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Scurvy and Anaemia’

E. V. Cox, m.p., M. J. MEYNELL, M.D., W. T. Cookg, M.D. and R. GADDIE, PH.D.
Birmingham, England

ESPITE statements to the contrary, scurvy
D is not uncommon in England. Cutforth [7]
has recently recorded observations on eleven pa-
tients seen over a six year period in two London
hospitals, and other case reports have appeared
[2-5]. Although the clinical features were
admirably described by Lind in 1753 [6], many
facets need explanation, in particular, those
concerned with the production of anaemia.
Reported herein are the findings of our investiga-
tions on seven patients studied during three
years at the General Hospital, Birmingham,
England; particular reference is made to the
rnetabolism of folic and folinic acid in the
anaemia of scurvy.

METHODS

Each patient underwent a detailed clinical and
haematologic examination. In five patients who were
anaemic, the bone marrow was examined. The pro-
thrombin level and the thromboplastin generation
test result were determined by the methods described
by Biggs and Macfarlane [7] and Biggs and Douglas
[8]. The serum concentrations of proteins, vitamin B,
and iron were determined by the methods described
by King and Wotton [9], Meynell and his associates
[70] and Ramsay [77], respectively. Serum sero-
mmucoids were measured using the method of Mandel
etal. [72), the normal range in this laboratory being 46
to 107 mg. per 100 ml. [73]. The total folic acid activ-
ity and citrovorum factor in the urine were deter-
mined by the methods of Tepley and Elvejhem [74]
and Sauberlich and Bauman [75], respectively, with
the differential assay technic of Swendseid and his
associates [/6]. The twenty-four hour urinary excre-
tion of folic acid and citrovorum factor was deter-
rmined following the administration of varying dosages
of folic acid before and after therapy with ascorbic
acid.

Each patient was maintained on a diet similar to
that adhered to prior to admission. Therapy with
ascorbic acid was initiated with an intravenous injec-
tion of 250 mg. sodium ascorbate. The rate of
dlisappearance of ascorbic acid from the plasma
was determined by the technic published elsewhere

L77].

CASE REPORTS

Brief case histories follow, the clinical and
laboratory findings are summarised in Tables
I and 1r.

Case 1. A single man, aged fifty-three years, had
lived in working mens hostels for some years. He ate all
his food in canteens and cafes and disliked all forms of
fruit and vegetables. He suffered from chronic bron-
chitis which dated from an attack of whooping cough
at the age of four. For three weeks prior to admission
he had had a bright red, speckled skin rash on his legs,
with pain, stiffness and bruising around his knees and
ankles. For one week the urine had been heavily
blood stained. He appeared to be well nourished, al-
though pale, and his chest showed the features of
long-standing emphysema, There was clubbing of the
fingers and toes. He was edentulous and the gums
were normal. There was follicular hyperkeratosis of
the forearms and legs, bruising and swelling of the
knees and ankles, with effusions into both knee joints.
Both legs were discoloured and indurated posteriorly;
there were perifollicular haemorrhages over both shins
and purpuric spots on the legs and arms.

Case 1. A bachelor, aged forty-six years, of poor
intelligence, had complained of discolouration, pain
and stiffness of the left knee, associated with spon-
taneous bruising and a bright red rash over the lower
parts of his legs for six weeks. His general nutritional
state was good even though his diet consisted of sand-
wiches, cheese, bread and butter and tea. His left knee
was swollen, discoloured and painful. The whole of the
lower limbs was discoloured, especially posteriorly,
with numerous perifollicular haemorrhages. There
were occasional small ecchymoses on the upper part of
the limbs, and follicular keratosis was present over the
arms and legs. He had severe ulcerating gingivitis and
grossly septic teeth.

Case . A man, aged fifty-one, had had a partial
gastrectomy twenty years previously; since the death
of his wife four years later, he had adhered to a diet
consisting solely of fish, bread, butter tea and occa-
sionally chicken to avoid dyspepsia. For the three
weeks prior to admission he had had increasing
dyspnoea and stiffness and swelling of the right leg.

* From The General Hospital, Birmingham, England. Manuscript received February 17, 1960.
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TABLE 11
HAEMATOLOGIC FEATURES

Globulin
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Case
No.

= QN e

He was constipated and had noticed that his stools
were very dark. On examination, he was thin, pale,
and had areas of follicular hyperkeratosis over the
forearms and buttocks. His mouth showed a foetid
gingivitis and the teeth were carious. There was
marked bruising over the right knee and ankle, to-
gether with bruising and induration down the backs
of the whole length of each leg. Apart from early
clubbing of the fingers and toes and a paramedian
supraumbilical scar on his abdomen, there were no
other abnormal physical signs.

Case 1v. A married woman of good social status,
aged fifty-seven, had been troubled with fairly fre-
quent attacks of diarrhoea for ten years, lasting two
or three days at a time during which she would pass
five or six pale, loose and sometimes frothy stools. As
fruit and vegetables, including potatoes, exacerbated
her diarrhoea, she had lived on a diet of bread, fish
and cornflakes for the past year. For six weeks prior to
admission she had complained of severe pain and stiff-
ness in the right knee, which had become extremely
tender, discoloured and swollen. For one week she
had observed swelling and discolouration of the left
knee and to a lesser extent of both ankles. Clinically,
she was pale, edentulous and although lean, of a fairly
good nutritional state. There was perifollicular hyper-
keratosis over the legs, forearms and buttocks, severe
bruising down the backs of both legs, and discoloura-
tion, swelling and limitation of movement of the knee
and ankle joints in both legs. The right knee was most
severely involved and extremely painful on the slight-
est movement. There were scattered perifollicular
haemorrhages and purpuric spots over the lower part
of the limbs. While in the hospital she was constipated
so that the daily faecal fat estimations were of little
significance.

Case v. A single man, aged forty-seven years, had
suffered with pain, swelling and stiffness in the left
knee for two and a half weeks. For one week he had
noticed bruising around the left ankle as well as ulcera-
tion of the gums. For seven months he had been un-
employed and had adhered to a diet consisting of
bread, butter, margarine, tinned fish, tea and occa-
sionally meat and eggs. He was apprehensive and of
poor intelligence. There was bruising and discoloura-
tion of both feet and ankles which extended up the
back of the left leg and was associated with sub-
cutaneous induration, pitting cedema around the
left ankle, perifollicular haemorrhages over both shins,
scattered purpuric spots and follicular hyperkeratosis.
He had a severe ulcerating gingivitis and many bad
teeth. The only other abnormal physical sign was a
palpable spleen which could just be felt below the
costal margin.

Case vi, A married man, aged fifty-three years
(reported on more fully elsewhere [78]), was first seen

AMERICAN JOURNAL OF MEDICINE
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six months prior to the development of scurvy when
he presented with diarrhoea, a megaloblastic anaemia
and evidence of both vitamin B;; and folic acid
deficiency. A diagnosis of adult coeliac disease was
established. One month after restoration of nor-
mal haematologic values, and while taking folic acid
15 mg. daily, he experienced pains in the legs, lethargy
and anorexia. Shortly after this, purpuric spots on the
legs and swelling of the ankles appeared, together with
extensive bruising. The legs, buttocks and forearms
showed follicular hyperkeratosis and perifollicular
haemorrhages. The backs of the legs were discoloured
and indurated with subcutaneous haemorrhages.

Case vii. A widower, aged seventy-eight, a known
diabetic for thirty-five years, was adequately con-
trolled with 20 units soluble insulin daily. For two
years, owing to a sore tongue, he had restricted his
diet to bread, butter, margarine, porridge and tea.
Four to six weeks before admission he experienced
pains in his ankles and calves. On examination, he was
moderately well nourished, the skin of the backs of
forearms and hands were thickened and excoriated,
the result of eczema of six years’ duration. Shins and
feet were covered with bright red purpuric and large
“flea bite” type haemorrhages. There was subcu-
taneous induration down the backs of both legs, with
dark brown discolouration of old haemorrhage. The
tongue was smooth, astrophic and fissured. He was
edentulous. His heart was enlarged and the base of the
lungs was moist. The tendon jerks were diminished
and the plantar responses were extensor. Vibration
sense was absent. He was mildly ataxic, but assess-
ment was difficult owing to an associated osteoarthritis
of the knees and a disinclination to walk at anytime
even when well.

SEX, AGE, ASSOCIATED DISORDERS AND DIET

Six of the seven patients were men. One was
elderly but the other six patients were middle-
aged (forty-six to fifty-seven years). Two patients
(Cases 1r and v) were food cranks and had an
intelligence below normal. Four patients had
adopted their diets to avoid other symptoms.
One (Case ur) had suffered from a duodenal
ulcer and, despite having had a partial gastrect-
omy twenty years previously, had preferred to
stay on a restricted diet to avoid dyspepsia.
This patient, a widower, lived with his son whose
diet was quite adequate, Two patients (Cases v
and vi) took their diets to avoid diarrhoea. In
one patient (Case vi), diarrhoea was due to adult
coeliac disease. In another (Case 1v) there was no
detectable cause for her diarrhoeca other than a
raised glucose tolerance curve suggesting pan-
creatic disease. Absorption of vitamin A and
radioactive vitamin Bys, daily faecal fat excretion
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and folic acid excretion were normal [79] as
were the large and small intestine on roentgeno-
graphic examination. Two patients (Cases 1v
and vi) were married and their spouses were
ingesting adequate diets. The final patient
(Case vi), a widower, adhered to an abnormal
diet to avoid aggravating the pain of his severe
glossitis. His daughter had tried to increase his
diet, but her efforts were unsuccessful. A diag-
nosis of pernicious anaemia was established by
the demonstration of a megaloblastic anaemia,
low serum levels of vitamin By,, poor absorption
of radioactive vitamin By, corrected by addition
of intrinsic factor, a histamine-fast achlorhydria,
gastric atrophy demonstrated by biopsy, and
normal small bowel function as indicated by
normal faecal fat excretion, normal appearing
roentgenograms of the intestinal tract and nor-
mal jejunal biopsy.

In each patient, the diet was virtually devoid
of foods containing ascorbic acid, consisting
mainly of bread, butter or margarine and tea.
The minimum duration of the diet was seven
and a half months (Case v) and was started when
the patient became unemployed.

SYMPTOMS

The acute nature of this condition, which led
early writers [6] to suggest that scurvy might be
an “infectious contagion,” was emphasised by
the length of time (two and a half to eight weeks)
which elapsed between the onset of symptoms
and admission to the hospital. In five patients
the first symptom was a painful, discoloured
joint; six of the seven patients complained of
severe arthralgia affecting the joints of the lower
limbs. Bruising and spots, apparently spon-
taneous, were noted by all the patients. Six com-
plained of lethargy and depression, four of
anorexia, four of dyspnoea on exertion, one of
haematuria and one of black stools.

SIGNS

Extensive discolouration down the backs of the
legs posteriorly was present in every patient, with
associated induration of the tissues at this site
indicative of subcutaneous haematomas. Small
bruises were also found elsewhere, mainly on the
anterior aspects of the lower part of the limbs,
with occasional involvement of the arms. Pur-
pura was present in five patients but the large
perifollicular haemorrhages (“small spots resem-
bling blood sprinkled upon the part, like
flea-bites only larger” [6]) were present in every
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Fi1a. 1, Case 1. The haematologic response observed. Vita-
min C therapy commenced on O day.

patient. Painful haemarthroses occurred in six
patients. Hyperkeratosis was evident in five
patients, limited to the legs, buttocks and dorsal
surface of the forearms; the hairs in these areas
were broken, short and crinkled. Acne, a feature
of experimental human scurvy [20], was not
observed, the skin apart from that involved with
hyperkeratosis being fine and smooth. Spongy
gums were present in three patients; the others
were edentulous. McMillan and Inglish [27]
observed in their fifty-three patients that when
teeth were present, spongy and infected gums
were common whereas Vilter, Woolford and
Spies [22] noted that thirteen of fourteen scor-
butic patients with teeth had acute lesions of the
gums although none of their five edentulous
patients had such lesions.

Clinical evidence of other vitamin deficiencies
was seen only in the patient with glossitis and
suggestive evidence of subacute combined de-
generation of the cord (Case vir). Neither of
these conditions improved until vitamin Bys was
administered.

HAEMATOLOGICAL FINDINGS

Presenting Picture.  Part of the haematologic
clata of the seven patients is given in Table m.
T'wo patients (Cases v and vi) had essentially
normal blood counts. Four (Cases 1, i, 11 and 1v)
had moderate or moderately severe normocytic
anaemia, with evidence of hypochromia in three
(Cases 11, m and 1v). One patient (Case vir) had
a severe macrocytic anaemia; white cell counts
and differential counts were all normal although
there were occasional nucleated red cells in the
peripheral blood. Platelet counts were low

Scurvy and Anaemia—Cox ef al.

(80,000 per cu. mm.) in Case vr; in Case v,
although platelets initially numbered 124,000
per cu. mm., they fell to 100,000 during therapy
with ascorbic acid and prior to the administra-
tion of vitamin Bya.

In three patients (Cases 1, 11 and 1v), the bone
marrow was hypercellular, with a macronor-
moblastic form of erythropoiesis; in one (Case1r),
it was hypocellular with a macronormoblastic
reaction, and in another (Case vm), it was
megaloblastic. The serum levels of vitamin Bis
were low in Cases 11 and v (94 and 50 pug. per
ml.) but there was no evidence of a megaloblastic
erythropoiesis despite the presence in both of
occasional giant myeloid forms. Bleeding and
clotting times, prothrombin levels and thrombo-
plastin generation tests were normal in all
patients.

Haematological Response to Therapy. Two pa-
tients (Cases 1 and 1) (Fig. 1) had a complete
haematologic remission when maintained on
their previous diet and given ascorbic acid. One
(Case 1) showed a reticulocytosis of 13 per cent
on the fifth day of treatment despite initial
reticulocyte counts varying between 8.2 and 9.4
per cent. (Fig. 1.) Another patient (Case ur) had
a spontaneous remission of symptoms and signs
whilst at rest in bed but ingesting a diet similar
to that before admission. Clinical evidence of
scurvy returned after a single injection of 5 mg.
folic acid. A test dose of folic acid prior to ther~
apy was also given in Case 1v, but in view of the
experience in Case 1m it was doubtful whether
folic acid influenced the haematologic response.
Neither of these patients (Cases 11 or 1v) showed
a significant increase in reticulocytes following
the administration of ascorbic acid but they con-
tinued to show an irregular reticulocytosis which
eventually subsided. Similar observations were
made by Vilter, Woolford and Spies [22]. Two
patients (Cases v and vi) had no significant
anaemia and in both the symptoms and signs of
scurvy rapidly subsided. One of these patients
(Case v1) was already under treatment for adult
coeliac disease and megaloblastic anacmia which
required vitamin B, folic acid and iron to
achieve complete remission. The details are
reported more fully elsewhere [78]. The haem-
atologic responses in a patient who had both
scurvy and pernicious anaemia (Case viI) are
shown in Figure 2. Despite the virtual disap-
pearance of scurvy during ten days treatment
with 6.25 gm. ascorbic acid, the blood counts
fell, the glossitis persisted and his general condi-
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tion deteriorated. Therapy with vitamin Bis
produced a complete haematologic remission.
‘Throughout the entire period of observation the
patient insisted on adhering to a diet of bread,
butter and tea. He was finally persuaded to take
a more varied diet seventeen days after the
commencement of therapy with vitamin By,
when his red blood cell count was 3.2 million per
cu. mm., hemaglobin 9.8 gm. per 100 ml., white
blood cells 7,200 per cu. mm., packed cell
volume 32 per cent, mean corpuscular volume
100 cu. p. and mean corpuscular hemoglobin
concentration 31 per cent.

OTHER BIOCHEMICAL DATA

In Cases 1, 11, 111 and v the serum albumin was
low, 3.2, 3.5, 2.1 and 3.3 gm. per 100 ml.,
respectively; the non-anaemic patients (Cases v
and vi) had normal values of 4.2 and 4.8 gm. per
100 ml. In all patients, results of serum globulin,
thymol turbidity, thymol flocculation and col-
loidal gold tests were normal. In Cases 1 and 1v
the serum calcium was low, 7.8 and 6.8 mg. per
100 ml. In all patients, ascorbic acid was entirely
absent or present in amounts that were just
detectable in the plasma. In Cases 1, 11, v and
vil the serum bilirubin was slightly increased,
0.8,1.2, 0.8 and 1.1 mg. per 100 ml. All but one
patient (Case vir), who had a histamine-fast
achlorhydria, had free hydrochloric acid in the
gastric juice, although three needed stimulation
with histamine. Two (Cases m and 1v) had low
serum levels of iron, 46 and 34 pg. per 100 ml.,
respectively. The serum levels of seromucoids
were elevated in all but one patient (Case vir):
(185, 208, 250, 188, 212, 275, and 81 mg. per
cent, respectively),

ASCORBIC ACID CLEARANCE CURVES

The rate of disappearance of an intravenous
injection of 250 mg. sodium ascorbate was meas-
ured in each patient at the commencement of
specific therapy. The plasma levels of ascorbic
acid before and five, fifteen, thirty and forty-five
minutes after the injection are shown graphi-
cally in Figure 3 and compared with those ob-
tained in twenty normal subjects. The rate of
disappearance of the injected ascorbate was
more rapid in the scorbutic patients. In every
patient the plasma level of ascorbic acid had
fallen below 0.5 mg. per 100 ml. in forty-five
minutes. In a series of subjects investigated with
this technic, including patients with pernicious
anaemia in relapse and remission, adult coeliac
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Fic. 2. Gase vir. The haematologic response, changes in
the serum iron level and urinary excretion of citrovorum
factor observed during vitamin C and vitamin By,
therapy.

disease and regional enteritis [77], only one fell
within the range found in the seven patients with
scurvy. For one year this man with severe
regional enteritis had been adhering to a diet
which excluded all vegetables and fruit and
contained very little meat. Although no clinical
symptoms or signs of scurvy were evident, sub-
jective improvement was claimed following the
administration of ascorbic acid.

THE EFFECT OF VITAMIN G THERAPY ON THE
EXCRETION OF FOLIC ACID AND
CITROVORUM FACGTOR

One patient (Case v), while still in a scorbutic
state, excreted 8.7 mg. of folic acid-like activity
and 3 mug. of citrovorum factor during the three
days following an intramuscular injection of 20
mg. folic acid. After seven days of therapy with
0.5 gm. ascorbic acid thrice daily a similar test
dose of folic acid produced an excretion of 3.06
mg. folic acid and 5.0 mug. citrovorum factor.
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T1c. 3. The rate of clearance from the plasma of 250 mg.
sadium ascorbate administered intravenously in seven
scorbutic patients. The shaded area represents twice the
standard deviation on either side of the mean results
obtained in twenty normal subjects (patients with
traumatic orthopaedic conditions, medical students and
hospital staff).

Another patient (Case vi), while scurvy still was
present, excreted 1.62 mg. folic acid, and 80
rypg. citrovorum factor, and 0 folic acid and
550 mug. citrovorum factor following the respec-
tive intramuscular and oral administration of
5 mg. folic acid at an interval of forty-eight
hours. After treatment with ascorbic acid, 0.5
gm. given thrice daily for ten days, similar test
doses resulted in the following urinary excre-
tions: 1.10 mg. folic acid and 100 mpg. citro-
vorum factor, and 0 mg. folic acid and 400 mug.
citrovorum factor. In these two patients (Cases v
and vi) ascorbic acid therapy thus produced a
reduction in the amount of folic acid excreted
in the urine and no significant increase in the
amount of citrovorum factor.

The results obtained in studying the urinary
excretion of folic acid and citrovorum factor in
two patients (Cases mi and 1v) given 5 mg. of folic
acid every seventy-two hours before and after
ascorbic acid therapy are shown in Figure 4.
Both patients showed a striking reduction in the
excretion of folic acid following the commence-
ment of ascorbic acid therapy. The citrovorum
excretions were not altered significantly.

In Case vu the changes in the normal daily
excretion of folic acid and citrovorum factor
were studied during the patient’s response to
ascorbic acid and later to vitamin By,. (Fig. 4.)
All material present was accounted for by
citrovorum factor activity. This disappeared

Scurvy and Anaemia—Cox ¢f al.
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Fic. 4. The changes in the three day urinary excretion of
folic acid-like activity (P.G.A.) and citrovorum factor
activity (C. F.) in two patients (Cases m and v) who
received 5 mg. folic acid intramuscularly every three
days before and after the commencement of ascorbic acid
therapy at the end of day 6. The shaded area represents
the mean value + twice the standard error of the urinary
excretion of P.G.A. by five control subjects. Case n
(0-0-0), Case v (0-0-@).

twenty-four hours after the commencement of
ascorbic acid therapy, to reappear later. Three
days after the commencement of vitamin B
therapy it disappeared once again, being absent
for four days in all.

COMMENTS

Since six patients with scurvy were seen in a
period of twenty months, the disease is not the
rarity that one might expect in this enlightened
era. The features of large and small haematomas,
perifollicular haemorrhages, follicular hyper-
keratosis, spongy and foetid gums, painful,
swollen and discoloured joints were described
in full in antiquity and classically reviewed by
Lind [6]. All these signs were not present in every
case but present day scurvy does not appear to
differ significantly from that described many
centuries ago. The vitamin C saturation test has
been found to be unreliable in confirming the
diagnosis, but measurements of the rate of disap-
pearance of an intravenous injection of 250 mg.
sodium ascorbate showed that the seven patients
studied had abnormally rapid clearance from
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the plasma. The virtual absence of ascorbic
acid from the plasma is pathognomonic in the
presence of the clinical picture, although equally
low levels will be encountered in patients on a
poor diet but without manifestations of scurvy.

The diagnosis of scurvy presents no difficulty
if it is suspected, and it is readily confirmed by a
dietary history. However, the improvement
which occurs with bed rest [23,24] and the
response to hospital diet may be responsible for
the diagnosis being missed. Bed rest produced
spontaneous improvement in one of our patients
(Case 1) despite maintenance on a diet similar
to that which he had been taking prior to admis-
sion. This patient, however, did have a recur-
rence of bruising on this diet following an injec-
tion of 5 mg. folic acid.

In modern times scurvy is encountered in
persons who live alone or who have food fetish-
ness or disease of the alimentary tract which is
alleviated by avoiding foods containing vitamin
C. Two patients described herein are unusual in
that their diet was designed to avoid diarrhoea.
One patient (Case v) had what appeared to be
pancreatogenous diarrhoea, another (Case vr)
had adult coeliac disease. A disturbance of
ascorbic acid metabolism has been ohserved in
subjects with adult coeliac disease previously
[77,25,26] but apart from another case diagnosed
in retrospect, and an intelligent patient of the
late Dr. C. C. Ungley’s with a history of scurvy
responding dramatically to treatment with vita-
min C [27], we have no knowledge of an asso-
ciation between scurvy and adult coeliac disease.
Faecal fat excretions and the folic acid excretion
tests [79,28] were estimated in the six other
patients and were abnormal only in the patient
with adult coeliac disease. Case vi also is un-
usual. In this patient, glossitis associated with
pernicious anaemia appears to be the precipitat-
ing factor in that it caused the patient to adhere
to an abnormal diet. It could be that the low
plasma levels of ascorbic acid in patients with
pernicious anaemia [29,30] may have a similar
aetiology, coupled with the associated anorexia,
although it has been shown that vitamin B;, has
a sparing effect on the utilisation of ascorbic
acid [77,37].

The bleeding of scurvy is generally attributed
to a vascular defect [32,33]. Wintrobe [34] stated
that it is due to increased capillary permeability,
the result of a defect in the synthesis of cement
substance in the capillary membrane. One pa-
tient (Case vi) had thrombocytopenia, which
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has been described in scurvy [32], and another
(Case vir) had a low platelet count and pro-
thrombin level which persisted after ascorbic
acid therapy until vitamin B, was administered
for pernicious anaemia. The bleeding and clot-
ting time and thromboplastin generation tests
were normal in each case, while the manifesta-
tions of scurvy were increasing. No evidence of a
thrombopathy, as recorded by Cetingil et al.
[35], was found. It is of interest that in all patients
except one with pernicious anaemia the sero-
mucoids were abnormally elevated. In scorbutic
guinea pigs the mucopolysaccharide content of
repair tissue is abnormally high [36]. This might
signify an inadequate mucopolysaccharide in-
corporation into cement substance, a defect
possibly of fundamental importance in the
haemorrhagic manifestations of scurvy.

The frequent occurrence of anaemia in scurvy
is well known but whether it is the result of
haemorrhage or due to a direct effect of the lack
of ascorbic acid on the bone marrow or to other
associated dietary deficiencies is still debated.
The character of the erythropoiesis is usually
normoblastic or macronormoblastic, but cases of
megaloblastic anaemia in which the patients
respond only to vitamin C have been recorded
[37,38]. A strong argument against the erythro-
poietic function of ascorbic acid is the failure
to produce anaemia in experimental human
scurvy [20,39], the occurrence of severe scurvy
without anaemia (Cases v and vi), and spon-
taneous remissions in patients on scorbutogenic
diets [22-24,40). However, Bronte-Stewart [38]
thought it unnecessary to postulate a combined
deficiency responsible for the anaemia in un-
complicated human scurvy. He suggested that
the experiments in human volunteer subjects
had not been continued long enough and that
in scorbutic patients the absence of deterioration
in the anaemia during prolonged control peri-
ods in bed on diets low in ascorbic acid might
be the result of the bed rest, allowing the tissues
to release more vitamin C for erythropoiesis
since, according to Pirani [47], they were never
completely depleted of ascorbic acid. On the
other hand Zuelzer, Hutaff and Apt [42], in a
study of thirty-six cases of infantile scurvy, con-
cluded that correlation of the clinical and haema-
tologic features indicated the anaemia of scurvy
to represent a variety of mechanisms, namely, re-
sponse to haemorrhage, infection and coexisting
deficiencies such as liver factor deficiency in
megaloblastic anaemia and iron deficiency. They
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showed that, in the presence of continued defi-
ciency of ascorbic acid, good hacmatologic
responses were obtained with folic acid when the
marrow was megaloblastic, and conversely (as
we have observed in Case vir) in the presence of
liver factor deficiency; vitamin G alone did not
affect a haematologic response until vitamin
Bz or folic acid was given. It seems unlikely that
vitamin By, deficiency plays any part in the
megaloblastosis of scurvy. The patient we have
presented with scurvy and pernicious anaemia is
a chance occurrence in which glossitis caused a
diminished intake of ascorbic acid. The finding
of low levels of serum vitamin By in two other
patients with scurvy with normoblastic erythro-
poiesis adds emphasis to the view that deficiency
of both ascorbic acid and vitamin By, can occur
not only separately but also together without any
dyshaematopoiesis. Both these patients had
causes other than simply nutritional for their
vitamin By, deficiency, one having pancreatic
discase [43] and the other a partial gastrec-
tomy [44].

Proehl and May [45], on the basis of their
studies in monkeys, concluded that ascorbic acid
had no direct specific function in haematopoiesis
comparable to that of folic acid or iron and that
megaloblastic anaemia did not occur if folic
acid was added to an experimental diet which
contained little folic acid. Our observations
indicate that ascorbic acid therapy in scurvy
produces an increased demand for folic acid in
that its excretion following test doses is lowered
sharply. In patients with scurvy and megalo-
blastic anaemia, the latter may not be simply
due to disordered metabolism of the pteroyl-
glutamates, but to an increased demand for the
folic acid complex, the result of haemorrhage
and increased erythropoiesis. On the other
hand, one might expect occasional cases, for
example those of Bronte-Stewart [38] and Brown
[37], to have sufficient intrinsic pteroylglutamate
once the haemorrhage of scurvy ceases following
commencement of ascorbic acid therapy. This
would explain the reversion from megaloblastic
to normoblastic erythropoiesis described by these
authors as the result of ascorbic acid therapy
alone.

Brown [37] concluded that in his patient the
deficiency of ascorbic acid was probably respon-
sible for a disordered utilisation of the pteroyl-
glutamate complex. Nichol and Welch [46]
were the first to indicate that ascorbic acid was
important for the conversion of folic acid to
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citrovorum factor. These experiments were
extended by Welch and his associates [47] who
uatilised rat liver sliees or homogenates and
measured the urinary excretion of citrovorum
factor. Broquist, Stokstad and Jukes [48] found
that in man the urinary excretion of citrovorum
factor after test doses of folic acid was increased
by giving vitamin C. In similar observations on
two patients with scurvy [49], citrovorum factor
excretion was restored to normal with ascorbic
acid therapy but fell again as soon as it was
stopped. No increase in citrovorum activity was
found in the urine of our patients following the
administration of ascorbic acid. The reason for
this difference may well lie in the method of
collecting urine. Ascorbic acid has a protective
action on the labile forms of the pteroylglutamate
complex and thus its excretion in increasing
amounts during therapy could have led to an
apparent increasc in urinary citrovorum factor
activity. The urine in our patients was collected
in bottles containing sodium bicarbonate and
toluene, in which increasing concentration of
ascorbic acid would provide no added protec-
tion. This explanation gains some support from
two patients (Cases v and vi) who had received
no ascorbic acid at the time of the initial folic
acid tests and when the second test had been
performed they had received 1.5 gm. ascorbic
acid for seven and ten days, respectively, with
no change in the excretion of citrovorum factor.
Furthermore, according to Doctor et al. [50],
ascorbic acid did not effect the production of
citrovorum factor in chicken livers in vitro whilst
in in vivo experiments using rats, homocysteine
and serum were equally as effective as vitamin G
[57]. May, Hamilton and Stewart [52] reported
that ascorbic acid in scorbutic monkeys was not
required for the conversion of folic acid to
citrovorum factor. Subsequently, Silverman,
Ebaugh and Gardiner [53] suggested that,
quantitatively, citrovorum factor is not neces-
sarily the most important metabolite of the
pteroylglutamate complex.

Although ascorbic acid apparently is not re-
quired for the conversion of folic acid to citro-
vorum factor, the sudden fall or disappearance
of the urinary excretion of folic acid following
ascorbic acid therapy in Cases 1v, v and vir does
suggest an association between ascorbic acid
and the pteroylglutamate complex. A similar
effect on the excretion of folic acid occurs in pa-
tients with pernicious anaemia at least five days
after vitamin By, therapy [54]. The more rapid
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fall, within twenty-four hours, in the excretion
of folic acid after vitamin C in patients with
scurvy indicates a different and more direct
effect of ascorbic acid on the pteroylglutamate
complex.

SUMMARY

The clinical and haematologic findings in
seven patients with scurvy are presented. Al-
though all had overt scurvy, two were not
anaemic. Four had hypochromic normoblastic
erythropoiesis and one had a megaloblastic
anaemia subsequently shown to be Addisonian.

Complete haematologic remission was ob-
tained with ascorbic acid in two patients. In two,
the response to folic acid appeared to be insignif-
icant and the complete response was attributable
to ascorbic acid only. No haematologic change
was produced in the patient with megaloblastic
anaemia.

In two patients the simultaneous occurrence
of both scurvy and deficiency of vitamin By, did
not result in a megaloblastic anaemia.

Therapy with ascorbic acid resulted in reduc-
tion of the urinary excretion of folic acid-like
activity, with no significant changes in the
excretion of citrovorum factor.

The role of ascorbic acid in erythropoiesis is
discussed and a hypothesis presented to explain
the therapeutic responses to this vitamin of
megaloblastic anaemias in scurvy reported by
others.
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