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Abstract
Aim: To compare the acute effects of ascorbic acid on vasodilation of veins and
arteries in vivo.  Methods: Twenty-six healthy non-smokers and 23 healthy moder-
ate smokers were recruited in this study.  The dorsal hand vein compliance tech-
nique and flow-mediated dilation were used.  Dose-response curves to bradykinin
and sodium nitroprusside were constructed to test the endothelium-dependent
and -independent relaxation before and after acute infusion of ascorbic acid.
Results: Smokers had an impaired venodilation with bradykinin compared with
non-smokers (68.3%±13.2% vs 93.7%±20.1%, respectively; P<0.05).  Ascorbic acid
administration in the dorsal hand vein significantly increased the venodilation
with bradykinin in smokers (68.3%±13.2% vs 89.5%±6.3% before and after infusion,
respectively; P<0.05) but not in non-smokers (93.7%±20.1% vs 86.4%±12.4% be-
fore and after infusion, respectively).  Similarly, the arterial response in smokers
had an impaired endothelium-dependent dilation compared with that in non-smok-
ers (8.8%±2.7% vs 15.2%±2.3%, respectively; P<0.05) and ascorbic acid restored
this response in smokers (8.8%±2.7% vs 18.7%±6.5% before and after infusion,
respectively; P<0.05), but no difference was seen in non-smokers (15.2%±2.3% vs
14.0%±4.4% before and after infusion, respectively).  The endothelium-indepen-
dent dilation did not differ in both the groups studied.  No important hemody-
namic change was detected using the Portapress device.  Conclusion: Smokers
had impaired endothelium-dependent vasodilation responsiveness in both arte-
rial and venous systems.  Ascorbic acid restores this responsiveness in smokers.
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Introduction
Chronic cigarette smoking is a major risk factor for car-

diovascular disease and is associated with dose-dependent ar-
terial endothelial dysfunction and hemodynamic changes[1–3].
The cause of endothelial dysfunction in smokers is not
known.  Carbon monoxide and nicotine have been implicat-
ed[4–6], but the mechanism that seems to have the greatest
effect is oxidant injury[7,8].

Although probably multifactorial, it has been hypoth-
esized that the adverse effects of smoking may result from
an accumulation of oxidative damage caused by the reactive
oxygen species (ROS) on endothelial cells[9].  Low plasma
concentrations of nitric oxide (NO)[10], which is a possible

sign of endothelial dysfunction, along with low plasma con-
centrations of ascorbic acid (AA) have been reported in long-
term habitual smokers[11].  AA has a broad spectrum of anti-
oxidant activities because of its ability to react with numer-
ous aqueous free radicals and ROS and it effectively pro-
tects lipids in human plasma against peroxidative damage[12].
It has been demonstrated that the administration of AA in
arterial beds markedly improves endothelium-mediated va-
s o d i l a t i o n  i n  c h r o n i c  s m o k e r s

[13], but its in vivo effect in
veins has not been studied yet.

In contrast to the continuous production of NO in the
arterial endothelium, a very low basal production of NO has
been demonstrated in the venous endothelium[14,15].  In
contrast, in the cultured endothelial cells of rats, higher en-
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dothelial isoform of the nitric oxide synthase (NOS) protein
levels, nitric oxide synthase (NOS) activity, and intracellular
L-arginine have been found in veins compared with that in
arteries[16].  There is considerable evidence of heterogeneity
between the arterial and the venous endothelium[17].  The
goal of the present study was to compare the acute response
of AA in both vascular beds in smokers.

Materials and methods
Study population  The volunteers for this study were as

follows: the control group comprised 26 healthy subjects
without familial history of coronary artery disease or arterial
hypertension (blood pressure<140/90 mmHg), who were also
non-hypercholesterolemic, non-diabetic and non-smokers
without a history of being regular passive smokers. The
smoker group comprised 23 regular smokers (normally 20
cigarettes daily) without familial history of coronary artery
disease or arterial hypertension, who were also non-hyper-
cholesterolemic and non-diabetic.

None of the subjects was taking regular medications and
all were clinically well.  Subjects with cardiac or cerebral is-
chemic vascular disease, impaired renal function, or other
major pathologies were excluded from the study.  In accor-
dance with current legislation, all patients were aware of the
investigational nature of the study and gave their written
informed consent before participating.  The Institutional
Committee for Ethics in Research approved this study.

Experimental procedure  All studies were initiated at
8:00 AM after overnight fasting, with the subjects lying in
the supine position in a quiet air-conditioned room (22–24 °C).
The subjects were admitted in the outpatient clinic of the
Campinas State University Hospital (HC-UNICAMP)on 2
different occasions for 4 h studies.  During the first study,
measurements were performed after infusion of saline solu-
tion at a rate of 75 mL/h, iv.  The second study was per-
formed with infusion of saline solution (75 mL/h, iv) plus AA
at a rate of 25 mg/min, iv.

Dorsal hand vein technique The dorsal hand vein
technique, previously modified by Aellig[18], as used in our
laboratory has been described in detail[5].  Briefly, a 23 G
butterfly needle was inserted into a suitable vein on the back
of the hand, with the arm positioned at an upward angle of
30 o to allow the complete emptying of the veins.  A tripod,
holding a linear variable differential transformer (LVDT;
Schaevitz Engineering, Pennsauken, New Jersey, USA) was
mounted on the back of the hand with its central aperture,
containing a movable metal core, at a distance of 10 mm down-
stream from the tip of the needle.  The signal output of the
LVDT, which is linearly proportional to the vertical move-
ment of the core, gave a measurement of the diameter of the
vein.  Readings were taken under a congestive pressure of

40 mmHg by inflating a blood pressure cuff placed on the
upper portion of the arm under study.  Results were pre-
sented as normalized dose-response curves in which the di-
ameter of the vein during saline infusion is defined as 100%
dilation.  The vein was pre-constricted to 20% of the baseline
size by infusing increasing doses of phenylephrine (12–
3166 ng/min).  This dose rate of phenylephrine was defined
as the ED80 dose and this degree of constriction was defined
as 0% dilation for the purposes of subsequent calculations.
The vasodilation effects expressed in this study were calcu-
lated as a percentage in the range between 0% and 100%
dilation.  Drugs were infused using a Harvard infusion pump
(Harvard Apparatus, South Natick, MA, USA) at a flow rate
of 0.3 mL/min.  Blood pressure and heart rate were monitored
in the opposite arm with a Dynamap Blood Pressure Monitor
(Critikon, Tampa, FL, USA).  After pre-constriction of the
vein by phenylephrine, dose-response curves of bradykinin
(1–278 ng/min) and sodium nitroprusside (0.0187 ng/min–
3166 ng/min) were constructed with 5 ng/min infusion rates
in both smoker and non-smoker volunteers.  AA (25 mg/min)
was co-infused during the second study of each volunteer.
Infusions at each rate lasted for 5 min with the sphygmoma-
nometer cuff inflated to 45 mmHg for the last 2 min of the
infusion.

Flow-mediated dilation  Brachial artery flow-mediated
dilation was measured with a 7.0 MHz linear array transducer
and an ATL HDI system (Advanced Technology Labora-
tories, Seattle, WA, USA) according to the manufacturer’s
instructions[19].  The brachial artery was scanned longitudi-
nally 5–10 cm above the elbow and a holder probe was used
to hold the transducer in the same position throughout the
procedure.  The focus zone was set to the depth of the near
wall of the artery.  Depth and gain settings were set to opti-
mize images of the lumen-arterial wall interface.  The images
were magnified by a resolution box function and measure-
ments were taken from the anterior to posterior “m” line at
the R-wave peak of the electrocardiogram.  The brachial ar-
tery diameter was measured by identifying a clear section of
the vessel in B-mode.

After the baseline-resting scan, a pneumatic cuff, placed
at the wrist, was inflated to 300 mmHg for 5 min.  The second
scan was performed 45–120 s after cuff deflation.  Fifteen
minutes were allowed for vessel recovery, after which a sec-
ond baseline scan was performed.  Glyceryl trinitrate (0.4 mg;
Nitrostat, Parke-Davis, Morris Plainf , New Jersey, USA) was
then administered and the 4th scan of the brachial artery was
undertaken.  When the brachial artery diameter and blood
flow had returned to baseline, flow-mediated dilation was
determined after AA infusion (25 mg/min, iv; 10 min).  Blood
flow and brachial artery diameter data for glyceryl trinitrate
and vitamin C represent measurements during the last minute
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of each infusion[20].  Two independent observers unaware of
the subjects’ clinical details, and the type and stage of the
study measured the vessel diameter.  Repeated measurements
in individuals using this technique are consistent and
reproducible.

Statistical analysis  Descriptive data were expressed as
mean±SD.  The dose-response curves were fitted to a sig-
moid model[21], and the maximum effect (Emax) and the dose
that causes 50% of the Emax (ED50), were determined.  Para-
metric tests (Student’s paired and unpaired t-tests) were used
to compare the Emax and lgED50 values.  The sample size was
calculated for a power of 0.80.  P<0.05 was considered to be
statistically significant.

Results
Clinical characteristics  No statistical difference between

smokers and non-smokers in terms of clinical characteristics
was detected (Table 1).  Chronic smokers had a history of
23.1±6.1 cigarettes a day.  No side-effect was observed dur-
ing the studies.

Dorsal hand vein  Smokers had an impaired endothelium-
dependent venodilation with bradykinin compared with non-
smokers (68.3%±13.2% and 93.7%±20.1%, respectively;
P<0.05) (Table 2; Figure 1).  AA administration significantly
increased the venodilation to bradykinin in smokers (68.3%
±13.2% and 89.5%±6.3% before and after AA infusion,
respectively; P<0.05), restoring it to levels similar to those
observed in non-smokers (93.7%±20.1% and 86.4%±12.4%
before and after AA infusion, respectively; P>0.05) (Table 2).
The endothelium-independent venodilation response did not
show significant differences (Table 3; Figure 1).

Flow-mediated dilation  The arterial response measured
by flow-mediated dilation showed an impaired endothelium-
dependent vasodilation in smokers compared with non-smok-

ers (8.8%±2.7% vs 15.2%±2.3%, respectively; P<0.05).  AA
administration significantly increased the endothelium-
dependent vasodilation in response to reactive hyperemia
in smokers (8.8%±2.7% vs 18.7%±6.5% before and after AA
infusion, respectively; P<0.05), restoring it to similar levels

Table 1.  Clinical characteristics of  the participants in the study.
Mean±SD. BMI, body mass index; F, female; M, male; MBP, mean
blood pressure.

Control Smokers

Sex (M/F) 12/14 13/10
Age (years) 36.1±6.4 39.0±8.4
BMI (kg/m2) 23.8±5.0 22.5±2.5
Daily cigarettes    – 23.1±6.1
MBP (mmHg) 83.1±4.7 86.9±6.6
Glycemia (mg/dL) 97.3±6.4 88.1±7.2
Total cholesterol (mg/dL) 171.0±38.3 181.2±32.3
Triglyceride (mg/dL) 112.3±47.2 103.2±41.4
Creatinine (mg/dL)  0.7±0.3   0.9±0.1

Table 2.  The maximum effect (Emax), the bradykinin dose that causes
50% of the Emax (ED50), and lgED50 in control and smoker subjects,
before and after ascorbic acid (AA) administration to bradykinin
infusion. Mean±SD.  bP<0.05 vs controls; eP<0.05 vs smokers before
ascorbic acid.

                      Controls        Controls         Smokers        Smokers
                     before AA       after AA        before AA       after AA
                        (n=12)           (n=14)          (n=13)          (n=10)

Emax/% 93.7±20.1 86.4±12.4 68.3±13.2b 89.5±6.3e

ED50/µg·L-1 41.2±10.2 18.5±8.2 17.1±7.3 15.0±2.8
lgED50   1.4±0.5   1.1±0.1   1.0±0.2   1.2±0.1

Figure 1.  Dose-response curve to bradykinin (A) and sodium nitro-
pru sside (B)  of the dor sal  ha nd veins pre-const ri ct ed with
phenylephrine. The venodilation was expressed as a percentage of
the baseline (pre-phenylephrine) vein diameter.  Mean±SD. Controls
before ascorbic acid (AA; n=12, open circle); controls after AA (n=14,
closed circles); smokers before AA (n=13, open squares); smokers
after AA (n=10, closed squares).  bP<0.05 vs controls; eP<0.05 vs
smokers before AA.
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to those observed in non-smokers (15.2%±2.3% vs 14.0%±
4.4% before and after AA, respectively).  The endothelium-
independent vasodilation response did not show significant
difference (Table 4).

Hemodynamic findings  Infusion of AA in smokers and
non-smokers did not cause significant vascular changes, as
evidenced using Portapress (TNO BMI, Amsterdam,
Netherlands) device (Tables 5, 6), excepting a mild increase

in the heart rate.

Discussion
The present study demonstrates that impaired endothe-

lium-dependent vasodilation in chronic smokers could be
markedly improved in both arterial and venous endothelium
beds by acute administration of the anti-oxidant AA.  In
contrast to the continuous production of NO by the arterial

Table 3.  The maximum effect (Emax), the dose of sodium nitroprus-
side that causes 50% of the Emax (ED50), and lgED50 in control and
smoker subjects, before and after ascorbic acid (AA) administration
to sodium nitroprusside infusion. Mean±SD.

         Controls        Controls     Smokers  Smokers
                     before AA      after AA    before AA  after AA

            (n=12)         (n=14)       (n=13)    (n=10)

Emax/% 106.0±8.1 98.6±14.6 114.2±13.8 101.4±6.2
ED50/µg·L–1     0.5±0.3   0.4±0.2     0.4±0.2     0.6±0.4
lgED50    -1.0±0.9  -0.5±0.3    -0.9±0.2    -1.7±0.4

Table 4 .  Brachial artery diameter in non-smokers and smokers,
before and after ascorbic acid (AA) administration through flow-
mediated dilation.  Mean±SD. bP<0.05 vs control; eP<0.05 vs smok-
ers before vitamin C. GTN, glyceryl trinitrate of vascular reactivity
(brachial artery diameter % changes).

Change/% Controls Controls Smokers Smokers
before AA after AA before AA after AA

(n=12) (n=14) (n=13) (n=10)

Hyperemia 15.2±2.3 14.0±4.4    8.8±2.7b  18.7±6.5e

GTN 25.9±5.7 27.1±6.4 21.7±4.3 28.9±8.6

Table 5.  Hemodynamic variables in control group before and after infusion of ascorbic acid (AA) in different stages. Mean±SD.  bP<0.05 vs
basal.  RH, reactive hyperemia (brachial artery diameter % changes); GTN, glyceryl trinitrate vascular reactivity (brachial artery diameter %
changes); CO, cardiac output (L/min); SVR, systemic vascular resistance (dyne·s·cm-5); DP, diastolic pressure (mmHg); SP, systolic pressure
(mmHg);  MAP, mean arterial pressure (mmHg); HR, heart rate (beat/min).

                                Control before AA (n=12)                                      Control after AA (n=14)
                             Basal               RH                   GTN         Basal                  RH                      GTN

CO    6.0±1.7    5.4±1.2    5.7±1.2    6.4±1.9    6.1±1.8    5.8±1.5
SVR 1287±373 1267±325 1306±343 1189±484 1203±337 1390±543
SP   117±8   107±9   122±6   117±13   108±8   127±14
D P     70±5     66±4     74±4     64±17     65±5     76±10
MAP     86±5     80±5     91±4     82±15     80±5     93±11
HR     64±9     62±10     76±11b     60±8     62±10     72±11b

Table 6.  Hemodynamic variables in smoker group before and after infusion of ascorbic acid (AA) in different stages of vascular reactivity.
Mean±SD. RH, reactive hyperemia (brachial artery diameter % changes); GTN, glyceryl trinitrate vascular reactivity (brachial artery diameter
% changes); CO, cardiac output (L/min); SVR, systemic vascular resistance (dyne·s·cm-5); SP, systolic pressure (mmHg); DP, diastolic pressure
(mmHg); MAP, mean arterial pressure (mmHg); HR, heart rate (beat/min).

                             Smokers before AA (n=13)                                     Smokers after AA (n=10)
                           Basal                       HR                         GTN                       Basal                 HR                      GTN

CO    4.5±0.9    4.3±1.1    4.3±0.8    4.9±0.7   4.8±1.0    4.2±0.4
SVR 1804±666 1536±282 1971±789 1562±244 1938±999 1829±387
SP   127±16   119±17   131±16   128±18   121±14   131±23
D P     77±12     72±11     79±11     73±7     70±5     77±10
MAP     93±12     88±12     91±4     92±10     87±7     95±14
HR     63±5     62±6     77±8     62±7     61±8     75±9
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endo-thelium, the basal production of NO from the venous
endothelium is very low[22].  However, its production from
the venous endothelium can be increased in response to
bradykinin or other molecules[23].  Recently, Wagner et al
found higher eNOS protein levels, NOS activity, and intra-
cellular L-arginine levels exhibited in cultured venular
endothelial cells from rat mesenteric circulation compared
with cultured endothelial cells from their paired arterioles[16].
Bohlen reported that, although the mean NO concentration
was not significantly different between vessel types because
of the high variability in absolute values, the venous wall
NO concentration was higher than the arterial wall NO con-
centration in approximately 80% in terms of small mesenteric
artery vein pairs studied in vivo[24].  Other studies have sug-
gested that the venous endothelium does not have a larger
capacity for NO synthesis than the arterial endothelium and
in some cases may generate less NO.  For example, shear
stress and acetylcholine stimulate less NO release from the
jugular vein than from the nearby carotid artery[25] and shear
stress elicits a smaller NO-dependent dilation in coronary
venules than in their respective arterioles[26].

Many studies have demonstrated the superior long-term
patency of arterial grafts compared with the saphenous vein,
based on endothelial function[27].  A higher basal release of
NO and endothelium-derived hyperpolarizing factor  in arte-
rial grafts[15], intact endothelial function and absence of inti-
mal thickening in arterial grafts when compared with saphe-
nous grafts[28], and the maintenance of the physiological NO
and prostacyclin metabolisms, both soon after surgery and
in long-term follow up, in arterial rather than venous grafts[29]

suggest a higher bioavailability of NO in arterial beds.  All
these findings highlight the growing consensus that there is
a marked regional and segmental heterogeneity in vascular
endothelial function, with NO release and/or its vascular ef-
fects varying between and within specific vascular beds[17].

Previously, we demonstrated an impaired vasodilation in
smokers using the dorsal hand vein technique[30] and flow-
mediated dilation[31].  Now, our data show that acute AA
administration reverses this abnormal response caused by
cigarette smoking in both vascular beds.  Clinical observa-
tions have shown oxygen-derived free radicals as mediators
of smoking-induced endothelial dysfunction.  Ascorbate im-
proves or reverses endothelial dysfunction suggesting that
there is a link between this and NO production or its
metabolism.  Depleted levels of AA, have been demonstrated
in chronic smokers[11,32].  Ascorbate has been shown to re-
verse NO-dependent endothelial dysfunction present in the
coronary arteries of patients with atherosclerosis[33],
hyperhomocysteinemia[34], hypercholesterolemia[35], hyper-
tension[36], and diabetes[37].  There are many mechanisms for
the improvement of endothelial function by ascorbate[38]: (i)

prevention of endothelial dysfunction induced by oxidized
cholesterol low-density lipoproteins; (ii) ascorbate-induced
release of NO from S-nitrosothiols in plasma; (iii) reduction
of nitrite to NO; (iv) scavenging of superoxide by ascorbate;
(v) thiol-dependent redox regulation of eNOS interaction with
ascorbate; (vi) regulation of eNOS through tetra-hydrobio-
pterin; (vii) ascorbate as a cofactor for eNOS; and (viii) ef-
fects on stimulation of guanylyl cyclase by NO.  Many stud-
ies have shown these improvements in the arterial beds of
regular smokers using flow-mediated dilation, impedance
plethysmography, and intra-arterial infusions, but not in
venous vascular beds.

Our findings demonstrate that endothelial dysfunction
in smokers can be reversed by AA in venous and arterial
vascular beds.  Arteries and veins have different biological
activities in terms of the endothelium, probably by marked
regional and segmental heterogeneity in vascular endothe-
lial function, but we have demonstrated similar findings in
this specific vascular bed.  The precise mechanism for this
needs further investigation.  Because veins are not suscep-
tible to atherosclerosis, we have demonstrated that the dor-
sal hand vein technique can be used as a tool to assess
vascular responsiveness in smokers.

These results show that there is a similar impaired re-
sponsiveness in arterial and venous endothelial-dependent
vascular reactivity in smokers, and that after acute infusion
of AA there is an improved responsiveness in both vascular
beds.
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