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INTRODUCTION

The importance of the role played by platelets in haemostasis
and thrombosis has been well established. Intensive investigations
are now being carried out by many workers to elucidate further the
mechanisms by which platelets take part in these processes. Since
it is likely that a complete understanding of the role of platelets
will be at the molecular level many of these studies have been
devoted to the investigation of the biochemistry of these elements.
Since the early 1950's the development of methods for the separation
of platelets from whole blood coupled with the development of micro-
chemical techniques suitable for application to small amounts of
bioclogical sample has allowed the estimation of a large number of

platelet constituents,

One substance which exists in a high concentration in platelets
is ascorbic acid. Until recently the only report of the ascorbic
acid content of platelets was by Barkhan and Howard (1958) who
estimated that the ascorbic acid concentration in platelets was
some twenty times as high as that in the plasma. Wilson et alii
(1967) have now reported values which are some three hundred times

those stated by Barkhan and Howard.

Taken with the finding of a high concentration of ascorbic

acid in platelets the severe purpura which occurs in scurvy



suggests that ascorbic acid may be important in platelet metabolism.
That platelet function is in fact abnormal in scurvy has been shown
recently by studies demonstrating an impairment in the ability of
platelets from humans and guinea pigs suffering from scurvy to
stick to a glass surface (Born and Wright, 1967; Wilson et alii,
1967).

The essential role which ascorbic acid plays in tissue
metabolism is emphasised by the fact that animals which cannot
synthesise their own ascorbic acid will die of scurvy if deprived
of vitamin C in the Adiet. Yet, despite an enormous amount of
work devoted to this subject, the nature of this role remains
unknown, Ascorbic acid does not appear to act as a specific
cofactor in enzyme reactions as do the other vitamins, and though
its function may be related to its action as a redox potential
buffer, this remains to be proven. Since it 1s likely that the
function of ascorbic acid in platelets is either related to or the
same as its function in other cells, studies of its function in
platelets could eventually lead to a better understanding of its
function in other tissues. Because platelets are readily
isolated from whole blood and are easily handled in vitro they

provide a convenient model for the study of ascorbic acid metabolism.

An essential tool in the study of ascorbic acid is a method

for its estimation in biological samples, A review of the



literature revealed that methods commonly used have the disadvantage
that they are not specific for ascorbic acid. Those methods which
depend on a measurement of the reducing power of the sample also
measure other reducing substances present; methods which depend

on the formation of the 2,4-dinitrophenylhydrazone derivative of
dehydroascorbic acid are subject to interference from other
substances which form hydrazone derivatives, It is surprising
that, in view of the obvious importance of ascorbic acid in

metabolic processes, better methods have not been devised.

A property of ascorblc acid which lends itself to further
investigation is its ability to enhance the absorption of iron
from the intestine (Moore et alii, 1939). It 18 usually claimed
that this is due to the reduction of ferric lons to ferrous ions
(Hahn et aliil, 1945); ferric ions, unlike ferrous ions, are
insoluble at the alkaline pH in the duodenal lumen from which
site iron is absorbed. This does not explain, however, the fact
that ascorbic acid also enhances the absorption of ferrous ions
(Greenberg et alii, 1957). It has been shown that iron can also
be maintained in solution in the duodenum by the formation cf
metal-chelate complexes between iron and ascorbic acid (Charley
et alii, 1963; Davis and Deller, 1967), and that substances which
can complex iron in this way can alter the rate of iron absorption

(Stitt et alii, 1962; Davis and Deller, 1967). If complex



formation occurs when ascorbic acid is added to iron, this could

explain its effect on iron absorption.

Because of the importance of platelets in haemostasis and

thrombosis and the importance of ascorbic acid in metabolic

processes, the investigations described in this thesis were

devoted to the study of some aspects of the ascorbic acid content

of platelets. The main objects of this work were:

1,

To develop a more specific method for the estimation

of ascorbic acid.

To determine the ascorbic acid content of normal
platelets and to compare these results with the

values previously reported,

To study the effect of variation in the dietary
intake of ascorbic acid on the platelet ascorbic

acid content.

To determine whether the ascorbic acid content of
platelets differs from normal in diseases in which

the platelets are thought to be affected,

To study the mechanism by which platelets maintain a
higher concentration of ascorbic acid than in the

surrounding plasma,



To explore the possibility of a relationship between
ascorbic acid and adenosine diphosphate induced

platelet aggregation,

To decide whether ascorbiec acid or dehydroaécorhic

acid will form a stable complex with iren.
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HISTORICAL REVIEW



PART A, THE NATURE AND CHEMICAL COMPOSITION OF PLATELETS

I, EARLY HISTORY

The first person to recognise the platelet as a formed element
of the blood was Donne who, in 1842, reported that in addition to
red globules and white globules, there were little globules "les
globulins du chyle", Similar small bodies which tended to form

clumps were described in 1846 by Zimmerman and in 1865 by Schultze.

It was soon realised that platelets might have an important
function, In 1878, Hayem suggested that platelets may accelerate
blood coagulation and Bizzozero (1882) showed that the white portion
of a thrombus consisted almost entirely of platelets. Hayem (1882)
observed that platelet aggregation was responsible for haemostasis
in the jugular veins of dogs and both he and Bizzozero found that
platelets would collect at a site of injury to a vessel wall to |
form a thrombus. In 1883 Krauss described a reduced platelet
count in a case of haemorrhagic purpura showing that platelets are

important in maintaining vascular integrity.

At this time many workers still believed that platelets were
merely artefacts produced during collection of blood. Bizzozero
(1882) removed many of these doubts by observations on platelets

actually circulating in living animals. He noticed that platelets



which had aggregated were more sticky and had changed in appearance,
and he called these changes "viscous metamorphosis"”, Even after
this publication many workers still claimed that the platelets were
merely either fibrin deposits or bacteria, The majority of these
workers were basing their conclusions on dried smears of blood,
Later the introduction of new staining techniques enabled Dominici

(1900) to describe platelets as formed elements without a nucleus.

Early workers considered that the platelets were derived from
the red cells or the normoblasts (Tocantins, 1948). Dominici
(1900) thought they were derived from mononuclear cells. In 1906
and again in 1910 Wright published work which demonstrated clearly
that platelets arose from megakaryocytes. He was able to show
granules, with staining characteristics identical to platelet
granules, in the pseudopods of megakaryocytes, Clusters of these
granules could be seen to be separated from the rest of the cell by
a zone of hyaline cytoplasm and platelets could be identified in
the vicinity of the pseudopods. The process of platelet formation
from megakaryocytes has now been followed by electron microscopy

(Yamada, 1957) and by microcinematography (Kinosita and Ohno, 1961),

II. STRUCTURE
Platelets are very small cells with a diameter of only about

2 yu. Using light microscopy Wright (1910) recognised that platelets



contained granules, and some workers, for example, Deetjen (1901)
and Perroncito (1920) claimed that platelets possessed nuclei.
Deetjen also observed that platelets have pseudopodia, and this

has since been confirmed by many workers.

Early in its development electron microscopy was applied to
platelets for the ability of platelets to spread out on a membrane
to form a flattened disc, which was more transparent to an electron
beam, facilitated the use of this technique (David-Ferreira, 1964).
Wolpas and Ruska (1939) were the first to describe the electron
microscopic appearances of platelets. Bessis (1950) and Rebuck
(1949) showed that platelets fixed as soon as poszible after
collection were disc shaped, but that as the time between
collection and fixation increased protoplasmic processes or pseudo-
pods appeared. The pseudopods "by progressive enlargement are
transformed into thin sheets (transitional form), which coalesce
to form a thin veil of hyaloplasm (spread form)". The final
spread form has a "round, ovoidal, or polygonal shape, with clear-
cut edges devoid of processes or having only a few tips correspond-

ing to rests of pseudopodia" (De Robertis et alii, 1953).

The full elucidation of the ultrastructure of the platelet
was not possible prior to the introduction of unltrathin sections.

The first observations using this technique were by Bernhard and



Leplus (1955), by De Marsh et alii (1955), and by Rinehart (1955),
Since then many other publications have appeared describing the

ultrastructure of platelets (reviewed by David-Ferreira, 1964).

Electron microscopy of thin sections (Plates I and II) has
shown that the platelet does not possess a nucleus, A limiting
membrane which consists of two dense layers separated by a less
dense layer surrounds the ground cytoplasm which is homogeneous
and finely granular. Suspended in the cytoplasm are the dense
granules which correspond to the azurophilic granules seen by
light microscopy (Rinehart, 1955). These granules are oval in
shape, 120-300 mu long, finely granular in appearance, and are

surrounded by a liniting membrane.

Also in the platelet thin section are one or two small
mitochondria. Some authors, for example Rinehart (1955),
believe that the dense granules are derived from the mitochondria,
but this is denied by Jones (1960) who has followed the process of

formation of the dense granules in megakaryocytes.

Clear elements or vacuoles are seen in the cytoplasm and,
depending on the method of fixation, microtubules are visible
(Sandborn et alii, 1966). David-Ferreira (1964) concluded that
some of the tubules and vacuoles result from pinocytosis and that
the possibility that others arise from the Golgi apparatus cannot

be exctluded.
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In some platelets very dense granules less than 200 £ in
diameter are seen in the ground cytoplasm. The work of Jean and
Gautier (1961) and David-Ferreira and David-Ferreira (1962)
supports the contention that these are glycogen granules and not

ribosomes.

III. FUNCTION

The main physiological function of the platelet is its role
in haemostasis and the maintenance of vascular integrity, and

its main pathological function is its role in thrombus formation.

1, Haemoetasis is largely attained by the formation of a
plug of aggregated platelets at the site of the break in the
vessel wall where the platelets are bound together by a fibrin
meshwork (Marcus and Zucker, 1965). This was originally
demonstrated in the mesentery of an experimental animal by
Bizzozero (1882) and in the jugular veins of dogs by Hayem (1882),
It has since been confirmed in similar experimental models by
Zucker (1947), by Berman and Fulton (1961), and by Roskam (1961),.
Jorgensen and Borchgrevink (1963) showed that platelet plugs were
responsible for haemostasis after small cuts in human skin.
Recently Johnson (1966) reported experiments on haemostasis in the
small vessels of guinea pig mesentery, Her technique was more

physiological than that of other workers for she did not wash the
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effluent blood away from the site of injury by continuous irrigation.
She showed that"in arterioles 80 to 160 p in diameter bleeding was
arrested not by a platelet plug but by a red cell capsule."” In
this capsule, however, were "large platelet aggregates from which a

fibrin network emanated entrapping individual red blood cells."

After platelets have aggregated at a site where haemostasis or
thrombosis is in progress they undergo viscous metamoxphosis.
During this process the contents of the dense granules are
liberated and the platelet membrane is ruptured, This process is
probably responsible for the liberation of substances required for
further platelet aggregation and for the initiation of blood

coagulation (Adelson et alii, 1961).

(a) Platelet stickiness and platelet aggregation. A break-
through in the understanding of the mechanism by which platelets
adhere to a foreign surface and to each other was made in 1960 by
Hellem, He showed that a substance extracted from red cells
caused an increase in the tendency of platelets to adhere to
glass, This substance was subsequently identified as adenosine
diphosphate (A.D.P.) by Gaarder et alii, (1961). These studies
have stimulated a large amount of work in many different
laboratories to find out more about the reaction between platelets

and adenosine diphosphate, Some workers measure platelet
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stickiness to glass by counting platelets before and after passage
of blood or platelet rich plasma through a column of glass beads
(Hellem, 1960). Others use the technique of Wright (1941) in
which blood is rotated in a glass bulb with measurements of plate~
let counts before and after a period of rotation. A widely used
technique for measuring the adherence of platelet to platelet is
the turbidometric method developed independently by Born (1962)

and O'Brien (1962). In this simple and reproducible technique

the absorbance of stirred platelet rich plasma is measured at about
500 mp in a spectrophotometer. After A,D.P., is added the plate-

lets aggregate into many small clumps and the absorbance decreases,

Using these techniques it has been shown that there is
sufficient adenosine triphosphate (A.T.P.) in normal circulating
Platelets to account for the amount of A,D.P, which is required to
cause platelet aggregation (Kaser-Glanzmann and Luscher, 1962).
Thus it is thought by some people that platelet aggregation is
initiated by hydrolysis of A.T.P. in the platelet to A.D.P., and
that this liberated A.D.P. triggers platelet aggregation. Castaldi
and Firkin (1962) found, however, that little or no change occurred
in platelet A.T.P., levels for three minutes after recalcification
of platelet rich plasma at which time platelet aggregation had

already occurred.
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Johnson (1966) estimated the total A,T.P. and A.D.P. content
of shed blood and found that in whole blood 90% of the adenine
nucleotides were in the red cells and only 10% in the platelets.
About one half of the total blood A.T.P., was converted to A,D,P,
fifteen seconds after bleeding began and before much platelet
aggregation had occurred. It appeared therefore that much of
the A.D.P. in normal haemostasis could be supplied by red cells

rather than platelets,

Substances which will inhibit A.D.P.-induced platelet
aggregation if added to platelet rich plasma some minutes prior
to adding A.D.P. are afdenosine and many adenosine analogues such
as adenosine monophosphate (A.M.P.), A.T.P., and 2-chloroadenosine
(O'Brien, 1963). Born et alii (1965) have compared the effective-
ness of 30 analogues of adenosine as inhibitors of A.D.P.~induced

platelet aggregation,

Other substances which cause platelet aggregation in vitro
are 5-hydroxytryptamine (serotonin), norepinephrine, epinephrine
and thrombin (O'Brien, 1964a). Serotonin is an important
constituent of platelets (Born, 1963) and thrombin is generated
by the coagulation mechaniem at sites of haemostasis. Zucker
and Borrelli (1962) found that collagen fibres induced platelet
aggregation, and that the aggregated platelets adhered to the

collagen particles.



14

The effect of A.D.P. on platelets in vivo has been investi-
gated. Using rabbits it was shown that when A.D.P. was applied
to a blood vessel of the cerebral cortex after a minor injury
to the vessel the formation of platelet emboli was induced
(Honour and Mitchell, 1963). During an adenosine infusion into
the carotid artery a slightly higher concentration of A.D.P. was
required to produce the same effect (Born et alii, 1964). The
intravenous administration of A.D;P. caused a transient thrombo-
cytopenia in cats (Born and Cross, 1963), rabbits (Regoli and
Clark, 1963), humans (Davey and Lander, 1964), and sheep (Lloyd
et alii, 1965). This effect is usually considered to be due to
a transient adhesion of a proportion of the platelets to vascular
endothelium, probably in the splanchnic and pulmonary areas

(Davey and Lander, 1964),.

Attempts have been made to find a non-toxic drug which will
inhibit platelet aggregation in vivo. It is hoped that such a
drug could act as a prophylactic against thrombosis. Drugs
investigated so far are persantin with promising initial results
in rabbits (Emmons et alii, 1965a), and in man (Emmons et alii,
1965b), and glyceryl guiacolate which produced decreased platelet

adhesiveness in 22 healthy volunteers (Eastham and Griffiths, 1966).

(b) Struetural changes during clotting. The changes in

platelets during haemostasis (Kjaerheim and Hovig, 1962), and
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during in vivo thrombosis (Vassalli et alii, 1964) are essentially
those of platelets in recalcified platelet rich plasma as
described by Rodman et alii (1962) and Castaldi et alii (1962).

Four main phases have been recognised (Marcus and Zucker, 1965).

(i) Preagglutination: When calcium is added to citrated
platelet rich plasma no change is observed until just prior to
the onset of aggregation when the dense granules congregate near

the centre of the platelet and pseudopods appear.

(ii) Agglutination: More pseudopods appear and the
platelets adhere to one another. The concentration of granules
at the centre of the platelets becomes more marked and fibrin can
be seen at the periphery of the aggregates but not between the

platelets, The platelet limiting membranes mostly remain intact.

(ii1) Thromboeytorrhexis: The platelets lose their
granules and the external membranes of platelets at the centre
of the aggregate disintegrate. At the periphery of the aggregate
the external membranes remain intact and fibrin becomes more

prominent.

(iv) Thromboeytolysis: The platelets disintegrate to leave

granular debris, sac-like protrusions at the periphery, and fibrin.

When A.D.P. is added to platelet rich plasma the platelets



16

aggregate but remain intact, the platelet granules do not
disintegrate, and fibrin is not formed (Hovig, 1962; Rodman

et alii, 1963), Thus the role of A.D.P., is probably restricted
to aggregation. Other substances, possibly thrombin, must be

responsible for thrombocytorrhexis.

There is some confusion in the literature about the meaning
of the term "viscous metamorphosis". Eberth and Schimmelbusch
used it to describe aggregation (Sharpe, 1965) but Wright and
Minot (1917) applied it to the process whereby platelets which
have aggregated proceed to "fuse with one another" so that "their
separate identity becomes lost or obscure". Most workers apply
the term to the stages of thrombocytorrhexis onwards (Sharpe, 1965)
but Marcus and 2Zucker (1965) recommend its use for the whole process
including the initial aggregation. In this thesis the term
"viscous metamorphosis" will be used to apply to the stages of

thrombocytorrhexis and thrombocytolysis.

2. Thromboats. There is considerable evidence that
thrombosis is initiated by the aggregation of blood platelets at
a site of endothelial damage (Honour and Ross-Russell, 1962),.

The platelet aggregate forms the white head of the thrombus and
the coagulation mechanism becomes activated resulting in the red
tail which consists mainly of red cells trapped in fibrin
(Egeberg, 1966; O'Brien, 1964b). Johnson (1966) considers that
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in experimental thrombosis the same reactions are involved as in
haemcstasis: the formation of fibrin, the generation of A.D.P.
from A.T.P., platelet aggregation, red cell lysis, and the
adherence of red cells to each other. In thrombosis, however,
there is (i) more damage to the vessel wall than in haemostasis,
(11) much less fibrin is formed, (iii) there is a much greater
tendency for platelet aggregates to adhere to the vessel wall,
and (iv) the importance of red cells in the genesis of platelet

aggregation is minimal (Johnson, 1966) .

8. Atherogengeis. An increasing amount of evidence is
being gathered to support the hypothesis that deposition of
platelets on the walls of blood vessels is responsible for
atherogenesis. Duguid (1948) found fibrinous encrustations on
normal intima but did not mention platelets, Movat et alii
(1959) have demonstrated small platelet-fibrin thrombi on normal
intima and have suggested that these deposits become incorporated
into the intima to form atheromatous plaques, This encrustation
hypothesis which was originally proposed by Rokitansky (1842-1846)
had been discarded in favour of the lipid imbibition hypothesis

until it was revived by Duguid (1948).

Though the 1lipid imbibition hypothesis is still generally
favoured considerable evidence has now been accumulated to support

the encrustation hypothesis and this has been reviewed by Mustard
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et alii (1964). Chandler and Hand (1961) have observed the
phagocytosis by monocytes of platelets which are rich in lipid.
The monocytes were transformed into lipophages similar to those
seen in human platelet thrombi or in atherosclerotic plaques.
These workers have also produced atheromatous lesions in the
pulmonary vessels by the intravenous injection of artificial

thrombi consisting largely of platelets (Hand and Chandler, 1962),

Platelets have been shown to come more readily into contact
with arterial walls at sites of turbulence (Hadfield, 1950) which
occur near vessel origins and bifurcations. These are also the
sites of maximum atheroma formation (Mustard et alii, 1961).
Similar findings have been obtained in studies of patterns of
turbulence and of platelet deposition in silicone coated plastic
tubes inserted into the circulations of pigs (Mustard et alii,
1961) .

Thus evidence is accumulating to suggest that not only does
the platelet play a primary role in the formation of the thrombus
which blocks an atheromatous artery, but that it may also play an
important role in the formation of the atheromatous deposits

themselves.

4, Transport, The platelet has been regarded by some as a

method of transportation for certain substances in the bloodstream
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(Humphrey and Jacques, 1954; Maupin, 1961). It may be important
for a substance to be carried in the bloodstream rather than just

free in the plasma for one of several reasons.

(a) The substance may produce unwanted effects if allowed
to circulate free in the plasma. Serotonin, for instance, is
carried in the bloodstream inside platelets. Arguing
teleologically, this prevents it from coming in contact with

receptors in the vessel walls and causing vasoconstriction.

(b) The platelet may be required to deliver substances to
particular sites. (1) Platelets carry plasma coagulation
factors, possibly adsorbed on the platelet surface (Adelson, et
alii, 1961; Barkhan and Silver, 1962), and platelet factor III
(Barkhan and Silver, 1962) which is probably lipoprotein (Marcus
et alii, 1966). Since platelets are attracted in large numbers
to sites of haemorrhage or thrombosis, they may be responsgible
for providing a concentration of coagulation factors at this site.
(i1) It is probable that platelets contribute to the integrity
of the vessel wall, Platelets are antigenically similar to the
endothelium of blood vessels (Baldini, 1966) and electron micro-
graphs have shown platelets within endothelial cells (Johnson et
alii, 1964). When Cronkite et alii (1961) labelled rat platelets

35

with S and injected them into thrombocytopenic rats, the 835 was



later detected in the bhlood wessel walls. Mustard et alid

(1965) came to similar conclusions after injecting S35 into
normal vigs.
5. Phagoeytosis. David-Ferreira (1964) noted the ingestion

of thorium oxide by platelets. The colloidal material was
contained "in tubnles which rounded ur into typical phagocytié
vacuoles®, Ry a process of phagocytosis platelets can enqulf
silicon dioxide (Schulz, 1961), ferritin (Schulz, 1961; Hagenau
et alii, 1963) and latex particles (Glynn et alii, 1965). After
fat infusion and in patients with hyperlipaemia, phagocytosis of

fat particles by platelets occurs (Schulz and Wedell, 1962).

IvV. THE SURVIVEL OF RPLATELETS IN CIRCULATION

This subject has been recently revieawed (Mustard et alii,
1966; Baldini, 1966; Gardner and Cohen, 1966). In modern
techniques for the measurement of platelet survival the platelets
are labelled with a radioactive isotope. Blood samples are taken
at daily intervals thereafter and the radiocactivity of the platelets
determined. The most commonly used technicues are (i) labelling
in vitro by chromium51 followed by reinfusion of the labelled
platelets into their donor (Aas and Gardner, 1958; Davey and

32

Lander, 1963), and (ii) labelling in wvivo with D.F.P. (Leeksma

and Cohen, 1956; Barkhan, 1966a). Using these techniques platelet
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lifespan in humans is estimated to be 9-~11 days. The survival
of platelets has been thought by some workers using the chromium51
technique to be linear with respect to time (Aas and Gardner,

32 have founa

1958; Baldini, 1966). Other workers using D,F.P.
an exponential relationship (Murphy et alii, 1962; Adelson et
alii, 1963),° A linear curve is coﬁsistent with removal of each
platelet from the circulation at the end of a lifespan of about
10 days and an exponential curve is said to suggest removal by a
process of random destruction (Davey, 1966). Mustard et alii

(1966) have proposed a multiple hit model to explain the variable

results found.

V. CHEMICAL COMPOSITION

The first chemical analyses of platelets were by Abderhalden
and Doetjen (1907) who investigated the proteases of platelets,
Aynaud (1914) analysed platelets from the horse and donkey and
found phosphorus, iron, sulphur and calcium. Calorimetric
determination by Haurowitz and Sladek (1928) showed that platelets
contain 71% protein, 12% lipid, 1-7% cholesterol, and 5.5% of ash.

Other early workers are mentioned by Tocantins (1938).

Most of the work on the chemical composition of platelets has
been done since the early 1950's when differential centrifugation
techniques for the separation of platelets from whole blood were

developed (billard et alii, 1951; Hirsch et alii, 1952; Minor and
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Burnett, 1952; Tullis, 1952), One of the main reasons that this
subject received little attention in the first half of this century
was that large volumes of blood were required to obtain sufficient
platelets on which to perform a chemical estimation. In the
experience of the author 30 ml of blood provides only about 0,06 ml
of platelets, When Bettex-Galland and Luscher (1961) extracted
the contractile protein, thrombosthenin, they used the platelets
from 50 litres of human blood which yielded 20-30 ml of packed
platelets! Now, with the development of microchemical methods,
the analytical chemistry of platelets has received more attention.
The published work on the chemical composition of platelets has
been reviewed by Maupin (1961), Bettex-Galland and Maupin (1961),

Barkhan and Silver (1962), and Marcus and Zucker (1965).

1. Agocorbic aoid. In the 1940's several publications
appeared on the ascorbic acid content of the buffy layer of
centrifuged blood (Butler and Cushman, 1940; Bessey et alii,
1947). This layer contains platelets and white cells and it was
not known at this time whether ascorbic acid was predominantly in
platelets, predominantly in white cells, or whether it was equally
distributed between the two. Crandon et alii (1940) found that
when a volunteer was given a diet free of ascorbic acid the plasma
concentration of ascorbic acid decreased to very low levels over a

period of 3-4 weeks. The buffy layer content of ascorbic acid
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fell more slowly and did not reach zero levels for some months,
just prior to the onset of scurvy. These findings have been
confirmed by the Vitamin C Subcommittee (1953). Most workers
now regard the buffy layer ascorbic acid content as a reasonable
index of tissue stores and the plasma level as an index of recent

intake (Pearson, 1966).

Jordanov et alii (1956) noted blackening of both platelets
and white cells after treatment of these cells with silver
nitrate. This blackening appeared to increase after large doses
of ascorbic acid suggestiﬁg that both platelets and white cells
contain ascorbic aciad. Barkhan and Howard (1958) were the first
to publish on the concentration of ascorbic acid in platelets
which had been separated from white cells. Using the 2,4-
dinitrophenylhydrazine method they found that the level in plate-
lets from six normal subjects was 18.3 mg/100 G which was similar
to that in white cells (16.5 mg/100 G). Expressed as a
proportion of cell count these results are 2.91 mg/lO12 cells
for platelets and 148 mg/lO12 cells for white cells. The
apparent discrepancy in these figures i1s due to the fact that a
platelet is very much smaller than a white cell. They also
estimated the ascorbic acid concentrations in plasma (0.69 mg/
100 ml) and in red cells (0.69 mg/100 ml), and were then able to
calculate that of the total blood ascorbic acid about 10% was in

white cells, 10% was in platelets, and 80% was egually distributed
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between red cells and plasma. By saturating their subjects with
ascorbic acid they were able to raise the ascorbic acid content
of the platelets by about 30% while the concentration in the white
cells was almost doubled, They also studied three cases of
chronic myeloid leukemia and two cases of chronic lymphatic
leukemia. Though the ascorbic acid content of leukocytes was
higher than normal in chronic lymphatic leukemia, the platelet
concentration of ascorbic acid did not differ significantly from

normal in either type of leukemia.

The only other reported value for the ascorbic acid content
of platelets is that given by Wilson et alii (1967). Using the
dinitrophenylhydrazine technigue they found a mean of 858 ug/lo9
platelets in eight normal subjects. The mean concentration of
ascorbic acid in the leukocytes was only 43 ug/lO9 cells and the
mean plasma level was 0 pg/100 ml, It is generally accepted
that the normal plasma level is well over 200 ug/100 ml (Pearson,
1966). These authors do not comment on the fact that their

results differ so greatly from those published by other workers.

The function of ascorbic acid in platelets was unknown until
Born and Wright (1967) found that platelet adhesiveness to glass
measured by the rotating bulb method was significantly decreased
in scorbutic guinea pigs. This report was soon followed by the

paper of Wilson et alii (1967) describing reduced platelet
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adhesiveness as measured by the glass bead column technique in
two patients with scurvy. These results suggest that the

purpura of scurvy may be due to a defect in platelet adhesiveness,

Other possible reasons for the high ascorbic acid content of
platelets have been proposed, Maupin (1961) suggested that
ascorbic acid is merely using platelets as a passive vehicle for
transport, It is conceivable that platelets are required to
deliver a high concentration of ascorbic acid to a site where
haemostasis is occurring, or that they carry ascorbic acid to the
vascular endothelium. Barkhan (1966b) has pointed out that the
concentration in ascorbic acid in platelets is similar to that in
white cells and has suggested that, since both platelets and white
cells are capable of phagocytosis, ascorbic acid may be necessary
for phagocytosis. This suggestion is supported by the finding of
a reduced phagocytic activity in the leukocytes of scorbutic

guinea pigs (Lawrynowicz, 1931; Cottingham and Mills, 1943).

Two other items in the literature relate to the ascorbic acid
content of platelets. Denson and Richards (1962) published on
the uptake of ascorbic acid by blood cells and included the results
of one experiment on the uptake of ascorbic acid by platelets.
Gibson et alii (1966) pointed out that the buffy layer ascorbic

acid content was likely to be low in patients with thrombocytopenia.
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2, Other substances "transported" by platelets. Under the
heading of "substances probablement non constitutives, vehiculées
par les plaquettes" Maupin (1961) included the three amines
adrenaline, histamine and serotonin, the proteins of the
"atmosphere plasmatique", and ascorbic acid. This classification
may be more convenient than accurate, as many of these substances
have since been shown to have important effects on platelet

behaviour.

(a) Serotonin (5-hydroxytryptamine). Almost all the
serotonin in the blood is contained in the platelets (Humphrey
and Jacques, 1954), When platelets were separated from blood
with minimal damage to the platelets, the amount of serotonin in
the plasma was only about 0.002 ug/ml whereas the total blood
serotonin varied from 0.19 yg/ml in man to 5.2 ug/ml in rabbits

(Humphrey Jacques, 1954).

Platelets concentrate serotonin from the surrounding medium
by an active transport mechanism which is inhibited by enzyme
inhibitors such as sodium mono-iodoacetate, potassium cyanide,
dinitrophenol (Born and Gillson, 1958, 1959; Sano et alii, 1958),
fluoride, and cardiac glycosides (Weissbach and Redfield, 1961).
There is evidence that platelets do not contain serotonin when

they are formed from megakaryocytes, and that they take up this
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substance while they are passing through the blood vessels in the

walls of the intestine (Toh, 1954; FErpsamer and Testini, 1959).

It is possible that serotonin in the platelet is bound to
A,T.P. (Born, 1963). Davis and Kay (1965) tried to determine
the location of serotonin in the platelet by electron microscope
autoradiography using tritium-labelled serotonin. Firm
conclusions were not possible because of possible movement of
serotonin during fixation, Wurzel et alii (1965) found that the
platelet granules obtained by separation on a continuous sucrose
gradient contained tightly bound serotonin. The platelet
membrane fraction did not contain bound serotonin, but free
serotonin was probably present. This free serotonin may have

originated from disrupted platelet granules,

It has been shown that serotonin is released from platelets
by thrombin (Zucker and Borrelli, 1955) suggesting that it may aid
haemostasis by inducing vasoconstriction, but Berman and Fulton
(1961) failed to obtain visible vasoconstriction during the

experimental production of thrombi in arterioles and wvenules.

Under certain conditions serotonin has a direct effect on
platelets: it causes platelet aggregation both in vitro (0O'Brien,
1964a) and in vivo (Honour and Mitchell, 1963) and in vitro this
effect is inhibited by specific antiserotonins, by adenosine and

by A.M.P. (0'Brien, 1964a).
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(b) Epinephrine and norepinephrine. Whether epinephrine
and norepinephrine are present in higher concentrations in
platelets than in plasma is controversial. Weil-Malherbe and
Bone (1954) found that 70-80% of both epinephrine and nor-
epinephrine in human platelet rich plasma could be removed by
centrifugation. Born et alii (1958) estimated that pig
platelets contained 0.2-2.6 ug epinephrine per 108 platelets
but no detectable norepinephrine. Unfortunately they 4id not
state the concentrations in platelet poor plasma. They found
that pig platelets would concentrate epinephrine and norepi-
nephrine which had been added to platelet rich plasma. On the
other hand Valk and Price (1956) detected no catechol amines in
human platelets and Sano et alii (1959) reported that the
concentration of epinephrine in rabbit platelets was very low
(about 0.01 ug/mg dry weight of platelets). Sano et alii (1959)
found that platelets would concentrate added epinephrine by an
active transport mechanism, Dog platelets contained negligible
amounts of epinephrine and norepinephrine (Weissbach et alii,
1958) , but binding of these substances to platelets occurred when

large amounts were infused into the bloodstream.

All the experiments showing that platelets concentrate
epinephrine and norepinephrine have been performed in the presence

of high concentrations of added epinephrine or norepinephrine.
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The only work showing a higher concentration in platelets than in
plasma in the absence of added amounts of these substances is

that of Weil-Malherbe and Bone (1954). It is only by comparing
the concentration of a substance in carefully isolated fresh
platelets with that in platelet poor plasma that one can determine
whether platelets normally contain a higher concentration of this
substance than would be expected to occur due to passive diffusion

from plasma,

(e¢) Hietamine. The histamine content of rabbit platelets
is high, 2-6.7 ug/lO9 cells whereas only trace amounts (0.002 ug/ml)
are found in plasma (Humphrey and Jacques, 1954). Schayer and
Kobayashi (1956) have shown that histamine is produced in rabbit
platelets by decarboxylation of histidine. Significant but lesser
amounts were also found in platelets of other species including
man (Humphrey and Jacques, 1954) and these levels were all much
higher than those found in plasma, Humphrey and Jacques (1954)
concluded that the histamine found in the blood of most species
is almost all contributed by platelets. These findings have
been challenged, however, by Graherm et alii (1955) who found
that the histamine concentration in platelets was the same as
that in whole blood and that most of the histamine in the blood

was in the basophils,
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(d) "Atmosphere plasmatique”. The platelet is also
important as a carrier of various clotting factors. Roskam
(1922) thought that plasma proteins including clotting factors
were adsorbed on the platelet surface. This view has been
supported by many other workers and the evidence in favour of
the "platelet as a sponge" which "adsorbs and concentrates
coagulation and other factors and carries them through the
circulation" is reviewed by Adelson et alil (1961). Clotting
factors present in (or on) platelets include calcium, fibrinogen,
prothrombin, and factors Vv, VII, VIII and IX, It is envisaged
that when platelets are attracted to a site where haemostasis is
required, the adsorbed coagulation factors are important in

initiating fibrin formation.

The evidence that these factors are adsorbed on to the
platelet surface rather than being inside the platelet is tenuous
and rests mostly on experiments showing that these factors can be
easily removed from platelets by washing. More sophisticated
techniques, such as those involving the separation of cell
fractions by centrifugation on a sucrose density gradient, will

be required to settle this point.

3. Lipids. In 1936 Chargaff et alii separated cholesterol

and phosphatides from blood platelets and investigated the effect
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of these substances on blood clotting. Their discovery that
platelet phospholipids are important in blood coagulation has
led to the detailed analysis of these phospholipids.

Lipid comprises 15-17% of the dry weight of platelets (Marcus
and Zucker, 1965; Barkhan and Silver, 1962). Of this lipid 70-
80% is phospholipid (Barkhan and Silver, 1962) and the remainder
is neutral 1lipid, Of the neutral lipid over a half is cholesterol,
mostly non-esterified (Barkhan and Silver, 1962). 16% of the

phospholipid is in the plasmalogen form (Zilversmitt et alii, 1961).

Many workers, including Barkhan et alii (1961) and Marcus et
alii (1962) have attempted to discover which particular phospho-
lipid is important in the initiation of coagulation by determining
the activity in the thromboplastin generation test of each type of
phospholipid found in platelets. The activity has been found to
reside in either or both of the phosphatidyl ethanolamine fraction
and the phosphatidyl serine fraction (Barkhan et alii, 1961). The
activity in the thromboplastin generation test, however, depends
as much on the size and shape of the phospholipid micelles as on

the particular phospholipid present (Barkhan and Silver, 1962),.

Marcus et alii (1966) have examined the activities of platelet
membranes and platelet granules isolated on a sucrose density

gradient. Platelet membranes were more effective than granules in
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in vitro coagulation systems but lipids extracted from granules
were as effective as platelet membranes. They suggested that
lipoprotein in platelet membranes may be more available than
that in granules and therefore more important in the coagulation

mechanism,

4. Inorgantoc constituents. The inorganic cations in
platelets have been studied by Maupin (1953) and by other workers.
A resume of the literature on this topic is given by Maupin (1961),
Metals found in platelets include sodium, potassium, calcium,
magnesium, copper, iron and manganese. The values for the sodium
content given by different authors show a wide variation which may
be due to extensive washing procedures used by some of these

authors (Maupin, 1961).

The only non-metals which have been precisely determined are
nitrogen and phosphorus. 80-90% of the nitrogen is protein bound
Fantl and wWard, 1956). Of the phosphorus present, 50% is acid

soluble and probably comes from A.T.P.

5, Adenine nualeotidss. Born (1956) was the first to
demonstrate the presence of large amounts of A.T.P., (4.4 uM/G wet
welght) in platelets. Schmitz et alii (1962) who recently
reported a value of 23,6 uM/G wet weight have also found small

amounts of uridine and guanidine nucleotides.
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The function of A,T.P. in platelets is controversial. It is
hydrolysed during blood coagulation (Born, 1958; Kaser-Glanzmann
and Luscher, 1962) and the A.D.P, so formed may have a role in
platelet aggregation (see above). A.T.P. may be necessary for
clot retraction to occur (Bettex-Galland and Luscher, 1960) and
its presence is said to be required for the contraction of
thrombosthenin, the contractile protein found in platelets (Bettex-
Galland and Luscher,1961). More recently doubt has been thrown
on this concept by the finding that platelets depleted of 60-90%
of their A,T.P. by thrombin still produce normal clot retraction

(Zieve et alii, 1964).

6. Nueleio acide. It is now generally agreed that plate-
lets do not contain detectable amounts of D.N,A. (Maupin, 1961).
The traces found by some workers (Fantl and Ward, 1956; Morita
and Asada, 1956) were probably due to leukocyte contamination
(Maupin, 1961). These findings concur with the fact that electron
microscopy has disclosed neither nucleus nor nuclear fragments in

platelets.

Some workers have failed to detect R,N.A. in platelets (Mizuno
et alii, 1958; Maupin, 1961). Others claim to have found
significant amounts of this substance (Morita and Asada, 1956;
Bestetti et alii, 1956; Wagner et alii, 1956). These findings

must be considered in the light of the information that ribosomes
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have not yet been definitely identified in platelets by electron

microscopy.

2. Amino aoide and proteins.

(a) Amino acids. The free amino acid content of platelets
has been studied by McMenamy and Lund (1960) and by Gross and
Gerok (1961). Besides all the amino acids normally found in
proteins, there are unusually large quantities of taurine (Maupin
et alii, 1962) which is probably derived from cysteine (Frendo et
alii, 1959).

(b) Proteins. Bezkorovainy and Doherty (1962) have
investigated the structural properties of platelet proteins and
have found a full complement of amino acids. A contractile
protein, thrombosthenin, has been isolated from platelets (Bettex-
Galland and Luscher, 1961). This represented 15% of the total
platelet protein and was very similar to actomyosin of skeletal
muscle, It had two components, one similar to actin and the
other to myosin, and contraction occurred in the presence of A,.T.P.
and magnesium. Fibrinogen has also been identified in platelets
by many workers (Marcus and Zucker, 1965). Cooper and Firkin

(1967) have described protein synthesis by platelets.

(a) Enzymes. A detailed account of the work done on plate-

let enzymes prior to 1961 is available (Bettex-Galland and Maupin,
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1961). The platelet contains all the enzymes necessary for
respiration, those of the glycolytic cycle being gquantitatively
more important than those of the tricarboxylic acid cycle. Also
present are the hydrolytic lysomal enzymes acid phosphatase and
beta-glucuronidase which are liberated into the serum during
clotting. It has been suggested that these enzymes are liberated
from the platelet granules some or all of which may be lysosomes

(Marcus and Zucker, 1965).

8. Carbohydratee. Woodside and Kocholaty (1960) who
analysed the carbohydrates of human blood platelets found a total
carbohydrate content of 8.47% (dry weight). Many monosaccharides
including glucose, galactose, mannose, and ribose were detected.
The acid mucopolysaccharide fraction contained galactosamine,
glucuronic acid, galactose, glucose and ribose. They also found
glycogen and sialic acid. Madoff et alii (1964) found a large
amount of sialic acid in platelets compared to erythrocytes. 0Odell
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and Anderscn (1957) labelled human platelets with S 04 in vivo and

subjected the mucopolysaccharides to chemical analysis, They

found two fractlons: chondroitin sulphate and a uronic acid free

mucopolysaccharide.

9. Platelet metaboliam. Gross (1961) has compared the

platelet to the jump muscle of the African grasshopper which works
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in short bursts with long intervals of rest in between. The
platelet engages in a large expenditure of energy only once,
that is during viscous metamorphosis and clot retraction. The
jump muscle contains very few mitochondria as does the platelet,
and in both the enzymes of glycolysis are predominant over those
of the tricarboxylic acid cycle (Campbell, 1956; Waller, 1959),
Cells which metabolise at a high continuous level, such as the
flight muscle of the grasshopper and heart muscle, have many

mitochondria, and the tricarboxylic acid cycle predominates.

VI. COMMENT

Platelets are small cells which differ from most other cells
in that they do not possess a nucleus. Their main roles appear
to be in haemostasis, thrombosis, and the maintenance of vascular
integrity. Over recent years much progress has been made in the
determination of the structure and chemical composition of these
elements, The work done so far is only a starting point in the

unravelling of the way in which platelets perform their functions.

PART B, THE BIOCHEMISTRY OF ASCORBIC ACID

I. EARLY HISTORY
Scurvy was first adequately described at the time of the
renaissance when many sailors contracted the diseasge during the

long sea voyages which were being attempted at that time (Ling,
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1753). James Lind, a medical officer in the Royal Navy, was the
first to prove that the juice of citrus fruit causes a dramatic
cure in cases of scurvy. The result of his classical clinical
trial on a group of twelve sailors suffering from scurvy is
described in his "Treatise on Scurvy" first published in 1753,

It was many years before Lind's ideas were fully accepted, and
even as late as 1912 Scott left for his fateful expedition to the
South Pole with rations containing insufficient vitamin C (Stewart,
1953). During the early part of the twentieth century the concept
of deficiency diseases developed. In 1907 Holst and Frolich
accidentally produced scurvy in guinea pigs while attempting to
induce ricketts. It was fortunate that they chose the guinea pig
and not some other experimental animal. Their observations‘made
possible the development of biological assay techniques which
eventually led to the isolation of the vitamin by Waugh and King
(1932). They found it to be identical to a substance called
hexuronic acid previously isolated by Szent-Gyorgy (1928) from
adrenal glands. In 1933 the structure of ascorbic acid was
finally determined (Farmer, 1933; Hirst and Peat, 1934; Karrer

et alii, 1933),.

II. CHEMICAL PROPERTIES
L-ascorbic acid is a six carbon atom sugar-like compound

(C,H 0 ) with a y-lactone ring and an enediol linkage between the
6 8°6
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second and third carbon atoms (see below). It forms a white
crystalline solid which is very soluble in water and almost
insoluble in organic solvents. In aqueous solutions it behaves
as a dibasic acid, the hydrogen atoms on the second and third

carbon atoms dissociating with pKa of 11,57 and 4.17 respectively.

The most striking chemical property is its strong reducing
power which it owes to the ease with which it is reversibly oxidised
to dehydroascorbic acid by loss of the hydrogen atoms on the second
and third carbon atoms (see below). For this reéson ascorbic
acid is unstable in aqueous solution being geadily broken down
by reaction with atmospheric oxygen to dehydroascorbic acid, which
is also unstable because it is readily hydrolysed irreversibly to
2,3-diketogulonic acid (Knox and Goswami, 1961).

o.n-clz\| o-clz\l clzoou
" B R
H—cl:/w 0‘?/’ 0'?
H (I: H-C|! H-—Cl!-OH
HO - C - H HO—(l'.‘-H HO-(ll—H
CH,OH CH,0H CH, OH
Ascorbic acid Dehydroascorbic 2,3-diketogulonic
acia acid

2,3-diketogulonic acid undergoes further degradation leading
to a wide variety of products which differ according to the

experimental conditions (Hirst, 1953). The nature of these
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products has not been properly elucidated (Baker, 1967), but
under some conditions, such as in the presence of sodium
hypoiodite, oxalic acid is formed (Hirst, 1953).

Ascorbic acid is most stable at pH 3 becoming increasingly
unstable as the pH is raised above this value (Uprety and Revis,
1964). At pH 7-8 in agueous solution it is extremely unstable
(Uprety and Revis, 1964). It is more unstable in the presence
of traces of ionic copper or iron. These ions probably aid the
transfer of electrons from ascorbic acid to oxygen (Roe, 1954).
High temperatures and light also enhance the instability of
ascorbic acid (Prochazka, 1963).

III. FUNCTION

If primates and guinea pigs had not lost the ability to
synthesise ascorbic acid, the importance of this substance in
metabolism may not have been realised today. These animals die
of scurvy if l-ascorbic acid (or dehydroascorbic acid) is not
supplied in the diet. Other animals which have lost the ability
‘to synthesise ascorbic acid are the red-vented bulbul (Roy and
Guha, 1958) and the Indian fruit bat (Chattergee et alii, 1961).

Despite its great importance in metabolism and despite the
large number of publications which continue to appear on the
subject of ascorbic acid, its function in metabolic processes is
still unknown, Ascorbic acid is excreted in the urine as ascorbic
acid and its breakdown products dehydroascorbic acid, diketogulonic
acid and oxalic acid (Baker et alii, 1966). It is not known
whether ascorbic acid is metabolised to form these breakdown
products or whether they are produced by spontaneous breakdown as

occurs in agqueous solution (Griffith, 1967).
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1. Redox potential and ascorbic aeid. The biological
function of ascorbic acid may be related to its strong reducing
power. It enhances the activity of many in vitro enzyme systems
(Knox and Goswami, 1961), but it can be replaced in these systems
by one or more reducing agents. Thus it does not function as a
specific coenzyme. For instance, in the oxidation of para-
hydroxyphenylpyruvic acid in vitro, ascorbic acid could be replaced
by hydroquinone, 2,6-dichlorophenolindophenol, D-ascorbic acid or
D-isoascorbic acid, but not by glutathione or cysteine (La Du and
Greenberg, 1953). This suggested that some reducing agents

provide an optimum redox potential not provided by others.

It has been shown that many enzymes operate most effectively
at an optimum rédox potential (Reiss, 1942-43 and 1943-44). The
theory of redox potential is described in most textbooks of general
biochemistry, and a detailed treatment is presented in Ziegler's
monograph (1965), Prediction of the redox potential of a system,
in which both reduced and oxidised forms of a molecule or ion are
present, can be made by applying the Nernst-Peters equation:

RT
nP

[_Ox]
e [Red]

E = E° + log

where R = the gas constant
T = absolute temperature
n = valency
F = the Faraday
[O0x] = concentration of oxidised form
[Red] = concentration of reduced form
Eo = the potential relative to the hydrogen electrode when

equal amounts of the reduced and oxidieed forms are present.
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This equation is of similar form to that relating pH to
= [base]
concentration of base and acid, pH pKa + loge [acid] " The
maximum buffering action of a pH system occurs when [base] =
[acid]. Similarly the maximum buffering effect in a redox

potential system occurs when [Ox] = [Red].

Until recently it has been impossible to measure with any
accuracy the redox potential of an ascorbic acid/dehydroascorbic
acid system (Hewitt, 1950). Past measurements were inadequate
because of a film of suboxide which formed "on the surface of a
platinum electrode, impairing or totally annulléng its inertness
towards badly poised solutions" (Ziegler, 1965). This effect has
also interfered with the measurement of the redox potential of the

blood.

Ziegler (1965) has made a major advance in instrumental design
by. gently polarising the electrode. This prevents deposition of
oxygen on the platinum which then remains inert. Using this
improved method he has been able to measure accurately the redox
potential of the blood in vivo in animals and in humans. He claims
that the redox potential of human blood can be accounted for by the

agcorbic acid/dehydroascorbic acid system.

"The metabolic pool is maintained in a constant state of flux
between the force of reduction, generated by the metabolic processes,

and the oxidising force of the ubiguitous oxygen, The intensity of
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these' opposing influences determines the redox potential of the
inner environment,. The reversible redox system of the blood and
tissues which, under aerobic conditions, guarantees the individual
organism a definite redox potential is the ascorbic acid/dehydro-

ascorbic acid system" (Ziegler, 1965).

2, Specific defects in metabolism in geurvy. A requirement
for ascorbic acid has been claimed in several different metabolic
pathways: tyrosine metabolism, folic acid metabolism, and collagen

synthesis,

(a) Tyrosine metaboliem. Tyrosine is metabolised via
p-hydroxyphenylpyruvic acid to homogentisic acid. Scorbutic
guinea pigs fed tyrosine excreted large amounts of p-hydroxyphenyl-
pyruvic acid in the urine (Sealock and Silberstein, 1940). In
vitro studies by La Du and Zannoni (1961) have shown that in the
absence of ascorbic acid the enzyme p-hydroxyphenylpyruvic acid
oxidase is inhibited by its substrate. This inhibition was
prevented not only by ascorbic acid but also by other reducing
substances such as hydroquinocne, D-isoascorbic acid, and D-ascorbic
acid@ in vitro, and by 2,6-dichlorophenolindophenol both in vitro
and in vivo, The defect in this enzyme has also been reported in
infants and adults suffering from scurvy (Woodruff, 1964). Painter
and Zilva (1947) have shown that the defect is demonstrable only

when very large doses of tyrosine are given, and that a larger
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amount of ascorbic acid is necessary to reverse the lesion than is
required to cure scurvy. For these reasons a defect in this enzyme

pathway is probably not responsible for the picture of scurvy.

(b) Folic aold metaboliem. There 1s evidence that ascorbic
acid is required for the efficient conversion of folic acid to its
active form tetrahydrofolic acid in slices of rat liver (Nichol and
Welch, 1950) and in vivo in mén (Gabuzda et alii, 1952; Jandl and
Gabuzda, 1953). This has been thought to explain the megaloblastic
anaemia which occurs in many cases of scurvy, In experimental
human scurvy where normal amounts of folic acid are supplied in the
diet, anaemia does not occur (Crandon et alii, 1940; vVitamin C
Subcommittee, 1953), Similarly, monkeys on a diet devoid of
ascorbic acid but containing normal amounts of folic acid do not
become anaemic (Proehl and May, 1952). When guinea pigs eating an
ascorbic acid free diet were fed folic acid in small amounts
(amounts just sufficient to prevent anaemia in guinea pigs on a
normal diet) megaloblastic anaemia developed (May et alii, 1952),.
This anaemia responded to either folic'§cid or to ascorbic acid
(May et alii, 1952), It appears therefore that the defect in
folic acid metabolism in scurvy does not become manifest unless
folic acid intake is also restricted. The clinical situation is
more complex as was shown in a study of six patients with anaemia

associated with scurvy (Cox et alii, 1967). In these patients
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the anaemia did not respond to tetrahydrofolic acid, but did
respond to large doses of ascorbic acid. Asquith et alii (1967)
have also reported a case of megaloblastic ansemia which responded

to ascorbic acid alone,

3. Collagen synthestise. Ascorbic acid is required for the
formation of collagen (Wolbach, 1933) but the exact nature of the
defect is unknown. The cpilagen molecule contains a large
proportion of hydroxyproline which is not derived from dietary
hydroxyproline (Stetten, 1949) but is formed at the site of collagen
synthesis by hydroxylation of proline (Green and Lowther, 1959;
Robertson, 1961). It has been suggested that ascorbic acid may be
neéessary for the conversion of proline to hydroxyproline (Gould,
1960; Robertson, 1961). This suggestion is based on experiments
which show that the amount of bound hydroxyproline in granulation
tissue does not increase in the absence of ascorbic acid. These
experiments are really measuring the lack of collagen synthesis in
the absence of ascorbic acid, and they do not prove that it is the

hydroxylation of proline which is specifically inhibited,

In summary, it appears that very little good evidence has vet
accumulated to support the contention that a defect in one or more
enzyme systems is responsible for the clinical picture of scurvy.
Further work on the effect of ascorbic acid on redox potential may

lead to the demonstration that it is this effect which is partly or
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wholly responsible for the importance of ascorbic acid in metabolism,
A further possible role for ascorbic acid (in the transport of irom)is

discussed in chapter 7.

IVv. DISTRIBUTION

1., In the tiasues. The concentration of ascorbic acid in all
tissues is higher than in plasma, It is difficult to compare the
concentrations found in one organ with those found in other organs
because of differences in methodology between laboratories and
because of a scarcity of reports on estimations by the same laboratory
on different tissues, Yavorsky et alii (1934) stated the concen-
tration found in nine different human tissues from various age
groups. They found a very high content of ascorbic acid in adrenal
glands and brain, with lesser concentrations in pancreas, liver,
spleen, kidney and lung. Kuether et alii (1944) compared the
content of a number of tissues in guinea pigs fed varying doses of
ascorbic acid. Further literature on this subject can be found in
reviews by Ralli and Sherry (1941) and by Knox and Goswami (1961).
In general, very high concentrations of ascorbic acid are present
in hypophysis, adrenal cortex, thymus, and corpus luteum (0.5-1,5
mg/G) . Intermediate concentrations are found in white cells,
platelets, brain, pancreas, liver, and spleen (0,1-0.5 mg/G), and
lesser amounts in kidney, lung, and skeletal, smooth, and cardiac

muscle (0,02-0.1 mg/G).
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2. In the oell. The distribution of ascorbic acid within
the cell has been studied by histochemical technigques and by
estimations performed on cell fractions after isolation on sucrose
density gradients. Staining tissues with silver nitrate caused
blackening in the mitochondria, the Golgi apparatus, and the large
granules of the adrenal and pituitary macrophages, but there is
1ittle evidence that this technique is specific for ascorbic acid
(Pearse, 1953). Ascorbic acid estimations on separate cell
fractions showed that most of the ascorbic acid was in the microsome
fraction, and that some was present in the mitochondria, and that

little if any was in the nucleus (Gero and Roux, 1958).

V. NUTRITIONAL REQUIREMENTS IN MAN

Ascorbic acid is absorbed from the gastrointestinal tract and
equilibrated in the tissues in less than 4 hours (Woodruff, 1964).
The plasma levels which can be attained are limited by the pattern

14

of renal excretion, Urinary excretion of carbon accounted for

14—labe11ed ascorbic acid in a normal

97% of an oral dose of C
subject (Baker et alii, 1966). Ascorbic acid passes into the
glomerular filtrate and is then reabsorbed in the proximal tubule
(Friedman et alii, 1940). Reabsorption is incomplete at all plasma
levels, but when the plasma level exceeds 1.4 mg/100 ml the

reabsorption mechanism is working at its maximum rate, and any

further ascorbic acid to reach the plasma is very rapidly excreted
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in the urine (Friedman et alii, 1940).

In adults an intake of 60-100 mg of ascorbic acid per day is
required to produce tissue saturation (Goldsmith, 1961). The
plasma ooncentration of ascorbic acid in saturated subjects is 1.0-
1.4 mg/100 ml, and the content of the buffy layer of centri fuged
blood has been variously estimated as 0.34 mg/G (Morse et alii,
1956) and 0.18 mg/G (Woodruff, 1964). These differences are

probably methodological,

It is generally agreed that the buffy layer content of ascorbic
acid provides a reasonable index of tissue stores, whereas the
plasma level is a reflection of recent intake (Woodruff, 1964).
Experimental depletion of human subjects (Crandon et alii, 1940;
Vitamin C Subcommittee, 1953) showed that plasma levels approach

zero after about 6 weeks on an ascorbic acid free diet, whereas

the content of the leukocyte-platelet layer reaches minimal values after

15-20 weeks, just prior to the onset of scurvy.

The minimal amount of ascorbic acid required to prevent scurvy
is 8 mg/day (Johnstone et alii, 1946) and 10 mg/day will produce
healing of the disease in 10-14 weeks (Vitamin C Subcommittee,
1953) . British and Canadian authorities recommend a daily
intake of ascorbic acid of 30 mg, but the Unites States National
Research Council recommends 75 mg (Woodruff, 1964). The

latter recommendation is based on the belief that near saturation
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levels in plasma and tissues are desirable, This partly stems from
the teleological view that saturation may be desirable in man because
the tissues of animals which synthesise their own ascorbic acid are

saturated with this substance (Goldsmith, 1961).

There have been reports that saturation of the body with
ascorbic acid confers some protection against colds (Ritzel, 1961)
but a recent study by Walker et alii (1967) does not substantiate
this, Some Russian authors have suggested that high concentrations
of tissue ascorbic acid may help prevent atheroma formation, but
their evidence is questionable (see below). In summary, there is
no good evidence that saturation of the tissues with ascorbic acid

is more or less desirable than a somewhat lower level,

VI. ASCORBIC ACID IN HAEMOSTASIS

1, The purpura of scurvy. One of the main clinical features

of scurvy in adults is a severe purpura (Lind, 1753; Vilter, 1962),.
Early in the course of the disease petechial haemorrhages appear in
the hair follicles of the lower limbs, around joints, and in those
areas which are exposed to trauma such as pressure from belts and
brassieres. The petechiase later coalesce to form large ecchymoses,
and haemorrhages also occur into muscles causing painful lumps, and
into joints causing haemarthroses. Swelling of and haemorrhage

from the gums may occur, but these changes are usually minimal or
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absent in patients with good dental hygiene. Petechial haemorrhages
of the brain and intestine are common but a severe intracranial
haemorrhage is rare, even in fatal cases. Haematuria is common and
a haemorrhagic pericardial effusion occasionally occurs. The
tourniquet test does not usually demonstrate increased capillary
fragility, though new haemorrhages around hair follicles may occur

about half an hour after the test.

3, Cause of the bleeding tendenoy in eocurvy. The bleeding
tendency in scurvy may theoretically be due to a defect in the
capillary wall, the platelets, the coagulation mechanism, or a

combination of two or more of these factors.

(a) Role of the eapillary wall, Prior to the demonstration
of a defect in platelet adhesiveness in scurvy (Born and Wright,
1967; Wilson et alii, 1967) it was thought that the purpura in
scurvy was due entirely to a defect in the capillary wall (de
Gruchy, 1964). The capillary wall has three important components
(Chambers and Zweifach, 1947): the endothelial cells which are
bound by intercellular cement, the endocapillary layer which is a
coating of blood proteins on the luminal surfaces of the endothelial
cells, and the connective tissue pericépillary sheath which surrounds
the vessel, The pericapillary sheath of which collagen is a major
component seems to be the most likely layer to be defective in

scurvy. Penney and Balfour (1949) have shown that ascorbic acid is
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required for the formation of the pericapillary sheath in new
granulation tissue, Ascorbic acid is not necessary for the
maintenance of collagen which has been formed for some time
(Robertson, 1950, 1952) but in the absence of ascorbic acid
collagen is not formed in new granulation tissue and hyaluronic
acid accumulates (Robertson, 1961). New capillaries have been
observed around hair follicles in experimental scurvy (Vitamin C
Subcommittee, 1953) and it therefore seems likely that the

haemorrhage occurs from these capillaries.

Reppert et alii (1951) produced evidence from experiments with
rabbits which suggested that the increased capillary permeability
in scurvy could be due to the inhibitory effect which ascorbic
acid exerts on the hyaluronidase-hyaluronic acid reaction. It is
difficult to justify their use of an experimental animal in which

the tissues are normally saturated with ascorbic acid.

(b) . Role of the pZathets.. "There has been a regrettable
tendency to implicate a 'vascular factor' whenever a bleeding
diathesis is unexplained" (Marcus and Zucker, 1965). This is not
entirely true in scurvy where there is some evidence that the
|capillary wall may be defective (Penney and Balfour, 1949), but it
‘is true that a platelet defect has not been excluded as a possible
cause for gpe bleeding. The first indication that the platelet may

be implicated in scurvy came from the finding of a high ascorbic acid
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content in platelets by Barkhan and Howard (1958), If this
substance is concentrated by platelets it is probable that it is
required in platelet metabolism. Cetingil et alii (1958) found

a defective platelet thromboplastic function in one case of

scurvy, but this result could not be confirmed by Hart et alii
(1964) in three cases of scurvy, Recently, however, it has been
shown that platelet adhesiveness is decreased in scurvy (Born and
Wright, 1967; wilson et alii, 1967) and it now seems probable that

platelets are responsible at least in part for the purpura of scurvy.

(e) Role of the coagulation meohanism, Barkhan and Howard
(1959) studied the blood coagulation mechanism in scorbutic guinea
pigs. These animals had an increased platelet count, a long
plasma one stage prothrombin time, and impaired blood thromboplastic
activity. The clot retraction time and the thromboplastic activity
of plﬁtelets were normal. The defects in the coagulation mechanism
appeared to be multifactorial, but their exact nature was not
established. Extensive clotting studies by Hart et alii (1964) in
three patients with scurvy revealed no marked anomalies. According
to recent reviews (Nutrition Reviews, 1960; Dayton and Weiner,
1961) , although deficiencies of various coagulation factors have
been demonstrated in scurvy, the degree of magnitude of this
alteration and its significance remains controversial. The purpura

of scurvy resembles that of platelet or capillary origin, rather
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than a deficiency in the coagulation mechanism.

In summary, the blood coagulation mechanism can probably be
excluded as a major factor in the aetiology of the purpura of
scurvy. The evidence in favour of a defect in the connective
tissue sheath of the caplllary wall is based mainly on the failure
of fibroblasts to form this sheath in new granulation tissue in the
absence of ascorbic acid (Penney and Balfour, 1949), and on the
appearance of new capillaries around hair follicles in scurvy
(Vitamin C Subcommi ttee, 1953). A defect in platelet adhesiveness
in scurvy (Born and Wright, 1967) suggests that a platelet defect
may well be responsible at least in part for the purpura which

occurs in this condition.

VIiI, ASCORBIC ACID AND ATHEROMA

It is generally accepted in Russia that ascorbic acid
administration acts as a prophylactic against coronary artery
disease (Simonson and Keys, 1961). Since deposition of platelets
on arterial walls is considered a possible mechanism for athero-
genesis (Mustard et alii, 1964) it is appropriate to review the
literature on the relation of ascorbic acid to atheroma, The
Russian literature was reviewed in 1961 by Simonson and Keys.
Experiments in Russia (Anitchkov, 1959; Myasnikov, 1958; Zzaitsev
et alii, 1964) have shown that the administration of large doses
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of ascorbic acid to rabbits fed atherogenic diets lowers the serum
cholesterol content and retards the development of atherosclerosis,
A report in the western literature (Flexner et alii, 1941)
indicated, however, that large intravenous doses of ascorbic acid
failed to affect either the serum cholestercl or the development

of atherosclerosis in the aorta.

Sedov (1956) in Russia reported the results of a clinical trial
in which 106 patients recelved a course of 0.5-1.0 G of ascorbic
acid daily for 20-30 days, This course was repeated after an
interval of 1-3 months, In those patients with a serum
cholesterol concentration greater than 250 mg/100 ml before
treatment a significant fall in serum cholesterol occurred (P. <
0.001) and clinical improvement was claimed. Samuel and Shalchi
(1964) in the United States of America found that 1-6 G of ascorbic
acid per day for 5-16 weeks failed to alter the serum cholesterol

concentration in 14 patients.

The clinical trials conducted in Russia are criticised by
Simonson and Keys (1961) because double blind studies with
placeboes were not used and statistical evaluation of the results

was inadeguate.

Some support for a role for ascorbic acid in atherogenesis

can be found in the western literature. Willis (1953) reported
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hypercholesterolaemia and an increase in the degree of athero-
sclerosis in scorbutic guinea pigs. King et alii (1953) found

that guinea pigs fed C14

-labelled acetate showed a progressive
increment in the fixation of acetate in cholesterol with the

onset of scurvy.

Whether or not ascorbic acid administration will lower the
serum cholesterol in some patients with atherosclerosis, the
fact remains that there are easier and more certain methods of
producing this effect. Most western workers remain sceptical

of the value of ascorbic acid in the prophyiaxis of atherosclerosis.

VIII, COMMENT

Ascorbic acid is essential for tissue metabolism. Although
a large amount of work has been devoted to this substance its
role in metabolic processes has not yet been elucidated. of
particular importance in this thesis is the requirement for
ascorbic acid in the maintenance of vascular integrity where it
may be required in the formation of capillary walls, in platelet
metabolism, or both of these.

PART C, METHODS FOR THE ESTIMATION OF ASCORBIC ACID IN BIOLOGICAL
SAMPLES
I. BIOLOGICAL ASSAYS

The first estimations of ascorbic acid were carried out by
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biological assay (Bliss and Gyorgy, 1951). These methods were

of two types, based on the ability of this substance either to
prevent the appearance of scurvy in guinea pigs on an otherwise
scorbutic diet, or to effect a degree of cure of scurvy already
induced in the test animals. Such methods were tedious,.difficult
to make quantitatively accurate, and comsuming of both time and

guinea pigs (Bliss and Gyorgy, 1951).

II. CHEMICAL METHODS

Chemical methods are based on one of two main principles.
Some measure the reducing power of the sample; others measure
the coloured 2,4-dinitrophenylhydrazone derivative of dehydro-
ascorbic acid (Gyorgy and Rubin, 1950; Roe, 1954). Methods
based on the reducing power of the sample frequently make use of a
coloured dye which can be reduced by ascorbic acid to its leuko
form., The amount of reducing substance present in the sample can be
determined either by titration or by colorimetry. The dye most
commonly used is 2,6-dichlorophenolindophenol (D.C.P.I. procedure,
Gyorgy and Rubin, 1950). Other substances which are sometimes
.used are methylene blue (Lund and Lieck, 1936), iodine (Gyorgy and
Rubin, 1950), and mercuric chloride (Lee and Leong, 1964). In
the 2,4-dinitrophenylhydrazine (D.N.P.H.) procedure (Roe and Hall,
1939; Roe and Kuether, 1943) the ascorbic acid is oxidised to
dehydroascorbic acid which is then coupled to D.N.P.H. to form a

' hydrazone. On treatment with sulphuric acid this yields a deep
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reddish-orange colour which can be estimated by colorimetry (Roe,

1954).

Unfortunately, neither methods based on reduction nor methods
based on hydrazone formation are specific. The D.C.P,I. method
also measures other reducing substances such as cysteine, gluta-
thione, cuprous and ferrous ions (Gyorgy and Rubin, 1950; Roe,
1954), The D.N.P.H., method may be interfered with by substances
such as 2,3-diketogulonic acid (Penney and Zilva, 1943; Pijoan
and Gerjovick, 1946), pyruvic acid (Sealock and Scherp, 1941; Lu,
1939) and phenylpyruvic acid (Penrose and Quastel, 1937) as these
substances also have carboxyl groups capable of forming hydrazone
derivatives (Gyorgy and Rubin, 1950). The lack of specificity and
unsatisfactory nature of these methods is evinced by the many

modifications which have been published since 1940,

1. 2,6-diehlorophenolindophenol (D.C.P.I.) method. Many of
the modifications which are claimed to render the D.C.P,I. method
more specific are based on the assumption that ascorbic acid
reduces the dye almost instantaneously whereas other reducing
substances do so more slowly. In one such modification titration
readings are taken at intervals and extrapolated back to zero time
to determine the true ascorbic écid concentration (Bessey, 1938).
In another modification the unreduced dye is rapidly extracted with

Xylene to remove it from contact with other reducing substances



56

(Robinson and Stotz, 1945). These modifications do not completely
eliminate interference because the assumption that other reducing
substances reduce more slowly than ascorbic acid is not always

correct (Lugg, 1942).

In 1943, Levy published a modification in which the extract
was allowed to react with hydrogen peroxide before adding the dye.
This reduced interference due to sulphur dioxide by converting it
to sulphuric acid. The method was not valid, however, in the
presence of iron and copper salts, Others (Kirkpatrick, 1941;
Mapson, 1941), used acetone or certain sugars to prevent the dye
reacting with sulphite ions, Lugg (1942) carried out the reaction
in the presence of formaldehyde claiming that this reduced inter-
ference from substances such as cysteine, sulphite, hydrogen

sulphide, and st—treated pyruvic acid.

Although all these modifications reduce the degree of inter-
ference, none is highly specific for ascorbic acid. Campbell et
alii (1951) found serious errors in the presence of ferrous,
cuprous, or cupric ions when analysing pharmaceutical preparations

by seven different modifications of the D.C.P.I. method.

2. 2,4-dinitrophenylhydrasine (D.N.P,H,) method. Roe (1961)
claims to have answered objections that the D,N.P.H. method is not

specific. He showed that incubation of samples and controls at
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15°c for 18 hours gave similar results to incubation at 37° for

3 hours. He says "If interfering substances that couple slowly
with dinitrophenylhydrazine are present in the tissue extracts
they would be expected to yield more chromogen at 37°C than at
15%, This experiment does not seem to be an adequate method
for the determination of the presence or absence of specificity,
His contention is correct only if the rate of hydrazone formation
with interfering substances was affected by temperature changes in
a different manner from hydrazone formation with dehydroascorbic
acid, ‘'Roe (1961) has shown that fructose, glucose and glucuronic
acid do not interfere with the D.N.P.H. method, but there are
other substances in biological samples capable of forming coloured

derivatives with D.N.P.H. (see above).

Another disadvantage of the D.N.P.H. procedure is the 4 hour
incubation period. Schaffert and Kingsley (1955) shortened this
time to 10 minutes by incubating at 100°C instead of 37%., This
‘was subsequently shown by Roe (1961) to increase the likelihood of

interference from other substances.

5. Uee of the ultraviolet absorption of asocorbie aoid.
Ascorbic acid absorbs strongly in the ultraviolet range. The
wavelength of maximum absorbance varies with PH and occurs at 224
mp when the pH is 3 (Figure 1). Dehydroascorbic acid at this

concentration does not absorb in the ultraviolet range (Figure 1).
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The difference between the absorbance of a solution of the extract in
1:50,000 potassium cyanide and the absorbance of the same solution
afte; destruction of the ascorbic acid by ultraviolet irradiation
gave a measure of the ascorbic acid concentration (Robertson,

1934; Chevallier and Choron, 1943). This method has not gained
acceptance because of the unpredictable effect of ultraviolet

irradiation on a complex biological sample.

4. Chromatographioc methode. It is interesting that chromato-
graphic methods give lower values than volumetric procedures,
presumably because of the greater specificity obtained by chromato-
graphy (Prochazka, 1963), The principal method used has bheen
paper chromatography. A list of references is obtainable (Macek
et alii, 1957-1960) and the subject has been thoroughly reviewed
(Prochazka, 1963). Using paper chromatography Mapson and
Partridge (1949) separated ascorbic acid from reductone, reductic
acid, hydroxytetronic acid and dihydroxymaleic acid. They
suggested that since these substances can interfere with ascorbic
acid estimations, paper chromatography might increase the
specificity of these procedures. Heimann et alii (1953)
published a paper chromatographic method by which all the
substances which usually interfere with the estimation of
ascorbic acid such as cysteine, glutathione, and ferrous and
stannous ions can be separated from ascorbic acid. Estimation of

ascorbic acid by paper chromatography has been performed (Chen et alii,
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1953; Herrmann and Zobel, 1962). The ascorbic acid was eluted
and subjected to estimation with D.C.P.I. Paper chromatographic
technigques have the disadvantage that because of the lengthy
nature of the procedure (about 24 hours for development of the
chromatogram) it is difficult to prevent a considerable loss of

ascorbic acid by oxidation (Prochazka, 1963).

The possibilities of thin layer chromatography have not been
adequately explored (Bolliger, 1965), Strohecker and Pies (1962)
allowed the biological extract to react with D.N.P.H. and
separated the hydrazones so formed by thin layer chromatography
on silica gel, The spots were eluted with sulphuric acid and
estimated spectrophotometrically. A search of the literature
has revealed no other publications on the use of thin layer

chromatography in the estimation of ascorbic acid.

III. COMMENT

Ascorbic acid is of vital importance in tissug metﬁbolism,
yet its metabolic function remains unknown. An essential tool in
the search for a solution to this problem is an accurate method
for its estimation. It is surprising therefore that none of the
methods at present in use are satisfactory. Procedures commonly
used lack specificity, for no attempt is made to separate ascorbic
acld from interfering substances. Though methods for the

separation of ascorbic acid from interfering substances by paper
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chromatography have been published, these have not gained

acceptance, This is probably because of the lengthy nature
of the procedure and because of the difficulty in preventing
the loss of ascorbic acid by oxidation during development of

the chromatogram,



CHAPTER 2

DEVELOPMENT OF A NEW METHOD FOR THE ESTIMATION OF

ASCORBIC ACID IN PLATELETS
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I. INTRODUCTION

The first requirement in the project described in this
thesis was for a method for the estimation of ascorbic acid in
platelets. A review of the literature revealed that methods
presently available for its estimation in biological samples
lack specificity (Chapter 1, part Q). Those which measure the
reducing power of the sample are interfered with by other
reducing substances present (Roe, 1954; Gyorgy and Rubin, 1950)
and those which depend on the formation of the dinitrophenyl-
hydrazone derivative of dehydroascorbic acid are interfered with
by substances which also form coloured derivatives with D.N.P.H.

(Gyorgy and Rubin, 1950).

In the search for a more specific method some authors have
proposed the separation of ascorbic acid from interfering
substances by paper chromatography (Prochazka, 1963). The
ascorbic acid can then be eluted and estimated by one of the
standard methods (Herrmann and Zobel, 1962). Chromatographic
methods give lower values than volumetric procedures because the

former are more specific (Prochazka, 1963).

In the method proposed in this chapter thin layer chromato-
graphy was used. The disadvantage of paper chromatography is
that 24 hours are regquired for development of the chromatogram.

This time factor is of particular importance in the case of an
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unstable substance such as ascorbic acid, for the more lengthy
the procedure the greater the likelihood of considerable loss of

ascorbic acid by oxidation.

Thin layer chromatography, on the other hand, takes only one
hour and therefore offers a possible means of quickly separating
ascorbic acid from interfering substances. The only previous
attempt to use thin layer chromatography for the estimation of
ascorbic acid was by Strohecker and Pies (1962) who treated the
biological extract with D.N.P.H. and separated the hydrazones so
formed by thin layer chromatography on silica gel. The spots
were eluted with sulphuric acid and estimated spectrophoto-

metrically.

The method described in this chapter made use of two main
principles:

1. Thin layer chromatography. Increased specificity was
obtained by thin layer chromatography of the piatelet extract by
which means ascorbic acid was separated from other reducing
substances present in the sample. The separated ascorbic acid
was eluted from the chromatogram and the amount of ascorbic acid

in the eluate estimated by a sensitive colorimetric method.

2, Estimation by a eeneitive colorimetric method. A very
sensitive method for the estimation of ascorbic acid was devised.

This was necessary because thin layer chromatography involves loss
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of sensitivity; it was possible to apply only a small volume of
sample (such as 20 pl) to the origin of the chromatogram, and
after development of the chromatogram the ascorbic acid was
eluted in a much larger volume of solvent (such as 2 ml)

effectively diluting the ascorbic acid by a factor of about lo0,

II. DEVELOPMENT OF A SENSITIVE METHOD FOR ASCORBIC ACID ESTIMATION
o0 General prineiple. Before attempting the resolution of
ascorbic acid by thin layer chromatography a sensitive and rapid
method was required for the estimation of ascorbic acid. It can
be predicted from redox potential theory that ascofbic acid should
reduce ferric ions to the ferrous form (Hewitt, 1950). If
ascorbic acid were added to a molar excess of ferric chloride
solution, the amount of ferrous ions liberated should theoretically
provide a measure of the amount of ascorbic acid present. For
the estimation of the liberated ferrous ions two main principles
offering the possibilities of rapidity and great sensitivity were

explored, (i) If radioactive iron (Fe59

C13) were used the
ferrous ions could be estimated by their radiocactivity 1f a method
could be found for the separation of ferrous from ferric ions.

(i1) A number of chromogens are available which form intensely

coloured derivatives with ferrous ions but not with ferric ions.

2, Use of radicactive iron, Two possible methods for the

separation of ferrous from ferric ions were considered.



TABLE 1, THE ESTIMATION OF ASCORBIC ACID USING RADIOACTIVE IRON (F05!

SAMPLE CONTAINING

REAGENTS ASCORBIC ACID BLANK CONTROL
1. 0,40 mM Fe CI3 10 m1 10 m»1 10 m
2. 0.04 uC re>?/m1 -

(as Pe39C1,) 10 m1 ml 10 ml
3. Sample solution 10 ml - -
4. Distilled water -~ 10 ml 10 ml
5. HC1l, NH,OH, Hg0

as needed 10 ml 10 m) 10 ml

| == 5 J

é. pH adjustment pH 2 ¥ pH 8 pH 2
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(a) It is possible to separate ferrous ions from ferric
ions by thin layer chromatography (personal observations). This
possibility has the disadvantage that, in addition to the
separation of ascorbic acid from other reducing substances, another
chromatographic procedure is required which would involve further
loss of sensitivity.

(b) The solubility product of ferrous hydroxide is 1.64 x

-14 -36

10 whereas that of ferric hydroxide is 1.1 x 10 (Kolthof¥f
and Elving, 1962), Thus while at pH 7 ferrous hydroxide is

appreciably soluble ferric hydroxide is extremely insoluble.

Because of the loss of sensitivity involved the first
possibility was discarded and the separation of ferrous from
ferric ions was attempted on the basis of their differing
solubilities, The test was set up as in Table 1. Ferric
chloride, radioactive iron, and sample solution containing varying
amounts of ascorbic acid were pooled in a 50 ml beaker. Blank
and control samples (0 and 100% values) containing no ascorbic
acid were included. The pH of the contents of each beaker was
adjusted to 2 with hydrochloric acid and then all except the
' control (which was left at pH 2) were brought to pH 8 with ammonium
hydroxide. The final volume was brought to 40 ml and 10 ml
aliquots were centrifuged at 1300 g for 30 minutes, The gamma

activity of the supernatant was determined by scintillation
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counting. Results were expressed as
Percentage radioactivity of supernatant =

Sample activity - blank activity
x 100%

Control activity ~ blank activity

As expected ascorbic acid, by maintaining radioactive iron
in solut#on, increased the amount of radiocactivity in the super-
natant (fig. 2). The relationship between the ascorbic acid
concentration and the radioactivity of the supernatant was non-
linear however, and an adequate measure of ascorbic acid
concentration was possible only over the range 0.06 - 0,1 mM
(concentration of ascorbic acid in the 10 ml sample), It was
interesting that 100% iron solubility was attained when the molar
ratio of iron to ascorbic acid was 4:1. The significance of
this finding in relation to possible complex formation between
dehydroascorbic acid and ferric ions will be discussed in Chapter

Though this method could probably be made very sensitive by
the use of more dilute ferric chloride of a higher specific
activity, it had the great disadvantage that it was sensitive
over only a small concentration range, It was therefore

discarded in favour of the following method.

3. Use of an iron ohromogen. (Fe-T.,P.T.Z. method).

Ferrous ions react with a number of iron chromogens to form
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intensely coloured products well suited to spectrophotometric
estimation. Some of these chromogens are specific for ferrous
ions and do not react with ferric ions. The most sensitive of
these 1s tripyridyl-s-triazine (T.P.T.Z. J{Caraway, 1961; Fischer
and Price, 1964) which forms a violet ferrous derivative, PFe
(T.P.T.z.)z, with a molar extinction coefficient of 22,600 in
aqueous solution at 593 mp (fig. 3). At pH 3,4-5,8 the colour
formation is complete, stable, and follows Beer's law (Fischer

and Price, 1964).

5.0 ml of ferric chloride (0.16 mM in 0.01 M HCl), 5.0 ml
of T,P.T.Z. (4.0 mM) and 5.0 ml of ascorbic acid (of known
concentration in 1% acetic acid) were pooled in a beaker, The
PH was adjusted to less than 2 with hydrochloric acid and then
to 4,0-4.5 with ammonium acetate. The final volume was made up
to 20 ml with distilled water and the absorbance of the resulting
solution measured in a spectrophotometer at 593 my using a glass
cell of 1.0 cm light path, A range of concentrations of ascorbic

acid from 0-0.12 mM were tested.

Beer's law was followed over the concentration range 0-14,7
ug/ml of the 5 ml sample (0-0.021 mM in the 20 ml final volume)
(fig. 4). In those samples in which the ascorbic acid
concentration exceeded this range no further colour was generated,

At the upper limit of this range the concentration of ascorbic
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acid was half the concentration of iron (0,40 mM in final volume).
When 5.0 ml samples of dehydroascorbic acid containing 10 ug/ml
were tested the absorbance was equivalent to that in blank

samples.

When ascorbic acid is oxidised it liberates 2 hydrogen atoms
each capable of donating an electron. It would therefore be
expected that 1 molecule of ascorbic acid would reduce 2 ferric
ions to ferrous ions. This hypothesis 1s consistent with the
fact that concentrations of ascorbic acid greater than 0.021 mM
(final volume), which is half the concentration of iron (0.040mM),
failed to generate more colour, The reaction can therefore
probably be represented as follows:

+ +

ascorbic acid + 2 Fe++ + dehydroascorbic acid + 2 rett + 2 H

2 rett + 4 T.P.T.2. +» 2 Fe (T.P.T.3.),

4. Advantages of the Fe-T,P,T.Z, method over other methods.
(a) The Fe-T.P.T.Z, method is more sensitive than other methods.
This can best be shown by comparing the molar extinction
coefficients, The molar extinction coefficient can be calculated
from the formula

&= pe

where a = extinction coefficient

A = absorbance generated

¢ = molar concentration

b = lepgth of light path



68

In the experiment illustrated in Figure 4 the extinction
coefficient for ascorbic acid was 36,900, In later experiments
under slightly different conditions 42,800 was obtained. This
can be compared with 23,200 for the D.N.P.H, procedure and 9,770
for the ultraviolet absorption of ascorbic acid at pH 3 (both

values determined in this laboratory.

It is more difficult to compare the sensitivity of other
methods for ascorbic acid estimation as extinction coefficients
for these are not quoted in the literature. The Fe-T.P.T.Z.
procedure when modified for use in a 4.0 cm cell (see below)
requires a sample concentration of less than 1.25 ug/ml of
ascorbic acid. The D.C.P,I. method, which regquires a sample
concentration of 2-10 ug/ml appears to have about the same
sensitivity as the D.N.P.H, procedure (Roe, 1954), The lower
limit of sensitivity of the method of Lee and Leong (1964),
which utilises the reduction of mercuric to mercurous ions, is
10 pg/ml. The Fe-T,.P.T.Z. method is therefore the most sensitive

yet described for the estimation of ascorbic acid.

(b) The Fe-T.P.T.Z. method takes only 2-3 minutes per
sample and is therefore more rapid than the D.N.P.H. procedure

which includes a 4 hour incubation step.

(c) A disadvantage of the D.N.P.H. method is that all

reactions are carried out in a high concentration of sulphuric
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acid. The oily highly acid solution is difficult to handle and

unpleasant to work with,

(d) An advantage of the Fe-T.P.T.2%Z. method over the D,C.P.I.
procedure is that in the Fe-T.P.T.Z. method the blank has minimum
absorbance and colour intensity is directly proportional to ascorbic
acid concentration. In the D.C.P,I, procedure the blank has
maximum absorbance and colour formation is inversely proportional
to ascorbic acid concentration. This increases the lower limit of
sensitivity of the D.C.P.I. method, for a small difference between
two large values cannot be measured as accurately as the same

absolute difference between two small values.,

§. Further development of the Fe-T.P.T.Z., method. Because
of the advantages of the Fe-T.P.T.Z, method over existing methods
it was chosen for the estimation of ascorbic acid which had been
eluted from the chromatogram. Further development of the method

was therefore undertaken.

(a) Control of pH. Full colour development did not occur
and the intensity of colour was not reproducible unless the pH of
the mixture of ascorbic acid, ferric chloride, and T.P.T.2Z. was
reduced to less than 2,0 during the procedure, This is because
ferric ions at a pH above 2 aggregate to form multi nuclear

complexes which are chemically less reactive than free ferric ions
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which exist in acid solution (Eichorn, 1964).

Fischer and Price (1964) stated that maximum colour formation
was obtained at pH 3.4-5.8, This was substantiated in this
laboratory. Furthermore it was found that if the pH was raised
to above 6 loss of colour occurred, and this could not be
recovered by further manipulation of the pH. Thus it was
important to avoid overtitration. Ammonium acetate (10-30%)
proved to be a suitable buffer for raising the pH from 2.0 up to
4,0-4.5.

(b) Stability of the blue complex. Two samples of
absorbance 0,495 were left on the bench and tested in the spectro-
photometer at 15 minute intervals, A gradual increase in
absorbance to 0.52 occurred over an hour, after which it remained
constant, No error resulted if all samples were tested at the
same period of time after titration. It was customary to

determine the absorbance immediately after titration.

(a) Stability of ascorbie acid solutione, At first
considerable difficulty was experienced in the preparation of
solutions containing a known amount of ascorbic acid because of
loss of ascorbic acid due to breakdown by oxidation. It is
known that ascorbic acid is unstable in solution if the pH is
not near 3 (Uprety and Revis, 1964) or if trace metal ions such

as those of iron or copper are present (Roe, 1954),. When
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ascorbic acid (10 ug/ml) was prepared in distilled water 8% was
lost over a period of two and a half hours, irrespective of
whether it was kept in the refrigerator or left on the bench,
Bubbling oxygen free nitrogen through the solution did not

increase the stability of the ascorbic acid.

The problem of ascorbic acid breakdown was partially over-
come when it was discovered that the stability was greatly
enhanced if the ascorbic acid was prepared in a solution of 1%
acetic acid which has a pH of 3; no deterioration occurred over
half an hour at room temperature, though 5% was lost over 24 hours

at 0-4°C in the refrigerator.

Another cause of ascorbic acid breakdown at this stage of
the project was the impurity of the distilled water which was
significantly contaminated with iron to the extent of 0.2-0.3 ug/
ml by the method of Fischer and Price (1964). When ascorbic
acid solutions in the concentration range 0-1.25 ug/ml were used
(see below) this degree of contamination was sufficient to
considerably increase the rate of breakdown of ascorbic acid.
Later in the project distilled water which had been subsequently
deionised in a mixed-bed ion exchange resin demineraliser became
available, Ascorbic acid solutions prepared in 1% acetic acid
using this water did not deteriorate when left at 0-4°C for 24

hours,
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(d) Attainment of maximum sensitivity. The sensitivity
of a spectrophotometric method can be enhanced by increasing the
length of the light path through the sample, and by decreasing
the final volume of the reaction mixture. In the spectrophoto-
meter used (Beckman DB) the maximum light path available was 4.0
cm, The minimum volume which could be accommodated in such a
cell was 3,6 ml, Spacers 9.0 mm high were then required to
raise the lower part of the cell into the path of the light beam,
Reproducible results were obtained if a volume of 4.0 ml. was
used, Preliminary tests with silica gel showed that 2.0 ml. of
1% acetic acid was sufficient for elution of ascorbic acid from a
silica gel thin layer chromatogram. If 1.0 ml of Fe-T.P.T.Z,
reagent was added to this 2.0 ml sample the adjustment of pH
could easily be carried out without exceeding a total volume of

4.0 ml,

é. Procedure finally used for Fe-T.P.T,Z. weaotion.
(a) Reagents, (1) Ferric chloride stock solution (0.01 M

N

FeCl3 in 0,2 M HC1). (ii) 2,4,6-tripyridyl-s-triazine, C3 3

(CSH4N)3,* (T.P.T.2.), 0,004 M stock solution. This was
prepared by dissolving 124.8 mg of T.P.T:z. in 1 ml of 1.0 M HC1
and diluting to 100 ml with deionised water. The solution was
stable indefinitely i1f kept in a well-stoppered bottle in the
dark (Fischer and Price, 1964). (11i) Fe C13-T.P.T.z. reagent,

*G. Frederick Smith Chemical Co. Ohio, U.S.A.
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5.0 ml of Fe C13 stock solution was added to 25 ml of T.P.T.Z.
stock solution and the volume made up to 500 ml with 0.05 M HC1,
The solution then contained 0.1 mM Fe Cl3 and 0.2 mM T,P,T.Z. in
0.05 M HC1, This solution was stored in the dark in the
refrigerator at 0~4°c, (iv) Ascorbic acid standard solution
(1.25 ug/ml in 1% acetic acid). (v) Hydrochloric acid 3.0 M,
(vi) Ammonium acetate A.R. 30% w/v.

It was essential that all reagents should have a minimal
degree of iron contamination, Acid cleaned glassware was used
both for preparation of reagents and for carrying out the Fe-

T.P.T.Z2. reaction,

(b) Procedure. 2.0 ml of the unknown sample and 1.0 ml of
the Fe-T.P.T.Z, reagent were pooled in a 10 ml beaker. The pH
was momentarily adjusted to 1.7-1.9 with HC1l and then brought to
4.0-4.5 with ammonium acetate. The final volume was adjusted to
4.0 m1 by the addition of distilled water and the absorbance was
then measured in a spectrophotometer at 593 my using a glass cell
with a 4.0 cm light path. 2,0 ml of 1.25 ug/ml ascorbic acid in
1% acetic acid and 2.0 ml of 1% acetic acid were treated in the
same manner as the unknown sample to determine the control (100%)

and blank values,

(a) Results. When known concentrations of ascorbic acid

were tested by the above procedure there was a linear relationship
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between absorbance and concentration of ascorbic acid in the 2 ml
sample over the range 0-1.25 ug/ml (Figure 5), For concentrations
of ascorbic acid greater than this value the proportionality no
longer occurred despite an excess of the reagents (Fe 013 and

T.P.T.Z2,).

In the experiment illustrated in Figure 4 the failure of the
relationship between absorbance and ascorbic acid concentration to
remain linear above a certain concentration of ascorbic acid was
probably due to exhaustion of the ferric chloride and T.P.T.Z.

In this instance, however, the reagents were in excess and the
loss of linearity was probably duve to a failure of the Fe- T.P,.T.Z.
complex to continue to adhere to Beer's law above this concen-

tration.

7. Reproduocibility of the Fe-T.P.T.Z, method. The method
was reproducible only if strict precautions were taken to ensure
the absence of iron contamination in all reagents, This was
because the reaction detected not only ascorbic acid but also
any contaminating ferrous ions; a ferrous ion concentration of
only 3 parts per 100 million in the final volume produced an
absorbance of 0.05. For this reason all glassware was acid
cleaned and beakers were capped with parafilm until ready for use
to guard against contamination from atmospheric dust particles.
Reproducibility was enhanced by rinsing the reaction beakers in

1.0 M HC1 just prior to use,



ABSORBANCE

FIGURE 5:

0-8

0.6

04 -

0-2 4

T T I
0 05 -0 1.5 2.0

ASCORBIC  ACID ( pg/ ml)

Relatlonship of absorbance to the known concentration
of ascorblc acid in 2.0 ml samples. Each point
represents the mean from 2 samples.



75

The reproducibility of the technique was shown on 10 2,0 ml
samples from a solution containing 0,625 ug/ml of ascorbic acid.
The mean increase in absorbance above the blank was 0.323 % 0.008,
a standard deviation of 2,5%, In 11 blank determinations a mean

absorbance of 0.043 &+ 0.008 was found.

III, DEVELOPMENT OF A THIN LAYER CHROMATOGRAPHIC METHOD FOR THE

SEPARATION OF ASCORBIC ACID FROM OTHER REDUCING SUBSTANCES

1, General principle. Thin layer chromatography provides a
simple, versatile, and rapid technique for the resolution of
biclogical samples, Separation takes about 1 hour which is much
more rapid than the 24 hours required for paper chromatography.
Resolving power is greater than with paper chromatography, partly
because increased speed leaves less time for diffusion to occur.
Rapidity is al;o important when an unstable substance such as

ascorbic acid ls used.’

The versatility of the method is greater than for paper
chromatography. A wide range of adsorbent materials is available
for use as a thin layer and the separating characteristics of the
adsorbent can be modified by varying either the solvent used to
make the slurry or the degree of heat induced activation of the
resultant thin layer. Larger volumes of sample can be
accommodataed simply by increasing the thickness of the adsorbent

layer.



76

An advantage over column chromatography is that it is
possible to run 11 samples simultaneously on a 20 cm x 20 cm
plate, whereas only one sample at a time can be resolved on a
single column, Another distinct advantage which thin layer
chromatography shares with paper chromatography is that most
substances can be readily detected by ultraviolet fluorescence

or by specific spray reagents,

The main disadvantage of thin layer chromatography compared
to column chromatography is that it is possible tc apply only a
small volume of sample (such as 2-~20 ul) in a single spot. This
is a drawback when elution of a substance followed by its
volumetric estimation is required, The amount of sample which
can be applied can be increased by using a thicker adsorbent
layer, by prior concentration of the sample, by repeated
application of the sample to the same spot with drying between

each application, or by application of the sample as a long streak.

Details on the methodology of thin layer chromatography are
available (Bobbitt, 1963; Stahl, 1965).

2. Apparatus,
(a) Glass plates 20 cm x 20 cm and 20 cm x 10 cm were used,
though in the thin layer chromatogram scanner 20 cm x 2.5 cm

were required. Prior to spreading the plates were cleaned by
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scrubbing with a mild abrasive, dipping briefly in acid, and
rinsing in distilled water. Any traces of grease which still
remained were removed just before use with ethyl alcohol

followed by n-hexane,
(b) Thin layer chromatogram spreader (Camag).

(c) Application of the sample was by micropipettes (Camag)
capable of delivering 1-10 ul or by a micrometer syringe (Agla)

which delivered volumes as low as 0.2 ul.

(d) Development was carried out in glass chambers (DeSaga)
which had been filled with solvent to a depth of about 1.5 cm, A
glass spacer 20 cm x 6 em x 1 cm reduced the amount of solvent
required, Saturation of the atmosphere inside the chamber with
solvent vapour was facilitated by lining the walls with filter

paper which was wetted with solvent by tilting the tank.

(e} Visualisation of substances separated by chromatography
was aided by an ultraviolet lamp with principal wavelengths 254 my
and 350 my and by spray reagents applied with a pressure pack

spray apparatus (Camag).

(f) An Actigraph III thin layer chromatogram scanner (Nuclear
Chicago) was used when the detection of beta emitting radioactive

isotopes was required. The apparatus was operated with a 21 mylar
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thin window arrangement and P10 (10% methane, 90% argon) was

14

used as counting gas. The counting efficiency for C~* was 8%,

3. Choice of an adsorbent medium. The first requirement was
for a combination of adsorbent and developing solvent which would
produce a separation of ascorbic acid from other raeducing
substances without excessive breakdown of ascorbic acid by
oxidation. Adsorbent materials commonly used in thin layer
chromatography are silica gel, cellulose and Keiselguhr (Diato-
maceous earth). Silica gel is the most extensively used, It
produces a highly active layer which is capable of separating
both hydrophilic and hydrophobic substances depending on the
solvents used (Waldi, 1965a). Cellulose and Keiselguhr are both
inactive media (Waldi, 1965a) which in combination with a polar
solvent can be used to separate a mixture of hydrophilic
substances (Stahl, 1965), Silica gel was chosen for assessment
as a possible medium for the separation of ascorbic acid from

other reducing substances.

4. Assessment of silica gel as a chromatographic medium. Silica
gel (Merck), HF254 (with added fluorescent indicator) or H
(without indicator), was used. 80 G of gel were thoroughly mixed
with about 160 ml of water to form a thin slurry, A layer 0.2 mm
thick was applied to the glass plates, allowed to dry overnight,

and activated by heating for half an hour in an oven at 110°c.



SEPARATION OF ASCORBIC ACID FROM OTHER REDUCING SUBSTANCES

TABLE 2.
ON SILICA GEL

—
distance from origin x 100 Detection of
Solutions applied Rf = spots
. length of run (10 cm)
—
CHROMATOGRAM 1 Ascorbic ] , . (a) Ultraviolet
acid cysteine glutathione 1iGhT 257 my.
. : Ascorbic acid darg
Agcg;b;c glerd 53 on green back-
: ground.
Cysteine 15 (b)" Ninhydrin spra
5 mg/ml ' (Waldi, 1965). “
. Ascorbic acid, de-
Gigt;tﬁline 13 hydroascorbic acig,
' g/m cysteine and gluta-
A:C = 1:1 50 13 thione pink on
A:G = 1:1 54 13 white background.
CHROMATOGRAM 2 Ascorbic Dehydroascorbic Silver nitrate-
acid acid ammonila-spray
. ) (Waldi, 1965).
Agcggb;c Aeiiid 54 Ascorbic acid
‘ black, dehydro-
Dehydroascorbic ascorbic acid brown
acid 0.02 M 65 after heat (110°
for 5 mins).
A:D = 1:1 55 68 Background white.
CHROMATOGRAM 3 Ascorbic (a) Ultraviolet
acid Fes0, SnCl, light 254 mp. Fe '@
Ascorbic acid dark spot. Fett
0.02 M 52 dark spot after
, drying.
Feso, 0.02 M 23 (b) Silver nitrate-
SnCl2 0.1 M 10 amﬁonia—spray.
SN
A:Fe = 1:1 55% 25 Sn™™. brown spot.
A;Sn = 1:1 58 10

*Some dehydroascorbic acid appeared at Rf 68,
Fett catalyses the oxidation of ascorbic acid.
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(a) Separation of ascorbic aeid from other reducing
substances on gilica gel. In the search for a solvent which
would separate ascorbic acid from other reducing substances on
silica gel, 5 ul aliquots of the solutions listed in Table 2
were applied as separate spots to the origins of thin layer
chromatograms (silica gel HF254) which were then developed in
the test solvents, The solvent n-propanol:acetic acid:water:
ethyl acetate = 80:8:10:20 produced a suitable separation of
ascorbic acid from other reducing substances and from dehydro~
ascorbic acid (Table 2). In addition it was found that sulphite
ions, rendered visible as white spots on a blue background by
spraying firstly with 0,002 N iodine in methanol and then with

0.5% starch solution, remained at the origin in this system.

(b) Method of elution from the chromatogram. Two different
techniques were tried for the elution of ascorbic acid from the
chromatogram, In the first technique the adsorbent containing
the ascorbic acid was scraped into a beaker and mixed with 1%
acetic acid. After centrifugation of the resultant suspension
the supernatant contained the eluted ascorbi¢ acid. The
disadvantage of this method was that it was difficult to transfer
the finely powdered scrapings quantitatively into the beaker.

This difficulty was solved by adopting the following method
(Malinek, 1965).
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Eluting pipettes were constructed from 10 cm lengths of 7 mm
internal diameter glass tubing which were constricted at one end
and plugged with glass wool (Figure 6). The area of cellulose
containing the ascorbic acid was drawn into the tube by tap
suction and allowed to form a layer over the glass wool plug,
Elution of the ascorbic acid was attained by passing the eluting
fluid through the cellulose layer, a process which was hastened

with the aid of compressed air.

Using this apparatus 10 mg of ascorbic acid was eluted from
a silica gel thin layer with 0.75 ml of 1% acetic acid, This

was well within the limit of 2 ml required by the Fe-T.P.T.Z.
method,

(c) Difficulties encountered with silieca gel. 10 yul
samples from solutions containing known amounts of ascorbic acid
were apélie& to a thin layer chromatogram which was then developed
in the solvent n-propanol:acetic acid:water:ethyl acetate = 80:8:
10:20, After drying the chromatogram the ascorbic acid spots
were located (see below) and then eluted. The ascorbic acid

concentration in the eluate was estimatqd by the Fe-T.P.T.Z.

reaction,

This experiment was repeated maﬁy times but no reproducible

relationship was obtained between the known amount of ascorbic
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FIGURE 6: The elutlon of ascorblc acld from cellulose.
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acid in each 10 ul sample and the amount detected in the eluate

by the Fe-T.P.T.Z. reaction,

Analysis of the results suggested that the lack of

reproducibility was due to the following causes:

1. Contamination of silica gel with iron. As stated
previously the Fe-T.P,T.Z. reaction detects 3 parts per 100
million of ferrous ions. According to the manufacturers (Merck)
the silica gel used contained 0.03% of iron. This relatively
large amount of iron impaired the estimation of ascorbic acid
for two reasons. Firstly it caused a high and variable blank
value in the Fe-T.P.T.Z. reaction. For instance, when two
areas of silica gel 1.5 em x 1.5 cm containing no ascorbic acid
were eluted and the eluates estimated, absorbances of 0.15 and
0.30 were obtained. Secondly, at the concentrations of ascorbic
acid used (0-2.5 ug/10 ul sample) it considerably enhanced the
breakdown of ascorbic acid during chromatography so that little

or no ascorbic acid could be detected in the eluate.

11. Fluorescent indiecator. When 2.5 ug of ascorbic acid
was eluted from silica gel (Merck) to which fluorescent indicator
had been added an absorbance of 0.30 was obtained on estimation
of the ascorbic acid in the eluate by the Fe-T.P,T.Z. reaction

(Mrean of 4 estimations). When silica gel (Merck) without added
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fluorescent indicator was used the mean absorbance was 0.57
suggesting that the fluorescent indicator either enhanced the
breakdown of ascorbic acid or interfered with the reaction

between ascorbic acid, ferric ions, and T.P.T.Z.

i1i. Loeation of ascorbic acid spots. Some of the
inaccuracy obtained when ascorbic acid was estimated after
chromatography on silica gel was due to error in the location of
the ascorbic acid spots after development of the chromatogram,
When silica gel without fluorescent indicator was used there was
insufficient ascorbic acid in the spots to allow their visual-
isation by ultraviolet light, The position of the sample spots
was therefore deduced from the location of econtrol spots containing
a larger amount of ascorbic acid. Though this method was
successful in most instances, slight distortion of the solvent
front sometimes occurred and altered the Rf values of the sample

spots in unpredictable fashion.

(d) Purification of silica gel - removal of iron, The
purification of silica gel was carried out in the hope that the
lack of reproducibility was due mainly to iron contamination of
the thin layer, Iron can be removed from silica gel by washing
with hydrochloric acid (Bobbitt, 1963). A major disadvantage of
the procedure as described by Bobbitt is that the sticky sludge

obtained is difficult to wash by filtration and it forms a cake
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on oven drying which must be ground and regraded for particle

size, For these reasons an alternative process was devised.

The silica gel was washed by suspending in an equal volume
of 5 N HC1, The suspension was centrifuged and the supernatant,
which was dark yellow due to iron contamination, discarded,
This washing procedure was repeated 5 times. The silica gel
was then washed with distilled deionised water 8-10 times after which
washing once in 0.05 M potassium phthalate brought the pH to 3.2.
The sludge was then resuspended in a small amount cf 0,05 M
potassium phthalate and applied immediately to glass plates,
thus obviating the problems which ocecur on drying in the procedure
described by Bobbitt. This process was still tedious, however,

and took about 3 hours.

Using this purified thin layer reproducible and low blank
determinations were obtained on a series of 2.0 ml eluates
estimated by the Fe-T.P.T.Z. procedure (0.077 + 0.023 on 7 2.0 ml
eluates compared with 0.055 ¢+ 0.008 for 8 2.0 ml samples of 1%
acetic aciq), Thus a considerable degree of purification had

been obtained.

(e) Eetimation of ascorbic aeid after chromatography on
purified silioca gel. To assess the suitability of purified

silica gel for the thin layer chromatographic estimation of
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ascorbic acid the following experiment was performed. Known
amounts of ascorbic acid (from 0-2.5 ug) in 1% acetic acid were
applied as 10 ul spots to a purified silica gel thin layer
chromatogram, Marker spots containing a larger amount of
ascorbic acid were also applied. The chromatogram was developed
in the solvent n-propanol:acetic acid:water:ethyl acetate =
80:8:10:20 and then partially dried in a cold air stream. The
location of the ascorbic acid spots was determined from the marker
spots which were rendered visible by spraying with silver nitrate
while screening the rest of the chromatogram to prevent contamin-
ation of the sample spots. Elution of each ascorbic acid sample
was carried out with 2.0 ml of 1% acetic acid and the absorbance

generated by each eluate in the Fe-T.,P.T.Z. reaction was measured.

A linear relationship was found between the amount of ascorbic
acid originally applied to the origin of the chromatogram and the
absorbance of the blue Fe (T.P.T.Z.)2 complex (Figure 7). The
eluate corresponding to the sample containing no ascorbic acid
yielded an absorbance of 0.10 and that corresponding to the sample
containing 2.5 ug an absorbance of 0.55, 2,0 ml of 1% acetic
acid and 2.0 ml of 1% acetic acid containing 2.5 pg of ascorbic
acid yielded an absorbance of 0.04 and 0.68 respectively. The
recovery of ascorbic acid after chromatography was therefore

0,55 - 0,10

25 —0-04 X 100% = 70%.
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These results showed that the lack of reproducibility of the
results obtained previously was due largely to contamination of
silica gel with iron. Furthermore they demonstrated the
suitability of purified silica gel for the thin layer chromato-

graphic estimation of ascorbic acid.

5. Assessment of cellulose as a chromatographic medium.
The disadvantage of silica gel was that a time consuming procedure
was reguired for the removal of iron contamination. Keiselguhr
(Merck) also has a high iron content (0.05%%* as compared to 0.03%*
for silica gel) but cellulose (Whatman CC41l) has an iron content

of less than 0.0005%* and should not require purification.

(a) Preparation of plates. In accordance with the
recommendations of Bobbitt (1963) for quantitative thin layer
chromatography, the cellulose was prewashed once in n-propanol and
once in 1% acetic acid. It was then resuspended in sufficient 1%
acetic acid to form a thin suspension which was applied to the
glass plates as a layer 0.65 mm thick. A 10 nul sample of water
applied to a cellulose layer of this thickness produced a spot
diameter of 1.0-1.1 cm which was small enough to allow 10 such

samples to be accommodated on one 20 cm x 20 cm plate.

(b) Preliminary experiment, Refore expending time on the

*According to the manufacturers.
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development of cellulose as a thin layer chromatographic medium for
ascorbic acid estimation, an experiment was performed to ensure
that ascorbic acid could be estimated by the Fe-T.P.T.Z. reaction
after chromatography on cellulose. Known amounts of ascorbic ac¢id
(from 0-2.5 ug) were subjected to thin layer chromatography on a
cellulose layer using the solvent n-propanol:water = 60:30 with
sufficient 1% acetic acid added to bring the PH to 3. The ascorbic
acid spots were located at Rf 75, eluted, and estimated by the Pe-
T.P.T.Z2, reaction, A linear relationship was obtained between the
amount of ascorbic acid originally applied and the absorbance
generated with the Fe-T.P.T.Z. reagent (Figure 8). The mean blank
value, obtained from the 2 samples containing no ascorbic acid, was
0.044 which did not differ greatly from that of 0.034 obtained from
2 samples of 1% acetic acid. This signified a minimal degree of
iron (ferrous) contamination. Recovery of ascorbic acid was 78%
which compared favourably with the value of 70% obtained when

purified silica gel was used (see above).

The above experiment demonstrated that cellulose was suitable
for the estimation of pure ascorbic acid samples. By using this
medium the lengthy purification procedure required for silica gel
would be avoided, For this reason the development of a solvent
which would allow the separation of ascorbic acid from other

reducing substances on a cellulose thin layer was undertaken.
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TABLE 3.

SEPARATION OF ASCORBIC ACID FROM OTHER REDUCING SUBSTANCgg

ON CELLULOSE

Solutions applied

rf = distance from origin x 100
length of run (10 cm)

-
Spray’_reagen
(Waldi ’ 1965)

—
S BOUBTOGRAN. T As:giglc cysteine glutathione
Ascorbic acid
0.35 mg/ml 54
Cysteine Phc.)sphomolybdi.c
0.3 mg/ml 33 acid followegq
by heat (80-
Glutathione 90°C for 5
0.6 mg/ml 33 minutes)
A:C = 1:1 53 33
A:G = 1:1 49 33
CHROMATOGRAM 2 Asggiglc FeSO4 sncl
Ascorbic acid
0.3 mg/ml 53
FeSO, 7 H20
10 mg/ml 23 Phosphomolybdic
acid followed
SnCl by heat (80-90°
5 mG/ml 1 C for 5 minutes)
A:Fe = 1:1 50 23
A;Sn = 1:1 47 47
CHROMATOGRAM 3 Ascorbic Dehydroascorbic
acid acid
Ascorbic acid
0.3 mg/ml 65 Silver nitrate
spray followed
Dehydroascorbic by heat (110°C
acid 0.6 mg/ml 58 for 5 minutes)
A:D = 1:1 65 59




87

(c) Separation of ascorbic actid from other redueing subetances
on cellulose. 10 ul of the solutlons listed in Table 3 were
applied to the origin of a cellulose thin layer chromatooram. The
solvent propanol:water = 25:15 Luffered to pi! 3 with 1% eoxalic
acid produced a separation of ascorbic acid from cysteine, gluta-
thione and ferrous ions. These substances were rendered visible
as blue spots on a yellow background by spraying with 5% phospho-
molybdic acid in ethyl alcochol and heating for 5 minutes at 80--90°C
(Waldi, 1965). Separation was also obtained from sulphite ions
which, in high concentration (50 mg/ml anhydrous sodium sulphite)

were detected by phosphomolybdic acid spray at Rf 25,

A separation of ascorbic acid from stannous ions was not
obtained. Stannous ions subjected to chromatography in the
above solvent remained at the origin, but when a mixture of
ascorbic acid and stannous chloride was tried, a single spot was
formed at Rf 37 (Table 3),. This suggests that a complex with Rf
value different from either substance was formed between stannous
ions and ascorbic acid. This difficulty is not serious as tin

has not been found in platelets (Maupin, 1961).

Dehydroascorbic acid had a slightly lower Rf value than

ascorbic acid, but a complete separation was not obtained (Table 3).
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14 labelled ascorbic acid was added to

To test this solvent C
an extract of platelets (prepared as described below). 20 pl of
this extract was resolved by chromatography on cellulose using the
solvent system described above, The chromatogram was then sprayed
with 5% phosphomolybdic acid and scanned for beta activity in the

thin layer chromatogram scanner,

Ascorbic acid appeared at Rf 65 as a discrete oval blue spot,
The radioactive scan showed that the radioactivity occurred as a
single peak (Figure 9) which coincided with the position of the
blue spot. The tail of this peak, however, had a slightly lower
Rf value than the tail of the blue spot. This tail of radio-
activity was probably dehydroascorbic acid which could have been
produced by breakdown of ascorbic acid. We have shown that
dehydroascorbic acid has an Rf value slightly lower than that of
ascorbic acid (Table 3) and that the recovery of ascorbic acid after
chromatography is only 80% suggesting some loss by oxidation. In
addition 9% of the ascorbic acid activity was lost duriﬁg
manipulation of the radioactive ascorbic acid prior to its addition

to the platelet extract (see Chapter 6).

Other reducing substances in platelets were not present in
high enough concentration to be rendered visible by the phospho-
molybdic acid spray. They could, however, be detected by eluting

the chromatogram and estimating the eluates for reducing activity
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in the Fe-T.P.T.Z. reaction. For instance, when the area (Rf 33)
which would be expected to contain cysteine or glutathione was
eluted, the eluate generated an absorbance of 0.30 and 0.33 (in

2 séparate experiments), values well above blank values of 0.07

and 0.06.

Thus it has been shown that using cellulose and the above
solvent system ascorbic acid is separated from reducing substances
likely to be present in platelets. The possibility that som§
other unknown reducing substance happens to migrate to the same
position on the chromatogram as ascorbic acid cannot, of course,

be completely excluded.

6. Reasons for choosing cellulose. It has now been shown
that both cellulose and silica gel could be used for the separation
of ascorbic acid from other reducing substances and that both would
allow the estimation of eluted ascorbic acid by the Fe-T.P.T.Z.
reaction, Cellulose had the advantage that a lengthy purification
for iron was not required. A disadvantage of cellulose was that
the layer was less stable, being more inclined to crack or to
become detached from the glass. This could be avoided, however,
if more solvent was added to the slurry to render it less visciad
than a silica gel slurry, and if more attention was paid to de-
greasing the glass prior to application of the thin layer. Mainly

;because of its low degree of iron contamination cellulose was chosen
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as the adsorbent to be used in the estimation of platelet ascorbic

acid.

7. Method for locating ascorbie aecid spots. Up to this
time the location of ascorbic acid spots prior to elution was
deduced from the position of marker spots containing a higher
concentration of ascorbic acid, These were detected by spraying
with phosphomolybdic acid while the remainder of the chromatogram
was screened to prevent contamination of the sample spots with

spray reagent, This method has the following disadvantages:

(a) Distortion of the solvent front sometimes occurred due to
an uneven thickness of the cellulose layer or to inadequate
saturation of the atmosphere of the chromatography tank. When
this occurred the method did not allow the accurate prediction of
the location of the unknown ascorbic acid spots, and occasionally

adjacent samples would run together and contaminate one another.

(b) The marker spots occupied two or more sites on the

chromatogram which could otherwise have been used for samples.

(c) The screening procedure was clumsy and did not always
prevent the phosphomolybdic acid spray from contaminating one of

the sample spots,

These difficulties wera overcome when it was realised that
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cellulose has a slight natural fluorescence under ultraviolet
light (254 my). This is sufficient to render ascorbic acid
samples of 1-2.5 ug clearly visible as dark spots. It was also
found that adjacent samples could be prevented from contaminating
one another by ruling the thin layer into a series of vertical

columns (one for each sample) with a sharp lead pencil,

8. Elution of ascorbic aoeid from cellulose. An experiment
was performed to ensure that with cellulose, as with silica gel,
all the ascorbic acid was eluted in 2.0 ml of 1% acetic acid. 3.0
ml of 1% acetic acid were used to elute 5 different spots each
containing 2.5 pug of ascorbic acid. The eluate from each was
collected in 3 1.0 ml aliquots. Of the ascorbic acid recovered
a mean of 89% was in the first ml and 11% in the second ml of

eluate. No additional ascorbic acid was eluted in the third ml.

8. Procedure finally used for thin layer chromatography.

(a) Reagents. (1) Solvent for chromatography: n-propanol:
water = 85:15 brought to pH 3 with about 10 ml of 1% oxalic acid.
The n-propanol had been redistilled in a glass still to ensure
freedom from iron contamination, and distilled water which had been
subsequently delonised was used, (i11) Known concentrations of

ascorbic acid dissolved in 1% acetic acid.

(b) Procedure, Known amounts of ascorbic acid (from 0-2.5 ug)

were subjected to thin layer chromatography. The chromatography
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tank was surrounded by a black cardboard screen to minimise the
amount of breakdown due to light. When the solvent had travelled
for a distance of 10 cm from the origin the chromatogram was
removed from the tank and partially dried in a cold air stream.
The position of each ascorbic acid spot was determined with the
aid of ultraviolet light and the ascorbic acid was eluted by the
technique of Malinek (described above) using 2.0 ml of 1% acetic
acid. The samples were centrifuged at 1300 g for 5 minutes to
remove any cellulose which had passed through the fibreglass

plugs of the eluting apparatus. The amount of ascorbic acid in

each eluate was then determined by the Fe-T.P.T.Z. reaction.

(c) FResults. A linear relationship was obtained between
the amount of ascorbic acid originally applied to the chromato-
gram and the absorbance generated by the eluate with the Fe-T.P.T.Z.

reagent (Figure 10). The mean recovery was 83%.

(d) Reproducibility of ehromatographic proocedure. Nine 10
ul samples of ascorbic acid each containing 2.5 ug were subjected
to chromatography on the same plate, eluted, and the ascorbic
acid content of the eluate determined by the Fe-T.P.T.Z., reaction.
The mean increase in absorbance above the blank value was 0,429 %
0.024, a standard deviation of 5.6%. 9 blank spots treated in
the same manner yielded a mean absorbance of 0,051 + 0.013. These

results represented a recovery rate of 71%.
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(e) Conelusions. Thin layer chromatography on cellulose
with subsequent estimation of the resolved ascorbic acid should
provide a suitable method for the estimation of ascorbic acid in

biological samples.

IV. APPLICATION OF THE METHOD TO BLOOD PLATELETS

1. Production of an exiract suitable for application to the
ehromatogram.

(a) Separation of platelets from whole blood. Using
siliconised syringes and needles blood was taken by venepuncture
into one-tenth its volume of 3% disodium ethylenediaminetetra-
acetic acid (E.D.T.A.) in a plastic centrifuge tube. The tube
was kept immersed in melting ice during transport to the
laboratory. Platelet rich plasma was obtained by centrifugation
at 300 g for 20 minutes at 0-4°C, was transferred to another tube
using a siliconised Pasteur pipette and centrifuged at 1300 g for
30 minutes at 0-4°C to obtain a platelet button. The platelets
from 10 ml of blood were resuspended in 0.5 ml of normal saline and
from this suspension films were prepared on microscope slides and
stained with Jenner-Geimser stain. Examination by light microscopy
revealed no cpntamination by red cells and only one white cell in

over 1l000platelets.

(b) Decision mot to wash the platelets. A difficulty

encountered in chemical estimations carried out on platelets is
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that it is difficult to obtain platelets free from contamination

by plasma. A platelet button must contain plasma in the inter-
stices between the platelets and, in addition, platelets are said
to adsorb plasma proteins onto their surface (Adelson et alii,
1961). Maupin (1961) stated that "l'éxperience montre gqu'un

grand nombre de lavages sont nécessaires & 1'élimination des
protéines adsorbées" and he accordingly washed platelets three
times prior to carrying out a chemical estimation. It is probable,
however, that repeated washing would damage the platelet membrane

sufficiently to allow the release of certain substances.

It is probably best to avoid washing platelets prior to

chemical analysis for the following reasons.

(i) In many cases the substance being estimated is in much
higher concentration in the platelets than in the plasma, for
example, serotonin (Humphrey and Jaques, 1954) and ascorbic acid
(Barkhan and Howard, 1958), so that the contribution to the

estimation by contaminating plasma is negligible,

(ii) For substances present in a similar concentration in
plasma to platelets a technique such as the Evans blue dilution
method which Chaplin and Mollison (1952) applied to red cells
should enable the amount of contaminating plasma to be estimated

and an appropriate correction applied.
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(11i) The less the platelets are damaged prior to analysis
the greater the probability that the results are representative

of the situation in the platelet in vivo.

For these reasons, particularly because of the much higher
concentration of ascorbic acid in platelets than in plasma, it

was decided not to attempt to wash the platelets.

(c) Homogenisation of platelets. There are 3 principal
methods for the homogenisation of cells: ultrasound, freeze-
thawing, and tissue grinding. Ultrasound was not possible in
this instance because suitable equipment was not available,
Freeze-thawing proved unsuccessful, for after freezing and thawing
12 times in a dry ice alcohol mixture no visible breakdown of
platelets occurred (by phase contrast microscopy). A teflon

tissue grinder was therefore tried (Figure 11).

The platelets from 20 ml of blood were resuspended in 0.2 ml
of normal saline and transferred to the glass chamber of a teflon
tissue grinder (capacity of lower chamber = 1 ml, Figure 1ll). The
teflon rod while being rotated at 4400 revolutions per minute by
an electric motor was moved up and down inside the lower chamber
about once every 5 seconds. During this procedure the lower
chamber was immersed in melting ice. This was effective in
dissipating most of the heat produced, for after 2 minutes of this

procedure the teflon rod still felt cold to the touch, At 1
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minute intervals samples were removed from the grinding chamber
and viewed by phase contrast microscopy. After 1 minute only
one platelet in 10 remained intact, and after 2 minutes all
platelets appeared very ragged, swollen, and granular and much

extracellular debris was present.

Since tissue grinding produced the greatest amount of visible
cellular disruption this method was adopted. It was shown later
that this method released more ascorbic acid from platelets than

simply stirring them with a glass rod (Table 6).

A disadvantage of this method was that platelets were lost
by becoming adherent to the walls of the centrifuge tube and the
Pasteur pipette while being transferred from the centrifuge tube
to the grinding chamber. This was overcome by centrifuging the
platelet rich plasma in the grinding tubes to obtain the platelet
button in the bottom of the grinding chamber, thus avoiding the

transfer procedure.

(d) Quantitation of platelets. The number of platelets in
each button was determined by performing platelet counts (Brecher
and Cronkite, 1950) on the platelet rich and platelet poor
plasma, and by recording the volume of the platelet poor plasma.

N = 103 v (n1-nj)
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where N = number of platelets in button
V = volume of platelet poor plasma (ml)
ny = platelet count of platelet rich plasma (per c mm)

ny = platelet count of platelet poor plasma (per c mm)

The weight of the platelet button was found by taring the
tissue grinder chamber prior to use and reweighing when all plasma
had been removed from the grinding chamber. Contaminating plasma
was removed by inverting the chamber for 2 minutes and then wiping
the inside of the upper chamber with adsorbent tissue. The small
amount of plasma which remained in the lower chamber on reinverting

was easily removed with a Pasteur pipette.

(e) Separation of protein from the extract. Homogenisation
of platelets in normal saline produced a thick suspension which
after a few minutes formed a gel unsuitable for application to
the chromatogram. Metaphosphoric acid and trichloracetic acid
have been used by previous workers to precipitate protein in animal
tissue extracts which were to be submitted to ascorbic acid
analysis (Musulin and King, 1936). Metaphosphoric acid is
preferred because it inhibits the catalytic oxidation of ascorbic
acid by metals such as iron and copper (Roe, 1954). Trichlor-
acetic acid is less often used because it is an oxidising agent
and therefore renders ascorbic acid less stable (Musulin and King,

1936).



Metaphosphoric acid proved unsuitable for use in the present
method for ascorbic acid dissolved in 3, 4% metaphosphoric acid
failed to react with the FPe-T.P.T.Z. reagent both before and afte
chromatography. Presumably either metaphosphoric acid itself,
or a contaminant of this reagent, interferes with the Pe-T.P.T.Z.

reaction,

Although it is an oxidising agent, the use of trichloracetic
acid was assessed as a means of 1nduqinq protein precipitation.
The stability of ascorbic acid in a solution of trichloracetic
acid was determined by preparing a solution of 150 ug/ml ascorbic
acid in 8% trichloracetic acid and estimating the' ascorbic acid
concentration at intervals while maintaining the solution at 0-4°
in the refrigerator. No loss of ascorbic acid occurred over the
first hour but after 2 hours a loss of 5% had occurred, This
rate of breakdown was negligible because the extract was resolved
by thin layer chromatography within an hour of adding the tri-
chloracetic acid and any breakdown which 4id occur was allowed
for by the use of internal standards (see below). The protein
from the platelets obtained from 15 ml of blood was effectively
precipitated by 0.1 ml of 8% trichloracetic acid and the
precipitate was removed by centrifugation at 1300 g for 5 minutes

to leave a clear supernatant.

r

C



TABLE 4., CHROMATOGRAPHY AND ESTIMATION OF ASCORBIC ACID IN
PLATELET EXTRACTS

Calculat dhﬁ
v _ e
gﬁigﬁio Mean Absorbance amount (ugq) i
Sample applied (20 ul) ey absorb- 1less blank of ascorbic
0.05) ance value acid in eacy
* sample
—
1. Platelet extract (i) 0.17 0.17 0.122 1.31
(ii) 0.17 |
2, Platelet extract + !
1-2/3 pg ascorbic (1) 0.300 0.315 0.267 2,98
acid (i1) 0.330
3. Platelet extract + |
3-1/3 ug ascorbic (1) 0.525 0.505 0.457 4.64 |
acid (ii) 0,485 I
4. 8% trichoracetic (i) 0.055  0.048 0 0 |
acid (blank) (ii) ‘0.040 :
5. 2.5 ug ascorbic
acid in 8% tri-
chloracetic acid (1) 0.455 0.455 0.407 2.5
(control) (ii) ‘0.455
6. 2.5 ug ascorbic
acid in 2 ml 1% (1) 0.59 0.605 0.570 2.5
acetic acid (ii) 0.620
7. 2 ml. 1% acetic (1) 0.035 0.035 0 0
acid (blank) (ii) 0.035

Samples 1 to 5 were subjected to thin layer chromatography followed
by estimation with Fe-T.P.T.Z. Samples 6 and 7 were estimated with
Fe-T.P.T.%. without preceding chromatography.
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2., Thin layer ehromatography and eetimation of ascorbie aeid in
a platelet extract.

(a) Method. Equal amounts of platelet rich plasma from 45
ml of blood ware centrifuged in 3 grinding tubes to obtain 3
separate platelet buttons. To each tube was added 150 pul of 8%
trichloracetic acid containing 0, 12.5 and 25 ug of ascorbic
acid respectively, The platelet buttons were homogenised and
the protein precipitate removed by centrifugation, From each of
the 3 tubes 2 samples of supernatant were applied to the chromato-
gram, It was found that with platelet extracts the samples
spread less on the thin layer allowing 20 yul to be applied in each
spot, whereas with the pure ascorbic acid samples previously used
only 10 ul could be used if it was desired to accommodate 10
samples on one 20 cm x 20 cm plate. Of the remaining 4 places
on the chromatogram 2 were occupied by blank spots (20 pl of 8%
trichloracetic acid) and 2 by control spots (20 ul samples of 8%
trichloracetic acid each containing 2.5 ug of ascorbic acid). The
chromatogram was developed, the ascorbic acid was located and
eluted, and the eluate was subjected to ascorbic acid estimation

by the Fe-T.,P.T.Z. method.

(b) Reesults. From the absorbance generated by the ascorbic
acid from the 3 platelet samples the amount of ascorbic acid in

each 20 yl sample of the extract was calculated (Table 4). There
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was a linear relationship between the calculated amount of ascorbic
acid in the extracts and the colour generated in the Fe-T.,P,.T.Z.
reaction (Figure 12). The proportion of ascorbic acid which was
recovered in the eluate after addition to platelet extractsand
subsequent chromatography was determined, This was calculated
from the absorbance generated in the Fe-T.P.T.Z, reaction by the
eluates from samples 1, 2 and 3 (Table 4) and the absorbance
generated by a solution containing a known amount of ascorbic acid
(sample 6, Table 4),. The mean recovery of ascorbic acid from
platelet extracts was 42%. The mean recovery of ascorbic acid
from 20 ul of 8% trichloracetic acid (sample 5, Table 4) was 71%.
Thus the recovery after chromatography of ascorbid acid in trichlor-
acetic acid which was added to platelet extracts was lower than
that in trichloracetic acid which had not been added to a platelet

extract, An experiment which helped to elucidate the reason for

this is described later.

(e) Conclusions. These results showed that thin layer
chromatography of platelet extracts followed by estimation with the
"e-T.P.T.2Z. reagent was a suitable method for the estimation of
ascorbic acid in platelets, They also showed that it would not
e possible to use external standards because the recovery rate of
xscorbic acid from platelets was lower than from a standard solution.
[t would have been possible to use external standards if the recovery

ate was constant from one run to another, but further experiments
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showed that this was not so.

ke Caleculations and the uee of intermal standarde. Because of
the low and variable recovery of ascorbic acid the use of internal
standards was mandatory. Each sample of platelet rich plasma was
divided equally between 2 tissue grinder chambers and centrifuged
to obtain the 2 platelet buttons which were then weighed. To one
platelet button was added 0.1 ml of 8% trichloracetic acid and to
the other 0.1 ml of 8% trichloracetic acid containing 15 uq of
ascorbic acid (freshly prepared) to form an internal standard.,
From each of the 2 extracts two 20 ul aliquots were subjected to
thin layer chromatography and ascorbic acld estimation with Fe-
T.P.T.Z2. Two 20 ul samples of 8% trichloracetic acid were
included as blanks. The amount of ascorbic acid in the platelet

button was calculated from the formula:

W= 15 Ag

Ag-Ag

where W = weight of ascorbic acid in platelet button

Ag = absorbance generated (less the blank value) by ascorbic
acid from the sample
AR = absorbance generated (less the blank value) by ascorbic

acid from the internal standard

In practice the weight of platelets in the 2 platelet buttons

often differed and allowance was made for this by modifying the
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above formula as follows:

where WR = weight of platelets in internal standard

WS'- weight of platelets in sample

4. Expreseion of resulte

Although the results of each estimation were expressed both
as a proportion of platelet number (ug of ascorbic acid per 109
platelets) and as a proportion of wet weight of platelets (ug of
ascoxbic acid per mg of platelets) it was unnecessary to repeat
all statistical analyses on both sets of results. Expression of
values as a proportion of wet weight of platelets does not allow
an easy comparison of results from different authors for the
number of platelets in a given weight of platelet button depends
on the conditions of centrifugation. Barkhan and Howard (1958)

obtained 6.3 x 10’

platelets/mg of platelet sample whereas Marcus
and Zucker (1965) guote a value of 4-5 x 107 platelets/mg. In
the present study (3.6 % 0.65) x 107 platelets/mg was obtained in
13 samples from normal subjects. The differences in results from
different workers are probably due to variation in the amount of

plasma trapped in the platelet buttons at varying centrifuge speeds,
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Because it allowed a more valid comparison with the results of
previous authors statistical analyses were performed on the
platelet ascorbic acid content expressed as a proportion of

platelet count.

Some authors recommend that the results of chemical
estimations on platelets should be expressed as a proportion of
dry weight (Maupin, 1961). The dry weight of platelets in two
platelet buttons prepared as for ascorbic acid analysis was 3,7
and 3,1 mg/lO9 platelets corresponding respectively to 18% and 19%
of the wet weight. This compares with 2.8 mg/lo9 platelets f6und
by Maupin (1961), 2.1 mg/lO9 platelets by Barkhan and Howard (1958)

and 2.9-5,0 mg/lo9 platelets by Gerok and Gross (195°%).

§. Reproduecibility of method

The error of the method is compounded by two main factors.
These are the error in the determination of the amount of ascorbic
acid in the platelet button and the error in the determination of
the number of platelets in the button.

(a) Standard deviation of ascorbic actd determination. Equal
aliquots of a sample of platelet rich plasma were centrifuged to
obtain 8 identical platelet buttons. These were paired and one
member of each pair was homogenised in 8% trichloracetic acid.

The other member was ground in 8% trichloracetic acid to which

ascorbic acid had been added to form an internal standard. Thus
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4 identical sample extracts were obtained, each with its
corresponding internal standard. After homogenisation one 20 ul
aliquot from each extract along with 20 pl from the internal
standard were subjected to ascorbic acid determination by thin
layer chromatography. Using the corresﬁonding internal standard
the ascorbic acid content of each of the 4 samples in turn was
calculated. The mean ascorbic acid content of the 4 sample
buttons in one such experiment was 4.40 % 0.68 ng, and in another
5.50 ¢+ 0.73 ug, standard deviations of 15% and 13% respectively (a
mean of 148%). In routine estimations of platelet ascorbic acid
content 2 20 pl aliquots from the sample and 2 from the internal
standard were estimated and the means determined. An estimate of
the standard deviation for the routine determination of the amount

of ascorbic acid in the platelet button is therefore %gﬁ = 10%.

(b) Standard deviation of platelet count. 10 consecutive
platelet counts on the same sample of blood yielded a standard

deviation of 12%.

(e) Standard deviation of the metﬁod. The value for the
platelet ascorbic acid content expressed as ug/lO9 cells is there-
fore subjected to a degree df variation which can be estimated by
combining the standard deviations of the ascorbic acid

determination and the platelet count, namely, standard deviation of



TABLE 5. EFFECT OF STORING THE FROZEN PLATELET EXTRACT ON THE

ESTIMATION OF PLATELET ASCORBIC ACID CONTENT

VALUE FOR PLATELET ASCORBIC ACID
CONTENT (ug/10° platelets)
SUBJECT A MINUS B
ESTIMATED ESTIMATED AFTER
IMMEDIATELY (A) 4 to 5 DAYS (B)

1 3.5 3.8 - 0.3
2 3.0 3.5 - 0.5
3 5.5 4.1 + 1.4
4 2.4 2,4 0
5 6.4 6.8 - 0.4
Mean 4.16 4.12 + 0,2
t=0.,1
N = 4

0.9 > P » 0,90



TABLE 6.

EFFECT OF HOMOGENISATION ON VALUES OBTAINED FOR

PLATELET ASCORBIC ACID CONTENT

VALUE FOR PLATELET ASCORBIC ACID CONTENT

(rg/109 platelets)

SUBJECT H MINUS S
EXTRACTION BY EXTRACTION BY
HOMOGENISATION (H) STIRRING (8)
1l 6.4 5.0 + 1.4
2 3.8 3.3 + 0,5
3 3.3 2,1 + 1.2
4 3.8 3.3 + 0.5
Mean 4.3 3.4 + 0.9
t = 3.8
N =3

0.05 » P » 0,025
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method = /102 + 122" = 16%.

6. Storage of the platelet extracts

Though some loss of ascorbic acid occurred (20-30%) if the
extracts (samples and internal standards) were stored by deep
freezing for 4-5 days prior to estimation by thin layer chromato-
graphy, reproducible results were obtained because the internal
standards allowed for breakdown of ascorbic acid. There was no
significant difference between the values obtained from platelet:
extracts estimated immediately and those obtained from the same
extracts after storage in a deep freeze (Table 5). In the
routine estimation of platelet ascorbic acid the extracts were

sometimes stored for some days prior to ascorbic acid estimation.

?. Release of ascorbie aoid by homogenisation

An evaluation of the effectiveness of the homogenisation
procedure was made by treating duplicate platelet suspensiors (in
8% trichloracetic acid) for 2 minutes by either homogenisation in
a tissue grinder or by stirring with a glass rod. The extracts
obtained were centrifuged and the supernatants were subjected to
estimation by thin layer chromatography. The amount of ascorbic
acid liberated by homogenisation was significantly larger than

the amount released by stirring (Table 6).
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8. Experiments elusidating the cause of the low recovery of
ascorbic aoid from platelets

The recovery after chromatography of ascorbic acid added to
trichloracetic acid solution was 71% whereas for ascorbic acid
added to platelet extracts it was only 42% (Table 4), Attempts
were made to increase these recovery rates by applying the samples
to the thin layer in an atmosphere of nitrogen or hydrogen sulphide
and by developing the chromatograms in a nitrogen atmosphere.
With both agqueous solutions of ascorbic acid and with ascorbic acid
added to platelet extracts no increase in recovery was obtained by

these means.

The loss of ascorbic acid during chromatography of aqueous
solutions of ascorbic acid was probably due to breakdown by
oxidation (see above). It seemed that the lower recovery obtained
when platelet extracts were used could have been due either to an
increased rate of ascorbic acid breakdown when in contact with
platelet extract or to loss of ascorbic acid either by adsorption
on the protein precipitate or by dilution with intracellular fluid

from the disrupted platelets.

To further elucidate this problem Cl4-1abelled ascorbic acid
was added to 8% trichloracetic acid. A platelet button was
homogenised in 0.1 ml of this solution and the protein precipitate

removed by centrifugation. The beta activity of 20 ul of the



107

supernatant, as measured by planchette counting in a proportional
counter was only 61% of that of 20 ul of the original trichlor-
acetic acid solution. The effects of sample quenching were
eliminated by adding 20 ul volumes of non-radioactive platelet
extract to the trichloracetic acid sample and non-radioactive

trichloracetic acid to the labelled platelet sample.

This result shows that a large proportion of the platelet
ascorbic acid was lost during homogenisation either by adsorption
on the protein precipitate or by dilution with intracellular
fluld from the disrupted platelets.

8. Comparison of values obtained by the thin layer chromatography
(T.L.C,) method with thoee obtained by the dinitrophenylhydrasine
(D.N.P,RH,) procedure

1. Method, In 6 normal subjects the platelet content of
ascorbic acid was estimated by both the T.L.C. technique and by the
D.N.P.H. method (Roe, 1954), Descriptions of the D.N.P.H. method
(Rubin, 1950; Roe, 1954) mention only external standards, In
the experiment described here, however, internal standards were

11so used as in the T.L.C. method.

2, Resulte and eonclusions
(1) Uee of internal etandards in the D.N,P.H, method. The

ralues obtained in the D.N.P.H. method using internal standards



TABLE 7. COMPARISON OF PLATELET ASCORBIC ACID CONTENT MEASURED g

TWO DIFFERENT METHODS

THIN LAYER DINITROPHENYLHYDRAZINE METHOD

CHROMATO- B
GRAPHY USING INTERNAI. USING EXTERNAL  MINUS MINUS
METHOD STANDARDS (B) STANDARDS c
SUBJECT ~(R)
1 1.7 7.2 3.1 + 4.1 I
2 2.7 11.5 6.3 + 5,2 +
3 6.0 12.5 4.7 + 7.8 + 6.5
4 2.2 3.0 2.1 + 0.9 + 0.8
5% 6.4 7.3 3.5 + 3.8 + 0.9
6 6.5 14.7 5.3 + 9.4 + 8.2
Mean 4.3 9.4 4.2 + 5.2 + 5.1
t 3.8 3.3
N 5 5
P 0.025P>0.01 0.025>P>0.0:

*This subject had been taking high doses of ascorbic acid.
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were much higher than those obtained using external standards
(Table 7). Some ascorbic acid had therefore been lost during the
procedure, perhaps by adsorption on the protein precipitate as may
have occurred in the T.L.C. method (see above). These results
show that when the D.N.P.H. method is applied to platelets internal
standards must be used to allow for the low recovery. Previous
authors (Barkhan and Howard, 1958; Wilson et alii, 1967) make no

mention of internal standards and do not gquote recovery rates.

In 54 estimations of plasma ascorbic acid concentration by
the D.N.P.H, method, no significant difference was detected between
the values obtained by external standards and those obtained by
internal standards (t = 1.3; N = 53; P = 0.2). Thus external
standards are adequate when the D.N.P.H. method is applied to

plasma.

(ii) Comparison of T.L.C. method with D.N.P.H. method. The
mean values for the platelet ascorbic acid content obtained by the
r.L.C. method were significantly lower than those obtained by the
D,.N.P.H. method using internal standards (Table 7). This is
consistent with the hypothesis that the T.L.C. method is more

specific for ascorbic acid than the D.N.P.H. procedure.

V. COMMENT
In this chapter the development of a new and more specific

nethod for the estimation of ascorbic acid has been described.



109

The increased specificity has been attained by thin layer chromato-
graphy and sensitivity has been acquired by a new reaction which is
the most sensitive yet described for the estimation of ascorbic

acid.

The main difficulty encountered in the development of the
method was the instability of ascorbic acid, This resulted at
first in a low and non-reproducible recovery of ascorbic acid
after thin layer chromatography. This problem was overcome and

reproducible recoveries of about 80% were obtained.

The increased specificity of the method is shown by the
separation which was attained from other reducing substances such
as cystelne, glutathione, ferrous ions and sulphite ions, and by
the apparently uncontaminated ascorbic acid spot which is produoced
by chromatography of platelet extracts. The much lower results
obtained by the new method compared with the D.N.P.H. technique
are further evidence that the method is more specific than

previous methods.



CHAPTER 3

PLATELET ASCORBIC ACID CONCENTRATION IN NORMAI SUBJECTS AND

ITS VARIATION WITH DIETARY INTAKE



TABLE 6. DISTRIBUTION OF BLOOD ASCORBIC ACID
S
INTERNAL
(I) OR- NO.
EXTERNAL OF PLATELETS WHITE CELLS PLASMA
(E) SUB-  mg/ ug/109 mg/ ug/10°  mg/19g
AUTHOR METHOD. STANDARD. JECTS. 100G . cells* 100 G cells ml
Barkhan & -
Howard, DNPH - 6 18.3 2.91 * 0.22 16.5 148 0.69
1958
Wilson et %
alii, DNPH - 8 - 858 + 142 - 43 0.00
1967
Present :
+ - -
Gy DNPH I 6 38 9.4 + 1.8 0.79+
Eesent DNPH E 6 18 4.2 % 0.63 - - -
study
Present
+ - - —
etudy TLC I 26 15 3.5 + 0.27

*Mean * standard error.

All other figures are mean values.

XThese authors did not state whether or not internal standards were used.

- trhis plasma level is the mean from 7 normal subjects.

e —— —————— i T S —— ———
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I. PLATELET ASCORBIC ACID IN NORMAL SUBJECTS
1. Introduotion

A value for the ascorbic acid content of blood platelets was
first reported by Barkhan and Howard (1958). Until that time it
was not known whether the ascorbic acid in the buffy layer
(approximately equal parts by weight of platelets and white cells)
of the blood was mainly in platelets, mainly in white cells, or
distributed equally between these two. Using the D.N.P.H. method
they estimated that the mean value for 6 normal subjects was 18,3
mg/100 G (wet weight) which was similar to the concentration in
white cells and much greater than the concentration of 0.69 mg/
100 ml in plasma (Table 8). Expressed in terms of cell count
these results became 2.91 ug/lo9 platelets and 148 ug/lO9 white
cells (Table 8),. This apparent discrepancy was due to the great

difference in size between platelets and white cells.

The only other reported value for the ascorbic acid content
of platelets was published by Wilson et alii (1967). They
found, mugain using the D,N.P.H, method, the very much higher
value of 858 ug/lO9 platelets in 8 normal subjects. This was
much higher than the concentration of 43 ug/lo9 cells which they
found in white cells (Table 8). If they had expressed their
results in relation to cell weight the difference between the
concentration in platelets and that in white cells would have

been even larger. In the same subjects they found a plasma level



TABLE 9. PLATELET ASCORBIC ACID CONTENT IN NORMAL MALES

SMOKERS (3)

PLATELET OR
AGE . ASCORBIC ACID CONTENT COUNT NON-
SUBJECT = (YEARS) (yg/lOg_cells)..,(pg/mg) (x 103 /cmm SMOKERS, (-)
: —

G.D. 119 1.9 0.05 234 - |

P.A. 119 4,0 0.12 143 - E

R.P. 22 3.0 0.09 313 - !

R.C. 28 4.2 0.24 280 +

I.H. 19 2.7 0.12 303 -

G.T. 20 2000 0.08 158 ~

AW, 19 3.3 0.13 155 +

| P.S. 22 1.9 0.07 223 -

D.C. 20 4.2 0.19 275 -

C.L. 24 3.6 0.17 326 +

J.L. 27 2.3 0.18 269 -

N.A. 28 3.3 0.14 200 + é
MEAN 22 3.1 0.13 240 :
STANDARD | k
DEVIATION 0.8 0.06
STANDARD

ERROR 0.2 0.02 |




TABLE 10. PLATELET ASCORBIC ACID CONTENT IN NORMAL FEMALES
SMOKERS (+)
PLATELET OR
AGE ASCORBIC ACID CONTENT COUNT NON-
SUBJECT (YEARS) (ug/10? cells) (ug/mg) (x 103/crm) SMOKERS (-)
5.0. 18 6.3 0.19 185 -
S.L. 19 1.7 0.07 310 +
D.V. 19 2.7 0.10 223 +
K.L. 18 3.5 0.15 188 -
D.P. 27 6.0 0.27 285 +
H.E. 18 6.5 0.30 300 -
J.D. 30 4.0 0.15 368 +
R.K. 30 5.3 0.20 298 -
M.H. 26 3.2 0.15 245 -
H.S. 19 1.4 0.13 360 -
P.W. 22 2.2 0.18 228 -
H.B. 20 4.6 0.19 264 +
S.B. 19 2.6 0.12 344 -
B.L. 25 4,2 0.21 304 -
MEAN 20 3.9 0.17 279
STANDARD
DEVIATION 1.7 0.06
STANDARD
ERROR 0.5 0.02
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of 0 ug/100 ml. It is generally accepted that the plasma
concentration is far above this value, and that any subject with
a level of less than 100 ug/100 ml is having insufficient dietary
ascorbic acid (Goldsmith, 1961). Wilson et alii made no comment
on the large discrepaﬂcias between their results and those of

other workers.

The aim of the work presented in this section was to determine
the mean and degree of variation of the platelet ascorbic acid

content in normal subjects,

2. Methods

(a) Subjects studied. A total of 26 normal subjects was
studied. Of these 12 were males aged 19-28 (Table 9) and 14
were females aged 18-30 (Table 10). All subjects were questioned
to exclude any bleeding tendency in themselves or their families.
A dietary history with respect to foods containing ascorbic acid

was taken and they were also asked about smoking habits,

(b) Estimations per formed. (i) The platelet ascorbic acid
content was estimated in all subjects by the T.L.C. method (see
Chapter 2). (ii) The plasma ascorbic acid concentration was
estimated on platelet poor plasma in 7 of the subjects by the
D.N.P.H. technique (Roe, 1954). (11ii) Platelet counts were

performed by the method of Brecher and Cronkite (1950).
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(e) Statietics. An account of statistical methods used

in this thesis is in Appendix A,

Results

(a) Platelet ascorbic acid content. The mean platelet
ascorbic acid concentration in 26 normal subjects as determined
by the T.L.C. method was 3.5 t 1.4 ug/10° cells (S.E. = 0.3) or
0.15 ¢ 0.06 ug/mg (S.E. = 0.01). That the distribution was
approximately normal was confirmed by carrying out probit
transformation and plotting on probability paper. Comparison
of these results with those of other authors (Table 8) is difficult
because they stated neither recovery rates for ascorbic acid in
their methods nor whether internal or external standards were used.
Nevertheless it appears that the values obtained in the present
study by the T.L.C. method do not differ substantially from those
obtained by Barkhan and Howard by the D.N.P.H. method (Table 8).

(b) Values in males and females. The platelet ascorbic
acid content in males (Table 9) was g8lightly less than that in
females (Table 10) but the difference was not significant [t = 1,8;
N =24; 0.10 >P > 0.05 (ug/10° cells): + = 0.52; N = 24; 0.7 »

P > 0.6 (ug/mg)].

(e) Correlation of platelet ascorbie acid with platelet count.

There was no correlation between the platelet count and the



TABLE 11, PLATELET ASCORBIC ACID CONTENT IN THE
SAME SUBJECT ON FOUR SUCCESSIVE DAYS

ASCORBIC ACID CONTENT
(ug/10? platelets)

DAY Each estimation Mean
1 2,3 2.3
S 200 2.3
B I
4 3.0 3.0

MEAN 2.5




TABLE 12, RELATION BETWEEN PLATELET AND PLASMA ASCORRIC

ACID CONCENTRATIONS IN NORMAL SUBJECTS

PLATELET PLASMA
CONCENTRATION (Y) CONCENTRATION (X)
SUBJECT (ug/10° cells) (mg/100 ml)
R.K, 5.3 1.05
P.S. 1.9 0.40
H.B. 4.6 0.90
8.B. 2.6 0.55
D.C. 4.2 1.10
B.L. 4.2 1.10
C.L. 3.6 0.45
MEAN 3.8 0.79
STANDARD
DEVIATION 1.2 05132

Regression coefficient of Y on X = + 3,1

N=5; ¢=3,5; 0,02 >P » 0,01
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concentration of ascorbic acid in normal platelets (r ==0.002; t =

0.12; N=26; P > 0.9).

(d) Comparison of emokers with non-smokers. In this series
there was no demonstrable difference between the platelet ascorbic
acid content in smokers (3.7 ug/lo9 cells) and non-smokers (3.4 ug/
109 cells). This differs from the findings of Calder et alii
(1963) who showed that both the buffy layer and plasma concentrations
of ascorbic acid were lower in smokers than in non-smokers. Their
study differs from the present study both in that they studied a
larger number (205) of subjects, and that their estimations were

performed on a mixture of white cells and platelets.

(e) Day to day variation in q normal subjeat. In one subject
(the author) the platelet ascorbic acid content was measured by the
T.L.C. method on 4 successive days. Consistent results were
obtained (Table 11). A considerable amount of the variation found
can be accounted for by variation in the method which has an

estimated standard deviation of 15% (see Chapter 2).

(f) Plaema ascorbie aecid coneentration. The mean plasma
concentration of ascorbic acid measured in 7 of the normal subjects
was 0.79 ¢ 0.32 mg/100 ml which is consistent with previous reports
in the literature (Goldsmith, 1961). There was a significant
positive relationship between platelet ascorbic acid content and

plasma ascorbic acid concentration (Figure 13, Table 12).
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IT. VARIATION OF THE NORMAL PLATELET ASCOREIC ACID CONTENT WITH
DIETARY INTAKE OF VITAMIN C
1, Introduction

The only reported study on the variation in platelet ascorbic
acid with dietary intake of vitamin C in which platelets free of
white cell contamination were uséd, is that of Barkhan and Howard
(1958), They found that saturation of 6 normal subjects with
ascorbic acid increased the mean platelet ascorbic acid content

by about 30%,

In contrast, the variation of the ascorbic acid content of
the buffy layer (platelets plus white cells) with dietary intake
of this vitamin has been the subject of many investigations
(Geldsmith, 1961). Saturation of the body with ascorbic acid is
associated with a platelet~white-cell content of 0.18 - 0,34 mg /G
and a plasma concentration of 1.0 - l.4 mg/100 ml (Woodruff, 1964).
Dietary deprivation of ascorbic acid causes the ascorbic acid
content of the platelet-white-cell layer to fall gradually reaching
zero levels after about 17 weeks, just prior to the onset of
clinical scurvy (Crandon et alii, 1940; vitamin C Subcommi ttee,
1953); the plasma concentration drops more rapidly and reaches
zero levels after only 6 weeks. The buffy layer ascorbic acid
content is now regarded as a reasonable index of tissue stores,

and the plasma concentration is locked upon as an index of recent
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intake (Pearson, 1966).

In the previous section it was shown that there is a definite
relationship between platelet ascorbic acid content and the plasma
concentration of ascorbic acid (Figure 13). The aims of the
studies presented in this section are (i) to determine the effect
of saturation of normal subjects with ascorbic acid on the platelet
ascorbic acid content, and (ii) to determine the effect of dietary

deprivation of ascorbic acid on the platelet ascorbic acid content.

2. Methode

(a) Saturation of subjecte with ascorbie aeid.

(i) Method of saturation. It has been shown (Cuttle, 1938;
Barkhan and Howard, 1958) that 1 G of ascorbic acid par day, taken
orally as a single dose or in divided doses, will saturate the
tissues of human subjects with ascorbic acid in 4 Adays, This
method was therefore used in the following studies.

(17) Proeedure. 4 normal subjects were studied for a period
of 14 days. Blood was taken for platelet (T7.L.C. method) and
plasma (D.N.P.H. method) estimations of ascorbic acid on days 0, 7
and 14, For 4 days prior to day 14 (days 10-13 inclusive) the
subjects took 1 G of ascorbic acid per day in tablet form.

4 subjects from a gerlatric hospital were also studied. In

this group only one estimation was performed prior to the



TABLE 13. EFFECT OF SATURATION OF NORMAL SUBJECTS WITH ASCORBIC ACID

PLATELET ASCORBIC ACID PLASMA ASCORBIC ACID
(ug/109 cells) (mg/100 ml)

SUBJECT C.L. S.B. D.C. B.L. Cc.L. S.B. D.C. B.L.
Day 0 3.6 2,6 4,2 4.2 0.45 0.7 1.2 0.8
D&y 7 - 3.2 407 2.4 - 0-4 1.0 1.4
Mean 3.6 2,9 4.45 3.3 0.45 0.55 1.1 1.1
level
prior to
satur-
ation (a)
Day 14 4.6 2.8 4.7 2.6 1.0 1.05 0.95 1.2
(post
satur-
ation) (B)
B~ A + 1.0 - 0.1 + 0.25 - 0.7 + 0.5% + 0.50 - 0.15 + 0.1
Mean increase + 0.11 + 0.25
t (one tall test) 0.28 1.3
N 3 3
Probability P = 0.4 P=0,15
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administration of ascorbic acid and the ascorbic acid dosage was
conmmenced on that day (day 0). The second estimation was
performed on day 4, after the subjects had been saturated.
Tourniquet tests and Ivy bleeding times were normal in all 4

subjects.

(b) Ascorbice aaid depletion study. One subject (the author)
partook of an ascorbic acid free diet for a period of 48 days.
The concentrations of ascorbic acid in platelets and in plasma
were estimated before, during and after this period. Oon the 43rd

and 45th days 1 G of ascorbic acid was taken orally.

The diet consisted of powdered milk, cereals, eqggs, bread,
margarine, biscuits, cakes, occasional dried fruit and nuts, well
cooked meats (but no organ meats), junkets prepared from powdered
milk, and jellies. Excluded from the diet were fresh fruit,
vegetables (cooked or uncooked), potatoes, fresh milk, butter and

cream,

3. Results
(a) Saturation of 4 normal subjeots (Figure 14, Table 13).
(1) Effect on platelet ascorbiec aecid concentration. There
was no significant increase in the mean platelet ascorbic acid
content after saturation with this substance. This differs from

the increase of 30% observed by Barkhan and Howard, 1958). It
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TABLE 14. EFFECT OF SATURATION OF GERIATRIC

SUBJECTS WITH ASCORBIC ACIp

PLATELET ASCORBIC ACID
(ug/109 cells)

T —

PLASMA ASCORBIC ACID
. (mg/100. m1).

SUBJECT. . v o .G.B.. $S.L.  N.,L. T.W.

. G.B.. S.L. N.L. T,
SEX M F F M M F F M
AGE (YEARS). ... = 69 58 58 72 .69 58 58 72
PRIOR TO
SATURATION (A) 2.0 1.9 1.8 0.8 0.55 0.40 0.25 0.10
POST :
SATURATION (B) 3.2 2,2 2.9 3.0 21.20 1.10 1.30 1.30 |
B-A "+ 1.2 + 0.3 +1.1 + 2.2 |+ 0.65 + 0.70 + 1.05 + 1.20
Mean increase + 1.2 + 0.25
t (one tail test) 2.7 5.9
N 3 3

Probability 0.05 > P > 0.025

0.005 > P > 0.0025
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would appear therefore that the platelets of the subjects in the
present study were either saturated or almost saturated with
ascorbic acid prior to the experiment which is consistent with

the fact that these subjects had a high citrus fruit intake.

(i1) Effeot on plasma ascorbic aeid consentration. In 2
subjects (C.L. and S.B.) saturation with ascorbic acid caused the
plasma concentrations to increase from 0.45 and 0.55 mg/100 ml
respectively to levels which were consistent with saturation (1,0~
1.4 mg/100 ml),. The plasma concentrations of ascorbic acid in the
other 2 subjects (D.C. and B.L.) were already at levels consistent
with saturation prior to the experiment. Large doses of ascorbic
acid did not significantly affect the plasma concentrations in
these 2 subjects.

(b) Saturation of ¢ geriatriec subjecte (Figure 14, Table 14).

(1) Effeect on platelet ascorbiec aeid concentration. The
platelet concentrations of ascorbic acid in these subjects prior
to saturation were much lower than in the 4 young subjects and the
mean level was significantly lower than the normal range (x = 1.6;
t=2,6; N=28; 0,02 >P >» 0.01). This can be related to the
low dietary intake of ascorbic acid. They had all resided in the
geriatric hospital for some months at least, and had been given
only one piece of fruit per week. Though they could buy their own

fruit, only one subject (G.B.) did so. After saturation with
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ascorbic acid, the mean platelet ascorbic acid content in these 4
subjects was significantly increased to well within the normal

range,

(ii) Effect on plasma ascorbic aeid concentration. The
mean plasma concentration of ascorbic acid in these subjects prior
to saturation was also significantly lower than the normal range
(x = 0.33; N=9; t=2.4; 0.05 > P > 0.025). After saturation
the plasma concentrations in all 4 subjects rose to well within

the range of 1.0-1.4 mg/100 ml which is consistent with saturation.

(0) Ascorbiec acid depletion study (Figwe 15). A few days
prior to the onset of this study the subject had taken large doses
of ascorbic acid for another experiment. The concentrations of
ascorbic acid in platelets and in plasma prior to commencement of
the diet was therefore high (7 ug/10% platelets and 1 mg/100 ml of
plasma). This value for the platelet content of ascorbic acid is

unusually high, even for a saturated subject.

As soon as the diet was commenced both platelet and plasma
concentrations of ascorbic acid fell concomitantly to reach minimum
values after about 3 weeks (1.5 1g/10°? platelets and 0.3 mg/100 ml
of plasma). The values then remained more or less constant until

ascorbic acid supplements were given on the 43rd and 45th days.
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III. CONCLUSIONS

Work presented in this chapter confirmed the high concentration
of ascorbic acid found in platelets by Barkhan and Howard.
Estimations by the T.L.C. method on 26 normal subjects yielded
3.5 t 1.4 ug/10? platelets. No significant difference existed
between males and females or between smokers and non-smokers, and
there was no relation between the ascorbic¢ acid content of platelets
and the platelet count. The platelet ascorbic acid content was
related to the plasma ascorbic acid concentration, and experiments
in which the ascorbic acid intake of normal subjects was varied
suggested that the platelet ascorbic acid content depends to some
extent on the plasma level which depends in turn on the dietary

intake.



CHAPTER 4

PLATELET ASCORBIC ACID CONTENT IN PATIENTS

WITH VARIOUS DISEASES
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I, INTRODUCTION

The only report in the literature on the variation of the
ascorbic acid content of platelets in disease is that of Barkhan
and Howard (1958). In 3 cases of chronic myeloid leukemis and 2
cases of chronic lymphatic leukemia they found no marked

differences from normal in platelet ascorbic acid content.

Platelets are involved in many other disease processes
besides leukemia. The bleeding tendency of thrombocytopenic
purpura is caused by insufficient platelets, whereas in other
diseases such as uraemia and hereditary haemorrhagic thromboasthenia
a defect in platelet function is held responsible. Patients who
are receiving steroid therapy often develop a purpuric rash. It
has been claimed that this haemorrhagic tendency is abolished by
the administration of ascorbic acid (Stefanini and Rosenthall,

1950; Holley and Mclester, 1951).

It is now well established that platelets play an important
part in the initiation of thrombosis (see Chapter 1). In patients
with thrombocythaemia an increased tendency to thrombosis is
associated with an increase in the platelet count. Another
disease in which platelets may be involved is atherosclerosis:
an hypothesis that atheromatous lesions are formed by the gradual
deposition of platelets on the endothelium of blood vessels has

been proposed (Duguid, 1948; Movat et alii, 1959).



TABLE 15. SUBJECTS WHOSE PLATELETS WERE SUBJECTED TO ASCORBIC ACID

ESTIMATION

NUMBER IN NUMBER IN

GROUP SUBGROUPS. . . MAIN GROUPS. TOTAL,
NORMAL SUBJECTS
(1) Young 26
(2) Elderly 4 30
ABNORMAL SUBJECTS
(1) Uraemia 13
(2) Leukemia
(a) acute 8
(b) chronic lymphatic 4
(c) chronic myeloid 4 16
(3) Atheroma
(a) myocardial infarction 10
(b) other 8 18
(4) Polycythaemia vera and
thrombocythaemia 4 9
(5) Steroid therapy 6
(6) Megaloblastic anaemia 5
(7) "Young" platelets 6
(8) Thrombocytopenia 4
(9) Miscellaneous . 8 . 85
TOTAL “115
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In megaloblastic anaemia the platelet count is often low and
abnormalities in ascorbic acid metabolism have been described. In
pernicious anaemia ascorbic acid is cleared from the plasma more
rapidly than normal (Cox et alii, 1958) and in folic acid
deficiency there may be concurrent ascorbic acid deficiency (Cox

et alii, 1967).

In the studies described in this chapter the platelet ascorbic
acid content was estimated in a series of patients with a variety
of diseases. Changes in these levels might help elucidate
either the function of ascorbic acid in platelets or serve to shed

some light on the pathogenesis of the disease processes.

II. METHODS

1. Subjeote studied. A total of 85 patients was studied.
The number of subjects in each disease category is listed in Table
15. Details of each patient and the results of estimations

performed are recorded in Appendix B.

2, Egtimatione performed. (a) Platelet ascorbic acid
content was estimated in all subjécts by the T.L.C. method.
(b) Plasma ascorbic acid concehtration was estimated in 46 of the
subjects by the D.N.P.H. procedure. (c) Platelet counts were
performed by the method of Brecher and Cronkite (1950) .
(d) Haemoglobin concentration and white cell count were

determined on all subjects, (e) Platelet thromboplastic function



TABLE 16. COMPARISON OF ASCORBIC ACID CONCENTRATIONS IN CASES OF URAEMI2

WITH THE NORMAL RANGE

CONCENTRATION DEGREES

NO. OF DEVIATION PROBABILITY

OF ASCORBIC OF
S UHIEEES ACID FREEDOM (€) (P)
|
PLATELETS '
(ug/10° 13 2.0 % 2.0 37 2.7 P = 0.01
cells) '
|
PLASMA
(mg/ 9 1.04 + 0.51 14 1.1 P = 0.3
100 ml)

NORMAL RANGE Platelets: 3.5 % 1.4 pg/10% cells (n = 26)

Plasma: 0.79 £ 0.32 mg/100 m1l (n

7)
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was estimated in some subjects by the method of Bonnin and Cheney

(1961) .

3. Statistical methods. The procedures used for the

statistical evaluation of results are set out in Appendix A.

III. RESULTS

1, Uraemia (Table 16, Figure 16). 13 patients with uraemia
were studied, The blood urea nitrogen concentration ranged from
30 to 132 mg/100 ml and the cause of renal failure was chronic
pyelonephritis in 6 cases, chronic glomerulonephritis in 3 cases,
and uncertain in 4 cases. 4 patients were being treated by haemo-
dialysis twice weekly, and in these subjects blood was taken for

estimation just prior to dialysis.

The mean value for the platelet ascorbic acid content was
2.0 £ 2,0 ug/10% cells which was significantly lower than normal
(p = 0,01). Since the distribution appeared to be somewhat skew
(confirmed by carrying out probit transformation and plotting on
log probability paper) the statistical significance was checked by
the Wilcoxon test for 2 samples (P <0.01), The plasma ascorbic
acid concentration, however, did not differ significantly from
normal being slightly higher than that in normal subjects. There
was no relationship between the platelet ascorbic acid content and

either blood urea nitrogen concentration (b = + 0.02, t = 1.3, N = 11,
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TABLE 17.

COMPARISON OF ASCORBIC ACID CONCENTRATIONS IN CASES OF LEUKEMIA WITH THE NORMAL RANGE

NO. CONCENTRATION OF

PLATELETS OF ASCORBIC ACID DEGREES
TYPE OF OR SUB- platelets, pg/10°% cells OF [EVIATION PROBABILITY
LEUKEMIA PLASMA JECTS plasma, mg/100 ml FREEDOM (t) (P)

Platelets 8 1.2 £ 0.7 24* 6.3% P <0.001
Acute

Plasma 3 0.30 £ 0.05 8 2.4 0.05 > P > 0.025
Chronic Platelets 4 4.4 t 2.1 28 1.1 P=20.3
lymphatic Plasma 3 0.58 t 0.16 8 0.98 0.4 >P > 0.3
Chronic Platelets 4 1.7 ¢ 2.2 28 2.1 0.05 >P > 0.025
myeloid Plasma 3 0.62 + 0.60 8 0.54 0.7 >P > 0.6

NORMAL RANGE = Platelets: 3.5 + 1.4 ug/10° cells (n = 26)

Plasma: 0.79 £ 0.32 mg/100 r1l (n = 7)

*F test was significant and the t test was modified as

in Appendix A.
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0.3 > P > 0.2) or platelet thromboplastic function (b = - 0.06,

t=1.4, N=6, P =0.2),

2. Leukemia (Table 17, Figure 17). 16 patients were
studied (Appendix B2), 8 with acute leukemia, 4 with chronic
lymphatic leukemia and 4 with chronic myeloid leukemia, Of the
8 cases of acute leukemia 4 were aleukemic and one other was in
haematological remission. One of the 4 cases of chronic
lymphatic leukemia was in haematological remission while all 4
cases of chronic myeloid leukemia were in an active phase of the

disease.

The mean platelet ascorbic acid content in the patients with
acute leukemia was 1.2 % 0,7 ug/10° cells which was significantly
lower than normal (P <0.001). The plasma ascorbic acid
concentration, estimated in 3 of the subjects, was also significantly

reduced (P < 0,05).

In the patients with chronic lymphatic leukemia neither the
pPlatelet content nor the plasma concentration of ascorbic acid.

differed significantly from the normal range.

The platelet ascorbic acid content in chronic myeloid leukemia
was significantly lower than normal (P « 0.05). The mean plasma
concentration, estimated in 3 of the 4 subjects, did not differ

significantly from normal} but appeared to be unduly affected by
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TABLE 18. COMPARISON OF ASCORBIC ACID CONCENTRATIONS IN CASES OF ATHERSCLEROSIS WITH THE NORMAL

RANGE
NO. CONCENTRATION OF
PLATELETS OF ASCORBIC ACID DEGREES
; OR SUB- platelets, ug/lO9 cells OF DEVIATION PROBABILITY

DIAGNOSIS PLASMA JECTS plasma, mg/100 ml FREEDOM (t) (P)
Atheroma with py.,.10¢5 10 2.3 1 1.4 34 2.2 0.05 > P > 0.025
recent
myocardial
infarct () Plasma 6 0.61 £+ 0.19 11 1.2 0.3 >P > 0.2
Atheroma
without Platelets 8 2.4 + 1.6 32 1.9 0.1 >P > 0,05
recent
infarction (B) Plasma 3 0.67 ¢+ 0.38 8 0.49 0.7 >P > 0.6
Total Platelets 18 2.3 + 1.4 42 2.7 P =20,01
(A + B) Plasma 9 0.62 = 0.24 14 1.2 0.3 >P > 0.2

NORMAL RANGE = Platelets: 3.5 %t 1.4 ug/10? cells (n = 26)

Plasma: 0.79 £+ 0.32 mg/100 m1 (n = 7)
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the high value obtained in one subject (J.S.) who had a high
intake of fruit juice,

8. Atheroma (Table 18, Figure 18). 18 patients with
evidence of atherosclerosis were studied (Appendix B3). 10 were
in hospital for the treatment of myocardial infarction diagnosed
on the basis of a history of chest pain coupled with one or both
of electrocardiographic changes, and raised serum levels of
glutamic oxaloacetic transaminase and lactic acid dehydrogenase,
2 (H.,A. and B.W.) had been admitted to hospital because of severe
chest pain thought to be of cardiac origin though there was no
electrocardiographic or enzyme evidence of infarction, and 6 were
outpatients suffering from symptoms of peripheral vascular

insufficiency principally affecting the lower limbs.

When the patients with evidence of occlusive vascular disease
were considered as a single group, the mean platelet ascorbic acid
content was 2.3 t 1.4 ug/10° platelets which was significantly
lower than normal (P = 0,01), If the 10 patients with myocardial
infarction were considered separately the mean value was also
significantly lower than the normal range (P. < 0,05). The mean
value in the remaining 8 patients was lower than normal but the

difference was not quite significant,.

The values for the mean plasma ascorbic acid concentration were

low but not significantly so. It is possible that estimations on a
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larger proportipn of the subjects would have revealed this
difference to be significant. Dietary history revealed no
differences from normal, but it was difficult to assess ascorbic
acid intake accurately by this means and the data available were
not sufficient to exclude dietary causes for the low platelet

ascorbic acid content.

The possibility arose that smoking habits were having some
effect on the results obtained. Only one-third of the normal
subjects smoked whereas two-thirds of the atheroma group 4did so.
There was no difference between the platelst ascorbic acid content
in smokers and in non-smokers in the normal group (see Chapter 3).
In the atheroma group, however, the platelet ascorbic acid content
was lower in smokers than in non-smokers though the difference was
not quite significant (0.1 > P > 0,05), Calder et alii (1963),
using much larger numbers, have shown that smoking does cause a
significant reduction of both buffy layer and plasma ascorbic acid

concentrations.,

The test and control groups were not matched for age, but as
there was no relation between platelet ascorbic acid content and
age in the atheroma group (b = + 0.01, t = 0.003, n = 16, 99.7 >
p > 99.5), it is unlikely that age had a significant effect on the

platelet ascorbic acid content.



TABLE 19. COMPARISON OF ASCORBIC ACID CONTENT OF PLATELETS IN CASES OF

POLYCYTHAEMIA VERA AND THROMBOCYTHAEMIA

NO. CONCENTRATION OF DEGREES

OF ASCORBIC ACID OF DEVIATION PROBABILITY
DIAGNOSIS SUB- (pg/109.cells) FREEDOM (t) ' (P)
JECTS

Polycythaemia " _

. 4 2.0 £+ 1.0 28 2.0 P = 0,05
Thrombocythaemia

due to other 5 . 3.3 £ 1.6 29 _ 0.26 P =20.8
. causes

NORMAL RANGE = 3.5 t 1.4 ug/10° cells (n = 26)




TABLE 20. COMPARISON OF ASCORBIC ACID CONCENTRATIONS IN PATIENTS RECEIVING PREDNISOLONE

PLATELETS

CONCENTRATION DEGREES

OR sggiEg;s OF ASCORBIC OF DEVIATION PROBABILITY
DIAGNOSIS PLASMA ACID FREEDOM () (P)
Platelets
Steroid therapy (ug/10° cells) 6 2.5 + 1.4 30 1.5 0.3>P > 0.2
Plasma
(mg/100 ml) 6 0.63 & 0.36 11 0.25 0.9>P > 0.08
Platelets
Sterold therapy  (,g/10°% cells) 4 2.3 ¢ 1.4 28 1.6 0.2>P > 0.1
haemorrhagic
diathesis Plasma 4 0.66 + 0.37 9 0.56 0.6>P > 0.5

(mg/100 ml)

NORMAL RANGE = Platelets:

Plasma:

3.5 ¢+ 1.4 ug/10°% cells (n = 26)

0.79 £ 0.32 mg/100 m1 (n = 7)
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4, Polyecythaemia and thromboeythaemia (Table 19, Figure 19).
4 patients suffering from polycythaemia vera and 5 patients suffer-
ing from thrombocythaemia due to other causes were studied
(Appendix B4). The mean value of the platelet ascorbic acid
content in patients with polycythaemia vera was 2.4 + 1.0 ug/109
platelets which was lower than normal but the difference was not
quite significant (P = 0.05), In the 5 patients with thrombo-

cythaemia the mean value was well within normal limits.

5. Patients on steroids (Table 20, Figure 20). 6 patients,
5 receiving prednisolone and one (A.,M,) betamethazone were
investigated (Appendix BS). 3 of these had a haemorrhagic rash
which was thought to be due to the steroid therapy; these 3
patients were being treated with steroids for malabsorption
syndrome,rheumatoid arthritis and acute nephritis respectively,
Another patient (R.N,) who was receiving prednisolone for asthma
had a positive tourniquet test. Whether the 6 patients receiving
steroids were considered as a single group or whether the 4
patients with a haemorrhagic diathesis were considered separately,
neither platelet nor plasma ascorbic acid concentrations differed

significantly from normal.

One patient (A.M.) experienced severe intracutaneous
haemorrhages in response to such slight trauma as removal of

elastoplast. This haemorrhagic tendency had developed since
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TABLE 21. COMPARISON OF ASCORBIC ACID CONCENTRATIONS IN CASES OF

MEGALOBLASTIC ANAEMIA

PLATELETS CONCENTRATION DEGREES
OR NO. OF OF ASCORBIC OF DEVIATION PROBABILITY
PLASMA SUBJECTS ACID FREEDOM (t) _ (P)
Platelets 5 1.1 £ 0.9 29 3.6 0.005>P>0,00]

(pg/lO9 cells)

Plasma 4 0.53
(mg/100 ml)

I+

0.24 9 1.3 0.3 >P > 0,2

NORMAL RANGE = Platelets: 3.5 * 1.4 ng/10% cells (n = 26)
Plasma: 0.79 % 0.32 mg/100 m1 (n = 7)
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she had been taking steroids. Bleeding time, tourniquet test,
and platelet thromboplastic function were all normal. The
administration of 1 G of ascorbic acid per day for 4 days produced
a marked rise in both platelet and plasma ascorbic acid concen-
trations (Appendix B5) but there was no obvious decrease in her
haemorrhagic tendency: on the day after the completion of the
course of ascorbic acid she developed a crop of petechial

haemorrhages on the forearm at the site of slight trauma.

6. Megaloblastic anaemia (Table 21, Pigure 20). 5 patients
with megaloblastic anaemia were studied (Appendix B6). All had
megaloblastic changes in the bone marrow. Two patients suffered
from pernicious anaemia and one from folic acid deficiency. One
patient had had a partial gastrectomy, was being treated with
phenytoin for epilepsy, and had low normal serum concentrations of

both vitamin B and folic acid. The fifth patient, who was

12
thought on clinical and biochemical grounds to be suffering from
scurvy, had a normal serum vitamin B12 level, and a low normal
serum folic acid concentration. Unfortunately ascorbic acid

therapy had been commenced before the patient could be examined by

the author.

The mean platelet ascorbic acid content was 1.1 t 0.9 ng/10°
cells which was significantly lower than normal (0.005 5 P > 0.001).

On the other hand the plasma concentration, measured in 4 patients,

was not significantly reduced. One patient (A.W.) was observed
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at intervals during treatment with vitamin Bya- Although the only
ascorbic acid received was that supplied in the ward diet, the
platelet ascorbic acid content increased from 0.5 ug/10? cells to

5.2 ug/10? cells over a period of 2 weeks (Appendix B6).

7. "Young'" platelete (Figure 20). A group of 6 patients
in whom it was presumed that the mean platelet age would be less
than normal was studied (Appendix B7). This group was made up of

3 different categories:

(a) Two patients had lost a considerable proportion of their
blood volume by acute haemorrhage 6 days previously. The lost
blood had been replaced by transfusion of 6 pints of stored blood
which does not contribute platelets tc the circulation. As the
platelet lifespan is about 10 days the bone marrow must normally
replace about one-tenth of the circulating platelets daily. After
severe haemorrhage, however, the marrow must produce a larger number
of "young" platelets to replace those lost. In addition the bone
marrow often over--reacts after haemorrhage to cause a thrombo-

cytosis.

(b) Two patients had a postoperative thrombocytosis; one of

these had had a splenectomy performed for congenital spherocytosis.

(c) Two were cases of thrombocytopenia in whom a remission

had just occurred.
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The values obtained for the platelet ascorbic acid content

showed a wide scatter, and no conclusions could be drawn.

8. Thromboeytopenia (Figure 21). Besides those patients
with leukemia and megaloblastic anaemia who had low platelet
counts, 4 other patients with thrombocytopenia were studied
(Appendix B8). They suffered respectively from Felty's syndrome,
 disseminated lupus erythematosus, hepatic cirrhosis, and aplastic
anaemia. It was not practicable to study a larger number of
subjects with thrombocytopenia because of the difficulty of
obtaining enough platelets to perform an estimafion. The mean
platelet ascorbic acid content was 1.95 ¢ 0.42 ug/10° cells which
was significantly lower than normal (t = 4.5, N = 5%, 0,01 > P >

0.005).

In the patient (F.D,) with Felty's syndrome the platelet
ascorbic acid content was lower than the normal range (mean %+ 2 x
standard deviation) on the first 2 occasions on which it was
measured, and her plasma concentration was near the lower limit of
normal (Appendix BS8). After large doses of ascorbic acid (1 G per
day orally for 4 days) the platelet ascorbic acid content was within
the normal range and her plasma concentration was at a level
consistent with saturation. Further large doses of ascorbic acid

did not change these levels (Appendix B8) indicating that

*F test was significant and the t test was modified as specified in
Appendix A.
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saturation had been attained.

IVv. COMMENT

The platelet ascorbic acid content was significantly lower
than normal in patients suffering from uraemia, acute leukemia,
chronic myeloid leukemia, atherosclerosis, megaloblastic anaemia,

and in a heterogeneous group of cases of thrombocytopenia,

In uraemia the low platelet ascorbic acid content was
associated with a normal plasma concentration, This suggests
that there is a defect in the ability of platelets to concentrate
ascorbic acid in this condition. On the other hand, the low
platelet ascorbic acid content in acute leukemia was associated
with a marked depression of the plasma ascorbic acid concentration
suggesting that the low platelet content in this condition is

secondary to a low plasma concentration.

In atheroma it may appear at first sight that the results
suggest an abnormality in the mechanism by which platelets
concentrate ascorbic acid. Such a defect has not, however, been
conclusively established for an analysis of the plasma concentration
in a larger number of subjects may have shown this level to be
significantly lower than normal. Another uncertain factor in
this investigation was the unknown effect of smoking on the platelet
ascorbic acid content. A larger number of subjects must be studied

before a conclusion can be reached. Smoking has been shown by
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Calder et alii (1963) to depress the buffy layer and plasma ascorbic

acid concentrations.

In polycythaemia vera and in thrombocythaemia no marked
differences from normal were found. A larger number of patients
in each group would be required to exclude any slight differences

from the normal range.

The ascorbic acid concentrations in patients receiving steroids
were within normal limits. This tends to suggest that the purpura

of steroid therapy is not due to ascorbic acid deficiency.

A marked and highly statistically significant depression of
the platelet ascorbic acid content occurred in megaloblastic
anaemia. In the present study the platelet concentration of
ascorbic acid had fallen out of all proportion to the slight fall
in plasma concentration. This suggests that in megaloblastic
anaemia, as in uraemia, there is a defect in the mechanism by which

platelets concentrate ascorbic acid.

An attempt to estimate the ascorbic acid content of platelets
which were younger than normal did not demonstrate any abnormalities.

A wide scatter of results was obtained.

In the four patients with thrombocytopenia an insufficient
number of plasma ascorbic acid estimations precludes the possibility

| of determining the reason for the low platelet ascorbic acid content.
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In such a heterogeneous group of disorders in which the only common
factor was a low platelet count, it is surprising that the platelet

ascorbic acid content should be lower than normal.



CHAPTER S

ADMINISTRATION OF HIGH DOSES OF ABCORBIC

ACID TO PATIENTS SUFFERING FPROM URAEMIA AND LEUKEMIA
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I. INTRODUCTION

One important observation in Chapter 4 was that the platelet
ascorbic acid concentration in uraemia was significantly lower than
normal despite a normal plasma concentration. Another important
result was that low platelet ascorbic acid concentration was found
in acute leukemia and chronic myeloid leukemia and that this was
associated with a low plasma ascorbic acid concentration in all but
one of the cases of chronic myeloid leukemia., In chronic
lymphatic leukemia, however, both platelet and plasma values were

normal.

In this chapter experiments are described which measure the
effect of a high oral intake of ascorbic acid on the platelet
ascorbic acid content and the plasma ascorbic acid concentration
in patients suffering from uraemia and leukemia. The doses given
were large enough to saturate the tissues of normal subjects but
may not have produced saturation in the patients with leukemia for
it has been reported that, whereas saturation in normal subjects is
attained by administration of 1 G of ascorbic acid dally for 1-4
days, a longer period is required in leukemia (Cuttle, 1938;

Barkhan and Howard, 1958).

II. METHOD
1.0 G of ascorbic acid was taken orally daily for 4 days.

Ascorbic aclid estimations were performed on the morning of the first



TABLE 22. EFFECT OF ASCORBIC ACID ADMINISTRATION IN URAEMIA
—
BLOOD UREA
NITROGEN PLATELET ASCORBIC ACID PLASMA ASCORBIC ACIp
PATIENT (mg/100 ml) (pg/10% cells) ~(mg/100 mi)
—
B A C B A C
—
J.T. 30 2.5 3.4 0.9 0.75 4,2 3.45
D.W.* 73 1.5 4.8 3.3 0.70 5.5 4,80
S.M.* 72 0.7 5.0 4.3 0.95 6.5 5.55
C.D. 54 0.2 4.1 3.9 0.20 2.1 1.90
C.H. 67 1.1 3.0 1.9 1.20 2.8 1.60
MEAN 1.2 4,1 2.9 - 0.76 4,22 - 3.5
t 400 4 .O
N 4 4
P 0.01 > P > 0.005" 0.01 > P > 0.005"
B = before ascorbic acid administration
A = after ascorbic acid administration
C = change = A-B
*on haemodialysis
.l.

one tailed t test
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day of the experimant; ascorbic acid administration was then
commenced, 4 days later on the moxrning after the last dose of
ascorbic acid the ascorbic acid estimations were repeated. Also
performed on each patient before and after large doses of ascorbic
acid were platelet thromboplastic function (Bonnin and Cheney,
1961) , Ivy bleeding time (Wintrobe, 1961), and tourniquet test
(Wintrobe, 1961).

III. RESULTS
1. Uraemia

(a) Subjects studied. 5 cases of uraemia were studied
(Table 22), Two of these patients were being treated by twice
waekly haemodialysis. None had an abnormal bleeding tendency.

Further details of these subjects are contained in Appendix Bl.

(b) Before ascorbie aoid administration. The platelet
ascorbic acid content in the 5 uraemic patients before large doses
of ascorbic acid had been administered was significantly lower
than the normal range (t = 3,5, N = 29, 0.005 > P > 0,001), but
the plasma concentration was well within normal limits (Table 22,
Figure 22), The platelet thromboplastic function was reduced to
60% in one subject (C.H.) and the bleeding time and tourniquet

tests were normal in all 5 subjects.

(c) After asoorbic acid administration. After the

administration of large doses of ascorbic acid the mean platelet
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TABLE 23, EFFECT OF ASCORBIC ACID ADMINISTRATION IN LEUKEMIA

(GROUP I)

WHITE PLATELET ASCORBIC

CELL %CID ACID
TYPE OF COUNT (ug/10° cells) (mg/100 ml)
PATIENT LEUKEMIA  (c mm)
B A Cc . B A C
A.S, Acute 3,000 0.3 4,1 3.8 0.30 1.60 1,39
J.D. Chronic . :
myeloid 49,000 0 2,4 2.4 0.35 1.15 0.8
A M, Chronic _ ,
myeloid 13,400 1.6 5.8 4.2 0.20 1.20 1.0
MEAN 0.6 4,1  .3.5 . .| 0.28 1.3  1.02
t 5.2 5.8
N 2 2
P 0,025 > P > 0.0125% 0.025 > P > 0.0125¢%
B = before ascorbic acid administration

—

PLASMA ASCORBIq

A

C = change = A-B

*one tailed t test

after ascorbic acid administration




TABLE

24, EFFECT OF ASCORBIC ACID ADMINISTRATION IN CHRONIC

LYMPHATIC LEUKEMIA (GROUP IT)

WHITE CELL PLATELET ASCORBIC PLASMA ASCORBIC
COUNT ACID ACID
PATIENT (per ¢ mm). . (ng/10? cells) ... (mg/100 ml)
B A C B .. A C
Beat. T, 63,000 6.8 7.2 0.4 | 0.45 2.50 2.05
J.G, 83,000 5.5 6.0 0.5 0.55 2.15 1.60
J.F. 19,000 3.2 2,4 - 0.8 0.75 1.30 0.55
MEAN 5.2 5.2 0 0.58 1.98 1.4
t 2.6
N 2
P 0.1 > P > 0,05*
B = before ascorbic acid administration
A = after ascorbic acid administration
C = change = A-B

*one tailed t test
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ascorbic acid content had risen to well within the normal range
and the plasma concentration had risen to a very high level
(mean 4.2 mg/100 ml), (Figure 22). This plasma level is very
much higher than that attained in normal subjects where the same
dose produced a plasma concentration of 1.0-1.4 mg/100 ml (see
Chapter 3). The plasma ascorbic acid concentrations attained
were particularly high in 2 patients on chronic haemodialysis

(D.W. and S.M., Table 22),

There was no significant change in platelet thromboplastic

function, bleeding time, or tourniquet test.

3, Leukemia.

(a) Subjects studied. One case of acute lymphatic leukemia,
2 cases of chronic myeloid leukemia, and 3 cases of chronic
lymphatic leukemia were studied. For the purposes of discussion
these subjects were divided into 2 groups: the case of acute
leukemia and the 2 cases of chronic myeloid leukemia in the first
group (Table 23), and the 3 cases of chronic lymphatic leukemia
in the second group (Table 24).

Though none of the patients was in haematological remission,
none had a marked bleeding tendency. Details of these patients

are contained in Appendix B2,

(b) Before ascorbic actd administration. Prior to the

administration of ascorbic acid the mean platelet and plasma
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ascorbic acid concentrations were both lower than normal in the
first group and within the normal range in the second group
(figure 23). The platelet thromboplastic function was reduced
to 30% in one subject (A.S.), and the tourniquet test was positive
in another subject (J.G.). -

(o) After aecorbie aeid administration. After the
administration of ascorbic acid the platelet content of ascorbic
acid in the first group rose significantly to well within the
normal range but did not change significantly in the second
group (Figure 28, Tables 23 and 24). The plasma ascorbic acid
concentration in both groups rose to levels consistent with
saturation, The platelet thromboplastic function in A.S. was

still 30% and the tourniquet test in J.G. was still positive.

IV, COMMENT

Prior to the administration of ascorbic acid to patients
suffering from uraemia the ascorbic acid content of platelets was
lower than would be expected but the plasma concentration was
normal, This suggested that there was a defect in the ability
of the platelets to concentrate ascorbic acid. After large doses
of ascorbic acid, the platelet content of ascorbic acid rose to
within normal limits probably because the very high'plasma levels
attained enabled the platelets to take up more ascérbic acid. The

high plasma ascorbic acid concentrations after ascorbic acid

administration were probably a manifestation of the impairment



P<0-025 P<0-05 o

8 244
= o
O-
« £ 16 a
Oo
U: (o]
W
- ]
<
£
<~
-
(7]
«
-—d
[ 9
= P<0-025 o
(&)
<o
v
w
ol )
o&
UO
m—
<o
._:.
uv
-l
"]
-
=
-d
[ 9

FIGURE 23:

before after before after

ACUTE LEUKEMIA B
CHRONIC MYELOID LEUKE MIA @ CHRONIC LYMPHATIC LEUKEMIA @

The concentratlion cf ascorbic acld In plateiets and
plasma In patients suffering from leukemia before
and after the administration of ascorblc acid. A
cne talled T test was used.



137

in renal excretion of ascorbic acid which has been previously

described in uraemia (Sendroy and Miller, 1939).

In the three cases of leukemia in the first group (Table
23) a low platelet ascorbic acid concentration was observed and
the plasma concentration was also low. After the administration
of ascorbic acid the platelet ascorbic acid content was well
within the normal range and the plasma concentration was at
levels consistent with those obtained by saturation of normal
subjects. These results suggest that the low platelet ascorbic
acid concentrations observed in acute leukemia and in chronic
myeloid leukemia are due to a decreased amount of ascorbic acid
in the body rather than a defect in the platelet mechanism for

the concentration of ascorbic acid.

In chronic lymphatic leukemia the platelet ascorbic acid
concentration was normal prior to the administration of ascorbic
acid and had not increased significantly after large doses of
ascorbic acid suggesting that the level was at or near saturation

prior to the experiment.



CHAPTER 6

UPTAKE OF ASCORBIC ACID BY PLATELETS
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I, INTRODUCTION

The high concentration of ascorbic acid in platelets compared
to that in the surrounding plasma implies either that platelets
contain a large amount of ascorbic acid when released from mega-
karyocytes or that they concentrate ascorbic acid from the
surrounding plasma. One might expect that both mechanisms would
be operative to some extent,. Denson and Richards (1962) reporting
that white cells will absorb ascorbic acid from plasma against a
concentration gradient, included the results of 2 experiments on
platelets; when platelet ascorbic acid content was estimated
before and after incubation with ascorbic acid an uptake of this

substance by platelets was demonstrated.

The experiments described in this chapter were designed to
study in vitro the mechanism by which platelets concentrate

ascorbic acid from the surrounding medium.

II. METHOD

1, Cll—labelled ascorbie aeild

The contents of an ampoule of IL-ascorbic acid-l—cl4* (New
England Nuclear Corporation) containing 50 uCi (2.4 mg) .of
labelled ascorbic acid was reconstituted in 50 ml of distilled

water acidified to pH 4 with oxalic acid,. One ml aliquots (1 uCi,

*Paper chromatography by the manufacturer indicated 100% purity.
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48 ug per aligquot) were lyophilised, sealed in ampoules under
vacuum, and stored at 0-4°c, The recovery of ascorbic acid from

this procedure was 91% by the Fe-T.,P.T.Z. reaction.

2, Procedure
5-10 ml of fresh platelet rich plasma was incubated in a water

14-ascorbic acid was added

bath at 37°C in a plastic test tube. Cc
along with sufficient carrier ascorbic acid to raise the total
ascorbic acid concentration of the platelet rich plasma by 1.0 mg/
100 ml, 0.5 ml samples of platelet rich plasma were removed
immediately and at intervals thereafter. Each sample was
centrifuged for 5 minutes at 1300 ¢ at 0-4°C to form a platelet
button and the supernatant plasma was then decanted. Any excess
plasma was removed by wiping the inside of the tube with adsorbent

tissue, In this way the platelets were separated from the

platelet rich plasma within 6-7 minutes of taking the sample.

The platelets in each sample were resuspended in 0,2 ml of
10% E.D.T.A. and transferred to a disposable planchette using a
siliconised Pasteur pipette. Spreading of the platelets on the
planchette to form an even film was aided by a trace of detergent
which had been added to the E.D,T.A. solution, The contents of
the planchettes were dried by evaporation under an infrared lamp
and the beta activity was measured in a proportional counter with

an ultrathin window using P 10 (argon-methane counting gas).
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Because each sample from a given suspension contained an identical

amount of platelets, no allowance was required for self absorption.

ITI. RESULTS
1. VNormal uptake

40 ml of platelet rich plasma was divided into 4 equal aliquots
to each of which was added 0.5 puCi of C14-ascorbic acid with
carrier ascorbic acid. One aliquot was subjected immediately to
platelet ascorbic acid estimation by the T.L.C. method, From
the second aliquot 0.5 ml samples were removed at intervals and
the platelet radiocactivity determined. After 80 minutes the
platelets from the third aliquot were examined for ascorbic acid
content by the T.L.C, method and the platelets from the fourth
aliquot were separated, homogenised in a tissue grinder and the
platelet extract subjected to thin layer chromatography on
cellulose in the usual solvent used in the T.L.C. method. The
developed chromatogram (from the fourth aliquot) was scanned for
beta activity in a thin layer chromatogram scanner (Nuclear

Chicago).

The uptake of radicactivity (second aliquot) was linear with
time for 50 minutes after which no further uptake occurred (Figure
24), A high initial level of radicactivity was present in the
first sample. This was partly because 6-7 minutes elapsed

between addition of the radioactive ascorbic acid and the separation
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of the platelets in the first sample from plasma,
would probably be plasma trapped in the interstices between the

platelets,

The uptake of radioactivity was not associated with a large
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Another factor

increase in the total amount of ascorbic acid within the platelet.

Platelet ascorbic acid concentration was 1.2 ug/10°? cells just

after the addition of the labelled ascorbic acid (first aliquot)

and 1.5 ug/109 cells after incubation for 80 minutes (second

aliquot).

From the increase in radioactivity the amount of ascorbic

acid which entered the platelet can be estimated as follows:

(a)

(b)
(c)

I -nd

Self absorption = o™ (Broda, 1960)

where I = intensity of radiation before self absorption

Io = intensity of radiation after self absorption

n = gself absorption coefficient (120 for 014;

Broda, 1960)
d = layer thickness = 0.0016 G/cm?

= e 120 4 0.0016 = 0.83

Ll
ol

Counting efficiency of beta counter = 4.6%

Assuming that the uptake of activity actually began 6

minutes prior to time 0 (Figure 24) the increase in platelet

radiocactivity per 0.5 ml sample was 830 counts per 400 seconds.
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Therefore increase in counts emitted by samples

= §30 per second
0.046 x 0.83 x 400

(d) specific activity of ascorbic acid in platelet rich
plasma = 0.0078 uCi/ug.

(e) Number of platelets in 0.5 ml sample = 1,48 x 108

(£) Amount of ascorbic acid entering the platelet = 1,3 ug/10°
cells. ‘

Thus, though the increase in platelet ascorbic acid content
was shown to be only 0.3 ug/109 cells by chemical means,the change
in radioactivity showed that about 1.3 ug/10% cells had entered
the platelets., Two possible explanatione for this are:

(a) The ascorbic actd has been broken down or metabolised to
another substance. This is unlikely for the radioactive scan
(fourth aliquot) was identical to that shown in Figure 9 (Chapter
2). A single peak was obtained and the radiocactivity coincided with
the position of a reducing spot demonstrated by phosphomolybdic acid
spray. It is possible, but unlikely, that the ascorbic acid had
broken down before or after entering the platelets to some unknown
substance which by chance had the same Rf as ascorbic acid.

(b) While ascorbic aeid molecules from the plasma are diffusing
into the platelet, ascorbic aoid already in the platelet is diffusing
out at the same rate, maintaining an equilibrium in which the greater
oconcentration of ascorbic acid 18 inside the platelet. The specific

activity of ascorbic acid inside the platelet would then rise until it
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was the same as that of ascorbic acid outside the platelet. The
specific activity of ascorbic acid in the platelet when the
maximum uptake had occurred was estimated to be 0.0066 uCi/ug.
This is of the same order as the specific activity in the plasma
which was 0.0078 uCi/ug. The present results are therefore

consistent with but do not prove this second hypothesis,

2, Effeot of incubation of platelet rich plaama

There are two possible reasons for the cessation of uptake of
radioactive ascorbic acid after about 50 minutes, Firstly it is
possible that there is a failure of the uptake mechanism consequent
on a decline in platelet metabolism; this may occur because of a
lack of oxygen and other nutrients which the platelet consumes in
the normal processes of respiration. Secondly it may be because
an equilibrium has been reached between the specific activity of
the ascorbic acid inside the platelet and the specific activity of
the ascorbic acid in the plasma: thus at equilibrium, the rate at
which ascorbic acid is leaving the platelet equals the rate at
which it is entering. The following experiment was performed to

explore the first possibility,

15 ml of platelet rich plasma were divided into 2 equal
aliquots. To one aliquot C14-ascorbic acid was added and the
blatelet radioactivity determined at 8 minute intervals. The
>ther aliquot was incubated for 32 minutes at 37°C prior to the

iddition of C14—ascorbic acid and the measurement of uptake,



144

Uptake of radioactivity occurred to the same extent and for
the same length of time after the addition of C14—ascorbic acid
in the second aliquot as in the first (Figure 25). If the
first hypothesis were correct the uptake in the second tube would

be expected to cease after about 20 minutes.

The effect of more prolonged incubation on the ability of the
platelet to maintain a high concentration of ascorbic acid in its
interior was studied in the next experiment. After addition of
Cl4uascorbic acid to platelet rich plasma incubated at 37°C, the
platelet radiocactivity was followed for 4% hours. In this
experiment maximum uptake occurred at about 80 minutes (Figure 26)
and after 2 hours there was a gradual decrease in the amount of
platelet radioactivity. This suggests that over a prolonged
period of incubation platelets gradually lose their ability to
maintain a gradient of ascorbic acid concentration between the

plasma and the cell cytoplasm,

3. Effects of enzsyme inhibitors

Substances tested for their effect on platelet ascorbic acid
uptake were potassium cyanide, parachloromercuribenzoate, and
dinitrophenol. The substance being tested was added in a volume
of 0.5 ml to 10 ml of platelet rich plasma. In each experiment
a control was set up by adding 0.5 ml of normal saline to 10 ml of
platelet rich plasma. 5 minutes after adding the test substance

c14~ascorbic acid was added and the platelet radioactivity
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determined at intervals.

3

Potassium cyanide in a final concentration of 10 ° M inhibited

14

the uptake of C~ "-ascorbic acid, the total uptake being only about

one-fifth of that in the control tube (Figure 27).

Parachloromercuribenzoate in a final concentration of 2 x 10-5

4 M there

M caused no inhibition, but in a concentration of 2 x 10
was a marked decrease in the initial rate of uptake (Figure 28),

The total uptake, however, was similar in all three samples.

Dinitrophenol in final concentrations of 2 x 10-5 M and

3

2 x 10 ° M did not inhibit the uptake of ascorbic acid.

IV, COMMENT

The experiments described in this chapter show that C14—
ascorbic acid added to platelet rich plasma was taken up by
platelets, This was not accompanied by the expected rise in the
total platelet content of ascorbic acid suggesting that either the
ascorbic acid has been broken down before or after entering the
cells, or that the diffusion of ascorbic acid into the platelets
was accompanied by the diffusion of ascorbic acid out of the
platelets, Evidence obtained by subjecting the platelet extracts
to thin layer chromatography followed by scanning for radiocactivity

suggested that the former possibility is unlikely.
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The uptake of C14-ascorbic acid by platelets was not impaired
by incubation of the platelet rich plasma at 37°C for 30 minutes
prior to adding the radioactive ascorbic acid. When platelets

which had taken up C14

-ascorbic acid were incubated for 4% hours
at 37°C there was a gradual decrease in the amount of radioactive
ascorbic acid in the platelets. The uptake of C14-ascorbic aciad
was blocked by potassium cyanide which forms complexes with metal
ions and therefore probably has a non-specific inhibitory effect
on cellular metabolism,. Parachloromercuribenzoate which inhibits
enzymes whose activity depends on sulphydryl groups had a similar
effect which, however, did not persist. Dinitrophenol which
uncouples oxidative phosphorylation of A.D.P. (White et alii, 1964)
had no effect in the concentrations used suggesting that the

mechanism does not require a ready supply of adenosine triphosphate.

Though these results do not prove that the mechanism in
platelets for maintaining a high concentration of ascorbic acid
within the cell is mediated enzymatically, they do show that it is

dependent on an intact cellular metabolism.



CHAPTER 7

ASCORBIC ACID AND A.D.P.-INDUCED AGGREGATION
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I. INTRODUCTION

An important property of platelets is their ability to respond
to certain stimuli by adhering to each other to form platelet
aggregates. Platelet aggregation can be followed by recording the
transmission of light through a suspension of platelets on to a
photoelectric cell (Born, 1962; O'Brien, 1962). This system has
been used extensively in the study of the kinetics of platelet
aggregation (see Chapter 1), Adenosine diphosphate is one substance
which initiates platelet aggregation, and since it is released from
red cells and platelets during haemostasis it is likely that A.D.P,.-
induced platelet aggregation is an important component of the

complex mechanism of haemostasis.

The studies described in this chapter were undertaken to assess
the role of ascorbic acid in platelet aggregation. Experiments
were designed to determine (1) whether ascorbic acid added to
platelet rich plasma had any effect on A.D.P.-induced platelet
aggregation, and (2) whether ascorbic acid was released from

platelets during A.D.P.-induced platelet aggregation.

II. METHODS
1, Measurement of platelet aggregation
Platelet aggregation was measured spectrophotometrically as a

decrease in the absorbance of a sample of platelet rich plasma,
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3.0 ml of platelet rich plasma contained in a glass cell (length
of light path = 1.0 cm) of a Beckman DB spectrophotometer was
stirred with a small plastic coated steel rod rotated by a
magnetic stirrer, At 30 second intervals the cell was placed in
the spectrophotometer and the absorbance measured at 600 my.,

When a series of 5-10 baseline readings had been obtained, 0.1 ml
of 1% acetic acid containing enough ascorbic acid to increase the
plasma concentration by 1.0 mg/100 ml was added. For control
runs 0.1 ml of 1% acetic acid containing no ascorbic acid was used,
After the addition of ascorbic acid or 1% acetic acid the
absorbance was recorded at half minute intervals for 4 minutes. A
solution of A.D.P. in normal saline was then added to produce a
concentration of A.D.P. in the plasma of 2.6x10 ° - 2.5x10"° M and
the absorbance was then recorded at half minute intervals for at

least 10 minutes.

2. The liberation of ascorbic acid from platelets

10 ml of platelet rich plasma was incubated with C14—ascorbic
acid along with sufficient carrier ascorbic acid to raise the
plasma ascorbic acid concentration by 1.0 mg/100 ml, After 70
minutes which allowed time for the concentration of 014-ascorbic
acid in the platelets to attain a stable level (see Chapter 6), 0.5
ml samples of the platelet rich plasma were removed and subjected
to determination of platelet radioactivity as described in Chapter

6. The 8 ml of platelet rich plasma remaining was divided into 2
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equal aliquots each of which was placed in a spectrophotometer
cell of 1.0 cm light path and stirred on the magnetic stirrer.

The absorbance at 600 mu was measured at intervals in the spectro-
photometer. After about 4 minutes the platelets in one of the
cells were aggregated with A.D.P. and normal saline was added to
the other cell to form a control. When aggregation had occurred
samples were withdrawn from both cells for the determination of

platelet radiocactivity.

III. RESULTS
1. Effect of added ascorbic aeid on A.D.P,-induced platelst
aggregation

Following the addition of the ascorbic acid (dissolved in 1%
acetic acid) to the platelet rich plasma there was a slight
decrease in absorbance. This occurred to the same extent when
1% acetic acid alone was added and could be accounted for by the
diluting effect of the added fluid. Thus ascorbic acid d4id not

induce measurable platelet aggregation.

The effect of adenosine diphosphate in 2 typical experiments
is illustrated in Figure 30. On day 1 platelets from a normal
subject were used, and on day 2 platelets were taken from the
author who was at that time on an ascorbic acid deficient diet

(platelet ascorbic acid content = 1.2 ug/10? cells; plasma
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concentration = 0.3 mg/100 ml). There was no significant

difference between the pattern of aggregation recorded in the
presence of added ascorbic acid and that recorded in the control.
The concentration of added A.D.P. in the plasma was 2.5 x 10-6M on

day 2 and 1.25 x 10" M on day 1.

2. The liberation of ascorbie aeid from platelete

The results of one experiment are illustrated in Figure 31.
At point A 0.1 ml of A.D.P. in normal saline was added to one of
the cells to produce a plasma concentration of 2.5 x 10_6M.
Because this produced only minimal aggregation a further 0.2 ml
of the A.D.P. solution was added to increase the A.D.P. concen-

tration to 7.3 x 10°°

M (point B), Once again the degree of
aggregation was not marked and at point C a further 0.3 ml of a
more concentrated solution of A.D.P. was added to produce a total
plasma concentration of 6.7 x 10_5 M. With each addition of
A.D.P, equal amounts of normal saline were added to the control

tube L ]

The platelet radioactivity (counts per 400 seconds) in
samples taken at points Sl’ Sz, S3 was as follows.

S 206; 233; 220; 220

(i samples) (mean = 220)
Control A.D.P,
S, 190 214
(1 sample each)
83 230; 251; 243; 253 43; 273; 245; 231

(4 samples each) (mean = 246) (mean = 248)
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There was no significant difference in radioactivity between the
aggregated and the control platelets. In 2 similar experiments
there was also no difference between aggregated and control

platelets. Thus A.D.P.-induced aggregation was not associated

with a release of ascorbic acid from the platelets.

IV. COMMENT

Ascorbic acid had no effect on A.D.P.-induced platelet
aggregation even when platelet rich plasma from a subject on an
ascorbic acid deficient diet was used. The platelets from this
subject still contained a considerable amount of ascorbic acid,
however. To completely exclude the possibility that ascorbic
acid is required for A.D.P.-induced platelet aggregation, platelet

rich plasma from a patient with clinical scurvy should be used.

Ascorbic acid was not released from the platelets during
A.D.P.-induced aggregation. This suggests that if ascorbic acid
is required for platelet aggregation it is required within the
platelet rather than at the outer surface of the platelet external

membrane.,



CHAPTER 8

INVESTIGATION OF THE IRON BINDING ABILITY OF ASCORBIC

ACID AND DEHYDROASCORBIC ACID
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Is INTRODUCTION

A property of ascorbic acid which lends itself to further
investigation is its ability to enhance the absorption of iron
from the intestine. It is usually claimed that this is due to
the formation of ferrous ions which, in the alkaline conditions
of the duodenum where iron is absorbed, are very much more g0luble
than ferric ions (Moore et alii, 1939; Hahn et alii, 1945). This
has not been proven, however, and another possible explanation for
the effect of ascorbic acid is that a chelate complex with iron is

formed,

It has been shown that chelates with iron are formed by
fructose and by other reducing sugars, and that these chelates are
soluble in the alkaline conditions of the duodenum (Charley et
alii, 1963). The ferric-fructose chelate is more rapidly absorbed
than ferrous sulphate in rats (Stitt et alii, 1962) and it has been
recently shown that fructose also enhances iron absorption in
humans (Davis and Deller, 1967). Since ascorbic acid has a
structure somewhat similar to hexose sugare, the possibility that

this substance also chelates iron must be considered,

Besides the effect of ascorbic acid on iron absorption there
are other links between ascorbic acid and iron metabolism. It
has been shown that ascorbic acid is required for the transfer of

iron from plasma transferrin to liver ferritin (Mazur et alii, 1960)



TABLE 25.

SOLUBILITY TEST FOR DETECTION OF CHELATING AGENTS (DAVISJg“.

Reagents "Sample"

.. "Blank". . .. ..

"Control"

1.0 mM Fe'T
0.01 uci Fe®?/m1
Sample solution
Distilled water

HC1, NH40H as needed +

pH adjustment pH2 » pH 8

ml

ml

"ml

ml

2 ml

2 ml

pPH 2
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and to the site of haem synthesis in liver mitochondria (Lockhead

and Goldberg, 1959).

The aim of the experiments described in this chapter was to
determine whether an iron-chelate complex is formed when ascorbic
acid is added to solutions of iron. These experiments were based
on techniques available in the department for the investigation of

iron chelates in biological samples (Davis, 1965).

IT. METHODS
1, Radioiron solubility test

This test developed by Davis (1965) is based on the fact that
iron in its ferric form is extremely insoluble at pH 7-8, whereas
most ferric chelates are soluble at this pH, The principle
involved is identical to that used in a previous experiment

(Chapter 2, Figure 2) for the estimation of ascorbic acid.

The test was set up in 20 ml beakers as shown in Table 25.
Radioactive iron (Fesg), carrier iron, and the sample (containing
ascorbic acid or dehydroascorbic acid) were pooled in a beaker.
Two other beakers, the blank and the control, contained distilled
water in place of sample. The pH of the contents of each beaker
was brought to 2 with hydrochloric acid, The contents of the
sample and blank beakers were then adjusted to pH 8 with ammonium

hydroxide, but the control mixture was allowed to remain at pH 2.
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After adjusting the total volume of each mixture to 8 ml a
suitable aliquot was centrifuged at 1300 g for 30 minutes to
remove any precipitated ferric hydroxide. The gamma activity
of 2.0 ml of supernatant from each aliquot was measured by

scintillation counting.

The radioactivity of the control sample was high because
all the iron remained in solution, whereas in the blank tube the
radioactivity of the supernatant was almost background for the
iron had been removed as precipitated ferric hydroxide. The
results were expressed as

Iron solubility index of sample =

Sample activity - blank activity x 100%
Control activity - blank activity

In the presence of chelating agents iron solubility in this
test is considerably enhanced (Davis, 1965). A false positive
may be obtained in the presence of a reducing agent for ferrous

ions are soluble at this pH and concentration.

2. Ion exchange teet (Davia, 1965)

A property of metal chelates is that they are usually
negatively charged or neutral, whereas free metal ions are
positively charged. Thus chelated iron will not be bound by a

cation exchange resin provided the chelating agent binds iron
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more strongly than the resin. Free ferric or ferrous ions will,

however, be bound strongly by a cation exchange resin,

10 ml. of ferric chloride (10 ug iron/ml containing 0.1 ucCi
per ml of Fesg) was added to 10 ml of sample solution containing
a known amount of ascorbic acid or dehydroascorbic acid, After
adjustment of pH (see results) the total volume was brought to 25
ml and 2 ml was placed on an ion exchange column. Dowex AG-50W-
X8 in the sodium form was used in a glass column of 1,0 cm
internal diameter. The bed volume was 5 ml. The column was
then eluted with 50 ml of solvent. For the first 10 ml a flow
rate of 1 ml per minute was used. For the last 40 ml a rate of

5 ml per minute was used.

The eluate was collected in 5 ml aliquots which were subjected
to determination of gamma activity by scintillation counting. A
significant amount of gamma activity indicates the formation of a
negatively charged or neutral complex with iron. Free ferric ions

or a positively charged complex will be bound strongly by the resin.

ITII. RESULTS
1. Colour formation

10 ml of 0.004 M ferric chloride solution were added to 10 ml
of 1% acetic acid and the pH adjusted to 2 with HCl and then to 8
with NH4OH. As the pH was raised from 2 to 8 a dense red

precipitate formed. When 10 ml of 0.1 M ascorbic acid (in 1%



TABLE 26. SOLUBILITY TEST ON ASCORBIC ACID AND DEHYDROASCORBIC ACID

= o SOLUBILITY INDEX (%)
Coomntration of  SCILTC Loia Eeizhie

to iron Ascorbic acid acid
Control (pH. <2) 0:1 100 100
Blank (pH = 8) 031 0 0
2.0 mM 2:1 100 98.9
1.0 mM 1:1 96.6 98.9
0.75 mM 3:4 100 100
0.5 mM 2:4 100 100
0.25 mM 1:4 99.7 58,1
0.10 mM 1:10 0.95 0.2

* C1. and the

2.0 ml of sample was added to 2.0 ml of 1.0 mM Fe' ' 3

solubility test performed.
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acetlic acid) was used in place of 1% acetic acid a visible
precipitate did not form on raising the pH and a clear greenish
coloured solution resulted. When 0.004 M ascorbic acid solution
was used there was again no visible precipitate and the solution

was a faint yellow colour,

Thus ascorbic acid appears to keep iron in solution at an
alkaline pH. This could theoretically be due either to reduction
of the ferric ions to ferrous ions or to the formation of a complex
between iron and either ascorbic acid or one of its breakdown

products.

2, Solubility test

(a) ascorbio aetid. A variety of concentrations of ascorbic
was tested. When the concentration of ascorbic acid was greater
than or equal to 0.25 mM (molar ratio of ascorbic acid to iron =
1:4) all the iron remained in solution (Table 26). When 0.10 mM
ascorblc acid was used only 1% of the iron remained in solution.
This result concurs with the results of an experiment described in
Chapter 2 (Figure 2); in this experiment, which differed from the
present procedure only in that a different concentration of iron
(0.18 mM) was used, iron was also precipitated@ when the molar ratio
of ascorbic acid to iron was less than 1:4. Thus one molecule of

ascorbic acid keeps 4 iron lons in solution.

When one molecule of ascorbic acid is oxidised to dehydro-
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ascorbic acid it loses 2 hydrogen atoms. One molecule of ascorbic
acid should therefore theoretically reduce 2 ferric ions to ferrous
ions:

+ +

s dehydroascorbic acid + 2 rett + 2 H

ascorbic acid + 2 re'?
That this is so is borne out by an experiment previously described
in Chapter 2 (Figure 4). In this experiment varying amounts of
ascorbic acid were added to a reagent containing a constant amount
of ferric chloride and excess T.P.T.Z. The amount of ferrous ions
liberated was measured by the blue colour produced. Colour
formation was proportional to the amount of ascorbic acid added
when the molar ratio of ascorbic acid to iron was less than 1:2,
When higher concentrations of ascorbic acid were used such that

the ratio was greater than 1:2 no further colour formation

occurred.

Accordingly, in the solubility test, one gram molecule of
ascorbic acid should maintain two gram ions of ferric iron in
solution by reduction to the more soluble ferrous form. In fact
one gram molecule of ascorbic acid maintained four gram ions of
ferric iron in solution. This suggests that one molecule of
ascorbic acid maintains two gram ions of ferric iron in solution
by reduction and two more by some means other than reduction,

perhaps by complex formation.

When ascorbic acid is added to ferric chloride such that the
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molar ratio of ascorbic acid to iron is 1:4 all the ascorbic acid
present must be oxidised to dehydroascorbic acid., Thus if complex
formation does occur we would expect two ferric ions to combine
with one molecule of déhydroascorbic acid, not ascorbic acid. on
this hypothesis the reactions which take place could be represented

as follows:

++ +

i. ascorbic acid + 2 Fe+ + dehydroascorbic acid + 2 Fe+

(scluble;

+ 2 H
ii. dehydroascorbic acid + 2 re’tt . dehydroascorbic-—acid-(Fe+++)2

(soluble complex)

(b) dehydroascorbie qeid. According to the above hypothesis,
if dehydroascorbic acid is tested by the solubility test, the iron
should remain in solution provided the molar ratio of dehydro-
ascorbic acid to iron is greater than 1:2 and precipitation of iron
should occur when the molar ratio is less than this value. This
is in fact what happened (Table 26) for 100% solubility was
attained only when the ratio of dehydroascorbic acid to iron was

greater than 1:2,

_ These.results are consistent with the hypothesis that dehydro-
ascorbic acid forms a complex with ferriec ions, but they could also
be due to reduction of ferric ions by dehydroascorbic acid. That

this does not occur was shown by testing dehydroascorbic acid with
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the Fe-T.P.T.Z. reagent. Two ml of 1.25 mg/ml dehydroascorbic
acid tested in the Fe-T.P.T.Z. reaction yielded absorbances of
0.050 and 0.065 in two separate tests. Two blank determinations
using 2 ml of 1% acetic acid gave 0.055 and 0.065, and two
determinations using 2 ml of 1.25 ug/ml ascorbic acid yielded
0.59 and 0.58, Thus dehydroascorbic acid does not reduce ferric

ions to the ferrous form.

3. Ion exchange test

(a) At pH 3. In this experiment 1.0 mM ascorbic acid was
added to the iron solution (0.18 mM) and the PH adjusted to 3.0
with ammonium hydroxide. The column was eluted with 1% acetic

acid which has a pH of 3.

All of the radioactivity remained on the column suggesting
elther that complex formation had not occurred or that the

complex was positively charged.

() At pH 8. Since the metal chelate complexes are more
stable at higher pH the following experiments were performed.
After adding the sample solution to the radioactive iron the pH

was reduced to 2 with HCl and then brought to 8 with NH,0H. The

4
2.0 ml sample was eluted from the column with 50 ml of 0.1 M tris

buffered to pH 8 with HC1.

When either ascorbic acid or dehydroascorbic acid was used a
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large amount of radiocactivity was found in the eluate (Figure 32),.
If the sample contained no ascorbic acid or dehydroascorbic acid
the amount of radiocactivity in the eluate was very small (Figure

32).

In an attempt to confirm on the ion exchange column the
ratios found in the solubility test various concentrations of
dehydroascorbic acid were tested. The results obtained were not
sufficiently reproducible to enable any definite conclusions to
be drawn as to the combining ratios of ascorbiec acid and iron

(Figure 33).

IV. COMMENT

In both the solubility tests and the ion exchange tests good
evidence has been obtained that when ascorbic acid is added to
solutions of ferric ions and the PH adjusted to 8 a soluble
complex with iron is formed. This complex is unlikely to be
with ascorbic acid for in these experiments ferric chloride was in
molar excess with respect to ascorbic acid and the ascorbic acid
should therefore have all been oxidised to dehydroascorbic acid.
Evidence from the solubility test suggests that one molecule of
dehydroascorbic acid may bind two ferric ions, In none of the
experiments described in this chapter is it possible to completely

exclude the possibility that iron is binding to some breakdown
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product of dehydroascorbic acid such as oxalic acid which also
chelates iron. To help exclude this possibility all dehydro-
ascorbic acid solutions used in these experiments were freshly
prepared a few minutes prior to adding them to the iron solutions.
The final proof that dehydroascorbic acid does chelate iron rests
with the isolation and determination of structure of the asoluble

complex which forms when iron is added to solutions of dehydro-

ascorbic acid.



CHAPTER 9

DISCUSSION
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The first requirement in this project was for a method for
the estimation of ascorbic acid in biological samples. A
review of the literature revealed that although "it is usually
supposed that any technician can measure it simply and accurately”
(Meiklejohn, 1953) none of the methods commonly in use is
specific for ascorbic acid. Though such non-specific methods are
adequate for the clinical investigation of a case of scurvy, the
progress of research into the role of ascorbic acid in metabolic

processes requires higher standards of accuracy.

Accordingly the experiments described in Chapter 2 were
designed to develop a new method for ascorbic acid estimation in
biological samples. Specificity was obtained by resolution of
the sample by thin layer chromatography on cellulose. This
procedure was used to separate ascorbic acid from other reducing
substances. Sensitivity was obtained by a new reaction which was
based on the ability of ascorbic acid to reduce ferric ions to
ferrous ions, The ferrcus ions were then estimated colorimetric-
ally using the intense blue derivative which they form with the
iron chromogen, T.P.T.Z. This reaction is the most sensitive yet

described for the estimation of ascorbic acid.

The specificity of the method was demonstrated by dhowing that
the chosen solvent was effective in separating ascorbic acid from
other known reducing substances likely to be present in biological

samples such as platelets. Though the possibility that some
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other unknown reducing substance migrates to the same place as
ascorbic acid during chromatography cannot be completely excluded
by these experiments, this is unlikely. In any case the much
lower values obtained for the ascorbic acid concentration in
platelets by the T.L.C. method compared with those obtained on
duplicate samples by the D.N.P.H, technique demonstrated the

increased specificity obtained by the new method.

Analysis of the results obtained by the D.N.P.H. technique
revealed that in addition to the lack of speclficity there were
other grounds on which the platelet ascorbic acid determinations
by other authors (Barkhan and Howard, 1958; Wilson et alii, 1967)
could be criticised, These authors both used the D.N.P.H,
technique; in this method external standards are normally used
and it is assumed that recovery of ascorbic acid is complete (Roe,
1954) . In fact, as revealed by the present study, though external
standards are adequate when the method is applied to plasma, this
is not so when it is applied to platelets, The values for
platelet ascorbic acid content when determined by the D,N.P.H.
method were much higher when internal standards were used than
when external standards were used. This indicates that when this
method is applied to platelets there is a loss of ascorbic aciad,
perhaps by adsorption on to the precipitate as may also occur in

the 7.L.C. method.
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When the T.L.C. method was applied to the platelets from 26
normal subjects previous reports of the high concentration of
ascorbic acid found in platelets were confirmed. The values
obtained were in much closer agreement with the results of Barkhan
and Howard (1958) than with the extremely high values obtained by
wilson et alii (1967). Since a more specific method and internal
standards were used, and because larger numbers of subjects were
studied, the results obtained probably represent a better estimate
of the ascorbic acid content of platelets than the two previous

reports.

Experiments were carried out to investigate the relationship
between the platelet ascorbic acid content, the plasma ascorbic
acid concentration, and the dietary intake of this substance. By
estimating the plasma ascorbic acid concentration in 7 of the
normal subjects it was shown that there was a positive relationship
between the platelet ascorbic acid content and the plasma ascorbic
acid concentration. The tissues of 4 young subjects and 4 elderly
subjects were saturated with ascorbic acid by giving high doses of
ascorbic acid (1 G per day for 4 days). By saturation is meant
that any further ascorbic acid administered will not cause any
increase in the tissue levels of ascorbic acid and will be rapidly
excreted in the urine, Once attained, saturation can be maintained
by giving about 100 mg of ascorbic acid a day (Goldsmith, 1961).

Whereas in the 4 young subjects the platelet content of ascorbic
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acid was at or near saturation level prior to the experiment, in
the 4 elderly subjects both platelet and plasma concentrations of
ascorbic acid were low and were significantly incréased by
saturation. The differences between young and elderly subjects
can be related to the dietary intake of ascorbic acid prior to the
experiment, The normal subjects consumed 1-2 pieces of fruit per
day whereas the elderly subjects were given only 1 piece of fruit

per week.

One normal subject was fed a low ascorbic acid content diet
for a period of 6 weeks. The concentration of ascorbic acid in
both platelets and plasma fell concomi tantly to reach minimun
values after 3 weeks. In previously reported depletion
experiments the ascorbic acid content of the white~cell-platelet
layer of the blood has fallen more slowly than the concentration in
the plasma: whereas the buffy layer concentration reached low
values only after 4 or 5 months just prior to the onset of scurvy,
the plasma concentration reached minimal levels after only about 4
weeks (Crandon et alii, 1940; Vitamin C Subcommittee, 1953). The
present study was carried out in only 1 subject and studies are
required in a larger number of subjects for a longer period of
time before it can be decided whether the pattern of depletion is

different in platelets from that in white cells.

From this series of experiments in normal subjects it can be
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concluded that the platelet ascorbic acid content depends to some
extent on the plasma ascorbic acid concentration which, in turn,
depends on the dietary intake of this vitamin. These relationships
are important when comparing the platelet ascorbic acid content in

diseased subjects with the normal range.

Apart from the 5 patients with leukemia studied by Barkhan and
Howard (1958) there are no reports of the ascorbic acid content of
platelets from abnormal subjects. Ascorbic acid estimations were
therefore carried out on platelets from patients with a variety of

disorders in which platelets are affected or thought to be affected.

Changes in the platelet ascorbic acid concentration in disease
could be due either to an abnormality in the platelets themselves
or to a change in concentration of ascorbic acid in the plasma in
which they are suspended. To help differentiate between these two
possibilities the plasma concentration of ascorbic acid was
estimated in a proportion of the subjectg. If, for instance, the
platelet concentration of ascorbic acid was low in the presence of
a normal plasma concentration, this would point to a defect in the
platelets themselves. If, however, the plasma concentration was
also low this would indicate that the platelets were not necessarily
abnormal in their ability to retain ascorbic acid. In normal
subjects a low plasma ascorbic acid concentration is said to point

to a low dietary intake of ascorbic acid; it is conceivable,
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however, that other mechanisms could operate, particularly in
abnormal subjects, Possible such mechanisms are an increased
rate of breakdown of ascorbic acid, an increase in the rate of
renal excretion of ascorbic acid, or a decreased abosprtion from

the intestinal tract.

Ideally it would have been preferable to estimate the plasma
ascorbic acid concentration by the T.L.,C. method, but this proved
impractical. The concentration of ascorbic acid in plasma is so
low that the T.L.C. method is not sufficiently sensitive unless
prior concentration of the extract by freeze-drying is carried out.
Since a freeze-drying apparatus was not readily available it was

necessary to use the D.N.P.H. method.

In uraemia the mean platelet ascorbic acid content was
significantly lower than normal despite a plasma concentration of
ascorbic acid which was well within normal limits. A search of
the literature has revealed no previous reports on the ascorbic
acid content of platelets or white cells in uraemia. The results
obtained here suggest that there is a defect in the ability of
platelets to maintain a high concentration of ascorbic acid in this
condition, which is consistent with the fact that other defects in
platelets have bean observed in uraemia; the bleeding tendency
which develops in many patients with uraemia is now thought to he

largely due to a defect in platelet function as measured by a



168

decrease in platelet thromboplastic function (Cahalane et alii,
1958; Cheney and Bonnin, 1962) and a decreased tendency to
aggregate in response to A,D.P, (Castaldi et alii, 1966) which is
improved by dialysis (Stewart and Castaldi, 1967). Thus the
change in platelet ascorbic acid concentration is yet another
abnormality to be found in platelets in uraemia. It would be
interesting to determine whether the abnormality in platelet

ascorbic acid content was improved after haemodialysis.

When large doses of ascorbic acid were administered to patients
suffering from uraemia the plasma ascorbic acid concentration rose
to very high levels, This was probably due to the decreased rate
of renal excretion of ascorbic acid previously described in uraemia
by Sendroy and Miller (1939). In the presence of this very high
concentration of ascorbic acid in the plasma the platelets were
able to retain sufficient ascorbic acid to bring their ascorbic

acid content within the normal range.

In acute leukemia the platelet content of ascorbic acid was
also decreased but the decrease was associated with a low plasma
ascorbic acid concentration. Similar results were obtained in
chronic myeloid leukemia though the numbers were small and one
patient who had a high ascorbic acid intake had a high plasma
ascorbic acid concentration. These results suggest that the low

ascorbic acid content of the platelets in leukemia was secondary
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to a low plasma concentration rather than to a defect in the plate-
lets themselves. In a small number of cases of chronic lymphatic
leukemia the concentration of ascorbic acid in both platelets and
plasma was normal, These differences hetween acute leukemia and
chronic myeloid leukemia on the one hand and chronic lymphatic
leukemia on the other did not appear to be due to differences in

the severity of the disease at the time of study.

It is interesting to compare the results of this study with
the concentrations of ascorbic acid found in the buffy layer of
centrifuged blood by Waldo and Zipf (1955); they have measured
the ascorbic acid content of the huffy layer in a group of 42
cases of leukemia including acute and chronic lymphatic leukemia,
acute monocytic leukemia, and chronic myeloid leukemia. The mean
buffy layer and plasma concentrations of ascorbic acid were less
than a quarter of the normal value in each type of leukemia, and
the levels were lowered to a similar extent in other diseases of
the blood forming organs such as multiple myeloma and malignant
lymphoma, Barkhan and Howard (1958) studied the ascorbic acid
content of platelets which had been separated from white cells in
3 cases of chronic myeloid leukemia and 2 cases of chronic lymphatic
leukemia and found no marked differences from normal, though the
plasma concentration was reduced in all 5 patients. Stephens and
Hawley (1936) found no marked changes in either the buffy layer or

the plasma in a small number of cases of leukemia.
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When large doses of ascorbic acid were administered to 1
patient suffering from chronic myeloid leukemia the platelet
ascorbic acid content rose to well within the normal range and
the plasma concentration of ascorbic acid rose to the high levels
that are encountered in saturated normal subjects. Thus when
sufficient plasma ascorbic acid was avallable the platelets were
able to concentrate this substance to a normal extent. In
leukemia we have not therefore been able to demonstrate any defect
in the ability of the platelets to maintain a normal concentration
of ascorbic acid. The reason for the low blood ascorbic acid
levels and the increased amount of ascorbic acid required for
tissue saturation in some patients suffering from leukemia remains

unknown.

Low concentrations of ascorbic acid were also found in the
platelets of patients with clinical evidence of atherosclerosis.
Patients with myocardial infarction or intermittent claudication
of the lower limbs were chosen assuming that they would constitute
a group with significantly more atherosclerotic disease than the
general population. This concept is supported by the findings of
Mitchell and Schwartz (1965) that there is "an association between
the degree and number of stenosing lesions in the coronary
arteries...and the degree and number of stenosing lesions in the
carotid and iliac arteries" and "patients with cardiac infarction
have more aortic disease than patients from an unselected necropsy

group."



171

The low platelet ascorbic acid content found in atheroma is
interesting in view of 2 hypotheses which have been proposed by
other workers. One of these, the hypothesis that atheromatous
plaques are formed by the gradual deposition of platelets on the
walls of blood vessels (see Chapter 1) has still to be proved or
disproved. The other, that a low dietary intake of ascorbic acid
is an important factor in atherogenesis, is widely held in Russia
(see Chapter 1) but has not gained acceptance in the western

hemisphere,

The results obtained in the present study did not show whether
the low platelet ascorbic acid content in atheroma was due to a
defect in the platelets or to a low plasma ascorbic acid
concentration. Also, it is possible that the results were
affected by the higher proportion of smokers in the'atheroma group
compared with the control group. The subjects in the atheroma
and control group were not matched for age. The ages of the
patients in the atheroma group spanned a wide range (41-82 years)
and there was no relationship demonstrable between the platelet
ascorbic concentration and age, This does not, however, exclude

a slight effect due to aging.

In a group of patients receiving steroid therapy neither the
platelet content of ascorbic acid nor the plasma concentration was

significantly lower than normal. Other authors have described a
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haemorrhagic diathesis, which responded to ascorbic acid admini-
stration, in patients receiving adrenocorticotrophic hormone
(A.C.T.H,) (Stefanini and Rosenthal, 1950; Hoily and Mclester,
1951). In the present study the ascorbic acid concentrations
were much too high to be consistent with scurvy, and the admini-
stration of ascorbic acid to one patient did not improve the
bleeding tendency. As the patients in this study were
receiving prednisolone or betamethazone, the results do not
necessarily conflict with the two previously reported studies in

which A.C.T.H. was used.

The mean platelet ascorbic acid content in patients with
megaloblastic anaemia was significantly depressed to less than a
third of the normal value, whereas the mean plasma concentration,
though slightly diminished, was well within normal limits. This
suggests that in this condition as in uraemia, the platelets are
unable to maintain a high gradient of concentration of ascorbic
acid between their interior and the surrounding plasma. In one
patient (A.W.) the abnormality in platelet ascorbic acid returned

to normal during treatment for 2 weeks with vitamin Byge

Cox et alii (1958) have studied the plasma ascorbic acid
concentration but not the buffy layer ascorbic acid content. They
found, in a larger number of patients, that the slight fall in

plasma ascorbic acid concentration in vitamin By, deficiency is
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statistically significant, They also found that the rate of
disappearance from the plasma of ascorbic acid injected intra-

venously was increased in vitamin B12 deficiency.

No report has yet appeared comparing the chemical composition
of young with that of old platelets. McDonald et alii (1964)
have shown in rats that platelets become smaller during the aging
process, and it seems reasonable to attempt to determine whether
changes in chemical composition also occur. In the small series
of patients studied in this project no abnormality was
demonstrated though an unusually wide scatter of results was
obtained. A much larger number of patients must be studied before

any conclusion can be drawn.

In all those disease processes in which the platelet ascorbic
acid content is low it must be considered whether this abnormality
is just a relatively unimportant manifestation of the disease
process of whether the low level 1is in fact of significance in the
pathogenesis of the disorder. In uraemia and leukemia, for
instance, could the impairment in platelet function be due to the
low ascorbic acid content, and is platelet function improved by
large doses of ascorbic acid. This seems unlikely because the low
ascorbic acid levels found are not as low as the zero levels found
in scurvy (Vitamin C Subcommittee, 1953). To help exclude this

possibility it would be necessary to study platelet function in
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patients with these disorders in whom the bleeding tendency was
marked. Tests of platelet function used should include those
based on platelet aggregation with A.D.P. and platelet stickiness

to glass,

A series of in vitro experiments was carried out to investigate
the mechanism by which platelets maintain a high concentration of

ascorbic acid in their interior compared to the plasma. 014-

ascorbic acid proved a useful tool in this study. When Cl4-
ascorbic acid was added to platelet rich plasma an uptake of
ascorbic acid by the platelets occurred over a period of about 1
hour. There was a marked discrepancy between the relatively small
difference in the total platelet ascorbic acid content before and
after incubation (estimated by the T.L.C. method), and the larger
amount of ascorbic acid which had entered the platelets (estimated
from the increase in radioactivity). This could have been because
the increase in radioactivity was due to a breakdown product of
ascorbic acid and not ascorbic acid itself. That this was unlikely
was shown by liberating the radioactivity from the platelets by
tissue grinding and subjecting it to thin layer chromatography;
when the chromatogram was scanned for beta activity a single peak
was obtained which was identical to the peak obtained for pure

ascorbic acid, and which coincided with the ascorbic acid spot

rendered visible with phosphomolybdic acid spray. The results can
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best be explained by assuming that there is a continual exchange
between ascorbic acid in the platelets and ascorbic acid in the
plasma. The uptake of radioactivity then represented the attain-
ment of equilibrium between the specific activity of ascorbic acid
in the platelets and that of ascorbic acid in the plasma, without
a marked increase in the total amount of ascorbic acid within the

platelets.

When platelet rich plasma is incubated in a plastic test tube
the supply of nutrients such as oxygen and glucose must eventually
become too small for the processes of respiration within the
platelet to continue, If the high concentration of ascorbic acid
within the platelets is maintained by an active transport
mechanism it would be expected that this would fail on prolonged
incubation when energy producing processes could no longer be
maintained. Incubation of platelet rich plasma for half an hour
prior to adding radioactive ascorbic acid did not impair the
ability of the platelets to take up radioactivity. On incubation
of platelets which had already taken up Cl4-ascorbic acid for over
4 hours the platelet radioactivity gradually decreased. This
suggested some impairment of the ability of the platelets to
maintain a high concentration of ascorbic acid within the cell,
Alternatively the effect may have been due to gradual breakdown of

ascorbic acid, the breakdown products not being retained by the
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platelets. If there is a continuous exchange between ascorbic
acid in the platelets and ascorbic acid in the plasma there must
be a mechanism, perhaps enzymatic, for the maintenance of a
higher concentration of ascorbic acid inside the platelet.
Theoretically this may act at the level of the cell membrane as
does the active transport mechanism proposed for sodium and
potassium (Tostesan, 1963), or it may act by causing ascorbic acid
to bind to some non-diffusible substance. A possible clue to the
nature of this mechanism has been provided by the experiments
described by Martin (1961). He has shown that ascorbic acid does
not cross cell barriers as rapidly as the non-ionic and more lipid
soluble dehydroascorbic acid. Perhaps ascorbic acid crosses cell
membranes in the dehydro form and is then actively reduced to

ascorbic acid which is then less able to leave the cell,

The reports that the ability of platelets to adhere to glass
is impaired in scurvy (Born and Wright, 1967; Wilson et alii,
1967) suggested that the role of ascorbic acid in the adherence of
platelet to platelet after the addition of A.D.P. should also be
studied. The experiments on A.D.P.-induced platelet aggregation
described in this thesis did not demonstrate any effect of ascorbic
acid on this mechanism even when the platelets from a subject on an
ascorbic acid deficient diet were used. It would be necessary,

however, to use the platelets from a subject with untreated
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clinical scurvy to completely exclude this. Unfortunately such
patients are rare and facilities for rendering a colony of guinea

pigs scorbutic were not readily availahle.

It was also of interest to determine whether ascorbic acid was
released from platelets during A.D.P. induced aggregation.
Teleologically speaking, this might occur if, for instance, ascorbic
acid was required to ensure an optimum redox potential at the outer
surface of the external platelet membrane, or if it was required
for some other part of the mechanism of haemostasis such as the
formation of fibrin. In fact, no release of ascorbic acid from
the platelets occurred during A.D.P.-induced aggregation. It
would be interesting to determine whether other agents, such as
thrombin, which induces a more advanced degree of platelet change.
(Hovig, 1962; Rodman et alii, 1963) will cause a release of

ascorbic acid from the platelets.

The final series of experiments reported in this thesis was
designed to determine whether an iron-chelate complex forms when
ascorbic acid is added to solutions containing iron. These
experiments were prompted by the well known fact that when ascorbic
acid is added to a preparation of iron in the ferric form prior to
ingestion, the absorption of this iron from the intestine is
enhanced (Moore et alii, 1939; Moore and Dubach, 1955), It has

been thought that this enhancement is due to the formation of
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ferrous ions which are better absorbed than ferric ions (Moore et
alii, 1939; Hahn et alii, 1945) but this seems unlikely for it
has been shown that ascorbic acid also enhances the absorption of
ferrous ions (Greenberg et alii, 1957; Brise and Hallberg, 1962).
It has been argued that this may be because, in the absence of a
reducing agent such as ascorbic acid, ferrous lons are oxidized

to the less soluble ferric ions (Brise and Hallberg, 1962).

Iron absorption occurs predominantly from the duodenum
(Wheby and Crosby, 1963). It is well known that though iron in
the ferric form is soluble in the acid conditions of the stomach
it is virtually insoluble at the alkaline pH which occurs in the
duodenum; iron in the ferrous form, however, is relatively
soluble at this alkaline pH. It is this difference in solubilities
which has been thought to explain both the greater absorption of
ferrous ions compared to ferric ions and the effect of ascorbic

acid on the absorption of iron.

Another possible explanation for the effect of ascorbic acid
is that a chelate complex with iron is formed. It has been shown
that chelates of iron are formed with fructose and with other
reducing sugars, and that these chelates are soluble in the
alkaline conditions of the duodenum (Charley et alii, 1963). The
ferric-fructose chelate is more rapidly absorbed than ferrous

sulphate in rats (Stitt et alii, 1962) and it has been recently
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shown that fructose also enhances iron absorption in humans
(Davis and Deller, 1967). Since ascorbic acid is a six carbon
atom compound with a structure somewhat similar to hexose
sugars, the possibility that this substance also forms a chelate

with iron must be considered.

In the series of experiments described in Chapter 8 evidence
was obtained that dehydroascorbic acid (or perhaps one of its
breakdown products) forms a negatively charged or neutral complex
with ferric ions and that this complex confers solubility on
ferric ions at an alkaline pH, The pH adjustments used in these
experiments mimic the changes which occur when a solution is
ingested and mixes firstly with the acid juices of the stomach

and then the alkaline juices of the duodenum.

Further work is suggested to determine whether dehydroascorbic
acid is as effective as ascorbic acid in enhancing iron absorption.
If this proves to be so, strong evidence will have been obtained
that it is the formation of a soluble complex which is important,

and not the reducing properties of ascorbic acid.

Besides the intestinal lumen the formation of a soluble
complex between iron and dehydroascorbic acid has possible’
implications in iron metabolism elsewhere in the body. It has

been shown in experiments with liver slices that ascorbic acid is
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necessary for the transfer of iron from plasma transferrin to
liver ferritin (Mazur et alii, 1960); ascorbic acid could not

be replaced by the usual reducing agents. It seems possible that
ascorbic acid may be required, not for its reducing action, but for
its ability to form an iron-dehydroascorbic acid complex which can
more easily cross the cell membrane into the liver cell.

Similarly Lockhead and Goldberg (1959) have shown that ascorbic
acid enhances the transfer of iron from plasma transferrin to the
gsite of haem synthesis in liver mitochondria. It would be
interesting to determine the effect of other chelating agents
which are not reducing agents in the experimental models described

by these two groups.

The contributions to knowledge made by the work described in
this thesis are the development of a new method for the estimation
of ascorbic acid which has the advantage over previous methods of
being more specific; the development of a spectrophotometric
method for the estimation of ascorbic acid which is more sensitive
than previously described methods; the demonstration that when
the D.N,P.H. method is applied to ascorbic acid estimations in
platelets internal standards are required, not external standards
as are usually used in this method; the determination of the normal
range for the platelet ascorbic acid content as estimated by the
T.L.C. method; the demonstration of the way in which the platelet

ascorbic acid content varies with changes in the dietary intake of
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this vitamin; the determination of the variation from normal of
the platelet ascorbic acid content in a variety of diseases with
the finding of abnormally low levels in uraemia, acute leukemia,
chronic myeloid leukemia, megaloblastic anaemia, and athero-
sclerosis; the demonstration that the low platelet ascorbic acid
content in uraemia and in megaloblastic anaemia was probably due
to a defect intrinsic in the platelets, whereas in leukemia it
was probably due to a low plasma ascorbic acid concentration; the
finding that the administration of large doses of ascorbic acid to
patients suffering from leukemia and uraemia allowed the platelet
ascorbic acid content to return to normal values, and that in
uraemia the plasma concentration rose to very high levels; the

discovery that cl4

~ascorbic acid added to platelet rich plasma was
taken up by the platelets and that this effect was blocked by
cyanide ions; the finding that ascorbic acid added to platelet
rich plasma did not affect the pattern of A.D.P.-induced platelet
aggregation; the finding that ascorbic acid was not released from
platelets during A.D.P.-induced platelet aggregation; the
demonstration that when ascorbic acid or dehydroascorbic acid was

added to iron solutions and the pH raised to 8 a soluble complex

was formed, probably between iron and dehydroascorbic acid.

Further work is suggested along the following lines:



(1)

(2)

(3)

(4)
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When ascorbic acid oxidase becomes available commercially
it will be possible to develop a rapid, very sensitive,

and highly specific method for the estimation of ascorbic
acid in biological samples. Such a method would not suffer
from the loss of sensitivity involved in chromatographic

procedures.

It would be of interest to know whether the low platelet
ascorbic acid content in uraemia and leukemia is correlated
with other aspects of platelet function such as platelet
stickiness and platelet aggregation. In addition it would
be of interest to measure the platelet ascorbic acid coétent
in patients suffering from uraemia before and again

immediately after haemodialysis.

A larger series of patients suffering from atherosclerosis
should be studied by the estimation of the ascorbic acid
concentrations in platelets and in plasma. The values
obtained should be compared with a control series matched

for age, sex, and smoking habits.

It would be interesting to determine whether agents other
than A.D.P., such as thrombin, will cause a release of

ascorbic a¢id from platelets.
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(5) Experiments to determine the location of ascorbic acid within
the platelet could be performed. This could be done by
analysis of platelet fractions separated on a sucrose
density gradient. Alternatively, electron microscope auto-
radiography using tritiated ascorbic acid could be used,
but this requires highly specialised techniques to ensure
that ascorbic acid does not migrate by diffusion during

fixation.

(6) In vivo experiments are suggested to further elucidate the

role of ascorbic acid in iron absorption.

(7) It should be possible to isolate and determine the chemical
structure of the complex which forms when iron is added to

ascorbic acid or dehydroascorbic acid.

(8) The affinity of ascorbic aclid for other metals such as
copper, zinc and tin should be determined. It is possible

that ascorbic acid may have a general role in metal transport,

Ascorbic acid is present in high concentrations in other
tissues besides platelets. A question which has not been
answered is whether its function in platelets is the same as or
different from its function in other tissues. Is it important in
platelet stickiness just because it is required to maintain the

general metabolism of the platelet, or has it some more specific
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function in the mechanism of platelet stickiness? Thus platelet
suspensions may constitute an experimental model suitable for the
further elucidation of the function of ascorbic acid not only in
platelets but in other body tissues. Platelets are easily
isolated from blood which is more readily sampled than other
tissues. It is possible that further studies of ascorbic acid

in platelets could lead to a greater understanding not only of the
biochemistry of the blood platelets but also of the role of

ascorbic acid in metabolic processes.



SUMMARY
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SUMMARY

The complete understanding of the role of platelets in the
body must await the elucidation of the biochemical changes which
occur in platelets during haemostasis and thrombosis. A first
step in the understanding of platelet function at the molecular
level is the study of the chemical composition of the platelet.

In the work presented in this thesis the substance chosen for
study was ascorbic acid. This substance is in high concentration
in platelets compared to plasma and the severe purpura which
occurs in scurvy suggests that it may play an important role in

platelet metabolism.

The first part of the project was devoted to the development
of a new and more specific method for the estimation of ascorbic
acid. Specificity was obtained by the use of thin layer
chromatography to separate ascorbic acid from other reducing
substances. Sensitivity was obtained by the use of a new method
for the spectrophotometric estimation of ascorbic acid. The
ascorbic acid was eluted from the chromatogram and allowed to react
with excess ferric ions. The ferrous ions so formed combined
with tripyridyl-S-triazine to form an intensely coloured

derivative.

To test the specificity of the new method (T.L.C. method)
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estimations of platelet ascorbic acid content were carried out on
6 normal subjects by both the T.L.C. method and the 2,4-dinitro-
phenylhydrazine method (D.N.P.H. method). Significantly lower
results were obtained by the T.L.C. method than by the D,.N.P.H.
method. This investigation also revealed that when the D.N.P.H.
method is applied to platelets the recovery of ascorbic acid is
low; external standards which are usually used in this method are

therefore inadequate and should be replaced by internal standards.

To determine the normal range for the platelet ascorbic acid
content the T.L.C, method was applied to the platelets from 26
normal subjects. A normal range of 3.5 t 1.4 ug/10% platelets
was obtained. No relationship could be shown between platelet
ascorbic acid content and sex, smoking habits, or platelet count,
but there was a significant positive relationship between the
platelet ascorbic acid content and the plasma ascorbic acid

concentration.

The relationship of the platelet ascorbic acid content to the
dietary intake of vitamin C was studied by administering to 4
young subjects and 4 elderly subjects doses of ascorbic acid large
enough to saturate their tissues with ascorbic acid; in
addition one normal subject was given a diet deficient in ascorbic
acid. In the 4 young subjects saturation produced no

demonstrable rise in the platelet ascorbic acid content indicating
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that the platelets were at or near saturation levels prior to the
experiment. In the elderly subjects, however, a significant

rise in both the platelet ascorbic acid content and the plasma
ascorbic acld concentration occurred. The differences between
these 2 groups of subjects can be related to differences in their
intake of ascorbic acid prior to the experiment, In the subject
on an ascorbic acld deficient diet the ascorbic acid concentrations
in both the platelets and the plasma fell to low levels over a
period of about 3 weeks and rose again on the introduction of

ascorbic acid supplements.

The platelets from 85 subjects with a variety of diseases
affecting platelets were subjected to ascorbic acid estimation,
The platelet ascorbic acid content was low in uraemia (13 patients),
acute leukemia (8 patients), chronic myeloid leukemia (4 patients),
atherosclerosis (18 patients), and megaloblastic anaemia (5
patients) ., In uraemia and megaloblastic anaemia the plasma
concentration of ascorbic acid was normal indicating that a plate-
let defect was probably responsible for the low values. In
leukemia, however, the plasma concentration of ascorbic acid was
significantly lower than normal suggesting that the low platelet
ascorbic acid content was secondary to the low plasma level. No
gignificant difference from the normal range was found in chronic
lymphatic leukemia (4 patients), polycythaemia vera (4 patients),
thrombocythaemia (5 patients), patients receiving steroid therapy
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(6 cases), and patients in whom it was thought the platelet

population would be younger than normal (6 cases).

Large doses of ascorbic acid were administered to 5 patients
suffering from uraemia and 6 patients suffering from leukemia. 1In
uraemia the platelet concentration of ascorbic acid rose to normal
values in the face of a plasma concentration which rose to very
high levels. In 2 cases of chronic myeloid leukemia and 1 case
of acute leukemia the platelet ascorbic acid concentrations rose
from low levels to well within the normal range, and the plasma
concentration rose to values similar to those obtained on
saturation of normal subjects. In 3 patients with chronic
lymphatic leukemia no significant change occurred in the platelet
ascorbic acid concentration though the plasma levels rose to values

consistent with saturation,

The uptake of ascorbic acid by platelets was studied using
C14—1abelled ascorbic acid. When this substance was added to
platelet rich plasma it was taken up by the platelets over a
period of about 1 hour. This uptake was blocked by cyanide ions,
temporarily blocked by parachloromercuribenzoate, and not blocked

by 2,4-dinitrophenocl.

The relationship of ascorbic acid to A.D.P.-induced platelet

aggregation was studied. Ascorbic acid added to platelet rich
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plasma had no effect on the aggregation which occurred on the
subsequent addition of A.D.P. Neither did A.D.P. cause any

liberation of ascorbic acid from platelets.

A possible clue to the function of ascorbic acid was
provided, not by experiments on platelets, but by in vitro
experiments prompted by the knowledge that ascorbic acid enhances
the absorption of iron from the intestine. When ascorbic acid
or dehydroascorbic acid was added to solutions containing ferric
ions a soluble complex was formed which did not precipitate on
raising the pH of the mixture to 8. This complex was negatively
charged or neutral for it was not bound by a cation exchange
resin. The results suggested that the complex consisted of 2
iron atoms bound to 1 molecule of dehydroascorbic acid. The
formation of this complex may explain the effect of ascorbic acid
on the absorption of iron from the intestine and on the transfer

of iron across cell membranes elsewhere in the body.



APPENDIX A

STATISTICAL METHODS USED IN THIS THESIS
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Results were analysed according to statistical methods

outlined by Moronay (1956) and Bailey (1959).

1.

II.

LIST OF ABBREVIATIONS USED

All normal ranges are stated as mean : one standard deviation

£) unless stated otherwise,

n -
X =
x =
\'4 =
y s
8 =
SQE. =
N =
P .
-
r =
b =

Number of observations in sample

observed measurements in a sample, independent
variables in a regression

Mean of sample of measurements x

Observed measurements in a sample, dependent variables
in a regression

Mean of sample of measurements y
Summation symbol

Estimated standard deviation
Standard error

Number of degrees of fraeedom

Probability that observed deviation is due to chance
alone

"Student's" ¢
Correlation coefficient

Regression coefficient

STATISTICAL FORMULAE

1. Caloulation of mean and standard deviation

mean (x) = 1/n I x

estimated standard deviation (S) = /& (x - x)2

n-1



3, Comparison of mean of two samples

(a)
(1)

(ii)

If normally distributed:
For difference (x) between means of 2 paired

samples.

For comparing means (x and y) of 2 samples.

t = x -y

2 2
where Sx = ( nxsx + ns

Y
\J ny + ng =2

Yy

This test was used only if F was not significant at P =

0.05 level.

(1i1)

2
F =51

5,2
where S; = 8, or Sy whichever is the larger
82 = 8, or SY whichever is the smaller
For comparing means (x and y) of 2 samples when F

test was significant.

t= x -y
2 4+ 8.2
Sx SY
ne * ng

191



192

where degree of freedom = N =
1

u? N (1L - u)2
nx - 2 ny -2

2
Sx /nx

where u =

2 2
Sx /nx + Sy /ny
(b) If not normally distributed.

The Wilcoxon ranking test was used (Documenta Geigy, 1962)

8. Correlation eoefficient

r=3 (x-%x) (y -¥)

"I (x-%2z% (y -y)2

t-\ﬁr
(1 - r2j

4. Regression coeffloient
be I (x-3% (y-3¥)
I (x - x)2

s2

=iy -D-Ix-B (y - §)I?)
L (x - x)2

b -8
s/V Ik - ®)2

where 8 = expected value for regression ccefficient on

t

a2 null hypothesis.
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III. SIGNIFICANCE LEVELS

P > 0.05 was taken as not significant.

P. <0.05 was taken as significant,



APPENDIX B

CLINICAL DETAILS AND RESULTS OF ASCORBIC ACID

ESTIMATIONS IN ABNORMAL SUBJECTS
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ABBREVIATIONS USED IN APPENDIX B

b.d. twice daily

Bet. betamethazone
B.U.N, blood urea nitrogen
Chlor. chlorambucil

I.M. intramuscular

6 M,P, 6-mercaptopurine
Myl. myleran

n.d. not determined
Pred. prednisolone

Rad. radiotherapy

t.d.s. three times daily
V.A.M,P, vincristine, amethopterin, 6-mercaptopurine, prednisolone

NORMAL RANGES

Platelet count: 150,000 - 350,000 per c.mm.
Blood urea nitrogen: less than 20 mg/100 ml.
Red cell mass: 25 - 32 ml/kg.

Mean corpuscular volume = 80 - 96 cy.



APPENDIX Bl

URAEMIA

PLATELET PLASMA PLATELET PLATELET
ASCORBIC ASCORBIC COUNT THROMBO-
B.U.N. ACID ACID (x 103/ PLASTIC HAEMORRHAGIC
AGE (mg/ (ng/109 (mg/100 c.mm,) FUNCTION MANIFESTATIONS
PATIENT (YEARS) SEX DIAGNOSIS 100 ml) CELLS) ml)
H.B. 65 F Chronic pyelo- 61 0.3 n.d. 353 n.d. Spontaneous
nephritis. bruising for
Hypertension one week
W.G. 80 M Chronic remnal 42 6.3 n.d. 243 n.d. Chronic anaemia
failure. due to tel-
Multiple tel- angiectasia
angiectasia
R.R. 39 M Chronic pyelo- 110 3.8 1.3 123 n.d. Nil
nephritis.
Quadriplegia.
Prerenal
element.
B.U.N. = 25
after treat-
ment.
B.L. 23 M Chronic renal 88 1.6 2,0* 248 n.d. Nil
failure, on
haemodialysis.
?Congenital
renal hypo-
plasia
*On 45 mg of ascorbic acid daily.



APPENDIX Bl (CONTINUED)

: URAEMIA

D.W,

56

49

61

28

41

65

57

Chronic pyelo-
nephritis,

Prerenal
element,
B.U.N, = 30
after treat-
ment,

Chronic renal
failure.
Hypertension

Chronic pyelo-
nephritis.
Renal calculi

Chronic pyelo-
nephritis,
On haemodialysis

Chronic
glomerulo-
nephritis, On
haemodidysis.

Chronic renal
failure,

Hypertension,
congestive
cardiac
failure

Chronic
glomerulo-
nephritis. On
haemodialysis.

20

67

54

72

73

30

132

6.5

1.1

0.2

1.5

2.5

4.9

1.20

0.70

0.75

1.40

485

388

200

190

228

158

433

50

60

100

100

70

100

80

Had always

bruised easily

Nil

Nil

Had always

bruised easily.

Had always

bruised easily.

Nil

Severe melaena

2 days previously

Bleeding time >
18 mins,



APPENDIX Bl (CONTINUED) : URAEMIA
S.P, 43 M Chronic 126 0.5 0.85 313 n.d. Recent severe
glomerulo~ nose bleed
nephritis.
L.V. 42 M Chronic renal 135 1.8 n.d, 315 85 Nil

failure.
Hypertension




APPENDIX B2 : LEUREMIA

ASCORBIC ACID

CONCENTRATION PLATELET HAEMORRHAGIC
PLATELETS PLASMA PLATELET WHITE THROMEBO- MANIFEST-
ug/ ug/ mg/ COUNT CELL PLASTIC ATIONS AT
PAT- AGE 109 ng ml (x 103/ COUNT FUNCTION SPECIFIC TIME OF
IENT (YEARS) SEX DIAGNOSIS cells c.mm,) (c.mm.) (%) THERAPY ESTIMATION
J.B. 47 M Acute myeloid 1.7 0.11 n.d. 423 6,500 n.d. V.A.M,P, Nil
leukemia in
haematoclogic-
al remission
K.B. 23 M Acute myeloid 1.9 0.06 n.d. 58 14,000 n.d. V.A.M.P. Bleeding
leukemia tooth socket
I.L. 19 M Acute myeloid 1.3 0,06 0.25 216 22,900 n.d. 6 M,P, Nil
leukemia
H.C. 65 M Acute myeloid 2.1 0,04 0.35 64 28,500 n.d. Pred. Nil
leukemia 6 M,P,
Bett. 37 F Acute 0.7 0.02 n.d, 60 4,900 n.d. V.A,M.,P, Bruised
T. aleukemic easily
myeloid
leukenia
K.O. 14 F Acute 1.2 0.10 n.d. 84 7,800 n.d. 6 M.P. Nil
aleukemic Pred.
myeloid
leukemia
A.S. 79 M Acute aleuk- 0.3 0.02 0.3 83 3,000 33 Chlor. Bruised
emic lymph- easily for
atic leukemia several

years
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LEUKEMIA

37

64

70

61

63

50

69

37

60

Acute aleuk-
emic myeloid

leukemia

Chronic
lymphatic
leukemia

Chronic
lymphatic
leuvkemia

Chronic

lymphatic
leukemia

Chronic
lymphatic

leukemia in

0.3

6.8

5.5

3.2

haematologic-

al remission

Chronic myeloid 0

leukemia

Chronic myeloid 1.6

leukemia

0.02

0.22

0.15

0.11

0.06

0.10

Chronic myeloid 0.5 0,09

leukemia

Chronic myeloid 4.8 0.29

leukemia

n.d.

0.55

0.75

110

920

213

120

176

65

2,710

542

5,500

63,000

83,000

19,600

5,700

49,000
13,400

79,900

256,000

100

80

80

V.AM.P,

Nil

Nil

Chlor.

Pred.

Myl.
Pred.

Nil
Rad.

Myl,

Nil

Nil

Nil

Nil

Nil

Nil

Nil

Occasional
bruises

Nil




APPENDIX B3 : ATHEROMA
ASCORBIC ACID SM?SR
CONCENTRATION PLATELET OR
PLATELETS PLASMA COUNT NON-
AGE ug/102 ug/mg mg/ (x 103/ SMOKER
PATIENT (YEARS) SEX DIAGNOSIS cells "= 100 ml) c.mm,) (N)
E.P, 46 M Myocardial infarct 5 days 1.9 c.08 0.70 343 S
previously
J.J. 53 F Myocardial infarct 7 days 4.7 0.28 0.75 323 N
previously
A.G. 66 M Myoccardial infarct 6 days 0.8 0.03 0.65 213 S
previously
AW, 76 F Myocardial infarct 7 days 2.5 0.12 0.35 180 N
previously
L.K. 82 M Myocardial infarct 3 days 2.1 .10 0.40 183 S
previcusly
Intermittent claudication
of lower limbs
C.P. 56 M Myocardial infarct 10 days 2.4 0.15 0.80 200 N
previously
A.B. 60 M Myocardial infarct 9 days 4,7 0.08 n.c. 188 S
previously
R.E. 42 M Myocardial infarct 11 days 1.1 0.06 n.d, 513 S
previously. Infarct 3
years before
L.G. 56 M Myocardial infarct 15 days 1.5 0.14 n.d. 343 ]

previously



APPENDIX B3 (CONTINUED) : ATHEROMA

A.F. 78 M Myocardial infarct 10 days 1.6 0.12 n.d. 302
previously. Past history of
cerebrovascular accident.

G.L. 50 M Peripheral vascular 2.6 0.10 n.d. 125
insufficiency lower limbs

J.K. 54 M Peripheral vascular 2.5 0.10 n.d. 198
insufficiency upper and
lower limbs

A.B. 71 F Peripheral vascular 5.2 0.18 n.d. 288
insufficiency lower limbs

I.N. 72 M Peripheral wvascular 2.5 0.18 1.05 210
insufficiency :lower limbs

I.M., 70 F Peripheral vascular 1.9 0.11 0.65 155
insufficiency lower limbs

B.D. 47 M Peripheral vascular 0.2 0.02 0.30 288
insufficiency lower limbs

H.A. 55 M Myocardial insufficiency 0.5 6.05 n.d. 218

B.W. 41 M Myocardial insufficiency. 3.5 0.15 n.d. 125

Previous infarcts 4
months and 3 months
previously




APPENDIX B4 : POLYCYTHAEMIA AND THROMBOCYTHAEMIA

ASCORBIC ACID
CONCENTRATION

PLATELET WHITE HAEMO-
PLATELETS COUNT CELL GLOBIN
AGE ng/10°9 (x 103 / COUNT (G/100 SPECIFIC
PATIENT (YEARS) SEX DIAGNOSIS cells ug/mg C.Mmm) (c.mm) ml) THERAPY
J.F. 50 M Polycythaemia vera 3.1 0.20 198 9,900 16.2 Venesection
(red cell mass =
39.4 mg/kg)

F.V. 51 M Polycythaemia vera 2.7 0.07 258 5,300 13.4 Vggesection
P 18
months ago

W.F. 55 M Polycythaemia vera 1.2 0.05 220 7,400 17.4 Venesection

R.R. 58 M Polycythaemia vera 1.1 0.06 586 1,900 20.6 Nil '
with thrombocythaemia
(red cell mass = 29.4
mg/kqg)

W.B. 82 M Post haemorrhagic 2.4 0.06 440 10,300 17.3 Nil
thrombocytosis, haema-
temesis (P.T.F.= 1008)

P.C. 56 M Thrombocythaemia, 1.1 0.13 608 5,600 17.8 Prednisolone
lymphadenitis, 10 mg g.i.d.
exfoliative dermatitis,
cause uncertain (P.T.F.
= 50%)

W.M, 59 M Thrombocythaemia, 5.4 0.30 790 8,400 7.8 Nil

anaemia, myeloprolif-
erative disorder (P.T.
F.= 70%). Large
platelets



APPENDIX B4 (CONTINUED)

POLYCYTHAEMIA AND THROMBOCYTHAEMIA

F

Thrombocythaemia,
cause uncertain

Thrombocythaemia,
myelofibrosis.
Platelets vary in
size

3.9

3.8

0.20

0.37

788

2,990

8,600

26,000

13.2 Nil

12,1 Ni1




APPENDIX BS :

PATIENTS ON STEROIDS

AGE

PATIENT (YEARS) SEX DIAGNOSIS

ASCORBIC ACID

HAEMORRHAGIC
MANIFESTATIONS

M.C.

60

58

58

F Malabsorption

syndrome

F Rheumatoid

arthritis

Repeat estima-
tion after 1G
ascorbic acid
daily for 4
days

CONCENTRATION PLATELET
PLATELETS PLASMA COUNT
¥g/10% ug/ (mg/ (x 103/ )
CELLS mg 100 ml) c.mm) STEROID DOSAGE
1.3 0.08 0.35 440 (1) Pred. for 2 years.
Present dose 20 mg
day.
(2) 2scorbic acid 100
ng 3 times a week
I.M,
2.9 0.11 0.50 155 Bet. 0.5 mg b.d., for
5 years
6.0 0.41 1.9 198

Purpura in
response to
slight trauma
since commenc-
ing Pred.
Tourniquet
test negative.

Purpura in
response to
slight trauma
sincecommenc-
ing betametha-
zone. Tourni-
quet test
negative.
Bleeding time
normal.

P.T.F. = 100%.

Large area of
purpura on
forearm in
response to
recent slight
trauma.



APPENDIX B5 (CONTINUED)

: PATIENTS ON STEROIDS

24

24

64

44

67

Acute 1.0
nephritis

13 days later 1.9
after reduced
amounts of

steroids

Asthma 3.9

Disseminated 1.7
lupus erythema-
tosus

Chronic 4.3

bronchitis and
emphysema

0.10

0.19

0.26

0.09

0.17

0.60

0.65

1.20

0.25

0.920

438

400

343

260

160

Pred. 35-60 mg a
day for 114
days, 35 mg a day
at present

Pred. 10 mg a
day

Pred. 10 mg a
day for 10 years;
40 mg a day for
the last 11
veeks

Pred. 30 mg b.d.
for 70 days

Pred. 15 mg b.dO
for 9 days

Haemorrhagic rash
developed on day of
estimation, Tourn-
iguet test, bleed-
ing time, thrombo-
plastin generation
screening test were
all normal.

P. T.F. = 1003,

Rash fading.

Nil except
positive tourniquet
test.

Nil

Nil




APPENDIX B6 : MEGALOBLASTIC ANAEMIA

ASCORBIC ACID

MEAN
CONCENTRATION PLATELET HAEMO- CORPUS-
PLATELETS PLASMA COUNT GLOBIN CULAR
PAT-  AGE ug/10% ug/ mg/ (x 103/ (G/100 VOLUME
IENT (YEARS) SEX DIAGNOSIS cells mg 100 =1 c.mm,) ml) C.u TREATMENT
A .M, 73 M Scurvy Since 4th day of
admission
(1) ascorbic acid
250 mg t.d.s.
(2) folic acid 20
mg daily
(3) vitamin Bj2
200 ug I.M, daily
(1) on admission n.d. n.d. n.da. 64 7.3 112
(2) 23 days after 2 ¢ ascorbic acid
admission 0.5 0.01 0.85 68 10.4 103 daily for 2 days
(3) 28 days after _ _ 2 G ascorbic acid
admission 1.3 0.805 D=l "o daily for 5 days
D W, 76 F Pernicious anaemia
pretreatment 0.6 0.01 0.55 77 7.4 125 Nil
AW, 76 M Pernicious anaemi - .
. e 8.5 0.01 n.d. 53 5.3 128 Nil
Treated for 7 0.5 0,03 n.d. 320 10.6 100 1,000 ug Bjyy
days daily
Treated for 14 5.2 0.11 n.d. 376 12.3 n.¢. 1,000 ug By,

days

daily



APPENDIX B6 (CONTINUED) : MEGALOBLASTIC ANAEMIA

56 M Folic acid 2.4 0.09 0.30
deficiency

51 M Postgastrectomy 1.6 0.10 0.40
syndrome (also
on phenytoin
for epilepsy)

275

590

12.6*
14.2%

10.0*
10.8+

117* Vitamin Bj2,
n.d.+ folic acid,
pyridoxine for
7 days.
No ascorbic acid

118% vVitamin Bj2 1,000

n.d.+ yg I.M. twice
weekly for 1 week,
Folic acid 10 mg
daily for 1 day

*#Prior to treatment.

Ton day of estimation.



APPENDIX B7 : YOUNG PLATELETS

ASCORBIC ACID
CONCENTRATION

PLATELET
PLATELETS PLASMA COUNT
vg/10% yg/ (mg/ (x 103/
PATIENT AGE SEX DIAGNOSIS cells mg 100 ml) c.mm,)
L.W, 70 M Haematemesis, carcinoma of stomach. Transfused 6 0.2 0.01 0.05 412
pints of stored blood 5-6 days ago.
P.L. 57 M Haematemesis, cirrhosis of the liver, ?peptic 5.9 0.30 1.5 208
ulcer, ?oesophageal varices. Transfused 6 pints
of stored blood 6 days ago,
F.P. 69 M Operation 10 days ago for gangrenous toe. Now 8.6 0.43 n.d. 475
has postoperative thrombocythaemia
J.M. 1l F Thrombocytosis after splenectomy for spherocytosis,
(1) 2 days postoperatively 3.1 0.11 0.40 666
(2) 5 days postoperatively 4.4 0.21 0,30 648
R.M, 45 M Idiopathic thrombocytopenic purpura. 7.4 0,34 n.d, 273
(1) 7 days ago platelet count was less than 10,000
(2) 7 days ago 50% survival time of donor platelets
was 2 days (chromium’3! platelet survival)
(3) Platelet count rose to 273,000 since platelet
transfusion 6 days ago
B.K, 38 M Thrombocytopenia probably secondary to dexchlor- 2,0 0.16 0.65 370

pheniramine (polaramine)




APPENDIX BY : THROMBCCYTOPIENIA

ASCORBIC ACID
CONCENTRATION

PLATELET
PLATELDTS PLASMA counNt
ug/l0  wg/ mg/ ( x 103/
PATIENT AGE SEX DIAGNOSIS ®ells mg 100 ml) c.mm)
F.D. 61 F Felty's syndrome: rheumatoid arthritis, anaemia,
leucopenia. Also diabetes mellitus and aortic
incompetence. Haemoglobin = 9.8G/100 ml,
White cell count = 32,000/c.,nm. P.T.F. = 67%.
(1) first estimation (day 0) 0.6 0.02 0.25 93
(2) second estimation (day 5) 0.5 0.03 0.45 130
(3) after 1 G ascorbic acid daily for 4 days
(day 9) 1.5 0.06 1.80 163
(4) after 1 G ascorbic acid daily for 3 more
days (day 12) 1.7 0.05 1.60 115
M.H. 31 F Disseminated lupus erythematosus. Cerebral
thrombosis 3 days ago. P.T.F. = 100%. 2.4 0.06 n.d. 95
V.M, 24 F Cirrhosis of the liver, ?hypersplenism 2,2 0.18 1.2 74
J.W. 72 M Pancytopenia; recent course of butazolidin 1.5 0.02 n.d. 95

for polymyalgia rheumatica. Haemoglobin =
9.3 G/100 ml., White cell count = 4,800/c.mn,




APPENDIX B? : MISCELLANEOUS

ASCORBIC ACID
CONCENTRATION

PLATELET
PLATELETS PLASHA COUNT
_ ug/10° ug/ ng/ (x 103/
PATIENT AGE SEX DIAGNOSIS cells mg 100 mil) c.mm)
M.B. 39 Malabsorption syndrome 3.2 0.08 n.d, l1es
AW, 94 Hypothermia. Neglected old woman. 1.4 .09 n.d. 363
M.B. 64 Severe duodenal ulcer. Mild iron deficiency 1.6 0.04 n.d. 190
anaemia. Haemoglobin 13.1 G/100 ml.
D.E. 72 Iron deficiency anaemrmia. Deep wvein thrombosis 2.1 0.16 n.d. 230
R.D. 71 Iron deficiency anaemia. Probably nutritional 1.0 0.06 0.075 450
in origin,
J.F. 56 Haemochromatosis 4.1 0.19 n.d. 198
S.B. 64 Haemochromatosis 0.7 0.03 n.d. 413
D.S. 43 Hodgkin's disease 2.4 0.09 n.d. 208
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