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Original research Articles
Levels of Serum Ascorbic acid in a population of North Jordan

Abstract

Aims: Total serum vitamin C (L-ascorbic acid) concentration was measured in a group of
499 individuals (males and females age range 18-60 years) with different health conditions
(diabetes, high blood pressure, smoking, pregnancy) and a group of 432 healthy individual
(males and females age range 5-60 years).

Methodology: Total serum vitamin C concentration was measured using the........

Results: The total vitamin C concentration in male healthy individuals was found to be
43.6 £ 1.75 pmol/l compared to 23.0 £ 1.7 pmol/l in male smokers, 23.6 = 1.4 umol/l in
male diabetes and 24.8 £ 2.3 pumol/l in males with high blood pressure. The total vitamin C
concentration in female healthy individuals was found to be 47.2 + 2.1 umol/l, whereas
these concentrations were found to be lower in female smokers with 29 + 1.5 pmol/l, 28.4 +
0.8 pmol/l in females with diabetes, 29 + 1.5 umol/l in females with high blood pressure,
and 30.2 + 0.9 pumol/l in pregnant women. these values are significantly lower (p < 0.05).
Conclusion: Vitamin C absorption by the body is influenced by the health status of the
individual. This was clearly shown by the differences between healthy individuals from the

test group and those with different health conditions.

Keywords: Vitamin C, serum ascorbic acid, High Performance Liquid Chromatography.
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1. Introduction

Vitamins are trace-amount organic compounds that regulate the physiological functions of
an organism. Vitamins are classified into two main groups, water-soluble (vitamins B and
C) and fat-soluble (vitamins A, D, E and K).water soluble vitamins are not stored by the
body and therefore should be supplied daily in our diet, on the other hand, fat soluble
vitamins are dissolved in fat before they are absorbed in the bloodstream to carry out their
functions. Excess of these vitamins is stored in the liver, and is not needed every day in the
diet. Vitamin C also known as ascorbic acid (AA) or ascorbate is an essential nutrient
obtained from the food we eat (fruits and vegetables) and needed by the body to hold cells
together through collagen synthesis [1]. vitamin C is required for the synthesis of different
structures within the body: collagen a protein representing the main component of
connective tissue, and is the most abundant protein in mammals, making up about 25% to
35% of the whole-body protein content [2, 3]; AA also acts as an antioxidant by lowering
oxidative damage and thereby lowering the risk of certain chronic diseases [4-6]. It has
been shown that vitamin C helps in decreasing blood glucose, serum lipids & serum insulin
in type 2 diabetic patients [7]. Serum ascorbic acid was also inversely associated with
several markers of chronic diseases including glucose homeostasis [8], C-reactive protein
[9] and obesity [10]. Vitamin C was also related with the synthesis of some hormones
(norepinephrine and epinephrine) [11]; carnitine, a quaternary ammonium compound
biosynthesized from the amino acids lysine and methionine, required for the transport of
fatty acids from the inter-membranous space in the mitochondria, into the mitochondrial
matrix during the breakdown of lipids (fats) for the generation of metabolic energy[12].
Insufficient vitamin C intake causes scurvy, which is characterized by fatigue or lassitude,
widespread connective tissue weakness, and capillary fragility [13,14]. The recommended

daily dietary allowance (RDA) for vitamin C is 60 mg [15]. Despite the fact that the dietary
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intake of vitamin C is the primary determinant of serum ascorbic acid concentrations [16],
these concentrations can be influenced by other factors such as age [17], sex [6,18],
smoking [16, 19], body weight [20, 21], physical activity [22], season [19], dietary iron
[23], serum lipids [19], and prior vitamin C depletion [21], Vitamin C was also found to be
toxic to tumor cells [2].

The aim of this study is to investigate the concentrations of serum ascorbic acid in a
population of individuals with different age and health conditions and compare them with

healthy individuals from the northern parts of Jordan.

2. Material and Methods

2.1 Experiment design and population

Blood samples from 931 participants were collected from the northern part of Jordan;
participants were male (n= 389) and female (n= 542) between 5 and 60 years old. 133 of
which 35 female and 98 male were smokers, 125 were diabetic, and 165 were suffering

from high blood pressure.

2.2 Blood samples collection

Blood samples were collected by venipuncture and stored in glass tubes at the medical
laboratories in Al Mafraq hospital (Al Mafraq, Jordan), samples were then centrifuged to
separate the serum form other blood constituents. Sera were stored in vials at -20°C until

use.

2.3 Sample preparation
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Ascorbic acid in serum was extracted by mixing 100 pl sera with 400 pl of 60%
methanol/EDTA then incubated for 10 min at 4°C before centrifuging at 12.000 rpm for 8
min. the clear phase was transferred to another polypropylene tube. All extracts were
dissolved in 100 pl methanol and stored at -20°C until analysis. Total ascorbic acid in sera

was measured by High Performance Liquid Chromatography (HPLC).

2.4 Chromatographic system

A water mode 600 solvent delivery system was used together with a Thermo Hyper
Keystone, C18 (4.6 x 250 mm) column packed with (Sum particle size). Samples of
vitamin C were injected using a Rheodyne injector with a 20 uL sample loop. Detection
was done with a UV/Vis diode array detector (Water PD486), the absorbance detector was
operating at 254 nm. Peak evaluation and quantitization were made using a water
millennium software. The mobile phase consisted of 75% (v/v) methanol: water and flow

rate of 1.0 ml/min.

2.5 Chemicals and reagents

Ascorbic acid (AA), C¢HsOg, where obtained from Sigma-Aldrich and used without further
purification, all solvents were Merck grade and used as received.

2.6 statistical analysis

The Two-Way ANOVA test was used for the data analysis; data was reported as mean +

Standard Deviation (SD). P-value < 0.05 was considered to be significant.

3. Results and discussion

3.1 Validation of the analytical method
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The validation strategy for the optimization of the chromatography methods includes the
study of the repeatability of injection with at least six replicates, the determination of the
linear range by dilution of standard solutions, and the estimation of the limit of
quantification using standards. The above strategy was achieved by the following steps:
(1) Spiking of each matrix that is subject to extraction to determine the recovery of each
extraction method and compare with blanks, (2) Determine within-day reproducibility, (3)
Determine day-to-day recovery. The chromatography method was used to analyze and
quantize the concentration of vitamin C in serum samples.

The total area under the curve is directly related to the concentration of the Vitamin C. A
set of calibration standard solutions containing Vitamin C was made (5 to 600 uM) and
analyzed using HPLC instrument with 254 nm UV detector. The chromatographic data
produced are graphically presented in figure 1. The calibration is linear down to 5 uM.
The calibration curve of this compound following a linear relationship and it is
represented by equation 1

y =328+ (11542)x withRDis0.992 (1)

From the calibration experiments, the smallest concentration of Vitamin C that can be
detected is estimated to be 0.1 uM. from all above, we can conclude that used method for
the determination of Vitamin C is sensitive and rapid and can be used for the purpose of

this study.
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Figure 1. Calibration curve for the analysis of serum ascorbic acid concentrations

from a population of 931 volunteer males and females.

3.2 Levels of vitamin C detected in participants

Serum ascorbic acid concentrations were associated with different health conditions,
diabetes [7], high blood pressure [24], smoking [25], and cardiovascular diseases [26, 27].
We represented the results of the study depending on sex (male versus female), medical
status (healthy versus non healthy), age (5-12, 13-18, 19-29, and 30-60 years old subjects),
and number of smoked cigarettes per day among tested smokers (less than 10
cigarettes/day, 10-20 cigarettes/day, and more than 20 cigarettes/day). Results were
distributed into tables representing the above categories.

The total number of the participants in this study was 931 aged 5 to 60 years old of which
389 were males and 542 were females. Of the males, 161 were healthy nonsmoking
individuals, 98 were smokers aged between 18 and 60 years, 40 had diabetes between 30
and 60 years old and 90 individuals had high blood pressure problems and aged 30 to 60
years. Of the female investigated population, 271 were healthy nonsmokers, 35 were

smokers between 18 and 60 years old, 85 were diabetes between 30 and 60 years old, 75
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had blood pressure problems and aged between 30 and 60 years old, and 76 were pregnant
(18 to 40 years old).

Table 1. Distribution of the tested population depending on their sex, age and medical

status.
Participants description Sex Sample Age range / years
number

Total number 931 5-60

Sex Male 389 5-60

Female 542 5-60

Healthy individuals ( non-smokers, Male 161 5-60
neither hlgh plood pressure nor Female 271 5-60

diabetic problems)

Smokers Male 98 18 - 60
Female 35 18 - 60

Diabetics Male 40 30-60

Female 85 30-60

High Blood pressure Male 90 30-60
Female 75 30-60

Pregnant women 76 18-40

Table 1 summarizes the numbers of men and women investigated in this study as well as
their distribution depending on their medical status. It was reported that the concentration
of ascorbic acid in serum was considered to be adequate if >28 pmol/l, suboptimal if
between 11 and 28 pmol/l and deficient if <11 pumol/l [28, 29]. Table 2 summarizes the
serum ascorbic acid concentrations in the tested population with different health conditions
and age variation from 18 to 60 years; the mean values of serum ascorbic acid among
healthy individuals was found to be 43.6 umol/l in males and 47.2 pumol/l in females, both
values were within the adequate range (> 28 pmol/l) although, females seem to have a
slightly higher concentrations than men (table 2). The statistical data was performed using

the two way ANOVA test and the results were significant if P < 0.05.
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Among smokers the mean concentration of serum ascorbic acid was found to be suboptimal
with 23 pmol/l in males and 29 pmol/L in females. In the diabetes group, the mean
concentration of serum ascorbic acid was 23.6 umol/l in males and 28.4 pmol/l in females
considered to be suboptimal too. For the high blood pressure in the tested subjects, the
mean concentration for serum ascorbic acid was found to be 24.8 pmol/l in males and 29
pmol/l in females and was considered to be in the suboptimal group. Pregnant women
tested for ascorbic acid levels in their serum had a mean concentration of 30 umol/l which
was considered to be in the adequate group. It was found that low dietary intake of vitamin
C during pregnancy was associated with a trend towards an increased incidence of severe
pre-eclampsia, eclampsia [30] (Table 2).
Table 2. Mean concentrations of serum ascorbic acid in the collected samples from 931

individual, males and females, healthy and with different health conditions.

Sample description Sex Sample Mean concentration of
number vitamin C (umol/l)
Healthy individuals Male 161 43.6 +1.75
female 271 472 +2.1
Smokers Male 98 23*% 1.7
Age 18- 60 Female 35 20*% + 1.5
Diabetes Male 40 23.6*+ 1.4
Age 18 - 60
Female 85 28.4% £0.8
High Blood pressure Age Male 90 24.8%+2.3
18 - 60 Female 75 29% £ 1.5
Pregnant females 76 30.2* £ 0.9
Age 18 - 40

*P < 0.05, significantly different from the control (healthy individuals).

If we compare healthy individuals (males and females) with those with different health
conditions that were tested in this study, we can see a significant difference in their mean

vitamin C concentrations which was 1.9 fold lower in male smokers compared with healthy
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ones, 1.84 fold lower in male diabetes, and 1.75 times lower in males with high blood
pressure compared with healthy ones from the tested population. In females, the same
pattern was observed compared with healthy ones, the mean concentrations of ascorbic acid
were found to be 1.62 times lower in female smokers, 1.66 times lower in female diabetes,
and 1.62 fold lower female with high blood pressure. Pregnant women were found to have
their ascorbic acid levels 1.56 times lower compared with healthy females (table 2). These
results show clearly that the incorporation of AA in the body is related to its health status
showing that people with different health conditions does not have adequate levels of serum
AA compared with healthy people. These findings are in accordance with studies on
ascorbic acid concentrations done by other research groups around the world [31, 32].
Table 3 summarizes the differences in the concentrations of ascorbic acid among the
healthy individuals from the tested population related to age and sex; we found that
younger children from the healthy tested population had higher levels of ascorbic acid than
adults regardless of their sex, we found that the levels of serum vitamin C were decreasing
within age with a mean serum concentration of 50-52 pmol/l in children aged 5-12 years
compared with 33.4-40.3 pmol/l in adults aged 30-60 years (table 3). This could be
explained by the fact that as we age our body does not assimilate vitamins the same way as
when we were young, this is due to the fact that metabolism slows down with age, also,
older adults are more likely to take medications that prevent the absorption of certain
vitamins.
Table 3. Mean serum ascorbic acid concentrations of males and females aged 5-60 years

stratified by sex and age.

Males Females
Age Mean concentration of Mean concentration of
vitamin C (umol/l) vitamin C (umol/l)
5-12 50+1.32 52 £2.25
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13-18 48+24 49.6 £1.34
19-29 43+14 47 +2
30-60 33419 403 +2.9

Regarding sex, females have higher concentrations of ascorbic acid than males as we stated
before. Another study conducted by Loria et al.; showed that men with low serum
ascorbate concentrations may have an increased risk of mortality. In contrast, serum
ascorbate concentrations were not related to mortality among women [28].

Among the population tested for serum vitamin C concentrations, 98 males and 35 females
were smokers, table 4 summarize the levels of ascorbic acid among smokers depending on
the number of cigarettes smoked daily.

Table 4. Mean serum ascorbic acid concentrations of smokers (males and females) aged

18-60 years and stratified by number of cigarettes smoked.

Males (n =98) Females ( n = 35)
Sample Mean Sample Mean
Number | concentration of | number | concentration of
vitamin C vitamin C
(umol/l) umol/l)
<10 13 26.2*% +£0.32 35 29% + 1.5
Smokers :
(No of cigarettes) 10- 20 40 22.5%+23 0 -
> 20 45 204*+1.4 0 -
Healthy individuals 161 43.6 +1.75 271 472+2.1

*P < 0.05, significantly different from the control (Healthy individuals).

Males from the test group witch smoke less than 10 cigarettes/day had their mean serum
vitamin C concentrations of 26.2 pumol/l, which is 1.66 fold less than the healthy people
among those who took the survey with a mean serum vitamin C concentrations of 43.6

umol/l; with increasing numbers of smoked cigarettes/day, the concentrations of serum

10
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vitamin C were found to be decreasing to reach 20.4 umol/l which is about 2 fold less that
those found in healthy individuals with more than 20 cigarettes/day (table 4). females that
smoked less than 10 cigarettes/day had a mean vitamin C concentrations around 29 umol/l,
which was 1.6 fold less than the healthy people among those who took the survey with a
mean concentrations of serum vitamin C concentrations of 47.2 umol/l. Unfortunately,
there was no heavy female smokers among the tested group to study the impact of high
number of smoked cigarettes on the concentrations of serum vitamin C. Schectman and his
research group found similar results when testing a group of American volunteers for their
Serum ascorbic acid levels depending on the number of smoked cigarettes/day compared to
non-smokers, the study showed that smokers of 20 cigarettes daily had the lowest serum
vitamin C levels compared to non- smokers and smokers of 1-19 cigarettes daily had
decreased levels of vitamin C compared to non- smokers [25]. In another study, Schleider
et al.; found that the mean concentrations of serum ascorbic acid of adult smokers were
one-third lower than those of nonsmokers [32]. Our results are in accordance with those

found by these scientists indicating that smoking leads to lower vitamin C body absorption.

4. Conclusion

As a conclusion to this study, we can state that the health status of an individual affects its
serum vitamin C concentrations; this was shown in the tested population of Al mafrag-
Jordan where people with different health conditions had lower serum vitamin C
concentrations compared to the healthy ones.
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