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Abstract

Introduction: Vitamin C (ascorbic acid) is a water-soluble vitamin, that plays a key role
in the prevention and treatment of scurvy. As vitamin C is an antioxidant and thyroid
function may be affected and may affect vitamin C levels, for the first time, we aimed
to provide a detailed review of all human studies evaluating the different roles of vita-
min C in the thyroid gland. Thyroid cancers, goitre, Graves' disease and other causes
of hyperthyroidism and hypothyroidism were the conditions discussed in this study.
Furthermore, vitamin C addition to other medications such as levothyroxine was also
reviewed.

Methods: In this study, we reviewed the relevant literature regarding the association
between vitamin C and thyroid diseases using original studies from PubMed, Scopus,
Embase, and Web of Science.

Results: In this review, we found anti-cancer effects for intravenous (IV) administra-
tion of vitamin C in addition to the beneficial effects of using it in combination with
radiotherapy and chemotherapy. As autoimmune diseases affect some antioxidant
markers, some studies reported a significant difference in blood vitamin C levels in
patients with autoimmune thyroid diseases such as Graves' disease. Despite many
studies evaluating the effects of IV administration of vitamin C in mentioned diseases,
there is a lack of evidence for oral consumption of vitamin C.

Conclusions: To conclude, there is a lack of evidence, especially clinical trials, for the
therapeutic effects of vitamin C on thyroid diseases; however, promising results were

reported in some studies in the literature.
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1 | INTRODUCTION

several enzymes and antioxidants.?® Its role as an antioxidant is
well known and it is well known as reactive oxygen species (ROS)

Vitamin C is involved in the maintenance of several body functions, scavenger in neurons.*® Its concentration in body fluids and tis-

and its role has been shown in several organs and systems.! Although sues depends on intestinal absorption, cellular transport and excre-

its main form in the body is ascorbate, it acts as a co-substrate for tion.® The thyroid gland, as one of the main sources of controlling
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metabolism and growth, plays an important role in body function,
7
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mainly through its main hormones, thyroxine and triiodothyronine.
Several studies have assessed the levels of vitamin C in thyroid
disorders or the effects of vitamin C on the absorption of thyroid
medications. However, the effect of vitamin C on thyroid function
and hormones is still unknown. Herein, by reviewing the available
literature, we aimed to assess the association of vitamin C on the
thyroid function gland, whether as a supplement or as a peripheral
biomarker by comparing its levels among patients and controls. The
search terms associated with our findings are shown in Table S1. The
overall findings can be categorized into the following sections: (1)
thyroid cancer, (2) goitre, (3) thyroid autoimmune disorders including
Graves' disease and autoimmune thyroiditis, (4) role of vitamin C in
levothyroxine absorption, (5) oxidative stress, vitamin C, and hypo-
thyroidism, (6) vitamin C effects on oxidative stress of hyperthyroid

patients, (7) benign thyroid disease and (8) thyroid lesions.

2 | CANCER

A growing body of evidence documented the anti-cancer potential
of vitamin C,%? and several pre-clinical and clinical studies have con-
firmed this concept. The anti-cancer effect of vitamin C was first
introduced nearly 50years ago by Pauling and Cameron.® They
showed in clinical studies that intravenous vitamin C (~10g daily)
could increase the survival duration of patients with incurable can-
cer. Vitamin C was used as oral or intravenous administration and
single or combined treatment; therefore, controversial findings were

observed.

2.1 | Anti-cancer mechanism of vitamin C

Several mechanisms have been proposed for the cytotoxic effect of
vitamin C in cancerous cells. Different studies have shown that vi-
tamin C acts as a multi-organ targeting agent and can play a role in
epigenetic level, regulation of kinase activity, inhibition of epithelial-
to-mesenchymal transition (EMT), immunoregulatory effect, in-
creasing oxygen sensation, pro-oxidant activity, etc.'* Pro-oxidant
activity is the main mechanism determined for the anti-cancer activ-
ity of vitamin C and acts on redox imbalance in a dose-dependent
manner.*® The pro-oxidant activity of vitamin C is mediated by in-
ducing injury to deoxyribonucleic acid (DNA) molecules, inducing
DNA mutation and genome instability.)” It is recognized that cata-
lase activity was absent in cancerous cells that make them suscepti-
ble to oxidative stress regardless of the type of cancer.’® A high level
of glucose transporter 1 (GLUT1) expression was observed in can-
cer cells that mediate uptake of vitamin C. Consequently, low lev-
els of intracellular vitamin C mediate the reduction of antioxidants
like nicotinamide adenine dinucleotide phosphate (NADPH) and
superoxide dismutase (SOD) enzyme. Therefore, high doses of vi-
tamin C can increase ROS levels in cancer cells and subsequently in-
duce DNA, protein and lipid damage to cancerous cells. BRAF (v-raf

murine sarcoma viral oncogene homologue B1) mutation is the most
frequent gene mutation responsible for the development of thy-
roid cancer and induces invasion of thyroid cancer. BRAF mutation
showed their antitumour effects medicated by mitogen-activated
protein kinase/extracellular signal-regulated protein kinase (MAPK/
ERK) signalling.’ The anti-cancer effect of vitamin C is shown to be
medicated by directing BRAF mutation or even regardless of tar-
geting BRAF mutation. Regarding targeting BRAF mutant thyroid
cancer cells, it was shown that vitamin C plays its antitumour effect
through inhibition of MAPK/ERK and PI3K/AKT pathway which was
mediated by ROS-dependent manner.?° Alongside, PLX4032 is an
antitumour treatment option that inhibits BRAFV600 kinase. It was
shown that vitamin C can play a role in enhancing the antitumour ef-
fect of PLX4032 by significantly increasing mitigation of MAPK/ERK
as well as PISK/AKT pathway.21 Moreover, another study showed
that the induction of ROS production and decreasing antioxidant
barrier of thyroid cancer cells by vitamin C selectively occurred in
BRAF-mutated cells.?? Redox homeostasis is responsible for sev-
eral cellular mechanisms such as reaction to ROS and oxidation-
reduction reaction. In this regard, it was shown that vitamin C has
also an impact on redox haemostasis and subsequently on nicotina-
mide adenine dinucleotide (NAD) salvage mechanism and tricarbox-
ylic acid (TCA) cycle which eventuate cell death.??

Vitamin C can also increase the apoptosis of cancerous cells by
inhibiting B-cell lymphoma-2 (BCL-2) expression and increasing the
expression of BAX and caspase-3 which results in cell apoptosis.?®
Additionally, vitamin C can decrease hypoxia-inducible factor-1
(HIF-1) which is essential for the endurance of cancerous cells in the
hypoxia which increase the vulnerability of cancer cells to hypoxic
condition.?* Moreover, vitamin C can bear therapeutic potential for
cancer treatment through the activation of tumour suppressor genes
like p53 and p21 which are associated with cell cycle arrest and in-
hibition of cancer proliferation.23 Furthermore, it was shown that
vitamin C can play a role as a carcinostatic agent by inhibiting angio-
genesis via decreasing the expression of angiogenesis-related genes
such as basic fibroblast growth factor (bFGF), vascular endothelial
growth factor (VEGF) and matrix metallopeptidase 2 (MMP2).2°
Anaplastic thyroid cancer (ATC) is a rare type of thyroid cancer
that is associated with poor prognosis and there is no evidence of
a definite treatment option for the management of ATC.?® It was
shown that vitamin C can significantly decrease the proliferation
and advancement of ATC cells by activation of ferroptosis and iron-
dependent lipid peroxidation. Vitamin C has been shown to have an
effect on ferritinophagy that subsequently resulted in the degen-
eration of ferritin and discharge of free iron. Discharged free iron
can subsequently stimulate ROS generation mediated by the Fenton
reaction. The ROS reaction and lipid-peroxidation induced by free
iron can eventuate to ferroptosis and elimination of ATC cells.?” The
effect of vitamin C is not limited to the impacts on cancerous cells. It
was also documented that vitamin C can also stimulate the immune
cells' reaction and can activate natural killer cells, T cells and mono-
cyte that are responsible for the immune system in the fight against
cancers.?82? The thyroid hormone plays a critical role in regulating
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branched-chain amino acid (BCAA) metabolism by modulating the
expression of branched-chain aminotransferase (BCAT) and the
activity of regulatory kinases and phosphatases involved in BCAA
uptake. Figure 1 illustrates the key mechanisms involved in thyroid
hormone-mediated regulation of BCAA metabolism, highlighting the
importance of understanding these pathways for developing tar-
geted therapies for metabolic disorders and thyroid-related diseases.
Moreover, vitamin C plays a crucial role in regulating iron metabo-
lism by promoting ferroportin-mediated iron export and inhibiting
hepcidin expression. Additionally, ferritinophagy, the autophagic
degradation of ferritin, is an important mechanism for maintaining
iron homeostasis and preventing oxidative stress caused by excess
iron. Figure 2 illustrates the interplay between vitamin C, ferritino-

phagy and ROS in regulating iron metabolism.

2.2 | Pre-clinical studies

Pre-clinical studies have shown that a millimolar range of vitamin
C is required for destroying cancerous cells that are not reachable
through oral administration, and intravenous infusion is the optimal
route of administration.®%%! Several pre-clinical studies have inves-
tigated the effect of high doses of vitamin C on challenging tumours
such as glioblastoma multiform (GBM), breast cancer, colorectal
cancer, mesothelioma and pancreatic cancer and showed promising

results on the anti-cancer effect of vitamin C through hampering the
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tumour progression and tumour metastasis.®'® Applying high doses
of vitamin C in KRAS gene mutation-driven tumours has resulted in
progression in pre-clinical studies of vitamin C. It was shown that vi-
tamin C directs mitochondrial membrane and metabolic components
and reduces the levels of adenosine triphosphate (ATP) and GLUT1,
which can also make KRAS mutant cells vulnerable to chemotherapy
agents.*® Therefore, high doses of vitamin C opened up a new way
to treat cancer and can be considered adjuvant therapy with other
therapeutic options. Besides, vitamin C can also present as a protec-
tive treatment against the complications of other therapeutic agents
meanwhile employed as a combination therapy.?®

2.3 | Clinical studies

In light of the anti-cancer potential of vitamin C in cancer manage-
ment, Phases | and Il clinical trials reported favourable signatures of
the safety and efficacy of vitamin C as combination therapy or even
monotherapy in the treatment of various cancers.”%? Clinical stud-
ies of vitamin C monotherapy in terminal cancer showed that a high
dose of vitamin C, up to 3g/kg, has no considerable safety issues.3°
In line with pre-clinical studies, several clinical studies have docu-
mented that vitamin C can provide long-term survival for patients
with cancer, even with terminal or metastatic cancer.’® However,
no clinical studies have investigated the efficacy of vitamin C

monotherapy in patients with late-stage cancer without preceding
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FIGURE 1 Transcriptional and hormonal regulators of BCAA catabolising enzymes and its association with thyroid hormone.
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treatment. The key difference in the outcomes is thought to be re-

Ferritinophagy

lated to the route of administration and pharmacokinetics of vita-
min C.3! Hoffer et al.*® designed a clinical trial study on end-stage
cancer and showed that no patient had a response to ascorbic acid.
Besides, it was also demonstrated that high-dose oral administra-
tion of vitamin C is successful in reducing the risk of development
of gastrointestinal cancers, cervix, colorectal and breast cancer.3#%°
Regarding oral administration of vitamin C, other studies revealed
that daily intake of vitamin C is increased the survival of patients

with breast cancer,3¢%”

which implies that vitamin C has a clinically
beneficial antitumour effect regardless of the route of administra-
tion. Even though high-dose intravenous administration of vitamin
C is associated with alternative medical agents in cancer treatment,
there is a lack of sufficient evidence regarding the clinical efficacy
of the antitumour effect of vitamin C.8 Therefore, it is essential to
design further clinical studies addressing the clinical efficacy of the
anticancer effect of vitamin C to set up appropriate evidence for the
clinical efficacy of vitamin C in practical guidelines.

Cancers can influence patients' quality of life, and vitamin C is
shown to positively affect pain relief and well-being.3*° Moreover,
vitamin deficiency is a common condition in patients with cancer,
and anti-neoplastic syndrome medications can also improve vita-
min C deficiency and weII—being.41 Constitutional manifestations
such as fatigue, depression, nausea, pain and loss of appetite are
common in patients with cancer, and it was shown that intravenous

reaction
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FIGURE 2 Anaplastic thyroid cancer
cells mechanism in which vitamin C
activates ferritinophagy to induce
ferroptosis.
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administration of vitamin C reduces these complications and has pal-
liative applications.*®#? Altogether, high-dose vitamin C was shown
to prolong the survival duration of patients, better performances
and less pain compared to the control patients without receiving

vitamin C.*#?

2.4 | Combination therapy

The effect of vitamin C as a combination therapy with other thera-
peutic options like chemotherapy, radiotherapy, targeted thera-
pies and immunotherapy has also been studied.*® It was shown
that vitamin C could enhance the efficacy of monotherapies
agents like cisplatin,?® gemcitabine,** %% sorafenib,*” PLX4032%!
and 5-fluorouracil** in different types of cancers and provide sig-
nificant tumour growth inhibition. However, 11 clinical studies
on the combination therapy of ascorbic acid and arsenic trioxide
(As,0,) were designed and documented that vitamin C has no

anti-cancer effect.*®

Other studies have also investigated the effi-
cacy of combination therapy of vitamin C with targeted therapies.
Vitamin C can be used as a combination therapy with radiother-
apy. However, it is well known that radiopharmaceutical agents
like lodine-131 have mistaken toxicity on human lymphocytes
through interruption of the double-strand breaks (DSBs) repairing

system and increasing the level of DSB that results in cell death
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and malignancy.*® Despite this, it was investigated that vitamins
like vitamin E and vitamin C as antioxidant agents are game chang-
ers and can reduce the toxicity level of radiopharmaceuticals with
a higher efficacy of vitamin C.**° Clinical studies on the com-
bination therapy of vitamin C with other therapeutic approaches
demonstrated no obvious safety issues related to ascorbic acid.
In two clinical trials of combination therapy of ascorbic acid and
gemcitabine, the patients' toxicity was attributed to the gemcit-
abine not related to vitamin C.*>%¢

Studies documented that vitamin C has a synergic effect with
kinase inhibitors like sorafenib,*’ cetuximab®® and gefitinib'? which
can also have related to eliminating drug resistance to these agents.
Moreover, few studies have investigated the combination therapy
of vitamin C and immunotherapy. It was shown that high-dose vi-
tamin C could enhance the immunogenicity of effector T cells nor
regulatory T cells and have synergic effects with immune check-
point inhibitors that significantly increased the immunogenicity.>!>2
In addition to optimising cancer therapies, vitamin C can reduce the
complains related of chemotherapy and radiotherapy, enhance the
quality-of-life of patients with cancers and have protective effects

on the glands.‘”’53

2.5 | Vitamin Cin thyroid cancers

Studies have shown that vitamin C has potential as an anti-cancer
agent in the treatment of thyroid cancer. Vitamin C has been
found to sensitize BRAF V600E thyroid cancer to PLX4032, a tar-
geted therapy, by relieving the feedback activation of MAPK/ERK
and PI3K/AKT pathways.?! Mechanistic studies have also revealed
that vitamin C inhibits the MAPK/ERK and PI3K/AKT signalling
pathways in BRAF wild-type or mutant thyroid cancer cells.?°
Vitamin C has also been found to inhibit the growth of papillary
thyroid carcinoma (PTC) cells.?? In addition, high-dose intravenous
vitamin C has been shown to be a promising multi-targeting anti-
cancer agent in eradicating tumour cells of various cancer types,
including thyroid cancer. Vitamin C induces ferroptosis in anaplas-
tic thyroid cancer cells, which suggests its potential as a therapeu-
tic agent.16

Vitamin C inhibits the MAPK/ERK and PI3K/AKT signalling
pathways in thyroid cancer cells through a ROS-dependent mech-
anism.'®2° The data from these studies demonstrate that vitamin
C kills thyroid cancer cells by inhibiting these pathways via distinct
mechanisms.>* In addition, vitamin C ROS dependently inhibits the
activity of MAPK/ERK signalling via distinct mechanisms between
ATP levels in BRAF mutant and wild-type thyroid cancer cells.
Overall, the exact mechanisms by which vitamin C inhibits these
pathways in thyroid cancer cells are not fully understood and require
further investigation.?°

Several studies evaluated the role of vitamin Cin thyroid cancer
as a protective agent against cancer, a radioprotective agent and
its therapeutic potential. Table 1 summarizes the main findings of
these studies. Five studies used only patients with differentiated
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thyroid cancers (DTC),>%3335-57 two used patients with BRAF

2058 5ne in patients with PTC??

V600 E mutation thyroid cancer,
and one in patients with APC.% Other studies used patients with
all types of thyroid cancers in their study. Cheng et al.>® found
that vitamin C increased the uptake index and excretion of parotid
glands in patients with DTC. In line with the previous study, Tong
et al.>® found that Vitamin C improved the secretory function of
the parotid gland in patients with DTC who underwent radioiodine
therapy. In contrast, Liu et al.>? found no benefits in adding vita-
min C as vitamin C had no effect on the salivary absorbed dose
of radioiodine at any time after its administration in patients with
thyroid cancer. Two studies found radioprotective effects in pa-
tients receiving radioiodine therapy.’®>” Another study in patients
with DTC found that vitamin C (especially in combination with am-
ifostine) can reduce the side effects of radioiodine therapy.50 Two
studies found a potential therapeutic role for vitamin C in thyroid
cancer patients with BRAF V600 E mutation as vitamin C has anti-
tumour effects and can kill cancer cells by MAPK/ERK and PI3K/
AKT pathways. In a recent study by Wang et al.?” supplementation
with vitamin C supplementation led to ferritinophagy, leading to
the release of free iron and the released iron rejiggered ROS pro-
duction resulting in ferroptosis of ATC cells. Davanzo et al.%% found
protection against thyroid cancer in patients receiving vitamin C;
however, O'Grady et al.®! found an increased risk of thyroid cancer

in patients with higher vitamin C intake.

3 | GOITRE

Goitre is an enlarged thyroid gland due to several causes including
but not limited to autoimmune disease, iron deficiency or thyroid
nodules.®? Surgery is not the only treatment plan for all patients;
however, for symptomatic moderate to large goitre and failure of
medical treatment, surgery is the choice. The roles of vitamin C in
goitre were described in several ways. Ozdem et al.®3 studied the
effects of propylthiouracil treatment on serum and plasma anti-
oxidant activities in toxic multinodular goitre patients. In hyperthy-
roid patients, the level of plasma vitamin C was lower but they had
notably higher activities of the erythrocyte antioxidant enzymes.
Another study by Aliciguzel et al.** investigated plasma, erythrocyte
and serum antioxidant activities in both newly diagnosed untreated
toxic multinodular goitre patients (n=22) and age- and sex-matched
healthy controls (n=15). By measuring plasma vitamin C levels in
both cases and controls, plasma vitamin C levels were significantly
lower in patients compared to controls. A study conducted by Ozbas

et al.®®

in 13 patients with toxic multinodular goitre, compared the
baseline antioxidant levels with 3months after complete thyroidec-
tomy. In all patients, antithyroid medications were used to maintain
patients' euthyroid before surgery, and L-thyroxine replacement
therapy was used following surgery. No significant difference in
levels of vitamin C was seen in patients before and 3months after
surgery, suggesting no thyroid effect on vitamin C levels in these

patients.
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TABLE 1 Studies evaluating the association between vitamin C in patients with thyroid cancer.

Main findings

Supragingival scaling with vitamin C resulted in an increase in the uptake index
of the bilateral parotid glands and the excretion rate of the left parotid gland

Protection against thyroid cancer was observed in patients receiving vitamin C

Vitamin C has radioprotective effects in thyroid cancer patients receiving
radioiodine therapy

Amifostine and vitamin C can reduce the side effects of radioiodine treatment.
They have even better outcomes when used together

Vitamin C cannot affect the salivary absorbed dose of radioiodine at any time
after its administration

Vitamin C had an increased risk of thyroid cancer (p<.01)
Vitamin C, as an antioxidant, can have protective effects in ablation with 1-131

Vitamin C has antitumour effects of PLX4032 in BRAF(MT) thyroid cancer cells
by relieving the feedback activation of MAPK/ERK and PI3K/AKT pathway.
A combination of PLX4032 and vitamin C can be a potential therapeutic
approach to treat BRAF(MT) thyroid cancer.

Vitamin C can kill thyroid cancer cells by inhibiting MAPK/ERK and PI3K/
AKT pathways via a ROS-dependent mechanism. This shows that the
pharmaceutical concentration of vitamin C has potential clinical use in
thyroid cancer therapy.

Vitamin C can improve the secretory function of the parotid gland in DTC
patients undergoing radioiodine therapy

Vitamin C has antitumoural activity by altering redox homeostasis. It can
also induce ROS production and depletion of antioxidant defences in PTC
cells with BRAFV600 mutation. However, this was not true for the cells
characterized by RET/PTC rearrangements, indicating the idea that this

compound exerts a selective effect in tumour cells with specific mutations

Vitamin C supplementation led to ferritinophagy and subsequent degradation of

ferritin, leading to the release of free iron. The released iron rejiggered ROS
production which resulted in ferroptosis of ATC cells.

References Year Type of thyroid cancer
Cheng et al.>® 2022 Differentiated thyroid cancer
Davanzo et al.®® 1997 Thyroid carcinoma
Jafari et al.> 2018 Differentiated thyroid cancer
Li et al.>® 2017 Differentiated thyroid cancer
Liu et al.”? 2021 Thyroid cancer
O'Grady et al.® 2014 Thyroid cancer
Rosario et al.”” 2016 Differentiated thyroid cancer
Suetal.”® 2021 BRAF (V600E) thyroid cancer
Suetal.?° 2019 BRAF thyroid cancer
Tong et al.>® 2020 Differentiated thyroid cancer
Tronci et al.?? 2021 Papillary thyroid carcinoma
Wang et al.?” 2021 Anaplastic thyroid cancer

4 | THYROID AUTOIMMUNE DISORDERS

Vitamin C has been shown to be involved in cellular functions of
both innate and adaptive immune systems. Its antioxidant effects as
a cofactor for numerous biosynthetic and gene regulatory enzymes
play important roles in several immune-modulating ways. These
include neutrophil migration to the infection site, phagocytosis en-
hancement and generation of oxidants and also microbial killing. In
this section, we aim to investigate the role of vitamin C in two auto-
immune disorders of the thyroid such as Graves' disease and autoim-
mune thyroiditis.

4.1 | Graves' disease

Graves' disease, the most common cause of hyperthyroidism, is
an autoimmune disease affecting the thyroid gland.®® Herein, we
provided a comparison of vitamin C levels between patients and
controls in addition to the role of vitamin C in patients presenting
with Graves' disease. In a randomized clinical trial by Vrca et al.®’
patients with newly diagnosed Graves' disease were randomized
to get methimazole (control group) or methimazole in combination

with an antioxidant supplementation with a fixed combination

of beta-carotene, selenium and vitamins C and E (intervention
group). Although no significant changes were detected in low-
density lipoprotein cholesterol (LDL-C) levels of controls, the
LDL-C concentration significantly increased in the intervention
group (2.34-3.32mmol/L after 1month). However, high-density
lipoproteins cholesterol levels both increased in control and in-
tervention groups following the treatment. Although the trial pro-
vided information about the comparison of LDL-C concentrations
in Graves' disease patients, no measurement of ascorbic acid lev-
els was performed.

Another study by Londzin-Olesik et al.®® in patients with Graves'
disease and active thyroid-associated orbitopathy, investigated the
impact of thyroid hormone levels on selected antioxidant markers.
Patients were divided into hyperthyroid and euthyroid based on
thyroid hormone levels. In addition, 20 age- and sex-matched con-
trols were also involved. Vitamin C levels were significantly lower
in hyperthyroid compared to healthy controls; however, this dif-
ference was insignificant compared to euthyroid patients. Authors
suggested this decrease in vitamin C levels to excessive use and in-
creasing demand in hyperthyroid patients with Graves' disease. In
patients with Graves' disease and active orbitopathy, Londzin-Olesik
et al.¥? found decreasing levels of vitamin C after systemic intrave-
nous and oral methylprednisolone compared to 20 healthy age- and
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sex-matched controls. In individuals with thyroid-associated orbi-
topathy, methylprednisolone therapy is beneficial in lowering both
clinical symptoms and oxidative stress, emphasising the role of cor-
ticosteroids in treating Graves' disease. To conclude, there is little
evidence concerning plasma vitamin C, Graves' disease and Graves'
disease therapies.

4.2 | Autoimmune thyroiditis

In a study conducted by Taddei et al.”® the role of systemic inflamma-
tion on the pathogenesis of endothelial dysfunction was examined in
subclinical hypothyroidism with autoimmune thyroiditis in 53 patients
and 45 healthy controls. The effects of intrabrachial vitamin C admin-
istration on the response to acetylcholine for assessing the role of
oxidative stress were measured. Regarding comparing the potential to
vasodilation to acetylcholine, vitamin C infusion significantly changed
the vasodilation (from 3.4+0.2 to 25.4+1.3mL/mindl) compared to
the saline infusion (from 3.4+0.2 to 14.9+1.8mL/mindl) in patients
with autoimmune thyroiditis, without modifying vasodilation to ace-
tylcholine in controls. Although the mechanism is unknown, authors
suggested that the mechanism is endothelial dysfunction by oxidative

stress production by cyclooxygenase activity.”*”*

1.7# investi-

Only one randomized controlled trial by Karimi et a
gated the effects of vitamin C in patients with autoimmune thyroid-
itis on levels of antithyroid peroxidase antibody in serum specimens.
Patients received either 500mg of vitamin C/day or a placebo for
3months. They found no significant difference in levels of thyroid-
stimulating hormone (TSH) and Tg-Ab between vitamin C and the
control group (p>.05). However, thyroid peroxidase (TPO)-Ab levels
significantly decreased after treatment with vitamin C and remained
constant in placebo, emphasising the antioxidant benefit of vitamin

C on antibodies specific to the thyroid.

5 | ROLE OF VITAMIN C IN
LEVOTHYROXINE ABSORPTION

The effects of vitamin C on the absorption of levothyroxine in hy-
pothyroid individuals have been investigated in the literature. High
doses of levothyroxine may be needed in some patients, and hy-
poacidic conditions in the gastric environment could influence the
drug's absorption, leading to unresponsiveness to the medication.
The impact could be to the extent that, in some case reports, paren-
teral levothyroxine was administered without a clear reason for the
underlying pathophysiological malabsorption mechanism.””””” The

study by Anttnez et al.”®

investigated the effect of vitamin C admin-
istration in 28 hypothyroid patients requiring >1.70 ug/kg of levo-
thyroxine but with normal TSH levels. The TSH level was measured
before and after treatment with 1g/day of vitamin C administered
with levothyroxine, while the levothyroxine dose was constant, and
it was found that the patients had statistically lower TSH levels after

the intervention.
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1.7? which assessed the effect

Similarly, the study by Jubiz et a
of vitamin C on the concentration of TSH, T3 and T4 in hypothyroid
cases with gastrointestinal abnormalities and elevated TSH levels,
concluded that vitamin C can increase T3, T4 and subsequently re-
duce TSH. While there is no clear explanation of vitamin C's effect
on levothyroxine malabsorption, there has been a suggestion that
high gastric pH may interfere with levothyroxine absorption, and
therefore, decreasing pH via vitamin C can enhance the drug's ab-
sorption.80 This idea could be supported by a recent systematic re-
view which demonstrated an increase in TSH levels in concomitant
use of levothyroxine and proton pump inhibitors (PPIs).8! However,
this might cause problems in hypothyroid patients in need of PPl use,
and increased gastric pH while consuming oral ascorbic acid with
levothyroxine may have potential benefits in increasing the drug's

absorption.

6 | OXIDATIVE STRESS, VITAMIN C AND
HYPOTHYROIDISM

The study by Erdamar et al. investigated the antioxidant status mark-
ers, including malondialdehyde (MDA), nitrite, vitamin E, vitamin A,
b-carotene, ascorbate and the activities of SOD, and myeloperoxi-
dase (MPQ), in both patients with hypothyroidism and hyperthyroid-
ism.®2 Ascorbic acid levels were determined in control patients, in
addition to ones with Hashimoto's thyroiditis, at baseline and after
30 and 60days of treatment with levothyroxine. There was no statis-
tical difference in vitamin C levels between untreated hypothyroid
patients and healthy control at baseline; however, treatment with
levothyroxine in hypothyroid cases had a significant association with
anincrease in vitamin C levels. As vitamin C is among non-enzymatic

antioxidants, 8384

it was concluded that reactive oxygen species
were increased in hypothyroidism, suggesting the oxidative stress

caused by this condition.

7 | VITAMIN C EFFECTS ON OXIDATIVE
STRESS OF HYPERTHYROID PATIENTS

The impact of vitamin C supplementation on oxidative stress was
investigated in hyperthyroid patients treated with propylthiouracil
in the study by Seven et al.®° In this analytical study, supplemental
ascorbic acid of 1000 mg/day was given to hyperthyroid patients
and healthy controls. Several oxidative factors were measured,
and it was found that vitamin C consumption was statistically
associated with an increased glutathione concentration and glu-
tathione peroxidase activity, while it was related to the reduction
in the glutathione reductase and Cu/Zn superoxide dismutase
activities. These observations suggest relief in oxidative stress in
this population. In another study conducted in Turkey, hyperthy-
roid patients were assessed and compared with healthy controls
for antioxidant levels.52 The authors showed that there was no
significant difference between hyperthyroid patients and healthy
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one may expect a significant change in oxidative agent levels after
administrating hyperthyroidism medications. However, there was
a non-significant increase in ascorbate levels after the use of pro-
pylthiouracil. This was unlike what was expected and what was
observed in hypothyroid patients in which significant changes
were seen in metabolic and oxidative states. Overall, as there is
heterogeneity in study designs, treatments and dosages, there is
a need for further research on this topic which can enable us to

conclude.

8 | BENIGN THYROID DISEASE

Moncayo et al.Be investigated the role of vitamin C in benign thy-
roid diseases. Subjects were divided into three categories: (1)
immunogenic thyroid disease (n=112), (2) subacute thyroiditis
(n=29) and (3) normal thyroid (n=273). Levels of vitamin C were
higher in blood samples of patients with subacute thyroiditis
compared to immunogenic thyroid disease (6.48 +3.12pug/L vs.
6.10+2.63 pg/L). In addition, both abnormal thyroids populations
had higher concentrations of vitamin C in comparison with healthy
controls (6.07 +£2.94ug/L in normal thyroid). In addition, they
found that low levels of vitamin C affect Se action and metabolism

in benign thyroid disease patients.

9 | THYROID LESIONS

In a research by Jozwiak et al.®” the association between the expres-
sion of HIF-1a and HIF-2a and levels of vitamin C in thyroid lesions
was studied. Researchers used thyroid lesions from 106 nodular
thyroid disease patients who underwent surgical resection. They
found an inverse relation between tissue ascorbate level and HIF-1a
expression (r=-0.288, p=.025). In addition, no difference between
vitamin C levels of thyroid lesions was detected. The findings of this
study suggest that intracellular vitamin C levels in thyroid lesions are
not different and extracellular accumulation of vitamin C changes in

thyroid lesions.

10 | CONCLUSION

Vitamin C, or L-ascorbic acid, is an essential vitamin with antioxi-
dant properties, which is essential for both preventing and treating
different diseases. We intended to offer a thorough overview of all
human studies investigating the various roles of vitamin C in the thy-
roid gland because vitamin C is an antioxidant and thyroid function
may be impacted and may affect vitamin C levels. In this review, we
covered different diseases such as Graves' disease, goitre, thyroid
cancer and other causes of hyperthyroidism and hypothyroidism.
Additionally, a study of vitamin C and other drugs like levothyroxine
was conducted. Vitamin C may rectify anomalies in serum-free T4, T3

and TSH concentrations in patients with hypothyroidism and gastroin-
testinal disease. In addition, vitamin C may have anti-cancer properties
in addition to its advantageous effects when combined with chemo-
therapy. A study revealed that in patients with hypothyroidism and
gastrointestinal pathology, vitamin C could improve the abnormalities
in serum-free T4, T3 and TSH concentrations. To conclude, although
some evidence suggests roles for vitamin C in thyroid diseases, further
research with a higher sample size and more accurate research meth-

odology is warranted.
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