o T R —

332 THE BRITISH

JOURNAL OF

June 1963

CLINICAL Vol 17, No. &

PRACTICE

Scurvy, Megaloblastic Anaemia and Osteoporosis

D. E. HYAMS¥, M3, mrep & E. J. ROSS, pu.n, MD, MRCP
University College Hospital and Medical School, London, England

Clinical scurvy in the adult is uncommon
in this country so that the opportunities for
observing its complications are infrequent,
One of these, megaloblastic anaemia, is well
recognized, but osteoporosis of a degree suf-
ficient to produce crush fractures of verte-
brae is rarc. This paper records observations
on a patient with scurvy complicated by
megaloblastic anacmia and osteoporosis who
was treated with vitamin C as the sole medi-
cation,

Case History

Mrs. D. K., a housewife aged $4, was admited to
University College Hospital (St. Pancras Hospitaly on
30th June, 1959. She had been well undil a year before
adimission. Low back pain then develaped and later
she experienced cramps in the calves and difficulty in
witlking. Her ankles then became swollen, Extensive
ccchymoses appeared on the lower limbs two wecks
before admission, The patient thonght that she had
lost 8-4 inches in height in the past year, during
which she had attended another hospital for low back
pain. She had heen provided with a plaster cast, and
later @ spinal hrace. but these appliances had made
her back stiffer and she had refused further treatment.
She had also consulted an osteopath.

The day before admission to hospital she had deve-
loped very severe lumbar pain, ‘like a knife in my
back”; her hushand volunteered the information (hat
the pain had been so severe that she had threatencd
to put her head in a gas oven.

The patient was menopausal, menstruation having
ceased at the age of 50. In her past history she had
diphtheria at the age of 18, hut nothing else of note
apart from the exanthemata of childhood.

The patient’s husband’s place of work was 40 miles
away from home. He left at a very early hour in the
morning and returned home Tate ac night. The patient
fele lonely and neglected and did not trouble to pre-
pare cooked meals for herself. A dietary history showed
that the patient’s diet had been very deficient of vita-
min ¢ for about § years, although her intake of cal-
cium and vitamin D had been reasonable (Table 1),
She had lived almost entirely on sandwiches. Vege-
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TABLE 1

Caleulated daily dietary intake of patieny

Calories 1540
Carbohydrate (g.) 212
Fat (g.) 59
Protein (g.) 10
Calecium (mg.) 566
Iron (mg.) 8
Yitamin C (mng.) 3
Vitamin D (L1.) 151

tables had rarely been caten since she always had meat
out of a tin, Fresh fruit was never caten. She said
that she ‘had bought a bottle of cod-liver oil last
winter” and had taken 6 ‘calcium’ tablets daily * for
a time’. She regularly took cascara and liquid paraffin
although her bowels were regnlar without them.

On Examination :

The patient was dirty, unkempt and garrulous. She
complained bitterly of pain in her back. She looked
much older than her stated age. She was orientated
in time and space but repeatedly attributed her present
misfortune to ‘ radioactive dust in the atmosphere’.
She used frequent malapropisms.

She was clinically anaemic but not jaundiced. Her
skin was a dirty grey colour. Her legs were oedematous
and there were extensive ecchymoses over both legs,
feet and elbows. There were no haemorrhages on the
mucous membranes of her gums, which showed no
tendency to bleed.

Her heart was not enlarged ; cardiac rhythm was
normal and no murmurs were present. The blood pres-
sure was 130/80 mm.Hg. The peripheral pulses were
all present. The fundi were normal. No abnormalities
were detected in the vespiratory or alimentary systems.
She said she felt weak, but had no demonstrable motor
weakness or sensory loss. Extreme tenderness was pre-
sent over all lumbar vertebrae, Measurement showed a
loss of 81/y inches in trunk height, the crown-pubis
measurement being 30 inches, pubis-heel 831/, inches.
She had lost all her pubic and axillary hair,

Investigations :

Haemoglobin 7.68 grams per cent (520/y Haldane);
white cells 1,500 per cu.mm.; ervthrocyte sedimenta-
tion: rate 85 mm. in 1 hr.; ved cells 3,000,000 per
cunm.; mean cell volume 80cu.y; mean cell diameler
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7.2 w mean corpuscular haemoglobin concentration
33 per cent; packed cell volume 24 per cent; reti-
culocytes 3.4 per cent. The serum By concentration was
normal (860upg/ml). A seruin folic acid clearance
test was normal (70pg./ml 8 minutes after intravenous
dose of 15 ug/kg., 17 pg. at 24 minutes and 12 gg.
at 80 minutes after dose (Chanarin, Mollin and Ander-
son 1958). Folic acid ahsorption was normal. The bone
marrow was megaloblastic :

Neutrophils 30%
[losinophils 0.8%
Basophils 0
Lymphocyles 3.0,
Monocytes 0
Myeloeytes 2.2¢;
Blas! cells 1.4%
PMasma cells 105
Proerythroblasts 0.6%
Normaoblasts: carly 0.8,
intermediate 1.6
late 7.29
Megaloblasts: early 9.2%
intermediate 13.69
hate il

Megakaryoeytes not reduced

No evidence of haemosiderosis.

Plasma clectrolytes: Na 143; K 8.7; Cl 106 mEq.1;
HCO; 20 m.Mol/l. Blood urca 2Img. per 100ml.
Plasma calcium 8.2mg. per 100ml. ; phosphorus 2.7mg.
per 100ml.; alkaline phosphatase 8.3 K.A. units per
100ml.

Serum magnesium mg. per 100ml. Serum pro-
teins: total 5.9g. per 100ml.; electrophoresis of serum
proteins showed a low albumin and raised alpha,
and alpha, globulins. Serum  flocculation tests were
normal.

Fat balance (on intake of 60g. per day) 91.2 per cent
absorbed.

Vitamin A absorption test normal.

Augmented histamine test showed a histamine-fast
achlorhydria.

Ascorbic acid saturation test (after 700mg. given hy

29

s

TABLE
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mouth), 35mg. in 234 hr. (significance: over 50mg.
incicates saturation).

Phenolic acid chromatography of urine (method of
Armstrong, McMillan and Shaw 1957) showed the pre-
sence of large quantities of p-hydroxyphenylacetic and
p-hydroxyphenyl lactic acids, indicative of ascorbic
acid deficiency (Boscott and Cooke 1954).

N-ray of the lumbar spine showed osteoporosis with
hallooning of the inter-vertebral discs of L 1, 2, 3 and
4 and almost complete collapse of the vertebral body
at 1. 1. The dorsal spine also showed osteoporosis with
wedging of the mid-dorsal vertebrae. The skull, pelvis
and hands vadiologically werc not osteoporotic,

Ifospital Course

A diagnosis was made ol megaloblastic anaemia and

ostcoporosis due to scurvy. It was decided to treat the
patient with ascorbic acid only, since her intake of
calcium and vitamin D appeared to have been ade-
quate during the period when the vitamin C content
of her diet had been negligible. Treatment was com-
wmenced with ascorbic acid 500mg. daily and she was
placed on a normal ward diet.
The urinary excretion of ascorbic acid rose to 23mg.
in 211 hours by the sixth day, but then fell again to
Limg. in 2% hours. There was some doubt as to
whether the patient was taking her tablets of ascorbic
acid 3 these were therefore crushed, dissolved in water
and swallowed from then on in the presence of a
nurse.

The response of the haemoglobin concentration and
reticulocyte count is shown in T'able II. The daily
urinary excretion of calcium is shown in Table III.
After treatment with ascorbic acid for 31/, weeks mega-
loblasts were still present in the bone marrow. After
8 weeks' treatment the marrow still contained chro-
matin deficient normoblasts. Small numbers of these
cells were still present in the marrow after (reatment
for 11 weeks.

The patient’s back pain responded to bed-rest on a

n

Tlarmatological response to treatment swith ascorhue acid

' ‘ Hacmoglobin Reticnlocytes
Date Treatment ' conceniration )w Y Bone Mariow
g./100ml, © )
|
|
1. 7.59 Nil 7.7 | 3.4 ‘ Megaloblasts, 2455
10. 7.59 ' cid, 500my.[day ‘ 8.1 { i
13. 7.59 Ascorh vid, »00mg.jday 1.6 5.0 ‘
20. 7.59 Ascorbic acid, 500mg.[{day 9.9 | 2.2 !
24, 7.59 Ascorbic acid, 500mg./day 10.1 2.6 3till contains megaloblasts®
10, #.59 ‘ Ascorbic acid, 500mg.jday , 12.2 !
19. 8.59 | Ascorbic acid, 500mg./day ! 12.0 | 1.2
2.4, 8.59 } Ascorbic acud, 500mg./day ! 12,1 i 2.4 :
27. 8.59 Ascorbic acid, 500mg./day 12.7 1.0
31. 8.59 ! Ascorbic acid, 500mg./day 12.7 .0
7. 9.59 Ascorbic acid, 500mg./day 12.7 ! 1.0 ‘Chromatin-deficient normoblasts’
15. 9.59 ‘ Ascorbic acid, 500my./day 12.3 i ‘
28, 9.59 1 Ascorbic acid, 500mg.[day | 12.6 i |
26.10.59 Ascorbic acid, 500mg.[day i 12.4 ! ! ‘Chromatin-deficient normohlasts
i i still present’
18. 1.60 Ascorbic acid, 500mg./day : 13.4
14 3.60 Ascorbic acid, 100mg./day 13.8 '
12.12.60 Ascorblc acid, 100mg./day 13.9 |
13, 3.61 Ascorbice acid, 100mg.{day 15.4
i
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TABLE 1T

Urinary excrelion of ¢aleium in parient D.K.

Urinary caleium excrelion

Date . mg./2-thrs.
|

8.7.59 250
13.8.59 : 360
22.8.59 i 210

1.9.39 ! 280

8.9.59 i 250
15.9.59 160

fracture board and analgesics. Mobilization was com-
menced after 8 weeks. Some ankle oedema reappeared
when the patient was first on her feet ; this responded
to the administration of hydrochlorothiazide. She also
complained of burning feet at this stage. The ecchy-
moses cleared within two weeks of the commencement
of vitamin ( therapy.

A surgical corset was fitted and she was discharged
from hospital after 11 weeks. She wore the corset for
only a month as she said that this made her back stiff.
After discharge she adhered to advice as to diet, was
able to do more and more of her housework and to do
the shopping. She complained of stiffness in the back
but no pain, A year afterv discharge she complained of
cramps in the legs at night, which vesponded to treat-
ment with quinine. Two years after discharge her
haemoglobin concentration is 15g. per cent, she still
has some stiffness in the back, but no pain. She thinks
that she loses height during the day and puts it on
again during the night: her husband says that her
height is 1!/2-2 inches less at night than when she
gets up in the morning. Her height has not decreased
further during the past two years. She refuses to wear
a spinal brace.

Serial N-rays of the thoracic and lumbar vertebrae
showed that no further porotic changes occurred over
the two years of fnllm\'-up, but the bones have not
recalcified.

DISCUSSION

Anaemia in Scurvy

The co-existence of scurvy and megaloblas-
tic anaemia in this patient raises once again
the question of what part, if any, vitamin C
plays in haemopoiesis. This problem has been
repeatedly studied for over 40 years, and yet
no generally acceptable conclusions have been
reached. The subject is reviewed by Vilter,
Woolford and Spies (1946), Cartwright (1947),
Vilter (1947}, Brown (1951, 1955), Lind (1960)
and Cox, Meynell, Cooke and Gaddie (1962).

The first detailed account of an ‘anaemia
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of scurvy’ was given by Mettier, Minot and
Townsend (1930), but these authors also poin-
ted out that anaemia may be absent even
when scurvy is severe. Several workers have
since shown that vitamin C deficiency without
clinical scurvy is not associated with an in-
creased incidence of anaemia (Croft and Suorf
1939 ; Lui, Chu, Yu, Hsu and Cheng 1941 ;
Lozner 1941 ; Schulze and Morgan 1946 ;
Vilter et al 1946). Nevertheless, cases of scurvy
with anaemia which respond to the adminis-
tration of vitamin C alone, with no other
haemopoietic factor, continue to be described
(Parsons and Hawksley 1933 ; Parsons and
Smallwood 1935 ; Dunlop and Scarborough
1935; McFarlane 1936; Nisenson and Cohen
1937 ; Jennings and Glazebrook 1938 ; Par-
sons 1938; Young 1938; Kenney and Rapo-
port 1939 ; Braganca and Saha 1943 ; Vilter
et al 1946 ; C. Vilter 1947 ; R. Vilter 1947 ;
Brown 1951 ; Bronté-Stewart 1953 ; Brown
1955 ; Neilson 1960 ; Will and Murdoch
1960; Cox et al 1962 and the present authors).

In man, experimentally-produced vitamin
C deficiency has not been accompanied by
anaemia (Crandon, Lund and Dill 1940;
Bartley, Krebs and O’Brien 1953). This, to-
gether with the lack of correlation between
clinical vitamin C deficiency and anaemia, has
led some authors to deny that vitamin C is
necessary for mnormal haemopoiesis (Lozner
1941 5 Zuelzer, Hutaff and Apt 1949), but
Bronté-Stewart (1953) has suggested that anae-
mia is the last feature to appear in the clinical
picture of human scurvy, and that if the defi-
cient state had been more protracted, anaemia
might well have developed. Vilter et al (1946)
discuss the variability of the blood picture in
scurvy, and relate this to the interplay of the
several deficiencies which may co-exist.

This view is also taken by Constable (1960),
who was unable to produce anaemia in gui-
nea-pigs fed on diets deficient in vitamin C
but containing adequate amounts of other
vitamins and nutrients.

When anaemia does occur in scurvy, its
severity may bear no relationship to that of
the scurvy (Ungley 1938 ; Aron 1939 : Ralli
and Sherry 1941), though Proehl and May
(1952) and Bronté-Stewart (1953) did find
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such a relationship. The anaemia is usually
normochromic and normocytic, but if severe
it may be somewhat macrocytic ; occasionally
it 1s microcytic and hypochromic, especially
if there is much haemorrhage, but there is
no correlation between the extent of ecchy-
moses or external blood loss and the severity
of the anaemia (McMillan and Inglis 1944 ;
Vilter et al 1946 ; Brown 1951 ; Grusin and
Kincaid-Smith 1954).

The bone marrow has most often been de-
scribed as normoblastic (Mettier et al 1930 ;
McMillan and Inglis 1944 ; Vilter et al 1946 ;
Brown 1951), but it may be megaloblastic as
in the present case (Jennings and Glazebrook
1938 ; McMillan and Inglis 1944 ; Vilter et
al 1946 ; R. Vilter 1947 ; Bronté-Stewart
1953 ; Brown 1955 ; Neilson 1960 ; Will and
Murdoch 1960), hyperplastic (Mettier et al
1930 ; Bronté-Stewart 1953) or hypoplastic
(Harris 1928 ; Wolbach 1937 ; Israéls 1943).
Witts (1932) considered that vitamin G defi-
ciency led to a maturation defect in the bone
marrow.

The role of vitamin C in iron metabolism
has been studied by Moore and Dubach (1952)
and Moore (1955), and it has been shown to
potentiate  iron  absorption.  Experimental
chronic vitamin C deficiency in monkeys led
to iron-deficiency anaemia (Greenberg and
Rinehart 1955) which responded to combined
treatment with vitamin C and iron. It was
not clear whether the iron deficiency was due
to impaired absorption or utilization of iron,
or to blood loss alone, but Mouriquand
(1958) has reported defective mobilization of
iron from body depots in states of vitamin G
deficiency and Mazur (1961) reported a
marked inhibition of the incorporation of
plasma iron into tissue ferritin depots.

From time to time, the suggestion has been
made that haemolysis plays a part in the
anaemia of scurvy. This was first put forward
by Meyer and McCormick (1928) on rather
flimsy evidence. Vilter et al (1946) consider it
a possibility, in view of the common findings
of reticulocytosis and increased urobilinogen
excretion, but other workers explain these
features in a different way: reticulocytosis
may occur in scorbutic patients having bed-
rest alone, when it is presumed that the re-

duced metabolic demands allow what little
vitamin C remains in the tissues (see Pirani
1952) to be used for erythropoiesis ; and in-
creased urobilinogen excretion may be due to
purely extravascular haemolysis of red cells
lost into the tissues (Proehl and May 1952 ;
Bronté-Stewart  1953). However, Merskey
(1953) showed that the survival time of red
cells transfused into scorbutic patients is re-
duced, although he could not be sure that
the red cells of similar patients who were not
transfused were affected by a similar haemo-
lytic process. In one adult male with scurvy,
studied by Lind (1960), the red cell survival
time was estimated using 51Cr and the biologi-
cal half-life was found to be reduced to 10
days. In this patient the serum haptoglobins
were reduced, which, in the presence of nor-
mal liver function, was taken to confirm the
idea of a haemolytic process.

The incidence of megaloblastic erythro-
poiesis in the anaemia of scurvy is much dis-
puted. Zuelzer and Ogden (1946) and Amato
(1946) described a megaloblastic anaemia of
uncertain aetiology in infants. Folic acid had
a curative effect, Aldrich and Nelson (1947)
reported six similar cases, of whom three were
scorbutic ; ecach infant had been fed on a
similar diet of humanized milk containing no
vitamin C, and no supplement of vitamin C
had been given. May, Nelson, Lowe and
Salmon (1950a) later reported that addition
of vitamin C to this milk food had eliminated
megaloblastic anaemia of infancy from their
clinic. These authors considered that megalo-
blastic anaemia was often associated with
scurvy ; they cite as evidence the reports just
mentioned, and those of McMillan and Inglis
(1944) and Vilter et al (1946).

Cartwright (1947) showed that in species
which can synthesize ascorbic acid, diets defi-
cient in vitamin C do not produce megale-
blastic anaemia. Dyke, Della Vida and Delikat
(1942) described some cases of typical perni-
cious anaemia which did not respond fully to
liver extract until vitamin C was added. This
occurred on war-time diets and had a seasonal
incidence, being noted in the spring. Alt,
Chinn and Farmer (1939) reported a signifi-
cant reduction in plasma ascorbic acid in
pernicious anaemia. Minot (1943), however,
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was sceptical of these last two reports.

Holly (1951) found vitamin C of therapeu-
tic value in certain cases of megaloblastic
anaemia of pregnancy.

Proehl and May (1952) described the appea-
rance of megaloblastic anaemia in monkeys
as experimentally-produced scurvy progressed.
Brown (1955) described a man of 57 with
hepatic cirrhosis who developed scurvy and
was found to have a severe megaloblastic
anaemia. Treatment with synthetic ascorbic
acid alone produced complete remission of
the anaemia, with a reticulocytosis of 19 per
cent and progressive reversion of the marrow
to normoblastic erythropoiesis by the 19th
day. In a critical discussion of the relation-
ship between vitamin C and anaemia, he de-
clares himself dissatisfied with the view that
megaloblastic  erythropoiesis is common in
the anaemia of scurvy. He comments that he
has searched the literature in vain for any
well-authenticated instance of an adult mega-
loblastic anaemia which responded to synthe-
tic ascorbic acid alone, and he considered that
the presence of such an anaemia in his pa-
tient was only partly due to the vitamin G
deficiency ; a predisposing factor may have
been abnormal folic acid metabolism due to
the concomitant liver disease.

Since then, however, there have been accep-
table reports of scurvy with megaloblastic
anaemia responding to synthetic vitamin C
alone (Neilson 1960 ; Will and Murdoch
1960). The present case affords another exam-
ple. In none of the cases in these reports was
there any evidence of deficiency or abnormal
metabolism of vitamin By, or folic acid. Fur-
ther, Booth and Mollin (1957) found that normal
ammounts of orally administered radioactive vita-
min By, were absorbed in megaloblastic anaemia
associated with scurvy,

Maclver and Back (1960), in a review of
50 cases of megaloblastic anaemia of infancy
in Jamaica, point out that scurvy is rare
there, so that it seemed to these authors
unlikely that vitamin G deficiency was an
actiological factor in their cases; they de-
scribe, however, one child who had a good
reticulocyte response to folic acid but who re-
lapsed on this treatment and developed clini-

cal signs of scurvy. Administration of ascorbic
acid (folic acid being continued) led to a
second reticulocytosis of 20 per cent and a
rapid rise in haemoglobin level. They con-
cluded that vitamin C did not play a specific
role in erythropoiesis, but considered that it
was important in the proper utilization of
folic acid.

Possible Inter-Relationships of Vitamin C,
Folic Acid and Vitamin B »

Relation of Vitamin C to Folic Acid

In a series of experiments on monkeys it
was shown that megaloblastic anaemia could
be readily produced by feeding a diet low in
folic acid and devoid of vitamin C (May et a
1949, 1950a, 1950b, 1951, 1952, 1953 ; Sund-
berg, Schaar and May 1952). Treatment with
folic acid produced rapid cure of the anae-
mia, and folinic acid gave an even better re-
sponse ; vitamin G produced a more gradual
remission. The anaemic monkeys had low
folinic acid levels in their livers, but effective
treatment produced a rise in both folic and
folinic acids in the liver. The authors con-
cluded that vitamin C deficiency interfered
with folic acid metabolism, leading to a defi-
ciency of folinic acid, resulting in megalo-
blastic haemopoiesis.

Several reports have indicated that vitamin
C enhances the conversion of folic to folinic
acid (Nichol and Welch 1950; Broquist, Stok-
stad and Jukes 1951; Welch, Nichol, Anker
and Boehne 1951; Gabuzda, Phillips, Schilling
and Davidson 1932 ; Silverman and Gardiner
1956 ; Doctor 1958, 1960). In this reaction the
vitamin C probably acts simply as a reducing
agent (Broquist, Kohler, Hutchison and Bur-
chenal 1953 ; Doctor and Trunnell 1954 ;
Doctor 1960), though in chicks it has been
shown to activate an enzyme which liberates
folinic acid from its conjugates in the liver
(Hill and Scott 1952). Folinic acid (‘citro-
vorum factor’) is NO® formyltetrahydrofolic
acid, and this is isomerised to N10 formyltetra-
hydrofolic acid which is then involved in the
transfer of 1-Carbon fragments in the biosyn-
thesis of purines, pyrimidines and amino-
acids (Girdwood 1959 ; Haurani et al 1960).
However, Cox et al (1962) present evidence
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against the importance not only of vitamin G
in the folic-folinic conversion but also of folinic
acid itself in the ‘folic complex’. They put for-
ward a hypothesis to explain the cure of mega-
loblastic anaemia in scurvy by vitamin C alone,
in terms of the demand and supply of the ‘folic
complex’.

Vitamin C has also been shown to be re-
quired for normal tyrosine metabolism.
Levine and his co-workers (Levine et al 1939,
1941a, 1941b ; Levine 1947) found that pre-
mature infants fed on cows’ milk (that is, a
diet of relatively high protein content, giving
5g. or more protein per kg. bodyweight per
day) excreted appreciable amounts of hydr-
oxyphenyl compounds in their urine. This
abnormality did not occur if the babies were
fed on human milk, and it was accentuated by
feeding tyrosine or phenylalanine in pure
form. Although the infants showed no clinical
evidence of scurvy, the administration of
vitamin C led to a prompt decline in the
excretion of the abnormal compounds.

Plasma levels of vitamin G were low or nil
before treatment, and tended to remain low
even when the hydroxyphenyluria had cleared.
It was presumed that the degree of vitamin C
saturation of the tissues, relative to the level
of intake of tyrosine and phenylalanine, was
the important factor in determining the ab-
normal excretion.

A similar defect in tyrosine metabolism was
produced by a tyrosine load in normal full-
term infants (Levine et al 1941b), in scorbutic
infants (Morris, Harpur and Goldbloom
1950 ; Woodruff 1950), in scorbutic adults
(Rogers and Gardner 19494, 1949b), and in
scorbutic guinea-pigs (Sealock and Silberstein
1940; Painter and Zilva 1947, and Woodruff
and Darby 1948). It was pointed out by
Painter and Zilva (1947) and Rogers and
Gardner (19494) that this abnormality might
have no relation to clinical scurvy or normal
nutrition because of the unphysiological tyro-
sine load required to demonstrate the defect.
But Swendseid, Burton and Bethell (1943) de-
scribed hydroxyphenyluria in scurvy without
a tyrosine load, and Aterman, Boscott and
Cooke (1953) reported p-hydroxyphenylacetic
acid (pHPA) and p-hydroxyphenyl lactic acid

(pHPL) as the main hydroxyphenyl com-
pounds in the urine of scorbutic guinea-pigs,
also without a tyrosine load. In all instances
quoted, vitamin C rapidly abolished the de-
fect, and Aterman et al (1953) suggest that
the finding of pHPA and pHPL in the urine
may be the most sensitive index of vitamin-C
status available. The urine of the present pa-
tient contained large quantities of both pHPA
and pHPL, which disappeared after treatment
with vitamin C.

There is some evidence that folic acid can
prevent or abolish the tyrosine-induced hydro-
xyphenyluria in vitamin C deficient patients
and experimental animals (Woodruff and
Darby 1948 ; Woodruff, Cherrington, Stockell
and Darby 1949 ; Morris et al 1950) though
the effect is not predictable (Govan and
Gordon 1949 ; Woodruff 1950) and very large
doses may be required (La Du and Zannoni
1961). This suggests another relationship be-
tween folic acid and vitamin C, but the effect
of these substances on tyrosine metabolism is
quite distinct from anti-scorbutic activity pos-
sessed by vitamin C. It may be noted here
that vitamin C promotes the synthesis of folic
acid in wvivo by the chick (Dietrich, Nichol,
Monson and Elvehjem 1949) whilst a folic-
acid antagonist decreased the synthesis of
vitamin C in the rat (Schwartz and Williams

1952).

It will be apparent that vitamin C-folic acid
relationships are still far from clear.

Relation of vitamin C to vitamin Byg.

Swendseid et al (1947) noted an increased
amount of total phenocls and hydroxyphenyl
acids in the urine of patients with pernicious
anaemia in relapse, and a decrease in the
hydroxyphenyl acids with treatment of the
anaemia.

Boscott and Cooke (1954) found excess
pHPA in the urine of patients with megalo-
blastic anaemia associated with idiopathic
steatorrhoea. They also reported that it had
proved difficult to saturate these patients with
ascorbic acid, although the apparent defi-
ciency in the latter was not explained by
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dietary or absorptive defects.

A significant reduction in plasma ascorbic
acid levels has been reported in patients with
pernicious anaemia, despite a normal dietary
intake of vitamin C (Alt et al 1939 ; Waller-
stein, Harris and Gabuzda 1952). The obser-
vations of Dyke et al (1942) and Holly (1951)
have been mentioned above. Will, Mueller,
Glazer, Friedman and Vilter (1953) and
Mueller and Will (1955) found that the rate
of removal of intravenously injected ascorbic
acid was increased in 5 out of 7 patients with
pernicious anaemia, but the plasma levels of
dehydroascorbic acid were increased in all
five. These abnormalities had disappeared
one week after starting vitamin By injections.

lox, Matthews, Meynell, Cooke and Gaddie
(1958) showed that the plasma ascorbic acid
levels, both resting and at stated intervals
after an intravenous injection of sodium
ascorbate, were lower in patients with reduced
serum By, levels than in normal controls.

These workers did not confirm the finding
of Will et al (1953) that an undue rise in
plasma dehydroascorbic acid occurred, nor
did the resting plasma ascorbic acid levels
rise or the ascorbic clearance tests improve in
patients with pernicious anaemia after 7- 14
days of vitamin B, treatment. The conclu-
sions drawn were that ascorbic acid was
passing rapidly from plasma to tissues, due to
tissue  depletion, or increased demand or
destruction of ascorbic acid. No support could
be given by these workers to Lester Smith’s
{1956} suggestion that vitamin By, may be
important in keeping ascorbic acid in a re-
duced state, in view of the lack of improve-
ment in the ascorbate clearance test after
vitamin By, therapy for 7- 14 days. Neverthe-
less, prolonged vitamin By, treatment did im-
prove significantly the resting plasma ascorbic
acid levels and the intravenous ascorbate
tests, indicating some sparing action on vita-
min G by vitamin Byy. Evidence was presented
to show that improved diet was not necessa-
rily responsible for this. It was not possible to
assess the full significance of vitamin C meta-
bolism in relation to vitamin By, deficiency,
but it was concluded that the abnormal vita-
min C metabolism played no fundamental
part in producing megaloblastic anaemia in

vitamin By, deficiency.

The same workers (Cox et al 1960) found a
significant reduction in the concentration of
vitamin C in the bone marrow of all of a
group of patients with megaloblastic anaemia.
They also noted a correlation between the
serum levels of vitamin Bjs and vitamin C
and their respective levels in the bone mar-
row, but not all patients with low vitamin G
levels had vitamin B;, deficiency.

Further work will be required before a
clearer statement of the relationship of wvita-
min C to vitamin By, and folic acid can be

made.

Scurvy and osteoporosis

The softening of callus around old healed
fractures during attacks of scurvy is an obser-
vation that has frequently been reported over
many hundreds of years. During Lord Anson'’s
voyage round the world (1740-4) it is recorded
that the callus of a fracture sustained 50 years
previously had broken down when the crew
were hit by scurvy. Similar occurrences have
often been repeated in ships and during wars
since that time (Bourne 1956).

The development of osteoporosis in scurvy
appears to result from non-production of new
bone in the face of continued destruction of
existing bone, Why this should be is not wvery
clear. Follis (1951} concluded that ascorbic
acid depletion is characterized by the inability
of specialized mesenchymal cells — fibro-
blasts, osteoblasts, and odontoblasts — to pro-
mote the production of their respective
fibrous proteins, namely collagen, osteoid and
dentin. As a consequence of failure of forma-
tion of bone matrix, calcification is deficient
and the process of formation of bone im-
paired.

Whether vitamin C is directly concerned in
the calcification of bone is more open to
question. Wolbach and Bessey (1942), re-
viewing the subject at that time, concluded that
the vitamin plays no part in calcification.
Bourne (1943) produced a little evidence that
it did, but the effect noted may have been due
to an effect of vitamin C on -calcification
secondary to an effect on matrix formation.
Some authors report a normal calcium con-
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tent of bone from scorbutic animals (Kapp
and Schetty 1937). Osteoporosis in scorbutic
guinea-pigs is said to be confined to the shaft
of the bone, new bone at the epiphysis not
being porotic (Murray and Kodicek 1949).
Many workers (Bourne 1943 ; Zorzoli and
Nadel 1950; van Versch 1954) have noted
that there is less phosphatase activity in the
bones of scorbutic animals. Cytochrome oxi-
dase activity in osteoblasts is also reduced
(Follis 1951). Decreased incorporation of 858
into chondroitin sulphate has also been ob-
served.

Although osteoporosis has been described in
children (Park, Guild, Jackson and Bond
1935), mention of this complication among
adult white scorbutics is difficult to find,
except in the chronic scurvy of wars. Some
authors mention backache as a symptom in

acute scurvy (Vilter, Woolford and Spies
1946). Osteoporisis, however, is commonly
associated with acute scurvy in the South

African Bantu (Grusin and Kincaid-Smith
1954), perhaps because their calcium intake
is also low. Of 48 Bantu with acute scurvy
who were X-rayed by Grusin and Samuel
(1957) over a period of a year, 18.7 per cent
showed radiological evidence of osteoporosis.

The present patient was menopausal, and
her osteoporosis might be ascribable to that
cause. The response to saturation with vita-
min C, as shown by the relief of pain and
halting of the progression of vertebral col-
lapse, led us to ascribe it to scurvy. Whilst on
treatment the patient has not lost further
height and, apart from stiffness in her back,
is now pain-free.
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