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Ascorbate status and fibrinogen concentrations after
cerebrovascular accident
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SUMMARY Leucocyte ascorbate (LA) and serum ascorbate (SA) were measured in patients who
had sustained an acute cerebrovascular accident. There was a significant fall in LA and SA within
24 hours of the incident and this persisted for several weeks. The "stress" of the event resulted in a

rise in serum cortisol concentration and depletion of both pituitary and adrenal glands of ascorbate
when examined at post mortem. Serum fibrinogen concentrations also rose above normal.
The role of ascorbate in pituitary and adrenal function and the relation of ascorbate to acute and

chronic vascular disorders has still to be established.

It has been previously shown that after an acute
myocardial infarction (MI) there is a significant fall
in both leucocyte ascorbate (LA) and serum ascorbate
(SA) and that this depletion will last for at least
two months.1 2 It is not known whether these changes
in LA and SA are specific for patients who have
sustained an acute myocardial infarction.

It was decided therefore that the LA and SA
status of patients who had sustained acute cere-
brovascular accidents should be studied in a like
manner to see if a similar pattern emerged. Opport-
unity' was also taken to compare the ascorbate
content of brain tissue obtained from patients who
had died from cerebrovascular accident with that of
brain tissue obtained from patients who had died
from other causes. Since there is an inverse relation
between the adrenal content of ascorbate and the
increased activity of the gland in states of stress,3
adrenal gland tissue was also examined for its
ascorbate content.

Patients and methods

PATIENTS
Twenty-five patients (11 men, 14 women) who had
sustained an acute cerebrovascular accident were
studied. The mean age was 67 ± 10 yr. Ten patients
were seen on the first day of the accident. Observa-
tions were made daily for the next 10 days and
although it was not possible to make daily observa-
tions on each patient over the ten day period, 10
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observations were available for analysis each day.
The results from four patients who died within four
days of their acute cerebrovascular accident were
analysed separately. The mean age of this group
was 71 + 12 yr. The results from the one patient
who died within 48 hours was also analysed
separately.

CONTROL SUBJECTS
These consisted of 12 patients (6 men, 6 women)
aged 60 ± 13 yr, who had been admitted to the same
wards with illnesses other than cerebrovascular
accident, heart attacks or patients with known dietary
deficiencies. There was no significant age difference
between the patients and the controls.
Leucocyte ascorbate (nmol/108 WBC) was measured
by the method of Bessey et a14 as modified by Denson
and Bowers.5
Serum ascorbate (,umol/l) was measured by the
method of Denson and Bowers.5
Plasma cortisol concentrations (nmol/1) were
measured by the method of Mattingly.6
Total white cell counts (x 109/l) were performed by
a Coulter counter.
Plasma fibrinogen concentrations (g/l) were measured
by means of a nephelometer.

NECROPSY MATERIAL
Ascorbate was estimated in samples of brain taken
from patients who had died from cerebrovascular
accident (5 men, 4 women) their mean age being
64 ± 14 yr and compared with the ascorbate
content of the brain obtained from patients who
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have died from other causes, excluding vascular
causes (9 men, 5 women). Their mean age was

72 ± 6 yr. There was no significant age difference
between the groups.
The brain sample was taken from the undamaged

hemisphere with the exception of one specimen
where both hemispheres were sampled. Samples of
brain were taken from the grey matter, white matter
and the pituitary gland. The ascorbate content of the
adrenal glands of the same subjects were also
measured. Approximately 0-1 to 0-2 g of wet brain
or adrenal gland accurately weighed were used in
the estimations. These extracts were made by
modification ofthe method of Sayers and Woodbury7
using a 5% instead of a 4% trichlorocetic acid
solution as the extraction and a Silverson mixer to
homogenise the sample. Part of the clear filtrate
(1-0 ml) was treated as for serum ascorbate by the
method of Denson and Bowers.5 The results were

expressed as mg/kg wet tissue.

Results

LEUCOCYTE ASCORBATE (LA) (Table 1)
The mean leucocyte ascorbate in the 10 patients
measured within 24 hours of the onset of the
cerebrovascular accident was 79 ± 31 nmol/WBC
which is significantly less than the 12 control
patients, 159 ± 62 nmol/108 WBC (p < 0-01).
Depressed concentrations of LA varying from 78 to
107 nmol/108 WBC persisted for the next 10 days
(p < 0-01). Two months later although only four
observations were available for analysis, the level was
still low at 90 ± 8 nmol/108 WBC. Analysis of the
four patients who died within four days of the acute
cerebrovascular accident revealed a very low
concentration of LA 32 ± 17 nmol/108 WBC
(p < 0.01). The patient who died within two days
had an LA concentration of 19 nmol/108 WBC.

SERUM ASCORBATE (SA) (Table 1)

The mean serum ascorbate in the 10 patients
measured within 24 hours of the onset of the
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cerebrovascular accident was 16 + 10 ,umol/1
which is significantly less than the SA of the 12
control patients 34 ± 18 ,umol/1 (p < 0 05).
Depressed concentrations varying from 13 to
17 ,umol/1 persisted for the next 10 days (p < 0 05).
Two months later, although only four observations
were available for analysis, showed that the serum

SA was still very low being 16 ± 6 ,umol/l. Analysis
of the four patients who died within four days of
the cerebrovascular accident revealed a very low
concentration of SA 10 ± 5 ,umol/1 (p < 0-02).
The patient who died within two days had an SA
of 6 ,umol/l.

CORTISOL (Table 1)
The mean plasma cortisol concentration in the 10
patients measured within 24 hours of the onset of
acute cerebrovascular accident was 903 ± 587 nmol/l
which although raised was not significantly different
from the controls 556 ± 176 nmol/l (p > 005).
On the second day the cortisol concentration had
returned to a lower level of 592 ± 208 nmol/I and
remained so throughout the period of the study.

Analysis of the four patients who died within
four days of the acute cerebrovascular accident
revealed a cortisol concentration of 1239 ±

384 nmol/l which was significantly different from
normal (p < 0-01). The patient who died within
two days had a cortisol concentration of 1468 nmol/l.

FIBRINOGEN (Table 1)
The mean plasma fibrinogen concentration of 10
patients seen within 24 hours of the onset of the
cerebrovascular accident was 3-48 ± 0-51 g/l which
is significantly higher than the controls at 2 84 ±

0-85 g/l (p < 0 05). The fibrinogen concentrations
remained persistently higher than those in control
subjects throughout the period of the study. Analysis
of the four patients who died within four days of the
acute cerebrovascular accident was significantly
raised at 6-4 ± 3.7 g/l (p < 0 02). The patient who
died within two days had a fibrinogen concentration
of 6-04 g/l.

Table I Composite data of blood analysis (mean ± SD) in 25 patients and 12 controls

Days after cerebrovascular accident

1 2 3 4 5 6 7
n= 10 n= 10 n= 10 n= 10 n 10 n 10 n 10

Leucocyte ascorbate (nmol/108 WBC) 79 ± 31 78 + 19 80 ± 24 79 + 35 81 ± 33 84 ± 25 83 + 30
Serumascorbate(,umol/l) 16 ± 10 15 ± 8 14 + 8 14 i 9 14 ± 7 13 ± 5 17 i 5
WBC (x 109/1) 8-7 ± 1-3 8-6 ± 1 5 10 ± 19 7-4 ± 2-0 8-1 ± 3-4 79 ± 1-3 8-3 ± 1-7
Fibrinogen (g/l) 3-48 0-51 3-74 0-8 3-78 + 045 4-1 ± 0 75 3-77 0-63 3 65 ± 04 4-29 1-7
Cortisol (nmol/1) 903 ± 587 592 ± 208 634 ± 148 449 ± 187 614 + 214 591 ± 348 535 ± 350
Age (yr) 67 ± 10

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.35.2.195 on 1 F
ebruary 1982. D

ow
nloaded from

 

http://jcp.bmj.com/


Ascorbate status and fibrinogen concentrations after cerebrovascular accident

Table 2 Brain, adrenal, and pituitary tissue ascorbate content (mg/kg wet tissue) in 9 patients and 14 controls

No of subjects Age (yr) Brain Adrenal gland Pituitary gland

Grey White

Cerebrovascular 5M 64 ± 14 183 ± 52 143 ± 33 291 ± 126 294 ± 126
accidents 4F
Death within two days IM 60 117 117 187 184

Controls
9M

72 ± 6 199 ± 45 155 ± 30 374 + 127 428 ± 145Controls S~F

RELATION BETWEEN ASCORBATE CONTENT

OF THE BRAIN TISSUE AND ADRENAL GLANDS

FROM PATIENTS DYING OF

CEREBROVASCULAR ACCIDENT AND THOSE
DYING WITH OTHER CONDITIONS

(Table 2)
There were nine samples from the undamaged
hemisphere from patients who had died from
cerebrovascular accident and similar samples from
14 patients who had died with other conditions.
Samples were obtained from the grey matter, white
matter, pituitary glands and adrenal glands for com-
parison. Analysis revealed that in both "cerebrovas-
cular accident" and "other" samples the amount of
ascorbate was greater in the grey matter (183 ± 52,
199 ± 45 mg/kg respectively) than in the white
matter (143 ± 33, 155 + 30 mg/kg respectively)
(p < 0 005) and that the ascorbate content of the
adrenal glands (291 ± 126, 374 + 127 mg/kg
respectively) and pituitary glands (294 ± 126,
428 ± 145 mg/kg respectively) for both groups were
significantly greater than either the white matter
or the grey matter (p < 0 02). In the "cerebrovas-
cular accident" samples there were no significant
differences between the ascorbate content of the
pituitary and adrenal gland. In the "other" samples,
there was a significant increase in ascorbate in the
pituitary as compared to the adrenals (p < 0 02).
Between group analysis revealed that there were

no significant differences between the ascorbate
content of the grey matter or white matter in the
two groups. There was significantly more ascorbate
in the pituitary glands of the control subjects than
the cerebrovascular accident patients (p < 0 02) and
similarly in the adrenal glands (p < 0 05).

It was possible to analyse only one brain from a
"cerebrovascular" patient in whom also the LA, SA,
cortisol and fibrinogen concentrations were mea-
sured. This patient died within two days of the acute
cerebrovascular condition. The results in this
patient revealed the lowest concentrations of
ascorbate and the highest of cortisol, fibrinogen
and WBC in the whole study (Table 1).

Discussion

Within 24 hours of a cerebrovascular accident, the
mean leucocyte ascorbate (LA) (79 nmol/108 WBC)
was singificantly reduced to half that of the controls
(159 nmol/108 WBC) and remained so for the next
10 days. Two months later, although there were
only four observations, the mean concentration was
still very low at 90 nmol/108 WBC. A similar
pattern was observed with regard to the mean
serum ascorbate (SA) (16 ,utmol/h as compared to
the mean control concentration (34 ,umol/l:
p < 0 05). Two weeks later the mean level was still
16 rsmol/l.

It was interesting to note that the four patients who
died within four days of their cerebrovascular
accident had a more severe reduction still in mean
LA (32 nmol/108 WBC) and mean SA (10 ismol/l).
The "stressfulness" of the deaths of this group of
four patients is also reflected in the raised mean
concentration of cortisol which was 1239 nmol/l
compared to 903 nmol/l for the group of "cere-
brovascular" patients as a whole and significantly
greater than the mean control concentration of
556 nmol/l (p < 001).

In keeping with the raised concentrations of

Controls Death within four days Death within two days

8 9 10 56
n = 10 n = 10 n = 10 n = 4 n = 12 n = 4 n = I

107 ± 33 87 ± 30 86 ± 35 90 ± 8 159 62 32 ± 17 19
16 ± 6 15 ± 8 14 ± 6 16 ± 6 34 ± 18 10 ± 5 6
71 ± 19 79 ± 2-4 87 ± 28 7 ± 1-0 63 ± 21 111 ± 30 15-1
3-63 ± 055 3-8 ± 1 02 4-03 ± 1-1 4-34 ± 085 2-84 ± 085 6-4 ± 37 604
531 ± 210 505 ± 147 533 ± 226 477 ± 155 556 ± 176 1239 ± 384 1468

60 ± 13 71 ± 12 54
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cortisol there was a significant rise in the mean white
cell counts (p < 0'05).
The patient who was most critically ill and died

within 48 hours of his cerebrovascular accident
revealed the most severe changes in SA (6 /Amol/l), in
LA (19 nmol/108 WBC), in cortisol (1468 nmol/l),
in WBC count (15 1 x 109/l) and in fibrinogen
concentration (6-06 g/l). Analysis of this patient's
brain tissue which will be discussed later also showed
the most striking results. These findings are similar
in pattern to those found in patients who have
suffered an acute myocardial infarction.12 However,
as reflected by the cortisol concentrations, patients
who survive a cerebrovascular accident are much
less severely "stressed" than those who survive
an acute myocardial infarction.1
The results also confirm that after a vascular

catastrophe plasma fibrinogen concentrations rise
markedly 8-10 above the level expected from the
increase which occurs with age.10 The relation
between the level of fibrinogen and vascular disease
remains obscure."
The analysis of the brain tissue and adrenal

glands revealed that in general there is significantly
more ascorbate in the grey matter than in the white
matter of the brain (p < 0 005). This is perhaps not
surprising since the grey matter contains cells as

opposed to the axons of the white matter. Also the
pituitary and adrenal glands contain significantly
more ascorbate than either the grey matter or the
white matter (p < 005) and that normally the
pituitary gland contains significantly more ascorbate
than the adrenal gland (p < 0 02). This relation
between the pituitary and adrenal glands has
previously been studied.12 A similar pattern exists
for the undamaged hemispheres of the infarcted
brains with the exception that the pituitary gland
ascorbate content is not significantly different from
that of the adrenal gland. This is due to the fact that
the pituitary gland of the infarcted brains has been
significantly depleted of ascorbate relative to the
adrenals (p < 0 02) but that that adrenal glands are

also depleted is shown by the fact that the ascorbate
content is less than that of the adrenal glands from
"other" deaths (p < 0 05).

Analysis of the brain of the patient who died
within 48 hours of the onset of cerebrovascular
accident and who had the most severe depletion of
SA and LA revealed that there were very low
concentrations of ascorbic acid in the grey matter
and white matter as compared to the mean concen-
trations found in the "other" brains and the
"cerebrovascular" brains as a whole. However the
samples of brain tissue which were taken from the
infarcted side, away from the actual haemorrhage,
produced reasonable concentrations of ascorbate
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in the grey matter and in the white matter. This might
reflect a mobilisation of ascorbate to the infarcted
side of the brain similar to that found in the case
of the infarcted myocardium.1
The pituitary and adrenal glands of this patient also

had very low concentrations of ascorbateas compared
to the mean ascorbate content of the adrenal and
pituitary glands ofboth the "cerebrovascular" patients
and the "other" patients. Ithas previously been shown
that there is an inverse relation between the amount
of ascorbic acid in the adrenal gland and the
increased activity of the gland in states of "stress"3
although there is doubt as to the precise role of
ascorbate in steroid metabolism.13 These results again
reflect that the greater the "stress" the more the
adrenal and pituitary glands become depleted of
ascorbate and perhaps even the brain tissue in
general.

It is now clear that after a vascular catastrophe
such as a myocardial infarction or an acute cere-
brovascular accident there is depletion of body
ascorbate as reflected in the low SA and LA and
that the pituitary and adrenal glands are similarly
affected. What is less clear is whether this depletion
results in a suboptimal response to "stress" and
whether, in the longer term, healing may be adversely
affected. This study along with those on patients
with acute myocaridal infarction suggests that the
relation of ascorbate to acute and chronic vascular
events requires further investigation.

We wish to thank Dr GH Roberts, Department of
Pathology, for supplying the necropsy tissue.
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