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health care practitioner lo recall the first nulrient deticiency they learned about, and vitamin
C wili likely top the list. Images of sailors in the 1/00s returning to shore with bleeding gums,
fatigue, and even death due to a deficiency in this potent, water-solubla, antioxidant
micronulrient likely come to mind. Ask any consumers what nutrient they should take during
cold and flu season to help minimize their risk of infection, and once again, vitamin C will
typically be their reply. For these reasons, vitamin C is arguably one of the most tamous
micronutrients. This post will dive into the role of vilamin C within the body and the potential
health benelits of optimal intake and review considerations for its impact on the immune and
respiratory systems.

Function of vitamin C in the body

Unlike mosl animals, due to the result of random genetic mutations, humans have lost the
ability lo synthesize ascorbale in our livers, making vitamin C an essential micronutrient. '
This importanl antioxidant serves many functions in disease prevention and optimal heaith
status. Vitamin C is involved in protein metabolism and is required for the biosynthesis of
ceriain neurotransmiticrs, as well as L carniting and collagen. It also serves as a cofactor for
soveral enzyme reactions.? Miid insuf ficiency, or hypovitaminosis C, has been associated
with low mood, and more severe deficiency can lead to the clinical syndrome of scurvy, a
condition that remains diagnosed in individuals today—and has played a role in global
public health outbreaks 4

As vitamin C is a regenerative anlioxidant, research continues to evaluate the impact of
vitamin C and ils role in reducing the destructive effect of free radicals. This may assist in the
prevention of or delay in certain cancers, cardiovascular disease. and other conditions
where oxidative stress affects human health.® Not only does vitarmin C have biosynthetic and
antioxidant functions, it plays an important role in immune function and assists in the
absorption of nonheme iron.

Vitamin C absorption and status

Vitamin C concenlrations are tightly conlrolled within the body. Despite this, studies indicate
that hypovitaminosis C and deficiency exist worldwide. Hypovilaminosis C is prevalent within
certain populations in developed countries, including individuals with obesity, those who
smdke, and peopie with low fruit and vegetable intake-—and is the fourth leading
micronulrient deficiency in the Uniled States ®
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C transporter-1 (SVCT-1), the enterocyte is rapidly saturated, and vitamin C is then
fransported, at varying concentrations, to several body fissues.” Many organs have
concentration-dependent mechanisms to retain vitamin C during situalions where supply is
low, namely brain tissue and adrenal glands.®

Plasma saturation gccurs at & concentration between 70-80 ypmol/L, although typical
laboratory assessment methods prove highly susceptible to naccuracies—leaving it
challenging for many clinicians to assess accurate vitamin C slalus in their patients.®

Factors that impact vitamin C status®
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Recommended intake and sources

Population-based studies indicale that a majority of Americans meet the recommende -
dictary allowance (RDA), which is 90 milligrams {mg) per day for maies and 75 mg pe
for females, although ideal intake and serurn concentrations have been a topic of det smae - 7ems
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recommendalions were based on the low level needed to pravent scurvy, which is estimated
to be 10 mg per day®

Despite its popularily among health care professionals and consumers, average US adult
intakes are estimated to be 105 mg tor males and 84 mg tor females. ™ While it is apparent
that mosl individuals meet the RDA, many do nol achigve the estimated optimal intake
needed for ifts positive bivlogical impact—which is speculated to be much higher, with many
experts suggesting a daily intake of 200 mg for optimal health. '

Food sources

Iresh fruil and vegetables are the main contributors of dietary vitamin C, with truit intake
correlating strengly with plasma vitamin C levels.® Major contributors of vitamin C in the
typical American diet are potatoes, citrus fruil, and tomatoes, Foods rich i vitamin C include
oranges, kiwi, berries, papayas. mangos, melons, spinach, asparagus, and Brusscls
sprouts. 12

impact of vitamin C supplementation

Supplemenial use
!

I ive or more servings of fruits and vegetables per day can often lead to an oplimal daily
vitamin C inlake of 200 mg. wilh special attention to one or two servings coming from a high-
vitamin C source. This is not always possible, and taking supplements—in addition to dietary
intake, can help to achieve and maintain optimal status.

» Large, population-based health surveys in the US (NHANES) and Canada (C il
Py Tens

found that vitamin C slatus was at least 20 pmol/l. higher in supplement users, v
hrps ) iwww melagenicsmstitute. coen Iogs vilamin ¢ overview’ 4n
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status (< 28 umol/L). compared to those with higher socioeconomic status and some
supplement use,™®

Exposure to environmenltal toxins, including air poliution and tobacco smoke, is associated
with lower vitamin C status in both nonsmoking adults and children.

« Supplemental vitamin C {along with cther antioxidants such as vitamin € and beta-
carofene) has been found to decrease oxidative biomarkers in individuals who are
exposed to tobacco smoke.

Dietary supplement sources

The majority of dietary supplements provide vitamin C in the form of ascorbic acid, which
has an equivaient bicavailability to the naturally cccurring ascorbic acid found in food
sources.'® Other ferms of supplemental vitamin C include mineral ascorbates, liposomal-
encapsulated, or combination products. The upper limit has been set at 2,000 mg per day,
due to the potential of diarrhea or other gastrointestinal (Gl) effects, not due lo a potential
toxic impacl.

Buffered forms have been shown to help prevent Gl distress and offer higher absorption than
traditional ascorbic acid, possibly related to the presence of other minerals and amino acids
One sludy on 22 healthy subjects found that a buffered form of vitamin C improved
absorplion in healthy individuals by 18-25% when compared to ascorbic acid.””

Immune, inflammation, and respiratory impact

Vitarmin C appears to play a role in both prevention and treatment of respiratory and systemic
infections by boosting several immune cell functions. ™ Vitamin C status may be depleted by
various disease states due to inflammataory processes and greater oxidative slress. During
times of active infection, requirements for vitamin C increase with the severity of the infection
—which requires significantly higher intakes to reach normal plasma status to make up for
the added metabolic demands.? Prophylactic prevention, on the ather hand, advises that
dietary intake is, at minimum, adequate. However, in order to achieve plasma saturation and
optimize cell and tissue levels, doses of 100-200 g per day are suggested.’™

The role of vitamin C in immune defense and inflammation is multifactorial. it piays a role in
inflammatory mediators by modulating cytekine produclion, decreasing histamine levels, and
offering protection of key immune enzymes. Apoplosis, the necessary programmed celiular
death of neutrophils, supports the resolution of inflammation and helps to prevent extr

lissue damage. Caspases are oxidant-sensitive, thicl-dependent, key enzymes in the
apoplotic process. Vitamin C is thought to protect the caspase-dependenl apoplolic  pme Tems
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the lungs of septic animals.™®

Cytokines, cell signaling molecules secreted by certain immune cells, respond to infection
and inflamrmation and can elicil & pro- or anti-inflammatory response. Vitamin C has been
found to regulate systemic and leukocyie-derived cylokines in a multifaceted Way.
Preclinical, in vitro and animal studies have shown bolh positive and unfavorable effecls of
incubation with vitarnin C. Ihe effect of vitamin C seems to depend on the coll type and/or
the inflammatory stimulant but overall appears to assist in normalizing cytokine generalion.™®

Following chemical exposure, natural killer (NK) cell function, as well as T and B cell
function, decreasss and can remain low for several weeks to months.” Studies have shown
enhanced immune function and improvement in NK cell function after oral doses of buffered
vitarnin C, as well as T and B cell funclion improvement following toxic chemical exposure.
One sludy, of 55 subjects, used individualized dosing (60 mg/kg of body weight) of buffered
vitarnin C fo evaluate lhe impact of high dose vitamin C following a toxic chemical exposure
and found that functional immune abnormalilies can be restored foliowing such an event,’®

Allergies and the common coid

Histarnine, an immune mediator, is produced in response 1o pathogens and stress. Vitamin C
deplelion is asscciated wilh higher circulating levels of histamine. Intervention studics with
supplemental oral vitamin C (range 125 mg 2 g/day) have found a decrease in histamine
levels; however, they have been more impactiul in patients with aliergic symploms compared
to infectivus discases.'®

The impact of vitamin C intake on common cold incidence has been an area of interest for
the last 50 years “ Meta-analyses have indicated that supplementation with 200 mg or more
per day s effective in reducing the severity and duration of the common cold, and in
individuals who have inadequate vitamin C slatus, vitamin C supplementation may docrease
the incidence of the common cold. Thus, it appears that taking high-dose supplemental
vitamin C daily during cold and fiu season may reduce the risk of cold duration and
severily.”’

Respiratory impact

Exposure io air pollution oxidants and tobacco smoke can alter the oxidant-antioxidant
balance in the body and lead to oxidative slress.?2 When vitamin C levels are insufficient,
antioxidant detenses are impairad and can further compound lhe impact of oxidalive stross
within the body. Fnvironmental oxidants can damage the respiratory tract lining fluid &
increase the risk of respiratory disease. Vitamin C acls as a tree-radical scavenger th
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Vitamin C aiso plays a role in proper endothelial function, and deficiency has been
associated in pulmonary arterial hypertension.2* Patients with acute respiratory infections
have been found to have low plasma levels of vitamin C, and supplementation has been
found to return plasma levels to normal and decrease the severily of respiratory symptoms.
Beneficial effects of vitamin C suppiementalion on recovery of respiratory infections,
including pneumonia, have been identified. Studies on hospitalized paticnts with pneumonia
have found that supplemental vitamin C at a low dose (250-800 mg/day) reduced length of
stay by 19% compared to those without vitarnin C supplementation. Those Lhat were given
higher doses (500 mg-1.6 g per day) had an even greater reduction at 36%.7° Il appears
that low vitamin C levels seen during respiratory infections are both a source and a result of
the disease.

Respiratory health case study’’

In a recent case study, a man in his 60s experienced shortness of breath and sweliing of the
legs associated with a frank vitamin C deficiency, which was attributed to a diet low in
vitamin C and no supplemental intake. He was treated with supplemental vitamin C at 1,000
mg twice daily: his symploms resolved after five months on this reatment plan.

= Of note, his plasma ascerbic acid upon presentation was . 1 mg/dL (normal range: .4-
2.0 mgfdL), which increased to 1.5 mg/dL by the end of the treatment.

Genetic variants

Recent discoveries in genetic variants’ influence on vitamin C status have been found.
Several single-nucleotide variants have been identified in the SLC23A1 gene, which
encodes SVCT-1 and is responsible for the active uptake of dietary vitamin C and the
reuptake of filtered vitamin C in the kidneys. /n vitro dala lor this variant indicates a 40 75%
decrease in vitamin C absorplion from the gut and has been shown o present in 6-16% in
those of African descent.2®

A common variant of the hemoglobin-binding protein haptoglobin (Hp2-2) influences Lhe
mefabolism of vitamin C. /n vifro studies have found Lhal this alters the ability to bind o
hemogiobin and leads to an increase in oxidation of vitamin C.2° The Hp2-2 variant seems to
have a greater impact on individuals with dietary intakes of less than 90 mg of vitamin C per
day.?”

Individuals with genetic variants that infiluence vilamin C status may require even higt
dietary intakes. Luckily, high dosec vitamin supplementation has been found to amenc
gene-variant defects.#® Oy i
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overall nutrition slatus, including vitarin G, Lnsuring adequatce intake of vitamin C through
diet and with the use of supplementation is important for proper immune function and
resistance to infections. This is especially critical for individuals with certain genetic SNPs or
ather lifestyle taclors that may lead to a degiine in vitamin C status.
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