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ABSTRACT

Background: Asthma is an inflammatory disease of the airways. Oxidants are of the important factors damaging the
airways. Moreover, an inappropriate correlation exists between oxidants and antioxidants in asthma. Vitamin C is one of the
major protective antioxidants of the airways. Thus, we evaluated the concentration of Vit C in plasma and white blood cells of
asthmatic patients.

Materials and Methods: A case-control study was performed on 50 asthmatic patients referred to Masih Daneshvari
Hospital. Data were collected through the general information and 24h dietary recall questionnaires and then the effect of
independent variables on plasma and WBC ascorbic acid concentrations was evaluated by statistical analyses using
biochemical tests.

Results: Data showed that plasma and WBC ascorbic acid deficiency exists in 38% and 92% of asthmatic patients,
respectively. There was a significant difference in plasma and WBC Vit C concentrations between case and control groups
(p<0.0001). There was a positive significant correlation between the level of plasma ascorbic acid and dietary Vit C intake
(p=0.0001).

Conclusion: The present study showed a relationship between asthma and ascorbic acid levels in plasma and in WBCs.
More precise studies are recommended for better determination of asthma and vitamin C correlation. (Tanaffos 2006; 5(4):
29-35)
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INTRODUCTION

There is a direct correlation between reduced the positive effects of antioxidant vitamins including
pulmonary function and mortality in the general vitamin C (4-9), Vit E and B-carotene on pulmonary
population (1-3). Numerous studies have confirmed function. However, there is insufficient evidence in

this regard (10).
Asthma is primarily an inflammatory disease, and
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lung lining fluid of the airways and is a protective
factor against external oxidants such as cigarette
smoke and environmental pollutants. On the other
hand, reactive oxygen derivatives released from
eosinophils, macrophages and neutrophils during an
asthma attack, have an important role in the
development of disease. They directly induce
contraction of smooth muscles of the airways and
stimulate histamine release. There are oxidant-anti
oxidant imbalances as well as oxidative stress
conditions in asthmatic patients (12).

In developed countries where dietary regimen has
gradually lost proper amounts of fresh vegetables and
fruits, pulmonary diseases induced by harmful
inhaled materials are more common (13). Based on
Schwartz et al. study, high levels of plasma Vit C
were accompanied by lower incidences of bronchial
inflammation and wheezing (14). Fogarty et al.
reported that epidemiologic studies considered Vit C
as an effective factor in reducing symptoms of
asthma (15).

A study conducted by Olusi et al. in 1979 showed
that the plasma level of Vit C in patients with asthma
was different from that of healthy controls (16).
There are controversial studies about the effect of Vit
C on asthma (17).

Due to the lack of sufficient evidence required to
confirm or rule out the effect of Vit C on respiratory
symptoms of the patients with asthma, we decided to
evaluate its effect on symptoms of these patients.

MATERIALS AND METHODS

A case-control study was conducted in 2001 to
evaluate the level of ascorbic acid in plasma and
white blood cells of asthmatic patients referred to
Masih Daneshvari Hospital (Tehran). In this study,
asthmatic patients who did not have history of
smoking, myocardial infarction or infection were
evaluated.

Healthy non-smokers with no history of smoking
were also selected as the control group. The subjects

received general questionnaire and filled the 24h
dietary recall (18) and underwent biochemical tests
and WBC
measurements. In this survey, asthmatics whose

including plasma ascorbic acid
disease had been confirmed by a pulmonologist and
had been present for 6 months, were selected
Afterwards,
including general information (age, gender, etc) were

randomly. general  questionnaires
filled out via interview and then blood samples were
taken from subjects. Since the concentration of Vit C
in both plasma and white blood cells had to be
measured, 10 cc of non-fasting venous blood was
taken from each patient. A 24-hour dietary recall
questionnaire was also filled. Ascorbic acid intake
was measured as mg by FPII (Food Processor II,
ESHA research, Salem, Oregon, 1987).

Blood samples were separated into two groups of
plasma and WBC and transferred into prepared tubes
for further examination. Lowry method was used to
measure the Vit C level in plasma and WBC,
separately.

Finally, colorimetery of the prepared samples was
performed within 24 to 48 hours after freezing.
Measurement of the level of ascorbic acid in white
blood cells:

Principles:

Whole blood was mixed with a solution
containing saline, dextran and ethylene diamine
tetraacetic acid (EDTA) in which red blood cells
(RBCs)
formation. The remaining WBCs were precipitated

immediately precipitated by rouleaux

by separating and centrifuging the upper layer.
Subsequently, the amount of their ascorbic acid,
extracted by trichlroacetic acid, was measured by 2, 4
dinitro-phenyl-hydrazine method.
Indicators:
1- Precipitating RBC
solutions were mixed as 200/50/2 ratios):
- Sodium chloride 8.5 g/L
- Dextran 60 g/L
- Sodium EDTA 100 g/L

solution (the following
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2- Trichlroacetic acid 50 g/L
3- Staining solution (the following solutions were
mixed as 20/1/1 ratios):
- 2,4 dinitrophenyl hydrazine (in sulfuric acid)
10 mol/L
- Thiourea 50 g/L in distilled water
- Cupric (Cu) sulfate 6 g/L in distilled water
4- Sulfuric acid solution (650 cc sulfuric acid was
gradually added into 350cc distilled water).
5- Standard ascorbic solution 10 mg/L (in solution
No.2)

Method:

Six to 10 cc of venous blood sample was added to
12.5cc of precipitating solution and stored for 30
minutes. Subsequently, 10cc of the upper layer was
transferred into another tube and centrifuged at 3000
rpm for 15 min. The upper layer was thrown away.
1.3cc of trichloroacetic acid was added into
precipitated WBCs and the remaining solution was
centrifuged. Then, lcc of superficial solution was
transferred into the test tube. One milliliter of
standard solution and 1 cc of trichloroacetic acid
solution were added to std and blank tubes,
respectively. Staining solution 0.3 cc was added to all
tubes and incubated at 37°C for 4 hours. Finally, 2 cc
of sulfuric acid was added into all tubes, mixed and
read with a 520 nm spectrophotometer (19).

RESULTS

Data showed that there were no significant
differences in sex distribution (p=0.84) and health
status (with or without asthma) between the case and
control groups (p= 1, using Fischer's test). There was
no statistically significant difference in drug
consumption between the two groups.

Table 1 is indicative of plasma ascorbic acid
status. It showed that 38% of patients had a mean
plasma Vit C less than 0.4 mg/dL (below the
standard level) and 62% were within the normal
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range. In the control group, all individuals had
normal levels of plasma Vit C (there was a
significant difference between the case and control

groups).

Table 1. Frequency of study subjects according to the level of plasma
ascorbic acid.

Study group

Plasma ascorbic acid Total
Case Control

Deficiency No. 19 0 19
(%) 38 0 19

Normal No. 31 50 81
(%) 62 100 81

Total No. 50 50 100
(%) 100 100 100

Deficiency: Plasma Vit C<0.4 (mg/L)
Normal: Plasma Vit C>0.4 (mg/dL)

Table 2 shows the frequency distribution of
subjects based on WBC ascorbic acid levels. It
indicated that 92% of patients had WBC ascorbic
acid levels less than 20 ng/10WBC, whereas 8% of
the controls showed this deficiency. Eight percent of
patients and 92% of the controls had a normal level
of WBC ascorbic acid. There was a significant
difference between the patient and control groups

(p<0.0001), using Fischer's test.

Table 2. Frequency of study subjects according to the level of WBC
ascorbic acid.

Study group

WBC ascorbic acid Total
Case Control

Deficiency No. 46 4 50
(%) 92 8 50

Normal No. 4 46 50
(%) 8 92 50

Total No. 50 50 100
(%) 100 100 100

Frequency distribution of subjects based on
ascorbic acid status is shown in table 3. Fifty percent
of patients had dietary intake of Vit C less than
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45mg/day [less than 75% of recommended dietary
allowance (RDA)], and the remaining 50% received
45 mg/day or more.

Table 3. Frequency of study subjects regarding dietary ascorbic acid
intake.

Dietary ascorbic acid Cc Study grcéupt I
ase ontro
Deficiency (<45mg/day) z:/o ) 23 ;2
0
Normal (> 45mg/day) Z\(l)/o) zg gg
0
No. 50 50
Total (%) 100 100

In contrast, 32% of the controls had dietary Vit C
intake less than 75% of the RDA recommended dose.
However, the remaining 68% had normal intake of
Vit C which was not statistically significant.

Table 4 shows the comparison of the means of
quantitative variables in case and control groups.
There was a significant difference in the means of
plasma and WBC ascorbic acid concentrations in the
case and control groups (p<<0.0001). The mean (+SD)
duration of asthma was 8(£1.3) yrs. Totally, 47.4%
of women and 52.6% of men had plasma ascorbic
acid deficiency while 52% of women and 48% of
men had WBC ascorbic acid deficiency. There was
no significant difference between the sex and level of
ascorbic acid (p=0.84 , p=1).

Table 4. Comparison of the quantitative variables in patient and control
groups.

Patient (n=50)  Control (n=50)

Variable P value
Mean SE Mean SE

Weight (kg) 67.8 1.40 68.4 1.3 0.78

Height (cm) 165.7 1.00 166.9 1 042

Age (year) 44.6 2.20 443 2.1 0.91

Plasma ascorbic
acid level (mg/dL)
WBC ascorbic acid
level (mg/10WBC)
Dietary Vit C intake
(mg)

Duration of asthma
(year)

07 0006 1.15 0.006  0.0001

9.6 1.1 31.2 75 0.0001

711 9.80 82.8 75 0.34

8 1.30 - - -

73.7% of study subjects were healthy in spite of
having plasma Vit C deficiency. There was no
significant correlation between the level of ascorbic
acid (in plasma and WBC) and health status. (p=1,
p=0.068).

Data showed that 89.5% and 74% of study
subjects who had used drugs had plasma and WBC
Vit C deficiencies, respectively. There was a
significant correlation between the level of ascorbic
acid (in plasma and WBC) and drug consumption
(p<0.0001).

Table 5 shows the level of plasma and WBC
ascorbic acid based on dietary ascorbic acid intake.
As mentioned before level of plasma ascorbic acid
was related to dietary Vit C intake (p=0.03). No
significant correlation was found between WBC
ascorbic acid and dietary Vit C intake (p=0.41).

Table 5. Level of plasma ascorbic acid based on dietary ascorbic acid

intake.

Plasma ascorbic WBC ascorbic
+
acid acid §'
QL =
L 8
Health status 2 _ > _ 5 E
5 g 5 g =&
s 5§ & 5 =
0 14 73 43 44 87
Healthy
(%) 73.7 90.1 86 88 87
o 5 8 7 6 13
Patient
(%) 26.3 9.9 14 12 13
No. 19 81 50 50 100
Total

(%) 100 100 100 100 100

Plasma ascorbic acid deficiency was severe in
57.9% and mild in 42.1% of subjects. Among
individuals with WBC ascorbic acid deficiency,
41.3% and 58%
deficiencies, respectively. There was no significant

showed severe and mild

correlation between the severity of disease and the
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level of ascorbic acid (p=0.07, p=0.6).

Regression analysis showed that the patients age
had no correlation with plasma and WBC ascorbic
acid concentrations (p=0.549, p=0.667).

On the other hand, regression coefficient was
0.0248 (SE=0.01) for duration of asthma (p=0.03).
This means that the longer the duration of disease,
the greater the decrease in mean plasma Vit C
concentration (to 0.024 mg/dL) in the patient group.
This relationship did not exist in WBC ascorbic acid
level and was not significant (p=0.51).

Regression analysis showed that the age of
healthy subjects had no effect on plasma and WBC
ascorbic acid levels (p=0.11).

DISCUSSION

According to the obtained results, we concluded
that asthma was correlated with plasma and WBC
ascorbic acid levels. Although ascorbic acid level
was not influenced by other independent variables
including sex, level of education, occupation or
health status in this study, we can not suggest that the
disease is influenced by the level of Vit C, and
further researches are necessary to find a correlation
between asthma and level of ascorbic acid.

As shown in our study, only 38% of subjects had
plasma ascorbic acid deficiency and no deficiency
was detected in the control group. In the patient
group, the majority had normal concentration of
plasma Vit C. However, there was a significant
difference in plasma and WBC ascorbic acid levels
between the patient and control groups.

Severe deficiency of WBC ascorbic acid was
detected in 92% of subjects in the patient group. The
results showed that WBC ascorbic acid in patients
was more influenced by the disease as compared to
plasma ascorbic acid. This may be due to the fact that
plasma Vit C is more influenced by the dietary intake
of vitamin.

Erroneous measurement of plasma Vit C may

Jamaati HR, etal. 33

complicate the analysis of plasma ascorbic acid.
of WBC Vit C
concentration is indicative of Vit C status in longer
periods of time (20-22).

Data showed that the study subjects did not have
problems with the dietary intake of Vit C. A study
conducted by Vallance (23) in 1979 demonstrated
that the level of WBC ascorbic acid may be falsely

Therefore, measurement

low in subjects with leukocytosis induced by
myocardial infarction, infection and/ or surgery. The
present study did not show this fact. Our results were
consistent with those of other studies. In 1979, Olusi
et al. (16) detected Vit C deficiency in plasma and
WBCs of patients.

In 1985, Aderele et al. showed that mean of
plasma Vit C in asthmatic patients was lower than in
controls (24). Other studies regarding the correlation
of dietary Vit C intake with respiratory diseases
showed that lower amount of dietary Vit C intake
was accompanied by an increasing incidence of
respiratory diseases such as asthma (22, 25, 26).
Regarding antioxidant status in asthmatics, our
findings confirmed the results of the previous studies
and showed that Vit C level was lower in asthmatic
patients as compared with healthy subjects. In
contrast, erythrocyte glutathione and ceruloplasmin
levels were higher in the patient group than in
controls (27). In a study performed on lung lining
fluid of patients with asthma, Vit C and alpha-
tocopherol (Vit E) concentrations were lower in
patients with mild asthma than in healthy volunteers,
even though the blood levels were normal or
increased. On the other hand, the amount of oxidised
glutathione had been increased in these patients and
increased oxidative stress was considered (28).

A case-control study undertaken by Powell et al.
in 1994 on 35 patients with asthma for evaluation of
antioxidant status showed no significant difference in
the level of some of the antioxidants including Vit C
between patient and control groups (29). It must be
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mentioned that in Powells' study only the plasma Vit
C was evaluated and no evaluation was carried out
on WBC Vit C. Additionally, the age group consisted
of children; thus, researchers suggested that further
studies should be done in this regard.

As a conclusion, Vit C status especially WBC
ascorbic acid concentration should be examined in
patients with asthma because as observed in this
study, Vit C reserve is more influenced in this group.
Although some drugs used by asthmatic patients (like
corticosteroids) have impact on the level of Vit C
(13) more extensive studies should be done by
evaluating other antioxidants in addition to Vit C in
these patients.

We recommend consumption of vegetables, fresh
fruits and Vit C supplements in subjects with low
level of plasma Vit C, because this vitamin can be
effective in lowering the rate of obstructive lung
diseases and may even have a preventive effect on
etiology of these diseases.

REFERENCES

1. Friedman GD, Klatsky AL, Siegelaub AB. Lung function and
risk of myocardial infarction and sudden cardiac death. NV
Engl J Med 1976; 294 (20): 1071- 5.

2. Neas LM, Schwartz J. Pulmonary function levels as
predictors of mortality in a national sample of US adults. Am
J Epidemiol 1998; 147 (11): 1011- 8.

3. Schunemann HJ, Dorn J, Grant BJ, Winkelstein W Jr,
Trevisan M. Pulmonary function is a long-term predictor of
mortality in the general population: 29-year follow-up of the
Buffalo Health Study. Chest 2000; 118 (3): 656- 64.

4. Britton JR, Pavord ID, Richards KA, Knox AJ, Wisniewski
AF, Lewis SA, et al. Dietary antioxidant vitamin intake and
lung function in the general population. Am J Respir Crit
Care Med 1995; 151 (5): 1383-7.

5. Hu G, Zhang X, Chen J, Peto R, Campbell TC, Cassano PA.
Dietary vitamin C intake and lung function in rural China.

Am J Epidemiol 1998; 148 (6): 594- 9.

Tanaffos 2006, 5(4):

10.

1

—_—

12.

13.

14.

15.

Schwartz J, Weiss ST. Relationship between dietary vitamin
C intake and pulmonary function in the First National Health
and Nutrition Examination Survey (NHANES I). Am J Clin
Nutr 1994; 59 (1): 110- 4.

Grievink L, Smit HA, Ocke MC, van 't Veer P, Kromhout D.
Dietary intake of antioxidant (pro)-vitamins, respiratory
symptoms and pulmonary function: the MORGEN study.
Thorax 1998; 53(3): 166-71.

Ness AR, Khaw KT, Bingham S, Day NE. Vitamin C status
and respiratory function. Eur J Clin Nutr 1996; 50 (9): 573-
9.

Dow L, Tracey M, Villar A, Coggon D, Margetts BM,
Campbell MJ, et al. Does dietary intake of vitamins C and E
influence lung function in older people? Am J Respir Crit
Care Med 1996; 154 (5): 1401- 4.

Schunemann HJ, Freudenheim JL, Grant BJ. Epidemiologic
evidence linking antioxidant vitamins to pulmonary function
and airway obstruction. Epidemiol Rev 2001; 23 (2): 248-
67.

. Kongerud J, Crissman K, Hatch G, Alexis N. Ascorbic acid

is decreased in induced sputum of mild asthmatics. Inhal
Toxicol 2003; 15 (2): 101- 9.

Forastiere F, Pistelli R, Sestini P, Fortes C, Renzoni E,
Rusconi F, et al. Consumption of fresh fruit rich in vitamin C
and wheezing symptoms in children. SIDRIA Collaborative
Group, Italy (Italian Studies on Respiratory Disorders in
Children and the Environment). Thorax 2000; 55 (4): 283- 8.
Seaton A, Godden DJ, Brown K. Increase in asthma: a more
toxic environment or a more susceptible population? Thorax
1994; 49 (2): 171- 4.

Schwartz J, Weiss ST. Dietary factors and their relation to
respiratory symptoms. The Second National Health and
Nutrition Examination Survey. Am J Epidemiol 1990; 132
(1): 67-76.

Fogarty A, Lewis SA, Scrivener SL, Antoniak M, Pacey S,
Pringle M, et al. Oral magnesium and vitamin C supplements
in asthma: a parallel group randomized placebo-controlled

trial. Clin Exp Allergy 2003; 33 (10): 1355- 9.

29-35



16.

17.

18.

19.

20.

21.

22.

Olusi SO, Ojutiku OO, Jessop WJ, Iboko MI. Plasma and
white blood cell ascorbic acid concentrations in patients with
bronchial asthma. Clin Chim Acta 1979; 92 (2): 161- 6.
Bielory L, Gandhi R. Asthma and vitamin C. Ann Allergy
1994; 73 (2): 89- 96; quiz 96-100.

Smit HA, Grievink L, Tabak C. Dietary influences on
chronic obstructive lung disease and asthma: a review of the
epidemiological evidence. Proc Nutr Soc 1999; 58 (2): 309-
19.

Carl A.Brutis, Edward R. Ashwood. Tietz Text book of
Clinical Chemistry 2™ ed. 1994; 1313-14.

Hunter D. Biochemical indicators of dietary intake. In: Willet
W ed. Nutritional Epidemiology. Oxford University Press.
1998;200-201.

Bates CJ, Thurnham DI. Biochemical markers of nutrient
intake. In: Margetts BM, Nelson M, eds. Design concepts in
Nutritional Epidemiology. Oxford, Oxford University Press.
1997;209-11.

Sargeant LA, Jaeckel A, Wareham NJ. Interaction of vitamin
C with the relation between smoking and obstructive airways

disease in EPIC Norfolk. European Prospective Investigation

23

24.

25.

26.

217.

28.

29.

Jamaati HR, etal. 35

into Cancer and Nutrition. Eur Respir J 2000; 16 (3): 397-
403.

. Vallance S. Leucocyte ascorbic acid and the leucocyte count.

Br J Nutr 1979; 41 (3): 409- 11.

Aderele WI, Ette SI, Oduwole O, Ikpeme SJ. Plasma vitamin
C (ascorbic acid) levels in asthmatic children. Afir J Med
Med Sci 1985; 14 (3-4): 115- 20.

Soutar A, Seaton A, Brown K. Bronchial reactivity and
dietary antioxidants. Thorax 1997; 52 (2): 166-70.

Hu G, Zhang X, Chen J, Peto R, Campbell TC, Cassano PA.
Dietary vitamin C intake and lung function in rural China.
Am J Epidemiol 1998; 148 (6): 594- 9.

Vural H, Uzun K. Serum and red blood cell antioxidant
status in patients with bronchial asthma. Can Respir J 2000;
7 (6): 476- 80.

Kelly FJ, Mudway I, Blomberg A, Frew A, Sandstrom T.
Altered lung antioxidant status in patients with mild asthma.
Lancet 1999; 354 (9177): 482- 3.

Powell CV, Nash AA, Powers HJ, Primhak RA. Antioxidant
status in asthma. Pediatr Pulmonol 1994; 18 (1): 34- 8.

Tanaffos 2006, 5(4): 29-35



