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ABSTRACT

The chromatozraphic separation of one part L-ascorbic acid (AD)
from 100 parts of D-isoascorcic acid (TA4) was made on silicic acid
impreznated glass fiber paper, Since the IA) specimen did not show
any trace of i, the effects obtained in the following studies were
due to IAd 6n1y.

A specific analytical methed for vitamin C was developed, 44
was .oxidized to dehydroascorbic acid (DEAA) with 2,6-dichlorcindo-
phenol; interfering substances, tut not DAL were reduced with homo-
cysteine in presence of boric acid; osazones were formed from the
coupling of DEAA  with 2,4-dinitrophenyhydrazine, 3Zlanks were ot-
tained by reéucing DEAA before the addition of boric acid, AL and ‘DHAA,
added to serum and urine, were completely recovered, Reproducibility
of assays on different days was satisfactory.

The differential determination of IAA and A4 was based on the
different rates of osazone formaticn.

Yhen & diet containing A plus TAA was fed to guinea pigsy the
oréans retained a significant quantity of IAd which replaced a cor-
responding quantity of Af, The incorporated IA4 could, in turn, be
replaced by A when A only was subsequently given in the diet.

Tt was shown that IA4 could cure scorbutic guinea pigs. Since the
organs of guinea pigs treated with IM during two months contained
very little M put a significant quantity of TA4, and since IA) caused

an acceleraied loss of AM from normal guinea pigs, IAd per se has

antiscorbutic activity.
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People having lower vitamin C levels retained or otilized more
TAA than people having higher vitarin © levels, bub IAd did not
affect the utilization or urinary excretion of Ad by humans,

Studies on the effect of cigarette smoking on vitamin C have
shown that smokers had less vitamin C in their tody than non-smokers.
Howéver, the vitamin C retained in the body has been utilized at the
same speed by smokers and non-smokers. The difference in the vitamin
C levels between the two zroups was not due to a difference in the
amount of ingested vitamin C but to a smaller quantity of vitamin
reaching the body of the smokers after ingestion of the same dose as
non-smokers,

The mode of absorption of L-ascorbic acid by zuinea pigs was found
very complex, There was a rapid and massive destruction of L-ascorbic
_acid in the gastrointestinal tract, The tissue of the small intestine
was also the major site for the uptake of L-ascorbie acid-l-Clu with a
maximai uptake at 15 minutes after oral administration. The appearan-
ce of labelled vitamin C in the tlood and lddneys was maximal only one
and a half hours after ingestion, Uptake of L-ascorkic acid~1-c* by
+he Iiver and adrenals was maximal 6 hours after ingestion and in all

other organs about 3 hours.

In a preliminary experiment, nicotine incorporated in the food of
Y guinea pigs depressed the vitamin C levels of their organs, Since
nicotine could have acted-directly on the gastrointestinal tract, the
effect of nicotine administration by other ways was also studied.

Subcutaneous  injections of nicotine to guinea pigs during vi-

tamin C depletion did not accelerate their weight loss or the develop-
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ment of scurvy; nicotine did not alter the metatolism of i-ascortic
R L :

acid-1-37", sven orally to these animals, Thus, nicotine did not
soom to modify the loss of vitamin £ stored in the tody,

Veither nicotine nor: cizarette smoke condensate injected sub-
cutaneously affected the storage of non-labelled vitamin C by guinea
pigs, tut nicotine caused a decrease in the incorporation of it by
the tody and an inerease in the amount of ¥, produced Jtob

v 2

- L3 LI I ) re 3
hours afier oral administration of L-ascortic aclc-i-Clb. Liicetine

thus appears to modify the utilization of vitamin C.
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RESTME

_Tne nithode chromatographique utilisant une feuille de fibre de

verre impréméedtacide silicique a été améliorée de fagon d permetire
la séparaticn dtune partie d*acide L-ascorbique (Ad) en présence de
cent parties d'acide D-isoascorbique (AiA). Le spicimen d'AIA utili-
s dans notre travail n'a montré aﬁcune trace d'Al, Les effets obte-
nus sont donc clis & 1'AIA seulement,

Nous avons développé une méthode d'analyse spécifique pour la
vitamine C. Ia méthode consiste a: (1) oxider 1'Ad en acide dehy-
droascortique (ADEA) avee le 2,6—dichlof indophenol; (2) réduire les
substances ginantes, mais non 1tADH, avec l'homocystéine en présence
d'acide borique; (3) produire des osazones par réaction de 1'ADZA
avec le 2,4-dinitrophenylhydrazine. Tn réduisant L'ADEA dvant d'a-
jouter 1'acide borique on cbtient les "témoins". ILa méthode a perzis
le recouvremenﬁ complet d'Ad ep_d'ADﬁAﬂajoutés au serum et Tturine,
Ltanalyse dtun méme échantillon;'plusieurs jourﬁldiéf};ént% a fourni
des résultats semblables. L |

la différentiation quantitative de 1'AA et de 1'AIA a été réalisée
grice b leur vitesse différente de formgtion d'osazones.

Des cobayes recevant un mSlange d'Ad et d'AId retiennent dans
leur organisme une quantité importantevd'AIA qui prend la place dtune
quantité correspondante d'Ad. LUATA ainsi retenu peut &tre remplacé
par 1'A4 donné seul dans la nourrituré. Yous avons démontré que 1'AIA
peat prévenir le scorbut chez 1e éobaye, Puisque les organes de co-
baye traité durént deux ﬁois avee 1'AIA contiennent trés pew d'Af, mais

we quantité importante A'AIA et que 1'AIA cause une perte accélérée
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d'A) chez le cobaye normal, 1'AL) exerce par lui-sBme cetle activité
antiscorbutique. L'organisae du'co?aye perd 1'ATA accumulé plus ra-
pidement due 1'Ad; ceci expligueralt en partie 1factivité moindre de
11414,

Les personnes ayant un taux.de vitamine C plus bas retisnnent ou
utilisent plus d'AIA que des personnes ayant un taux de vitamine C
plus élevé, mais la présence d'All n'influence pas l'utilisation et
1'éliminstion dans 1'urine de 1'Al, |

Des études sur 1teffet de la cigarette sur la vitamine ¢ démon-
trent que les fumeurs ont moins de vitamine C dans 1'organisme que
1es nén-fumeurs, Cependant, la vitamine C retenue par 1'organisme
est utilisée 2 la m2me vitesse par les fumeurs et les non-fumeurs.
1a différence dans le taux de vitamine C entre les deux groupes
ntest pas due 2 une différence dans la Quantité de vitamine C ingé-
rée mais 2 une moindre quantité de vitamine fournie A 1‘organishe
des fumeurs'aprbs ingestion de la méme dose que les non-fumeurs.

Le tést de surcharge de vitamine C a démontré d'une manitre effi-
cace 1'état de vitamine C ches 1'individu.

Le moée d*absorption de la vitamine C par le cobaye s'est avéré
atre trés complexe, Il y a destruction rapide et massive de la
. vitamine C dans le tube digestif. Le tissu de 1'intestin gréle est
celui qui retient le plus d'acide L—ascorbique-l—clu et ceci environ
45 minutes aprds ingestion orale, La vitamine C radicactive atteint
une concehtration maximale dans le sang et le rein sewlement une
heure et demie aprds ingestion. la vitamine C radiocactive retenue

par le foie et les surrénales atteint son maximum 6 heures apres

ingestion et dans les autres organes 3 heures aprds seulement,



Une expérience préliminaire indique que la nicotine incluse dans
1'alinentation du cobaye diminue le taux de vitamine C dans ses or-
ganes. Comme la nicotine-aurait pu agir directement sur le tube
digestif, 1'effet de la nicotine administrée par d'autres voles a
été étudié,

Ltinjection sous-cutanée de nicotine 3 des cobayes privés de vi-
tamine C n'accélere paslla perte de poids ni 1'apparition du scorbut;
1a nicotine ne modifie pas le métabolisme de 1'acide ascorbique-l-c14
ingéré par ces animaux, Ia nicotine ne semble donc pas modifier le
taux de perte de la vitamine C accumulée dans 1'organisme,

La nicotine et le condensé de cigarette par injectlon sous-cuta~
née n'affecte pas 1'emmazasinage de la vitamine C non radicactive
par le coba&e, rais 1a nicotine cause une diminution dans la quantité
de CllL incorporé dans ltorganisme et une augmentation de la produc-
tion de cluo2 au cours de la péricde de 3 3 6 heures aprés injectionde
1'acide ascorbique-l-clu. 1a nicotine semble done influencer 1'uti-

1isation de 1la vitamine C.
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CENERAL INTRCDUCTION

The serious consequences of. scurvy for mankind have been known
for centuries and records dealing with the prevention of scurvy go
back as far as the middle of the sixteenth century when Jacques
Cartier durir?g his exploration of Canada found that the natives
prevented and cured scurvy By drinking extracts from the bark and
" needles of pine trees, Although this vitamin is widely distributed

in the animal and plant kingdoms, the enzymes for its synthesis
from D-glucose of D-galactose in m, monkey, guinea pig, indian
fruit bat, and several species of passerifornm birds are lacking due
to a genetic defect, In 1933, Szent-Gyorgy and Haworth proposed the
name ascorblc acid to designate the antiscorbutic prineiples On the
basis of degradation data, the opt'.:lcalls.r active L-ascorbic acid was
shown to be L-threo-hexono-1,4-lactono-2-ene,

Although it became obvious, after reviewing the literature on
vitamin C, that many problems regarding this vitamin needed elucidation,
priority was given to some of the more acute or chronic problems as
follows:

(1) The yearly publication of several methods for the analytical
determination of vitamin C indicated a continuous dissatisfaction with

| existing methods, and an obvious need for a practical and specific
analytical method for vitamin C (L-ascorbic acid and dehydroascorbic
"acid), Because of the increasing use of D-isoascorbic acid as an
antioxidant in foods, it was also important to develop an analytical
| method capable of differentiating between L-ascorbic acid and D-iso-
ascorbic acid; such a method would permit the study of the metabolism

of the latter in relation to vitamin C.

N
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(2) In view of conflicting reports in the literature, there was
a need to determine if D-isoascorbic acid did or did not have anti-
scorbutic'activity for the guinea pig, It was not known if this ste-
reoisomer was taken up by guinea pig organs, wh#t was its turnover
and its effect on the turnover of L-ascorbic acid in guinea pigs, and
how it could affect the vitamin C nutrition of humans.

(3) Mn insufficient vitamin C_intake will resultk in impaired
collagen synthesis which will eventually be manifested by scurvy, A&
daily intake of 10 mg vitamin C is apparently sufficient to prevent
frank scurvy in humans, but it is not known if this intake will prevent
all impairments of collagen synthesis, Farthermore, there has been
several reports suggesting a requirement for vitamin C in other biolo-
gical functions, and the association of certain diseases with lower
vitamin C levels, A vitamin C intake or a vitamin C utilization suffi-
cient to prevent scurvy might not be adequate for maintaining good health,
Because there haci been reports suggesting lower vitarrﬁ.n C levels in ciga-

rette smokers and.cigarette smokers are more susceptible to certain
| diseasves than non-smokers, it appeared worthwhile to use & highly speci-
fic analytical method and to determine by controlled experiments the
-vitamin C status of cigarette smokers in comparison to non-snokers and
to investigate how this difference was produced,

A review of the literature in relation to the above problems and

“the progress achieved in solving these problems is herewith presented.
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PART 1

THE ANALYTICAL DETERMINATION
OF
L-ASCCRBIC ACID
AXD
D-ISOASCORBIC ACID*

Part of the results reported in this section has been published

as indicated in the following referencess

Pelletier, O, 1968, Determination of vitamin C in serum, urine

and other biological materials. J. Lab. Clin. Med., 72, 674-679.
Pelletier, 0. 1969, Differential determination of D-iscascorbic
acid and L-ascorbic acid in guinea pig organs. Can, J. Biochem,
47, 49453

pelletier, Oy and C. Godin, 1969, Vitamin C activity of D-iso-
ascorbic acid for the guinea pig. Can. J. Physiol.. “Pharmacol.

17, 985-99L
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INTRODUCTION

The nature,. properties and usage. of L-ascorbic acid and D-iscascorbic
i . :

L-ascorbic acid is a white crystalline substance of molecular
formala CgHgOg, On the basls of degradation data and as confirmed by
the synthesis of L-ascorbic acid from L-xylosone, its structure was
established as L-threo-hexono-1,4-lactono-2-ene (Wagner and Folkers -
1964), |

L-ascorbic acid by oxidatioi:with moderate oxidants will yield
dehydroascorbic acid which by reduction can be reconverted to ascorbic
acid; dehydroascorbic acid can be further oxidized to diketogulenic
acid but diketogﬁlonic cannot be reduced back to dehydroascerbic acid
and for this reason has no antiscorbutic activity (Borsook et al. 1937).
The antiscorbutic sctivity of dehydroascorbic acid is equal to that of
L-ascorbic acid (Borsook et al. 19373 Linkswiller 19%8).

L-gscorbic acid can be prepared commercially (Wagner and Folkers
19&&) by modifications of Reichstein (1933) procedure as illustrated in
Figure 1s D-glucose (I) is catelytically or electrolytically reduced
'to D-sorbitol (II) which is transformed to L-sorbose (III) by bacterial
oxidation; di-o-isopropyline-L-sorbose (IV) is prepared in order io
protect the alcohol groups during oxidation with permangé.nate; acid
hydrolysis of the iso-propylidene groups yields 2-keto-L-gulonic acid
(V) which is simultaneous;ly jsomerized and lactonized to produce l-as-
corbic acid (VI). The sjnthetic compound is identical with the crystal-
1ine substances isolated from the cortex of adrenals or from oranges

(Szent-Gyorgy 1938) and lemons (Waught and King 1931).
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Since there are two asymetric carbons in ascorbic acid, there can
be‘ four optically active isomers of which only two are enantimorphic
(mirror image) pairs; the structure of these isomers written according
to the conventional Fischer form is given in Figure 2, Both L-ascorbic
acid and D-iscascorbic acid have the Y -lactone to the right of the
carbon chain, but differ only in the optical activity due to the second
hydroxyl group.

D-ascorbic acid and L-iscascorbic acid do not present any commer-
cial interest, but D-isocascorbic aci& (also named D-araboascorbic acid .-
or erythorbic acid) has been used interchangeably with L-ascorbic acid
as an antioxidant in the food industry. However, the antiscorbutic
activity of D-isoascorbic acid has been reported to vary from 0 to 5
per cent that of L-ascorbic acid (Wang et al. 1962), Because D-isoas-
corbic acid can be easily synthesized from D-glucose as & cultural meta-
bolite of Penicillia (Yagi et al., 1967, Shimizu et al. 1967), it is
available st a lower cost than L-ascorbic acid., The market for D-iso-
ascorbic acid in Canada is considerable since it‘was estimated at 500,000
1bs, per yeer in 1966-1967; there has even been speculation lately about
the possibility of using D-isoascorbic acid as an antioxidant for L-as-
corbic acid in fruit drinks (Private communications from a manufacturer).

The quantities of D-isoascorbic acid used as an antioxidant will
vary with different types of food products (see Part II) and in certain
cases, depending on nutritional habits significant quantities of D-iso-
ascorbic could be ingested. For metabolic studies involving L-ascorbic
acid and D-iscascorbic acid it is thus necessary to have analytical

methods that not only differentiate both isomers but that are also un-

affected by other interfering substances.
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The analytical methods used to determine L-ascorbic acid
| An enormous amount of litterature has been puﬁlished regarding
the deteritinations of vitamin C. A quotation from "Methods of Vitamin
assay; 3rd Ed, 1966 by the Association of Vitamin Chemists Inc. page
289, will best summarize the problems "The situation regarding che-
mical analyse_s remains dynamic, The complex relationship between the
compounds possessing vitamin C activity, as well as the chemical simi-
larity of these compounds to others which are inactive, has made. the
existence of a single, simple and specific method impossible, This |
has led to a proliferation of methodology which has continued to the
present®,

~ In general the vitamin C methodology can be divided as followst
(a) oxido-reduction methods, (b) reaction of ascorbic acid with dia-
zotized compounds and with amines, (c) reaction of the ketonic groups
of dehydroascorbic acid ané diketogulonic acid with 2,4-dinitrophenyl-

hydrazine.
(a) Oxu.do-reduct:,on nethods

In these methods, adva.ntage is taken of the chemical characteris-
tics of the dienol group on carbon 2 and 3 of ascorbic acid; the two
hydrogen atoms of this group can easily be oxidized to yield dehydro-
ascorbic acid, When dehydroascorbic acid is present in the solution
to be analyzed, & true total vitamin C value cannct be obtained unless
the dehydro form is previously reduced.

The classical L-ascorbic agid assay is that of Tillmans (1930) in
which the vitamn is titrated to a pink end point with 2,6-dichloroin-

&ophenol. In the oxidized form, 2,6-dichloroindophenol is blue in
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neutral or alksline solution and pink in an acid solution; in the pro-
cess of reduction by ascorbic acid, 2,6-dichlorindophenol becomes ‘
colorless'and dehydroascorbic acid is formed, The mechanism of the
reaction is shown in Figure 3.

Visual titration in acid solution requires a large enough concen-
tration of vitamin C so that the pink end point can be obtained by an
amount of dye significantly above the reagent blank; titration of 1 mg
of L-ascorbic acid in § ml of solution will yield reproducible results,
but it is difficult, even for an experienced analyst, to obtain accurate
results with concentrations lower than 0.2 mg per 10 ml, For this
reason, this method can be used mainly for the assay of L-ascorbic
acid in fruits, fruit julces and pharmaceuticals.,

The dye is decolorized by other reduéing substances such as ferrous
salts: -SH compounds (esg. cysteine, glutathione), reductic acid, reduc-
tones (Lugg 1942) and the isomers of ascorbic acid, Evelyn (1938) has
reported that interfering substances often account for mo;'e tha;n 90,7
per cent of the total indophenol reducing capacity of urine,

Attempts have been made to oliminate interference Iof some of these
substances by using sample blanks. Formaldehyde was used for this pur-
pose because at pH of 3. 5 it condensed with ascorbic acid but not appre-
ciably with ferrous salts or reductones (Lugg, 1_942; Robinson and Stoz,
19455 Kuusi, 1960; Pelletier, 1967). Mapson (1943) found that, at a pH
of 2.0, ascorbic acid was rapidly removed by condensation and reductones
were slowly removed but at a 1inear ratej by extrapolation it was possi-

ble to determine the amount of 2,6—dichloroindophenol reduced by reduc-

tones before condensation with formaldehyde, According to lugg (1942),
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the interferences of sulfites, thiosulfates, cysteine, HpS, HpS-treated
pyruric acid, ete, could be eliminated because these rapidly condensed
with formaldehyde at pH 1.5 while ascorbic acid condensed very slowly.
Thus the use of formaldehyde condensation for obtaining blanks in the
titration of ascorbic acid is limited fo certain applications and is
time consuming, Pelletier and Morrison (1966) made use of air oxidation
in presence of ethylenediamine tetraacetic acid to oxidize ferrous and
stannous salts, but not ascorbic acid which could be subsequently ti-
trated with 2,6-dichlorcindophenol. Owen and Iggo (1956) recommended
the use of p-chloromercuribenzoic acid to suppress the interference
the sulfhydryl type of reducing compounds, but they also stated that
although satisfactory for the determination of ascorbic acid in biolo-
gical materials, the method was less accurate than the formaldehyde
procedure when applied to urine because p-chloromercuribenzoic acid

gbolished only a small part of the interfering substances.
| The end point in visual titrations is often masked by the colour

of extracts and is difficult to determine, One way to circumvent this
is to extract the reduced dye with chloroform (McHenry and Gfaham, 1935)
and ethyl ether (Nadkarni 1065); these methods, however, require several
titrations and a large quantity of sample, A simple approach proposed
by Pelletier and Morrisoﬁ (1965), consists in detecting the end point
by the increase in opticél density observed at 5 mu

Seﬁeral photometric methods based on the decrease in optical density

of 2,6-dichloroindophenol due to ascorbic acid have been proposeds Mindlin

and Butlerl(1938); Svelyn et al. (1938): Bessey (1938): Hughes (1956), and

Howard and Constable (1966). Bessey (1938) showed that a pH of 3.k was



-12 -

optima} because at low pH values, the dye was reduced spontaneously by
H ions and at a pH above 4, other reducing substances reacted more
readily with 2,6-dichloroindophencl, By taking colorimster readings
at successive intervals after the reactants are mixed, one can correct
by extrapelating for the presence of interfering substances that react
more slowly than ascorbic acid, but not of those fhat react more ra-
pidly. Such procedures are too time consuming for the measurement of
& large quantity of samples, Hughes (1956) on the other hand found a
pH of 2-3 moré suitable than 3-4 and measured the color intensity of
the dye within 30 seconds after its addition; later Hughes (1964) made
use of cation exchange resin (Zeo-Karb 225) to remove yellow pigments
and about 30 percent of the original capacity of the urine to reduce
the dye and he assumed that this decrease was due to removal of inter-
fering substances. Personal experience with Hughes' method indicates

. that, below & pH of 3, 2,6-dichloroindophencl is not stable enough to
obtain accurate fesults. Another variant of this photometric method
consisted in measmring excess 2,6-dichloroindophenol extracted in xylene
after reduction of the dye (Pepkowitz 1943).

An empirical method for evaluating the vitamin C status of indivi-
duals was based on the time requiréd for decolorization of 2,6-dichloro-
indophenol applied intradernally (Rotter 1933), but the test was consi-
dered too variable to have a significant clinical value (Holland et al.
1947). Recently a lingual vitamin C test, based on the time required
for decolorization of 2,6-dichloroindophenol placed on the t.ongue, has
been found suitable for evaluating the vitamin C status of individuals

(Cheraskin and Ringsdorf 1968)s
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Barakat et al., (1955) have described the titration of L-ascorbic
acid with N-bromosuccinimide: after ascorbic acid has been totally .
oxidized to dehydroascorbic acid, & second selective oxidation of KI
1iberated iodine which produced a visual end point with starch added
as an internal indicator, They claimed that reductones, reductic
acid and iron salts caused no interference with this titration, Evered
(1960) used N-bromosuccinimide for titrating L-ascorbic acid, but
detected the end point by extracting liberated iodine in organic solvent.
Bardesty (1964) modified the latter procedures for potentiometric titre-
tion by using platinum electrodes with a polarizing current and titre-
ting to the point of maximum inflection,

Other oxidation systems for determining L-ascorbic acid were based
on the reduction of ferric ions and the determination of the resulting
ferrous ioms, Su]J.ivan and Clark (1955), determined the ferrous. ions
as the red-orange, 4,4 v-dipyridyl complex and found tha’f. in the deter-
mination of L.ascorbic acid in urine other reducing substances could be
inhibiteci by the presence of orthophosphate and a: high degree of acidity
(pH 1-2); Maickel (i966) found the Sullivan and Clark procedure applica-
blé fo the determination of ascox;bic acid in zmlml tissues; Varm (1965)
.used a similar sysfem but determined the ferrous“ ion after formation of
a colored complex with bathophenanthroline, Przyborowski (1966) tltrated
the ferrous ions with ethylened:.anﬂne tetraacetic acid-in. presence of
xylenol orange but applied his procedure only to pure L-ascorbic acid
and pharmaceutical preparations. Kum-Tatt and Lecng (196%) dgternrlned
vL-ascorbic acid in urine by reduction of mercuric chloride to mercurous

‘chloride at a pi of 3,5-5.0; the insoluble mercurous salt was separated
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by centrifugation, dissolved with potassium iodide solution and back
titrated with standard sodium thiosulfate. They claimed that ferrous
salts did not interfere, but did not rule out that other reducing sub-
stances were not interfering,

Perrin and Perrin (1946) have successfully used the polarograph
for the electrolysis (electrooxidation) of L-ascorbic acid between two
electrodes, one of which consisted of fine drops of mercury falling
from a capillary placed in the solutien: when gradually increasing
voltaée was applied to the elsctrodes and the resulting current-voltage
curve was plotted, a typical wave (a step) was obtained for L-ascorbic
acid, The addition of a small amount of copper salt to destroy _L-ascor-
bic acid provided a blank, Cysteine was reported not to interfere.
Applicability of this mothod to biological materials other than milk
has not been reported.

Besides being subject: to interference from other reducing substances,
methods based on oxido-reduction will determine only ascorbic acid and
not dehydroascorb{c acid which may be present in the samples to be ana-
lysed, Various means have been suggested for converting dehydroascorbic
acid to ascorbic acid. Reduction of dehydroascorbic acid with hydrogen
sulfide is possible (Bessey 1938) but such a procedure is laboriocus and
ane must ensure rembval of excess reductant before estimating the
aséorbic é.cid formeds furt_:hermore, hycirogen sulfide is known to react
with certain quinones, aldehydes, keto acids (e.z. pyruvic acid) ete,
(Smyte and King 1942) and produce powerful reducing substances, some of

which mght be of 8 sulfhydryl nature (King 1941).
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Stewart and Sharp (1945) have used Escherichia coli and Staphylo-
_ coccus albus to reduce dehydroascorbic acid to ascorbic acid; although
they have shown their procedure to bte applicable to urine and tlood
plasma, it is too latorious for the analysis of many samples.
Dehydroascorbic acid can be easily reduced by homocysteine at a pH
of about 7.0, Hughes (1956) used homocysteine in presence of boric
acid in order to prevent the reduction of dehydroascorbic acid and
perﬁit the reduction of the-dehydro forms of interfering substances
such as alloxen, reductic acid, glucoreductones (Lugg 1647); this pro-
vided a blank for the determination of dehydfoascorbic acid after homo=
cysteine treatment without boric acid. Howard and Constable (1966)
used a modification of Hughes' procedure for determining vitamin C in
urine. Lento et al. (1963) also reduced dehyd;oascorbic acid to ascor-
bic acid witﬁ homocysteine for their polarographic detérminations, end

excess homocysteine was removed by treatment with N-ethylmaleimide as

follows:
CO2HCHNH20H20328H + CHCO\\ )
i N CZHS
: CHCO
COZHCHNHZCHZCst.__ CHGO_ )
| /N 02H5
CH200

Hewitt and Dickes (1961) found the reduction with homocysteine suitable
for estimating dehyéroascorbic acid and ascorbic acid in plant tissues:
their method. consisted of measuring the absorbance of ascorbic acid at
265 my ;nd subtracting the absorbance obtained after oxidation with

ascorbic acid oxidase.
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One might think that the us_e‘of ascorbtic acid oxidase to oxidize
ascorbic acid would provide suitable blanks for the chemical determina-
tion of ascorbic acid, Cuc;mnber Juice and squash are good sources of
ascorbic acid oxidase but the enzyme is not specific (Stewart and
Sharp, 19%5) and will oxidize all the ascorbic acid stereoisomers in

addition to glucoreductenes, reductic acid, etc, (Stark and Dawsen, 1963).

(b) Reaction of ascorbic acid with diazotized compounds and amines

. Schmall et al, (1953), 195) introduced a method based on the cou-
pling of a diazonium cation (2-nitro-lt-methoxyaniline) with ascorbic
acid at the site of the ket6 group and tautomerism to form a phenyl-
hydrazide of the 4-oxalate of D-threonic lactone (Figure 3). Although
the method does not respond to 2,3-diketogulonic acid, and sulfurous
acid, it is limited bscause it does not determine dehydroascorbic acid
and requires as much as 0.5 mg ascorbic acid per 5 ml of the solution to
be analysed; the interference of reductcnes and reductic acid however can
be removed by the- formaldehyde condensation method of Robinson and Stotz =~
(1945), * Davidek and Davidkova (1959) have reported that the method of
Schmall et al. (195%) gave low values in presence of flavenoids. Weeks
and Deutch (1965) inereased the sensitivity to 15 pg ascorbic acid per
ml by using diazotized p-nitrosniline, but found that cysteine interfered.
Recently, Michaelsson and Michaelsson (1967) have used the zinc chloride
double salt of diazotized 4-nitroaniline 2, S-dimetho:q-aniline (Brentamine,
Fast Black K salt) for the determination of ascorbic acid but not dehydro-

ascorbic gcid in blood plasma.




-17 -

Deutch and Weeks (1965) introduced a fluoromstric assay for vitamin
C which is based. on the reaction of dehydroascorbic acid with o-phenyl-
enediamine to give a fluorescent quinoxaline. They have applied their
procedure to pharmaceuticals, beverages and milk base infant formlas
but not to biological materials, It is not known if there is interfe-
rence from diketogulonic acid a product of further oxidation of dehydro-
ascorbic acid, The method is limited because not less than 15 pg of

ascorbic acid per ml of solution is required for assay.

(¢) Reaction of the ketonic grdups of &ehydroascorbic acid and diketo-

gulonic acid with 2,4-dinitrophenylhydrazine,

Roe and Kuether (1943) described a method based on the reaction of
the ketonic group of dehydroascorbic acid or diketogwlonic acid with
2,4-dinitrophenylhydrazine to yield red-colored osazones (Figure 3)e
This bis-z,llr-dinitrophenylhydrazine derivative yields a highly stable
color that absorSs maximally at 500-550 mu when treated with 85 per cent
HoSOye The relative specificity of this dinitrophenylhydrazine method is
based on the following principles (Roe 1961): |

(1) The characteristic color with 2,4-dinitrophenylhydrazine is
formed only with 5-carbon and 6-carbon sugarlike compounds; triose sugars
for example do coufale with 2,4-dinitrophenylhydrazine but uncouple when
treated with 85 per cent sulfuric acid (Hove, 1965).

~ (2) The rate of reaction of sugars is mch slower than that of
dehydroascorbic acid and their intérference is less marked at 37°C;

(3) During the reaction with 2,l-dinitrophenylhydrazine, a little

thiour_ea. provides a weakly reducing medium which prevents decomposition
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of dehydroascorbic acid and &iketogulonic acid and discoloration of the
2,4-dinitrephenylhydrazine solution by any oxidation products that might
form,

(4) Ascorbic acid must be oxidized to dehydroascortic acid before
any coup]ing can occur Norit (an activated charceal) is the best oxid-
izing agent since it acts alsc as a cla;rifying agent.

Tn order to differentiste ascorbic acid, dehydroascorbic acid and
diketogulonic acid, Roe ot al, (1948) used hydrogen sulfide to convert
dehydroascorbic acid to ascorbic acid:

(a) since hydrogen:sulfide did not reduce diketogulonic acid,
the latter could be determined with 2,1&-dinitropheny]hydraz'ine;

(b) ascorbic acid, dehydroascorbic acid and diketogulenic acid
were determined after oxidation with bromine;

(¢) dehydroascorbic acid and diketogulonic acid were determined
in a solution that was neiﬁher reduced, nor oxidized,

For this differentiation, incubation with 2-4-dinitrophenylhydra-
zine was prolonged to 6 hours instead of 3 hours, because the rate of
reaction of dehydroascorbic acid was less rapid than that of diketogu-
lenic acid, Although this procedure can differentiate ascorbic acid,
dehydroascorbic acid and dikstogulonic acid, it has undesirable featu-
rest the use of different blanks for ascorbic acid, dehydroascorbic
acid and diketogulonic acid; reduction with hydrogen sulfide and removal

| of excess hydrogen sulfide; incubation during 6 hours; and addition of
5 ml sulfuric acid dro? by drop in an ice bath, Because the method is
too time consuming, it is not practical for doing numerous assays in

one day,

e
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Several attempts have been made to simplify the procedure of Roe
and Xuethér (1943). Bolin and Book (1947) introduced the use of 2,6-
dichloroindophenol instead of Norit to oxidize ascorbic acid: this
modlf:.cat:.on was found su:.table for the determination of vitamin C in
blood (Hausman—Lench and Lewis 1961), in urine (Polk, Flanagan and Van |
Loon 1960) in rat liver extracts (Schwartz and Williams 1955), Lowri
(1945), in a microprocedure for plasms, serum or blood, used copper
 sulfate to oxidize ascorbic acid, Meyer et al, (1952) found that
ac_tivatea charcoals sometimes retain a significant emount of ascorSic
acid or dehydrecascorbic acid and used bromine to oxidize a_scorbié acid
from adrenal glands and removed excess bromine with aniline,

Shaffert and Kingsley (1955) carried out the coupling reaction

with 2,l4-dinitrophenylhydrazine during 5 minutes at 100% instead of
3 hours at 37%C, This nodification has been strongly criticized by

Roe (1961) since it could result in errcneously high values due to
sugarlike compouniis. |

Several authors have suggested other acids in order to avoid the
tedious additien of 85 per cent sulfuric acid, Glacial acetic acid
(Bolomey and Kemmerer 1946, 1947) resulted in a considerable drop in
sensitivity, and Schwartz and Williams (1955) used a mixture (2:3) of
85 per cent phosphoric acid and concentrated hydrochloric acid in ofder
to obtain a two fold increase in sensitivity over glacial acetic acid,
Hausman-Lench and Lewis (1961) found the hydrochloric acid fumes object-
tionable and preferred a (1i1l) concentrated hydrochloric acid solution

since it did not decrease the sensitivity.
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Chromatographic separation and measurement of the 2,4-dinitrophenyl
osazenes .have been used as a mean of eliminating interfering substances
(Szoke 1960; Mapsen 1961 and Vuilleumier and Nobile 1962), but such
procedures are so elaborate that the daily analysis of several samples

is not readily accomplished,

Extractions of vitamin C from the samples to be analysed.

Several extracting solutions have been used, depending on the
chemical method of analysis, ir-order to stabilize vitamin C and aveid
interference from other materials: these extracting agents consist in
a variety of acid solutions (Chapman éi. al. 1951) but one of the most
popular is metaphosphoric acid, Farmer and Abt (1936) confirmed the
results of other workers that ascorbic acid was more stable in 2 per
cent metaphosphorie acid than in 5 or 10 per cent trichloroacetic acid:
they found no loss to oceur in plasma filtrates deproteinized with meta-
phosphoric acid, On the other hand, the methods of Roe and Kuether (1943)
and Lowry et al. _(19#5) made use of trichloroacetic acid, This acid had
the advantage of preventing the adsorption of vitamin C on charcoal
(Roe and Kuether, 19%%3); however, in-order to differentiate ascorbic acid,
dehydroascorbic acid, and diketogulonic acid. Roe et al. (1948) used
motaphosphoric acid in presence of stannous chloride, Dehydroascorbic
acid, howevér, cannot be determined in whole blood because of the oxidation

of ascorbic acid to dehydroascorbic acid during acid extraction (Borsook

et al. 1936),

Differential determination of D-isoascorbic acid and L-ascorble acid.

Because of the close similarity of L-ascorbic acid and D-iscascorhic

acid (Figure 2), it was not surprising not to find in the literature a
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specific éhemica.l analytical met;hod capable of differentiating both
isomers, . There are, however, a few chromatographic methods for the
determination of the isomers: a review of soms of these methods has
been given By DeRitter (1965), The sensitivity of these methods is
below that required for the assay of biological materials, For ex-
ample, Fabianek and Herp (1967) using the paper chromatographic method
of Mild et al, (1962) and the thin layer procedure of Bremner et al.
(1964) obtained satisfactory results with pure solutiens, but no
yield with tissue extracts, Weeks and Deutch (1967) chromatographed
the two isomers on silicic acid-iniéregnated glaés fiber paper and
determined each with the microfluorometric method of Deutch and Weeks
(1965); but this is not sensitive enough for the assay of the biolo-
gical specimens from humans since a ca-ncentration of at least 1.8 pg
per 20 pl is required for the assay. A paper chromatographic method
for separating L-ascorbic acid from D-isoaécorbic acid has recently
been published by-Pazarincevic and Damanski (1968), but such a method
is only semiquantitative, The method of Vuilleumier (1967) for sepa-
rating tlie 2,4-dinitrophenylhydrazine derivatives of the two isomers

also lacksthe sensitivity required for biological materials,

The need of better ﬁxethods for determining vitamin C and D-iscascorbic

acid,

After reviewing this tremendous amount of literature on the deter-
mination of vitamin C and D-iscascorbic acid, it certainly appeared
obvious that the situation regarding thg chemj.cal ane.lysisi of vitamin

C was still dynamic and that no satisfactory analytical method existed
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for differentiating vitamin C aﬁd D-isoascorbic acid in biological
materials: Because studies on the metabolism of vitamin C and D-iso-
ascorbic acid would require a large number of determinations of these
compounds, and in view of the lability of these isomers, methods capable
of handling this load were required, |

In view of determining the purity of the D-iscascorbic acid used
in these studies, chromatographic procedures were modified in order to
separate one part of L-ascorbic acid from 100 parts of D-isoascorbic
acid, |

By using the reaction 244-dinitrophenylhydrazine with dehydroas-
corbic acid and other chemical reactions with vitamin C in various
sequences, a highly specific, accurate, reproducible and fairly rapid
method was developed for the quantitative differentiation of ascorbic
acid, dehydroascorbic acid and diketogulonic acid in biological materials;
in addition, the quantitative differentiation of the D-iscascorbic acid
forms from the L-ascorbic acid was accomplished by making use of their

different rates of reaction with Z,R-dinitropgenylhydrazine.
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MATERTALS. AND METHODS

A, Chrom.ltographic separation of D-iscascorbic acid and L-ascorbic acid,

Materials

Apparatus, A Eastman Chromatogram Developing apparatus was used for
developing the chrdmtograms.

Reagents, A silicic-acid impregnated glass fiber shest, 7% x 8",
(Applied Science Laboratories, Inc., State College, Pennsylvania 16801)
wag placed in a 8" x 12" stainless steel pan and immersed with occasional

mixing for 17 minutes in 100 ml of 6 per cent metaphosphoric acid (6 g

T ————_—

of metaphosphoric acid pellets dissolved to 100 ml with distilled water),
The soaked sheet was suspended in the draft of a fume hood for 2 hours
and 15 minutes and subsequently dried 15 hours over an asbestos sheet

. placed on the top shelf of a Fisher Isotherm Oven set at 92, 5°C.
L-ascorbic acid (obtained from Nutritional Biochemicals Corporation)

and D-isoascorbic acid (supplied by Hoffman-laroche, Ine,, Montresl) were
dissolved in 3 pe; cent metaphosphoric acid.

The developing solvent (Bremner et al. 1964) consisted of ths following
mxture: acetonitrile, 33 ml; butyronitrile, 16,5 ml; distilled water,
1.0 | |

The spraying reagenf which consj.sted of 3.5 per cent molybdophos'g-’.:..

phoric acid in isopropanol was obtained from Brinkmann Instruments Inc,

Methods

Two spots were applied at 23 mm from the bottom of the silicic-acid

impregnated glass fiber sheet at a distance of 20 mm from each other,



- 24 -

The spots were dried by suspending the sheet in a hood for 10 minutes,
The chromatogram was developed until the solvent reached the top of the
paper (about 18 minutes). After being dried in the draft of a hood for

about 10 minutes, the sheet was sprayed lightly with 3.5 per cent molyb-

dophosphoric acid,

B, Determination of vitamin C,

Materials

Apparatus., A Coleman Jr, II Model 6/20 spectrophotometer and/or a
Spectronic 20 with a 17 mm light path vacuum cuvettse was used to mea-
sure the per cent transmittance,

A water bath was maintained at 32°C with the Haake-Thermostat

Unitherm, A cold water bath was maintained below 5°C with ice.

Glass colums (450 mm by 10 mm) with Teflen stopcocks were used
for the ion exchange chromatography of urine samples except those from
sﬁbjects receiving supplements of L-ascorbic acid, 4 small pledget of
glass wool was inserted into the bottom of each columm and covered with
1 em of 60/80 mesh glass beads, About 10 em? of Auberlite TR-120 analy-
tical grade were packed into the colum,. Thirty ml of '2 N NaOH was
passed through and followed by distilled water until the effluent was
abou’;: neutral, Thirty ml of 2 N HCL was then passed through, and the
resin washed until neutral, The NaOH-HC1 treatment was repsated for
each determination.,

Reagents, Solutions were diluted with distilled water unless
otherwise indicated and were filtered if necessary.

Boric acid 5 per cent (WfV) was stored at room temperature,
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The follow1n~ solutions were made every 2 weeks and stored in a
refrlae“auor. stock metaphospho*lc acid solution, 50 per cent (W/V);
dipotassium hydrogen phosphate, 45 per cent (W/¥); 2,4-dinitrophenyl-
hydrazine, % per cent (W/¥) in 9 I sulfuric acid; and 2,6-dichloroin-
dophenol solution by dissolving 125 mg of sodium 2,6-dichloroindophencl
in 100 ml of warm distilled water, filtering, and making to 500 ml
with washings,

The following solutions were érepared daily: 2, 2,66, and & per
cent metaphosphoric acid by diluting 4, 5.32 and 8 ml, respectively,
of stock solution (50 per cent) to 100 ml; L-ascorbic acid standard,
6 pg per zil of 2 per cent metaphosphoric acid; DL-homocysteine, 6.25
mg per ml; thiourea-phosphoric acid solution, 5 per cent (W/7) and
6l per cent respectively, phosphoric-nitric acid mixture (2:1); and

Antifoan FG-10' emulsion (Dow Corning Corperation) diluted (0,1:20).

Methods

Preparation of Samples. The urine samples were collected over enough

metaphosphorlc acid pellets to make a 4 per cent solution after dilu-

ting thh distllled water one volume of urine to about 2 volumes, The

‘collected samples were kept at about 5% and assayed vithin 2/ hours

or frozen and assayed after.thawing at room temperature, Samples from
human subjects on a vitamin C intake of less than 100 mg per day were
treated as follows: 5 ml of urine containing Ly per cent metaphosphoric
acid was addéd to a colum of IRA-120 (H'); the effluent was collected
into a 25 ml volumetric flask containing 1.2 ml of 25 per cent meta-
phosphoric acid, and the volume was completed to 25 ml with the washings

from the colum (5 ml portions of distilled water).
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The heparinized blood, plasma and/or serum were assayed as. soon as
possible after being collected, .Five ml of specimen was added slowly and
with agitation to 15 ml of 2.66 per cent metaphosphoric acid, These
were thoroughly mixed (at that point, the blood had precipitated and
darkened), After centrifugation, the' supernatant fluid was removed with
a pipette and filtered,

Tissues from guinea pigs were kept on drj ice after removal, .The '
samples were blended for 20 seconds with a solution of 4 per cent meta-
phosphoric acid at about 5°C and diluted. with distilléd water to obtain
2 per cent metaphosphoric acid, One or two drops of non-dilut'ed Anti-
foam FG-10 were added to prevent foaming of certein samples. The opti-

mal final dilution was 3 to 7 pg of vitamin C per ml,

Total vitamin C assay (ascorbic and dehydroascorbic acid).

All determinations were»done in duplicate, . Two ml of sample or
standard solutions were pipetted into 150 mm by 20 mm test tubes labelled
1 and 2, All mixing operations in the subsequent steps were made by vortex.

Homocysteine-solution (0.2 nl) was added to all tubes marked 2 and
boric acid (0.5 ml) to all tubes labelled 1; the solutions were mixed |
very gently after each addition,

The following steps were performed Ior in duplicate, Drops of 2,6~
dichloroindophenol were added rapidly with gentle mixing to tube 1 gn‘l;il
a purple-pink colour was obtained, and the same number of drops of distilled
water was added in test tube 2; 0.5 ml dipotassium hydrogen phosphate solu-
tion was added with mixing to tubes 1 and 2, and 0.2 ml homocysteine solu-
tion to tube 1, These tubes were allowed to stand for 30 minutes while

other tubes were processed in the same way. Drops of distilled water were
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added to some standards or samplgs in order to correct for variations
in the am?unts of 2,6-dichloroindophenol,

After 30 minutes, one duplicate determination was processed in the
following order: 0,5 ml boric acid solution was added to tube 2 and
' m_ixed; 1 ml of thiourea-phosphorie acid solution was added with thoro&gh
mixing to tubes 1 and 2, and was followed with 0.5 ml 2,4-dinitrophenyl-
hydrazine solution added in the same way. These tubes were immediately
placed in a water bath at 32% for exactly 80 minutes.

The tubes were cooled for at ieast 5 minutes in a cold water bath
at less than 5°C; 5 ml of phosphoric-nitric acid mixture was added to
the cooled test tubes while bubbling nitrogen moderately, The nitrogen
bubbling was continued for aboﬁt 2 minutes. At this point 4 to 8 tubes
were processed at a time. One or 2-drops of diluted Antifosm FG-10
were added in case of excessive foaming. The tubes were allowed to cool
for about 5 more minutes and were I;ept' at room temperature for about 45
mnutes, The per cent transmittance, with the respective blanks ée’r, at
100, was measured’at 520 mp after rinsing the vacuum cuvette with about
1 ml of the solution to be read.

Calculations were as follows:

pg of vitamin C per ml of sample =
net absorbance {tube 1 - tube 2) of sample
net absorbance (tube 1 - tube 2) of standard

6 x

Ascorbic acld assay

The procedure was as above for tube 1. Tube 1' was treated as tube

1 except that distilled water was added in place of 2,6-dichloroindophenol,
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Caleulations were as follows:

pg ascorbic acid per ml of sample =

¢ " net absorbance (tube 1 - tube 1') of sample
X et absorbance (tube 1 - tube 1') of standard

C. Differential deternﬂ.natibn of L-ascorbic acid (AA) and D-isoascorbic

acid (IAA).

Materials and methods were essentially as described under B. Determ-

ination of vitamin Cy except that duplicate determinations were made at
32° and 52%.

Calculations were made as follows:

[1] pe AA per m sample = 6[f(c/d)~¢] /[blc/d)-a)

[2] pe IAA per ml sample = 6[9-(ag/6)_-]/c
Where a-f refer to abscrbances; a,6 pg AA at 52°C; by 6 pg Ad at 32°C;
¢y 6 pg I0 at 52°; d, 6 pg I8M at 32%C; e, sample at 52%C; £, sample
at 32%; and q is the result obtained by Eq. (1),
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RESULTS

A, Chromatographic separation of D-isoascorbic acid(IAA) and L-ascorbic

aclid ‘A A )t
A typical chromatogram of Af and IAA is shown in Figure L, Rf values

for AA varied from 0,38 - 0,40 and those of IAA from 0,50 - 0,56 depend-
ing on the concentrations, The intensities and size of the bluish spots
_depended on the concentration, Two pg of AA and IAA gave weak but dis-
tinet spots that were very well separated, IAA spots at 200 pg were
large and elongated, Addition of 20 pg AA to 200 pg IAA produced a come
pact spot well separated from IM, Addition of 2 pg AA to 200 pg TAA

produced a less intense spot that was also separated from IAA.

B, Determination of vitamin C.

Mixtures of 6 pg L-ascorbic acid (Ad) per ml with sufficient gluco-
réductones (Lugg 19%7) to yield a pseudovitamin C content of 10.8 pg per
ml by the method of Roe and Kuether (1943) yielded complete recoveries
of true vitamn C, D-glucose and lactose in quantities 500 times larger
than AA, and citric, glyoxylic, oxalic, and pyruvic acids in quantities
20 times larger than AA did not interfere. Nicotinic and caffeine in
concentrations 66 times larger than AA were ‘also without interference.

Samples of urine from subject on regular diets were passed through
colums of IRA-120 (H") as described in the method's section by a tech-
nique very similar to that of Hughes (1964) who used Zeo-Karb 225 as a
cation exchange resin, As shown in Table I, different dilutions of
urine gave essentially the same values and complete recoveries of added

AA or dehydroascorbic acid (DHAA), Twenty-four hour urine specimens
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Table I
Vitamin C in urine and recoveries of

L-ascorbic acid and dehydroascorbic acid

Sample Dilution ng % ng % Per cent recov-
(present) (added) eries (added)

1 5145 2.59 4400 98
1 15335 2.56 1.33 95
2 5120 1.97 - -
2 (oxi- 5120 - (1.97)¢ 103
dized)

*In the form of dehydroascorbic acid obtained by the oxida-

tion of L-escorbic acid.
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from a subject on an intake of 2 g vitamin C per day were assayed for
AA and total vitamin C (AA + DHAA) and as shown in Table II, gave
coefficients of variation less than 4 per cent.

The method was compared with two widely used methods based on the
2,/=dinitrophenylhydrazine (DNPH) reaction to determine vitamin C in
sheep sera. The results are reported in Table III. By using blanks
where DNPH was added after incubation in the proposed method, values
comparable to the other methods were obtained, but with the regular
blank (tube 2, p. 26), smaller values of true vitamin C were obtained.
As shown in Table IV, recoveries of AA and PHAA added to various sera
were satisfactory.

No difficulty was encountered in the determihation of Yitamin C in
the heart, kidneys, brain, spleen, or liver of guinea pigs. Mean reco-
veries of 4.5 pg L-ascorbié acid added per ml Qf liver extracts in 6
different days were 103.1% with a coefficient of variation of 2.4 per
cent, Assays of a frozen liver extract on 7 different days indicated a
slight loss due to freezing and thawing and gave a coefficient of varia-

tion of 6.6 per cent.

C. Differential determination of L-ascorbic acid (L) and D-isoascorbic

acid (IA4).

The time course for osazone formation from 2,47dinitrophenyihydra-
zine and oxidized AA and IAA, as reflected by the increase in absorbance
of osazones at 520 mu, is illustrated in Figure 5 (32°C), and Figure 6
(529C), The production of osazones occured much more rapidly from AA
containing systems than from corresponding systems pontaining IAA, The

osazone formation with IAA was meximal after 2 hours ab 52°C, but only
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Variation of assays done on different days for L-ascorbic

acid (M) and vitamin C in 24 hours urine specimens

Day Basal excretion (mg) _ Saturation excretion* (mg)

AL Vit. C Ak Vit C
1 - - 1320 1452
2 - - 1272 1352
3 274 29.7 126k 137k
4 28.4 30.7 1340 1456
5 26.9 28.6 1380 1464
6 25.8 28.7 1348 14kl
Mean 27.1 29 4 1320 1423
CV. (%) &0 343 Joli 3ot

% 2 g ascorbic acid per day in divided doses.



Table III

Vitamin C in sheep serum (mg/100 ml)

Method L-ascorbic acid Vitemin C
specific non-specific

Roe &IKuether e - 0.48
(1943)

Lowry et al - - 0.48
(19%5)

Proposed 0.20 0.25 0.47*

*¥Using the same type of blanks as in the sbove methods.
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Table IV
Recoveries of ascorbic acid (44) and

dehydroascorbic acid (DHAA) from sera

Serum ng % added Per cent recoveries
(AA or DHAR) AA DHAA'

Sheep 0.36 103.3 96.6
" 0.72 96.5 103.5

" 1.08 103.5 101.1
Rabbit 1.33 102.0 98.9

Pig ‘ 2.0 97-0 -
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half completed after the same time at 32°C. The maximal difference bet-
ween the two isomers ocurred after 80 minutes at 32°C.

Absorbence measurements for various levels of AL and IA4 at 32°C
and 52°C for 80 minutes, as shown in Figure 7, were linear‘for concen=
trations up to about 8 pg per ml of assay solution.

Recoveries on three different days of mixtures of AA and IAA added
ﬁo extracts of guinea pig organs are given in Table V. The values for
AR were reproducitle and indicated a high recovery whereas those for IAA

were more variable, particularly for brain and spleen extracts.
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-Table V
Typical-recoveries of mixtures of I-ascorbic acid (AA) and

D-isoascorbic acid (IAA) from guinea pig organs

M (ug * S.D.¥/ml extract) IAA (bg S.D.*/ml extract)

Organ Added Recovered  Added Recovered
Liver 1.2 102+ 0,08 4.8 4,88 + 0,17
" 1.8 L7+ 00, 42 425 + 0,20
" 2.4 2.3+ 0.0, 3.6 3.72 + 0.10
L 3.0 2.2+ 0,06 3.0 3.15+ 0,09
n 3.6 3.50+ 0,09 2.4 2,56 + 0,12
n b2 426+ 001 1.8 1,81 % 0.17
" L8 L79+ 0,07 L2 1.27 + 0,13
Spleen 3,597 31+ 001 4O 416 % 0.70
Adrenals 23 2,29+ 0,16 40 438 0.39
Kidneys 3,25 3,31+ 0.09 4O L.12 + 0,46
Brain 751! 7.30+ 0.2, 4O 3,99 + 0.9

* 5.D. calculated for 3 assays on different days.

T Amount found prior to addition of IAA.
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DISCUSSION

A. Chromatographic separation of D-isoascorbtic acld (IAA) and L-ascorbic

acid (£4).

Although chromatographic separatiops of the IAA spéciman did not
yield quantitative results, they indicated that much less than 1 per
cent of the sample could be present as AA. Thus, the IAA speciman,
because of its high purity,'pould be used in the development of an
analytical method for differentiating AA and IAA, 2nd in studies on the
metabolism and antiscorbutic activity of IAA.

B. Determination of vitamin C.

Rationale of test system

2,/~dinitrophenylhydrazine (DNPH) couples with dehydroascorbic acid
(DHAL) énd diketogulonic acid (DKGA) to yield osazores. In sequence pro-
cedure 1 (tute 1, p. 26), AA and DHAA give rise to osazones because
2,6-dichloroindophenol oxidizes AA to DHAA and homocysteine at pH 7.1
| does not reduce‘DHAA to AA in presence of boric acid (Hughes, 1956). In
procedure 2 (tube 2, p. 26), neither AA nor DHAA form osazones because
there is no oxidation, and homocysteine at pH 7.1 converts CHAA to AA
before the addition of boric acid. In procedure 1', DHAA but not AA
gives rise to osazone because there is no oxidation, but homocysteine
does not reduce DHAA to AA in presence of'boric acid. DXGA is not affected
by homocysteine (Howard and Constable 1966) and yields osazones in proce-
dures 1, 2 and 1'. Interfering substances such as reductones (R) are
reduced by homocysteine in presence or absence of btoric acid but they
still yield a certain amount of osazones which is the same in tubes 1,
2 and 1', Consequently tube 1 minus tube 2 equals AA plus DHAA and tube

1 minus tube 1' equals AA.
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2,6-Dichloroindophenol was preferred to Norit (Roe and Kuether 1343)
for the oxidation of AA because it was simpler to use (Schwartz and
William 1955; Hausman-Lench and Lewis 1961); a deviation of ¥ 2 drops in
the end point was acceptable,

The optimal range of pH (about 7 to 7.2) for reduction of DHAA with
homocysteine was readily obtained by the addition of 0.5 ml of 45 per
cent KoHPOy. The amount of homocysteine and time for reduction of DHAA
were in excess of minimal requirements.

Thiourea provided a mildly reducing medium to prevent coloration of
DNPH solutions by oxidants (Roe and Kuether 1943) and prevented ascorbic
acid o§idation in the blanks, Phosphoric acid prevented INPH precipita-
tion and was preferred to other acids because slight variations in the
amount added had no significant effects. The amount of DNPH was selected
from a noncritical range; mixing was necessary during the DNPH addition
to prevent its precipitation, The coupling reaction could be completed
rapidly at 100% (Schaffert and Kingsley 1955), but thi§ was avoided
because interference from sugars was more marked (Roe 1961), Although
these interferences were cancelled by the tlanks, a temperature of 32°C
was selected to keep them to a minimum, The coupling reaction was about
85 per cent complete after 1 hour and 20 minutes at 32°C, and Beer's law
was obeyed, This was more convenient than the 3 to 6 hours required
after Norit treatment (Roe gf_gl. 1948),

The nitric acid-phosphoric acid mixture used for the color develop-
ment eliminated the tedious dropwise addition of sulfuric acid (Roe and

Kuether 1943) and increased the sensitivity by a factor of 1.5, The

mixture was added while cooling and while bubbling nitrogen in order to

prevent discoloration by nitrous oxides, Contamination of the glassware
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with organic matier could also result :m the formation of nitrous oxides.
These oxides are reaciily produced when nitric acid is diluted with water.
Glacial acetic acid (Bolomey and Kemmerer 1946), and phosphoric acid plus
hydrochloric acid mixtures (Schwartz and Williams 1955) were not consi-
dered because they had not improved the sensitivity obtained with sul-
furic acid, Measurementsof the per cent transmittance 30 or 60 nminutes

after withdrawal from the cold bath were not significantly different.

Advantages of the proposed method

The originality of the proposed method comes from the fact that
various: chemical properties of ascerbic acid, debydroascorbic acid and
diketogulonic acid have been used for the differential determination of
each of these compounds in presence of interfering substances. The prd—
cedure is much more simple and practical than the widely used procedure
of Roe et g._]_._. (1948) : it uses homocysteine instead of hydrogen sulfide
as a reducing agent, and 2,6-dichloroindophencl instead of charcoal as
an oxidizing agent; it develops the osazones color with a nitric-phos-
phoric acid mixture instead of sulfuric acid which must be added drop
by drop with constant mixing in a bath of crushed ice; it requires only
one blank instead of three and only one hour and 20 minutes incubation
instead of six hours. The greater dilution-of samples, because of the
reaction with homocysteine, is compensated by the greater intensity of
the color developed. The proposed method is more specific because re-
sults are not affected by reductones and similar substances. Because
of its accuracy and precision, the method is suitable for nutritional

and metabolic studies on vitamin C,
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C. Differential determination of L-ascorbic acid (AA) and D-isoascorbic

acid (IAA).

The two basic requirements for the differentiation of AA and IAA
were, firstly, a large difference in the absorbance due to each isomer
at one temperature and secondly, a minimal difference in the absorbance
due to each isomer at a second temperature; a greater maximal difference
was produced at 32°C (80 minutes) than at 52% (20 minutes) but the
second requirement was achieved more conveniently at 52°C (80 minutes)
than at 32°C (several hours), For these reasons, two temperatu;res (32
and 52°C) at 2 constant time (80 minutes) were selected instead of only
one temperature at two different times (Garmon and Reilly 1962; Guttman
166),

The derivation of proportional equations based on reaction kinetics
has been thoroughly described by Garmon and Reilly (1962) and Guttman
(1966), but it is possible to arrive at a similar equation by a simple
rationale. At any given concentration the absorbance values in Figure 7
can be interrelated to give the following equations:

[3] d(c/d)-c =0 .
(4] b(efd)-a = X
[5] (b+d)(c/d)-(ate) =X

The factor c/d is the same for any concentration of IAA standard, It is
evident that by multiplying the 32°C sbsorbance by ¢/d and substracting the
52°C absorbance, the absorbances due to IAA cancel out but these due to AA
give a value X which is the same wether AA is alone or mixed with IAA,
Furthermore the values x give a linear relationship with various cencen-
trations of A\, Consequently, the difference obtained by the expression

f(cfd)-e of Equation [1] of the caleulations is due only to Ad in the
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sample, As shown in the numerator of Equation [2] of the calculations,
the ébsorbance‘due to A at 52°C can be calculated from the concentration
q found by Egquation Eﬂ , and can be subtracted from the total absorbance
at 52°C to yield the net absorbance due to IAA.

The main advantage of the present method over paper chromatographic
methods is that it is sensitive enough to bte applied to the assay of
biological specimens. Fabianek and Herp (1967) had no sucess with two
chrﬁmatographic methods for ‘the assay of guinea pig organs. Weeks and
Deutsch (1967) have separated IAA from AA on silicic acid impregnated
glass fiber paper and have applied their method to foods, tut since the
minimum amount required is about 2 pg per 22 pl spot, its application to
biological specimens would be restricted to the assay of adrenals extracted
in about 1 ml of solution.

Recoveries by the presen£ method were more accurate and reproducible
for AA than for IAA, The IAA assays of organs from guinea pigs receiving
no IAA gave negative values in most cases and only insignificant traces
in the other. The assay values of added IAA in the presence of AA indi-
cated that the method was suitable to deter@ine the incorporation of

IAA by the organs of guinea pigs.
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PART II,

. THE ANTISCORBUTIC ACTIVITY
OF

D-ISOASCORBIC ACID*
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THTRCIOCTICON

The spectacular role of vitamin © in the prevention and cure of scurvy

Since ancient times, scurvy made spectacular ravages specially among
explorers and armies, ‘ritten accounts of this disease go back to the
time of the crusades in the 13th century. In 1498, when Vasco da Gama
sailed around Cape of Good Hope, scurvy claimed the lives of 100 men from
a crew of 150,

The report of the second voyage of Jacques Cartier to Canada in 1535
contains a typical descriptien of an "unknown disease" (scurvy) which
started by swelling of the legs and development of purplish spots in the
legs; bhis progressed to the hips, thighs, shoulders, arms, neck and
mouth, The mouth became so infected that the gums were rotien and were
losing flesh, Cther symptoms were depression, general weakness and
diarrhea. An autopsy on one of the dead revealed a white heart, black
lungs and dark flesh on the surface. During that winter spent near
Stadacona (near Quebéc City), Cartier lost 25 wen from a crew of 110
before he was told by the natives that the disease could ke cured by an
extract from the bark and needles of a tree. This, we know, provided
vitamin C.

In our days, only occasional cases of scurvy are still to bte seen,
The spectacular way in which vitamin C is Mnown to cure scurvy has been
so impressive that the other biochemical functions of vitamin C are
practically disregarded in attempting to &etermine the daily requirement
of this vitamin for the maintenance of gocd health; furthermore, there

is not enough concern about the possibility that an impairment of
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connective tissue insufficient to provoke the general symptoms of scurvy

may over prolonged periods favor the development of other diseases in

certain organs or tissues,

Collagen synthesis in relation to scurvy.

Soms of the characteristics of scurvy are loosening of teeth, swollen
joints, petechial hemorrhages from venules, subcutaneous, articular,
miscular and intestinal hemorrhages which can be attributed to defects
in collagen synthesis (King 1967).

The metabolism of connective tissues and the role of vitamin C in
the synthesis of collagen have been reviewed briefly by Rivers (1965)
and in ‘greater detail by Gould (1968), Collagen is synthesized by spe-
cialized coells such as fibroblasts, osteoblasts and odontoblasts. The
fibroblasts form the intercellular substances (ground substance) in which
are imbedded the collagenous fibers; mucoproteins and mucopolysaccharides
are also involved in holding the collagen fibrils together thus forming
collagenous fibers,

A collagen fibril consists of 3 polypeptide chains, These are held
together by hydrogen bonds between oxygen atoms of one peptide chain and
the nitrogen atom of another chain; two of the chains are called«1 and
differ from the other %2 by their amino acid composition. The « chains
(monomers) form left handed helices, although a right handed helix results
when the three chains are linked together. The left handed « configuration
arises from structure restriction due to pyrrolidine rings (hydroxyproline
and proline) and is stabilized by hydrogen bonds, Proline and hydroxypro-
line comprise 25 per cent of the amino acid residues; some hydroxylysine

is also found, but in a much smaller concentration than hydroxyproline;



- 57 -

glycine which is found in every third position comprises about 33 per
cent of the amino acid residues ;nd gives the 3 K repeat of the helix,
The three.chains together give a 100 8 rope like repeat; another repeat .
of 700 § results from covalent links of such ropes from end to end
(Piez 1966)

Protocollagen (the polypeptide precursor of collagen) has half of
its proline residues hydroxylated, after release from the riboscomes, by
a specific enzyme, proline hydroxylase, which requires, as cofactors,
0o, vitamin C, Fett and ketoglutarate (Kivirikko and Prockop 196723
Hutton et al, 1967); there is evidence that the same systen is_involved
in the yydroxylation of lysine (Kivirikko and Prockop 1967b), In
absence of vitamin C, protocollagen is synthesized but hydroxylation
does not occur and no fibers are formed, The mechanism by which L-as-
corbic acid causes the hydroxylation of proline and hydroxyproline in
the polypeptide chain has not been fully elucidated, There is evidence
that oxygen-1€ is incorporated in hydroxyproline (Fujimoto and Tamiya
19623 Prockop et al., 1962); it seems possible althoﬁgh not yet demons-
trated that the microsomal electron transport model (Figure 3) producing
hydroxyl radicals is linked with the hydroxylation of proline (Rivers,
1953; Gould, 1968).

Apparently the role of I-ascorbic acid in collagen synthesis is
not stersospecific since Robertson (1963) has reported that the impaired
collagen synthesis in scorbutic guinea pigs was rectified by large doses
of D-iscascorbic acid given frequently to maintain its concentration
above 200 ng per g of granulation tissue. Schimizu et al, (1965) have

shown that D-isoascorbic acid was as offective as L-ascorbic acid in
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promoting collagen synthesis in tissue cultures when the concentration
of D-isoascorbic acid in the medium was 200 pg per ml as compared to

50 pg L-ascorbic acid per ml,

The biosynthesis of L-ascorbic acid and D-iscascorbic acid

L-ascorbic acid is synthesized in a wide variety of higher plants
and animal species. Notable exceptions are man, primates, guinea pigs,
the fruiteating bat (Roy and Guha 1958; Burns 1959) and several species
of passeriform birds (Chaudhuri and Chatterjee, 1969). Because of this
metabolic insufficiency, L-ascorbic acid is a vitamin for these species
and is necessary for the prevention of scurvy (Waugh and King 1932)
caused by a defect in the synthesis of collagen (Wolbach and Howe 1926).

In animals that synthsize L-ascorbic acid, the biosynthetic path-
way starts from D~glucose (I) (or D-galactose) as illustrated in Figure
1. In rats, the pathway is telieved to proceed through D-glucuronic acid
(II) which is reversitly reduced to L-guloﬁic acid (III) which in turn
is cyclized to L-gulono-y-lactone (IV); L-gulono-y-lactone (IV)
in presence of L-gulono-lactone oxidase forms 2-keto-L-gulono-~y~lactone
(V) which then isomerizes to L-ascorbic acid, (VI) (Yagner and Folkers
1964). Another pathway in animals consists in the conversion of D-glu-
curonic acid (II) to D-glucuronolactone (VII) which in presence of |
D-glucuronolactone reductase forms L-gulono-y-lactone (IV), (Burns and
Evans 1956; Chatterjee et al. 1960). In mammals, the liver is the site
of vitamin C synthesis, while in some birds synthesis of vitamin C occurs

in the kidney, whereas in others it is produced in the liver (Chaudhuri

and Chatterjee, 1969).
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In the animal species that are not producing L-ascorbic acid, the
enzymes D-glucuronolactone reductase and L-gulonic acid oxidase are
believed to be missing due to a genetic defect (Chaudhuri and Chatterjee
1969), causing a so-called "inborn error of metabolism", However, since
there is evidence that D-glucurcno-y-lactone can produce L-ascorbic acid
in man (Baker et al, 1962) one should wonder if D-glucuronolactone reduc-
tase is really missing in man,

Numerous analogs have been tested for their vitamin C activity
(Zilva 1935). To be active, the analogs must possess the 5-atom lactone
ring containing a dienolic group to the right of the carbon chain written
according to the Fischer convention; for this reason, D-ascorbic acid and
lpisoas:corbic acid (Figure 2, Part I) have no antiscorbutic activity
(Smith 1946) while that of D-iscascorbic acid has been reported to vary
from 0 to 5 per cent that of L-ascorbic acid (Wang et al. 1962),

D-isoascorbic acid can be synthesized from D-glucose, D-gluconate
and sucrose by sbme species of Penicillium; the fcllowing pathway has
been suggested (Takahashi et al. 1960} s

D-Glucose ——s D-Gluconate

D-Glucc;/o-‘f-l\> 3-Keto-D-gluccnate

T actone

D—isoas\c{orbic acid /
Yagi et al, (1967) tested microorganisms isolated from soil and found
. that onl;} Penicillium but no other genera produced D-iscascorbic acid.
Developing this process for commercial production, Shimizu et al. (1967)
obtained a 45 per cent yield from the glucose supplied and purified
D-iscascorbic acid by absorption on a weakly basic anion exchange resin

(Amberlite IR-45) followed by elution with 1 N HC1 using a multibed

extraction system,
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L-ascorbic acid end D-isocascorbic acid as antioxidants in foods

Because of their remarkable oxido-reduction properties and commercial
availability, L-ascorbic acid and D-iscascorbic acid have been found useful
as antioxidants for foods and beverages, They function as antioxidants in
food systems by being oxidized to the dehydro forms and preventing the
oxidation of other food constituents; furthermore, they shift the redox
potential of the system to the reducing range by providing H iens which
can reduce undesirable oxidation products (Borenstein 1965).

The antioxidant properties of L-ascorbic acid and D-isoascorbic
acid have been reviewed by Yourga et al. (194): these acids can prevent
darkening and flavour changes in beer, control rancidity in oil emulsions
such as mayonnaise and salad dressing, control discoloration and undesi-~
rable flavour changes in a variety of glass and tin-packed foods naturally
low in vitamin C, delay the development of off flavours in orange juice,
and prevent the development of oxidized flavours in milk,

Esselsen et al. (1945) reported that D-iscascorbic acid is oxidized
more rapidly than L-ascorbic acid in food products and that its addition
to tomato and grape juice prevented the loss of L-ascorbic acid occurring
during storage; however, their assays, 2,6-dichloroindophenol titration
and the 25-day weight response bioassay. method using guinea pigs exhausted
of L-ascorbic acid (Zilva 1935), did not differentiate between the activity
due to the presence of dehydro-L-ascorbic acid, dehydro~D-isoascorbic
acid and D-isoascorbic acid, The addition of D-iscascorbic acid was
required to maintain the flavor and color of tomato juice but was not
required in grape juice. Yourga (1948) reported that high vacuum (20 in,

of mercury) eliminated zonal grey-brown off colors at the top portion of
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gless jars containing carrots; L-ascorbic acid and D-isoascorbic acid
(0,01 to 0.1 per cent) were found to be as efficient as 10 in. mercury
vacuum and improved the color of the product throughout the jar.

The presence of L-ascorbic acid and D-isoascorbic acié prevented
trowning and flavor loss of easily oxidized fruits, e.g. peaches, apples,
plums, apricots, pears and white fleshed cherries when cut for use in
baking, freezing or canning (Tressler and Du Bois 1944). The color
deterioration of canned cherries can be controlled by addition of
D-isoascorbic acid or L-ascortic acid to the syrup (kunz and Robinson
1958). Hope (1961) reported that, when apples halves were canned with=
out removing the oxygen from the headspace, the can contained 10-12
volumes per cent of oxygen; the addition of L-ascorbic acid (300 mg per
1b. of fruit) reduced headspace oxygen, increased residual ascorbig acid,
controlled browning and prevented corrosion of the can. Reyes and Luh
(1962) studied the effect of L-ascorbic acid and D-isoascorbic acid as
antioxidant in frozen sliced freestone peaches under thawing conditions;
they found that both isomers inhibited the formation of orthoquinones
by polyphenolase and the darkening resulting from the polymerization
of these orthoquinones.

L-ascorbic acid and D-isoascorbic acid can be used as antioxidant
with cured meat products. According to Watts et al. (1955), the denatu-
ration of oxyhemoglobin or oxymyoglobin of fresh meat bring about oxida-
tion of the heme iron to give brown methemoglobin or metmyoglobin; the
formation of cured meat pink-red color involves a reduc?ion of both
metmyoglobin and nitrite to form nitric oxide hemochromogen; sulfhydryl

groups freed during denaturation of muscle proteins are important to
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bring this reduction, Reducing ggents such as L-ascorbic acid and
D-isoascox:bic acid improved the development of cured meat color and
provided protection against off flavours and light fading (Mill et al.
1958),

Unsaturated fats in fish react with atmospheric oxygen to form
peroxide intermediates which produce rancidity and discolouration of
the flesh of fish; treatment of the fish flesh with L-ascorbic acid
or D-iscascorbic acid solutions (dipping or glazing) reduced the
formation of peroxides and enhanced the retention of natural flavor
and color (Tarr, 1948),

Thas there is a wide variety of food and beverages in which
L-ascorbic acid and D-iscascorbic acid can be used as antioxidants.
The levels will vary with the type of product, e.g. 47 mg per 100 g
cured meat products, 30-50 mg per 100 g frozen fruits, 10-50 mg per
100 ml soft drinks, 15-75 mg per liter of beer and the amount resul-
ting from dipping fish in 0.25 to 2 per cent solutions (Report from
R.O, Read, 1967, Division of Standards, Additives and Pesticides,

Food and Drug Directorate, Ottawa).

Metabolism of L.ascorbic acid

The known patiways of L-ascorbic acid metabolism are shown in
Figure 2, L-:Ltscorbic acid can be easily oxidized to dehydroascorbic
acid, The reaction is reversible and the dehydro form has as much
antiscorbutic activity as the reduced form (Borsook et al. 1937i
Linkswiler 1958), L-ascorbic acid is apparently oxidized to dehydro-

ascorbic acid in two stages, the first stage being a semiquinone like
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derivative (monodehydroascorbic acid); evidence for monodehydroascorbic
acid has been obtained from a.quebus solutions standing at room tempera-
ture (Leva..ndosld. ot al, 1964) and evidence for the participation of a
free radical in ascorbic acid oxidation has been obtained by parama-
gnetic resonance spectroscopy (Yamazald et al. 1960).

The ease with which L-ascorbic acid may be oxidized and reduced
would suggest that it may play a role in reactions involved in electron
transfer in the cell; there is indeed some favorable evidence that this
happens in animal tissue, since an ascorbic acid dependent NADH oxidation
has been demonstrated in rat liver and kidney microsome (Staudinger et al.
1961), . The proposed scheme is shown in Figure 3. Devine and Rivers
(1969) have demonstrated that the monodehydroascorbic acid-transhydrogenase.
involved in this scheme was present in adrensl gland and maternal pla- |

cantal tissue.

20
NI\DH2 transhy- ,Monodehydro- Cyto- H‘)Hzo +1/2 0,
drogenase | ascorbic acid chrome bs
NADH Ascorbic acid 0y

Figure 3. IMicrosomal electron transfer nodel.,

The presence of low levels of dehydroascorbic acid in plasma
(Clemetson and Anderson, 1966) is not surprising in view of the presence
of a dehydroascorbic acid reductase in erythrocyteé (Hughes and Kilpatrick,
1964) and in various tissues (Hughes, 196k; Grimble and Hughes 1967).

| Although guinea pigs,' like man, have a requirement for L-ascorbic
acid, they metabolize it in a different way; for example, in-guinea pigs,

the main route of metabolism of ascorbic acid involves extensive oxidation
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of its entire carbon chain to CO; and a smaller portion of the vitamin

is excreted in the urine as ascorbic acid, diketogulonic acid and oxalic
acid (Burhs et al, 1951; Burns et al, 1956; Dayton et al. 1966). In man,
however, oxalic acid represents a major metabolite of L-ascorbic acid
(Hellman and Burns 1958; Baker et al. 1962, 1966; Atkins et al., 1964).
The data regarding the degradation of L-ascorbic acid to COp in man are
conflicting: Hellman and Burns (1958) detected no CO, after intravenous
administration of wniformly labelled ascorbic acid. Abt et al. (2963)
reported that after oral administration of L-ascorbic acid-l-Cle to b
human subjects, 18 to 28 per cent of the dose was expired as 01402 during
7 days and the major part of this was expired during the first day,
Baker S:E al. (1962, 1966) found that less than 1 per cent of orally

1402, but when they

administered L-ascorbic acid-l—ém was converted to C
administered a solution containing 18 per cent of the labelled vitamin

C as dehydroascorbic acid, about 6 per cent of the total dose could be
recovered as labelled COp 24 hours after administration; furthermore,
when dehydroascorbic acid comprised about 50 per cent of the dose and
diketogulonic acid 30 per cent, about 36 per cent was recovered as label-
led CO, in 24 hours, Because of these results, Baker et al. (1966) con-
cluded that impurities or decomposition products of L-ascorbic acid could
explain the significant conversion of L-ascorbic acid-l-Clu to COz which
had been reported by other workers. Von Schuchling and Abt (1965) indi-
cated that they were well aware of the unstability of l-ascorbic acid,
and using radioactively pure L-ascorbic acid, they cbnfirmed their pre-
vious findings with another human subject. Following the ingestion of
L-ascorbic e:tcid-l-c:l',+ they found an appreciable amount of cmoz expired

within the first hour (rate of more than 2 per cent of the dose per hour);
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thereafter, a precipitous loweripg of C1402 to less than 0.4 per cent
per hour occurred and after the first day it fell to less than 0.1 per
cent of the amount ingested, In view of these conflicting results, it
is uncertain that, under certain experimental conditions, L-ascorbic
acid cannot yield a significant amount of COp.

The mechanism by which L-ascorbic acid is oxidized to CO, "in vivo"

is still obscure. Chan et al. (1958) reported that homogenates of

guinea pigs liver can decarboxylate dehydroascorbic acid with the
formation of L-xylose; furthermore, rat kidneys can oxidize L-ascorbic
acid to dehydroascorbic acid and produce L-xylonic acid and L-lyxenic acid
after %ecarboxylation (Kanfer et al, 1959); the breakdown product L-threo-
nic acid has not yet been demonstrated.

There is a wide difference between the half 1life of L-ascorbic acid
in guinea pigs and in man; it has been estimated to be about 4 days for
the guinea pigs (Burns et al., 1956) and about 16 days for humans (Hellman
and Burns 1958), In accord with this, guinea pigs will develop signs of
scurvy 15 days after being deprived of vitamin C (Schow 1966), as compared
to 17 weeks with humans (M,R.C. Report, 1948); furthermore, the amount of
vitamin C per Kg body weight per day necessary to prevent scurvy is about
2 mg for guinea pigs (Dunker et al. 1942) and about 0,15 mg for humans

(M,R.C. Report, 1948),

Metabolism and antiscorbutic activity of D-isoascorbic acid

Iiterature on the metabolism of D-isoascorbic acid is rather scarce.
Tkeuchi (1954) found that in vitamin C deficient human subjects, very
little of injected L-ascorbic acid was excreted while the urinary excretion

of ingested D-isoascorbic acid was about 10 to 15 times higher during the
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first six hours; by measuring both the reduced and dehydro form, they
found that the six-hour urinary éxcretion of both forms amounted to
about 5 p;r cent of the L-ascorbic acid dose and more than 50 per cent
of the D-iscascorbic acid dose.

As indicated by blood levels, D-iscascorbic acid given orally is
rapidly absorbed by humans in a manner similar to L-ascorbic acid (Xadin
and Osadca 1959; Wang et al. 1962). Using an analytical method that
did not differentiate between the two isomers, Wang et al. (1962) found
that 50-70 per cent of 100 to 300 mg doses of D-isoascorbic acid was
filtered through the glomeruli and not reabsorbed to any appreciable
extent‘by the tubular cells of the kidneys, Rivers et al. (1963), also
using a non-specific analytical method, found that when human subjects
partially depleted of L-ascorbic acid were given supplements of L-ascor-
bic acid or D-iscascorbic acid,the white blood cell levels responded to
L-ascorbic acid but not to D-isocascorbic acid; they concluded that the
uptake or tissue fixation of L-ascorbic acid is structurally specific for
the L-configuration at carbon 5. Kadin and Osadea (1959), using paper
chromatographic techniques, measured the two isomers in the urine 4 hours
after a 300 mg oral dose of D-isoascorbic acid was given to subjects
previously saturated with L-ascorbtic acid and suggested that there was no
significant deposition of D-iscascorbic acid in the tissues since there -
was no apparent displacement of L-ascorbic acid,

Zilva (1935) administered intravenously 45 to 50 mg of D-iscascorbic
acid to guinea pigs depleted of vitamin C, and after 24 hours found &
significant incorporation of D-iscascorbic acid,as determined by the

2,6-dichloroindophenol titration, in the small intestine, large intestine,
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~ liver, adrenals and "carcass"; the amount of L-ascorbic found in animals
which had received about the same amount of L-ascorbic acid was signifi-
cantly hiéher than that obtained with the animals treated with D-isoas-~
corbic acid, The amounts excreted in the urine were not significantly
different,

Several authors have published results indiéating that D-iscascorbic
acid hes about one twentieth the activity of L-ascorbic acid (Dalmer and
Moll 19333 Demole 193%; Zilva 1935; Yourga et al, 1944), but Reiff and
Free (1959), using a diet consisting of a rabbit ration reported that as
mich as 250 mg D-isocascorbic acid per day did not support the growth of
guinea pigsj D-isoascorbic acid had no therapeutic effect per se and ten-
ded oniy to slow down the development of acute deficiency by sparing L-as-
corbic acid, In view of this controversy, Fabianek and Herp (1967) tested
the antiscorbutic activity of D-isoascorbic acid in guinea pigs previously '
depleted of vitamin C for one week; they found that oral doses of D-iscas-
corbic acid varying from 10 to 200 mg apparently replaced the antiscorbutic
activity of L-ascorbic acid during 115 days of oral dosage; they found
incorporation of an "ascorbic acid" in the liver, spleen and adrenals of
the guinea pigs, but due to the lack of a suitable method, did not deter-
mine if the "ascorbic acid" was L-ascorbic acid or D-iscascorbic acid,
Hughes and Hurley (1969), subsequent to the publicaticn (Pelletier 1969)
of some of the results presented in this thesis, reported that D-isocascor-
bic acid, administered orally to guinea pigs at a dosage of 1.5 mg per 100
g of body weight, was not retained by the tissues while D-iscascorbic acid
administered intramuscularly produced a significant deposition of D-isoas-

corbic acid in tissues although to a lesser extenﬁ than that produced by
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the same doses of L-ascorbic acid; they concluded that the gastrointest-
inal membranes were not equally permeable to both isomers. Cn the con-
trary, Yartin (1961) had reported that two hours after injection of 20
and 40 mg D-isoascorbic acid or its dehydro form to rats, there was no
increase in the level of ascorbic acid like material in the brain, There
was on the other hand a significant increase after injection of 20 mg of
dehydro-L-ascorbic acid, although practically none was obtained after
L-ascorbic acid injection. Dehydro-L-ascorbic acid being non-ionic and
more lipoid soluble was able to cross the cellular barriers more readily
than L-ascorbic acid and was then reduced to L-asccrbic acid, but this
transport and storage mechanism was thought to be structurally specific
for L.ascorbic acid; this would explain the low antiscorbutic activity
of D-isoaseorbic acid, According to Martin, the kidneys' ability to
oxidize ascorbic acid would facilitate the penetration of vitamin C

through cellular barriers in an un-ionized form,

Statement of the Problem

Because D-isoascorbic acid can be synthesized from glucose at a
Tower cost than L-ascorbic acid, it is not surprising that it is becoming
more widely used as an antloxidant in the food industry; in fact, a pri-
vate report from a manufacturer iﬁdicated a market of over 500,000 lbs
per year in Canada. Supposing that 25 per cent of the Canadian population
consumes half of this amount, this would result in a daily intake of about
70 mg which could satisfy the vitamin C requirements if it was L-ascorbic
acid,

The purpose of this work is to find out what happens to D-isoascor-

bic acid given orally to guinea pigs and humans, to determine if this

.
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isomer is retained by the body and if it can displace L-ascorbic acid
or affect its metabolism; what is its half life in guinea pig organs
as compared to L-ascorbic ecid and finally to delermine if D-iscascer-
bic acid has antiscorbutic activity per se and what is its mode of

action,
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MATERIALS AND METHCDS

A, Uptake of D-isoascorbic acid (IAA) by guinea pig crgans

Synthetic diet

The composition of the basal diet was (in percentage): vitamin-
free casein 30; cane sugar, 20; corn starch, 20; corn oil, 7.4; non-
nutritive fiber, 15; salt mix (U.S.P. XIV), 4; potassium acetate, 2.5;
magnesium oxide, 0,53 plus a vitamin mixture excluding ascorbic acid.
The vitamin mix supplied per 100 g of diet: 350 mg choline chloride,
.200 mg L-inositol, 20 mg niacin, 10 mg p-aminobenzoic acid, 8 mg calcium
pantothenate, 3 mg riboflavin, 2 mg thiamine,1 mg folic acid, 0.1 mg
biotin,‘ 12 pg vitamin By,, 20 pg menadione, 158 U.S.P, units of vitamin
D and 979 U.S.P, units of vitamin A,

Experiment

Male gainea pigs weighing approximately 300-350 g were fed the
synthetic diet with 0,1 per cent vitamin C for 1 week, and only animals
showing satisfactory growth were used for this study,

To determine the uptake of IAA, eight guinea pigs were given ad
libitum the basal diet with 2 per cent IAA and 0,1 per cent AA together
for 1 week, while a control group of eight received the same diet with
only 0,1 per cent A, The guinea pigs were given twenty times more IAA
than AA on the basis that IAA had one twentieth the activity of M,

To test the retention of IAA when followed by Ad and lthe effect of
presaturation with IAA on subsequent uptake of Ad, three groups of nine
guinea pigs were first depleted while receiving the basal diet devoid of
vitamin C for 1 week; during the following week, 2 per cent IAA was added

to the diets of groups 1 and 2 while group 3 remained on the deficient
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diet; for the last week, group 2 was transferred to the diet containing
2 per cent IAA plus 0.1 per cent.AA, and group 1 and 3 to the diet with
0.1 per c;nt AA,

The guinea pigs were anesthetized with pentobarbital and bled by
heart puncture before removal of the brain, heart, liver, spleen, kid-
neys, and adrenals, The excised organs were immediately weighed, wrap-
ped in parefilm, and placed on dry ice, The frozen tissues were extrac-
ted within the next 2% hours by blending with cold 4 per cent metaphos-
phoric acid to which 1-2 drops of antifoam FG-10 emilsion (Dow Corning)
were added, Extracts were diluted to contain about 6 pg AA plus IAA per
ml of %‘per cent metaphosphoric acid, filtered, and frozen until essayed.

The purity of D-iscascorbic acid was determined by chromatography
on silicic-acid impregnated glass fiber sheets as described in Part I,
The quantitative differentiation of oxidized AA and IA was based on their
different rates of osazone formation with 2,4-dinitrophenylhydrazine by

the procedure described in Part I-C.

B, Vitamin C activity of D-isoascorbic acid (IAA) for the guinea pig

Diets

The synthetic diet used was that described under Part II-A. The
Rockland rabbit ration was prepared from ground whole wheat, suncured
alfalfa meal, soybean oil meal, and 1 per cent calcium carbonate; de-
clared average analyses indicated 17.4 per cent protein, 65,8 per cent
carbohydrates, 1.6 per cent fgt and 14,9 per cent fiber, The vitamin
content of the two diets is summarized in Table I. The vitamin C con-
tent of the diets was determined by the 2,4-dinitrophenylhydrazine pro-

cedure deseribed in Part I-B,
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TABLE I

Vitamins content per 100 g of diet

Rockland Rabbit

ration* synthetic diet
Choline, mg 712-7,8 350 (choline chloride)
L-inositol, mg ‘ 36 200
Niacin, mg 3.52 20
P-aminebenzoic acid, mg 93 10
Pantothenic acid, lg 1211-1700 8000 (calcium salt)
Riboflavin, Wg 421,722 3000
Thiamine, Hg 220-265 2000
Folic acid, Hg - 1000
Biotin, pg - 100
Vitamin BlZ’ Hg - 12
Vitamin D, U.S.P. units 21 158
Vitamin A, U.S.P, units 1,50-1100 979
Menadione, Mg - 20
Vitamin C, mg 0.377 o1t

* Representative content declared by the manufacturer.

T Actual assays (mean of 3 assays for the synthetic diet).
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Experiment 1

A group of 21 male guinea pigs weighing an average of 225 g were
fed the synthetic diet and a similar group was fed the rabbit ration,
During the first 8 days only of that period, the guinea pigs were given
orally 10 mg AA daily in order to build up their vitamin C levels to
corparable levels, Vitamin C was removed from the diet during 17 days,
then each group was subdivided into 3 sub-groups of 7 animals and each
animal was kept in an individual cage. Every day during two months, a
dose of 2 mg AA freshly dissolved in 0,2 ml distilled water was given
orally to each guinea pig of sub-group 1 and 2, and similarly 40 mg
IAA to.every guinea pig of suﬁ-group 3, Sub-group 1 and 3 were fed
ad libitum and sub-group 2 was pair fed with 3, Water was given ad

1ibitum at all times. The food intake was measured daily and the body

weight every 2-3 days, For two 12-hour periocds during the last week of
the experiment, the guinea pigs were placed in metabolic cages and their
urine was collected in glass vials containing 1 mL of 50 per cent meta-
phosphoric acid, The urine samples were diluted to 25 ml, filtered and
frozen for a few days before being analysed,

Another group of 7 guinea pigs weighing also an average of about
225 g was fed ad libitum with the synthetic diet and received 10 mg Ad
daily for 8 days; after 17 days of deplstion the 7 guinea pigs were kil-
led in order to determine the degree of vitamin C depletion in their
organs before the AA and TAA treatments, The organs of 6 other guinea
pigs similarly depleted for 19 days were also analysed.

The organs of these animals as well as those of the guinea pigs

treated with At or IAA were removed and prepared for analysis as pre-



viously deseribed in A, The only modification to the analytical proce-
dure was the use of standard cuﬁes instead of a single level of standard.
J\bsorbancés were measured for the AA standards at 2, 4, 6 and 8 fig per ml,
and for mxtures of IM and AA containing the following amounts in ug per
ml: 2+ 4y 3+3, 4 +2, 5+ 1. Thenet absorbance due to IM standards
was calcwlated by subtracting from the total absorbance the absorbance
contributed by AA in the mixture as read from the AA curve, Calculations
were made as described previously except that the absorbance due to 5pg
was used as read from the curve; in cases where the extended line of the
A\ standard curve was above the origin, this difference was subtracted
from the absorbances of the 5 ng AM standard and of the unknown samples,
The IAA standard curves in presence of AA were slightly higher than in
absence of AA; the recoveries of AA and IM added to extracts of guinea

pigs' organs were not significantly better with these modifications than

those obtained with the method described previously (Part I-B).

Egeriment 2

The following experiment was designed to dstermine if there was any
difference in the maintenance of vitamin C activity after discontinuing
IAA and AA treatments of guinea pigs.

A group of 3 guinea pigs weighing an average of 203 g were fed the
synthetic .diet ad libitum, During 8 days, 10 mg L-ascorbic acid was ad-
mnistered orally each day to all animals so that they would reach com-
parable vitamin C levels, During the following 19 days the guinea pigs
were given the synthetic diet without L-ascorbic acid in order to deplete
their vitamin C stores, The guinea pigs were then divided into two sub-

groups: 0,1 per cent Ad was included in the diet of the first sub-group
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while 2 per cent IAA was included into the diet of the second sub-group,
and these diets were given ad libitum for 16 days in order to build up
the A\ or TAA levels of the guinea pigs. Three guinea pigs from each
sub-group were killed and analyses of their organs were done as descri-
bed gcbove. The diet devoid of AA or IAA was given again to the survi-
| ving animals during 27 days. During the experiment the body weight of

each animal was measured every 2-3 days.

C, Turnover of D-iscascorbic acid (IAA) and L-ascorbic acid (AM}in

guinea pigs' organs

Sxperiment 1

A.group (4) of 19 guinea pigs and a group (B) of 23, weighing an
average of 370 g were fed during one week with the synthetic diet (des-
cribed in Part II-A) containing 2 per cent AA in order to build up their
vitamin C to comparable levels, After 18 days of depletion, 0.1 per
cent AA was incorporated into the diet of group 4 and 2 per cent IAA into
the diet of group B. The weight of each animal was recorded every 2-lt
days, After receiving AA or TAA for 9 days, the guinea pigs were again
given the deficient diets during L days. Animals from each group were
Killed on days O, 1, 2 and k&, after A4 and TAA were removed from the diet,
The A and IAA content in the organs of the animals was determined by the

2,l-dinitrophenylhydrazine procedure described in Part 1-B,

Experiment 2

Another group of 88 guinea pigs, weighing an average of 240 g was
fed with the synthetic diet (described in Part II-A) containing 0.1 per
cent vitamin C during one month before being injected intraperitoneally .

with 2,75 pe L-ascorbic acid—l-ClLl' (New England Nuclear Corp.) plus 5 mg
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A dissolved in 0,2 ml of distilled water. Twenty-four hours after the
injection the group was subdivided according to weight into 13 sub-groups
of 6 or 7 guinea pigs. One sub-group was killed, and the remaining sub-
groups received the deficient diets ad libitum as follows: l without AA
or IA, 4 with 0,1 per cent AA added, and 4 with 2 per cent IAA, The
guines pigs from one sub-group on each diet were killed 1, 3, 6 and 10
days after receiving the diet, The organs of the animals were removed
and extracts were prepared for liquid scintillation counting in the

same way as described previously for chemical analyses, Ten ml of fil-
tered extract were mixed with 13 ml of toluene and Triton R X-100 (7:6)
containing 0,215 per cent PPO (2,5-diphenyloxazole) and 0,005 per cent
POPOP 1, 4-bis-12(5-ph¢nyloxazoly1)] in 20-ml screw cap vials according
to the method of Patterson and Greene (1965), The gels were counted
with a Model 314 EX-2 Packard Tricarb liquid scintillation spectropho-
tometer, The optimal gain of 50 per cent was used for counting all
samples with the green channel set at 80-1000 and the red channel at
80-300, A quenching curve of per cent efficiency against the ratio red
channel/green channel was prepared by adding toluene—clu' to extracts from
the organs of guinea pigs not injected with L-ascorbic acid-l-Clu'. The
efficiency varied from 52,5 per cent to 60,5 per cent and mean recoveries
of added 'f.(:l\:lene-c""’+ was 99,8 per cent with a standard deviation of 2.5

per cent,

Dj. Urinary excretion of orally administered D-isocascorbic acid (IAL) to

humans
Ten human volunteers (five smokers and five non-smokers) members of
the Food and Drug Directorate in Ottawa participated in this study. The

experiment consisted in comparing the urinary excretion of D-iscascorbic

Al
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acid (IAA) with that of L-ascorbic acid (AA) before and after saturation
with vitamin C. Lunches and dinners were controlled by making use of
7,V dinnérs and by excluding the following items from the diets: oranges,
grapefruits or their juices; apple juice; fruits, fruit juices and drinksj
tomatoes or their juice; "instant breakfasts"; potatoes other than those
in T,V. dinners; potato chips, |

At 4 PM on the day before the urinar& excretion of AA was to be
measured, the subject took a dose of 75 mg AA and started to make use .oi‘
the controlled diet in ordér to have a comparablecvitamin C intake. At
8:30 A¥, on the next day, a dose of 75 mg A was given to each subject;
their urine was collected until 4 PM in brown glass bottles co‘r}taining
metaph;éphoric acid pellets in sufficient quantity to make a L per cent
solution and was kept cool (abou"c 10%). Saxnﬁles of urine were diluted
on the same day and part of the samples were Kept frozen in polyethyléne
bottles until assayed within about 3 days by the 2 i~dini trophenylhydra-
zine procedure described in Part 1-B. At 4 P on the same day another
dose of 75 mg A was given and the urine collected for vitamin analysis
until 8:30 AM on the next day. The same procedure was then repeated by
giving doses of IAA (at 8:30 AM and L PY in place of AA).

During 5 days, doses of 1 g A were given to all volunteers at 8:30
AM and 4:00 PX in order to build up their vitamin C to saturated levels.
During the following 4 days, the doses of AA were discontinued in order
to allow elimination of excess vitamin C.

The urinary excretion of 75 mg doses of AA and TAA was again studied

as described above, and on a subsequent day the urinary excretion of the

same amounts of AA and IAA given together was studied.
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RESULTS

A, Uptake of D-isoascorbic acid (IM) by guinea pig organs

As sgxown in Table II, feeding guinea pigs a diet containing mixtures
of A and TAA resulted in significant losses of AA and gains of IAA as
compared with the organs of control guinea pigs receiving only AA, The
total amount of AA plus IA in the adrenals, hearts and kidneys of the
experimental animals approximated the total AA of control animals, bub
was less in the livers (® ¢ 0,05) and spleens (P <0,01), In the expe-
rimental group, the brains, spleens, and livers conté.ined less IAA and
A, the hearts and kidneys about equal amounts of AA and IAA, and the
adrena]‘.s more IAA than AA., In the control group, all organs except the
brain showed an absence of IAA; a trace of IiA found in the brain was
within experimental error.

While the results reported in Table III show a more extensive in-
corporation of IM in organs of guinea pigs due to 1 week of IAA treat-
ment preceding 1 week of AA and IAA (group 2), they also demonstrate a
rapid loss of incorporated IAA during 1 week of AA treatment (group 1).
In general, the total AA and IAA in the organs of these two groups
approximated the total AA of controls (group 3) to which AA was given

during 1 week after the depletion period,

B. Vitamin C activity of D-isoascorbic acid (IAA) for the guinea pig

Experiment 1
As shown in Figure &4, the food intake of guinea pigs fed ad libitum

with the synthetic diet and receiving Ad increased stadily after the
depletion period until the last 3 weeks when it remained nearly cons-

tant; at all times the animals given the diet ad libitum and receiving
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Table I

Average uptake of D-isoascorbic Acid (IAA) in guinea pigs fed a diet
containing 2,0 TAA with 0,19 I-ascorbic acid (A4) for one week as

compared to suinea pizs {controls) receiving only 0.1% A4,

Experinental Control

Organ IAA (mg. %)* AL (mg. %) I (mg. ) AA (mg. %)
Liver 6.6 + 0.8 10.L + 0.8 wt 251+ L5
Brain 6.2+ 0.9 16.8+0.6  L4+0.5  22.5%0.7
Spleen’ 0.1+ 1.8 167+ 0.8 D 39.0 + .3
Adrenals 3.5+ Ll 50,4 + 5.1 W 1348+ 8.3
Heart 2.8+ 0.5 2.0+ 0.3 D 5.1+ 0.4
Kidneys 5.+ 0.8 bl # 0.3 D 9.6 + 0.5

* 3
Mean value and S.E. for 8 guinea pigs.

1 None detectable
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TAZIE III

Retention of L-ascorbic acid (AA) and D-iscascorbic acid (IAA) due to

feeding IAA alone or mixed with Ab to depleted guinea pigs

Dietary treatments™

Component Group I Group IT Group ITT
Organ retainedt  (IAA; AA)™*  (TAA; AR + TAA)™  (Bil; a4)**
Liver M 0,51 0.4 5,8 % 0,4 ot
A 4.5 % 2,6 6.6 £ 0,7 15.0 ¥ 1.5
Brain M 2.7 £ 1.0 10,2 1.0 0,2 £ 0.2
AL 15.2 © 2,k 8.8 1 0.8 17,0 £ 1,8
Spleen TAA 0.6 £ 0,4 h,7 2,0 0. £ 0.4
M 28,2 t 3.6 4.6 % 2,0 28.1 T 1.5
Adrenals IAA 7.9t 2.6 56.8 ¥ 5.6 35519
v AA 59,0 £ 0.7 28,0 4,7 66,7 £ 9,1
Heart IAA 0,1 to.1 0,9 ¥ 0.3 0.1 % 0.1
A 3.3 £ 0,6 2,30, 4,8 £0,9
Fidneys A 0.3 ¥ 0.3 2.4 1,0 ND+
M b9t L0 3.6 1,0 52 7% 0,6

—
A11 groups were first fed the basal diet without AA or TAA for one week,
The other two treatments and their sequence were as indicated under each

group and lasted one week each,

+ Mean retentions in mg % T S,2. for 9 guinea pigs in group I and III, and

6 guinea pigs for group II. Three animals in group II refused feed and

were discarded.

s+ A4 (0,19) and/or IAN (2.0%) were added to the basal diet,

+ None detectable,
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Figure 4, Daily intake (g) of synthetic diet (mean? 5.2, ) during
L-ascorbic acid (AA) and D-isoascorbic acid (IAA)

" treatment of depleted guinea pigs.



TAA consumed less food than those receiving A, Then the guinea plgs
were fed the rabbit ration ad Mm_ and Ad (Figure 5), there was a
large jnerease in their food intake during the first 3 weeks after

the depletion period, a decrease during the next 2 weeks and é. slight
increase during the last 4 weeks; the IM treated animals consuned less
food furing the first month of treatment,

The weight curves (Figure 6) of the animals fed with the synthetic
diet show that this group started to lose weight 12 days after AA was
removed from diet, All sub-groups started to gain weight rapidly 2 days
after being given AA or IAA, After one week of treatment, the guinea

’

pigs receiving M and pair fed with those receiving IAA showed a one
week r;tardation in growth but afterwards gained weight consistently in
a manner parallel to the IAA sub-group. After 3 weeks of treatment and
for the remainder of the experiment, the guinea pigs receiving AA and
diet ad libitum grew at a greater rate than the IAA treated animals,

One of the guinea pigs receiving IAA, and one pair fed control died in
the first week of treatment, and another pair fed guinea pig died in the
third week,

The guinea pigs fed with the rabbit ration (Figare 7) also started
to lose weight after 12 days of depletion. The weight gain of the guinea
pigs fed ad libitum and treated with AA (sub-group 1) increased steadily
for about 3 weeks after which it underwent a drastic decline, The weight
response of the TAA treated animals (suﬁ-group 2) was delayed for a few
days but then gave an increase parallel to sub-group 1, The AA treated
animals pair fed with sub-group 2 gained about the same weight for the

first month of treatment, but then grew more siowly during the last month,
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ration during depletion and following treatment

with L-ascorbic acid (dA) and D-isoascorbic acid

(Tad).
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Two of the guinea pigs treated with IAA died in the first two weeks of
treatment and two more in the 1a$t week, while one of the animals treated
with Ad f;d ad libitum died in the first week and one pair fed died after
seven weeks,

The urinary excretion of Al, IAA and diketogulenic acid (DKG) during
2 twelve-hour periods is given in Table IV, The guinea pigs receiving
TAA excreted only about 1,9 per cent of the dose as IAd, 0,4 per cent as
DKG (IAA) and 0,13 per cent as A,

The organs weights (Table V) were not significantly different even
when their relation to body weight was taken into consideration,

Ag shown in Table VI, the AA content of organs of AA treated animals
was similar for both diets given ad 1libitum and there was no significant
difference dus to the diet or its restriction, The IAA treated animals
had an IAA content smaller than the AA content of their pair fed con-
trols receiving Al. The hearts of the IA\ treated animals contained no
1M, but traces of Ad, and the kidneys practically no IAA but some A4,
Tpaces of Ad were also found in the liver and brain.

Tn Table VII, the vitamin C content in the organs of young scorbutic
guinea pigs deprived of vitamin C by being‘fed the synthetic diet for 17
and 19 days: is compared to that of guinea pigs treated with TAA after
17 days of depletion, No attempt was made to obtain values for guines
pigs depleted longer than 19 days because scurvy was causing them to die,
The signs of scurvy obserﬁed in these animals were those described pre-
viously (Ses section Collagen synthesis in relation to scurvy in the

introduction of Part II).
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TAELE IV
Percent of doses® (I S.E.) of L-ascorbic acid (AA), D-iscascorbic

acid (IAA) and diketogulonic acid (DKG) in 12-hr urine excretion

Diett Ad (1) M (2) M (3) M (3)
S-A 1,5t01 1.1f0.1 0.10 £ 0,03 1,7 £ 0.3
S-B 1.6 10,2 1.7 10,2 0,18 £ 0,02 2.6 £0,6
R-A 1,201 11t 0,05 * 0,04 1.9 £ 0.2
R-B .5%0.2 lL4f0.2  018%0,05 1.7 £ 0.8
Mean 1,51 0.2 1,310,2 0,13 * 0,04 1,9%0.5

(DKG) (DKG) (DKG) (oke) ™
S-A 1.6t02 22%o0l nil 0.4 1 0.1
s-h L2toz2 L6fol nil 0.3 % 0.0
R-B 2,310 2.310.1 nil 0.5t 0,1
R-B 1,6 £ 0.2 0,6 0.2 nil 0.5% 0,1
Mean 1.7t02 w702 nil 0.4t 0.1

* A dose =2 mg; IAA dose =540 mg

+ S = synthetic diet; R = rabbit ration; 4 and B = different days;
1 and 3 = ad libitum, and 2 pair fed as 3. Groups 1 and 3 received

A while group 2 received IAA,

** DKG (D-isoascorbic acid).
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TABLE V

Mean weight (g) of orgens of guinea pigs treated with
L-ascorbic acid (A1) or D-iscascorblc acid (IAA) after deélet?ioh*

Diet!  BM. Iiver Brein  BHeart  Kidneys Adrenals¥**

s1 548 218 2.8 L3 346 0.36
S2 493 21,0 2.8 L4 3T 0.30
S3 W3 19.6 2.8 L4 3.6 031
Rl 423 183 2.8 13 3k 0,25
R2 b6 17,2 2.9 13 3 0.28
By 373 1k 2.6 1.2 3.1 0.2

* Depleted. 17 days and treated for 2 months with 2 mg 44 or 40 mg IAA.
#% Yo statistically significant difference between 2 and 3.
1S = synthetic diet; R = rabbit ration; 1 and 3 = ad libitum, and 2=

. pair fed as 3. Groups 1 and 2 received AA while group B

received IAA,
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Table VI

L-ascorbic acid (AA)* and D-iscascorbic acid (1AA*) of
guinea pigs treated orally with AA or IAA after depletionT

Diet*¥* Liver Brain Heart Kidneys Adrenals

S-1 29t03 55+10 0.8% 0.1 L5+01 19.2t2.1
R-1 3,1+ 0.5 6.7% 0.4 1.0+ 01 1.5%0.2 25,9 + 2.7
S-2 3.3+t0.6 6.8t0.4 1.1+0.2 2.0%0.2 2,11 2.8

R2 . 3.0+402 63+03 L0+0l 15:02 2Ll
53 02+01 0.5%01 01t01 08101 L6%0.2
sf  (Lo+0.6) (28403 (0 (01%01) (9.8 L)
3 04+03 07%01 04t02 13102 L0102
it (L2+0.2) 3.0+03) (0 ©  (13.3+11)

*mg % AA + S.E. and (TALH S.E.) including dehydro forms.

'rDepleted 17 days and treated for 2 months with 2 mg AA or 40 mg TAA,
*¥3 = synthetic diet; R = rabbit ration; 1 and 3 ¥ a.d.libitum and 2 =
pair fed as 3. Groups 1 and 2 received AA while group 3 received

TAA.

t Values between parenthesis refer to IAA.




TABLE VII

Comparison’ of vitamin C (mg %) found in young guinea pigs after

depletion* and after treatment with D-iscascorbic acid (IAN)

_“_____#___%_—-————%

Depletion period 1A treatment T
Organ 17 days 19 days 2 months
Liver 0,79 0.6 0,17
Brain 5.69 5,01 0.53
Heart 0.16 0,23 .0.08
Kidneys 0.5 0,39 0.83
Adrena]:s 2,35 1.09 0,001

* A11 the depleted guinea pigs showed various degrees of scurvy
revealed by hemorrhages in the mscles zround the knees of the
hind legs.

+ After 17 days of depletion,
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Experiment 2

The weight curves of Figure 8 demonstrate‘that 2 per cent IAA
incorporated to the synthetic diet was as effective as 0,1 per cent
AA in restoring the growth of vitamin C depleted guinea pigs. When
TAA and AA were removed from the diet, the animals previously treated
with A lost weight and died much more rapidly than those previously
treated with AA, As shown in Table VIII, the average IAA content of
the liver and spleen of 3 guinea pigs after 16 days of IAA treatment
was lower than the AA content in the same organs of M treated animals,
but the TAA or AA content of other organs were comparable, After the

TA treatment traces of AA were found in all organs except the kidneys.,

A}

C, Turnover of D-iscascorbic acid (IAA) and L-ascorbic acid (#4) in

guinea pigs organs

Experiment 1

Table IX shows that the guinea pigs continued to gain weight for
about two weeks after they received the deficient diet. The subse-
quent loss of weight continued for the remaining & days of deplstion
and for 2 days during treatment with 0.1 per cent AA or 2 per cent IAA
in the diet, Although not statistically significant the weight gain
was greater after IA\ than after A\ treatment.

The rate of loss of AA or IAA from the organs of guinea pigs after
withdrawal of the isomers from the diet is presented in Figure 9, Ini-
tially, except for the 1iver, there was more IAA in the organs after
TAM treatment than AA after AA treatment; in all organs the rate of loss
of IAM was mach more rapid than that of AA, and, after 4 days the TAA

content was mich lower than the A content in all organs except the
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Table VIII

L-ascorbic acid (AA)* and D-isoascorbic acid (184)*, of guinea pigs
tregted with 0,14 Al or 26 TiA in diet after depletion,

AA diet TAA
Organ AA AA IAA
Liver 23.1 1.2 8.8
Brain 22.1 k.7 22.1
Heart 7.9 0.2 6.1
‘ Spleen §1.3 33 28.0
Adrenals 95.9 53 102.2
Kidneys 11.6 0 10.1

* AA and IAA in mg%.
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Table IX

Body weight* of guinea pigs depleted of vitamin C during
18 days and treated with 0.1% L-ascorbic acid (44) or

29 D-isoascorbic acid (IAA) in diet for 9 days

Deficient diet ' 0.1% AA 2% 1A

Day _Group A Group B Day Group A Group B
0 369t 8 360+ 10 18 398 + 387+ 13
2 38,+10 33tl 20 38, + 15 389 + 12
7 L3 +12 3Rt l2 22 387+ 15 396 + 12
11 R1+12  LR2F13 2, 386 + 15 394 + 13

1, 23+13 M6t 2 Mstle AT L

17 08+ 1, 400+ 13

* Mean body weight (g) and S.E. for 19 guinea pigs (Group A)

and 23 guinea pigs (Group B).
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Figure 9. Le-ascorbic acid (44) and D-
isoascorbic acid (IAdA) deplstion
in guinea pigs. Veriical lines
represent the standard error of

the mean.
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brain. A small amount of AA found in the organs of IAMN treated animals
aid not vary according to a reguiar pattern.

Half:lives calculated from Figure 9 are shown in Table X. The
longest half-lives were found in the brain, and that of AA was U times
longer than that of IM. In other organs, half-lives of M varied from

2 to 3 days and were 4 to 5 times longer than that of IAA,

Experiment 2

The loss of L-ascorbic acid-l-clu from the organs of guinea pigs
(Figure 10 and Figure 11) was less for the guinea pigs fed with the
deficient diet than for those receiving AA or IAA, Except for the brain,
the turnover of L-ascorbic acid-l-Cln was increased more by IAA than by
A,

Half-lives for L-ascorbic aci.d-’_L--ClLP were calculated graphically
from Figure 10 and Figure 11 and are presented in Table XI. Because of
the slow uptake of L-ascorbic acid-l-clu in the brain, its half-life
value was calculated from day 6 to 10 only.' For the animals on the
deficient diet, the half-life in tﬁe brain was about four times longer
than in the other organs where it ranged from 2 to 4 days and increased
with the degree of depletion. After treatment with AA, the half-life of
L-ascorbic acid-l-c14 in the brain was shortened to less than one half
that obtained with the deficient diet; in the other organs half-lives
ranged from 2 to 3 days, 1,e. were generally shorter, especially in the
6 to 10 days period, Following the TAA treatment, the half-life of L-as-
corbic acid-l-Clu in the brain was about two thirds of that obtained with
the deficient diet; for the other organs the half-lives were shorter than

from day 0 to day 3 but were comparable to that of the AA treated animals

from day 3 to day 10,
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TABLE X
Half-1ife (days) of L-ascorbic acid (AL) and

D-isosscorbic acid (IAA) in guinea pigs organs¥

Organ AA IAA
Brain 20.0 k.5
* Liver 2.2 045
Heart - 240 05
Kidneys 2.5 0.6
Adrenals 32 0.7
Spleen 3.0 0.6

*Guinea pigs received diets containing 0.1% AA
or 26 IAA for 9 days after being depleted of

vitamin C for 18 days.
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TABLE XI

Half-1ife of L-ascorbic gcid-1-Cl4* in guines pigs organs

DWBT Brain Liver Beart Kidneys Adrenals OSpleen

Deficient diet

0'3 - 108 205 2.8 209 208
3-6 - 208 300 3.2 3.2 3.6
6-10 13.5 4.0 3.2 3.2 3.2 k1

Diet + 0.1% AA

Of? - 2-0 2.2 203 200 2.2
3-6 . 2.0 2.4 2 2.1 2.k
6-10 53 3.0 2k 2.6 2.3 2.k

Diet + 2% IaL

0‘3 - 102 1-7 106 102 200
3-6 ' - i.9 201 2'3 200 2'0
6-10 9.0 2.5 2.8 245 3.0 2.5

*Quinea pigs were injected intraperitoneally with 2.75 ue
L-ascorbic acid-l-Cll* and 5 mg L-ascorbic acid after having
received diet containing 0.1% AA for one month.

fDay 0 of treatments without AL, with 0.1% A4 or % D-iso-

ascorbic acid (IAA) was 24 hours after injectlon.
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D. Urinary excretion of orally administered D-isoascorbic acid (TAM)

bz humans

The Grinary excretion of L-ascorbic acid (4A) and D-isoascorbic acid
(IAA) by humans is summarized in Table XII, Before saturation with Ad,
the smokers excreted significantly less of the two 75 mg doses of AA and
of the two 75 mg doses of IAA than non-smokers: smokers excreted 5 and
9 per cent of two consecutive doses of AA as compared to 33 and L5 per
cent of IM, while the corresponding percentage for the non-smokers were
27 and 35 (AA), and 43 and 83 (IAA), The amount excreted by both groups
from the same doses increased during the postsaturation period, but the
smokers still excreted less Ad and IAA than the non-smokers although the
differ‘ence was statistically significant only after the second dose of
TAA (4 PY to 8:30 AY urine), Smokers excreted 22 and 30 per cent of two
consecutive doses of AA as compared to 49 to 59 per cent of I, while
the corresponding percentage for the non-smokers were 41 and 45 (A4),
and 49 and 89 (IAA), When AA and IM were given together, the amounts
excreted were not significantly different from the amounts excreted when

the compounds were given alone,
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Urinary excretion (mg + S.E.) o
and nonsmokers (NS) after oral

Table XIL

f L-ascorbic acid (AA) and D-
administration of 75 mg in AM and PM.

isoascorbic acid (TAA) by smokers (s)

w“uo AM

to 4 PM L PM to 8:30 AM The two periods
Isomer Group Aa TAA AA IAA AA IAA
. Before saturation

AA s 3.6 + 0.8%* 6.6 + 1.87 10.2 + 2.5

AA NS 18.9 + 5.2%* 26.5 + 6.27 45.4 +10.77

IAA s 3.8+ 0.5  24.8 + 3.7 3.2 + 0.8 34,1 % 5.0¢ 4.0k 1.2%* 58.9% 7.8
IAA NS 13.2 + 3.2 31.9% 4.5 101 % .6t 2.4+ 4.0%  23.3 + 6,07 944+ 7.0

After saturation

AA s 16.2 + 4.3 22.3 * 5.5 38.5 & q.m+

AA NS 31.0 + 6.9 33.5 + 5.2 " e + 8.27
IAA s 12.3 + 4.0 36,6 * 8.1 8.2 + 1.37 44.3+3.97  20.5 % 4.0% 8L.0 % 10.8
IAA NS 20.8 + 3.4, 36.8+ 1. 16.7 % 3,77 66un + 577 37.5 £ 5.0%% 103.1 % 5.6
AA + IAA s 11.6 + 3.0%* 32.7 + 4.3 21.3 + L.8% 53.1 % 5.7 33,0 + 6.5%% 85.8+ 9.8
AA + IAA NS 245+ 3.4%% 42k hoh KO.LE 5.9% 58.3 % 2.7 6L.6 + 8.1%F 99.8 + 5.6
4=p <0.001; T= P <0.01; **= P<0.025; T = P<0.05 for the difference between S and NS.
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DISCUSSION

A, Uotake of D-iscascorbic acid (IAA) by guinea pig organs

The D-iscascorbic acid (IAA) assays of organs from guinea pigs
receiving no IAA gave negative values in most cases and only insigni-
ficant traces in the others, The results obtained with guinea pigs
fed TAA demonstrated that IAA was taken up by organs where it replaced
a corresponding amount of AA, The IAA retained could in turn be re-
placed by L-ascorbic acid (Ad) and turned over at least as rapidly
as M for which a half-1ife of 3-4 days has been reported.

S?veral authors have reported the antiscorbutic activity of IAA to
bs 1/40 to 1/20 that of AM (Wang et al, 1962)., Reiff and Free (1959)
using a Rockland rabbit ration devoid of vitamin C reported that daily
supplements of 250 mg IAA did not support growth of guinea pigs but
tended only to slow down development of acute scurvy; since 0.3 mg AA
plus 100 mg IAA could maintain growth for more than 3 weeks, but 0,3
mg AA alone could not, they concluded that TAA had a sparing effect.
Their work led to the general belief that IAM was not retained by tis-
sues and that it exerted its antiscorbutic activity by sparing the Ad
present,

Recently, Fabianek and Herp (1967) bave demonstrated that adminis-
tration of only 10 mg TAA with a deficient diet to guinea pigs previous-
1y depleted for 1 week prévented scurvy for as long as 115 days, Al-
though they were unable to determine the nature of the "ascorbic acid"
present in organs after the administration of IAA, they interpreted

their results as indicating that IAA could replace vitamin C, Since the



- 105 -

demonstration of IAA incorporation by the present study supported this
hypothesis it appeared worthwhile to study the antiscorbutic activity

of IAM.

2, Vitamn C activity of D-isoascorbic acid (IAA) for the guinea pig
Sxperiment 1 |

Although chromatographic separations of the D-isoascorbic acid (IAA)
specimen did not yield quantitative results, (Part I-A) they indicated
that much less than 1 per cent of the sample could be present as A,
Under the conditions of the experiment, the IAX sample would have sup-
plied much less than 0,04 mg of AA per day to the animals. The assays
of the diets yielded only traces of vitemin C due to very weak absorb-
ance measurements which could very well have been caused by interfering
substances such as carbohydrates, The amounts of vitamin C contributed
by contamination of the diets and the IAA standard could be estimated
to be smaller than 0,05 mg per day for the synthetic diet, and smaller
than 0.1 mg per day for the Rockland ration. These amount are insuffi-
cient to prevent scurvy and maintain growth since 0,5 mg is known to be
the minimal requirement (Duncker et al. 19%2).

During the 17 days depletion period, the lack of vitamin C in the
diets was evident by the loss of weight after 12 days. Consequently,
the rapid recovery in weight gain by the TAA treated guinea pigs after
the depletion period could not be attributed to a sparing of AA since
not enough AA was present in the animal nor the diets to support growth.

Treatment of guinea pigs with IAA given orally for two months ai‘ter.
depletion of vitamin C for 17 days indicated that IAA was able to repla-

ce M in its functions when 2 well balanced diet was used, The growth
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response of the TAd treated animals was somewhat less than for the AA-
treated animals fed ad libitum, but was in accord with a smaller food
intake and corresponded to the weight gain of palr fed AM-treated
animals. It would appear that the lower food intake is due to the
fact that IAA has less than 1/20 the activity of ih, which is knom to
affect the food intake of guinea pigs (Mohan Ram 1966).

The animals on the rabbit ration and receiving A} or IAA grew
poorly except for the first 3 weeks after the depletion period, This
could be due to the lower and poorer protein and vitamins content of
this ration as compared to the synthetic diet. The great number of
deaths of guinea pigs treated with IAA was probably due to the combined
effects of a poor diet plus the lower vitamin C activity of I, since
the total content of Ad plus IAA in the organs was comparable to that
found for the synthetic diet (Table VI).

The total lower content of AA plus IAA in the organs of the LA
treated animals indicates also that IAA given orally as a single dose
has less than 1/20 the activity of AA since 20 times more IAA was given.

Neither the kidneys nor the adrenals of the IAA treated animals
were significantly enlarged as in the case of chronic hypovitaminosis
and scurvy (Hughes 1965).

Except for the kidneys, the vitamin C values, shown in Table v
for the organs of young guinea pigs depleted for 17 and 19 days with
the synthetic diet, were higher than those obtained for the organs of
guinea pigs depleted in the same way for 17 days but subsequently
treated with IAA during two months; the amounts found inlthe IA-treated

animals were equal or less than those found for scorbutic guinea pigs.
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These results suggest that IAA does not have much sparing activity on
Ak and are in agreement with the previous demonstration of incorpora-
tion of IA) into guinea pigs organs (Part 2-i).

The kidﬂeys of the IAA treated guinea pigs contained slightly
more AA than those of guinea pigs depleted of vitamin C for 17 and 19
days but on the basis of the rapid turnover of AA in these organs
(Part 2-C) one would have expscted significantly less. This could
suggest a weak isomerization of IAA into AA by the kidneys or a rela-
tively weak synthesis of A (Williams and Deeson 1967) which would be
undetectable in guinea pigs fed a deficient diet.

From experiments with humans, it had been suggested that IAA was
rapidi} excreted in the urine (Rivers et al. 1963)s This was confirmed
by the results obtained with humans (Part II-D.), However, after 12 hours,

about 2 per cent of the dose was found in the wrine as IAA and DKG (IAA).

Experiment 2

The incorporatiﬁn of IM into a synthetic'diet indicated that IfA
in a concentration 20 times larger than AA was as effective as the latter
in reversing the weight loss due to vitamin C déficiency and in preven-
ting the symptoms of scurvy in guinea pigs, Although organs of guinea
pigs, except the liver and spleen, contained as much "ascorbic acid®
after IA treatment than after AA treatment, the antiscorbutic activity
was maintained for a much shorter time after stopping the IAA treatment
than after stopping the A} treatment. This suggested that incorporated

TAA was not retained as long as A,
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C. Turnover of D-isoascorbic acid (IAA) and L-ascorbic- acid (Ad) in

guinea pigs organs

The weight data in Table IX confirm the previous experiments
showing the ability of IAA to restore the growth of guinea pigs defi-
cient in vitamin C, IAA incorporated in the diet was as much active
as 20 times less Ad, The greater effectiveness of dietary IAA as
compared to IAN given orally is probably due to a higher intake and
to the more constant availability of IAA from the diet,

The very rapid removal of IAA from the organs of guinea pigs is
undoubtedly a major cause for the low antiscorbutic activity of IAA
as comiared to AA (Rivers et al, 1963) and for this reason greater
amounts of IAA must be supplied to obtain the same effect, It thus
appears that in guinea pigs, the lower activity of IAA is not due so
much to its inability to be transported to the organs (Martin 1961)
but rather to thé ability of the organs to retain IAl. It would be
of interest to determine whether this inability is due to the catabo-

1ism of IAA in the organs or to leakage of IAA from the organs,

Eggeriment 2

Because of clLL metabolites of L-ascorbic acid-l-cln (COg and

C:U+ remaining in the guinea

oxalic acid) are rapidly excreted, the
pigs 24 hours after intraperitoneal injection is equivalent to the
amount of L-ascorbic acid;l-Clu remaining in the body (Dayton and
McMillan Snell 1966), It is evident from the loss of L-ascorbic

acid-l-Clu from the organs of guinea pigs, that feeding IM causes

a higher turnover of AA i,e, a net loss of AA above thal caused by a
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deficient diet, Although the IA4 effect was greater when the concentra-
tion of AA in the organs was high, this effect was still evident after
10 days o; treatment, There was no indication that IAA had a sparing
effect on incorporated AA because one would have expected the turnover
of AA to be less rapid than in the animals receiving only the deficient

diet,

D. Urinary excretion of orally administered D-iscascorbic acid (IAA)

by humans

Kadin and Osadca (1959), using a paper chromatographic method which
could differentiate between the two isomers at concentrations above phy-
siological levels, saturated humans with Ad, and on the day after dis-
continuing saturation doses gave 300 mg of IAA. When they found no dif-
ference in A excreted (during the following 4 hrs) as compared to when'
IAN was omitted, they concluded that IAA had no displacement action,
Since the turnover of AA in humans is known to be about four times longer
than in guinea pigs, one would expect little turnover (about 3 mg) during
4 hr in presaturated humans, with a rate of utilization of about 20 mg
per day (Raker 1967); and consequently one would expect little displace-
ment by IAA,

On the other hand in subjects not presaturated with AA and particu-
larly in subjects having lower vitamin C levels, incorporation of IAA
would seem possible, When IAA was given to human subjects, depleted
(Rivers et al, 1963) or on intakes of 10 and 25 mg AA per day (Wang et al.

1962), a greater amount of IA was excreted as compared to the quantity

of A excreted when the same amount of AA was given in the same way;



- 111 -

furthermore, daily doses of IAA to depleted subjects did not increase
the levels of leukocytes and plasma, while AA did (Rivers et al. 1963).
Since the methods used by those workers did not differentiate between
AM and IM, their results were not conclusive, |

The results reported in Table X indicate that cigarette smokers,
who in general have lower vitamin C levels than noﬁ-smokers (See Part
3), excreted much less L-ascorbic acid than non-smokers during the
presaturation period, The smokers also excreted significaﬁtly less
IAM than nori-smokers after two doses of IAA during the presa’cuﬁation
period, but the difference was not significant for the two doses in the
postsaturation period when both groups had similay vitamin C levels.
Assumiilg that the catabolism or loss of IAA in the postsaturation pe-
riod was the same before or after saturation, it appears likely that
the smokers have retained more IAA during the presaturation period:.
Although the uptake of IAA by human tissue cannot be ruled out, it
does not appear to be significant as compared to guinea pigs, since
the smokers excreted 6 times more IAA and the non-smokers 2 times more .
IAA after the IAA doses than AA after the A doses, In the postsatura-
tion period, both groups excroted about two times more IAA than A,
The percentage of IAA excreted after two doses was only 70 per cent for
the non-smokers and 55 per cent for the smokers. IAA had no significant
effect on the uptake of AA, because when AA and IAA were administered
similtaneously, the excretion pattern of each isomer was about the same
as wheﬁ they were administered separately. The quantity of IAA not re-

covered could have been destroyed during the absorption or by some me-

tabolic processes, and/or taken up by body tissues. It should be possi-
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bié to estimate the uptake of IAA by humans by measuring the IAA content

of organs following the intake of IAA or by measuring the difference in

retention of a vitamin C load test after treatment with IAAL or AA,
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PART TII

’ UTILIZATICN OF L-ASCCREIC ACID:
EFFECT OF

CIGARETTE SMOKING AND NICOTLIE®

% Dart of the results reported in this section has been published
as indic;a’ced in the following references:
1 Pelletier, O, 1968.‘_ Smoking and vitamin C levels in humans,

Am, J. Clin, Nutr, 21: 1259-1267.
2 Pelletier, 0. 1970, Evaluation of the vitamin C status of

digarette smokers. Am J. Clin, Nutr., In Press.
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INTRODUCTION

Other biothemical functions of vitamin C

Although vitamin C has been reported to be involved in several
biochemical processes, none of these has been as thoroughly studied
as its role in collagen synthesis and the prevention of scurvy (Part II).

The involvement of vitamin C in brain and nervous functions is
indicated by the mental symptoms (depression) that accompany the
physical symptoms of scurvy (Pauling 1968), and by the observations of
several clinicians that Ascorbic acid in large doses has therapeutic
value in the treatment of schizophrenia (Hoffer and Osmond 1953). In
a study with 10 chronic schizophrenic patients and 8 normal persons,
Van der Kamp (1966) found that the schizophrenics required much larger
doses of vitamin C and a much longer time to excrete similar amounts
of L-ascorbic acid in the urine, The patients metabolized 10 times
more of the vitamin than normal, Earlier, Briggs (1962) had shown
that a group of schizophrenics excreted significantly more dehydroas-
corbic and diketogwlonic acid than a group of hospitalized epileptics
or a group of normal persons receiving the same diet,

Noradrenaline and adrenaline are essential in the nervous system;
Levin et al. (1960) demonstrated that in vitro the hydroxylation of
dopamine to norepinephrine (Figare 1) by an hydroxylating enzyme
(oxidase) partially purified from bovine adrenal medullary particles
required L-ascorbic acid for its activity but that D-ascorbic acid,
isoascorbic acid and glucoascorbic acid were also active while other

enediols, SH-compounds, reduced pteridines, NADH and NADPH could not
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replace ascorbate; ascorbate without the enzyme, was ineffective, Nagatsu
et al. (1?68) have reported that dopamine p-hydroxylase activity is unaf-
fected by ascorbic acid deficiency, Because several laboratories had
found that norepinephrine was not decreased in scorbutic guinea pigs,
Kirschner (1966) suggested that ascorbic acid might just be one of several
compounds that can reduce dopamine B-oxidaze in vivo and that the role of
ascorbic acid might be to accelerate the rate of synthesis of norepine-
phrine; in fact after tyrosine depletion, vitamin C deficient guinea pigs
did not repienish the heart's norepinephrine content as rapidly as non
deficient guinea pigs. However, it has also been reported that the
concenfration of norepinephrine in hearts (Thoa et al. 1966) and irises
(Sears 1969) of scorbutic guinea pigs is about half that of normal guinea
pigs. Thoa et al, (1966) suggested that the uptake or binding or both,

of exogenously administered H3-norepinephrine by hearts of scorbutic
guinea pigs was deficient., Sears (1969) found that irises of scorbutic

guinea pigs had 2 reduced capacity for storing Ha—norepinephrine and sug-

gested that the relatively high concentration of ascorbic acid in uveal
tissue and aqueous humor may stabilize norepinephrine, Thus the precise
role of vitamin C in the synthesis uptake and storage of norepinephrine
remains to be clarified,

Weisman (1967) indicated that high concentrations of serotonin
(5-hydroxytryptamine) seem to be associated with behaviour (autonomic
and emotional) and with integrative functions (hypothalamus and midbrain).
The first step in the synthesis of 5—hydroxyfryptamine from L-tryptophan
(Figure 2) i.es hydroxylation to 5-hydroxytryptophan apparenfly requires
a specific enzyme in the presence of copper and.ascorbic acid (Franchimont

and Delwaide (1966).
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In scorbutic guinea pigs or premature infants, to'o large quantities
of tyrosine will result in the exeretion of abnormal quantities of p-hy-
drowphenjlpyruvic acid and p-hydroxyphenylactic acid. DBecause an abnor-
ral metabolism of tyrosine from a diet rich in protéins could cause men-
tal retardation in premature infants, Tosberg et al. (1966) proposed
that extra vitamin C be added to such diets, Ia Du and Zannoni (1961)
have shown that L.ascorbic acid has an unusual role in tyrosine metabo-
lism since it apparently protects p—hydromphenylpyruvate oxidase from
inhibition by its substrate (Figure 3); this effect is produced with
large quantities of tyrosine in the diet and the amount of vitamin C
required to prevent this iphibition is far in excess of that necessary
to pre\‘ren’c scurvy; furthermore this activity is shared by several bio-
logical reducing agents.

Whether L-ascorbic acid is directly involved in some of the hydro-
xylations required for the biosynthesis of adrenocortical hormenes is
mere speculation, However, vitamin C must have 2 functional role in
the adrenals since their size more than double during scurvy (Xing 1967),

Tnereased oxygen consurption and increased thyroidal uptake of i3t
by scorbutic guinea pigs were taken as evidence of increased thyroid
activity in scurvy (Beaton et al. 1060), On the contrary, Hsu (1969)
found low amounts of cirewlating PEL and thyroxine in scorbutic guinea
pigs and suggested that scurvy either induces hypothyroidism or enhan-
ced deiodination, or both and that vitamin C by its antioxidant proper-
ties can regulate the rate of deiodination of thyroxine,

Vitarin C plays an important role in blood formation: (1) it in-

creases the abéorption of iron from the sntestinal tract (Conrad and
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Schade 1?68); (2) it increases the incorporation of plasma iron from
transferrin (a protein-iron complex) into liver tissue ferritin by
reducing the ferric iron of transferrin in presence of FAD and NAD?
(Mazur 1961); (3) it stimulates the incorporation of iren into hemo-
globin (Goldtert 1963) and enhances hemoglobin synthesis (Greenbert
et al, 1957),

L-ascorbic acid could enhance hemoglobin biosynthlesis indirectly
by its effect on the conversion of folic acid to folinic acid (Gabuzda
et al, 1952), Folinic acid acts-as a coenzyme for the one carbon
transfer necessary for the formation of purine and pyrimidines and is
thus ihvolved in the biosynthesis of Dild, REA and proteins (Eattesti
and Thuiller 1968).

The antioxidant properties of L-ascorbic acid seem to protect se-
veral vitamins, including vitamins A and E, thiamine and riboflavin
(King 1967). Xendler and Perek (1968) have demonstrated that L-ascor-
bic acid increased the concentration of liver vitamn A in chicks re-
ceiving sufficient amounts of vitamn A but enhanced the depletion of
vitamin A stores of chicks fed a diet devoid of vitamin A,

Tappel (1968) suggested that polyunsaturated lipids will more
readily form free radicals, intermediates and semistable peroxides,
if there is a lack of antioxidant in relation to polyunsaturated lipids.
Since biological membranes are Very 1abile to the action of peroxides '
and free radicals, damage to subcellular brganelles might bé expected;

the mitochondria and endoplasmic reticulum would be most vilnerable

because they are rich in polyunsaturated 1ipids; lysosomes could be



- 120 -

damaged in the same way and release powerful hydrolytic enzymes. Accord-
ing to Tappel, (1968) the role of vitemin C in the inhibition of lipid

peroxidatibn could be as shown in the following scheme:

Polyunsaturated Vitamin Ef pDehydro- Glutathione g
lipid-free radical ascorbic .
acid Enzymatic
reduction
in cells
Polyunsaturated Oxidized | \ Ascorbicy | Oxidized
lipid Vitamin B acid glutathione

The decreased food intake of guinea pigs deficieﬁt in vitamin C was
shoun to decrease the mitochrondrial Diidase T (Neutral) content of such
animals (Hitier and Terroine 1968)., Since Didase I is known to break
DNA phosphate bonds of single and double helical chains, Hitier and
Terroine (1968) speculated that a decreased resistance to viral infection
cowld occur during seurvy. On the other hand, an increase in DNlase II
(acid) of guinea pigs was caused by scurvy directly and not by the re-
suction in food intake (Ritier 1968); Dilase IT which attacks 2 by 2 the
phosphate bonds of double helical chains of DNA is readily released by
labile lysosomes during scurvyi the released Didase II could explain the
serious involution of the testicles accompanied by the inhibitionAof
spermatogenesis which occurs during scurvy; the release of free DNAase

would also contribute to the development of muscular atrophy.

Vitamin C and diseases

Because vitamin C is involved in many biochemical functions, one

would expect a higher incidence of some diseases in persons having low

vitamin C levels.
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Tposito and Valentini (1968) reported that the mean leukocyte
ascorbic acid content of patienté with gastrointestinal disorders was
‘about half that of normal controls; although this deficiency could be
caused by inadequate absorption, increaséd utilization could concomitate
or even play the pathogenic role, Ressell et al, (1968) reported that
the leucocyte vitamin C levels of sixty patients with gastrointestinal
haemorrhages were significantly Tower than those of a matched uncompli-
cated peptic-uicer control group and much lower than those of a healéhy
control group; since no evidence of malabsorption or of 1ncreased uti-
1ization was found in these patients, poor intakes of vitamin C could
have caused these lower levels.

Cheraskin et al. (1968 A,B) found a statistically significant posi-
tive correlation between 2 1ingual vitamin C test and tooth mobility;
they also found a statistically negative correlation between gingival
health and plasma ascorbic acid levels, and a positivé correlation bet-
ween the lingual vitamin C test aﬁd gingival state (i,e. the poorer the
vitamin C state, the poorer the gingival health).

Rodansld. et al. (1951) found that the vitamin C' 1evels of 43 patlents
with noncancerous diseases and 69 with cancerous diseases were signifi-

cantly lower than those of 23 healthly perscns.
According to reports by Schlegel and Pipkin (1968), recurrence of

cancer of the bladder éan be prevented by mssive doses of vitamin C.

In 'atheroscelerosié, the earliest demonstrable lesion is the ground
substance of the arterial jntima which shows metachromasia and lipid de-
posits. Such lesions have been demonstrated in the arteries of vitamin
C deficient guinea pigs and the intraperitcneal administrétion of vitamin

C has prevented the development of atherosclerosis induced by cholestrol
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feeding of guinea pigs (Willis, 1953). In 1955 Willls and Fishman |
reported that a localized depletion of ascorbic acid often existed

in segments of human arteries susceptitle to atherosclerosis for
reasons of mechanical stress, Zaitsev et al, (1964) studied the

effect of L-ascorbic supplementation on the development of experimental
atherosclerosis with rabbits.and found that although L-ascorbic acid did
not chahge total blood cholestercl, it reduced cholesterol deposition

in the aorta at the expense of increased deposition in the liver,
Sokoloff et al. (1967) investigated the effectiveness of long term
heavy dosage with L-ascorbic acid on the prevention of symptoms of
induced atherosclerosis in rabbits and rats, and as a therapeutic agent
in cli;ical atherosclerosis., Ascorbic acid treated animals had signi-
ficantly lower cholesterol and triglycerides ahd increased lipoprotein
lipase levels, and cholesterol fed rabbits receiving extra vitamin C

had much less pronounced atheroma-like lesions in the vascular.system.
Cardiac patients responded to ascorbic therapy by an increase in lipo=-
protein lipase and a decrease in triglycerides Tevels slthough the
changes in cholesterol levels wers not very marked nor uniform.i Cheraskin
ot al, (1968) found that non fasting serum éholesterol were significantly
higher, the poorer was the vitamin C state of subjects as tested by non-
fasting lingual vitamin C scores.

Coronary heart disease which is a complication of athrosclerosis
(Yudkin 1969) could be adversely affected by hypovitaminosis. A study by
Patterson (1941) consisted in the determination of plasma ascorbic acid

.in 455 consecutive admissions (adults): 56 per cent of all the patients

had ascorbic acid levels below 0.5 mg. while 81 per cent of patients

with coronary heart diseases were below this level.
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Vitamin C absorption and metabelism

Yughes and Lewis (1965) rept.)rted that the bulk of vitamin C absorp-
tion by the guinea pig, rat and hamster occurred in the stomach, and
reached a maximum in 10 minutes, However, the evidence on which-this
conclusion was reached was not given (Bughes and Léwis 1965), Studies
done by Chinn (1938) and reported by Farmer et al, (1940), indicated thét
in fasting guinea pigs and rat; about half of vitamin C administered by’
stomach tube was still present in the gastrointestinal content 6 hours
after injection, In vitro studies, by Stevenson and trush (1969) w1th
segments of the gastrointestinal tract of guinea pigs fasted for 3 days
after Ut days of depletion, indicated that the small intestine had the
greatest absorption activity. Studies by Reid (1948) demonstrated that
about 15 per cent of L-ascorbic acid administered intraperitoneally was
secreted in the gastrointestinal tract of guinea pigs maintained on a
diet devoid of the vitamin; since maximum secretion occurred about &
hours after injection and only relatively small amounts of vitamin C were
found within the caecum gnd large intestine in spite of the rapid transit
of the contents of the stomach and small intestine, there appeared to be
considerable destruction of vitamin C in the caecum.

Stewart and Booth (196L) have studied the absorption of ascorbic
acid by humans; in normal subjects previously saturated with vitamin C,
it took one hour before any ascorbic acid appeared in the urine following
the oral administration éf 11 mg, of the vitamin per kg body weight,
whereas about one third of the dose was excreted in the urine following
intravenous administration; maximum excretion occurred 4 hours after

oral administration and there was also & one hour delay in excretion of
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an additional dose given three hours after the first dose. This indi-
cates that the delay was not due -to the time required to saturate the
renal tubules with ascorbic acid and to overccme the renal threshold.
The liver was not likely to cause the delayv in excretion since two
patients with portacaval shunts did not excrete vitamin C at a faster
rate, The delay was apparently not due to the time required for the
gastrointestinal content to reach an absorbing area in the distal
‘intestine since two patients with only relatively short lengths of
proximal intestine reraining had an excretion pattern similar to normal
persons, The results thus indicated that transport of L-ascorbic acid
across the intestinal mucosa was causing the delajed urinary excretion,
The efficiency of vitamin C absorption is quite high since 60 to 80
per cent of 100 mg daily intake are recovered in the urine of subjects

who are practically saturated with vitamn C (Lowry 1952)s

Other aspects of vitamin C metabolism have teen reviewed previously

(Part IL).

Feans of evaluating vitamin C status

The interelationship of dietary, serum, white blood cells and total

body ascorbic acid has been summarized by Lowry (1952), With daily

intakes of over 100 mg a'lscorbic acid, §0 to 80 per cent will be excreted,

serum levels will be about 1 mg and tissues and white blood cells (WaC)

will be saturated, With daily intakes varying from k0 to 100 mg, 20 to

60 per cent will be excreted, serum levels will vary from 0.4 to 1 mg

and tissues and WEC will be moderately below ceiling levels. With daily

intakes varying from 40 to 5 mg, tissue 1evels will vary from 50 to 25

per cent of the ceiling; in this range WiC provide an accurate status of

the vitamin C status but plasma levels are too low to do so.
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Crandon et al, (1940) reported that in the development of experi-
mental seyrvy in humans fed a diet deficient in vitamin C, the plasma
ascorbic acid levels fell to 0 after 10 weeks of deprivation i.e. 13
weeks before the first evidence of clinical scurvy; since the WXC
levels fell to 0 just before the appearance of clinical scurvy, it
was concluded that WZC and not the plasma levels were a good index of
the vitamin C status, Zlood plasma vitamin C is at least a good indi-
cator of the risk of scurvy since low levels occur significantiy long
before the appearance oI SCUrvy, Although WZC vitamin C levels nmay
be a good index of body stores, such a determination is not simple
and different laboratories can apparently obtain quite different results
(Griffith 1968); an extreme example was given by a person who visited
six laboratories in Scotland and had his WEC ascorbic acid determined
in each laboratory and obtained values varying widely from 15 to 54 pg
per 108 W=C, ‘

Several types of }oad tests proposed to evaluate vitamin C status
have been reviewed by Youmans and Patton (1942) and Xrause (196%), Most
of these tests are based on the fact that excretion of & test dose does
not ocour to any significant degree until an individual's reserves of
vitamn C have been restored. Unfortunately there is no general agree-
ment about the size of the test dose, the mode of administration (oral,
intravenous or subcutaneous), the period of collection (a few hours to
several days), and most important of all about the interpretation of

results, ~For these reasons 1oad tests have not gained any popularity.
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Derivatives of cigarette smoke

The characteristics of cigarette smoke have been reviewed in a
report by the U.S, Public Health Service (1984), and by Wynder and
Hoffman (1967)., The effluent smoke from an average cigarette is about
500 mg, The percentage of the major constituents are: nitrogen 593
carbon dioxide 1l; oxygen 133 dry matter 8; carbon monoxide 3; water
1; argon 1; C2-C6 hydrocarbons 0,53 carbonyls 0.4; methane 0.3; hydro-
gen cyanide 0.1; and hydrogen 0,1, Of the total materials about 60
per cent 1s diluting air and 16 per cent excess nitrogen. Hundreds
of other identified components include organic radicals (polynuclear
aromatic hydrocarbons are the best components known to trap free elec~
trons and form radicals), peroxides (1-2 pg per cigarette) probably
formed from certain clefins with molecular oxXygen, 3—exritting particles
(mainly X-20), 4~ emtting elements (such as radium 226 and 228), pesti-
cides, metallic compounds in the vaporized state, H-nitrosamines, poly-
nuclear aromatic hydrocarbons and their alkyl derivatives. Nicotine is,
among the many chemical substances in cigarette smoke, the only one
Ynown to produce acute pharmacological effects (Lucchesi et al. 1967).
The nicotine content of different cigarettes may vary from 0,2 to 2,6
mg in U.S.A. (Moore and Bock, 1968) and 0.5 to 2.4 mg in Canada (Depart-

ment of National Health and Welfare, Ottawa, 1968).,

Physiological effects of nicotine

The physiological effects of nicotine are apparently what the cigar-
atta smokers are after (Lucchesi et al. 1967)., According to reviews by

Comroe Jr. (1960, 1964) and a report by the U.S. Department of Health,
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Sducation and Welfare (1964), nicotine can stimilate the chemoreceptors
of the aortic and carotid bodies, stimulate special receptors in the
pulmonary circulation and epicardium of the left ventricle and cause
reflex apnea, bradycardia, systemic vasodilatation and hypotension,
Nicotine can 2ct as a central nervous system stimulant in a manner
similar to amphetamine and liberate stores of adrenaline from the
hypothalamus, mid-brain and medulla (Warwick and Sysenk 1963), At low
concentrations, nicotine can stimulate all sympathetic ganglion cells;
thus, it can cause the adrenal medulla (which in some way acts as &
group of sympathetic ganglion cells) to liberate catecholamines, By
jts action on cells of the hypothalamus, nicotine can cause the libe-
ration or secretion of the posterior pituitary antidiuretic hormone.
Yicotine can also stimulate the secretion of Il-hydroxycorticosteroids
by the adrenal cortex (Kershbaun et al, 1968), HNicotine can depress
appetite; this has been attributed to (1) the increase in vlood sugar
due to stimulation of the sympathetic nervous system; (2) stimalation
of the hypothalamus; and (3) direct effects on taste buds and mucous

secretions, Smoking is also known to provide pleasure and reduce

anxiety and tension.

Absorption and metabolism of nicotine

The oral cavity and respiratory tract can readily absorb nicotine

(Larson et al, 1961), Absorption of nicotine from the lungs is extre-

mely rapid since its greatest rate of excretion in the urine occurs with-

in 15 minutes after smoldng (Beckett and Triggs 1966). Because the

amount of nicotine absorbed without inhaling is about one third that
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absorbed with inhaling, the customary manner in which cigars and pipe
smokers inhale less than cigaretfe smokers results in their absorbing
less nicoéine (Xershbaum and Bellet 1968), Nicotine administered
intraperitoneally to rats was quite readily absorbed (Yamamoto ef al.
1968) in a manner similar to absorption by the lungs in humans., The
absorption of nicotine injected subcutaneously to rats was found to
be quite rapid, but the efficiency could be decreased by Llowering the
p¥ (Travell 1960).

Nicotine-C-14 injected intraperitoneally to rats penetrated the
tissues very rapidly (Yamomoto et al. 1968). The following tissue to
Wlood ratios were obtained 10-20 minutes after injection: Kidney (9),
liver 2?), sotmaxillary gland (6), brain cortex (), brain stem (2)
and heart (2); the blood and submaxillary gland reached their maximum
content after 90 minutes while the concentrations were declining in
the other organs, and after 4,5 hours the concentrations had decreased
to very low levels in all organs.

The excretion of nicotine has been reviewed by larson, Haag and
Silvette (1961) and Larson and Silvette (1968). MNoether (1923) has
reported to have found nicotine in the urine of guinea pigs within 1.5
hours after subcutansous injection of the.drug; excretion reached a
peak in 5-7 hours and negligible levels in 18 hours. Ninety per cent
of administered C-14 labelled nicotine was found in the urine of guinea
pigs 18 hours after injeétion (Fishman 1963); dogs excreted all of the
administered nicotine within 48 hours and chromatographic autoradiography
showed at least 10 compounds. Werle and Meyer (1950) as cited by Larson

et al, (1961) have reported that the urinary excretion of nicotine by
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rabs rose to a maximam 3 hours after intraperitoncal injection with
5-10 mz nicotine per kg of body weizht, Noether (1923) as cited by
Tarson et al. (1961) used a lesch-muscle Lioussay to determine nicotine
3n the urine: he found that afler a 12 hours abetinence of smoking,
heavy smo¥ers were not exereting any nicotine, but that nicotine
appeared in the urine 1.5-2 hours after smoking and reached a peak
after one additicnal hour. Using chemical methods, other workers have
reported that nicobtine disappeared from urine within 3-4 days after
smoking was discontinued, An increase in the acidity and rate of flow
of urine results in a greater and more uniform excretion of nicotine
by humans after smoking Seckett and Triggs 1966); the greatesﬁ rate of
excretion of nicotine in the urine cccurred within 15 minutes afier smo-
King and excretion of unchanged nicotine was virtuaily complete in 8
hours; smokers excreted about as much cotinine as nicotine.

Whatever the route of administration of nicotine, intravenous in-
jection (1-2 ng), inhalation (0,1-0.5 ng), smoking (0.05-2.3 ng), the
amount of unchanged nicotine was greater in the non-smokers (55-70 per
cent) than in the smokers (25-50 per cent); thus, habitual smoking ap-
parently induced en;ymatic metabolism of nicotine in 2 manner similar
o that reported for the dog, rabtit and rat after chronic exposure Lo
nicotine (Peckett and Triggs 1967).

As reported by Larson and Silvette (1968), other workers have
found that autoradiographic chromatography revealed at least 8 metabo-
1ites of nicotine in the}urine of mice and cats injected with C]'IL label-
1ed nicotine. Papadopoulos and Tinzios (1G63) made in yitro studies of
the metabolism of nicotine with rabbit liver supsrnatant and found 8

major metabolites, 5 of which corresponded to cotinine, nornicotine,
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demethyl cotinine, pyridylacetic acid, and nicotine-l-oxide. Hansson
et al, (1964) have studied the metabolism of c1¥ 1abelted nicotine with
tissue sliices from various organs of the mouse; the brain, spleen,
stomach, small intestine and adrenal glands did not metabolize nicotine;
products of metabolism of nicotine were jdentified in the lung (cotinine),
in the liver (cotinine, Y-(3—Pyridjl)-Y—oxo—N-methylbutyramide, and hydro-
xycotine) and the kidneys [potinine and T-(3-hydidyl-Y-oxo-N-methyl-
butyramidei]. YcKennis et al. (1964) used the results of a variety of
mammalian experiments, both in vitro and in vive to summarize the metabolic
alterations to the pyrrolidine ring of nicotine as shown in Figure b, With
regard to this scheme, Yorselli et al.: (1967) studied the possibility of
chemical reduction of cotinine to nicotine by administering (+) -cotlnlne—
2-(:1!’L 4o rats but found no conversion to nicotine and nornicotine, Al-
though the scheme proposed by YcKennis et al. (1964) can be supported by
jsolation of the products of metabolism, the extent, mechanism and bio-

logical significance of these reactions remains to be clarified,

Cigarette smoking and diseases

Numerous studies have shown that death rates and the incidence of
several diseases are higher among smokers than non-smokers (U.S. Public
Health Service, 1964, 1967, 1968, 1969; Doll and Hill 196k; Department of
National Health and Welfare, Ottawa (1966). In general, for men between
the ages of 35 and 60, about one-third of all deaths of cigarette smokers
are excess deaths that would not have occcurred as early if the smokers
had the same death rates as non-smokers, On the basis of statistical
studies, smokers of 20-39 cigarettes between the age of 25 and 45 can
expect to die six yeérs earlier than non-smokers; those smoking at 50 years

can expect to loose 5 years and those at 65, 3 years of their life.
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For the last two decades, coronary heart disease in the United
States hag been the leading cause of death; during 1967 it was res-
“ponsible for 1,833,900 deaths, Death rates from coronary heart disease
increase with age; these rates per thousand are 2 between 45-5% years,
6 between 55-54, 14 between 65-7k, 30 between 75-85 and 70 for B85 years
and older. The death rate of male cigarette smokers dying from corna-
ry heart disease is on the average about 70 per cent higher, and in
presence of other known risk factors 200 per cent higher than the death
rate of male non-smokers. TFemale cigarette smokers are less seriously
affected, Ix-smokers have a lower risk of dying from coronary heart
disease than those who continue smoking cigarettes., Cigarette smoking
could favor the fatal outcome from coronary heart disease by triggering
an oxygen deficit to a eritical degree in the myocardium; this could be
caused by mechanisms such as (1) myocardial wall tensicn and velocity
of contraction mediated through norepinephrine release; (2) hypoxia
due to impaired pulmonary function, and (3) impaired coronary blood
flow as a consequence of snereased blood viscosity associated with
hyperlipemia, MNost coronary occlusions are attributed to thremboses;
indeed, a pathological exaggeration of normal interaction between the
blood elements and the arterial wall is velieved to be responsible at
least in fact for the development of atherosclerosis (Murphy and Nustard
1966), Several studies on thombus formation as related to cigarette
smoking have been reviewed in the 1968 supplement to the U.S, Public
Eealth Service Reviéw (1967). Catecholamine release induced by nicotine

can enhance ATP and ADP induced platelet aggregation. In fact, habitual

smokers have a greater tendency to platelet aggregation than non-habitual
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smokers (Glynn et al, 1966), Murphy and Yustard (1966) believed that
the release of epinephrine due to cigarette smoking could have a direct
effect in .platelet aggregation through acceleration of glycolysis with
release of ADP which _is one of the basic factors causing platelet agere-
gation, A study by wirchison and Fye (1966) has shown that a rise in
plasma free fatty acids which followed cigarette smoking was associated
with platelet adhesiveness and aggregation, Long chain saturated fatty
acids (C14-C22) produced extensive thrombosis and death when given
intravenously to dogs (Connor et al. 1963), but long chain highly un-
saturated fatty acids had no effect (Cox.mor et al, 1965). Kershbtaum
and Bellet (1948) have summarized results of their studies demonstra-
ting that cigarette smoking in humans resulted in a rapid and consist-
ent increase in free fatly acids; the greater response obtained by
cigarette smokers as compared to pipe and cigar smoking was related to
the tendency to i_nhale cigarette smokej dogs responded to cigaretie
smoke and nicotine in the same manner as humans. As pointed out by
Kershbaun and Eellet (1968) these aberrations in lipid metabolisn are

recognized to be contributory factors in the development of atheros-

clerosis., Another aberration in 1ipid metabolism which is of interest .- -

in relation to cigarette smoking is )B-lipoprotein levels, Lipoproteins
are huge molecules which serve as transport vehicles to carry fats from
one place to another; the &-1lipoprotein (high density) contains less
1ipids than the ,B-lipoprdtein (Low density). Olsen (1963) has postulated
that low density ,B-'.Li-poproteins were an agent responsible for the deve-
lopment of atherosclerosis, Because corticosteroids might be directly

snvolved in lipoprotein synthesis (Rarrett 1966), Kershbaum et al, (1968)
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studied the effect of smoking and nicotine on adrenodortical secretions
and found g 27 to 77 per cent rise in plasma 11-hydrexycorticosteroid
concentrations after heavy cigarette smoking compared to a normal diurnal
fall during a non-smoking control period; furthermore, nicotine admiris-
tered intravenously to anesthetized dogs resulted in a 64 per cent rise
in plasma corticosteroids, However, according to Larson and Silvette
(1968), there is no evidence indicating that cigarette smoking has a
direct effect on B/X Lipoprotein fraction.

Lung cancer mortality rate of males has increased from 2 per 10,000
in 1950 to 4 per 10,000 in 1965, while the mortality rate for females
increased from L per 100,000 to 6 per 100,000, In general death rates
from lung cancer increases with age: it becomes about 2 per 1,000
between 55-E4 years, Although there is a very strong association bet-
ween cigarette smoking and lung cancer, this type of cancer contributes
to about only 16 per cent (Brownlee 1965) of excess deaths associated
with cigarette smoking, while the coronary heart diseases contritute to
about 45 per cent, Cancers of other organs (oral cavity, larynx,

cesophagus and bladder) are also associated to a greater extent with

cigarette smokers than non-smoKers, and contribute to about 10 per cent

of excess deaths associated with cigarette smoldng (Larson and Silvette

1968), Passive inhalation of cigarette smoke has failed to produce

lung cancer; voluntary inhalation of cigaretie smoke by dogs produced

hyperplastic and metaplastic changes in their lungs, but it was found

difficult to keep the dog alive Tong enough to obtain neoplastic trans-

formation (U.S. Public Health Service Review, 1967, and 1968 supplement).
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Tobaceo smoke condensate (the matter collected in cold iraps in
conditions simalating human smolding habits) is also called ™tar": the
amount of tar depends on the type of cigarette and may vary from L-48
ng per cigarette in U.S.4. (Moore and Bock 1958) or 8-36 mg per cigar-
ette (Department of National Health and Welfare, Canada, {968), Tobacco
smoke condensate is tumorigenic to a variety of animal tissues and
species (Wynder and Hoffman 1967): since tobacco smoke condensate is
a complete carcinogen (it can induce carcinomas and sarcomas) it must
have tmar~-initiating as well as tumor-promoting components. The dis-
ruption of regularity in cellular life caused by carcinogens is presu~
mably initiated by alterations of chromosomes or more specifically of

A 3 éhmor promotion could ke mediated by mitochondria destruction which
would adversely affect cellular respiration (Wilk and wynder 1967). The
initiators consist mainly of polynuclear aromatic hydrocarbons such as
dimethyl- & -anthracene, and tumor-promoting agentsvcomprises phenols
and phenols derivatives. Q-amino-phenols implanted into mouse bladder
are caréinogenic. Two of these phenols (3-hydrquanthrani]ic acid and
3—hydroxykynurenine) which are normal intermediate metaboliteé of
tryptophan, are about 50 per cent higher in the urine of smokers than in
the urine of non-smokers and are accompanied by a decrease in the ex-
eretion of Ni-methylnicotinamide (¥err et al. 1065); the mechanism by
which M -methylnicotinamide excretion is decreased in proportion to the
increase in o-amincphenols was not elucidated, Results reported by
Torpsett (1959) indicated that subjects with cancer of the bladder ex-

creted more 3—hydroxyanthrani1ic acid and o-aminophenols than normal

éubjects.
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Death‘rates from enphysera of the lungs and chrenic bronchitis
in U.S, have inereased steadily from 4 per 100,000 in 1956, to 14 per
100,000 in 196%; quite a lot of data has veen accumulated which clear-
1y relate cigarette smoking to emphysema of the lungs and chronic
bronchitis (U.S. Public Health Service review (1967) and 1968 supple-
ment; the mortality risk for cigarette smokers varies between 3-20
times that of non-smokers. Pulmonary fibrosis and emphysema similar
+o those in human being were found in 5 dogs who smoked daily througn
a tracheotomy tube {or more than 420 days; no such parenchymal changes
were found in control dogs (Auerbach et al. 1967).

?Pe 1969 supplement to the U.S. Public Health Service review (1957)
reports studies showing that women who smoke during pregnancy have
greater risk of spontaneous abortion, stillbirth or deaths of the baby
early in infancy; there is also evidence that babies bora to smoking
mothers are more likely to weigh less than those born to non-smoXers.

Solomon et 2l. (1968) concluded from a 10 year study of about
19,500 patients that cigarette smokers have dgfinitely 2 higher preﬁa-
lence of periodontal disease in general (gingivitis, alveolar resorption

and tooth loss) than non-snokers.

Cigarette smoking and vitamin C

Some of the various diseases that are associated with cigarette
smoking are also associated with lower vitamn C levels, If cigarette
smoking caused 2 significant hypovitaminosis C, this could be an important
factor in the development of some of the diseases associated with cigar-
ette smoking, Indeed some reports in the 1iterature indicate that

cigarette smoking was associated with lower vitamin C levels.
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Strauss and Scheer (1939) using 2,6-dichloroindophenol for titra-
ting L-ascorblc acid studied the acute effect of smoking 1-3 cigarettes
while fasting on the urinary excretion of L-ascorbic acid following a
200 mg dose given to subjects (presumably non-smokers) previously sa-
turated with vitamin C and concluded that a reduction in L-ascorbic
acid excretion was ottained; on the contrary BOgler (1943) reported
that acute tests (smoking 3 cigarettes in succession on an empty stomach)
had no effect on blood vitamin C levels. Venulet and his associates in
Poland, dur:.ng the period 19‘0—1959, putlished seve*al papers on the
offect of smoking on ascorbic acid levels (Venulet 1953, 19545 Larson
et al. 1061; and Andrzejensld 1966): an acute test showed that non-
emokers who volunteered to smoke about 7 cigareties per day had-a sig-
nificant decrease in serum ascorbic acid by the third day, and a return
to normal levels 5 days after cessation of smoking, Dietrich and Stichner
(1960) reported that the average plasma vitamin C of 16 non-smokers
decreased by 16 per cent after each person smoked 30 cigarettes during
3 days; 9 of the subjects participating in the experiment complained of
the typical acute effects of cigarette smoke: headache, lack of appe-
tite, a feeling of weakness and sickness, heart palpitation, increased
salivation, stomach pain and nausea, Because of these side effects,
acute smoking tests gave results of a limited value and these results
can hardly be ext.rapolate_d to chronic smoking.

Barmsen (141) studied the blood ascorbic acid 1evels of the person- |
nel of three hospitals and reported that 9 heavy smokers had abtnormally
10w blood ascorbic acid levels, but, as pointed out by Larson et al.

(1961), he did not indicate if there were other heavy smokers with normal
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levels. EOgler (1943) reported that a study of over 100 smokers and
non-smokers showed no difference in the vitamin C bloed levels of the
two groups; this study however was restricted to persons with normal
gastrointestinal functions and, since Edgler stated that gastrointes-
tinal disturbances were often present in smokers, one can cnly guess
how many smokers were excluded from the study, According to Venulet
(1953, 195%), the plasma ascorbic acid levels in a group of 60 medical
students varied from 0.6 to 0.9 mg per cent in smokers and from 1 to
1.2 g in non-smokers, Toporkova (1959) as cited by larson and
Silvetti (1968) reported that smokers excreted less ascorbic acid
than non-smokers. 1In the study by Dietrich and Buchner (1940), the
following average values were obtained for ascorbic acid in blood
plasma: 0,9 mg per cent (55 smokers) and 1.32 mg per cent (20 non-
smokers); the ascorbic acid excreted in the urine during one day was
5.5 mg (smokers) and 7.2 mg (non-smokers), Calder, et al. (1963)
published the following results: the average plasma vitamin C content
was 0,91 mg per cent for 91 non-smokers, 0,73 mg per cent for 83 smokers
of 14 cigarettes or less, and 0,52 mg per cent for 31 smokers of 15
cigarettes or more; in the same order, the quantity of vitamin C in
Rg per 10 leucocytes was 29,1, 24,8 and 21.7. They stated that an
approximate assessment of food habits did not indicate that these were
causing the differences in vitamin C levels, Taber and Larson (1962)
reported that a group of 45 smokers and 45 non-smokers excreted in the
urine amounts of ascorbic acid not significantly different after re-
ceiving a 500 mg loading dose of L-ascorbic.acid. This contrasts with

the results obtained by Rupniewska (1965), After intravenous loading
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with 500 mg L-ascorbic acid, the mean urinary excretion of ascorbic
acid by elderly men was 32.7 mg per cent for 14 smokers and 564 mg
per cent for 12 non-smokers. Rupniewska (1964) previously found
amazingly low mean values for ascorbic acid in the plasma of young
soldiers: 0,16 mg per cent for 22 smokers and 0,24 mg per cent for
18 non-smokers, and ¥ hours after a saturation test 0.35 mg per cent
and 0,45 mg per cent in the same order. In another study published
by Durand and his associates (1962), an abnormally high range [CR:
8.4 mz per cent) for ascorbic acid in plasma from humans was reported,
The average plasma ascorbtic acid level of 40 smokers was about half
that of 37 ncn-smokers, and even after loading with 1 g L-ascorbic
acid daily for 25 days the plasma ascortic acid levels of the smokers
never reached those of the non-smokers. The most spectacular reports
on this subject are those of MeCormick (1952), and Goyanna (1855).
The first stated, without providing evidence, that he had determined
by laboratory and clinical tests that one cigarette neutralized about
25 mg of vitamin C, while the second found from a study of 500 sub-
jects that people smoking more than 20 cigﬁrettes per day.had‘no de-
tectable vitamin C in their urine, 4 study by Brooke and Grimshaw _
(1958) was published in the same issue of the same journal in which
some of the results included in this thesis werse published by Pelletier
(1968). Brook and’Grimshaw were satisfied that the typical English
breakfast supplied a negligible amount of vitamin C and used blood
taken from non-fasting subjects between § and 10 a,m,; they obtained
the following mean vitamin C values in plasma (mg per cent) and leu-

cocytes (mg/lO8 cells): for 32 male non-smokers, (0,62 mg and 24,6 mz),
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for 22 male cigarette smokers (0,3% mg and 18,8 ng)y for 50 fema:le
non-smokers (0,7% mg and 26.0 ng); the plasma vitamin C levels appeared
to be invérsely related to age and the amount of cigarettes smoked but
the leucocyte vitamin C levels did not change with age. Erook and
Grimshaw (1968) thought as Calder et al. (1963) that it was unlikely
that differences in vitamin C intake accounted for the differences in

blood levels between smokers and non-smokers.

offect of nicotine on vitamin C in vitro

Reif (1543) tested the offect of nicotine on a solution of ascorbic
acid in pure distilled water and found that the oxidation of ascorbic
acid was mnimal even after prolonged reaction time; addition of small
amounts of copper in presence of nicotine resulfed in a faster oxidation -
than with copper alone, and the oxidation increased with the alkalinity
of the medium; large quantities of nicotine in presence of copper des-
troyed the vitamin C completely. Bourquin and }Musmanno (1953) added an
amount of nicotine estimated to be equal to the amount present in the
blood of a heavy smoker and reported that in 3 experiments 24l to 31.6
per cent of the vitamin C hacll peen lost after 5 to 10 minutes, Goyanna
(1955) reported that the macerate of one cigarette oxidized 2 mg of
1-ascorbic acid. Calder et al. (1963) reported that tobacco smoke des-
troyed vitarmin ¢ in solution and that an equivalent amount of air or »
sm;ke from cigarette paper were without effect, Taber and larson (1962)
had also reported that incubation' of aqueous solutions at physiological
pH resulted in pronounced destruction of ascorbic acid by nicotine,
whereas incubations with added nicotine resulted in little or no des-

truction of ascorbic acid in gither dog or human whole blood, Taber and
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Larson (1964) further demonstrated that ascorbic acid destruction was
due to pH effects (alkalinity), and that whole blood, due to its buf-
fering act:ivity, protected ascorbic acid from oxidation. Wenzel and
Seckloff (1958) found no change in the serum ascorbic acid content of
rabbits given 2-8 mg nicotine per ke body weight daily in the drinking
water, Yaren (1951) reported that treatment of rats with nicotine

(2 mg per kg body weight) decreased the ascorbic acid content of
adrenals by 20 per cent, but Taber and lLarson (1964) found that treat-
ment of rats for 30 days with nicotine (12.5 mg per kg body weight)
added tq the diet produced no effect on the urinary ascorbic apid ex-
cretion or the ascorbic acid content of the whole body.

Ifats, mice, rabbits and frogs 1ike most animals synthesize their
vitamin C requirement, bub guinea pigs like man are not able to syn-
thesize their own vitamin C and mst depend on exogenous sources
(Chaudhuri and Chatterjee 1969).

Yun and Kim (193%) injected female guinea pigs daily with about
1 mg nicotine per kg body weight for periods ranging from 15 to 190
days and noted an increase in vitamin C (granules in the adrenals)
which was proportional to the days of administration, As cited by
Fromel et al. (1945), Seisoku (1939) found hyper-vitaminosis C in the
adrenals of guinea pigs injected during 130 days with nicotine. Frommel
et al. (1945) reported that the acute effect of injeeting 20 ng nicotine
to guinea pigs resulted in a marked increase in the ascorbic acid con-
tent of the adrenals, spleen, and more modest increase in other organs.
On the contrary, Taber and Larson (1964) showed that a group of female

gﬁinea pigs receiving every second day 15 mg ascorbic acid per kg body
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weight orally or subcutaneously and receiving during 12 days 10 mg
nicotine per kg body weight in their drinking water excreted urinary
ascorbic acid in a quantity not different from a control group re-

ceiving no nicotine.,

Effect of cigarette smoke and nicotine on the vitamin C status of animals

Venulet and his associates in Poland reported experiments with
animals on the effect of cigarette smoke and nicotine on vitamin C
(Venulet 1953, 195+; Larson et al. 1961; and Andrzejenski, 1966). Expo-
sure of mice to cizarette smoke for 20 minutes a day resulted in an
snereased urinary excretion of ascorbic acid during the first day, btut
a decrease to half the normal excretion in one week and to 1/10 to 1/20
in 4 months; there was a considerable decrease in the ascorbic acid con-
tent of the adrenals after exposure to tobacco smoke for 5-10 minutes
daily for 20 days. The tlood levels of frogs exposed to tobacco smoke
first increased due to the mobilization of ascorbic acid and then de-
creased after two weéks presumably due to incréased catabolism: the
greatest loss occurred in the adrenals, spleen, myocardium and lung.
Dansys and Skupinski (1955) reported that exposure of mice to cigarette
paper smoke first caused an increase in the excrétion of urinary vitaminC
after 3 days followed by a 50 per cent decrease lasting 10 days and 2
peturn to normal 1evels afterwards; picotine injection into the dorsal
1ymph sac of the frog during 12 days failed to show a significant effect
on the ascortic acid content of liver, hearf., brain, stomach and adrenals.
Thus cigarette paper per s€ or nicotine did not produce the same effect
as cigarette smoke. Experinents with rabbits (Lupn et al. 1954) showed

that exposure of robbits to cigarette smoke also resulted in a very
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rapid decrease in adrenal ascorbic acid (secretory respense) with a
return to normal within 24 hours (Wenzel and Eeckloff 1953).

Lupu .e_t_ al. (19%4) found that after acute exposure of guinea pigs
to cigarette smoke, the adrenals! ascordic acid content decreased by
40 per.cent in one hour, 40 per cent in one day and returned to normal
in two days. Evans et al. (1967) reported that a group of 15 male
guinea pigs dosed orally with 2 mg L-ascorbic acid per kg body weight
and exposed to cigarette smoke for two 10 minutesperiods daily during
28 days, had vitamin C levels (22 mg per cent) in the adrenals signifi-
cantly lower than a conbrol group (31,1 mg per cent) not exposed to
cigarette smokej however, the two groups had comparable levels of

vitamn € in the testis and liver.

The scooe and approach to the problems in relation to vitamin C and

cicarctie smoking

Although the studies discussed abeve indicated that cigarette smokers
had a lower vitamin C status than non-smokers, there was a need to confirm
this by well controlled studies and to investigate the reasons for these
differences.

Tn most of these studies only L-ascorbic acid was determined and dehy-
droascorbic acid, which has full vitamin C activity, was not included, It
is well known that if necessary precautions are not taken, L-ascorbic acid
can be easily oxidized on standing and that this oxidation can be accele-
rated by the presence of ca™ and nicotine (at alkaline pH). As discussed
in Part I, methods that deterrine L-ascorbic acid on the basis of the
decolorization of 2,6-dichloro'1ndophenol dye could introduce a positive

error due to reducing substances such as cysteine and glutathione and to
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other reducing substances generated in trying to reduce dehydroascorbic
acid before titration, Yost methods used to determine total vitamin C
with 2,4-dinitrophenylhydrazine on the tasis of osazone formation are
also subject to interference from sugars and diketogulonic acid (the
first product of oxidation of dehydroascorbic acid).

Before studying the vitamin C status of cigarette smokers and non-
smokers, it was decided to develop a specific practical analytical me-
thod (presented in Part I).

The first study, with humans was limited to 5 smokers and 5 non-
smokers, and attempted to find evidence for or against the indications
of 1ow‘er vitamin C levels of cigarette smokers and to investigate the
possibility of a different metabolism of vitamin C by cigarette smokers;
for this purpose blood and plasma vitamin C were measured before and
during a depletion period following saturation with vitamin C, and
urinary excretion of load doses was also measured,

The second study with humans involved 14 smokers and 14 non-smokers
with comparatle characteristics and dietafy habits, The purpose was not
only to confirm the results of the preliminary study indicating lower
vitamin C levels in smokers as compared £o non~-smokers, but also to rule
out the possibility that different intakes were causing the difference
in levels and to evaluate the magnitude of the effect, For this purpose
the habitual vitamin C intakes were correlated with the initial blood
Tevels and with the urinary excretion of load tests; the urinary excre-
tion of vitamin C from normal doses after saturation was also measured
in order to determine if smokers utilized the same intakes in the same

way as the non-smokers. The value of the load test to evaluate the
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vitamn C status of humans was estimated from the relationship of tlood
Tevels and per cent urinary excretion of a 1,1 g dose during 7 hours,
A third study was made with a different group of 5 smokers and .
5 non-smokers in order to compare the urinary excretion of L-ascorbic
acid and D-iscascortic acid which has only 5 per cent the vitamin C |

activity of L-ascorbic acid,

Finally the effect of nicctine and cigarette smoke ccndensate on
the vitamin C metabolism of the guinea pig was studied for the purpose
of elucidating the mechanism involved in the development of the lower
vitamin C status of cigarette smokers. In order to interpret the
results obbained, it was necessary to perform experiments to détermine

the mode of absorption of vitamin C given orally to guinea pigs.
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MATERTALS AND LETHODS

A. Zvaluation of the vitamin C status of cigarette smokers and non-smokers

Experiment 1

Ten healthy male subjects (five smokers and five non-snokers), who
were merbers of the Food and Drug Directorate in Ottawa, participated in
this study. The smokers were smoking from 15 to 50 cigarettes per day
with an average of about 30 cigarettes (Table I), The non-smokers were
only slightly older than the smokers. The weights of the smokers were
in general higher, but the effect of this factor cowld be circumvented
by expressing the data per ﬁg body weight., One of the five smokers con-
suned considerably more alcohol than any of the other subjects and was
responsible for the greater average alcohol consumption in his group,
The smokers consured significantly more caffeine mainly in the form of
tea or coffee, In the n§n-smoker greup, subject J consumed rmore caffeine,
than his partners and exclusively from "cola" drinks, The previous daily
vitamin C intake of the 10 subjects was evaluated from their declared
weekly consumption of foods and according to Heinz Nutritional Data (1960) .
Host of the smokers censumed about 40 mg of vitamin C per day except sub-
ject B, who consumed about 136 mg. The average for this group was 76 mg
as compared to 87 mg for the non-smokers who showed more variation in their
daily intake (43-16% mg).

The plan of the experiment is summarized in Table II, The object of
the experiment was to determine if there was any significant difference
between smokers and non-smokers with regard to vitamin C:

(a) in the levels of Ylood, plasma, and 24-hr urine specimens

prior to saturation (day 0);



TABLE I

Chardcteristics of five smokers and five non-smokers

L . * 3 K] (]
Subjects Age Wt (kg) Cigarettes/day PHQOSOH* /month caffeinet/day Vitamin C (mqg) /day
per kg body wt
Smokers
A 26 69.8 25-30 (FT) 2 (B) 4.5 0.86
B 38 63.4 20-25 (R) 30 (B) 7.5 2.14
C 30 90.6 15-20 (R) 2 (B + A) 5.0 0.74
D 21 63.4 25 (¥FT) 15 (B A) 5.0 0.90
! E 31 . 74.8 . 50 (FT) 3 (A) 7.5 0.82
O
wy .
1_* MEAN 29 72.4 27-30 10 6.0 1.09
Non-smokers
P 37 70.7 Nil 3 (A) 2.5 1.29
G 29 97.4 " 6 (A) 0.5 0.63
H 39 88.3 " 7 (B + A) 2.5 0.88
I 35 88.3 " 4 (B) 3.0 1.86
J 28 92.9 " 8 (B> A) 4.0 0.46
MEAN-. ~ 34 87.3 Nil 6 . 2.5 1.02
, -
* pr = filter tip. R = regular.
#%* B = refers to 1 pint of beer and A to alcohol equivalent to 1 pint of beer.
+ = Caffeine is expressed in terms of cups of tea or coffee.




TAZIS II

Titamin C intake and determinations during experiment

Intake . Days of deterrinations
Days  (gfday) ¥ Tlood % Plassa 2% hr Urine®

Presaturation 0 Nil 0 0
Sgturation 1-5 2 - 1-5
Desaturation 6 -18 Nil 8,11,18 -6,11,18

Resaturation 19 - 23 2 - 19 - 23

* Doses were divided as follows: 250 mg at I and 7,30 Fl, 550 mg
at <10 B, 250 mg at 7130, 10 and 12 A and at 2 30 P,

+ From 4 P,
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(b) 'm the retention and mzpdmal excretion in subjects while
receiving .2 ¢ of vitarin C for 5 days during the saturation period;

(¢) in the rate of loss in urine, blood, and plasma during the
desaturation period;

(d) and in the retention during resaturation with daily doses
of 2 g of vitamin C for 5 days.

During the whole length of the experiment, the subjects were on a
non-supervised, restricted diet, All agreed to abstain from aleoholic
beverages during the whole period since there are claims that it ecan
spterfere with the saturation by vitamin C (Durand et al. 1962). The
daily consumption of a medium-sized potato was permitted only during
the sz;turation periods, i.e, days 1-5 and 19-23, During the remainder
of the test, including day O, polatoes were replaced by rice, For the
whole period, no fruits or vegetatles were permitted, Preserved meats
such as bologna, weiners, and vacuum packed meats were not allowed .
since preliminary tests sndicated that they contained either L-ascorbic
acid or D-iscascorbic acid. Meats such as liver, kidney, or brain were
not permitted, Ko other restrictions were placed on the subjects. Urine
was collected from & FX (exclusive) on one day to 4 BM (inclusive) on the
next day. The urine was collected in glass'bottles containing metaphos-
phoric acid pellets in sufficient quantities so that, after dilution to
2 liters, its concentration was b per cent, Instructions were given to
keep the samples cool (about 10°C) at all times. Complete 24-hr samples
were kept frozen in polyethylene bottles until assayed (usually within

a few days). Blood specimens were collected at 9-9:30 AM with heparin

added as an anticoagulant and were immediately cooled and assayed on the
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same day by the 2,llr-d'mitrophenylhydrazine procedure deseribed in
Part I-Z, Blood and plasma assays were made before and after satu-

ration, but were not carried out during saturation tests since they

would have merely reflected the vitamin intake,

B};;_)eriment 2

A memorandunm for recruiting healthy subject was sent to all per-
sonnel of the Food and Drug Directorate in Ottawa; the protocol of the
experiment and the required restrictions were explained. Subjects who
had taken medicine during the preceding six months were not retained;
matching was done with regard to age, weight, sex, dietary and drinking
habits, Twenty-elght persons were selected from about 4.

During this experiment, restrictions consisted of avoiding fruits,
juices, fruit drinks, instant preakfasts, alcoholic beverates, aspirins
and laxatives. Controlled lunches and dimners consisted of 7.7, dinners
plus tread and cakes. Zgch person kept 2 complete record of all foods
and drinks consumed during the experiment, the design of which is shown
in Table III,

The subjects ate a T.V. dinner on the eve before the blood samples
were taken at 8¢ 30 AN vefore breakfast, Vitamin C was determined on the
day of sampling as described for Experiment 1.

On the next day at 8:30 A, the subject were given 1,1 g vitamin C
and a fairly high dosage of water soluble vitamins. They were told to
drink at least one glass of water every two hours. The per cent of the
dose excreted in the urine antil 4ib0 PY was measured, The same dosage
was given at 4:30 Pi and the urine collected until 8:30 AM the next day.

These vitamin doses were continued for 5 days without distary restrictions
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TABLE III

Experimental design

—_—_———
(=) 1 1 T.V. (PM). Dietary Nil
0 1 T.v. (PM) Fasting Blood (mg %)
1 2 T.V. 2x1llg % Loéd excreted
2 to-6 Regular 2x1llg (Saturation)

7 to 8 Regular Dietary (Desaturation)
9 to 11 2 T.V, Dietary (Desaturation)
12 2 T.V. Fasting Blood (mg %)

12 to 14 2 T.V. 2 x (57-95 mg) % Dose excreted

15 2 T.V. 2x1llg $ Dose excreted
215 -1 - - $ Load retained

* No foods or drinks containing vitamin C allowed after

7,7, dinners,
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in order to saturate the individuals, Restrictions were resumed during
the last 3 of the 5 days of desa.turation, and until the end of the ex-
.periment, After desaturation, blood vitamin C was determined, and the
excretion of vitamin C intakes ranging from 58 to 95 mg given twice a
day was measured for three days. The two 95 mg intakes included other

water soluble vitamins, Rinally, two loading doses were given in order

to estimate the vitamin C retained from the previous loads.

The average daily vitamin C intakes were based on all the informa-
tion supplied by the subjects and were evaluated by using focd tables
from “e:mz Tutritional Data (1960), amounts declared on labels of foods
and typical determinations of some vegetables such as boiled, mashed,

or fried potatoes and potato chips,

Experiment 3

This experiment consisted of comparing the urinary excretion of L-
ascorbic acid and D-isoascorbic acid by five smokers and five non-smokers
before and after saturation with vitamin C in order to determine the dif-
ferences :Ln ﬁhe urinary excretion of these isomers, The design of this

experiment was descrited in Part II-C.

B, Effect of nicotine and cigarette smoke condensate on the vitamin C

metabolism of cuinea pigs

Experiment 1

The mode of absorpti'on of L-ascorbic acid given orally to guinea
pigs was studied as follows. Eight male guinea pigs were given a rabbit
ration for two days in order to have a negligible vitamin C intake, At

the beginning of the test, the guinea pigs were weighing an average of
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350 5. Cne animal (control) was bled to death under anesthesia, and its
Ylood was kept for analysis. Thé castrointestinal tract was removed and
the gastrointestinal content was placed into a beaker containing 10 ﬁl

of 50 per cent metaphosphoric acid, The interio;' of the gastrointestinal
trach was wasked well with distilled water and the washings were added to
the same beaker, The content of the beaker was diluted to 250 ml, mixed
well, filtered and frozen until analyzed on the next cay, after a Lt
dilution with 2 per cent métaphosphoric acid. The stomach, small intes-
tine, and large intestine were weighed and sépara’cely extracted by tlen-
ding with 25 ml of cold 4 per cent retaphosphoric acid, and diluting to
50 ml with distilled water, The liver, heart, Xidneys and adrenals were
extra;ted with cold & per cent metaphosphoric acid, The frozen extracts
were assayed on the next day as descri:ed in Part II-A for the determina-'
tion of vitamin C and the counting of Cm. The other guinea pigs were
given orally 0.2 rl of an aqueous solution containing 8 mg L-ascorbic
acid and 2,78 pe L-ascorbic acid-l—Cll" (Eew England Kuclear Corp.). The
other animals were killed one at a time at the follom’.ng intervals after
being given 1.ascortic acid: 15, 45 and 90 min, and 3, 6, 9 and 12 hrs,

The analyses of the blood, gastroin’cestinal tract and content were as

desceribed above for the control,

Experiment 2

This preliminary experiment was designed to test the effect of nico-
tine (one of the main compenents of tobaceo), given orally with the diet
for 1 month, The cenirol group (4 guinea pigs) received ground guinea
pig pellets to which 1 per cent corn oil was added, and the experimental
group (4 guinea pigs) received the same diet which contained 3.88 mg

nicotine per 100 g added with corn oil.



- 163 -

Txperiment 3

Thirty-six guinea pigs, which weighed 380 g after having veen fed
for one week with a synthetic diet (described in rFart II-A) containing
0.5 per cent vitazin C, were divided into two groups of equivalent welghts.
Both groups were fed the synthetic diet without vitamin C for 3 weeks.
Twice a day (9 4 and 5 o¥), the controlled group recoived subcutaneous
injections of 0.9 per cent sodium chloride (0,2 ml), while the experi-
mental group received the saue injecticns containing 0.2 mg nicotine.

At the end of the experiment, one doulle injection was given to 12 animals
in each group followed by oral administration of 0,2 ml of an aqueous
solution containing 5 mg L-ascorbic acid plus 3.4 pe L-ascorbic acid-l-ClLF.
Each injected guinea pig was spmediately placed in 2 glass metabolic cage
as described by MacXenzie et al. (1959) in order to permit collection of
c;:‘-l"o2 and urine,

At the top of each <‘:age, one glass tube projecting from a rubber
stopper provided an air intake, while another tube was used to draw air
from the cage by means of a suction apparatus. The air dravm from the
cage was passed through 300 ml of an othanolanine and ethylene glycol
monoethylether 2:1 mixture (Teffay and Alvarez 1961), This efficlently

removed and retained CC2 from the air.

At periods of 1.5s 3» 6, 9, 12 and 2k hours, duplicate 1 ml samples
were removed from each flask containing the ethanolanine and ethylene-
glycol monoethylether miﬁure and were added to glass vials containing
15 ml of 2:1 combination of liquid scintillation mixture and ethanol
(Hayes and Gould, 1953)s The scintillation mixture contained 0.5 per

cent 2,5-diphenyloxazole (PPO), and 0,01 per cent 1,4-bis-2-( j—phenyl-



- 184 -

oxazolyl)-benzene (P0202) disso'lw{ed in ethylene glycol monomethyl ebher
and toluene (1:2) as described by Cﬁppy et al, (1963),

At the bottom of each cage, a comnecting apparatus equipped with a
stop cock leading to a flask containing 0.5 g of metaphosphoric acid
was used to collect the urine, Iwelve hours after L-ascorbic acid was
administered, the flask containing the urine was discomnected and repla-
ced by a similar flask for the remainder of the 24 hr period., In each
case, the urine was usually diluted to 25 ml and filtered. Duplicate
0.2 ml samples of diluted urine were placed in 15 ml of the scintillation
mixture descrited by Cuppy et al. (1563).

The CCp and urine samples were counted in a Kuclear Chicago Liquid
Scinti‘l'lation Counter model number 8401, system 703, The gate was set at
1150 and data at 1050, The per cent efficiency of known amounts (dpm) of
toluene-Cll" slotted against the Channels ratio 'Base to 4.1' over 'Ease to
9,9" was used to.obtain the efficiency of the samples. Normally, the ef-
ficiency was about 50 per cent for counting Cluoz and about 40 per cent
for cl¥ from the urine, All radiotracers neasurements of the Channel
'Base to 0.9" were rade to have an accuracy equivalent to 1 per cent
standard deviation.

The Clu content of the blood and organs of guinea pigs were determined

as described in Part I1I-A.

Experiment L |
Because of the possibility that the scorbutic state of guinea pigs

might have masked the effect of nicotine on the utilization of a dose of

I-ascorbic acid, another study was made on the effect of injections of
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nicotine and cigarette smoke condensate (supplied by Dr. F.Ce Bock,
Rosswell Pafk Yemorial Institute; Tuffalo, N.T,) on the utilization

of L-asco;bic acid by guinea‘pigs injected intramuiscularly or admi-
nistered orally with L-ascorbic acid, The guinea pigs used in this
study were fed the synthetic diet centaining no vitamin C, and re-
ceived intramuscular injections of 5 mg L-ascorbic acid every second
day for a minimum of 8 days before testing the effect of nicotine

and cigarette smoke condensate. At the beginning of the test, the
guinea pigs weighed an average of about 250 g. Because there were
only six glass metabolic cages available for measuring Cluoz, the
experiment was plamned to handle 6 guinea pigs (A-F) at a time after
two weeks of the following treatment: A, B and C received daily 2
"mg L-ascorbic acid orally while'D, E end F received the same dose

by intramascular injection. During one week, the guinea pigs received
subcutaneous injections as follows: 0.2 mi alcohol (A and D), 0.2 nl
containing 0,66 mg nicotine (B and E), and 0,2 nl containing 11 mg of
cigarette smoke condensate equivalent to 0.66 mg nicotine (C and F);
during the following week the dose was given twice per day, the first
dose in the morning as in the fipst week, and the second dose 3 hours
later. On the last day of treatment, a set of animals (4 to F) received
3 pe L-ascorbic acid—l-Clu plus amounts of L-ascorbic acid varying from
2 to 8 mg per set. The animals were jmmediately placed in individual
metabolic cages describe& abové for ExperimentIB. The c1”02 was measured
1.5, 3y 6, 9 and 12 hrs after administering L-ascorbic acid, and the
animﬁls were then killed, Analyses of the urine, blood and organs were

performed as described in the previous experiment,
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RESULTS

A, Svaluation of the vitamin C status of cigarette smokers and non-smoxers

Eggeriment 1

As shown in Table IV, all the smokers had a low vitamin C level in
plasma and tlood (0,29 and 0,30 mg per 100 ml, respectively), compared to
_ the non-smokers (0.66 and 0,73 mg per 100 ml), Three days after the satu-
rating doses of vitamin T were discontinued, the plasma and blocd vitamin
C levels of both smokers and non-smokers had reached about thevsame values
(0,9 mg per 100 ml for plasma, and 1 mg per 100 nml for blood), The vitamin
C content of plasma and blood of both groaps also decreased to the same
extent, 6 and 13 days after the discontinuance of vitamin C. After 13
days, the smokers were above their initial values, while the non-s&okers
were below theirs, Within about 10 days, there was a 50 per cent decrease
in the vitamin C content of blood and plasma of both groups, It was not
possible to detefmine dehydroascorbic acid in whole blood because ascorbic
acid was oxidized to dehydroascorbic acid during acid extraction (kellie
and 7ilva 1936). Plasma dehydroascorbic acid was determined and yielded
mean values of asout 0,1 mg per 100 ml in both the smokers and the non-
smokers before or after saturation. Because of the lower vitamin C content'
- of the smokers before saturation, the proportion of dehydroascorbic acid
was 20 per cent compared to 12 per cent in the non-smokers.

Data of the daily urinary excretion of vitamin C are summarized in
Figare 5. Prior to saturatlon (day 0) and on the second and third day

after discontinuing L-ascorbic acid (days 7-8), the smokers excreted only

about half the vitamin C excreted by non-smokers.. The maximum difference -

in the excretion of vitamin C occurred during the first day of saturation
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TABLE IV

Vitamin C* in blood (Bl) and plasma (Pl)

of 5 smokers and 5 non-smokers

Smokers Non-smokers P
Presaturation
Bl 0.30 + 0.09 0.66 + 0.21 <0.01
Pl 0.29 + 0.08 0.72 + 0.29 <0.05

Three days after saturation

Bl 0.92 + 0.17 0.88 + 0.08 NS

Pl 1,04 + 0.15 0.98 + 0.12 NS
six days after saturation

Bl 0.69 + 0.16 0.67 + 0,07 NS

Pl 0.80 + 0.16 0.84 + 0.15 NS

Thirteen days after saturation

Bl 0.46 + 0.04 0.44

1+
1+

0.07 NS

Pl 0.46 + 0.07 0.47 + 0.10 NS

* Vitamin C and S.D. are in mg per 100 ml.
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with 2 g of L-ascorbic acid, As shown in Table V, the smokefs excreted
only 167 rng, i.e. about 23 per cént of the 740 mg excreted by the non-
smokers. 'Such a difference was not found during the first day of the
resaturation period (day 19) when the smokers excreted 610 mg, i.es
about 85 per cent of the 700 mg excreted by the non-smokers. On the
second day of the first saturation pericd, the excretion of vitamin C
by the smokers rose to ebout 75 per cent thai of the non-smokers and
from there gradually to above 85 per cent. The mean saturation excre-
tion calewlated from the last two days of saturation (days 4 aﬁd 5) and
resaturation (days 21 and 23) was 1,46€ mg for the smokers and 1,679 mg
for the non-smokers, a difference of 211 mg or 13 per cent, As shown
in Figure 6, on days 7 and 8 (the second and third day after disconti-
nuing L-ascorbic acid doses), the percentage excretion by the smokers
dropped to about 50 per cent that of the non-smokers. During the next
three days (day 9-11), the percentage excretion of the smokers increased
linearly to 90 per cent of that of the non-smokers.

The relative retention was estimated in a manner similar to that
described by Lowry et al. (1946) by suitracting the daily excretion of
+he first 3 days of saturation and resaturatiop from the mean saturation
excretion, and the results are given in Table vI. During the first pericd,
the smokers retained 1,79% mg and the non-smokers retained 1,164 mg, thus
giving a difference of 630 mg. In the second period, after being 13 days
on a restricted diet containing practically no vitamin C, the smokers
retained about the same amount as the non-smokers (1,264 mg vs. 1,312 ng) s

but 530 mg less than in the first period, while the non-suokers had re-

tained 148 mg more.
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TABLE V

Da}ly urinary-excretion of vitamin C* on an intake

of 2 g of L-ascorbic acid

Intake Day smokers Non-smokers Difference P

Initial saturation period

2 Cm 1 167 + 124 740 + 259 573 K0.01
" o 1151 + 105 1514 + 287 363 <0.05

115 1617 + 146 341 ¢0.01

" 3 1276 +

" 4 1454 + 124 1667 £ 210 213 NS

" s 1455+ 98  1771%132 316 <0.01
Nil . 6 467 + 70 535 + 217 68 NS

Resaturation after 13 days on deficient diet

26m 19 610 + 178 700 + 61 90 NS
" 0 1170+ 237 1383 xlad 202 NS

" 1 1342 4 269 1640 x 200 298 NS
4y 1525 + 156 1627 £ 165 102 NS

" s 14174302 lea9 ¥ 128 2% NS
Mean-S* 1463 * 141 1679 + 131 206  £0.05

% Vitamin C and S.D. are expressed in mg per day.

+ Mean-S = days 4 % 5 + 22 + 23.
4
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s . * . . . .
Delative retention of ~itamin CT by smokers and non-smokers during

saturation (4) and resaturation (E) perivis of 5 days

Smokers Non-smokers Difference P

A R 1164 61k 630 NS
B oyt 1312 T 280 (=) 48 §S
E - 530 b g2 18 L 365 678 0,05

* Delative Tetention = (3 x mean saturation excretion per day)
- excretion on the sipgh 3 days on 2 of vitamin C per day;
where the nean saturation excretion 35 derived from the last
2 days on 2 g of vitamin C.

+ Vitamin C and §.,D. are eypressed in mg.
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Values for absolute retentipn given in Table VII are more exact than
those for'relative retention because they include continued vitamin €
excretion of the saturating doses during the I days after discontinuing
these doses. The vitamin C excreted during the first 9 days of the first
saturation period corrected for blanks (day 0), was subtracted from the
total possible excretion (also corrected for blanks), during 5 days by
subjects already saturated by a continuous intake of 2 g per day. The
mean absolute retention in mg of vitamin C per kg body weight was 18.45
for smokers and 5,2 for the non-smokers. Subject J (non-smoker) had a
high retention of 19,46 mg, which was in accord with his low vitamin C
levels in blood and plasma. The retention by the other non-smokers varied
from 0.46 to 3.85 mg, while the range in all the smokers was from 8,91
to 27.7 mg. Subject B (smoker) who had the highest vitamin C intake of
the subjects in his group, retained less vitamin C than they did, but he
retained much more than four of the five non-smokers. Since absolute
retention per se comprises both intake and smoking effects, the intake
was dissociated by mltiplying the absolute retention by the individual
intake and dividing by the mean intake of all subjects, This corrected
retention, although somewhat arbitrary, represents the smoking effect
more accurately., The mean values of corrected retention (17,36 mg per
kg body weight for the smokers and 3.25 for the non-smokers) were sta-
tistically different (PS 0.25).

thile on a restricted diet, the daily excretion of dehydroascorbic
acid in both groups varied from about 2 to 4 mg (10-30 per cent of the
total vitamin C content), but while receiving vitamin C doses, it varied

from 20 to 95 mg (1.5-6 per cent of the total vitamin ¢). The sample




TABLE VII
Absolutg retention* of vitamin C (mg/kg body wt) in smokers

and non-smokers

S———

;;;ject Absolute Retention i?iiigiz Ezzigiion '
B Smokers
A 19.28 15.64
B 10.67 21.54
c 8.91 6.22
D 27.70 23.52
E - 25.69 19.87
Mean 18,45 . 17.36
s.D. 8.52 6.87

Non-smokers

F 1.74 2.12
G \ 3.85 2.29
H 0.50 0.42
I 0.46 | 0.8l
J 19.46 ' 8.44
Mean 5.20 2.82
S.D. 3.62 3.25
P ' .10 £ 025

* Absolute retention = (excretion days 1 to 9) - (5X mean
saturation excretion)
Kg body wt

+ Intake factor = (Intake individual subject)/ (Mean intake of
subjects A-J) :
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blanks of all subjects when read .against standard blanks were giving
absorbanci?s too low to yield any significant amount of diketogulonic

acid,

Egeriment 2

Characteristics of the two groups are summarized in Table VIIL.
There was no significant difference with regard to age, weight, conswmp-
tion of tea, coffee, aleohol and vitamin C. The higher "colas" intake of
the smokers' group was due to two individuals taking about 8 "éokes“ per
day.

As shown in Table IX, before the load tests, vitamin C blood levels
of the smokers were significantly lower than thos of the non-smokers by
about 30 per cent, The smokers excreted significantly less of the first
vitamin C load than the non-smokers, indicating a creater retention, The
second load broduced no difference, After saturation and desaturation,
vitamin C blood ievels were higher and about the same Tor both zroups.
The amounts of vitamin C excreted from'the 10ad doses were also higher
than on the first day and there was no significant difference between
groups. According to the difference in excretion between the 8:30 A
1oads at the beginning and end of the experiment, the smokers retained
significantly mcre vitamin C. They also retained more from the L:30 FM
Joad, but the difference was not statistically significant because there
were several individual variations, By that time, the restrictions and
7.V, dinners were a turden, Cne smoker resigned on the last day of the

experiment and his non-smoker partner was excluded so that the values
for the excretion on the 1ast day for the retention were calculated for

13 subjects per group.
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Characteristics

TABLE VIITI

of 14 smokers and 14 non-—

smokers

Smokers Non-smokers
Mean + S.E. Range Mean + S.E. Range

Age (years) 33 + 3 18 - 50 - 35 + 3 i8 - 49
wt. (lbs.) 158 + 7 104 - 197 158 + 6 130 - 190
cigarettes/day 31 + 4 8 - 68 - -
Years (cig.) 12 + 3 3 - 34 - -

Tea & Coffee’ /day 3,0 + 0.7 1 -8 2.5 + 0.5. 1 - 6.5
colas™/day 0.7 + 0.7 0 - 8 0.4 + 0.2 0 -2
Alcohol’/month 15.3 + 6.5 0.5 75 13.0 + 5.3 + 0 = 60
vit. C (mg/day) 93 + 13 30 - 177 89 + 11 35 - 182

* Cups.

+ Average drinks.
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- Vitamin C in blo

TABLE IX

od and excretion of 1.

1l g doses (+ S.E

Non-smokers

Day sSmokers P
Blood (mg %) o* 0.42 + 0.06 0.60 + 0.05 £0.05
Excreted (%) 1t 10.0 + 2.5 20.1 + 3.5 <£0.05
Excreted (%) 1** 24.4 + 3.6 26.5 + 4.4 NS
Blood (mg %) 12* 0.88 + 0.05 0.81 + 0.04 NS

 Excreted (%) 15t 25.6 + 2.5 27.6 + 2.5 NS
Excreted (%) 15™" 41.7 + 4.4 35.4 + 3.4 NS
Retained (%) 15% - 1 14.9 + 3.6 5.9 + 2.1 £.0.05
Retained (%) 15% - 1 14.5 + 4.1 6.9 + 4.3 NS
* Fasting; +g8:30 AaM dose; *%*4:30 PM dose.
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In order to ascertain that the initial lower vitamin C levels of
the smokers were not due to the difference in the intakes, regression
straight lines fitting of the relationship between intakes, initiel
Blood levels and excretion of the first load were dene, Figure 7 shows
the best straight line fits, from the 1east square point of view, of
the intakes as related to blood level. The slopes are obeiously dif-
ferent, The correlation coefficient was significant for the non-smokers
but not for the smoxers.

The women (3 smokers, 3 non-smokers) did not appear to have a
vitamin C pattern different from the men. Therelwas no apparent rela-
tionship between the blood lavels and the number of clgarettes smoked
or the number of years of smeking. Consuming large quantities of cokes
showed no effect on the tlood and intake relationship. Three volunteers
who had quit cigarettes 3-6 months earlier had tlood and intake rela-
tionships in line with the other non-smokers,

As shown in Figure 8, the relationship between vitamin C intake and
per cent excretion of the first load test showed abouﬁ the same pattern
for the difference tetween the two groups ‘and the same correlation coef-
ficient as was obtained for blood levels.

Figure 9 shows a good.relationship between blood levels of all the
subjects and excretion of the first 1oad test, The correlation coeffi-
cient 0,73 was highly significant, A regressioh straight line analysis
showed no difference between Eroups.

The urinary excretion of thiamine and riboflavin 1oeds (15 and 10 -

ng respectively) indicated no difference between groups. Although the
smokers excreted less pyridoxic acid from 5 mg of vitamin Bg, the dif-

ferences wers not statistically significant,
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Table X shows the percentage excretion of 58 to 95 mg doses of
vitamin C given twice a day after the desaturation period. The ex-
cretion of the first dose was low for toth groups but from all the

other doses the smokers excreted acout 40 per cent less vitamin C

than the non-smokers.

Ezgeriment 3
The results of this experiment were reported in Part II-C., It

was showun that cigarette smokers excreted less L-ascorbic acid and
D-isoascorbic acid than non-smokers after receiving 75 mg doses of

these compounds.

B, ZEffect of nicotine and cigarette smoke condensate on the vitamin C

metabolism of guinea pigs

Experiment 1

As shown in Figure 10, about £0 per cent of L-ascorbic acid given
orally to a guinea pig was recovered in the gastrointestinal content 15
minutes after being administered; at the same time, about 60 per cent of
Clu’ from administered L-ascorbic acid-l-Clu was found in the gastroin-
testinal content, Forty-five mnutes after oral administration only
about 33 per cent of the l-ascorbic acid dose was recovered in the gas=
trointestinal content while the percentage c;i‘ C-'m was twice that amount,
The percentage of L-ascorbic acid decreased to less than 4 per cent after
1% hrs, but the percentage of Clll' did not decrease below 65 per cent
until 3 hours after administration of L-ascorbic acld-l-C‘w' 8ix hours

after administration, the percentage of Cll} had decreased to about 7

per cent,



TABLE X

Per cent excretion (+ S.E.) of vitamin C intake after

saturation
Intake Smokers Non-smokers P
58 mg* 11.4 + 1.6 14,4 + 2.8 NS
61 mgt 17.9 + 2.8 27.8 + 3.4 <0.05
95 mg* 12,3 + 2.1 25,6 + 3.4 <0.005
95 mgt 25.6 + 4.2 39.4 + 2.7 <0.01
62 mg” 28.3 + 4.3 43.1 + 5.1 <0.05
61 mgt 38.2 + 5.2 66.0 + 7.6  <0.005

% 8:30 AM T 4:30 PM
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In the tissues of the small intestine the maximal uptake of L-as-
corbic acid (7 per cent) and of 'C]'LL (14 per cent) occurred i&S minutes
after oral administration, Thereafter, the loss of C:m was more rapid
than that of L-ascorbic acid, '

In the tissues of the stomach-the uptake of L-ascorbic acid (about
4 per cent) and Clu' (about 2,2 per cent) was maximal 15 minutes after

L

oral administration. Both L-ascorbic acid and C* decreased rapidly

thereafter.

As shown in Figure 11, about 2,6 per cent of the Clu (from the L-
ascorbic acid—l-Clu) was found in the tissues of the large intestine
after 45 minutes, and this amount decreased consta.ﬁtly to 0.4 per cent
after 6 hours,

The uptake of C:U+ by the liver rose gradually to about 1 per cent
of the dose after 6 hours, In the tlood, assuming a total volume of
25 ml, Clb rose gradually to 0.4 per cent of the dose after 13 hours
and then decreased to about 0,04 per cent after 12 hours. The plot of
Clu' in the Kidneys was similar to that of the bloed, but rqs;e only to
about 0,2 per cent of the dose. The maximal uptake of C]'LL by the heart,

spleen, or adrenals was about 0,02 per cent of the dose and occurred

after 3 hours.

Experiment 2

As shown in Table XI, results of this preliminary experiment indi~
cated that the vitamin C ‘:Levels of blood and several organs were lower
.:'Ln a group of It guinea pigs receiving nicotine in their diet then in a

control group receiving no nicotine,
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TABLE XI

. .k
Effect of nicotine treatment for 28 days on

vitamin C in organs®™

Organs With nicotine Control
Liver 3.7+ 1.0 5.6 + 0.6
Brain 10.7 + 1.7 12,9 + 1.7
Spleen 15.2 + 2.6 19.3 + 2.3
Adrenal 15.3 + 9.2 30.2 + 5.6
Heart 1.0 + 0.1 1.9 + 0.1
Kidney 1.6 + 0.1 3.2 + 0.3
Blood - v 0.21+ 0.005 0:26 + 0.03

* 3,88 mg dissolved in corn oil per 100 g of ground guinea

pigs pellets.

'*.Mean values for 4 guinea pigs and S.E.

are in mg %.
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Experiment 3 :

. Guine.a pigs, which had received daily subcutaneous injections of
0,4 mg nicotine while being fed a diet deficient in vitamin C during 3
weeks, lost weight in a manner similar to the control guinea pigs re-
ceiving no nicotine, The organs' weights as shomn in Table XII were
also similar in both groups, except the spleen which was Jarger in the
nicotine-treated animals, The perceptage of Clu remaining in the organs
of guinea pigs one day after oral administration of 5 mg L-ascorbic acid
containing 3.4 pe L-ascorbic acid-l-cm, was very small and was not sig-
nificantly different for both groups. On the other hand, as shown in
Table XIII, from 70 to 80 per cent of the ClL" was expired as 01”02 during
ol hours, but during that period no significant difference between the
two groups could b‘é observed, About 10 per cent of the CllL from L-as-
corbic acid-l-clu was found in the urine of guinea pigs in twenty-four

hours, tut there was again no significant difference between the two

Sroups,

Egeriment b
Tt is interesting to note in Table XIV that a two week treatment of

guﬁ.nea pigs, with 2 mg L-ascorbic acid given orally, resulted in vitamin
C levels similar to those obtained by intramaiscular injection of the
vitamin, There was, however, a higher incorporation of Cw in the spleen,
adrenals, brain and heart of guiﬁea pigs twelve hours after intramascular
injection of L-ascorbic acid-l-Clu than after oral administration.
Neither nicotine nor cigarette smoke condensate administered sub-
cut#neously had an effect on the total vitamin C content of guinea pigs’

organs, Table XV shows the effect of nicotine and cigarette smoke
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TABLE XIX

i * K .
Ef fect of nicotine treatment®* on I—ascorbic acid-1-cl4 (expressed as

per cent of dose + g.E.) in the organs of guinea pigs mmWHmﬁmm of vitamin C
for 3 weeks

Control Nicotine
Organ wt. (g) $ dose x 102 wt. (g) % dose x 102
Liver 11.4 £ 0.5 11.6 * 0.8 12.4 % 0.6 14.6 % 1.0
Kidneys 3.3 £ 0.1 6.4 % 1.5 3.3 £ 0.1 5.1 % 0.9
spleen 0.6 * 0.1 1.6 * 0.2 1.0v% 0.1 2.5 % 0.4
Adrenals 0.3 0.1 1.7 £ 0.1 0.3 £ 0.1 2.1 ¥ 0.2
Brain 3.3 £ 0.1 2.1 * 0.2 3.3 £ 0.1 2.2 t 0.2
Heart 1.1 * 0.1 0.8 % 0.1 1.1 % 0.1 0.9 % 0.1

* 0.2 ml (1L mg nicotine per ml 0.96 per cent NaCl) given daily intraperi-
toneally to 12 guinea pigs at 9 AM and 5 PM for 3 weeks: 12 guinea pigs
(controls) received 0.9 per cent NaCl only. i}

** 5 mg L-ascorbic acid containing 3.4 uc I—ascorbic mowmlHIOHb in 0.4 ml
H,O given orally.

Significantly different from control (P < 0.05).
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TABIE XTII

Effect of nicotine ireatment* on C‘w excreted as COy, ¢r in urine

(expressed as per cent of dosé I S.E.) after oral administration of

5 mg L-ascorbic acid (3.4 pe L-ascorbic acid-l—ClL}) to guinea pigs

previously depleted for 3 weeks,

¥aterial Hours Control Nicotine
COp 13 17104 .71 0,3
" 3 10,2 ¥ 2.3 7.6 t1,1
" 6 29,2 T bk 33.3 T Ll
" 9 47.8 £ 5,1 57.8 £ 4,3
" 12 57,7 14,7 67.3 1 3.9
n pi 0.0 £ 2,7 70,2 51
Urine 12 7.9 %12 59106
no ol 11,7 £ 2,0 9.2 + 1,0

* 0,2 ml (1 mg nicotine per ml 0,9 per cent NaCl) given daily

intraperitoneally to 12 guinea pigs at 9 A¥ and 5P for 3

weeks: 12 guinea pigs (controls) received 0,9 per cent NaCl

only.,
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-

TABLE XV
7itamin C in the organs of guinea pigs after two weeks treatment

with 2 mg L-ascorbic acid orally (o) or intramuscularly (1) and 12

hours after administration of Clb’ labelled vitamin C*

eight Titamin C 4 dose x 107
Organ (g) (mg %) (per organ)
Liver 12.8 £ 0,6 9.6 £ 0,9 39.0 £ 8,2
1.7 1 0.9 9,6+ 1.0 4.8t 3,2
Kidneys 33701 3.8 f 0.3 11,6 T 2.3
3,31 0.1 43%0.2 13,3 1 0.7
Spleen 1.1%0.1 15,0 1.7 4,0 * 0,6
0.9%t02  188%11L8 9.5t 0.6
Adrenals 0.28 £ 0,01 254t 3.1 3,9 £ 0,7
0.27 0,00 298 %40 10,4 £ 0.8
Brein 3.5 0.1 11.3 T 0.4 3,71 0.4
'-3&6 t 0.1 1201 -*-. 003 60"" i- oou'
Heart 1,1 0,1 2,3 £ 0.1 1.5t 0.2
1,2 70,1 3.3%0.2 3.6 10,2

* 711 guinea pigs received 3 pe L-ascorbic acid-l-ClL": in each
group, 3 animals received 2 'mg L-ascorbic acid, 2 received

4 mg and 5 received 8 mg.
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(el

TAZIE X7

3ffect of subcutaneous injections of nicotine and cigarette
smoke condensate on Clu (expressed as per cent of controls content*
+ 5.E,) in the organs, blood and urine of guinea pigs 12 hours after
administration of 2, 4 and 8 mg of C"U‘P labelled (3 pe) vitamin C to

guinea pigs.

Nicotine Cigarette Condensate

Specimen  C, oral (10)F  C, i.m (8)F C, oral (Ut ¢, i (8)F

Liver 61x¢ 10 w2 22 9 18 112 T 10
Kidneys 706 L 11 15t 8 - 89t15 16 11
Spleen T t12 1B I3k % * 17 125 % 14
Adrenals 8%  fah 160 ¥ 55 109 ¥ 25 108 £ 18
Brain goex + 8 111 12 120 £ 27 103 £ 13
Heart go=x * 8 871 9 | 98 t13 st o7
Blood gar T2 i 88 % 16 1 s
Urine pé*+ * 10 g7t 9 100 t 15 83110

*  Percentage caleulated for per cent of dose retained per 100 g,

‘+ Values between parenthesis indicate numcer of guinea pigs; these
include animals who received 2 mg 1abelled vitamin C (3 in each
group), 4 mg (2 in each nicotine group and 1 in each cigarette -
condensate group), other received 8 mg.

*% Significantly differéht from control group (P < 0,05).
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condensate on the incorporation of ol 14 guinea pigs' organs 12 hours
after administration of L-ascorbic acid-l—Clb'. The results were ex-
pressed as the percentage incorporated or excreted in comparison to
control animals, This way of expressing the results was selected
because the limited number of metabolic cages available permitted only
one animel of each group to be studied each day. The guinea pigs that
received L-ascorbic acid orally had a depressed incorporation of Clb’
(from L-ascorbic acid-l—Clu) when they were injected subcutaneously
with nicotine, tut no such effect was found after injections of ci-
garette smoke condensate, On the other hand, when guinea pigs were
given L-ascorbic acid intramascularly, there was usually an increased
incorporation of Clu' (from L-ascorbic acid-l-Clu), but the increase
was not statistically significant.

Tt can be seen in Table XVI that guinea pigs previously given
2 mg L-ascorbic acid daily, expired a considerable proportion of c1”02
from the breakdown of L-ascorbic acid-1-c* given orelly, The rate at
which C:"L"o2 was expiz;ed most rapidly occurred 1n the period 3 to 6
hours after oral administration, Yore than half of the CllP from L-as-

corbic écid-l-Cll‘ was expired 12 hours after oral administration. The

v vpattern of Cll"oz expired by these guinea pigs was comparable to that

obtained with depleted guinea pigs in the previous experiment. Intra-
msewlar administration of ;—ascorbic ;.1c:‘Lc1—1-C1lL produced about 20 to
25 per cent the amount of (‘,'-‘-L’o2 expired after oral administration.
Nicotine caused a marked ;'anrease in the amount of 01402 expired, part-
icularly fof measurements taken 3 and 6 hours after oral administration

of L-ascorbic acid-l-Clu', and cigarette smoke condensate caused a less

marked and statistically non-significant increase in the amount of
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TABLE Xl

Tefebt of subcutaneous injections of nicotine and cigarette smoke

condensate on C(}z--'l:uL (expressed as per cent of controls content T S.E.)

expired afler administration of 3 pe L-ascorbic acid-l—Cw

% dose Cigarette ¢
Hours Control Nic otine condensate
C, oral (10)t (1)
1.5 0.8 0.2 153 T 26 117 £ 186
3,0 7.2t1.2 269 £ ¥ 152t 28
6,0 28.77% 3.6 200 * 43« 152 1 39
9,0 43,9 t 4,1 158 + 27 133 £ 27
12,0 51,5 T b5 w5t 130 T 19
Cy 1om, (Nt @)t
1.5 0.5%0.1 2t 7 108 T 20
3,0 1.9 ¥ 0.1 %ut9 99 t 10
6,0 5,0 0.4 %t 9 108 * 10
9,0 . 7.7 1 0.6 102t 8 12 12
12,0 10.1 0,7 0t 9 12t

1 Values between parenthesis sndicate number of guinea pigs: these

ineclude 3 animals receivi
~ dosed with 4 mg vitamin C,
cigarette condensate group;

* Significantly different from control group (P < 0.05).

other received 8 mg,

ng 2 mg vitamin C in each group, 2 animals

2 in each nicotine group and 1 in each
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01”02 expired, Neither nicotine ncr éigarette smoke condensate affected

the amount of C:mo2 expired after intramuscular administration of L-as-

corbic aci:d-l-Clu.
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DISCUSSION

A. Svaluastion of the vitamin C status of cigarette smokers and non-smokers

The results ottained for vitamin C in blood and/or plasma in two dif-
ferent studies demonstrate a significant difference between the mean levels |
of smokers (about 0.3 to 0.4 mg) and non-smokers (about 0,6 to 0.7 ng)e
Similar results had been previously reported but the 1ack of proper control
or the use of rather non-specific methods of analysis in several of these
studies rendered most of these results rather sneonclusive, For example,
marmsen (19%1), had studied the blood ascorbic acid levels of the personnel
of three hospitals in Germany during World War IT and reported that 9 heavy
smokers had abnormally low tlood ascorbic acid levels but failed to indi-
cate if there were other heavy smokers with normal levels. Durand et al.
(1962), using & colorimetric 2-6, dichloroindophencl determination, found
that in general the plasma of the smokers had abtout half the ascorbic con-
tent of the non-smokers, Unfortunately, the normal range reported u.8 -
8.4 mg per cent) is much above the normal value of 1 mg which has been
reported by several authors (Clemetson a.nd Andersen, 1967; Stewart et al.,
1953; Saker, 1967; and Pearson, 1967), It seems unlikely that this dif-
ference was due to jpterfering reducing substances but, if this was the
case, the results would indicate a lower 1evel of reducing sutstances in
the smokers; it seems more 1ikely that the higher normal values are due
to either miscalculation—s or improper standardization. In studies on

'60 medical students by Venulet (1953), blood ascorbic acid levels of

smokers were in the range of 0.6 and 0.9 mg, while those of non-smokers

were in the range of 1.0 and 1.2 mg. Similarly, Dietrich and Euchner
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(1960) reported the following average values for ascorbic acid in tlood
plasma; 0.9 mg (55 smokers) and 1.32 ng (20 non-smokers), Calder et al.
(1963) , i‘;om the Teecham Croup in Sngland, cbtained vitamin C values of
0.52 mg for 31 smokers of 15 cigarettes or more a day, and 0,91 mg for
91 non-smokers; similar results were published by Grook and Grimshaw
(1968) from the Teecham Group also. The various workers cited above
have found blood and plasma vitamin C levels higher than those in the
present studies, but a similar difference between smokers and non-smokerse
In view of the specificity of the analytical method used in the present
study, and the care which was taken to prevent loss of vitamin C in the
blood samples, and to avoid the interference due to the recent dietary
intake, it can be concluded that cigarette smokers have blood vitamin C
1levels lower than those of non-smokers.

Tt could be argued that blood vitamih C levels do not necessarily
reflect the vitamin C which is incorporatéd into the various organs of
the body. The vitamin content of white blood cells (W.3,C.) may be a
good index of body stores tut, as already described, su;:h a3 determination
is difficult (Griffiths, 1968), The retention of vitamin C from large
doses of L-ascorbic acid would be expected to vary inversely with the
initial levels of vitamin C in the organs, and the urinary excretion of
a test dosé should be proportional to the levels in the organs. The
present studies did show a good correlation between urinary excretion of
vitamin C aftér 2 test dose and the blood vitamin C levels (Figure 9).
The cigaretie smokers were found to excrete significantly less of a test

dose than non-smokers before but not after a saturation period with

1-ascorbic acid.
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Relative retention values, estimated in a manner similar to that of
Lowry et al., (1946), are useful in showing a difference between groups;
this was determined in the first study and it was found that smokers
required 630 mg more than non-smokers to become saturated. In the same
study, the absolute retentions from the saturating doses were inversely
proportional to the basic blood and plasma levels and showed a signifi-
cant difference between the two groups when the effect of previous vita-
min C in‘c..ake was taken into accoumnt., In the second study, the smokers
retained significantly more I-ascortic acid from the first load test
than the non-smokers., The greater retention of vitamin C by the smokeré
is in accord with results reported by Rupniewska (1965) in studies with
26 old men from a State Yome for Pensioners, They found a decreased exs
eretion of vitamin C in the urine of 1t cigarette smokers (about 60 per
cent the amount excreted by 12 non-smokers) during 4 hours following an
intravenous injection of 500 mg of vitamin C. Tt 45 difficult to explain
the results of Taber and Larson (1962) who reported that a group of 45
smokers and 45 non-smokers excreted in the urine amounts of ascorbic acid
not significantly different after receiving a 500 mg loading dose of L-as-
corbic acid,

Tt can be concluded that cigarette smokers in general not only have

lower blood vitamin C levels tut aiso have lower body stores of the vita-

mn, The cause of this could be due to a different utiiization of vitamin

c 6r to a different intake.

Calder et al. (1963) and Brook and Grimshaw (1968) had stated that

an approximate assessment of the £00d habits of the volunteers partici-

pating in their studies did not indicate that differences in intake of



- 199 -

vitamin C between smokers and nog-smokers were causing the differences
in bleed v.itamin ¢ levels, TIn the first study reported above, the
initial difference in vitamin C levels vetween smokers and non-smokers
could not be attributed to a difference in the intakes, since these
were comparable, In the second study also, both groups héd comparable
vitamin C intakes, Furthermore, as shown in Figure 7, the slopes rela-
ting vitamin C intakes and blood levels were obviously different for
the smokérs and the non-smokers. According Ito thése slopes, the smokers
would have needed about twice as much vitamin C as non-smokers in crder
to maintain comparatle levels. The correlation cosfficient was signifi-
cant for the non-smokers, tut not for the smokers. This indicates that
a fair prediction of the blood levels of non-smokers from thelr intakes
would be possivle, but predictions for the smokers wowld be misleading.
The relationship of the vitamin C intakes with the percentage excreted
after a load test gave 2 pattern similar to that obtained with tlood
levels. This furthef indicated that the 10ad test was useful in evalua-
ting the vitamin C status.

On the basis of the above discussion, the lower vitamin C levels
 found in the cigarette smokers were not due to lower vitamin C intakes.
Tn order to develop lower vitamin C levels, the smokers would need to
either utilize more vitamin C or to have less vitamin C available for
utilization than the non-_smokers although receiving the same intakes.

A sigpificant difference in the wtilization of vitamin C by the organs
and tissues of the smokers appear unlikely because, as shown in Table i‘! ’
s and 5 non-sriokers were placed on & deficient diet for 13

when 5 smoker

days, the blood and plasma levels of both groups decreased at the same
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raﬁe and there was no significant differencé in the subsequent retention
of vitamin C from 'load tests.

The Host likely explanation for the lower blood vitamin C levels of
the smokers wouwld be that less vitamin C is effectively availacle to the
smokers receiving intakes comparable to those of non-smokers. This hypo-
thesis is directly supported by urinary excretion data, In the first
study, the 5 smokers showed a tendency to excrete less of L-ascorbic acid
doses, particularly on the second and third day after the saturating doses
were discontinued, In the second study, after the saturation and desatu-
ration period, the smokers excreted about 60 per cent of the vitamin C
excreted by the non-smokers following doses ranging from 58 to 95 mge In
the third study, after saturation with loading doses of L-ascorbic acid,
the smokers again excreted 1ess vitamin C than non-smokers following 75
mg doses of L-ascorbic acid; they also excreted less D-iscascorbic acid
than non-smokers following 75 mg doses of D-isoascorbic acid, Since it
is recognized that D-isoascorbic acid is poorly retained by vital oréans,
the lower excretion of D-isoascorbic acid by the smokers suggests that
the smokers have less D-isoascorbic acid available to the body than the
non-smokers when receiving the same dose of this isomer.

The lower availability of ascorbic acid to smokers than to non-smokers
could be explained by & difference in the absorption process. More ascor=
bic acid could be oxidized to dehydroascortic acid or further degraded to
diketogulonic acid in the gastrointestinal tract of the smokers, due to the
secretion of some oxidative enzyme (such as ceruloplasmin jnvolved in the
£ serotonin which is nown to be released by nicotine), or

oxidation o

because of a different bacterial flora (although this is unlikely). Perhaps
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following absorption, there is a difierence in the ascorbic acid[dehy-
droascorbic ratio reaching the l:.'wer which favours the degradation of
vitamin C'in the liver. However, according 4o results of the fii'st
study, the urinary excretion of the dehydroascorbic acid by the cigarette
smokers was not significantly diﬁferent from that of non-smokers, and
neither group_excreted a significant amount of diketogulonic acid, which

is an oxidation product of dehydroascorbic acid.

B, Effect of nicotine and cigarette smoke condensate on the vitemin C

metabolism of guinea pigs

. Experiment 1

The mode of absorption of L-ascorbic acid by guinea pigs has been
clarified by the results represented in Figures 10-11, Fifteen minutes
after oral administration of L-ascorbic acid, about 80 per cent of the
dose was still present in the gastrointestinal content, At that time
the uptake of L-ascortic acid by the stomach was maximal while the uptaXke
by the small sntestine was maximal about 45 minutes after administration.
The small intestine was the major site for the upfake of L-ascorbic acid.
The uptake of L-ascorbic acid by the large intestine was also maximal

after 45 minutes but was 1less important that in the small intestine.

W

Looking at the amomt of L-ascorbic acid and C* in the gastrointestinal .

content, it is evident that there was massive destruction of L-ascorbic

acid in the per:"Lod extending from 15 minutes to one and a half hours after

- administration, but the product of degradation remained unabsorbed for up

to three hours. This massive destruction of L-ascorbic acid is certainly,

in addition to the short half-life of L-ascorbic acid in. guinea plg organss

a major cause for the higher requirement -of vitamin C by guinea pigs in
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comparlson to humans, It is pract:.cal 1y impossible to determine directly
the upta"e of non-latelled L-ascorbtic acid by the tlood and by the organs
of guinea pigs, However, the measurement of C"U+ in the body, after adri-
ristration of L-ascorbic aCid-14;u, is generally considered tc represent
L-ascorbic acid-l-Clu'; this seems acceptable in view of the fact that,.
01“02, the main product of oxidation of L-ascorbic aci d-l—ClL' is rapidly
expired, and that cxalic acid, the other breakdown product, is rapidly
excreted in the urine, The level of ¢ 45 the blood became maximal one
and a half hours after the administration of L-ascorbic acid-l-Clu, re-
mained nearly the same for three hours, and then started to decrease
gradually. The uptake of ol by the kidneys reflected that of tke tlocd,
but that of other organs except the liver and adrenals was maximal after
three hours. The uptake of Cw by the liver and the adrenals was maximal
after six hours only, and cccurred as the Clu content of the blood started
to decrease, In SUmmarys the L-ascorbic acid ingested by guinea pigs was
absorted 1o a relatively small extent in the stomach during about 15-30
minutes. Hughes and Lewis (1965) had concluded that the bulk of vitamin
C absorption occurred in the stomach, but they were measuring only the
appearance of vitamin C in the bloods The results of the present study
showed that appearance of vitamin C sn the blood was maximal only one
and a half hours after ingestion, The small intestine had the greatest
absorption activity with the maximom occurring somewhat less than one

at .that time, however, there had already been an

hour after ingestion;

extensive destruction of the yitamin C in the gastromtestmal content

and this destruction progressed until about one and a hali‘ hours after

ingestion, This contrasts with the results of Farmer et al. (1940) tho
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had found that about half of the vitamin C administered by stomach tube
was still present in the gastrointestinal tract 6 hours after administra-
tion; it seems possible that the way of administration could have caused

this difference.

Experiment 2

The value of this preliminary experiment was very 1imited since it
snvolved only 4 guinea pigs per group. The results indicated that nico-
tine given orally depressed the vitamin C levels of organs. However, it
was felt that oral administration of nicotine was too different from the
absorption of nicotine by the lungs as in cigarette smoking and that in-
gested nicotine might te metabolized differently and have an effect dif-

ferent from that of nicotine absorbed by the lungs,

To make gwinea Pigs breathe nicotine in a mamer similar to cigarette
smoking in humans would have required specially designed apparatus and
would have been too time-consuming. Because the absorption of nicotine
after subcutaneous injections had been reported to te rapid and efficient
(Travell, 1960), this mode of administration was selected, [icotine appa-
rently had no significant effect on the metabolism or turnover of vitamin
C because the nicotine-treated guinea pigs, when fed a vitamin C-deficient
diet, developed the symptoms of scurvy and lost weight at the same rate as

guinea pigs injected with saline, The incorporation of L-ascorbic acid-l-

. ‘ N .
C:th given orally to depleted guinea PLESs and the amount of Cl 0, expired

or Cll" excreted in the urine were not significantly affected by the injec-

tion of nicotine. These results were not considered conclusive because

scurvy might have masked the effect of nicotine.
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Experiment &

The study of the metabolisr.i of L-ascortic acid by guinea pizs
revealed {mex’pected results, & dosage of 2 mg 1-ascortic acid produced
about the same vitamin C levels, whether given orally or by injection.

Howsver, L-ascorbic acid—l—Cm yielded atout § times more Cll”Oz when

given orally than when injected intramscularly. In fact, the guinea

pigs that received L-ascorbic a.cid-’.L--ClL‘r intramuscularly incorporated

more C‘w after 12 hours than the guinea pigs that received it orally

(Table XIV). This suggests that, after the intramuscular injection of
L-ascortic acid-—l-Cm, the initial incorporation in tissue was greater.

This difference was not detectable when non-labelled ascorbic acid was

used,

Neither cigarette smoke condensate nor nicotine affected the tissues

of non-lavelled vitamin C level when L-ascorbic acid was given orally,

tut nicotine decreased the incorporation of clt from L-ascorbic acid-l-

011!« while the cigarette smoke condensate did not. According to analyses,
the cigarette smoke condensate injected supplied the same amount of nico-
tine as the injections of pure nicotine, The difference in the effect

may have been due to the less efficient absorption of nicotine from the

smoke condensate which produced deposits of matter under the skin. When

L-ascorbic acid.l_cll"' was given intramscularly, nicotine did not decrease

the incorporation of Clu’ but rather increased it (Table XV), and was

without effect on the amownt of clto, expived, However nicotine and

smoke condensate jncreased the amount of ClL"OZ expired when I-ascorbic

acid.]_-cll’ was given orallys This increase Was significant in the 3 to

. . . AL
6 hour period following the oral administration of L-ascorbic acid-1-C

to nicotine-treated animals (Table XVI) Undoubtedly, the breakdown of
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1-ascortic acid-l-clh to 01“02 is subsedhent to the breakdown of L-as-
cortic acid to an unidentified compound in the gastrointestinal tract
as found for Txperiment 1 in Part TTI-D., As mentioned garlier, the
question whether L-ascortic aLci.d-l-Cl"L can yield significant 01402 in
humans rerains unsettled, If 1-ascorbic acid-l-clu did break down
significantly to Clhoz sn humans, this could be the route by which
cigarette smokers make a less efficient gtilization of their vitamin
C intake, If humans do not break down L-ascorbic.acid-l-clu into a
significant anmomnt of W,y it would still appear very Jikely that
a significant proportion of their L-ascorbic acid intake of cigarette

smokers could be degraded in the intestinal tract or by the liver, as

mght occur if a greater proportion of dehydroascorbic acid reached

that organ.
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GENERAL CONCLUSIONS

A rapid, accurate and specific analytical method was needed in
6rder to obtain conclusive data on vitamin C nutrition and metabo-
lism. The new method, pr;sented'in this thesis, can measure L-as-
corbic acid and dehydro-L-ascortic acid separately or together
(total vitamin ¢), and is not affected by substances causing inter-
ference in other putlished methods.

By modifying a chromatographic procedure for separating L-as-
corbic acid, and D-iscascortic acid, it was possible to ascertain
that the D-iscascorbic acid specimen used contained no L-ascorbic
acid and that the effects obtained were due only to D-isoascorbtic
acid,

‘The different rates of osazones formation of L-ascerbic acid
and D-isoascortic acid were used to quantitatively determine and
gifferentiate these two isomers, This provided essential methodo-
logy for the study of the antiscorbutic activity and metabolism
of D-isoascorbic acid.

Tt was demonstrated that D-iscascorbic acid definitely has
antiscortutic activity, The organs of guinea pigs retain this
isomer but not as well as L-ascorbic acid. This difference, how- .
compensated by feeding daily 20 times more of the

ever, can bve

isomer. D-isoascorbic acid also accelerated the 1oss of L-ascor-

bic acid from guinea pigs. There appeared to be some retention

of D-iscascorbic acid by humans, specially when they had a lower

vitamin C status,
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Tt was found that cigarette smokers receiving a vitamin C intake
sizilar to that of non-smokers fetained less of the vitamin in their
organism &ut utilized the vitamin C retained at the came rate as non-
smokers.

A very important aspect of the vitamiﬁ C nutrition of gzuinea pigs
has been clarified: there is an intensive destruction of the vitamin
in the gastro-intestinal tract,

Although it is difficult to extrapolate the results obtained
with guinea pigs to man, it seemspossible thal nicotine is the cause -
of the Llower vitawin C status of cizarette smokers.” In guinea pigs,
nicotine caused less incorporation of Clu and an increase in 01“02

after oral inzestion of L-ascortic acid-l-Cla.
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CLATMS TO ORTGINAL FINDINGS

A highly specific original aﬁd relabively simple method for the
deteréination of L-ascorbic acid and dehydroascorbié acid separa-
tély or together (total vitamin C).

The chromatographic separation of cne part of L-ascorbic acid in
presence of 100 paris D-isocascortic acid,

The first quantitative ﬁethod for differentiating L-ascorbic aéid
and D-isoascorbic acid,

The proof that D-isoascorbic acid can be incorporated into guinea
pigs organs. |

The demonstration of gmore rapid loss of L-ascorbic acid from the

organs of guinea plgs fed D-isoascorbic acid than from normal

guinea plg organs.

A conclusive proof that D-isoascorbic acid has complete antiscor-
tutic activity for guinea pigs.

The demonstration thal humans having lower vitamin C status can
utilize some D-isoascorbic acid.

Conclusive proof that, (a) cigarette smckers have lower vitamin C
status than non-smokers, and that (b) this lower status is not

due to a poorer vitemin C sntake but to a less efficlent utili-
zation of normal intakgs.

The demonstration that: (a) there is massive destruction of vitamin
C in the gastro-intesfinai tract of guinea pigs, and that (b) the
small intestine is the major éite for the absorption of the vitarin,
Tyidence that nicotine injections (a) do not affect the utilization
of the vitamin C stores of guinea pigs, but (b) cause 2 decreased

jneorporation of C"mr into organs and an snereased production of

C1“02 arising from L-ascorbic acid—l—ClA given orallys





