 2.5)and desalted by passage
through a G195 column equilibrated with water. The UV
spectrmm of the wunlabelled compound agreed with that given
by Caspki et al (1971) for 4a0HSleTIF, and the MC

labelled species was chromatographically inseparable

from it on G15 and DE52 columns,

. ~ o]
The radiolabelled species was stored at -20°C, the non-

D

labelled compound was recrystallised, after addition

of excess barium nitrate, from methanol as the berium salt.



2ad Experimental

The radiotracer solutions were made up in 50mM
Na phosphate buffer pH7 containing 2% sodium ascorbate,
with the exception of S5Me 5, 6, DHF solutions, and the
animals were lightly anaesthetised ﬁith ether prior to oral
or intraperitoneal (IP) doszge. The animals were usually
dosed with 0.2 cm30f golution with a maximum volume of
0.4 cmsfor oral dosing. The oral dose was via a modified
steel horse =zermm needle, made curved with a bulﬁous tip
to enable it to be introduced down the animal's oesophagus
without damage. IP doszge was via a short hypodermic
needle, inserted at a shallow angle through the spread skin ,
into the abdomen to one side of the mid-line to avoid the
bladder.

The animals were placed in wire-floored glass
'metabowl! metabolism cages (Jencens Lid. Ferts), which
enabled collection'of urine and faeces in zepam-ie flasks.
Carbon dioxide was collected by passing a stream of air
through the apparatus and trapping the expired €O, in
100 cm3 of 2M NaOH. The flasks for urine collection were
covered with silver foil and contained 50m30f 50mM Na
phosphate buffer pH7 plus 100 mg of sodium ascorbate to
minimise photolysis and oxidation of urinary folates.
Typically urines were collected from O-6hr, 6-24hr,
24-48hr, and 48-72 hr.,with faeces and 002 collected daily.
During the period of the experiment the animals had access

to food znd water ad libitum. Throughout the experiment”

=520



the metabowls were housed in a constant temperature
ventilated, windowless animal room which was illuminated from
above on a 12 hour light/12 hour dark cycle. This was to
avoid the differences in folate excretion between animals
under differing light conditions (Beavon 1973). Furthermore
the time of dosing was kept within the period 9.30 to 10,30 a.m.
to avéid any interexperimental differences due to the
effects of circadian rhythm. .

After three days the animals were killed by stunning
and cervical dislocation. Various organs were excised,
typically liver, kidney, muscle (from hind leg), brain,
spleen, small intestine and tumour.

Some tissue, usually liver and tumour was extracted
by the method of ﬁarford et al (19??_\,3, modification of the
proceedure of Bird et al (1965). The excised tissue was
diced : into 2mm cubes and dropped immediately into boiling
50my phosphate buffer pH7 containing 29 ascorbate. After
cooling, the extract was homogenised and spun down, the

supernatant being retained for chromatography.

=53~



2.4 Betimation of Radiocactivity

The individual rat urines were collected and made up
to a lmowvn volume (usually 25cm3) with phosphate buffer.
Aliquots (O.‘ch’) in duplicategwere diluted with an equal
volume of water and 10cm’ of scintillant (1 litre of
toluene containing S5g FFO O.1g POPOP plus 500 cm3 of
Pisons emulsifier mix no 1) added. Tissue extracts were
similarly prepared. The seintillation vials were counted
in an NE 8310 scintillation counter (Nuclear Enterprises,
Tdinburgh) with the windows set for similtaneous estimation
of 14 and 3F activity. Corrections for guenching and 14C
overlap were made by the external standard method. These
cettings gave an efficiency of counting of 74 for 14¢ ana
3194 54, NaOH co, traps were counted by taking 20Qul - aliquots,
diluting to 1cm5 and estimated in the same manner 2as urines.
The individual rat urines were pooled,after sampling,for
chrématographic analysis. For counting of stripslfrom
paper chromatographs, the paper was added to 1Ocm3 of
scintillation cocktail from which the emulsifier had been
omitted,

FPaeces and tissue were freeze dried and ground up
for radiactivity estimation. Samples, = 100 mg, of the
tissue or faecce were weighed out into quartz boats and
burned catalytically in the stream of oxygen of a biological
materials oxidiser (Beckman Ltd). The resultant gases
passed through two traps; the firgt in a dry ice/acetone

3

bath to freeze water vapour, the second containing 15cm

- Sl



of alkaline absorber (Absorber P; Fisons , Loughborogh , Leics,)

to trap CO, , The first trap was washed out with 1Ocm3 of

2
Fison's Absorber H, which contains dimethyl sulphoxide to

take up water, into a scintillation vial, These two scintillant
solutions were counted in the I'E 8300 set wide open to give

a 919 efficiency for '“C and 35 for °H,

2,5  Chgomatography .

Ion exchange : Urines were fractiocnated (25 to 150cm5) on

diethylaminoethyl cellulose (DES52 ; Whatman Ltd., Maidstone, Kent)

ion exchange gel. The gel was equilibrated with several changes of

5Cml phosphate buffer pHT7 until the filtrate had the same conductivi

as the equilibrating buffer, The gel was allowed to stand and the
suspended fines decanted off, degassed, and typically,
packed in a 50 x 2 cm glass column plugged with glass wool,
Non radiocactive markers e,g. SMeTHF and 10CHOFA were added
to the urine and its conductivity adjusted to that of
50mM Na phosphate with water, The solutioﬂ was loaded onto
the column by peristaltic pump and the effluent collected
for counting to ensure that tbe capacity of the column was
not exceeded. The adsorbed substances uwere eluted by a
linear salt gradient (0 to 1.2M MaCl in 50ml{ Na phosphate
PHT) provided by a mixer system (Ultragrad gradient maker,
IBK instruments, Croydon). The eluant Vas passed through

a scintillation detector flow cell (Nuclear Entexprises)
to follow radicactivity,and an ultraviolet moniter,

(UVeord II LEX instruments) set to 254nm. to detect the



folate markers. The eluant was automatically collected
in 5cm3 aliquots, nsually 100, by an ULTRARAC fraction
collector (LEK instruments). The gradient was set to run
for eight hours overnight. Occasionally gel of the opposite
chargze was used, carboxymethyl cellulose (CM 52: Whatman Ltd.,
Maidstone, Kent) for fractionation of positively charged
urinary metabolites derived from 5( %C)MeTHF, the non-
folate fraction (NFF). The gel was prepared and elution
carried out using the same huffer systems and apparatus
as DE52,

0.50m3 of each aliguct were diluted with an equal
volume of water and counted in the same manner as urine
gamples. The salt gradient was determined by pooling every
10th and 11th sample and determing its electrical conductivity
compared to the initizl and final buffers.

Gel Filtration: Routinely G15 and occasionally G75

Sephadex (Pharmacia, Uppsala, Sweden) were used. Chromatography
on G15 was used to further fractionate the peaks from DE52
colums and for primary fractionation of hot ascorbate
tissue extracts, separating early eluting high molecular
weight polyglutamate from later eluting monoglutamate,
G75 colums were used to resolve cold tissue extracts into
protein bound (eluting at the void volume) and non-protein
bound (later eluting) fractions. (A flow diagram of the
course of a typical folate metabolic experiment is given
in figure 2.1)

The Sephadex. gel was-swollen in 50mM phosphate

buffer pH7 for three hours, degassed, and packed under pressure



Fig.2.1. Protocol of Folate Metabolism Study
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in purpose designed Parspex columns (Wright Scientific Ltd.,
Surrey) 1.5cm x 60cm., The sample, 25cm3 or less, was

loaded and eluted with degassed phosphate buffer. The

eluant was monitored and collected by the same system as for
DE52 columns, or by a UVzord II and REDIRAC automatic fraction

3

collector (LIK instruments). Usually 60 5 em” fractions
were collected, of which 1cm30f each was taken undiluted
for scintillation counting,.

Paper chromatography: Paper chromatograms were used to

resolve 3H scission products from mixed label folate experi-
ments. The freeze dried sample was dissclved in a minimum
volume of methanol/ﬁéo (95:5 by volume) and standards
(p.aminobenzoyl glutamate, p.aminobenzoic acid and their
acetyl derivates) added. The resulting solution was

spotted onto 3 paper (Whatman Ltd, Maidstone, Kent.)

as were the individual standards as markers. The paper was
developed overnight in a tank pre equilibrateé with the
eppropriate solvent, either propanol/0.880*ammoniafwater
(200:1:99) or butanol/ethanol/0.880 ammonia/water (10:10:1:4).
The paper was dried and the position of the markers noted.
The paper was then cut into 1em wide strips for scintillation
counting.

Detection of Chromatosranhy markers: Unlabelled standard

folates were located in the chromatography column eluants
by their UV absorbance trace from the UVcord II. Their
identity was confirmed by determining their UV spectrum in

an SP 1700 spectrophotometer (Tmicam Instruments, Cambridge.

*
Specific gravily



Creatime and creatinine markers were detected via the
Jaffe  reaction for creatinine as described by Selgison

3

z
(1961). To 3cm”’of the column effluent 1em”of picrate

reagent (162/1 picric acid heated to 80°C, cooled and

690 cm3 of the saturated supernatant made up to 1]:with water)
and 4cm3 of ether were added with shaking for 30 seconds.
30m3 of the clear lower phase were drawn off and 0,5 cm3

of d.75M NaOH added. After 20 minutes the zbsorbance of

the solution was read at 520nm, For determination of creatine

3

O.5cm3 of picrate solution was added to 3cm” of column
effluent and boiled for 1% hours. A further 0,5 om’
of picrate was added to the cooled solution its volume
ad justed to 4cm3 and then treated in the same manner
as creatinine solutions.

The positions of standard compounds on paper

chromatographs were marked by their fluoresence or absorbance

under ultraviolet light.
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At Intrcduction: S-Alemosyl methionine (SaM) fig 3.1

is the major methylating agent in biological systems,
the widespread occurence of methylation reactions in
metabolic pathways re=sults in SAM being second only to
ATP in the variety of reactions in which it is a cofactor
(Salvatore et al 1977). SAM provides methyl groups for the
synthesis of choline, steroids, creatine, carnitine,
fatty acids, biogenic amines and nucleic acids (Cantoni
1975) fig 3.2. The methylation of catechol amine neurotrasmitter
substances, noradrenalinand. dopamine plays an important
role in nerve transmission (Axelrod 1957) and disturbances
of methylation reactions in the brain has been implicated in
the aetiology of mental disease (see chapter 1(2)). The
specific methylation of nucleic acids is sucgested to have
a function in @dterniining the tertiary structure of tRNA's
(Nau 1976) and as a protection mechanism for bacterial INA
where a 'restriction endonuclease' catalyses the lysis of
.idappropriatel$ methylated Tdreign DA (Meselson et al
1972). 1In higher animals DNA methylation had been proposed
as a mechaniem involved in cell differentiation (Scarano et
al 1977).

There are only twe other characterised methylating-gxgtemg
in mammals, both of which synthesise methionine from homo-
cysteine. The betaine: L homocysteine methyltransferase
(ZC 2.1.1.5) system is a salvage pathway for preformed methyl
groups, however; it is restricted to the liver in the rat
(chapter 1(3)). The other, 5-methyltetrahyiropteroyl

" L-glutamate; L homocysteine 5-methyltransferase (2C 2,1.1.13

'methionine synthetase') donates denovo synthesised methyl

-61-



Fig.3.l. S-Adenosyl Methionine and S-Adenosyl Homocysteine
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Fig.3.2. Methyl Reactions of SAM
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groups furnished from the folate one carbon pool (fig 3.3)
The work of Mudd and Poole (1975) (Chapter 1.1) indicates
that the entry of folate one carbon into the labile methyl
pool is regulated by the body requirements for transmethylation,
denovo synthesis contributing from 24 to 677 of the body
mathyl turnover depending on the labile methyl (methionine
and choline) present in the food intake.

In animal systems cobalamin, vitamin By,, is required
as a cofactor in the methionine synthetase reaction (Amstein
and Neuberger 1953). 1In E.coli a non-cobalamin requiring
pathway using 5MeTFF triglutamate as the methyl donor is =~
reported (Salem and Foster 1972) in addition: to the.cobalamin
requiring route. Non-cobalamin requiring pathways have

been observed in Aerobacier aerogenes (Morningstar et al

1965), Salmonella typhimurium (Cauthen et al 1966),

Sacchromyces cerevisiae (Botsford and Park 1967) and the

hicher plants (Guest et al 1964), however, such pathways
have not been réported in animals.

Deficiency of cobalamin in man, which may occasionally

arise due to nutritional deficiency, or more usually, by

lack of the cobalamin transport protein.the ‘intrinsic
factor'in the gut may result in pernicious anaemia which
is haematologically indistinguishable from megaloblastic
ansemia coused by folate deficiency (Blakley 1969 P.439).
Vitemin By, deficiency however, has neurolozical symptoms
not observed in cases of folate deficiency which may be

exacerbated by doses of folate. inappropriately administered

to correct ihe megaloblastic anaemia (Rowe 1978).

wEh



Fig.3.3. Synthesis and Metabolism of S-adenosyl Methionine
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The methyl tetrahydrofolate irap' proposed ﬁy Norohana
and Silverman (1962) and Herbert and Zalusky (1962) with
1ts, later modifications (see chapter 1) explains the
haematological effects of 242 deficiency as the trapping
of folate as 5-Methyltetrahydrofolate due to decreased
methionine synthetase activity, with conﬁequential falls
in the formyl and bridged monoglutaﬁates and polyglutamates.
Underlying the theory is the agsumed irreversability of
methylene TUF reduction under normal redox conditions,
as shown by Yutzbach and Stokstad (1971) in vitro. -
However, Stebbins et al (1976) noting the work in which
in vitro tissue preparations, under oxidising conditions,
could generate formaldehyde suggested the reaction may
have an in vivo role in specific instances viz: the metabolism
of tryptamine in blood platelets. This reaction if wide-
spread would invalidate the 'methyltetrahydrofolate trap'
by enabling one carbon units to Dbe released from &§MeTHF
other than by methionine synthesis, (fig 2,4) enabling other
purine and thymidylate forming species to be produced.

Txperiments were undertaken on rats using 5(14C)MeTHF
to observe the distribution, metabolism and excretion of the
methyl group ond its fate compared to the methyl group of
(140 aethyl) methionine. If, as the 'methyl trap’ hypothesis
postulates, methionine synthesis is the sole route of the
SMeT'TF one carbon, the methyl groups of both methionine and
EMeTIF ought to follow the seme qualitative pathway. Also-
animals were dosed with a mixture of 5(14C)HeTﬁF and (EH)Fa

to simulianeously label the labile methyl and folate pools,

-b6=



Fig.3,4. Possible entry of 5MeTPF methyl into folate one-carbon
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1 - 1
43 from SMeTHF into other

in order to observe any entry of
folates

302 Doging of Rats with 5(14C)HeTHF

Male Wistar rats{200g) were dosed either orally or
intraperitoreally - with 2uCi of 5(14C}H6THF in 50mil
'a phosphate buffer pH7 containing 2 Na Ascorbate (8Qug/Kg oral,
60ug/Kg I.P.). The collection of urine, faeces, CO,, and tissue
was as described in Chapter 2, The distribution of radiocactivity
and chromatographic separation of urinary activity is given
in tables 3(1) to 3(4).

Results and Discussion

The radiotracer 5(14C)ReTKF administered to the animals
had been synthesised after the method of Keresztésy and Donaldson
(1961) which produces an equimolar mixture of the epimers
about 06 s Only gne of which is active for methioninelsynthetase
(Blakley 1969). The faecal activity collected 24 hr%. aftexr
oral administration was low, 2.3% table 3(3), indicating
absorbtion of S5MeTHF is in excess of 97%, however, the value
may be nearer 100% as the first day faecal 14C activity after
I.P, dosage (table 3(1)} is not significantly different (P 0,05
'Students' t test ). This indicates 5leTIF absorbtion from
the gut proceeds without discrimination between the 06 epimers,.

Chromatography of the pooled urines separated the

140 activity of the first day urines into two peaks on
both G15 and DE52 columns (see fig.3.5, table 3(2) I.P. dose,
table 3(4) oral dose ). The first, minor, fraction eluted
from DE52 ion exchange columns at salt values of less than

041 laCl and was termed the non folate fraction (NFF), as

3
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Table 3(1)

Distributiog of 146 activity of Rats IP Dosed with
60 pe /7 5( 40)1-55-#:*1?'

MmN\

Vil
¢/ dose 1‘0; vlaues mean of 4 rats = S.2M,

Day 1 Day 2 Day 3 Total
Urine 3847 2.4 1e1 42,2
12.6 $o.5 £0.15
Faece 1.4 3 0.5 Fel
20.4 0.2 20,1
Liver 0.9 0.9
Kidney tad 1.1
Spleen’ 0.5 0.5
4041 3,8 4.1 47.9




Table 3(2)

- \ : : 14 G
Chromatographic separation of urinary °C activity from
Rats IP dosed 60 me/Kg with 5( 14¢ )1eTnIF

G15 Columxm:

Fraction Tdentity “doge 9’ urine
140 140
Day 1 I NFP 2.4 £.2
5 115 SHMeTHF A5 el 90.5
Day 2 T NFF 0.6 24.4
II S:T.e - 1.6 6 .1

Fraction TIdentity %dose %Urine
14¢ 14¢

Day 3 I NFR 0. 3241
B TRIAZ Qs 46.4
Total 38.7

¥TRIAZ: triazine oxidation product of 5 MeTHF, shown to be
an analylical artifact.



Table 3(3)

Distritution of

14

5(14¢ )MeTHR

C activity of Rats orally dosed 80 Mg/XKg with

o dose 140 activity values mean of 3 Rats & smm
Day 1 Day?2 Day 3 Total
Urine 50.9 1.9 1.2 54.0
+4.0 40,2 +0.2
Faeces et 0.1 0.02 2.4
+10 +0.03 +0.01
GOZ 2.0 0.4 0.4 2.8
Liver C.1 O.f
Mascle 15.2% 182
Yidney 0.1 0.1
Spleen 0.01 0.01
Total 55.2 2.4 15.0 72.6

*Calculated assuming muscle = 40%

=3

body weight.



Table 3(4)

Chromatographic frac
=]

rats orally dosed 80 mz/¥e with 5(74¢)

; - 14 - ol
tionation of 'C urinary activity from

a) G15 Column:

Fraction Tdentity %lose ®Urine
140 120
Day 1 ; § NFF a1 5.0
IR E SheTHF 48,0 88.9
Day 2 I NEFF 0.58 30.4
II A 0.36 18.8
TII SMeTHF 0.65 3441
Day 3 I NFF 0.32 24.7
IT A 0.26 19.6
TIE S5MeTHR 0.59 4541
5345
b) DE52 Column
Fraction Identity ®’dose ?'Urine
Tag 14¢
Day 1 I NFE 362 5.9
IT SMeTHF 47.8 88.5
TI SHeTHR .07 55.8
Day 3 I ER 0,52 44.7
1T SMeTHR 0.42 R e
53.6

P Do



Fig.3.5. Tyvical Chromatograms of
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all lmown folates are observed to elute from DE52 in excess
of 0.2M. The elution of NFF indicates it did not contain
the major methylated purines and pyrimidines found in
human urine (Chheda 1975) fig 3.6, however, both methionine
and creatine elute at the samé position as NFF from DE52
and G15 colums (fig 3.7a). When treated with acid (pH1)
which catalyses the dehydration of creatine to creatinine
(Rdgar and Striver 1925) the day 1 NFF from the orally
dosed animals showed 387 of 140 eluting with added creatinine
with 56% remaining at the methionine elution position

fig 3.7b. On days 2 and 3 of the oral dose experimenmd

G15 shows a third non-folate pesak eluting after the NFF

and creatinine marker at tube 25 or 26 (Table 3(4)a),
designated'A'.

The major urinary fraction observed after oral dosing
eluted from both G15 (tube 36-39) and DES2 (0.5M-0.6M NaCl)
with added unlabelled 5 MeTHF table 3(4). In the earlier
IP dosage experiment, table 3(2), showed the major day 1
peak eluting with S5MeTHF from G15. However, whsen chromato-
graphed on DE52 the major 14C urinary fraction was observed
to elute 2t 0,25M NaCl, well below the elution position
of SMeTHF. Rechromatography of the 140 peak on G15 and
DES2 showed it to be inseparable from the peroxide oxidation
product of 5MeTHF described as 4aCHSMeTHF by Gapski et al
(1971), later reformulated as a pyrazino-s-triazine by
Jongejan et al (1979), when used as a marker. Thus the
difference in chromatographic behéviour of the urine
radiozctivity with time is ascribed to the oxidation of

SMeTHTF to its corresponding triazine, possibly resulting from

=7h-



Fig.3.6, Elution of Methylated Bases from G15 columns
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Pig.3.7.Elution of Non-folate fraction (NFF) from G5 columns
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the depletion of-ascorbate in the sample while:handling in air, This
effect also may explain the discrepancy of the S5MeTR
proportion of the day 2 urine of the oraliy dosed rats
between G15 and DES2 colums (0.65 compared to 1.QTf dose

3¢ table 3(4)), as the triazine elutes at tube 16-22 and

may coelute with the NFF which elutes at tube 16-18 (fig 3.7).
Following this observation the level of antioxidant was’
maintained by additions of supplerentary sodium ascorbate
whenever the urines were sampled for chromatography.

This method followed during the oral dose experiment,

showed only the prezence of S5MeTHF in addition to the
non-folate compounds, with the possible exception of the
second day urine, suggesting that when observed (Barford

and Blair 1976) that the triazine is an artifact and not

a normal metabolite of the folate pool.

Retention of 5MeT® '4¢ activity in the liver and
kidney was low, of the order of 1% (+ables 3(1), 3(3)).,
wnile hot ascorbate extracts of the day 3 liver had no
140 labelled polyzlutamates, the retained activity eluting
from DE52 at less than 0.1M NaCl, while polyglutamates elute
in excess of 0.,5M. This would be expectzd as SMeTHF is
obzerved to be a poor direct subsirate for polyglutamate
synthesis(Lavoie et al 1974, Spronk et 21 1973, Sakami
et al 1973, Blair et al 1976, McGuire et al 1979).

Alternatively, this experiment may be inadequate to
detect 5(14C)N9TKF polyglutamatea, should the rate of
synthesis be slow comp=red ﬁo the rate of demethylation of

the monoglutamzte, or if once formed the demethylation of

EMeT glu? proceeds at such a rate to preclude its detection



after 7 days. The greatest 4n rotention was in the musele
(Table 3(3)), 21 of muscle 140 as high ficlecular weight
compounds and 7%’ eluting at' the position of urinary WFF

on G15 (fig 3.8a)., The high molecular weight compounds are
unli%ely to consist of negatively charged species such as
nucleic acids, for the muscle extract radiocactivity shows
little retention on the DES52 ion exchange gel, thus more
likely they are proteins. Acidification of the low molecular
weight peak (fiz 3.8b) resulted in 93 of the activity
eluting with creatinine. Thus the majority of retained

140 from 5(14C}MeTFF isaé creatine,the synthesis of creatine
being the singlemost consistent demand for methyl groups
(Mudd and Poole 19755.

The coincidence that approximately 50¢/ of the oral
5(14C)HET35 activity is recovered in the day 1 urine as
5MeTEF (table 3(4)) and that half of the dose is biologically
inactive sugrests that the urinafy S5MeT'F is as a result of
preferential excretion of the inactive diastereoisomer.

To test this possibility ﬁhe SMeTHF fraction of the first

day urine was desalted, collected, freeze dried, and
rezdministered to rats. Its fate was compared to that of
stock 5(14C)HeTHF orally dosed at a similar level. Table

3(5) shows that both 5(14C)MeTHF samples are metabolised

to urinary non folate compounds in comparable animals,

with a similar 14g retention in tissue, thus indicating

they have similar biocavailability in the rat. Fowever,

vhen the SMeTHP fraction from the second day urine of the

80 mg/ig oral dose experiment was subsequently readministered

to rats, the high recovery as S5Ve™HF (85! dose) in the first

- -78-



Fig.3.8. G.15 fractionation of 50mi phosphade extract of rat
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Table 3(5)

- i : : 1
Distribution and excretion of stock 5( 4C)I'IeTHF and
readministered urinary 5(14C}NETHF radioactivity

Urine Stock
Extract Compound
Number of animals 3 i
Dose /ug_'Kg 1.25 2.0
% doge activity in
day 1 Urine 1241 10.8
2 4.0 4.2
3 3.9 i2eb
day 1 CO, - 267
2 L - 2.3
3 - L 2.4
lay 3 Tissue
Spleen 1.6 0.1
Muscle 4.6 6.8
Widney i 1.6
Liver 3.0 4.5
Fractionation of 1st
day urine; ¢ activity
as NTF 17.6 22.1
SMeTHR A 68.3

~80-



dey urine with no observed non-folate ccmpounds indicated

the 5(14C)MeTEF had no detectalle biological activity. From
these experiments the mixture of diasterecisomers in the
first day urine following 80 Mg/Kg of oral ?MeTHF is due to
renal ovarloading, with subsequent excretion of mainly the
inactive diasteroisomers over the next two days as the active
form loses its '4¢ 1abel in methionine synthesis and there

is no excretory mechanism specific to the unngtural epimer,

3.3 1,(14c Methyl) Hethionine

Tn order to compare the metabolism of methionine methyl
with that of SMeTHF, rats were dosed orally (22 Mg/Kg) or
IP (11 Mg/Eg) with 1(14C methyl)methionine. These doses
were the molar equivalent of 80 znd 40 mg/Xg doses of
SMeTHF, however, the diet of the rats (Table 2(1) Chapter 2)
provided 3200 Mg methionine /¢ while only providing
0.7 Me/s of folate as folic acid. Thus at these levels,

2-5 Mg per rat, the (140 methyl) methionine is serving to
label dietary methionine, while 16 Mg 5( 140 MeTHF tracer
per animal would be a load of folate in addition to the
diet,

Table 3(6) gives the recovery of 146 activity from
(140 methyl) methionine dosed rats, fig 3.10 typical
chromatosraphs and table 3(7) the G15 separation of urinary
140.

Te total urinary radioactivity is lower compared
$o 5(14C)Mem? experiments, presumably due to the lower
offective dose with labelled methionine. The retained
tissue radiocactivity shows that after a dose of Eé-tﬁthyl)

14

methionine the muscle shows a greater "¢ retention than liver.

Bl



Table 3(6)

Day 1 Day 2 Day 3
Urines TP 245 o6 0.9 6.0
Oral 4. 1.2 0.8 6.1
Taeces I 243 0.3 D 2.6
Oral - - 1D -
0, IP 345 0.6 ND 4.1
Orazl 2.0 0.9 0.6 5.8
Liver IP 0.8 0.8
Oral mI -
Muscle IP ND -
01"11 7-9 709
ITD: not determined
Table 3(7)
c15 chromatography of 140 activity of urine from (140 methyl)
methionine dosed rzts
_IP dose Oral dose
Fraction Tube No. |9Trine %dose ¢yrine Ydose
Day 1 I 16-19 4649 1.64 792 3.24
1 5 25-26 43.0 157 17.2 0.73
Total 89,9 3.15 96.4 3.97
Day 2 i 16-19 5246 0.84 67.0 0.80
1T 25-26 40.9 0.65 28,3 0.34
Total 93,5 1.42 95,3 Tah s

-82-



Fige349. G.15 Chromatograph of 50mM phosphate extract of
muscle from rats dosed 22us/Ko l“cﬁmethxl)‘methioane
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Fig.3.10. Iypical Chromatograms of ~'c Upine activity from rats
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Fig.3.11. Chr e t iver from
rats dosed with (14C methyl) labelled
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Chromatography of the urinery activity gives a
single 140 peak on DES52 eluting at the beginning of the
NaCl gradient, indicating it consists of neutral or positively
charged species (fig 3.10B). G15 chromatographs give two
fractions; I eluting at tubel18 the position of methionine
and creatine markers and IT at tube 25-26 the position at

which the minor peak 'A' eluted from rats orally dosed with

5('o)MeTaF (£1g 3.100). In both oral and TP dosed animals
fraction I was the major urinary{14é peak (tadle 3(7)), the
oral route differing from the IP in the total excretion of
fraction II over 0-48 hours; 2.2% dose in urine of IP
dosed rats, 1.1 in orally dosed animals.
FHot ascorbate extracts of the third day liver gave
a single peak at low salt concentrations (0-0.1 NaCl)
on DE52, with a peak at the void volume and one at tube
16-18 on G15 (fig 3.112). Similar G15 chromatographs are
obtained from the liver extract of 5('4c)MeTHF dosed rats
fig 3.114). Although ¢ methyl activity shows a
proportionately greater incorporation into high molecular
weight forms G.75 fractionation of the 14¢ methyl)methionine
liver extract, which separates protein fron non-protein
constituents, shows the high molecular weigzht 14¢ liver
activity is protein bhound (fig 3.11C). An extract of
retained muscle activity (fiz 3.9) gives a high molecular
weight fraction and a fraction coeluting with creatine similar
to that observed with 5(14C)NeTHF dosed animals (fig 3.8a)
Thus the ' activity after a dose of '8¢ methyl

methionine is observed to produce urinary compounds which

have the same chromatographic behaviour on DE52 and G15

-86=-



as the non folate products (NFF and 'A') of 5(14C)HeTHF.
Tissue extracts of 5(14C]MeTHF and (140 methyl) methionine
dosed animals are also similar, although the '4C methyl
activity of methionine dosed animals shows greater incorpora-
tion into proteins (fig 3.11). This may be a2s 2 result of
the (Mo)nethionine being ussd directly for protein synthesis
while the methyl group of SMeTHF has to be transmethylated

to homoeysteine resulting in a slower labelling of protein.

3.4. 5(14cer® plus (3',5':7,9,78) folic acid

In order to better observe any incorporation of 140
methyl activity from 5(14C)HGTHF into the folate pool, 6 rats
were each dosed orally with 8 ug/Xg (31, 51,7,9,31::) T"A,QOALQIKQ'aMe.THF
Table 3(8) gives the result of sequential DES2 and G15
fractionation of the urines, fig 3.12 the DES2 éhromatographs
of the 0-6 and 6-24 hr., urine. The '4¢ activity is observed
to coincide with the - from folic acid in the SMeTHF
urinary factions, however,j 10CHOFA in the urine si'lows no
significant labelling with 4, the 0o/3m ratio of the fraction
being similar to that observed for unmetabolised folic acid
(Table 3(8)).

G15 chromatography of the hot ascorbate extract of
day 3 liver shows a high molecular weight 39 pezk with
minimal 14¢ labelling (fig 3.13a) further chromatography
on DES2 zave a peak eluting at 0.5M the position of
volyglutamate species, and on earlier eluting 3H peak which
may be a breakdown product (fig 3.13B).

While folic acid is readily metabolised into formyl

folate and polyglutamyl types, no significant entry of met‘rl)--l
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Table 3(8)
Recovery and chromatography of urinary radiocactivity from
rats orally dosed with 80 mg/Xsg 5(140) MeTHF plus 2°mg/%g

(3', 5', 7,9, 8)"

0= hr Trine

-

Day 3 Urine 0.9 140 1.9 3

25.8+ 1.4 140 dose, 29.5+ 1 6% 3H dose (mean

of six rats+smy)

Fraction % Urine Ac%ivity % Dose Activity Ratig
14C 140 >0 14C/JH
NFF 3.3 - 1.01 o 4
>H scission
products - 161 - 0.41 -
10CHOFA 4.4 I 34.4 1.4 12.33 0.11
SleTH® 74.1 32.4 22.7 1.6 1.96
FA 8.6 5.8 0.2 2.06 0.08
6-24 hr Urine 1.9 + 1.6% '4C dose 15.7 1.0 °E dose
" Fraction Urine Activity o dose activity Ratio
14r‘ °n C ;3 140 o1
EF 9.8 - 1.04 - -
71 scission ]
products - 2.9 - Q.43 -
10CECFA 6.2 52 0.66 T.92 0.08
SMeTHFT 8%.9 32 8.89 4.89 1.81
A 0.4 S 0.04 1l 0.04
Day 2 Urine 2.6% 0.5% M4¢ 3,5 0.3% %m
Praction ?4T rine %Ctl‘fl‘tj ¢/ Dose Activity Ratio
o 145 3g 140/33
NFF 33,6 > 0.84 g E
Sor scisson ,
products § e 41.1 - 1.48 -
10CZOFA 6ed 50.8 0.16 1.83 0,09
SMeTHF 5346 22,0 1.34 0.79 1.70
FA 0 44 0 0.16



Fig.3.13. Chromatographs of hot ascorbate liver extract from rats
orally dosed with 8Qme/Kg 5(1hO)Me$§§_+ Spe/Ke

it (R 2 (33537,9, H)Folic Asia
%dose i
activity
A) G.15 Chromatdgraph of whole
liver extract
L I 2
.5 4 +
0 0 0 tube no.(5cm3)
B) DE.52 chromatogram of high molecular
"weight fraction I
%dose
radioactivity polyglu.s :
0.08 . - 0.5 _ 1.0 NaCl
'_¢'_-' / - 0.8
» 2 006
0.05 4 R
=
0
Pl wihe
boo
100 20 30 40 tube no.{Scm>)
o—o0:
o -olk,
%¥—xNaCl



sroup activity into such specieg in liver and urine could
be demonstrated.
5.5  Discussion

Comparison of the two oral and TP dosagesof 5( 40)Merny
indicates that the compound is completely abaorbed.from
the rat small intestine, in spite of the radiotracer being
a mixture of C; epimers. Weir and Scott (1973) report that
in human subjects absorbtion favours the biologically
active isomer, in contrast to these results with the rat,
However, their method involved the collection of urinary
SMeTHF activity following a 'flushing dose' of folic acid,
and comparing results from subjects who had prior oral doses
with one or other of the different 5MeTdF isomers. .This method
of 'flushing' retained labelled folate has not however, been
found to be effective, at least in the rat (Blair and
Dransfield 19713 Barford et al 1977), and the more direct
method of comparing faecal radiocactivity after oral and
IP doses @ould be expected to give a better estimate of
ebsorbtion. Such a non-disecrimination between C¢ epimers
would be expected if the absorbtion of SMeTHF proceeds
by the passage of the electrioaily neutral form across
the gut wall, the neutraliszation tzking place within an
acid microclimate generated at the gut surface (Blair and
Matty 1974, Coleman et al 1979) where the pKa of both
epimers is the same, rather than stereospecific carrier
protein system,

On entry into the body active SMeTHF is demethylated

to produce a variety of non folate metabolities, the
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majority of retained activity is present in the muscle as
creatine. Creatine and methionine are excreted in the urine,
and the methyl group is oxidised o GC? wvhich is excreted in
the breath. The non-folate metabolites of 5(14C)MEWEF are
observed to chromatograph in qualitatively the same manner

as those of (1£P methyl) methionine, Turthermore simultaneous
dosage of 5( CMe™F 4 (’“\“& showed no entry of metiyl
activity into polyglutamate or formyl folates. Thus the

one carbon metabolism of SMeT™F is ohserved to proceed via
the methyl transfer route, rather than by oxidation to methylene
™R, Towever, the technijues employed may be inaprropriate to
show rroduction of 14CEO folate forms from 5MeTHF. Methyl
carben is adle to re-entsr tlie folate pool via mitochondrial
sarcosine dehydrozenase, “hich judzing from its prodncts
(serine, formaldehyde and formate), involves 5,10,0:?;-

formation (Lewis et al 1978). Sarcosine is synthesised by

"J
o7
]
e
=
r_J
4
g1
3
w

an SAY resuiring reaction from lrcinelPlumenstein =
1960) cztalysed by slycine V-methyltransferase (fiz. %, 14),
™ie hich conecentration of this enzyme in rabbit liver,

N.9 =3 total extracted protein, suzzests tiie reaction may

be important in regulating intracellular SAM levels (Teady

and Xerr 1973).

Although this pathway iz considered an important source of
folate one carbon (Lewis et al 1978) the production of urinary
or tissue formyl folatea could not be demonstrated from
(110 methyl) labelled methionine or SMeTH®, Tt is pos=ible
that formation of 5,10,CH,TEF from methyl groups takes nlace at

a subcellular level and may not be observed in these experiments,

however, it is li%ely that production of folate one-carbon from

Lo



Fig.3.14. Entry of Methyl carbon into the folate pool

S5MeTHF Homocysteine
THF Methionine —> SAN
Glycine N-methyl
Glycine transferase
SAH
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(N-methylglycine)
NaDp* |
Sarcosine dehydrogenase
NADPH.H'
»Glycine
;—
5’10’ﬁ?2THF > Serine
5+10,CH=THF
10 CHOTHF ?CO2
folate one-carbon pool
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methyl groups is small compared to transmethylation
reactions, and that normally such activity is insufficient
to circumvertthe 'methyl tetrahydrofolate trap' in 312

deficient anaemia.

-Olym



de

4.1

=
.
n

43

Thh ENTRY OF SVETEYLTETRAFYDROFOLIC ACID INTO THE

FOLATE POCL
Tntroduction 96
Results 28
Discussion 107

o



del Introduction

The majority of investigations of folate metabolism have

sed either folic acid or 5CHOTFF which are not normal con-
stituants of the folate pool (Chzpter 1 (3)). Experiments
were undertaken using mixed label (2140)(3',5',?,9,3H)5MeTZF
in order to investigate the contribution of a fully reduced
naturally occuring folate to thebody folate pool. Prior
studies on 3MeTUF metabolism in humens and cell culture
systems have used (3',5', 7,9, 33) 5MeTF tracer (Weir

et al 1973) or the tritiated form mixed with 5(4o)rer=F
(Wixon and Bertino 1972, Wixon et al 1973) to observe the
entry of the tetrazhydrofolate moiety of SMeT™P into folate
metabolic pathways. .Earlier experiments involving (2140)-
m'were carried out in this laboratory by Dransfield (1972).
There are problems associated with the use of a single (2140)
or (EH] label, outiined in Chapter 1 and the 5(140)(3?)

system, while useful in comparing the fate of the methyl group
with that of the tatrahydrofolate portion of SMeTHF(Nixon

et al 1973), will have the same effective labeiling of

the folate pool as ﬁhq'(-sﬁ )—only tracer, as the 140 label

is lost during methionine symthesis.

Recent work in this laboratory has used mixed label
(2'4¢)(31,51,7,9,78) folic acid (Barford et al 1977, Connor
and Blair 1980, Pheasant et al 1980) and the use of mixed
label SMeTHF would indicate whether the general conclusions
obﬁained.from_these studies are valid for a naturally occuring
folate.

Mixed label 5MeTHF was extracted from the urine of rats

- i T Arwe 4 ; :
dosed with (2 3;()'g;',7,3-’ﬁ) mixed label folic acid as
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described in Chapter 2 diluted with non radioactive
MeTIF and orally dosed (in 50mM Na phosphate buffer pr7
containing 2/ sodium ascorbate) to 5 animals at8ug Vg
and 4 rats at 80 Mg/iig with a single rat dosed at.209)ungg
The experiments followed the protocol outlined in Chapter 2,
4.2 Results
mables 4(1) and 4(2) give the retained and excreted
radioactivity, Tables 4(3) and 4(4) fig 4.1 and 4.3 the
chromatographic fractionation of urinary radicactivity
after 8 and BO)Lg/I-I'__g oral dose of mixed label SMeTHTF (O'OQ-)LCL.‘”'C,O' Ipu(bg\']
The recovery of radiocactivity in the first day and
subsequent day faeces (Table 4(1)) total 30.2% 140 21.5¢
5H) is much higher at 50 Mg/Kg than observed with 5(140)
MeTHF (2.4% over three days table 3(3)). Experiments with
the (140 methyl) labelled epecies have indicated that
5MeTHT is absorbed 100% (Chapter 3); thus the increased
faecal activity may be due to increaséd biliary excretion.
The faecal radioactivity of both dose experiments shows
an exceas of 140 over 3H, which is statistically significant
on days 1 and 2 at 80mg/kg, and day 1 at 8 Mg/kg with the
isotope imbalance reversed in urine  (Table 4(1) 4(2)).
As the 145 1abel is associated with the pterin portion of the
folate, the faecal imbalance may indicate a preferential
sxcretion of pterin-derived products in the bile., The
imbalance of isotope recovery in urine and faeces is not-
totally due to preferential biliary pterin excretion, for
notably 4n the chromatographs of the 8 Mg/Kg dose urines

(fig 4.1 A,B) the dual labelled peaks (0-6 hr I, II, III

and 6-24 hr II, III, IV) show an excess of Jn over 14g



A Z
80 me/ie(21%¢) (31,5, 7,9, F) mixed label 5MeTHF
nd excreted radioactivity (Ydose activity)

Mean of 0-5hr 6-24hr | Day? Day Total

4 rats

Trine 144 17.0" 23,71 ,9° 7,01 46.6
B 18.6 25,7 .5 3.8 52.6

Day 1

Faeces ) 17.0 jO.? 255 30,2
o 10,6 6.8 4.1 21.5

Tiver 14C ‘25 245
Sn 2.4, 5.4

¥idney 140 o 0.1
‘n .3 0.3

Brain, "4

Splee, T4q NS 0

lMuscle, B s 0

gut.

Total 144 577 13.6 841 79.4
5 54.9 11.3 10.6 76.8

'£' test recovery of

NS Radioactivity not

3, 4
Hwvs 'C

(A8 ]

W

not significant p)>'0.05

significant p €0.001

n

p € 0.0001
p<€0.,05

significantly higher than batkzround

T




\
Table 4(2)

Oral dose 8 mg/tg (2'7¢)(
radioactivity (¢ dose activity)

retained and excreted

31,51,7,9,°%) mixed label 5 MeTHF

llean of 5 rats

TUrine

Faeces

Liver

¥idney

Gut

Total

0-Ahr 6-24hr Day 2] Day 3 |Total
14, 4o 39.17 | 28.52 3. 3.44 | 74.2
59 nm 41.0 40.4 4.7 5.6 91.7
Day 1
e 24,54 g.5%) iz 33,0
‘H 18.1 6.4 = 24.5
144 6.8 6.8
Ju D -
14, 0.8 0.8
ZH 0.4 0.4
14, 11 1.1
BH 0.8 0.8
144 92.1 e 12,4 115.9
3y 99,5 111 6.8 117.3
3 14 v
't test recovery “H vs "C 1 not significant pY 0.05
2 significant p<0.01
3 " p< 0,001
4 " p( 0.0E

ND: not determined




Table 4(3)
Chromatographic: fractionation of urinary activity from

rats dosed 8 Ma/Xe mixed label (2'%c)(3',5,7,9,%)5MeTHr

O0=6hr Trine: 40,6% 140,42.&? 3? dose
, Y%Urine activity- ’dose activity Ratio dose
z
144 om 144 B 3z V4¢

I 10CHCFA 27.0 2643 4720 Nleld 1,02
IT SMeTHR 39.4 48,2 16,0 20,4 1.28
ITI 'Compound b

DY 26,2 28,2 10.6 12.0 113
Total 92.6 102.7 37.6 43.6

6-24hr Trine: 26.3% 140, 40, 3 3¢ dose

o‘urine Activity ®dose activity Ratio dose
Yq ’n g 3n /%4

I Scission 24 40 . 543 16.2 3,06
Products ‘

ITI 10CHQFA 12 9 51 S 1.18

ITI SMeTEF 30 39 8.4 12,5 .49

IV 'Compound D' 20 19 543 7.7 1445
Total 88 99 22.1 40.1

~100~



Table 4(4)

Chromatosraphic fractionation 6f =24 hr urine from rats

-
dosed 80 me/Kg (214-’3}(5' 5, 7,9, H)5

TeTHF

oTrine Activity ®Nose Activity Ratio dose
‘14,3 5_v€ 5ﬁ/14c
I Scission
products 21.8 22.2 B2 S 1.04
IT 100T0FA 18.7 172 4.4 4 1.0
IIT S5MeTHF 28.3 26.9 6.7 .9 1,03
IV 'Compound DYl 20.4 16.4 4,8 4.2 0.89
Total 89.3 82.7 21.1 21,2

Table 4(5)

80 Mz /Ke

8 pg/tg

Tritiated 6-24hr urinary metabolites of mixed

Label (214C)(3',5',7,9,75)5MeTHF doged rats

=101=-

Compound “‘dose turine Fraction odose folate
H b)3 pAcetABA cleaved
+ pAcetABglu

pACe‘t:L'?G‘lu 2 -7 1003 0.47 6.4
p.-’\ceﬁ.—’\.]."ﬁ. 3-0 14 07 0-53 ?01
BT 22,0 1545
pAcetABA 565 13.6 0,34 12,9
16,2 40 %81



Fig.l.1. DE_52 Chromatograms of Urine from rats dosed Sus/Ke
(21%c)(31517,9,7H) mixed label SMeTHF

%dose activity A) 0-6hr. Urine 1.0 NaCl
Py II 0.56M
SMeTHF
III 0.66M
lcompound'nﬂ
e 05
14
A e - C
3H
o0
n——nNaC1
4 0
3 0 tube no.(?cmB)
i Pl.OH
NaCl
B) 6-24hr. Urine
IIX
%dose activity 5MeTHF }
8
o1
scission
products
05
compound"D{
L
[ 1o

10 20 30 40 50 60 tube no.
-102- (5emd)



Fig.4.2. Portion of DE.52 Cn”omatogram of Urine from rats dosed
with mixed label (2 c)(3 53 L9.3}{) Folic Aeid

= an
%dose activity/me 3
1.0 - OeeelD H
]
% 1% Polic acid 4 MaC)
_1.0M
0.5 ﬂ =
.-0.5
o . '
. A3SD 55 60 65

tube no. (5cm3)
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ig.4.3. DE,52 Chromatogram of 6-24hr Urine from rats orally

dosed with 80ug/Kz (22%C)(31517,9,7H) mixed label SMeTHP
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which are not further resclved by subs.guent G15 chromaiography

1

- 5 A
into soley "7 and 'C lgbelled fragments. "owever, in the

0-24 hours urine after the 8 Mg/ig, there is an excess of
15.8% of dose BH over140 v 454 of 3H is accounted for by
the excess of “H in the duzl labelled peaks, while 10.9Y

I dose is as a result of the excretion of solely 3H labelled

M

species, thus 69% of the urinary imbalance at 8 pg/Kg can
be ascribved to folate scission, “ince cannulated bile after
TP injection of folic azcid contains only intact folates
(Fillman et 2l 1977. Pheasant and Blair 1979, Steinberg
et al 1979, Pheasant et al 1980) the cleavage of folates
occurs within the gut lumen, the isotopic imbalances would
result from the pterin derived fragment being less well
absorbed than the 3H'la.‘r:-elled fragment. The Eomplete
absorbtion of 5 MeTHF from the intestine implieg.that the seission
substrate is another folate, possibly the more labile
10CHOTHF or THF,

The isotope effect,which produces dual labelled peaks
with a °% excess at 8 Mg /g, is dose dependent as at
80 mg/¥g the chromatographic peaks show equal isotope recovery
(Table 4(4) fig 4.3). The two labels of the parent folic
acid tracer (2'%6) ana (3',5',7,9, “H)FA show separation
on DE52 column (Fig 4.2) so there is a demonstradble chemical
difference between the labels which may result in the
biolozical system discriminating between them.

DE52 chromatography of the O-6hr and 6-24 hr urines
give threee dual labelled pezks at both doses which
subsequently remain intaet on G615 chromatography (B /-lg,"I{g

N-6 hr I, II, III; 6-24 hr II IIT, IV and 80 Mg/ig 6-24 hr
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Pig.sholb. G.15 chromatogram of compound®D" (DE.52 fraction III of

0-6hr, Urine from rats dosed 8Smg/Kz mixed label SMeTHF)

Relative Abs.

24 pl2 (254nm
10 EHOFA" :
_%dose activity
I.O b
0.5

Q0 °
w—x UV absorbance
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II, ITI, IV fig 4.1 and 4.3). The first two of these

peaks chromatograph with 10CHOTA and SMeTHF on G15 (Tables
4(3) and 4(4)), however, the third pezk (compound D)

eluting after 5WeTEF on DE52 does not chromatogzoph at

a position compatible with the formyl folates, folic acid,

or SMeTHIF and its Xnown oxidation products (fig 4.4). A
similar product has also been observed after dosing rats
bearing the Wovikcff hepatoma with folic acid (Pheasant and
Blair 1979). The 6-24 hr urines show a peak elutingz before
10C0FA (fig 4.1Bpeak I and fig 4.3 peak I) These peaks
when chromatographed on G15 result in the 3}1’ peak activity
splitting into two, one fraction elutingat tube 19 with added
p.acetamidobenzoylglutamate ‘(pacetABglu) and the other at

tube 33 with pacetamidotobenzoic acid (pacetABA) marker

(table 4(5)). After freeze drying_thenpoéled Jn peaks were
dissolved in methanol/water and spobted onto paper with p cetABA
and pacetABglu standards. When developed with BuOF!/EtOH)'O.BBO
NHEKwater (10:10:1:4 by volume) the two metabolites
cochromatograph with the pAcetABglu and pAcetABA markers clear
of the p.'.'aEA and pAPglu standards.

After three days the majority of retained radioactivity
is in liver, kidney and gut (tables 4(1) and 4(2)). Proportion-
ally greater retention occurs at 8}&3‘/1{.;;, at the higher dose
80 mg/Kg renal overloading would result in proportionally
greater excretion (Chapter 7). Tot ascorbate extract of the
third day livers shpws the majority of retained aectivity correspcnds to
high molecular weight compounds eluting at the void volume
(fig 4.5) on G15., TRechromatosraphy of the dual labelled
pezk on DE52 shows elution gt approximately 0.7M NaCl,

a pesition compatible with polyglutamates.
53 Discussion

The pattern of metabolites found a2fter an oral dose



Fig.4.5. Gs15 Chromatogram of hot ascorbate extract of liver from
? .
0.5 . rats orally dosed 80uz/Kz with (2 czgz,s,z,g,)gem?
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of mixed label (2”‘*c}(3',5', ,,9,3H)5r-tem is bfoadly

in zgresment to that observed after dosing with similarly
labelled folic acid (Barford et al 1977, Comnor et al 1979}
Pheasant et al 1980)., The experiments show that SHeTHF, a
naturally occuring reduced folate, undérgoes the same scisson
pathway as folic acid (Connor et a2l 1979). Scisson is not an
artefact of loading, for the degree of scisson as measured

by the 14C/EH imbalance in the urine and faeces, or more
directly by the excretion of - only labelled metabolites

in the urine (tables 4(1), 4(2) and 4(5)) show cleavage

to be greater at the lower dose, Thus 09-N10 scisson is
observed as a normal folate catabolic pathway.

Retained folates are distributed between two kinetic
pools, the first with a short half life is presumed to coﬁsist
of free monoglutamates and the second long term tissue
polyglutamate folates (Blair 1976). Krumdiek et al
(1978) have czlculated the t,- for the pools in man; 31.5
hours for the short life anﬁ 150 days for the long life
kinetic pools,

Pheasant et al (1930) report thét after 100 mg/Kg oral
dose of folic acid there is excretion of 28% 140, 3794 33
dose in 0-48 hours urine with 11.4% '7C and 7 retained in
liver. In contrast with a similar dose (80 mg/Kg) of mixed
label SMeT™F there is an excretion of 43.6% '4¢ and 48.8 Jm
in urine over the same period with 2.5% '4¢, 2,4 33 retained
in the liver over three days (If t} for polyzlutamates = 100
days the retention values for day 3 will not be significantly
different from dey 2, differ:ing by less than 1% )e -

Thegse results indicate that SMeTHF is taken up in a greater
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oproportion than TA into the short life (monoglutamate) pool
and a lesser proportion than FA into the long life polyglutamate
pool. A similar discfepancy between the liver uptzke of -
FA and 5MeTHF (:W) was observed by Steinberg et al (1979), and
between the liver uptake of 5Me™HF and THF in the South
African fruit bat (Perry et al 1972).

This effect may be a result of 5MeTHF being a poor su'bstitute
for polyglutamate synt;nesis (Spronk et al 1973 , McCuire et
al 1979). However, demethylation of 5Me™TF during methionine
synthesis would furnish THF the prefered substrate for
polyglutamate production (McGuire et al 1979). Thus the

demetnylation

conclusion is that S5MeTIF\is 2 éjlow process compared to
volyzlutamate synthesis from THF. However, Nixon et al
(1973) observed that L1210 cells where able to remove 85%
of 5(14'3}213'1‘}:5' label to other forms after 5 minutes while
87 of (35)5]‘-{@31? label was still recovered as SMeTIF after
60 minutes. In contrast in rat liver polyglutamate synthesis
from a pulse of folic acid is only 30% complete after 2 Kaure
(Bates, Blair and Connor unpublished results). Should
such a rapid demethylation of S5MeTHF occur in the rat, there
ought to be similar incorporation of ring labelled S5MeTEF
and PA via TV in the rat. To explain the slower S5MeTHF
incorporation into polyglutamate it is possible to positulate
that methionine synthesis in the normal rat takes place at
a much slower rate than in L1210 murine lymphoma. This
may be a result of decreased enzyme activity in the rat or
because SMeTHF is held in storzze'vrior to demethylation.

Waxman (1976) reports that substantial protein binding of

folates occurs in the plasma. If SlleTEF is taken into
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protein binding and released at a slower rate than folic acid,
this would effectively slow its rate of demethylation hence
polyglutanate synthesis from a SMeTHF pulse. If this

is the case it could be envisaged that SMeT''F could act as

a short term protein bound folate store in the ecirculation with
polyglutamates acting as long term store of tissue folate

fig A,6, This phenomenum may be explained by further
investigations into plasma folate binding proteins and

methionine gynthetase in the normal animal.

-111-



Fig.4.6. Incorporation of 5MeTHF and FA into polyglutamate
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5 #7 Introduction

As the folate content of the diet in develoved nations =
may only be adequate (Plakley 1969 p.44) and when in
underdeveloped nations the majority of the population suffers
from nutritional folate deficisncy (Plakley 1n.411), the
biocavailability of the folate types in food bears investigation.
Tetrahydrofolates ars readily oxidised in vitro (Plair and
Pearscn 1275) znd thus the folate content of foodstuffs would
be expect-d to contain a proportion of oxidised folate forms may be
important in determining the ability of various diets to meet
folate wvitamin requirements.

Differential assay of food folates indicated that the
ma.jor folzte form estimated br microbioclogical technigues is
SMeT ™ (Cossins and Shah 1972, Redrizuez 1972). Perry (1971)
estimated that a 'Vestern mixed diet contained 60 of total
folate ag SMeT'F with 78 as formyl folates after conjuzase
treatment, The major formyl “olate form was found to be
5C0T™®, however, Perry (1971) su-zests this may arise from
10 CFOTHRE rearransement during extraction. Other studies
reviewed by Rodriguez (1978), report that 10CT0TF types are
the major folate forms after GMeT F. Yowever, with the variable
resvonsze of microbiological assay orzanisms and the use of
impure coniugase preparations (chapter 1.4) the precise
values for focd folzate as SMeT™F and 10C-CTFF needs to be
treated with caution, altiiough it is likely both are normal
food constituents.

10CFOT™F readily oxidises in air to 10070FA (fig 5.1,
Robinson 1971 ®lair 19376) this oxidation may be pravented by
the prescence of antioxidants notably ascorbate. Stokes et al
(1975) investizating a scorbutic subject reported the prescence

of 10C7°C7A in the urine when the compound is not normally



=i folate content of foodatuffs priocr to
= 0

Before acid After aeid

pe/100g Mz/100g

Watercress 2.7 0.8
Spring cabbage 2.6 0.8

hite bread 0.09 v 00008
Lambs Liver 6 2.6
Lettuce 0.4 0.3

Rgg yolk fe2 1.2

ot e Lals

Differ-nce between the two values i 5Me 5,6, DEF content (p.117).

After Fanson and Plair (1978) . unpublished observations
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Fige5.1l. Oxidation of Food Folate

EMeTHF 5%95.6.DHF
10 CHOTHF ar >/ 10 CHOFA
2
THF p-Aminobenzoylglutamate
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propose that ascorbate in humans has a role in protecting
serum folates from oxidation, and that in scorbutic subjepts
lack of ascorbate results in oxidation of 10CHOTHF, which results
in depletion of the body folate pool, leading to the megalo-
blastic anaemia observed in some cases of scurvy (Andrews
1977). |

SMeTH is kmown to be oxidised by air or H202 to
cive SMethyl 5,6 dihydrofolate (Donaldson and Keresztesy
1962 , Gupka and Huennekens 1967, Scrimgeour and Vitols 1966),
an oxidation which is reversed by thiols or ascorbate.
In vitro studies have shown that the rate of oxidation is
inﬁreased by the polarity of the =olvent system and the
presence of Cut jons (Blair et 2l 1975). Thus samples of
5 Me 5,fDHF when assayed in the presence of ascorbate will
have the microbiological activity of SMeTHF. However, if
‘assayed without ascorbate; or if acidified to pH3 prior to
ascorbate addition, S5Me5,6DHF samplgs show no microbiological
activity fér the common assay organisms (Ratanasthein et al
1977). Thus if duplicate samples of a foodstuff or tissue
are taken, one being acidified prior to both having added
ascorbate, the difference in L.caseli activity between them
will measure the 5Me5,6,DFF content, as the other micro-
bicdlogical activities =re unaffected by the acidification.
(Ratanasthein et al 1977). PRy this technique it is observed
(Clzir and Hansen unpubliszhed data (1978) Table 5(1)) that
SMe 5,6 DYF may comprise the major portion of free folate

in stored food. Similarly Tord et al (1978) showed that the
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depletion of folate in stored milk was mainly the result of
5MeTHF oxidation to 5Me5,6,IMF when then produces biologically
inactive forms, poszible due to the loss of protecting
ascorbate by 2erial oxidation.

SMe 5,5, DHF gives 2 small rise in serum folate when
administered orally to normal humans (Ratanasthein et al
1977), However, when dosed with sodium bicarbonate, 5Me 5,6,

HF resulted in a significantly greater rise ;n serum folate.
This implies gasiric BEY renders Sie 5,6, DIF inactive,
however, should any portion survive the gastric enviroment
it ean be assimilated into the folate pool.

Te product of acidified SMe 5,6,DEF was at first
formilated zs 5Me 5,8, DiF (Blzir et al 1975) by analogy
with the acid rearrangement of 5,6 dihydropterines,
later workers (Deits et al 1976) suggested there is a
c? 10 scissioﬁ in zcid -to give non-folate products.

5Me 5,6, DEF may also be further oxidised to another
compound by H,0, (Gupta and Wuennekens 1967) originally
described as 42075MeTHT by Capski et al (19#1). However,
Jonzejan et al (1979) working with folate analogues report
that oxidation is followed by en intramolecular rearrangement
to form a2 pyrazino-s-triazine structure (fig 5.2). A4s
mentioned in Chapter 3 this compound was found in stored
5MeTIF samples when the level of ascorbate was not maintained.
The triazine "4a0TSMeTHF" is not active for the cormon folate
microbiolo=ical assay organisms (Gapski st al 1971, Ratanastliein

et al 19??? and will not be demonstrated by microbiological

mus the SMeTTR of stored folate could give rise to varied

7
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Fig.5.2 Oxidation of 5MeTHF

)\.)I‘I H;—NH CONH\ : /coon

Silethyltetrahydrofolic acid

A ( 5MeTHF) (CHI)
02 thiols, -
Hz'-:?z Ascorbate COOH
\
C
o l i s
CH—NH ONH COOH
N R > /
L £
HN N N
. (CH

SMethyl;35,6,dihydrofolic acid(sMe5,6,DHF) l

\ COOH
SMe,5,8,DHF?
pABglu 4 pterin?

:QI o
o (C],;Hz)z

H COOH

pyrazino-g-triazine product, *4aOH5MePHF"
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compoundey S5ie 5,%,7T°F, the triazine, or acid rearrangement

- 3 =3 . it Y D o~ T P 1 2 5 = 4 4+
products. The oxidation of SMe™T is not yet completely

was ohserved to zive products whose UV .spectra are not
compatible with the triazine, p-aminobenozyl glutamate
nor SMe 5,5. “?f. These diverse products may have varying
biologiczl activity.

Bnariments were undertaken to observe the 2ffect of the

absence of sntioxidant on the metabolism of SMeTHT and to

investigate the metabolism and disposition of the well-

1=

characterized SVMeTIF oxidation products in the rat. Animals

were orally dosed with q(148)”eTiﬂ dissolved in watexr and

compared with the reemlts from animals given S5MeTHF in

2/ Wz agcorbate in 50mM la phesphate buffer pH The

netabolism of SMe 5,5, D'F was investizated by IP dosage of

(39t 1.9, ’V‘J( “\“ ‘5,6, D°F nixed label and the effect
~ 2 14

of gastrie acid obaervea by orbl dosage’ of mixed (2 ¢) and

(3%,5',7,9,"H)5Ke :,-3, DIP, In vitrd samples of SMe 5,6, DEF

1abels were acidified and chromatozraphed to determine the

r=aaction products. Tinally rats were orally dosed with

( C methkyl) pyrazino-g-triazine to observe whether this
compound which iz microbiclogically insctive, undergoes
metabolism by the marmmal.

v

e tia Metabolizm of 5ile™™ in the absence of ascorbate

o
J{1 0™ (parium salt) was

I o

water imedizisly prior B Minutes) to

of six male "Mi-tar rzta. The collection of urine, faeces znd

me o ) * - -
Lo vyas zs degeribed in methiods fﬁ?:pteL 2).

-120-



Ma 1Y s I'"!-\

- -

Nanairar s 0 aptivity from Tats o -+ Anred A0 -l e wuith
legqvery ol activity from rots oxrelly dosed 30 ma; /e with

L e o
R o o P P
o aossnece i ascorlate.

cf 1SN yramtrn 3y +ha

e/ s SR W

dose 0 = S.Rails
With ascorbate without ascorbate Pvalue

-~

(4 (6 rats) t£1 test
. ® 4
D9 = 4.0 p< 0,002%
Dey 260 = O P 0.001%
Day ° 1.2 = 0.2 D¢ 0.01%

L .
W, 2 Z.0 L2 n. 0!
o = a9 13.0 = 2.4 p € 0,005%
- - i -~ AT o N AnEs
L -‘I',Jn 2 19...' -~ e :)('_'_1,_)2_“‘('
"o T o 7 LA (T b
Juldd = Ualh} -—
Meadtal A& a0
& i FES T R e Tl Ll B
~
Sy
o —
mer A n "N Az
O . =
T n noA z
ey ! 0.3
TNmyr =2 ™ A e
o o <L,
Meadn n =
ToLaL [ P

significant difference

-121=-



Y
LiTLy

nri

of

—\0 a) - L3 Ta¥
- - - - - -
g e O Ky 50 B e
-+ u..u
= 4>
C @ &5 L Gy
43 B & T30 wadll o O €l K O g™y
1 oL o - Ll L L] - - -
*r m +> ce— NGO O O ND G
e O (e o O
(= (G
Lo (= 9 Ut O =
- - - - - -
R s 2y C O
| Gl €
[an Wl ! [ O ao = ==t e
- - - - - L] - - -
TN oo (o S TeN (o lﬂ.n._ e
« o0 Uy =
[ &
*n.. @
) & Eol
L t
e t £
F 1 el T
* i g &J iR
y kN o Wy

-122-



Dables 5(2) and 5(3) zive the recovery of radiosctivity

A
'm

; ; . 1 - ! 4
and fractionation of urinzry ' 'C compared to that observed

i

when rats 2re dosed 80)&j/¥5.5(1¢C}VQTﬂF dizsolved in 2¢4
ascorbate in plf7 50mM Na phosphate buflex,

Trom tabdble 5(?) it is observed on the first day the
non-ascorbate group show significantly less activity in the

140 in the first day faeces,

urine, with simificantly more

Thus the absence of ascorbate decrsases the efficiéncy of

abeorbtion of 5MNeT™iF. The higher second day 1¢C faecal

activity of the_(-)ascorbate sronp may be explained by a &elayed

gut passarze of unabsorbed dose naterizal or more likely by =n

. o : : 14 | :

increaze in biliary excrstion of '“C methyl derived products.
7352 fractionation of theurines from both sroups of

rat 14

‘t‘.'.{e

»agnlve

i
7]

¢ a2ctivity into two peaks; Ignon folate

compounds as described in chepter 3 znd TI,a peak which

cochromatocraphs with added SMeTHF on DE52 and also on
subsicuent G15 slution Table 5(3). Totably no triazine was

ohserved on the urinary chromatographs fig 5.7 , indicating

that it is not produced under *hese conditiong, or that if

formed it ias not absorbed and excreted in the urine at levels

1fricient to he detected., ith the exception of day 1, the
urinary zctivity of the non ascorbate rat group shows a

lower NEF];MGU"J ratio Tatle 5(3) indiecating a slower rate

of SMemHF demethylation. In the case of the first day urine,

from Chapter 3 it is observed that the SMeTHF present in the

h

irst éay urine following orsl dosing of 80 uz/Xg SMeT® is

rorably du ranal overloading, Tlowevexr, when dosed in

'J
i |
¢
ct
£y



Fig.5.3. DE.52 Chromatogram of O-24hr urine-:from rats orally
dosed with SOggzgg_5(luC)MeTHF without ascorbate

3 SMeTHF
10“counts/10min., marker
/O.ch3 l
UV abs.

10

tube no.(Scm?}

=-12la



the absence of ascorbate (table 5(2)) the 149 activity of
5(14C]NeT“F is less efficiently absorbed, which would decrease
renal overloading and tend to diminish the excr=tion of SMeTHF
in the urine, and increase the ratio of NFF/5MeTWF.

The slower rate of demethylation of SMeTHF in bhe non-ascorbeve
group of rats indicetes the '4¢ 1abel is less biologicelly
active, As only SMeTHF is found in addition to NFF in the
urines it is possible to speculate that a portion of the
140 label iz absorbed as 5Me 5,6, DUF which is not an
in vitro substrate for methionine symthetzse (Deits et al
1976), and thus has to be reduced to 5MeTHF before demethylation.
If this reduction is slow compared to methionine sythetase
activity, the apparént rate of S5MeTHF demethylation would
decrease. If S5Me 5,5,DHF is excreted intact in the urine,
it will be chromatographed as 5MeT”F by reduction in the
collecting.flask.

These results indicate bioclogical dispoéi'tion of
5(14C)HeT¥F is significantly zltered when ascorbate antioxidant.
is ommitted.

L Metabolism of SMe 5,6, DIF

Mized label (2'%c)(3',5',7,9,”%)5Me 5,6,DEF was prepared
from similarly labelled SMeTHF by ferricyanide oxidation,
and pwified as described in Chapter 2, made up in ﬂz aerated
water and orally dosed to six rats at 0.06mg/Kg. The
retention and excretion of the radioactivity is given in
T=ble 5(4). There is apporently nodetectable retention of

‘¢ or EH in the examined tis=ue, although this may be due

to the low total (5x104c/7031n) radioactivity dosed. The

s e z A
urinary activity shows a significant excess of -F over 1-0
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mable 5(4)

! e .
Oral dosing of rats with 0.06 mg/g (2'7°C)(3',5', 7,9, q)
5Me 5,8, DiFsretained end excreted radioactivity

Talues % dose

6 rats 0.06 Mg 0-6hr 6=24nr |Day 2 |Day 3 | Total
per Kg
it 120 22,9 25,47 | ws | ms 48.3
33 39.1 46,2 NS NS 85.3
Day 1

Yapoes 146 25.12 | 10.0] 9.3% | 64.4
Sq 28.1 8.1] 4.3 40.5

¥idney, Spleen 140 e s _
Gut, Brain, 7

. ey %
uscle, Liver 7 NS =
Total 14

“c 112.7
%:1 125.7

18: not significant compared to background

1 t test p<€ 0,001 :? T2CoVery vs 140
2 I?<9-n 5
g p <0.01
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and vise versa in the faeces. This would be consistent with
scission of the folate withpreferential exéretion of the

R labelled frag ment(s) in the urine with biliary excretion
or diminished absorbtion of the 40 species in the gut.

This is confirmed by the observation of p-acetamidobenzoyl-
glutamate in the 0-6hr and 6-24 hr urines and p-zcetamido-
benzoate in the 6-24hr urine (fig 5.6) identified by paper
chromatography (chapter ?(4‘). These compounds are observed
as producis of 5MeTUF catabolism; however, after oral dosug
of 5Me 5,6;P:F 2n scigsion products are the only well
resolved pesks on DE5S2 chromatographs of the first day urines
(fig 5.4a, fig 5.5a).These results suggest that 5Me 5,6, DHF
is poorly assimilated intoc the folate pool when given orally
at this dose. To investigate whether this is a result of acid
degradation in the stomach as proposed by Ratanasthein et al
(1977), six rats were IP dosed 0.4 Mg/Xg with mixed label
(3',5',7,9,5?}5(1d0}ﬂe 556,DIF. DE52 chromatography of the
first day urines is in marked contrast to those of orally
dosed animals (figs 5.4b, 5.5b) the 33 label showing
incorporation into the folatelpocl and excreted as

10CHCFA and S5MeTH?., These intact folates make up the
majority of first day‘urine 3H activity (Table 5.5).

The 5140 label has been transfered to non-folate compounds
in the (=24 hr urine. fig 5.5b peak T indicating reduction of
SMe 5,5, DHF to 5MeTHF has taken place within the animal,
Some triazine iz observed in the 0-6 hr urine 5.4b pezk I,
however, this may be as a result of the compound being an
impurity of the dose solution, for in the experiment vhere

SMeTHR is dosed without ascorbate (section 5.2) which is likely

“]27-



Fig.5.4. Chromatceravhs ef O0-6hr urines ggom rats dosed orally
or I.P. with Sie5,6,DHF

% dose/tube 4'0;32!5{
A) Oral dose 0.06ug/Kg
20 . (2X*¢)(3:5:7,9,°n) . 1.0K
5Me5i60DHF NaCl
II

10 1 T L 0.5
L) ®
S
// 06000 49% | %° | 0
20 30 L0 .50 60 tube no.(Scms)
B) L.P. dose 0.Lug/Kg 5(**C)Me(315:7,9, H)DHP
' 5MeTHP
% dose/tube 10 CHOFA Q-+ 1. OM
0.3 ¢ NaCl
40 |
20 |

10 20 30 30 40 50 tube no.
(5cm3)



Fige.5.5. DE.52 chromatograms of é-24hr urine from rats dosed
orally or I.P., with SMe5,&,DHF

% dose activity 14
20 A) Oral dose 0.06mg/Kg (217C)(31517,9,°H) wpe 1.0M
N 5Me5,6,DHF NaCl

10 4 L 05
K’
A
J & & 4% %0 * © Lo
iO- 20 . 30 Lo 50 tube no.(5cm3)
B) I.P. dose O.ipg/Ké 5(1¥C)Me(3:5:7,9,7H)5,6,DHF 1.0
NaC
% dose
activity
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4o o }
II / g8
—
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20 - I: H scissp O]?M
® III
/ e ]
(’Il v lm v o _.lu'c
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Fig.5.6. G.15 Chromatogra&8phy of “H_fractions from day 1 urines
of rats orally dosed with 0.06mz/Kg (ZIEE)(3:5;2J9J3H)

SMe5,6,DHF
A) G.15 of O=6hr DE.52 fracti
% dose g o b ¢
aetivit p-AcetABglu. U¥ absorbance
Y ¥ p-AcetABA T
2% 0¥
1 \ *Xx L, 100
A
F
‘} . 80
L 60
~f= 60
Lo
4 20
10 - 20 30 tube no.(5cm3)
% dose B) G.15 of 6=24hr DE.52 fraction I
activity p~AcetABglu
40 )
14
s
30 ‘jﬁ o—o0 1
Nyt UV
20 J
p=-AcetABA
10 o J, ...\ 2
s o 4
T
Q&fi F‘J’ NL..
] v m L
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dosed IP with

H=24 hr urine:

.0
2L dose

dose

AN

i

:H secission

II 10CFQFA

- 3 iy /
e |

=131~




to result in SMe 5,6, DHF formation there is no observed
urinary excrétion of triazine.

Mo conclude, an IP dose of 5Me5,6, DEF may be assimilated
into the rat folate pool, most probadbly via reduction to
NMeTIF, Fowever, passage 2Cross the gut results in the compound
being avereted also 1009" as scission products in the urine
and faeces.

5ed Acidification of SMe 5,6, DEF

In order to determine the effect of gastric acid on

SMe 5,6,DIF the labelled compound was acidified in vitro
and chromztographed on DES2 to determine the reaction products.
Two semples of mixed label S5Me5,5,DHF were prepared
(2'%c)(31,5', 7,9, °H) and (3',5',7+9, Sm)(5'%C methyl)

forms. The freeze dried solid was dissolved in 25 cm3
of N gassed water and the pH adjusted to 3 with HCl. After
20 minutes under nﬁnx;en the reaction mixture was neutrnlised
with NaQH, diluted with ﬂz gaﬁSed water to a conductivity

f less than 0.1 mhos a2nd applied to 2 DES2 column. The
incubation of the (51%¢ methyl) sample (6 Mg) was carried

out at room temperature (22°¢), that of the (2™%) 1avelled
sample (0.25Mg) at 37°C.
Fig 5.7 gives the chromatograph traces and table

5(6) the fractionation of the acidified &¥e 5,6, DIF on DE
=0, At 22°%¢ 5Me 5,6,DHF elutes as four peaks; the late
eluting peak IV (fig 5.72) is labelled with tritium only,

and rechromatographs on G15 with p-aminobenzoyl glutamate,
peaks I and II which have aporoximately equal recovery

of 140 and v (7avle 5(6)a) and peak TIT which shows an

=, ~ 14 . 18
excess of 0 over “E. Peak I may be a rearrangement or

-132=-



Fige5.7. DE.52 Chromatographs of acidified S5Me5,6,DHF

Kotiyi s A) (33517,9.°1)5(14c)Mes, 6, DHF
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Mable 5(6)

DE52 Columm separation of acidified SMe 5,6, DIF

= i 14 s o ) 0
a) (3',5',7,9,”8) 5( 'c) re 5,6,DHF pH3 22°C
Praction TMC ooy Rati 1"""-’:,/"7‘11
i 48,93 45.29 1.08
1T 22.89 18.81 122
0 % 01 8 25445 2644 0.96
v 2.6 8.71 0.30
(pATglu) ' ;
v) (2"c)(31,5',7,9,”7)we 5,6, D pu3 37%C
Fraction ”140 ”33 Ratio 140/3?
I 47.63 9.34 2.46
IT 49,78 67492 0.73
ITT 2.6 12.16 Q21

(pABzlu)
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possibly an oxidation product of 5ie5,6, DFEF as yetuncharacter-
ized; rechromatography on G15 shows that it does not elute
with the triazine. Peak III may contain unreacted 5Me 5,6,
DHF, as after addition of ascorbate a dual-labelled portion
of this fraction cochromatographs with S5MeTHF, although

the majority of the fraction activity had produced other
compounds after storage. PFraction IT may be the other
fragment produced by cleavage of SMe 5,6, DHF, the addition
of the activities of peaks TI and IV gives a 140/3H ratio
of 1.08. The structure of II remains indeterminate, from
the published labelling of the parent 3H folic acid (25.5%

c? ; ?2”fqiand 42,55 5',5;, Radiochemical Centre, Amersham.)
a 5(140} 7,9,33) pterin moeity would have a 14G/5H ratio of
1.74 where IT had a value of 1.22. However the mixed label
SMeT"F used to produce SMe 5,6,NHEF was extracted from rat
urine which may alter the relative abundance of EH at the
various positions. Using the value of 42.5% for 3H at
Zt, S5t positions, the apparent cleavage of 5Me 5,6, DEF
is 20.5%.

At 37° with the (2'%c)(3',5',7,9,7H) mixed label

the apnarent cleavage to pABglu is inecreased, with 12,2

LIS N |

of -7 as pARglu (fraction IIT fig 5.7b) 28.6% of 5Me 5,6,DHF
Fraction IT elutes at a similar position to fraction IIX
of the 5(14q methyl) label although the peak shows a 3n

excess., Peak I may be a pterin which has lost some ’n at

0o, its 140/2 ratio 2.46 is between that of a (2%4¢)(7,9,7n)
pterin (1.74) and that of a (2140) (07 3H) species (3.92).

x
The excess o5 may have been lost as -Ho0 during loading of

the DE52 colum,
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Thus =8 observed by Deits et 21 (1976), mild acid
conditions can cause cleavage of Hle 5,5,DFF, however, the
reaction is not complete after 30 minutes at 3700 (300¢
cleavaze at pH3) and produces other products. Wowever from
these results it is possible to prediet that at least some
clesavage will occur in the stomach prior to absorbtion.

HeH Matabolism of the triazine oxidation product of SMeTHR

The triaszine was synthesised by Héoz oxidation of
SMe™? after Gapski et al (1971) both 14C methyl and
unlabelled types being produced as described in Chapter 2.

The 190 methyl compound was diluted with unlabelled
triazine and orally dosed at 41.5 aMlg/¥g (4 2nimals) and
415 Mg/Kg to a single rat. The retention and excretion of
the 140 activity is given in table 5(7). There is little
retention of 140 in the examined tissues, at the low dose
9657 of 140 is lost via urine and faeces. The high faecal
activity found of the first day indicates the triazine is
less well absorbed compared to 5MeTHF (257 compared to 2¢/),
The continued high faecal activity of days 2 and 3 suggest a
biliary excretion route.

Chromatography of the low dose group urines (fig 5.8¢)
showed a single '4¢ peak coeluting with added triazine marker.
A boilingz ascorbate exiract of a liver from the low dose
group of animals showed no incorporation of 140 into
polyglutamate forms.

To investigate whether the faecal activiiy contains
triazine metabolites formed by the rat or its gut microflora,
a sample of dried first day faeces was extracted with 1%

T
ammenia solution containing 19 (v/v) mercaptoethanol.
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Retained and excreted radiocactivity in rats orally dosed with
1

Values as ¢ dose activity, the high dose values are for a

gingls ra

Low dose Jurine | faeces | CO, |Liver| Kidney | Spleen | Muscle ‘Total

1.5 pglig L

numbexr 5 :

of rats 4 4 ? 2 i 4 4

Day 1 37.0 24.T7 10 61.7
2 5.9 17.5 |0 21.4
3 3.7 9.0 }o 0.5 0.5 0.1 120" 14.8

Motal A6 512 |0 045 o LS 0.1 1.0 97.9

High dose |urine faces| COL| liver]| kidney| spleen | muscle | Total

415 Me/Kg 3

Day 1 21.1 175y = 38.6
2 3.6 1.7 - 14.3
3 142 1.3 - 0.4 - - 2,2% 15.1

Total 25.9 39,5 0.4 2.2 68.0

*Calculated sssuming muscle = 40° hody weight



—. l'.ll
Fige5.3. Chromatograms from (~'C mp+hv]_.)”‘r1azlne oral dose

o0 lo 081 experiment
A) G.15 of dose 10min/0. 5cm I\ B) DB.52 of dose
compound 50 compound
4 w1 o OM
10°counts/10min/ 50 ‘
5, em 1 - ' g £ 0.8
b ﬁ 20 | s L 0.6
" 3
3 E ' l - l l LO.IJ'
bkt ' | -
2 - ] lO , * x/lboz
PR A
l . \ - x—‘_+_' --0
'... J ...
Ja.n.qood gm0y 002050 e SN D0 g2
20 30 10 20 30 tub
1,01 (5ca3)
Y q l C) Day 1 urine (41.5 g/Kg) DE.52
c/lOmn/.O.5cm-‘ - <1.0M NaCl
M|

0 o 8
500 x” 0.6

\
|
; 0.
4 e / Lo,
/ | ;

- :,./;s: | 0....., ‘,.‘. 0
: \....“o ) .c.o..-.... .\
L] & oD
4 1 ¥ T e |
10 20 30 40 50 tube no.(5cm-)
3 9 D) G.l15 chromatograph day 1 faeceés
c/lOmin/]m 1 extract
1000 °
I
C B ] ..
®
e
: og® |
- |
9 @
i °/d %oq
D ~....
. ; e
10 20 30 40 tube no.(5cm3)



Counting indicated tuis procesdure extracted 86 of faecal
140. The nentralised extract was chromatographied on G15

(£fiz 5.04) and D752 with triazine standerd, and its
radioactivity was observed as a single veak inseparable from
the marker.

Mhe triazine is excrsted unchanged in the urine and
fasces, over three days 96 of g sctivity is vecovered at
the low dose, 65 with the high dose and bilizry excretion is
a najor route. o incorvoration of the triazine into high
noleculzr weight was obzerved, The evidence sugzests the

triazine makes no contribution to the folate pool or one

carbon metsbolism,.
Beb Niscussion

These experiments have investizated the effect of the
absence of antioxidents on the metabolism of oral SMeTHF, 2

and the metabolism of its two well characterised oxidation
products, Si%e 5,6, DHP and the triazine. An oxidiged sa~ple

of SMeTT® may contain both these compounds in various proportions.

Mie triazine ig less well absorbed than 5MeTI'F and some

=

e
=
=
o

2 lost in the faeces; that which is absorbed will

not he further metabolised in the rat and will be excreted
fnchanged via bile and vrine. Sl 5,6,DEF will undergo at

lesst partial seiszion - in the acid conditions of the

stomach. The preferential excretion of 140 in the fasces of

rate orally dosed with mixed label (2140)(3',5',?,9,7P) _

2 v A B . : 2, .
Sle 5,6,D7F indicates the pterin portion of 2110 seission

s less well absorbed compared to thie pABglu fragement.

Trom the TP dosage experinen’ absorbed Slie 546,7EF may be

ssimilated into the folate pool by reduction to SlleTHT.

-130=



Towevexr, should the 5Me5,86,07" persist or be generated in
the body, as may ocenr in scorbutic humans by =nalozy with
he observed oxidation of 10CECTIF to tOCHCFA (Stokes et al
1975), the compound is lizely to enter the enterchepatic
ciroulation with other folates (Iillman et al 1977,
Phengant and Blair 1979, Theasant et al 1980)., =Entry into
the acidic conditions of ‘the small intestine and more
particularly the acid microclimate generated at the
surface of the gut mucosa (Zlair and Matty 1974) would
facilitate further sci~s=ion of 5Me 5,6,DiF (Fiz 5.9).
Acidic scission of 5l 5,5,0IF is likely to be the major
route of folete depletion during Vitamin C deficiency,

as SlieTHF iz the major circulating folate monoglutamate,

Oxidation of 5MeTHT to "Me5,56, HF will result in seission to

e ]

terines with irreparable loss of fol=tes, however, 10CHOFA
is stahle and may re-enter the folate pool by dihydrofolate

reductase activity (Theasant et 2l 1980) albeit at a slower
te then folic acid.

The microbiolosical agsay of foedstuffs may overestimate

the L.casei folate content as in the presence of ascorbate

it will give the some response for Siie5,56,DiT, as SMeTHF,

however, theze experiments have shovm oral 5%e5,6,DEF

has diminished activity compared to 5'eTHF in the rat,

Similaxrly, 51T F shows 2 maried decrease in biological
LI

tivity if allowed %o remein in solution without ascorbate five

minutes prior to dosing.

~140=-



Fig.5.9. The Disposition of 5SMeTHF Oxidation Products
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Go4 Introduction

The elinical uge of methotrexate illustrates the
rationslaof cancer chemotherapy, the exploitation of a
ohyeiolo-ical differsnce between norm=l =nd maligmant
cells to facilitate selective therapeutic cytotoxicity
1ase specific agent destroying cells entering the
S phase of the mitditic cycle by dily’refolic reductase in-
hibition. As such it is thus most effective against rapidly
dividing cells which have a greater cell fraction passing
throuch S phase 2t any one time period; in culture log pheose
cells have a MTX kill rate 6.7 tines that of confluent cells
(cryruik et al 1967). Differential cell kill with phase

» agents is heizhtened in that normal cells have a

M

0
eciy

uw
Y

s

~ster provoriion of cells in G, or 'resting' with respect

t

=}

to mitosis, - which sre immune to phase specific inhibition,

than tunour cells (Valenote snd Van Putten 1975). These

cells i~ G nay be rescued from MTX inhibition as they
0
ra-enter the cell cycle by the provision of exogenous folate

antidote, usually S5CHCTHF.
mhe success of ML as an amtifolate cancer chemotherapeutic

and the ohserved importance of folates to cell divigdon

(Chapter 1) hes prompted further research into the role of
folate coenzimes in tumour cells to observe any metabolic
variation from normal which may have diagnostic or ¥heZapeutic
gpplic~tions.

The inersaz-d requirsment for purines and thym 1idylate

-

duwring csll

s
fute

tvision results in observable cinanges in the folate-
wsquizin- enzmes with the state of mitotic » activity within

46 0211 or tizene. Thymidylate symthetase (s),

=143



essential and possibly rate-limiting enzyme for TIIA synthesis
(Friedkin 1973) is observed to increase 2.4 times when cells
in culture change from resting to logarithmic cell growth stage
(Rosenzarten et al 1971) Similarly in normal adult rat liver
cells Maley and Maley (1960) were unable to demonstrate
thynidvlate synthetase activity until the liver had undergone
partial hepatectomy. Jackson znd Niehammer (1979) were able
to show 2 2,000 to 12,000 increase of TS in various hepatoma
cell lines compzred to normal liver. In cell culturel
dihydrofolate reductase increases thirty fold when resting
cells bezun logarithmic growth (Joinson et al 1978b). 4
tumour load may &ffect the metabolism of the host, rats with
imnlanted tumours having increased levels of liver methylene
TR reductace (Mbrecht 1979).

The enzymic chznges caused by the continuous nitosis
o} ﬁ Salign:nt tunour would be exmected to result in a
displ-cemant in the equilibria between the various coenzymes,
e enough.Halpern _et al (1977) a2nd Stea et al
(1972) r-port novel pterin cleavage products from tumour
cell eulture and cancer patients ziven large deses of
folic acid. Tollowing oral TA Barford and Blair (1978) and
Theasant =znd 21air (1979) note a change in the ratios of
urinary fol-tes of rats bearing implanted Walker 256
oaveinosarcoma =nd Novikoff hepatoma. Similar studiés with
S1™ T would indiczte whether such effects are 2lso associated

wvith a naturally occurring folate.

Mor~ apecifieally, there have been reports concerning

tha tunour nebvsbolism of Si7e™TF. Mz sxperiments of Hzlpern's

cmonn {Qhspter 1) showed some tumour cell lines in culture

1l
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r preformed methionine nobt observed
with most normnal cells. These results are of especizl interest
as the experimental implant used in this project the Yallker
256 ecarcinosarcoma displays this in witro methionine reguire-
nent. Miorndylce and Beck (1977) report a gree;.te-r in vitro
rate of production of formaldehyde frem SMeTHF methyl groups
in mezilignant lymphocytes compared to normals, This reaction

8 2 result of methylene TEP reductase catalysed oxidation of

te

C."!w -

'eTHF to 5,10CH,™F with subsequent chemical hydrolysis
to produce formaldehyde. However, the occurence of this
rosction in vivo has not heen demonztrated. The technique
may be merely assaying the level of methylene TIF raductase
vhiech iz observed to be ineresased in the livers of tumours
implanied rats {‘1lbrectt 1979), rather than the incr-ased
rate of SMe™™ ¥ methyl oxidation per se.

e e e
Rats were obtained from the Chester Zeatty Institute
. 6 )
(Londcn) implanted with 2 x 107 cells of Walker 256 carcin-

sarcomz. After seven days the fumour mass may weigh 555 of

the animalg body waizht snd the animals were dosed with

may be criticised in that it is a rapidly growing tumour
in comparison with the majority of human clinical cancers.
Towever, conversely ths use of such a tumour mar be advantageous
ag its growth rate is likbl:y to hizhlight quantitative
2ifferences beiween normal and tumour cells.

mmepiments wers performed with Walker 256 (W256)
implanted animels using q(mr}j;.:“__ nd :(1“:);: e /(30 5.’7'317)

folie acid mixture to ohserve the course of metlyl metaholism

T A I T e ] A1AANl = o TG o P
i tha twmour besring pet, and using (214¢)(3*,5',7,9, H)5MeTEF
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to observe the behaviour of the folate pool under such conditions,

A
62 Metabolism of 5(1*C)HeTHF in Y256 implanted Rats

The implanted rats were orally dosed with 80ug/Xg
5(”’0 MeTHF in 50mM phosphate buffer pH7 containing 2%
sodium ascorbate, with the experimental proceedure followed
as with normal rats (chapter 3).

Mable 6(1) gives the distribution and excretion of
14q activity over three days in normal and Walker 256 implanted
rats. The W-256 implated rats show an increased production
of 14002, increased 140 retention in liver and a
decrease in retention of methyl 740 label in muscle.

Chromatography of the urines frem the two groups shows That on
DE52 (table 6(2)) there is a proportionally and absolutely _
greater excretion of non folate compounds (NFF table 6(2))
by tumour rats on days 1 and 2. In normal rat urine NFF
and S5MeTHF are exXcreted inm the ratics of 1:14.9 and 1:2.1
on days 1 and 2 while for §256 rats the values are 1:6.6 and
1;0.66. The excretion of SMeTHF in the first day urine
at this dose is gubstantially due to renal overloading
(chapter 3), so the decrease of SMeTHF excretion in the
W256 rats urine may be due to more rapid clearance of SMeTHF
from the blood, possibly as a result of increased folate
demands caused by the presence of the tumour mass. However,
on day 2, although there is a greater total excretion of
SMeTiF is Walker 256 implanted rat urine than normals,
there is also an absolute and proportional increase of ¥NFF,
thus indieating there is a more rapid dem@thylation of SMeTHF
to produce non-folate compounds in the tumour bearing rat.

14 .
Tz difference observed in tissue '“C retention

~148=-



between the groups can be expl-ined by two possible mechanisms.
That sucgested by Thorndyke and Peck (1977); that in tunour
cells there is an increase oxidation of 5MeTHF to 5,10; CHQTHF
which would provide folate coenzymes suitable for purine and
thymidylate synthesis. This would explain the decrease in
muacle 140 retention,which is mainly products of methionine
methyl (chapter 3). Subsiantial 5MeTHF one carbon oxidation
would divert methyl groups from methionine synthesis, thus
decreasing creatine and muscle protein labelling. Krebs et

al (1976) proposed that 10 formyl TIF dehydrogenase regulates
the level of one-carbon units in the folate pocl, catalysing
their release as COp. Should there be substential production
of 5, 10, CHoT:F from 5MeTiHF, the concomittent rise in 10 CHOTHF

14

would be expected to result in increased 002 production, as

observed.

Howevef,‘this analysis is at variance with the observa-
tions of a two fold greater output of NIF in the 0-48hr urine
of W-256 implanted rats, for one carbon oxidation of SMeTHR
should decre-se the number of methyl groups available for
transmethylation., The decrease in musecle labelling may be
due to the cbserved preformed methionine requirements of the
rapidly growing W-256 cell mass(5.0¢" of the body weight after
ten days) diverting methyl groups from othsr tissues. The
increased output of €O, may be a result of the increased
turnover of methyl groups to_result in increased C0o
lerived from the methyl sroup of e.g. methionine (Chapter 3).
Jacltzon and iehammer (1979) report that hepatomas show

diminished 1@ CHO T"™-dehydrogenase activity compared to

normal liver ecells, thus the production of CQ2 from

-149-



100TCTYF is likely to be leass in these cells. Walkef 256
implanted rats show a greater production of formyl folates
(Barford and Blair 1978), thus it is likely that this

tumour cell line is also 1OChC_dT dehydrogenase deficient.

This could make the scheme 5(1""c)r~:err!:-1=*———>5,1014

CHQ;EF
—p 1’314\i -——) 902 4 TEF less likely.

Chromatosraphy of a hot ascorbate extract from the liver

of a Walker 756 rat indicates that the increased 140 r=tention

is not as polygiutamzies, as may possibly occur when there is

substantial formation of formyl =nd bridged folate species

from SMe™iF, The liver retention of 140 methyl activity

nmay be due to increased hepatic methionine synthesis to cope

with the requirements of the tumour.

g » - . 1 >
63 Metabolism of 5( ”)ne plus (B?Dfollc acid by
W 256 implanted rats

In order to clarify the metabolism of SMeTHF methyl
group. in tumour bearing_animals, W256 rats 2nd controls were
dosed with 80 Mg/ig 5(14013-"92*:3' tozether with 0.24 uz /i
,7,9,-7) folic acid mixed in 2 ascorbate in SOmM

1

phosphate DPH7 (2}£H. 40, 5 MCL BH per rat). The use of

of the methyl group of S5MeTHF into other folate species

might be observed by azgsociation of 140 and BH

Table 6(3) gives the recovery of Yo ana 3

H activity
in urine. Tere is z similar recovery from both groups in
a1l cases except for the 6-24 hr urine where the tumour

bearing group shows & significant increase in 37 exeretion.

Chromatography of the urines by DE52 (fig 6.1) and G15

colums (tavle 6(4)) shows no evidence of the incorporation

=150



Urinzry raliosctivity following an oral dose 80 mc/ig
5(14cem™F plusQ M= /Kg (3',5',7,9,°8) folic acid
TUrine Normal rats (6) W=-256 implanted (6)
14 3 A 2
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Fig.6.2. Excretion of Urinary lhc Metabolites from rats dosed with

% doselc 5(17C)MeTHF 4 (CH)FA
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Fig.6.3. Excretion of 34 metabolites from rats orally dosed with

% dose 1
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5(1¥C)MeTHF 4 (°H)FA
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A 4 Y
1%0 from 5('4C)HeTHF into urinary 10CEOFA in both normals

of
(see tadble 3(8) chapter Z) and W-256 implanted animals (+able
6(4)), the 140/35 ratio for 10CHZOFA in both groups having a

mean value of 0,07, the same as that of unmebabolised urinary
folic acid, Similarly, chromatoszraphy of hot ascorbate extracts
of liver show only inclusion of 35 into polyglutzmates.

These results may Be criticised on the ground that any
1014CHOTHF or 5,10 CH,THF produced from 5 MeTHF would be
metabolized too quickly to appear in the urine. Fowever,

Wixon et al (1973) reported that 85 of § MeTHP methyl group
is lost within five minutes, yet it is found in the whole

rat (chepter 3?) that at 80Mg/¥z active SMeTHF can be
demonstrated in the 0-24 hr urine. Apparently the extracellular
pool of SMeTH® is large enough to enable a pulse of 140 methyl
active diastereoisomer to persist in the cireulation long
enough to be excreted, Possibly the same may occur with

10 4cmorer if produced in significant amounts. A more
satisfactory resolution of this question would be facilitated
by examination of intracellular folates following 5(14C)MeTHF
dosage, and determining the fate of the administered 40, Tn
this respect it is of note that Hixoé et al (1973) did not
report any significant association of 5(14g) Me with other
folates in L1210 murine lymophoma, after 5 minutes.

As in the previous experiment the NFF:5MeTHF ratio is
greater for W-256 animals (1st day urine 1:11¢1, day 2
1:0.61) than normals (1st day urine 1:15.4 d=y 2 1:1.5) and there

15 a greater total excretion of ITF in the W-256 implanted
rats (fig 6.2a2). The W256 animals, as might be expected due

to their lozd of a rapidly growing tumour meoss, show a more

LT



complete incorporation of (3H) folic acid into the reduced
folate pool as shown by their increased output of (EH)
10CHOFA and (BH)SEQTHF (fig 6.3 (c)) and decreased excretion
of unmetabolised folic acid (fig 6.7(a)). The excretion of
iﬁ scission products differs; that of the W256 declines over
the period examined, while in normals they are increasing
(fig 6.3(b)) this presumably a consequence of demznd for
folate decreasing the net rate of scission.

6.4  letsbolisn of mixed labdel (2'4c)(31,51,7,9,7H)5MeTrr
by Walker 256 implanted rats

(2140)(3',5',?,?,37) mixed lgb:1l S5MeTHF wam prepared
as in Chapter 2 and orally dosed 6 Mg/Kg in 2% ascorbate

50mM phosphate DHT buffer, Table 6(5) gives the urinary and
faecal recovery 6f radioactivity compared to normals dosed

8 Mz/¥g (Chapter 4).

The excretion Oé both 140 and 3H is significantly
decreased in the W-256 implanted rat group (table 6(5)a).
Similarly the faecal radioactivity is also decreaged (table
6(5)b). This sugzcests the tumour is promoting greater tissue
retention of folate thus less is being exereted in the urine
or enterin- the enterohepatic circulation to be recovered in
the faeces (chapter 4). Z=xamination of retained radioactivity
shows that W256 chow a higher retention of tissue 140 and
H although its significance cannot be statistically
tested (table 6(6)), the tunour shows a similar retention

to that of liver.

B

Chrom-togrephy of the first day urines (fig 6.4) reveals

P

essentially the same metabolities in the urines of W256 rats

(t2ble 6(7)) as observed in those of normal animels(chapter 4
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Table 6(5)

Excrwrted adioactivity from rats orally dosed with
(214c) ("' 51,7,2,°7 5Me THF; Normal znd W256 impl-nted
a) Urlwﬂvy radiocactivity ¢ dose activity ( ) = no of rats
doze 8 uo/venormals,b ag/¥e W-256
Mormals (5) W=-256(6) ““test(comparing
14 4 3a 1y B same labels)
0=6hr 29,1 41,0 16,1 18.4 p < 0.001
O=24hr Be5 40.4 Ted 8.8 "
Day 2 3.2 4.7 2.8 2.4 "
Day 3 34 6.3 21 %2 "
Total T4.2 92.4 28.3 30,8
b) Faecal radioczctivity 9% dose activity
Normals W.256
L e g
Day 1 22,0 18.1 362 3.1
:-'__'.,:;' 0 '_--T :.l‘:‘ 1‘!: ﬂ":‘
.T.‘:E.:,r" :" - -~ P’-6 "‘1.4
Lot-"] ?7.1 'JO_.O 5-,2 3.4

=158



; 5 - : 1 3
sue rotention after 3 days of a dose of (2 43)(3',5',7,9,3_’{)

Talues as ¢ dose r-diocactivity 8 Mg/Kg dose Normals,
6 mz/is dose W-256 implant rats.

Tissue Normals W=-256

14, ol M’C )
Spleen 0.14 0,08 o 3.
Gut = e b 0,84

7idney 0.8 0.3 1ot 1.3

®]

lTuscle 0

Prain 0 0 - -
Tiver 6,6 D y T
Tamour - - 51 5e1
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table 4(3), with the exception of that peak eluting after.

i z
S5MeTEF on DES2 (Compound- D) which is only labelled with “H
in W256 animals. This may be due to a2 difference in labelling

between the batches of 214

C folic acid used for 5MeTHF preparation,
the batch used for the W-256 was only 88% labelled in the |
b2 vosition. (Radiochemical Centre, Amersham). There is a
proportional decresase in the excretion of intact folates in
the W-256 implated rats of the 0-24 hr urines 76 of the
urinary W is present in intact folates (10CHOFA, SMeTHF,
Compounﬁ 'D') vhile for normals the value is 80,4%.

Al though the proportion of scission products in the. 0-24he

is increased, the total folate cleavage as measured by the
excretion of pAcetABPA and pAcetABglu is decreased in Walker
256 implanted rats. TFrom table 4(3) 16% of 0-24hr urinary
5H is excreted as pAcetAFA + pAcetABglu, equivalent to 38419
of the folate dose as 42.5Y of the Jn label is precent in the
+ 31,5, positions, while for W-256 bearing rats the values

are 6,57 (table 6(7) fractions I 0-6, 6-24hr) dose -H and
15.3% dose folate.

G15 chromatography of the 6-24hr urine cleavage product
fraction (fig 6.5) shows that the tumour bearing enimals
display two 140 labelled products not resolved by similar
chromatographs of urine from normzl rats termed x and y.

The ratio of folate types in the urine differs between
the fw; groups of aninnls,in normal rats the fraction of
intact folate excreted as 10 formyl folate falls from the
-6 to the 6-24 hr urine; 297 Mg  25,7°¢ in the 0-6hr,

—

18,4 14a, 45,477 in the 6-24hr, vhile with the W-256

implanted animals the fraction rises; 0-6hx 24,24 14¢

-161~-



Table 6(7)

Chromatographic fraction of 1st day urines from W256 implanted
A = == A erd 41 - Ter Ewn =
rats orally dosed with (2140}(;',5',?,?,)J; SieTHF ﬁé)tsfhg

0= hr Trine: 16,1% 140, 18.45’32 dose

®rine activity “dose activity 14C/3H
110 ks 144 5

aciszion
products

10CHOZA

Ry amrT™
AT

Compound

20.6
61.3

11.6

17.2

L 4'-9 1537 ""-3 2.9 010
TO'tC—"‘.l r_"}__dr.": ?7‘:’ 1 1.9 ?n?

”~ -
~=24hT Trine:

7.2
{eo) vy

8,87 “H dose

/ - ‘n
dose activity

-

’ - - . A
Cfurine activity 1TC/JH
14 4 A
2 1 S
_:: b g ‘“fc ~T7
scission
o '~ z
products 47.6 51.2 28 4.4 0.77
10CHOFA 13.6 8.6 1,0 0.7 1473
SMeTHR 2746 20.1 2.0 1.7 1,12
n -
Compound Ly
T 2-" 1-’1-3 ..'T 1.2 12
Total 90,8 94.3 6.5 8.0
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Fig.6.5. G.15 of urinary scission products from rats orally dosed
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’53, f=24nr 32.3% 140, 19.4V5H. This change may be

19,8
analagous to the changes in wvinary folate types observed
with the FA dosed W-256 implanted rat where there is increased
excretion of formyl folates (Barford and Blair 1978).

Notably the S5MeTHF and 10CHOFA fractions do not show
the 5H excess in W-256 implanted rats observed with normals
(table 4(3)), the 140/35 ratios in W=256 implanted animals
approaching 1 or showing a 146 excess (tavle 6(7)).
6.5 Discussion

The presence of an implanted tumour mass is observed to
impose changes on the whole body metabolism of S5MeTHF in the
rat. Tn the W-256 implanted animals there is an increased
rate of SMeTHF demethylation and there is an observed
diversion of methyl groups from muscle, the major recipient
in normal rats, to the liver and tumour. This may be as a
consequence of the “alker 256 carcinosarcoma lacking the
ability to synthesise methiohine or that the zdded mass of
dividing tissue, 5 body weight, results in disturbance of
the normal distribution of methyl groups in the rat. Ii
remains to be seen whether other tumour cell lines which
do not display an absolute methionine reuirement would
cause a similar change in Rost methyl metabolism.

The W-256 implanted animal also shows a different handling
of mixed label 5MeT:F, In the implanted animal folate .
urinary excretion and biliary circulation, as indicated by
faecal radioactivity, are markedly depressed. The total and
proportional excretion of intact folates in urine, and total
urinary excretion of scission products is decreased. The
normals show an excretion of 38 dogse folate as catabolites
after 24hrs, compared with onl& 15,7 cleavage by W256. In
normsals the ratio of dose cleavage to liver retention is 5.6,

while for 1-256 implanted rats the value is 2.1. This
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decrease in folate cleavage may result from the smaller flow
of folate into bile thence to the gut lumen, a site of
scission reactions (ch=pter 4). :‘m;:)‘ther possible mechanism
would be a decrezase in the rate of tissue folate oxidation
(see chapter 7). This difference in scission reactions is
also shown by the presence of two W-256 associated 140 *
1abelledbcatabolites x and y which are not resolved in
chromatographs of normal urine (fig 6.5). At first sight
these would appear to be tumour specific, however 140
metabolites of similar chromatographic behaviour are observed
after dosing normal rats with (2140)(3',5',?,?,3?) mixed
label FA (Comnor 1279), and these compounds may be
quantitatively increased, which enables their more ready
detection. Towever, these results suggest there are tumour
associated changes in folate catabolism which might have

application in cancer diagnosis.
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st The normal metabolism of SMeT”™F in the rat

S5Methyltetrahydrofolic acid is an important dietary
source of folate (Rodriguez 1978) and performs as a methyl
donor in methionine synthesis. -

Compariscn of faecal recovery from IP and orally dosed
rats indicates complete absence of SMeTHF, as 5(14C)MeTHF,
from the gut. As this radiotracer is an equimolar mixture of
C¢ epimers, this indicates there is no discrimination between
-the diastereoisomers as would he expected should there be
a specific carrier mechanism. This would provide indirect
evidence for the proposal that folate absorbtion takes place
as the electrically neutral species, neutralised by an
acid microclimate generated at the wall of the small intestine
(Blair and Matty 1974, Colemzn et al 1979) as the epimers
would not differ in pKa, thus would not be . distinguished by
such a mechanism,

SMeT™F is utiliSed: in the tissue and utilised in the
formation of methionine (chapter 3). S5MeTHF is reported to
be a poor substrate for polyglutamate synthetase in vitro
(?pronk 1973, MeGuire et al 19?9) while the rate of intracellular
demethylation is rapid (Wixon et 21 1973) thus there was
no observed incorvoration of 40 from 5(14C)H9THF into
polyglutamates, although there was polyzlutamate synthesis
from simultaneously dosed 3H folic acid (chapter 3), and
sugcests the primery demethylation of exogenous SMeTTF

(=]

talkes place via the monoglutamate. Yowever, the removal

of the CH. sroup produces TUF the most effective substrate

for rat polyzlutamate synthetase (Spronk 1973, MeGuire et al
ere ought to be similar, if not zreater incor-
s 14 i e e Al ;
oration of (2'°C)(3',5',7,9, %)5Me™F compared to similarly

P A

labelled A, especially bearing in mind the slow reduction of
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folic acid to DEF, the rate limiting step of folic acid
incorporation in to the folate pool (chapter 1). With
mixed label SMeTHF at 80 ug/Kg 2.5 of the dose is retained
in the liver after three days while with similarly labelled
100 mg/Tg folic acid after two days the liver shows a,
retention of 11 (Pheasant et al 1980). Steinberg et al
(1979) have also obseved 2 diminished tissus incorporation of
SMeTHF . .

Yhen one compares the first day urines of rats dosed
2 mg/Kg with 5(140)HeTHF with thoze dosed 8 uz/Kg with mixed
12ve1 (2140) (31,5',7,9, 0)51eTR, & of the '°C methyl
activity is present as SMeTHF ( hus the same percentage as the
abtive diasterecisomer) while at 8mg/tg 249 G and 329 “n
is excreted as 5 MeTHP, This indicates that the mixed
1abel 5MeTIF is between 67 and 78 demethylated and subsequently
remethylated after 24 hrs, while Nixon et al (1973) reports
that within the L 1210 cell 82-89% of the methyl group is lost
within 60 minutes while 87% remains as SMeTEF, a demethylation
an remethylation rate of 79-82%., A% these dose levels the
5MeTIF excretion is unlikely to be due to the renal overloading
and sugzests the rate of whole body demethylation is slower
than the apparent value given by cell culture., This glower
rate may arise from 5MeTHF being teken up into short term
storagze, possibly protein binding prior to metabolism
(chapter 4).

The role of tissug polyzlutamates is a source of con-
troversy. M.J. Connor in a rigorous investization of retained
tissue folate (Connor et al 1977, Comnor and Blair 1930) was

only shle to demonstrate the presence of formyl folate
polyslutamate types. He rsuggests {Connor 1979) this results

in coenzyme Tunctions being divided into two pools,
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monoglutamate.SMeTHR required for methionine synthesis and
the non-methyl folate polyglutamates for thymidylate and
purine synthesis. These observations that SMeTHF is
slowly demethylated and is held as the monoglutamate for a
longer time than FA would tend to support the proposal of
methionine synthesis proceeding via monoglutamate S5MeTHF.

The involvement of the polyglutimate folates with
nucleotide éynthesis ia evidenced by the increased retention ‘
of labelled folate in tissues when the animal has the load ofa.
rapidly growing Walker 256 carcinosarcoma.llilton et al( 1979)
have investigated polyglutamate synthesis from FA in cultured
human fibroblasts. At folic acid concentrations vhich suprorted
maximal logarithmic growth they observed that those cells in
log phase, in addition to high intracellular folate, showed
a higher ratio of polyzlut-mate to monoglutamate than
confluent cells (2.6 polyglu: monoglu for log cells, 1.4
for confluent cells), Notably this ratio remains constant
with rising external folic acid concentration for log cells,
while with confluent cells the ratio increases with increased
TA. Tnfortunately the method used could not assay the chain
length of the retained polyglutamate. As the polyglutamate
folates are r-ported to be of different substrate and inhibitor
activities according to chazin length, it remains to be seen
whether there is a corresponding change in polyglutamate
chain length ratios with the demands made upon the folgte
pool during cell divigion. As polyglutamate synthesis is
reported as the addition of a single glutamate residue at
a time (Shin et al 197Z) on occasions when there is an

.

increased rate of polyzlutamate synthesis, there would be
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polyglutamate species within the cell which mey have different
enzyme substrate activities from the higher chain lengzth
forms.

The studies using 14C methyl labelled compounds showed
the fate of the methyl group of SMeTHF 2nd methionine was
quartitatively the same (cheper 3). The experiments
provided no evidence for the proposal that there is reversal
of the methylene TR reductase reaction so that one carbon
units from S5MeTF could be uséd for nucleotide synthesis.,
Yrebs et al (1976) and Scrutton and Beis' (1979) report
that the level of 10CHOMWF is normally depressed by the action
of 10 formyl THF dehydrogenase, such that demands for
10CHOTHF and the folates in equilibrium with it will
result in a decrease in 002 production rather than depressing
the absolute level of 10CHOTHF. If the level of 10CHOT™F
is maintained relatively constant this would also tend to
ﬁeep the equilibrium between methylene and methyl THF constant.
Also the intracellular turnover of one carbon units is rapid
at least for S5MeTF, the labelling of 5,10 CFzTﬁF may not
be high enough to detect as subseguent production of (14GH0)
formyl urinary folates,

I"ixed label (2140}(5',5',?,?,?“)5H5T?F underzoes

()]
0o - y1“

scission in the rat to produce solely 3H labelled
urinary metabolites. Such scission had been previously

observed with folie acid (Furphy et 21 1976, Connor et al-

1979) and 10CHOTA (Connor et al 1979), however, these experiments
sho»d that such reactions were a part of the noxmal metabolic
activity of the reduced folate pool. The scission products

were ohserved to cochromatosraph with pacetamidobenzoyl
slutanmate (picetiRglu) end pagetamidobenzoate (picetARA)

as obszerved after doses of TA and 10CFCZFA (Connor et al 1979)
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Fig.7.1l. Distibution of folate monoglutamate
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t also suggests (Pheasant et al 1980) that pacetABslu is
associated with long term breakdown of folate, i.e. from

the polyglutamate store, and that pacetABA is a short term
metabolite derived from monoslutamates. In these studies
with mixed label S5MeTHF the amount of dosed radioactivity'lslovrahd
prevented resolution of metabolites after 24 hrs, however,
compariscn of the excretion of pacetABA and pacetABzlu at
8 and 90 Mg/7g shows that the low dose with a proportionally
greater retention in tissue shows a greater excretion of the
proposed polyglutemate pool metabolite pacetABglu (8mg/kg
pécetABglu: pacetABA = 1.9:1 at 80 ug/Kg ratio = 0.7:1). -
The short term scission products arise from the intraluminal
breakdown of folate in the gut, és only intact folates are
observed in thecannulated bile (Pheasant and Blair 1979),
with the differential resorbtion of the pterin and pABglu
fragnents resulting'1h the Mg g 30 tubalanse observed 1x
the faeces (chapter 4). As SMeTHF is absorbed completely
from the sut (chapter 3) the substrate for scission is
likely'to be 10CHOTEF or THF,probably the latter as it is
the more labile, readily undergoing scission in vitro
(Pearéonl1974). Tn humans aznother possible source of
scission products is 5Me,5,6,D7F; Ratanasthein et al
(1977) report normal humen serum contains 0.75 ug/l
(15¢” of SiMeT'F + S5Me,5,6,DHF) when fasting. This compound
is observed to be unstable in acid conditions and it would be
expected to be lost during enterohepatic circulation (fig 7.1)s

Te2e The significance of the oxidation products of 5MeTHER

SMe™IF in storaze has been obsexrved to be oxidised to
a variety of compounds; the triazine produced by peroxidation
N I2 3 b

(Jongejan et al 197°) has been observed to be produced in
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stored SMe™F at -20°C (Kennelly et al 1979, chapter 5),
pos=ibly via aerial oxidation or by the z2ction of ¥ ,2 >
produced during the oxidation of the ascorbate present. This
compound was foundtobebioclogzically inactive in the rat, as
wonuld be expected from its non-folate structure. In fact
triazine compocunds such as those produced by Raker (1971) have
potent antifolate activity fig 7.2.
Towever, this triazine oxidation product of SMeTHF is
also inactive in promoting the growth of the common folate
mlcrobiologlc”_ 2ssay organisms (Gapski et al 1271, Ratanasthein
et 21 1977) thus its.presence in foodstuffs would not resultin
specious estimation of folate content. :
mie other characterised oxidation prodnect of 5MeTHR,
Smethyl 5,6 dihydrofolate (Donaldson and Keretsky 1962) is
fully active for L.casei in the presence of ascorbate
(Ford et al 1??9?, however the acid conditions $f the human
stomach result in considerable loss of folate activity.
(Ratanasthein et al 4977) Similarily with rats (chapter 5)
while 5Me 5,6, DHF is readily assimmlated into the folate.
pool, when zgiven IP, there is no excretion of intact folates
followinz an oral dose. Deits et 2l (1976) suggests that
acid conditions »esult in C9 -M10 scission of SMe 5,6,DUF,
however, in vitro acidification of the labelled compound
was observed to produce some pABglujthis reanGented only
26! cleavage at 22° G, 30 &t 5700, the remainder of products
midentified, These comvounds presumzbly have no
folate activity. Tord et al (1978) reported there is considerable

oxidation of nilk folate (measured *y L.casei) if oxygen entry

v

scours, the work of Hanson ~nd Plair (chapter 5) showed that

at least some of the IL.casel folate sctiviiy of several foods
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Fige7.2. Triazine Antifolates
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wag in fact due to e 5,6,DF. Tuese results surgest that
the gvailahle free folate of foodstuffe as estimated by L.casei
may be high due to the prescence of labile 5Me5,6,I7F especially
after prolonged storace.

ctoxes et al (1275) pronose? that the megaloblastic
anasmia acsocizted with Vitamin C deficiency may result
from the conversion of 100T0T T to 10CFCFL under such conditions.
Howev:r, Connor (1272) reported that 100:CFA is metabolised in a
manner similar to P4, sug esting the 10CZ0FA enters the folate
pool, zlbeit slowly, via dihydrofolate reductase action.
Thus in a scorbutic subject althouzh 10CT0FA may be formed
there remains a pathway for its szlvage, 5Me 5,6,D7F is
probadly formed in pgreater amounts than 10CHOTA daring
scurvey, as SVeTF is the major serum folate, and is prone
to scicsion, Tt has not been reported toke salva-ed by
DIFR znd is not demethylzted ty methionine smtiheta-e
(Deits et al 1976) to form DHF, thus SMe 5,6,DIF will be
1ikely to undergo sciseion reactions and result in lo-=s of
folate. This scheme canzot be investigated in the rat vhich
does not require Vit-min C, however, studies on the scorbutic guines

Pig.with BMeTHF would be interestin-.

Te3 Mhe Metabolism of 5MeT=F in Walker 256 Implanted Animels

The experiments in which W-256 bearing rate were dosed
e 14 y.r - :
with 5( ' "C)e™F were of especial interest as the tumour
has an azbsclute rejnirement “or preformed methionine in cell
culture (Talpern et 2l 1974) although this phenomenum is not
specific to or general amongst cancer cells (Chapter 1).
The Walker 256 bearins animals shoved a greater rate of

demethvlation of SMeTHF as evidenced by the excretion of
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140 1abelled non-folate compoimids. The distribution of retained
methyl activity was changed, the proportion retsined by the
muscle raduced from 13% to 3 and the production of 14 CO2
increased indicating a reeroutinz of methyl mnetabolism
in the tumour inplsnied snimnls. This together with the
increased tetention of folate, observed with mixed label
, result in the increase in NFF and decrease in SﬁeTﬁF
excretion. Toffman and Erbe (1976) found that although several
tumour cell lines show a methionine requirsment in cell culture
they tske up SMeTHT and synthesise met‘hionine at rates similar
to, or greater than normal cells. IMatthews and Taywood (1979)
report that TUT is the most effective inhibitor of methylene
THF reductase anongst naturally occuring folates; the éffect
of this inbition is to switch 5,10 CHQTHF from S5MeT"F formation
to the comp .eting pathway for thymidylate synthesis (fig 7.3).
Thus during the growth phase of a cell when there is an
incrsase in M9 activity(Rosenblatt and Erbe 1973) there would
be an increase in the steady state concentration of T
the inhibitory effect of which would cause a concomittant
decrease in 5MeTFF. }Fchson and hlehamner (1979) report that
hepatomas show 2 marked decresase of 10CHOTEF dehydrogenase
compared to normal liver, As this enzyme depresses the level

of 107I0THF in the

(0]

folate pool, the decr=ase in the level of
this enzyme would permit an increased steady state concentration
of 10CMOTHF, possibly at the expense of 5MeTHF. Lack of
intracellular 5MeTrF would have profound effects on tumour

cells as they ae observed to heve zbnormal requirements for
methvl zroups in nucleic acid Syntresis :, for example mouse
mamayy and 851020 ascites tumours have a higher proportion of
methylated purines in tRVA than normzl mouse tissue (Berguist

and latthews 1962). Urinary excretions of methylated purines
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Fige7.3. Interaction of DHF with Methylene THF Reductase
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is apnroximately twice that of normals in tumour bearing rats
and mice (Mandel et al 1966), leukaemic tumours (Park et al
1962) 2nd hamsters with adenovirus -12 induced twiours where
the tumours consisted of 1-57 body weizht (McFarlane znd Shaw
1963)., 1In a rapidly growing tumour such as Walker 256 these
factors mey combine to produce an absolute requirement for
exo-enous methionine.

The experivents with a nixture of 5(11c)ueg"p and (33)
folic acid provided no evidence of a substantial reversal of
methylene ™ reductase activity in W256 implanted animals,
with the reservatione noted in section 7.1 of this technigue
being able to detect such an event. The reversal reaction
is 1nlikely as the rsdox potential of tumour cells is more'
reducin- than normal (Schwartz and Passoneau 1974, Schwartz
et al 1976), the d=ta of Rutzbach -nd Stokstad predicting
a more oxidising potential th#n normal is required to displace
the equilibrium towards 5,10f’3?‘_2:ﬂ3_‘_:‘ formation,

Me handlin: of mixed label SMeTVF by W256 implanted
rats resembled that obse:ved with TA by Barford and Blair
(1978) in that there is a shift in the pattein of urinery
metabolites with a proportionally greater urinary excretion
of formyl folate. This may be 2 result of the induced
enzyme chenges as a result of the demands of the growing
tumour mass. This folate demand is observed to increase the
retention of folate in the tissue and decreased the total
exeretion of intact folate and scissioﬁ products in urine
and faeces. Rapid clearance of folate into the tissuves
wonld rsduce the folate enterchepatic circulation and thus

dacreace scizsion in the gut.
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Scission produets 2lso may result from the long term
breakdown of tissue folate., Towever sciseion ia diminished
in w256 iwplantéd rats, although there is a similar or
increased =mount of retained tissue folate (chapter 6).

If the scission is as a result of oxidation, as with 5MeTHF
(chapter 5) and TFF, this would succest reduced folate I
oxidation in the tumour cell. Pollock and Kaufman (1978) .
proposed a mechanism where dihydropteridine reductase

(DFPR) participates in maintaining tissue folzte in a reduced
state. This enzyme can reduce the quinonoid form of DFF to
m(Iund 1972)., Tissue DI'PR distribution does not parallel
that of the biopterin reguiring hydroxyiase enzymes, nor
does IIPR activity increase when the level of catecholamines
in the brain is depleted (Turner et al 1974). This sugzests
DHPR has a function other than E 4 regeneration, Pollock

and Faufman suggest this is folate reduction. .This énzyme
has a Fm for NADE of 2,107 in_ brain and 3.107° im liver
(Cheema et a2l 1973), »n order of magnitude higher than that

for NADPH for DHFR§1.36. 10"6ﬁ, MeCullough et al 1971), thus

will show a greater increase in reaction rate with increasing
reduced coenzyme concentraticn than DHFR, It is of note that
tumour cells show a higher WADE/NAD' ratio than normal
(Schwartz et al 1974), resulting from the lactate/pyruvate
increase which in hepatomas is 4 to T times that of normal
liver cells (Veber et al 1971).

Tn these experiments it is observed the scission products
from w256 rats difer from those of normesls, which sugrests
that folate catsbolités may be useful as a source of diagnostic

tumour nmarkers,
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el The usze of folie acid in metabolic atudies

This project has indicat tad that S1e™T" undergoes
similar quzlitative hiandling to that observed with folic acid.
Mie eacential difference is that a pulse of TA on reduction
to ™ is mors readily incorporated into tissue polyglutamaies
than 5 MeT™IF, Yowever, 10CHOTHF is a naturally occuring folate
and is superior to 5Sle™IF as a substirate for polyglutamate
sxmthesis 2nd thus would show a nore rapid tissue iﬁcorporation;
Thus conclﬂsiomsﬂrawn‘frem experiments with folic acid are
lilzely to beaavahd as those using 5MeTHF.

Ted T™arthsr Research

The technigue used in this Uroanct would be improved should
the chromatographic techniques enable examination of the folate:
output of individual snimals and the routine examination of

tissu

b

polyzlutamates. This may become possible with
TPLC methods which have been app%iéd té serun folate analysis.
- # P a
Trom the studies of W256 implented animals there has been
observed differential andling of folate in cancer. Fowever,
it is necessary to distinguish whether this is as a result of
tumeu: specific effrcts or due to the zbnormally high growth
sute oPYihie parbicular tumouss « Bossibly osll culture studtes
»
with cell lines of graded growth rates such as the Morris
hepatomas would furnish such information.
With the racogsnition of the importance of folate
polyslutamates as intracellular coenzymes it is necessary
to gain information of the in vivo metabolic relationships
o?\the tiasue folate types especially 2t different stzges of
cell crowth, The mutant CHO line of McBurney and ‘niimore

(1974) may have further uses in showing the role of folate in

the absence of polyglutamate symthesis. However, further

| e

ressarch is required to produce sn wnambiguous polyglutamate
<+

o %
- ~ T A
=0 _,--r:_ln__n_;.l"?.
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