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ABSTRACT 

Background: Mapping the circadian rhythm of serum ascorbic acid and uric acid is needed to establish reference values and 

their status and rhythm in healthy population. 

Materials and Methods: The circadian periodicity of serum ascorbic acidand uric acid concentration was studied in healthy 

volunteers. 150 healthy volunteers (90 males and 60 females) mostly medical students, staff members and members of their 

families were included in this study.They were divided into 4 age groups i. e., Group A (08-20 years), Group B (21-40 

years), Group C (41-60 years) and Group D (61-75 years) each comprising of 35, 45, 40, and 30 participants respectively. 

They followed a diurnal activity from about 06:00 to about 22:00 hours and nocturnal rest. Blood samples were collected 

from each subject every 6 h for complete 24-hour period. Serum ascorbic acid and uric acid were measured 

spectrophotometrically. Data from each subject were analysed by population-mean cosinor procedures. 

Results: A marked circadian variation was demonstrated for ascorbic acid and uric acid concentration in each group by 

population-mean cosinor analysis (almost invariably p<0.001). Furthermore, both the MESOR and circadian amplitude 

underwent significant changes with advancing age for both studied variables.The circadian acrophase also underwent 

marked changes as a function of age. 

Conclusion: Mapping the circadian rhythm of serum ascorbic acid and uric acid is needed to explore their role in different 

physio-pathological conditions. 

 

INTRODUCTION 

Ascorbic acid is perhaps one of the most important 

single nutritional factors in terms of its influence on 

world history. Naval battles have been won or lost, 

based on the number of crewmembers sick with 

scurvy as well as on military prowess. The race to 

explore faraway places like the Antarctic was made 

much harder for explorers like Captains Cook and 

Scott by the consequences of scurvy. Vitamin C, 

also known as L-ascorbic acid, is a water-soluble 

vitamin that is naturally present in some foods, 

added to others, and available as a dietary 

supplement. Humans, unlike most animals, are 

unable to synthesize vitamin C endogenously, so it 

is an essential dietary component1. 

Uric acid is a product of the metabolic breakdown 

of purine nucleotides, and it is a normal constituent 

of urine. It is synthesized mainly in the liver, 
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intestines and other tissues such as muscles, 

kidneys and the vascular endothelium as the end 

product of an exogenous pool of purines, derived 

largely from animal proteins. In addition, live and 

dying cells degrade their nucleic acids, adenine and 

guanine into uric acid. Deamination and 

dephosphorylation convert adenine and guanine to 

inosine and guanosine, respectively. The enzyme 

purine nucleoside phosphorylase converts inosine 

and guanosine to the purine bases, respectively 

hypoxanthine and guanine, which are both 

converted to xanthine via xanthine oxidase-

oxidation of hypoxanthine and deamination of 

guanine by guanine deaminase. Xanthine is further 

oxidized by xanthine oxidase to uric acid
2
. High 

blood concentrations of uric acid can lead to gout 

and are associated with other medical conditions 

including diabetes and the formation of ammonium 

acid urate kidney stones. Humans cannot oxidize 

uric acid to the more soluble compound allantoin 

due to the lack of uricase enzyme. The enzyme 

uricase (urate oxidase) can metabolize uric acid to 

highly soluble 5-hydroxyisourate that is further 

degraded to allantoic acid and ammonia, easily 

excreted by the kidneys. However, several 

primates, including man have lost the functional 

activity of the enzyme uricase, as uricase mRNA 

may be detected in human livers but it displays two 

premature stop codons, and the encoding gene is, 

thus, a pseudogene. 

Vitamin C or ascorbic acid exists in reduced 

(ascorbate) and oxidized forms as dehydroascorbic 

acid, which are easily inter-convertible and 

biologically active. It thus acts as an important 

antioxidant. Due to its function as an antioxidant 

and its role in immune function, vitamin C has been 

promoted as a means to help prevent and/or treat 

numerous health conditions. Diseases and disorders 

in which vitamin C might play a role include 

cancer (including prevention and treatment), 

cardiovascular disease, age-related macular 

degeneration (AMD) and cataracts, and the 

common cold.Under certain conditions, vitamin C 

can act as a pro-oxidant, potentially contributing to 

oxidative damage
3
. A few studies in vitro have 

suggested that by acting as a pro-oxidant, 

supplemental oral vitamin C could cause 

chromosomal and/or DNA damage, and possibly 

contribute to the development of cancer
3,4

. 

However, other studies have not shown increased 

oxidative damage or increased cancer risk with 

high intakes of vitamin C
3,5

. Blood is a commonly 

used biofluid for biomarker discovery because it is 

a data-rich source containing several thousands of 

hydrophilic and hydrophilic metabolites that likely 

reflect many complex biological processes in the 

body. However, these metabolites’ concentrations 

and time structure in different age groups in healthy 

populations has not been extensively studied. There 

are only few reports regarding the circadian nature 

of serum ascorbic acid in health and disease
6,7

. 

Uric acid, or more correctly (at physiological pH 

values), its monoanion urate, is traditionally 

considered to be a metabolically inert end-product 

of purine metabolism in man, without any 

physiology value. However, this ubiquitous 

compound has proven to be selective antioxidant, 

capable especially of reaction with hydroxyl 

radicals and hypochlorous acid, itself being 

converted to innocuous products (allantoin, 

allantoate, glyoxylate, urea, oxalate). There is now 

evidence for such processes not only in vitro and in 

isolated organs, but also in the human lung in vivo. 

Urate may also serve as an oxidase co substrate for 

the enzyme cyclooxygenase. As shown for the 

coronary system, a major site of production of 

urates is the microvascular endothelium, and there 

is generally a net release of urate from the human 

myocardium in vivo. In isolated organ preparations, 

urate protects against reperfusion damage induced 
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by activated granulocytes, cells known to produce a 

variety of radicals and oxidants. Intriguingly, urate 

prevents inactivation of endothelial enzymes 

(cyclooxygenase, angiotensin converting enzyme) 

and preserves the ability of the endothelium to 

mediate vascular dilatation in the face of oxidative 

stress, suggesting a particular relationship between 

the site of urate formation and the need for a 

biologically potent radical scavenger and 

antioxidant
2
. 

To our knowledge, circadian rhythm of vitamin C 

and uric acid concentration in healthy volunteers of 

different age groups and their correlation, if any, 

with the aging process has not been reported. The 

present study aims to fill this gap by providing 

reference values for circadian changes of 

circulating ascorbate and urate in different age 

groups in healthy Indians. 

SUBJECTS AND METHODS 

One hundred fifty healthy Indians (90 males and 60 

females, 8–75 years of age) volunteered for this 

study. They followed a 24-hour synchronized 

social schedule with diurnal activity from about 

06:00 to 22:00 and nocturnal rest. They were of 

equal socio-economic status (middle income), 

residing in the northern part of the country, around 

Lucknow. Most were medical students, staff 

members and members of their families who had 

been residing in the region for at least 2 years. 

Informed consent was obtained from all individual 

participants included in this study, which was 

approved by the Institutional Review Board of 

King George's Medical University in Lucknow, 

India.  

Subjects were asked to refrain from taking any 

Vitamin C supplements, including any 

multivitamins with antioxidant activity before the 

study. All study participants were asked to avoid 

junk/fast food. All participants followed their usual 

daily routine, but abstain from strenuous activity, 

such as sports or other physical exercises on the 

dates of investigation. All took their usual 

(although not identical) meals 3 times daily: 

breakfast around 08:00, lunch around 13:30, and 

dinner around 21:00, without any change in their 

usual fluid intake. The burden of environmental 

temperature and pollution, if any, was common to 

all participants. 

The volunteers were subdivided into 4 age groups: 

A (8–20 y), B (21–40 y), C (41–60 y), and D (61–

75 y), composed of 35, 45, 40 and 30 subjects, 

respectively. The 8 to 20 years age group was 

included to span as wide an age range as possible 

without necessarily focusing on changes that may 

occur as a function of development and maturation. 

The dietary pattern of subjects in this age group 

was about the same as that of the other age groups.  

Blood samples were collected in plain vials every 6 

hours for 24 hours (4 samples) around 06:00, 

12:00, 18:00 and 24:00. Serum was separated and 

ascorbic acid (vitamin C) and uric acid were 

measured spectrophotometrically
8,9

. 

Data from each subject were evaluated by 

conventional statistical analyses and by single and 

population-mean-cosinor procedures to obtain 

estimates of the MESOR (Midline Estimating 

Statistic Of Rhythm, a rhythm-adjusted mean), 24-

hour amplitude (a measure of half the predictable 

extent of daily change) and 24-hour acrophase (a 

measure of the timing of overall high values 

recurring each day)
10-13

. 

RESULTS 

Results are summarized in Tables 1 and 2. A 

marked circadian variation was recorded for 

ascorbic acid and uric acid concentrations by 

population-mean cosinor analysis for all age 

groups, with changed circadian characteristics in 

terms of MESOR, circadian amplitude and 

circadian acrophase. On an individualized basis, a 

statistically significant circadian rhythm in Vitamin 
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C could be documented by single cosinor in only 

10 of the 150 subjects, while borderline statistical 

significance was reached in another 16 subjects, 

likely related to the poor statistical power from the 

4 samples, leaving but one degree of freedom for 

the zero-amplitude test. On a population basis, 

however, a circadian rhythm is invariably 

documented in each age group (P<0.001). 

Parameter tests show large changes in all circadian 

rhythm characteristics among the 4 age groups, 

Table 1. Both the MESOR and 24-hour amplitude 

increased greatly between age groups A and B and 

between age groups B and C, while they underwent 

a drastic decrease between age groups C and D 

(P<0.001), Table 1. The 24-hour acrophase 

advances between age groups A and B, and again 

between age groups C and D (P=0.001), Table 1.  

MESOR and circadian amplitude underwent 

significant changes with advancing age for serum 

uric acid. The circadian amplitude further 

underwent marked changes as a function of age, 

Table 2. The acrophase occurred around 13:45 

hours in youngest age group which advanced to 

peak around 12:52, 06:35 and even 03:19 

progressively in older age groups. Parameter tests 

further showed significant changes in all circadian 

rhythm characteristics among the 4 studied age 

groups, Table 2.  MESOR increased greatly 

between age groups A and B and between age 

groups C and D, while they underwent a drastic 

decrease between age groups C and D (P<0.001). 

The 24-hour acrophase advanced between age 

groups A and B, and again between age groups C 

and D (P=0.001), Table 2. 

 

Table 1: Circadian periodicity of serum ascorbic acid in Healthy Indians 

 

Population-Mean Cosinor Results 

Age 

Group 

n MESOR SE 24h 

Amplitude 

SE 24h Acrophase 

 

(95% CI) P-value      

A 35 0.59 0.02 0.13 0.01 -278°  (-270, -

289) 

<0.001 

B 45 0.71 0.01 0.17 0.02 -232° (-238, -

259) 

<0.001 

C 40 0.89 0.02 0.32 0.02 -238° (-221, -

239) 

<0.001 

D 30 0.62 0.06 0.08 0.01 -149° (-128, -

186) 

<0.001 

 Age groups: A (<20 years of age); B (21-40 years of age); C (41-60 years of 

age); D (> 60 years of age). 

n: Number of subjects; MESOR: Midline Estimating Statistic Of Rhythm (a 

rhythm-adjusted mean) (mg/dl);  

SE: Standard Error; 24h Amplitude (mg/dl); 24h Acrophase (measure of 

timing of overall high values recurring each day) (negative degrees, with 

360° ≡ 24 hours. 0° = 00:00; CI: Confidence Interval. 
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Table 2: Circadian periodicity of serum uric acid in Healthy Indians 

 

Population-Mean Cosinor Results 

Age 

Group 

n MESOR SE 24h 

Amplitude 

SE 24h Acrophase (95% CI) P-value      

A 35 4.41 0.02 0.30 0.11 -213° (-171, -268) =0.02 

B 45 5.27 0.08 0.52 0.07 -189° (-156, -185) <0.01 

C 40 4.99 0.11 0.59 0.05 -118° (-86, -184) <0.01 

D 30 4.02 0.10 0.48 0.08 -52° (-14, -72) <0.02 

 Populations: A (<20 years of age); B (21-40 years of age); C (41-60 years of 

age); D (> 60 years of age). 

k: Number of subjects; MESOR: Midline Estimating Statistic Of Rhythm (a 

rhythm-adjusted mean) (mg/dl);  

SE: Standard Error; 24h Amplitude (mg/dl); 24h Acrophase (measure of 

timing of overall high values recurring each day) (negative degrees, with 

360° ≡ 24 hours. 0° = 00:00; CI: Confidence Interval. 

 

DISCUSSION 

A marked circadian variation was recorded in 

serum ascorbic acid and uric acid concentration in 

healthy Indians of different ages. The MESOR 

increased significantly until about 45 years in both 

men and women. The circadian amplitude also 

started to decrease around 40 years of age, whereas 

the circadian acrophase advanced steadily 

throughout the lifespan, occurring in the oldest age 

group almost 9 hours earlier than in the youngest 

age group. Such changes with age in the circadian 

amplitude and acrophase of ascorbic acid are also 

found in many other variables and are thought to 

reflect the aging process. Vitamin C plays an 

important role as antioxidant in human health. It 

takes part in multiple oxidation-reduction reactions 

as a powerful reducing agent. Most of these 

reactions help coordinate both circulating and 

hepatic lipid physiology. Vitamin C can decrease 

mitochondrial ROS formation and improve the 

activity of manganese superoxide dismutase (SOD) 

and glutathione peroxidase (GPx) in isolated rat 

liver mitochondria14. It has also been suggested to 

be inversely associated with C-reactive protein 

(CRP) and myeloperoxidase, which are 

inflammatory markers
15,16

. Moreover, Vitamin C 

may impact the coordination of adiponectin, which 

may be able to decrease hepatic lipid accumulation, 

systemic insulin resistance and inflammation, and 

produce protective effects against 

NAFLD
17,18

.Vitamin C also acts as a co-factor in 

the conversion of cholesterol to 7α-

hydroxycholesterol, which is the rate-limiting step 

in bile acid formation. Hence, the deficiency of 

vitamin C can result in decreased excretion of 

cholesterol in animals
19

. Several animal studies 

suggested that vitamin C treatment could 

effectively relief hepatic oxidative stress. Nambisan 

et al.
20

 reported that vitamin C deficiency 

accelerated the dyslipidemia and hepatic 

consequences, while increased vitamin C intake 

could reduce the severity of both dyslipidemia and 

hepatic lipid accumulation in guinea pigs. 

Rezazadeh et al.
21

 showed that vitamin C 

supplementation significantly decreased hepatic 

markers of oxidative stress, hepatocellular 
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ballooning and inflammation, while SOD and 

catalase were increased in rat’s model.  

MESOR reached a maximum around 35 and 39 

years of age in healthy men and women for serum 

uric acid. The circadian amplitude, however, 

decreased linearly with age. In support, plasma low 

uric acid levels, leading to decrease in antioxidant 

molecules, were evident in patients with multiple 

sclerosis. Peroxynitrites and ROS are believed to be 

responsible for myelin degradation in multiple 

sclerosis (MS) and can be blocked by high uric acid 

levels, while gout patients almost never present 

with MS disease
22

. Several reports documented 

association of low uric acid serum levels with MS 

disease
23-25

.  

Urate crystals are deposited principally in 

connective tissues of the joints, tendons, kidney, 

and rarely in heart valves and pericardium, and 

readily interact with serum proteins26. A group of 

mouse antibodies of the IgM class were recently 

shown to facilitate in vitro uric acid crystallization 

and to bind to the MSU crystals
27,28

. Deposited 

MSU crystals in the joints cavities interact with 

resident macrophages and mast cells, recruited 

neutrophils and monocytes, and non- haemopoietic 

synovial and endothelial cells. All these cells may 

phago- or endocytose MSU crystals leading to their 

activation and injury and release of hydrolytic 

enzymes, reactive oxygen species, and a plethora of 

danger-associated molecular patterns (DAMP) that 

might be sensed by the cells surface membrane and 

cytoplasmic receptors of the innate immune 

system
29,30

. 

Increased uric acid production, impaired renal uric 

acid excretion, or a combination of the two lead to 

hyperuricemia
2, 31

.  

Additionally, uric acid may accumulate in the 

kidney, leading to formation and deposition of 

stones. Kidney stones and urinary tract infections 

are the most common urinary tract problems. Uric 

acid stones occur in 10% of all kidney stones and 

are the second most-common cause of urinary 

stones after calcium oxalate and calcium phosphate 

calculi. The most important risk factor for uric acid 

crystallization and stone formation is a low urine 

pH (below 5.5) due to impaired urinary uric acid 

excretion. Main causes of low urine pH beside high 

uric acid excretion are chronic diarrhoea, severe 

dehydration, and diabetic ketoacidosis. The 

contribution of uric acid to development and 

progress of gout and metabolic syndrome appears 

to be well-established. The pivotal role of uric acid 

in preservation of the human species and the 

individual may be anticipated by the loss of the 

enzyme uricase in humans and the eagerness of the 

kidney to retrieve filtered uric acid. Yet, studies are 

needed to document the paramount importance of 

uric acid in resistance to infectious, neurological 

and autoimmune diseases. 

The present study highlighted the Indian scenario. 

Whereas more evidence is needed for combined 

effects of gender, age, diet and smoking status on 

serum ascorbic acid concentrations in other 

populations to allow results found in this study to 

be generalized, studies investigating individual 

effects of gender, diet, and smoking status on 

vitamin C support our findings32,33. The report that 

serum vitamin C was higher in female volunteers, 

and was not age related may be accounted for by 

the fact that in this study, subjects ranged in age 

between 35 and 60 years of age
34

. This age range 

corresponds to maxima in both MESOR and 

circadian amplitude of Vitamin C in our study, 

when age-related changes are minimal. The 

discrepancy in gender differences may also be 

accounted for by the fact that in Faure et al.’s 

study
33

, men (50-60 years) were older than women 

(35-60 years). Herein, a vegetarian diet was noticed 

to be associated with a higher MESOR of Vitamin 

C (P<0.001), confirming the dietary significance in 
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vitamin C. Smoking was found to be associated 

with a slightly lower MESOR of Vitamin C 

(P=0.033), illustrating the negative role of smoking 

on vitamin C concentration and thus the necessity 

of intake of this vitamin as supplement for 

smokers. Our results are consistent with those of 

other authors
34,35

. The relation between vitamin C 

and serum triglycerides was previously reported by 

the Ness team that also found an increase of HDL 

cholesterol in volunteers with high blood vitamin C 

concentrations36. In our study as well, the MESOR 

of Vitamin C was found to correlate positively with 

HDL cholesterol (r=0.342, P<0.001). 

Serum vitamins are not considered to be good 

markers of deficiency, and this is particularly true 

for vitamin C37. The present study, however, aimed 

at assessing ascorbic acid results in clinically 

healthy Indians. The medical examination 

conducted when recruiting study participants 

ascertained the health status of all participants. 

Persons presenting with any known or clinically 

documented disease were excluded. As expected, 

average concentrations of Vitamin C in our 

population averaged 0.75 ± 1.4 mg/dl, and ranged 

from 0.54 to 1.14 mg/dl. These values are within 

the normal range of 0.41 to 2.00 mg/dl reported by 

Burtis et al.
38

.  

In conclusion, a definite rhythm in ascorbic acid 

and uric acid concentrations during 24-hr period 

with significant effect on advancing age for both 

vitamin C and uric acid concentration in clinical 

health was noticed. Mapping the circadian rhythm 

of serum ascorbic acid is needed to explore their 

role in different pathophysiological conditions in 

Indian population. 
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