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A B S T R A CT Ascorbic acid is a required cofactor in
the conversion of dopamine to norepinephrine in vitro,
and the deficiency of this vitamin in guinea pigs is asso-
ciated with degeneration of autonomic ganglion cells and
with cardiac supersensitivity to norepinephrine. Because
of these findings, we tested the hypothesis that ascorbic
acid deficiency in man alters autonomic cardiovascular
reflexes and vasomotor responses to adrenergic stimuli.
We studied five normal volunteers who had been de-
prived of ascorbic acid for a period of 3 months; they
had developed symptoms and signs of scurvy and their
plasma levels of ascorbic acid averaged 0.178 +SE 0.07
mg/100 ml. We repeated the studies after giving the
subjects vitamin C for a period of 4 months; they had
become asymptomatic and their plasma ascorbic acid had
increased to an average of 1.68 ±0.151 mg/100 ml.

Blood flow to the left forearm (plethysmograph), ar-
terial and central venous pressures, and heart rate were
measured before and after exposure of the lower half
of the body to subatmospheric levels of pressure and be-
fore and after intravenous and intra-arterial (left
brachial artery) infusions of norepinephrine and tyra-
mine.

Average values of blood flow (7.9 ±1.4 ml/min per
100 ml), arterial pressure (91.2 ±4.6 mmHg), heart
rate (68 ±4.4 beats/min), central venous pressure (6.1
±1.1 mmHg), and plasma catecholamines (0.68 ±0.20
/Ag/liter) obtained during ascorbic acid deficiency were
not altered significantly after correction of the deficiency.
Vasoconstrictor responses to intra-arterial norepineph-
rine and tyramine were augmented after vitamin reple-
tion. During ascorbic acid deficiency, four subjects had
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reduced responsiveness of resistance vessels of the fore-
arm to lower body negative pressure as compared to the
responsiveness observed after vitamin repletion. Reflex
tachycardia during lower body negative pressure and
reflex bradycardia during the pressor responses to intra-
venous tyramine and norepinephrine were similar during
the two studies.

The results suggest that the decreased vascular re-
sponsiveness to intra-arterial norepinephrine and tyra-
mine and to lower body negative pressure during
ascorbic acid deficiency is caused by a defect in the
ability of resistance vessels to constrict in response to
adrenergic stimuli. Ascorbic acid deficiency in man does
not interrupt autonomic reflexes and does not appear to
cause significant depletion of endogenous norepinephrine.

INTRODUCTION
Several experimental observations indicate that ascorbic
acid deficiency may be associated with abnormal cardio-
vascular responses. In 1947 Lee and Lee (2) demon-
strated in the mesenteric vascular bed of scorbutic guinea
pigs decreased reactivity of vessels less than 100 is to
topically applied epinephrine. Thoa and Booker (3)
reported in 1963 that increases in arterial pressure and
in myocardial contractile force in response to nor-
epinephrine were augmented in scorbutic guinea pigs
and more recently Thoa, Wurtman, and Axelrod (4)
proposed that this supersensitivity to norepinephrine may
be related to decreased binding and inactivation of cir-
culating norepinephrine by the heart. On the other hand,
observations on atria isolated from scorbutic pigs failed
to show supersensitivity to norepinephrine (5).

Ascorbic acid appears to be an essential cosubstrate
for the beta-hydroxylation of dopamine to norepineph-
rine (6, 7) and the work of Sulkin and Sulkin (8) on
the ultrastructure of autonomic ganglion cells indicates
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that ascorbic acid is necessary for the integrity of these
cells.

The foregoing considerations led us to test the hy-
pothesis that ascborbic acid deficiency in man alters
cardiovascular reflexes and vasomotor responses to
adrenergic stimuli.

METHODS
After approval of appropriate committees of the College of
Medicine and of the Board of Supervisors of the State
Prison of Fort Madison, Iowa, five healthy prisoners who
volunteered for the study were admitted to the metabolic
ward where intense medical and nursing supervision were
provided. The subjects' diet consisted of a liquid formula
which did not contain vitamin C (Table I) and their
caloric intake was adjusted so that each subject maintained
constant weight throughout the period of depletion. At the
end of approximately 90 days, plasma levels of ascorbic
acid had decreased markedly and the men had clinical
manifestations of scurvy (9) (Table II). This period of
depletion will reduce the total body pool of ascorbic acid
to less than 20% of normal (10). Repletion was then begun
by allowing the subjects to eat a solid diet containing 2.5
mg of ascorbic acid/day and by supplementing the diet with
vitamin C in different amounts for each one of the five
subjects as shown in Fig. 1. The first study was carried out
during the first week of repletion and a second study was
carried out approximately 4 months later (Fig. 1).

The subjects were lying lightly clothed and comfortably
supine on a couch. Room temperature was 820F. A poly-
ethylene cannula (1.2 mmOD) was introduced into the left
brachial artery and connected through stopcocks to a pres-
sure transducer (Statham Instruments, Inc., Los Angeles,
Calif., P23AA) for measurement of arterial pressure and
to syringes for infusion of drugs. A 24 in, 17 gauge
Intracath (C. R. Bard, Inc., Murray Hill, N. J.) was in-
serted through the right antecubital vein and advanced a
distance of approximately 14-18 in for measurement of
central venous pressure. The venous cannula was connected
to another transducer (Statham P23BB) placed at the level

TABLE I
Vitamin C-Free Synthetic Formula*

Ingredients Intake

giday
Vitamin-free casein (92% protein) 122
Sucrose or Milo oxidized starch 338
Peanut oil 64
Cocoa butter 56
Safflower oil 13
Iodized salt 5
Basic mineral and crystine mixture
Basic vitamin mixture (Vitamin C-free)
H20 (1000-1500 ml)

* 3000 Calories: 15% Protein, 40% Fat, and 45% Carbohy-
drate. This liquid formula was given through a nasogastric
tube. Additional details concerning the composition of the
formula with respect to minerals and vitamins have been pub-
lished (9).

TABLE I I
Manifestations of Scurvy at the Time of the First Study

Subj ects

H Mc R P S

Hyperkeratosis + + +++ + + +
Follicular congestion ++ + + +
Gumswelling + + + +
Petechial and other

hemorrhages +++ +
Joint effusion + + +
Plasma ascorbic acid

(mg/100 ml)* 0.12 0.46 0.11 0.07 0.12

The + signs represent a clinical assessment of the severity of the mani-
festation.
* After repletion of ascorbic acid over a period of 4 months at the time of
the second study (session II), the manifestations had disappeared and the
plasma levels of ascorbic acid were 1.84, 1.27, 2.06, 1.38, and 1.84 mg/100
ml for subjects H, Mc, R, P, and S respectively. The rise in plasma levels
of vitamin C did not appear to correlate with the amount of supplementa-
tion. As shown in Fig. 1, subjects H and P received a supplement of ascorbic
acid of 4 mg/day, subjects R and S received 64 mg, and subject Mc received
128 mg.

of right atrium and to syringes for intravenous infusion
of drugs.

A strain-gauge plethysmograph compensated for tempera-
ture variations (11) was used to measure changes in volume
of the forearm. The strands were made of Silastic tubing
(0.4 mm ID; 0.8 mmOD) (Dow Corning Corp., Midland,
Mich.) filled with mercury. The gauge was applied on the
left forearm at a tension of 15 g. The elbow was elevated
on foam-padded sand bags and the forearm was slightly
flexed and inclined at 450 to the horizontal plane with the
wrist and hand supported by a padded sling. In this position,
the veins of the forearm were essentially collapsed and
could be distended freely when venous congestion was pro-
duced. All measurements were recorded on a direct writing
oscillograph (Sanborn Co., Waltham, Mass.). A pneumatic
cuff was placed around the distal part of the forearm and
inflated to suprasystolic pressures during the measurements.
This cuff arrested the circulation to the hand and excluded
the contribution of the venous return from the hand to
changes in volume of the forearm. A second pneumatic cuff
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FIGURE 1 The asterisks indicate the times at which the two
studies were carried out in each subject. The dietary intake
of ascorbic acid was supplemented during the phase of
repletion by different daily amounts in each subj ect as
shown in the figure.
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Responses to Lower Body Negative
TABLE III

Pressure (LBNP) during the Scorbutic

FBF BP

During LBNP During LBNP

Subject C -20 -40 -60 After C -20 -40 -60 After

ml/min per 100 ml mmHg

H I 9.3 7.8 7.2 5.3 7.6 102 102 102 100 105
II 7.2 5.2 6.6 5.4 9.2 107 110 110 100 100

Mc I 4.9 3.0 3.1 1.3 9.8 75 73 53 27 65
II 4.8 3.3 3.0 2.8 9.3 75 70 70 68 65

R I 5.8 3.7 3.1 2.0 9.5 97 95 85 62 68
II 5.3 3.1 4.3 2.9 8.6 92 88 87 80 80

P I 12.8 7.4 6.7 7.5 15.5 92 94 95 92 92
II 9.5 6.6 8.1 8.5 19.8 75 77 79 70 80

S I 6.6 4.3 4.3 3.9 11.2 90 90 90 77 80
II 5.2 4.0 4.1 2.8 8.7 97 95 94 78 90

Mean ±SE I 7.9 5.2* 4.9* 4.0* 10.7* 91 91 85 72* 82
1.4 1.0 0.9 1.1 1.3 4.6 4.8 8.5 12.9 7.5

II 6.4 4.4* 5.2* 4.5* 11.0* 89 88 88 79* 83
0.9 0.6 0.9 1.1 2.2 6.3 7.0 6.8 5.7 5.8

Entries represent blood flow to the forearm (FBF), mean arterial blood pressure (BP), calculated vascu-
lar resistance in the forearm (Res.), and heart rate (HR). Resistance was estimated from the quotient
(arterial pressure - venous pressure)/(forearm blood flow). The values shown were obtained before
LBNP (C), during LBNP at -20, -40, and -60 mmHg, and at approximately 30 sec after LBNP
(After). Each value of FBF represents data from 3 to 6 flow curves. Central venous pressure averaged
6.1 411.1, 2.8 ±1.1, 1.8 ±0.8, and 1.3 ±0.7 before and during LBNPat -20, -40, and -60 mmHg
respectively in session I; corresponding values in session II were 6.4 40.7, 2.3 40.6, 1.4 40.5, and
0.7 ±0.6.
* The average values were significantly different from control observations by paired t test analyses
(P < 0.05). Average differences between session I and II were not statistically significant. Immediately
after LBNP there was a vasodilator response in the forearm which was transient (Fig. 2); all values re-
turned to control levels within 1-1 2 min.

was placed around the arm proximal to the plethysmograph
for venous occlusion. Changes in forearm volume produced
by sudden inflation of the venous occlusion cuff were used
to measure the rate of blood flow to the forearm (12)
(Fig. 2).

A suction box was applied around the lower half of the
body to the level of the anterior-superior iliac spine and a
plastic sheet enveloped it to provide the seal necessary for
maintaining subatmospheric levels of pressure within the
box. The box was connected to the hose of a commercial
vacuum cleaner and the degree of suction was regulated by
adjusting the opening of a slot on the side of the connecting
hose. The lower half of the body could thus be exposed to
subatmospheric levels of pressure at -20, -40, or -60 mm
Hg for any desired period of time.

After the subjects had achieved a stable resting state,
blood flow to the forearm, arterial pressure, central venous
pressure, and heart rate were measured in response to lower
body negative pressure (LBNP) and to intra-arterial and
intravenous infusions of norepinephrine and tyramine. After
obtaining control values, suction was applied to create a
negative pressure of 20 mmHg for 3 min; the level of

suction was then increased to achieve a pressure of -40
mmHg for a period of 3 min and -60 mmHg for 3 addi-
tional min before discontinuing suction. Arterial blood
samples for measurements of blood gases, pH, hematocrit,
and blood levels of catecholamines were obtained before
LBNP and during the last 3 min of LBNP. Responses were
also measured during the intra-arterial infusion of two doses
of norepinephrine (0.002 and 0.004 ,ug/kg per min), the
intra-arterial infusion of two doses of tyramine (0.3 and 0.6
,ug/kg per min), the intravenous infusion of two or three
doses of norepinephrine (0.0375, 0.075, and 0.150 jug/kg
per min), and finally the intravenous infusion of two doses
of tyramine (12.5 and 25 leg/kg per min). The graded doses
of each drug were infused consecutively each for 3 min.
Resting periods of 15 min were allowed between each set
of infusions. The doses of norepinephrine are given in terms
of the base of l-norepinephrine bitartrate which was diluted
in 5%o glucose in water and infused at rates of 0.6 and 1.2
ml/min. The dose of tyramine was given in terms of the
salt tyramine sulfate. Responses to the interventions were
calculated from observations made during the last minute
of each intervention.
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Phase (Session I) and after Repletion of Ascorbic Acid (Session II)

Res. HR

During LBNP During LBNP

C -20 -40 -60 After C -20 -40 -60 After

U beats/min

9.9 12.2 13.5 18.1 12.3 65 60 60 90 60
14.9 21.2 16.7 18.5 10.9 65 85 100 105 55

14.0 23.8 16.8 20.4 5.9 80 90 108 100 90
13.8 20.2 22.7 24.1 6.2 75 75 80 90 80

15.8 24.9 26.9 30.6 6.5 65 75 85 102 70
16.4 27.3 19.6 26.6 8.7 70 80 85 90 80

6.8 12.5 14.0 12.1 5.6 55 70 75 90 70
, .3 11.4 9.6 8.3 3.8 75 80 90 110 80

13.1 20.8 20.8 19.7 7.0 75 90 105 155 90
17.5 23.6 22.8 27.6 9.8 90 95 115 155 110

11.9 18.8* 18.4* 20.2* 7.5 68 77 87* 107* 76
1.6 2.7 2.5 3.0 1.2 4.4 5.8 9.1 12.2 6.0

14.0 20.7* 18.3* 21.0* 7.9* 75 83 94* 110* 81
1.8 2.6 2.4 3.6 1.3 4.2 3.4 6.2 11.9 8.7

RESULTS
Each patient had more than one manifestation of ascor-
bic acid deficiency at the time of the first study and the
plasma levels of ascorbic acid were markedly reduced
(Table II). At the time of the second study, the clinical
manifestations of scurvy had disappeared and plasma
levels of ascorbic acid had increased.

Resting values of arterial blood pressure, heart rate,
central venous pressure, and blood flow to the forearm
were similar in the first and second sessions (Tables III,
V, and Figs. 3 and 4).

Effect of lower body negative pressure. During ses-
sion I, LBNP caused a sensation of fainting in two of
the five subjects whose mean blood pressures fell by 35
mmHg (R) and 48 mmHg (Mc). The other three
subjects had little or no reduction in arterial pressure.
During the second session, the largest reduction in

arterial pressure was 19 mmHg (S) (Table III).
Vascular resistance of the forearm increased during
LBNP but the average resistance attained over the
9 min period of suction was lower in three of the five
subjects (S, Mc, and H) in the first session as compared
to the second session.

The tachycardia and the reductions in central venous
pressure were similar in the two sessions.

The values of arterial Po0, Pco2, pH, hematocrit,
and plasma catecholamine concentrations are in Table
IV. There were no consistent differences in these values
during the two sessions, both before and during LBNP.
A slight reduction in Pco2 took place during LBNP
in both sessions.

Responses to intra-arterial infusions of norepinephrine
and tyramine. The doses used were insufficient to cause
any change in systemic arterial blood pressure or heart

Adrenergic Responses in Scurvy 301



rate but reductions in blood flow to the forearm were
apparent. The responses to both norepinephrine and
tyramine were less in session I than in session II
(Tables V and VI).

Responses to intravenous infusions of norepinephrine
and tyramine. Norepinephrine caused a rise in arterial
pressure, a decrease in forearm blood flow, an increase
in forearm vascular resistance, and bradycardia in each
of the five subjects during session I (Fig. 3). After
repletion of ascorbic acid, responses tested in only four
of the five subjects were not altered consistently.

During session I tyramine caused a rise in arterial
pressure with some increase in blood flow to the fore-
arm, a small increase in forearm vascular resistance, and
a decrease in heart rate. These responses were not
altered consistently in session II (Fig. 4).

DISCUSSION

We are reporting in this paper one of several studies
which were carried out on five scorbutic men. One of
the studies included an evaluation of the tolerance of
these men to a cold environment for several hours. They
had been deprived of ascorbic acid for a period of 84-97
days and had just started their repletion regimen when
one of us (J. H.) observed that they had an unusual
degree of edema of the feet and cyanosis when exposed
to the cold. This observation led us to postulate that
there may be some alteration in vascular reactivity in
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human scurvy. After review of the literature, we found
several reports which would support the hypothesis that
ascorbic acid deficiency might cause an interruption of
autonomic cardiovascular reflexes and in particular the
adrenergic component of the reflexes. Goldstein, Lauber,
Blumberg, and Peisach (6), and Friedman and Kaufman
(7) had demonstrated that ascorbic acid was an im-
portant cosubstrate involved in the enzymatic synthesis
of norepinephrine. The third and last step in the con-
version of tyrosine to norepinephrine is the beta-hy-
droxylation of dopamine which requires copper and the
reducing properties of ascorbic acid.

Dopamine + ascorbate + 02 fumarate
norepinephrine

+ H20 + dehydroascorbate (7).
On the basis of this finding one may postulate that

the rate of synthesis of norepinephrine from dopamine
may be reduced in the absence of ascorbic acid. Although
defective biosynthesis has not been demonstrated so far
in animals deprived of ascorbic acid, Thoa, Wurtman,
and Axelrod noted reductions in the catecholamine con-
tent of the myocardium of scorbutic guinea pigs (4).
Another observation which is probably unrelated to
synthesis of the amine is that of Sulkin and Sulkin (8)
who demonstrated significant degenerative changes in
the ultrastructure of autonomic ganglia of scorbutic
guinea pigs; these changes appeared to be specific to the
deficiency of this vitamin.
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FIGURE 2 Effect of lower body negative pressure (LBNP) on central venous pressure,
systemic arterial pressure, and forearm blood flow. For the purpose of this illustration suction
was applied at -20 and -40 mmHg for a total period of approximately 3 min. The fall in cen-

tral venous pressure and the reduction in blood flow to the forearm were related to the level of
negative pressure. The numbers under the flow curves represent the corresponding values of
blood flow calculated in ml/min per 100 ml of forearm volume. In this experiment mean
arterial pressure was unchanged by LBNP but heart rate increased at -40 mmHg. Imme-
diately after the end of suction, blood flow to the forearm increased to levels that were higher
than control for a period of approximately 30 sec. The distance between two vertical lines
represents an interval of 2 sec.
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FIGURE 3 Responses to intravenous administration of norepineph-
rine. Each symbol represents a different subject. C refers to control
observations before the infusion and 1, 2, and 3 refer to the three
doses used (0.0375, 0.075, 0.15 ttg/kg per min). The values to the left
of each graph were obtained during the scorbutic phase (session I)
and those to the right were obtained during session II after repletion
of ascorbic acid.

XVe reasoned that if the biochemical and pathophysio-
logical defects which were observed in vitro and in vivo
in the guinea pigs occurred also in man we should be
able to identify a defect in cardiovascular reflexes in the
scorbutic subjects. Such a defect would not necessarily
explain the edema and cyanosis that were observed in
the cold; but because of its importance and the scarcity

of studies on vascular responsiveness in human scurvy.

we decided to evaluate the integrity of adrenergic re-

sponses in these five subjects who had already become
scorbutic. This was done by testing the effects of pooling
of blood in the lower extremities and of intra-arterial
and intravenous norepinephrine and tyramine. Exposure
of the lower half of the body to subatmospheric pressures

TABLE IV

Blood Gases, pH, Hematocrit, and Plasma Catecholamines in Arterial Blood before (C) and during LBNP (-60 mmHg) in the
Scorbutic Phase (I) and after Repletion of Ascorbic Acid (II)

Plasma
Po2 Pco2 pH Hematocrit catecholamines

C LBNP C LBNP C LBNP C LBNP C LBNP

mmHg mmHg U per cent

Mean ±SE I 72.6 62.2 37.4 33.3* 7.46 7.47 43.4 43.9 0.68 0.54
4.8 10.8 0.8 1.4 0.011 0.017 2.6 2.2 0.20 0.17

II 77.8 80.2 35.1 32.4* 7.45 7.45 44.9 44.9 0.43 0.43
4.8 4.7 0.9 0.6 0.004 0.006 2.6 2.3 0.05 0.03

* The average values were significantly different from control (paired t test). Values in sessions I and II were not statistically
different. The reduction in Pco2 may reflect some degree of hyperventilation during LBNP.
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FIGURE 4 Responses to intravenous administration of tyra-
mine (12.5 and 25 ,ug/kg per min). See legend to Fig. 3.

causes pooling of blood in the lower parts, decreases
central venous pressure, and triggers reflex tachycardia
and reflex vasoconstriction in the forearm. The re-
sponses are similar to those seen during upright tilt
(13); they reflect to a major degree the integrity of the
autonomic nervous system and they are abolished in
autonomic neuropathy (14, 15). When endogenous cate-
cholamines are depleted, the cardiovascular effects of
norepinephrine may be augmented (16) but those of
tyramine are reduced since tyramine acts through the
release of endogenous catecholamines (17-19). Thus, the
relative responses to norepinephrine and tyramine during
ascorbic acid deficiency and after its correction provide
an indirect index of endogenous catecholamines in these
two states.

The results indicate that during the first session when
plasma levels of ascorbic acid were negligible and the
clinical manifestations of scurvy were evident tachy-
cardia resulted from pooling of blood in the lower ex-
tremities and bradycardia was triggered by elevation
of arterial pressure with intravenous norepinephrine and
tyramine. Similar responses were seen 4 months later
during the second session after full repletion of the
vitamin and disappearance of all signs and symptoms of
the deficiency suggesting that autonomic innervation of
the heart was not affected by the vitamin deficiency.

The findings with intra-arterial norepinephrine and
tyramine would not support the concept that there is sig-

nificant depletion of endogenous catecholamines during
experimental scurvy in man. Had there been depletion,
the vasoconstrictor response to tyramine would have
been reduced and the response to norepinephrine would
have been augmented, and this differential effect of the
two sympathomimetic amines would have been reversed
after repletion of ascorbic acid. The results indicate,
however, that the responses to both norepinephrine and
tyramine were reduced during ascorbic acid deficiency.
Thus, although the vasoconstrictor effect of intra-
arterial tyramine was reduced in session I as compared
to session II, this reduction does not indicate depletion
of catecholamines since the vasoconstrictor effect of
intra-arterial norepinephrine, which acts directly on ad-
renergic alpha receptors, was also reduced in session I.
The decreased responsiveness should therefore be attrib-
uted to either a nonspecific reduction in contractility of
vascular smooth muscle in scurvy or a diminution in
responsiveness to adrenergic stimuli. In their studies on
mesenteric vessels of scorbutic guinea pigs, Lee and Lee
reported decreased responsiveness of venules and arteri-
oles less than 100 AL in topical applications of epineph-
rine; the responsiveness of larger vessels was not
altered (2).

The levels of arterial pressure and of forearm vascular
resistance which were attained during LBNP also sug-
gest that the responsiveness of resistance vessels of the
forearm to LBNP was less in session I than in session
II in four of the five subjects. Two subjects (R and Mc)
had marked reductions in arterial blood pressure accom-
panied by a sensation of dizziness and fainting during
LBNP in session I. These effects were not seen after
repletion of ascorbic acid; and although the levels of
vascular resistance of the forearm were not consistently
lower during LBNP in session I in these two subjects,
the more pronounced hypotension would indicate that
vascular tone was less during LBNP in session I than
in session II. Two other subjects (S and H had lower
levels of vascular resistance associated with slightly
lower levels of pressure during LBNP in session I than
in session II suggesting also that vascular tone was less
during LBNP in the first session.

The constrictor effects of intravenous norepinephrine
and tyramine on resistance vessels of the forearm were
not augmented consistently after repletion of ascorbic
acid as were the responses to the intra-arterial infusions.
It should be mentioned in this connection that responses
to intravenous infusions include in addition to the direct
action of the drugs on blood vessels a possible central
action or myogenic and neurogenic reflex effects which
may either mask, modify, or override any direct effects.

Deprivation from ascorbic acid was maintained for a
period of 3 months. It might be argued that this period
was insufficient to induce scurvy in view of previous
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studies in which the deficiency had to be maintained for
more than 4 months before the appearance of symptoms

and signs of scurvy (20-23). In this as in previous
studies by our group (9, 10, 24), the 3 month period
was sufficient to decrease the total body pool of ascorbic
acid to less than 20%, to decrease the plasma levels to

less than 0.1 mg/100 ml in most subjects and to cause

definite clinical manifestations of scurvy. Rigid dietary
restriction may have been a factor in our ability to

induce scurvy in a shorter period of time than was

possible in earlier studies.
In the present experiments, session I was held 3-10

days after the beginning of repletion of ascorbic acid
rather than at the end of the depletion phase. The reason

was that the clinical observation which led to the studies
on vascular responsiveness was made at the end of the
period of depletion and during the first few days of
repletion as was mentioned in the foregoing text. The
short period of repletion did not affect the scorbutic
state of these men; and at the time of the first study,
the clinical manifestations were as pronounced as on the
last day of depletion and the plasma levels of ascorbic
acid were still very low. Subject Mc who had had the

largest amount of supplemental ascorbic acid at the time
of the first study also had the greatest reduction in
vasoconstrictor responses to LBNP as compared to re-

sponses obtained 4 months later.
The degree to which the vasoconstrictor responses

were augmented after the 4 month repletion period did
not appear to correlate with the dose of supplemental
ascorbic acid that had been administered; a dose of 10
mg/day or less may well exceed the requirements for
maintaining or restoring "normal" vasomotor respon-

siveness.
Perhaps the most important conclusion which can be

drawn from these findings is that experimental scurvy in
man is not accompanied by the physiologic or pharma-
cologic responses which would be associated with de-
generation of autonomic ganglia or with defective syn-

thesis of norepinephrine. The in vitro biochemical
findings and the observations made on autonomic
ganglia of scorbutic guinea pigs may not be transferable
to experimental human scurvy. In this regard, however,
one should mention that enzymatic beta-hydroxylation of
dopamine to norepinephrine is not a rate-limiting step
in the synthesis of the neuromediator (25), and there-

TABLE V
Effect of Intra-Arterial Infusions of Norepinephrine and Tyramine on Blood Flow to the

Forearm (ml/min per 100 ml) during the Scorbutic Phase (I) and after
Repletion of Ascorbic Acid (II)

Subject C Norepinephrine C Tyramine

pg/kg per min lAg/kg per min

0.002 0.004 0.3 0.6
H I 7.5 3.3 2.8 7.8 5.5 4.0

II 9.8 2.5 1.4 8.1 5.3 4.9

Mc I 4.3 2.6 2.1 5.3 4.2 2.9
I I 4.3 2.0 1.4 4.2 2.3 1.2

R I 5.2 2.9 2.4 5.7 3.6 2.3
II 4.0 1.0 0.8 5.9 2.5 1.8

P I 11.3 5.1 2.0 11.3 7.6 5.2
I I 7.0 1.6 1.5 6.2 4.0 3.5

S I 4.7 4.3 3.5 4.3 3.8 3.3
II 4.0 1.7 1.8 4.1 2.2 1.8

Mean +SE I 6.60 3.64* 2.56* 6.88 4.94* 3.54*
1.29 0.46 0.27 1.24 0.74 0.50

II 5.82 1.76* 1.38* 5.70 3.26* 2.64*
1.14 0.24 0.16 0.74 0.60 0.68

P valuest Ivs/II > 0.05 < 0.005 >0.05 < 0.05

* Indicates that the values during infusions were significantly different from control
(P < 0.05 by paired t test).
$ Indicates the probability values for the statistical significance of the differences between
sessions I and II which were calculated by paired t test for control values (C) and by
analysis of variance (Table VI) for values obtained during the infusions.
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TABLE VI
Analysis of Variance of Responses to Intra-Arterial Norepinephrine and

Tyramine in the Two Sessions

Norepinephrine Tyramine

Degrees of Mean Mean
Source of variation freedom square F square F

Subjects 4 0.68 1.67 6.62 12.97*
Sessions 1 11.76 29.18* 8.32 16.31*
Doses 1 2.56 6.35t 5.10 10.00t
Sessions X Doses 1 0.66 1.64 0.76 1.49
Error 12 0.403 0.510

* Indicates P < 0.005 and the absence of a symbol indicates that the F value
was not statistically significant (Snedecor, G. W. 1956. Statistical Methods
Applied to Experiments in Agriculture and Biology, Iowa State University
Press, Ames, edition 5). The significance of the variation ascribed to "Ses-
sions" indicates that responses to the sympathomimetic amines were different
in the two sessions and the significance of the variation of "Doses" indicates
that there was a dose-related effect. The lack of significance of the variation
ascribed to Sessions X Doses interactions indicates that the dose-response
curves in the two sessions were parallel.
$ Indicates P < 0.05.

fore, a deficiency of ascorbic acid which is important
for that step might not be expected to result in signifi-
cant reductions in the synthesis of endogenous nor-
epinephrine. In guinea pigs, scurvy may be induced
within 2-3 wk and the metabolic pathways of ascorbic
acid are different in pigs and in man so that the patho-
physiology of scurvy may be different in the two species.
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