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ABSTRACT

Sepsis is a host immune response disorder caused by infection, which is often developed into life-
threatening organ dysfunction and refractory hypotension in the latest clinical stage, and is characterized by
poor prognosis and high mortality. Studies have shown that vitamin C has the effects of antioxidant, anti-
inflammatory, improving immune function and organ dysfunction in patients, and can effectively improve the
mortality and prognosis of patients with sepsis. As a result, vitamin C can be used as an effective adjunct
treatment for sepsis. In this paper, the mechanisms of action of vitamin C in sepsis and research advances will
be reviewd.
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INTRODUCTION

Sepsis is a lethal organ dysfunction syndrome caused by systemic inflammation. In order to seek an
understanding of its nature, people continue to propose a more comprehensive concept. The third international
consensus on the definition of sepsis was proposed in 2016. That is, Sepsis 3.0 is the currently recognized
definition of sepsis in the world. It defines sepsis as: infection causes host immune response imbalance, leading
to life-threatening organ dysfunction!!.Sepsis has always been one of the most common and deadly clinical
diseases. Over the past few years, the incidence of sepsis in my country has remained high. Studies have shown
that the incidence of sepsis in the ICU is 20.6%, and the mortality rate within 90 days is 35.5% [21.Globally,
approximately 1.2 million children and 3 million newborns are diagnosed with sepsis every year[3]. In my
country, childhood sepsis also has the characteristics of high morbidity and mortality. Sepsis is an important
disease of critically ill children in the PICU. Due to its high morbidity, high mortality, poor prognosis and the
existence of the so-called "post-septic syndrome"[4], sepsis has always been a heavy burden on the country and
the people. Over the past three decades, people have been looking for better and newer drugs to improve the
high mortality of sepsis. For this reason, many clinical trials have been conducted, but all ended in failurelsl.
Therefore, there is an urgent need to develop safe, effective and cost-effective medications for the treatment of
sepsis. Studies have shown that in addition to conventional and basic treatment, vitamin C seems to show a
certain therapeutic effect.

Sepsis and vitamin C deficiency:

The occurrence of sepsis involves a variety of pathophysiological mechanisms and the activation of
multiple systems. With the continuous advancement of science, the immune imbalance, the intestinal flora
imbalance, the consumption of coagulation factors, etc. have been put forward one after another. Inflammation
seems to be a big part of it. When sepsis occurs, pro-inflammatory factors are excessively released to form an
inflammatory storm, leading to tissue and organ dysfunction, and then anti-inflammatory factors increase
through negative feedback expression to inhibit the release of pro-inflammatory factors and reduce cell tissue
damage. However, too much pro-inflammatory factors are also harmful, and their excessive activation inhibits
the immune system, leading to secondary infections in the late stage of sepsis, and the condition accelerates.

Oxidative stress acts as a regulator for systemic inflammation. Studies such as PARK have found that
various pathophysiological mechanisms of sepsis are related to oxidative stress(¢l. Oxidative stress will increase
metabolic consumption in the body and reduce the circulation of oxidized vitamin C. Studies have shown that
vitamin C in patients with sepsis is significantly reduced, which can be said to be in a state of deficiency,
especially in patients with severe sepsis and patients with septic shock [7l. Therefore, the response to sepsis
requires anti-inflammatory and oxidative stress. And exogenous vitamin C supplementation may be an effective
auxiliary treatment measure.

The mechanism of action of vitamin C:

Vitamin C, also called ascorbic acid, is a water-soluble antioxidant and a variety of enzyme cofactors,

which can prevent the adhesion of monocytes in endothelial cells and reduce inflammation. It participates in
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many kinds of body redox reactions and may participate in the treatment of sepsis through the following

effects:
Antioxidant effect:

During sepsis, the body generates a large amount of reactive oxygen species (ROS), which can cause
irreversible damage to proteins, phospholipids, and nucleic acids[8l. Vitamin C has strong anti-oxidant
characteristics. It can quickly eliminate it and other lipid peroxides after reacting with superoxide anions and
oxygen free radicals, reducing the activity of tetrahydrobiopterin (BH4), and inhibiting reduced nicotinamide
glands Purine dinucleotide phosphate (NADPH) oxidase (NOX) activity prevents ROS oxidative damage to
proteins, lipids and DNA®]. Wu et al studied vitamin C. They exposed skeletal muscle microvascular endothelial
cells to lipopolysaccharides (LPs) in vitro. The study showed that pre-treated VitC can inhibit the expression of
p47phox by inhibiting the Jak2/Statl/IRF] signaling pathway. NADPH oxidase is activated, ROS production is
reduced, and endothelial cell oxidative damage is alleviated['?.Research by Yamazaki et al showed that the
oxidative stress level of postoperative patients was significantly reduced after supplementing with 500 mg/d
vitamin C for 3 consecutive days!'1l. Dubick et al used a sheep burn model to study and found that the body's
early fluid requirements were significantly reduced after the application of vitamin C, the plasma lipid
peroxidation index was also significantly reduced, and the overall antioxidant status was maintained[!2],
Anti-inflammatory effect:

The inflammatory storm of sepsis is closely related to the excessive production of nuclear factor kappa
B (NF-kB). Anti-inflammatory balance disorder. Studies have shown that vitamin C can inhibit the activation of
NF-kB by inhibiting the phosphorylation of inhibitory k-B kinase (IKK) induced by tumor necrosis factor-a
(TNF-a)[131. Fisher et al studied a mouse model of sepsis and found that vitamin C-deficient mice significantly
increased the synthesis of inflammatory mediators compared with vitamin C-sufficient mice, while the
inflammatory response was attenuated after additional vitamin C supplementation, and found that additional
vitamin C supplementation can reduce the gene expression and transcription of inflammatory mediators at the
gene levell4l. Kang et al found that vitamin C inhibits the aggregation and adhesion of monocytes to endothelial
cells by preventing the mRNA expression of IL-8 and MCP-1, thereby reducing the pro-inflammatory
responsel!sl. Fowler et al used high-dose vitamin C to treat sepsis, and also demonstrated in a phase I clinical
trial that the use of vitamin C can reduce the level of the pro-inflammatory biomarker C-reactive protein
(CRP)7L.

Immunomodulatory effect:

As an important regulatory mediator in immunity, vitamin C may affect the proliferation and
differentiation of a variety of immune cells, and plays an important role in improving the level of immune
defense in the body. In the study of mice, Manning et al found that vitamin C played a role in promoting the
proliferation and development of myeloblasts to functional T cells[*¢l. Some studies have also found that the
proliferation of T cells was inhibited by vitamin C (500, 1 000 pmol/L) stimulation before human T cell

activation or vitamin C (1 000 pmol/L) stimulation within 3h after T cell activation['7]. Studies have shown that
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vitamin C can enhance the phagocytosis and killing ability of neutrophils, and promote the proliferation and
differentiation of B cells and T cells[!8l. Vitamin C can also enhance the ability of T natural killer (NK) cell
progenitor cells to generate NK cell progenitor cells, and can promote the secretion of interleukin (IL) -12 from
dendritic cells, thereby promoting the differentiation of naive CD4* T cells for helper T cells[*l. Gao et al found
that in a mouse model of sepsis, after subcutaneous injection of 200 mg/kg vitamin C in mice, T cell-mediated
immunosuppression was significantly reduced, the level of organ function was improved, and the incidence of
dysfunction and mortality were also significantly drop(20l.

Improve microcirculation and blood flow:

When sepsis occurs, pathogenic microorganisms and their released toxins can damage capillary
endothelial cells, resulting in microcirculation disorders in sepsis, while vitamin C can protect endothelial cells.
Mo et al studied human umbilical cord endothelial cells in vitro and found that vitamin C can prevent the
formation of adhesion molecule 1(ICAM-1), thereby weakening leukocyte aggregation and correcting
microcirculation(?1l. Earlier studies have shown that vitamin C can protect capillary endothelial cells by altering
the signal transduction pathway of capillary endothelial cells and inhibiting oxidative stress(22l.

Another significant cause of microcirculation disturbance in sepsis is the formation of microthrombi.
Swarbreck et al found that vitamin C can inhibit the production of plasminogen activator 1, thereby promoting
the process of fibrinolysis and inhibiting the formation of microthrombil23l. Studies have shown that vitamin C
can reduce the aggregation and adhesion between platelets and endothelial cells by inhibiting the expression
of P-selection (a key molecule for platelet endothelial cell adhesion), dredging capillary impaction, and
dissolving microthrombil24.The experiments of Secor et al also confirmed the inhibitory effect of vitamin C on
platelets[25].

Vitamin C can also improve the state of microcirculation blood flow by inhibiting the constriction of

arterioles[?6] and restoring the compliance of arterioles.

The effectiveness of using vitamin C:

Protect the function of organs:

Patients with sepsis are often accompanied by multiple organ failure in the later stage, which is the
main cause of death and poor prognosis of patients. Vitamin C works through the above mechanisms, and
theoretically, it can improve organ failure to a certain extent. In 2014, Fowler et al conducted a randomized
controlled study of 24 patients with severe sepsis from the ICU, and found that compared with the control
group, patients receiving an intravenous vitamin C had a significantly lower degree of multiple organ failurel7l.
In an analysis of 595 critically ill surgical patients, Nathens et al found that patients who received early enteral
vitamin E and vitamin C supplementation had a decreased probability of multiple organ failure, and decreased
mechanical ventilation time and ICU stay[27.

Vitamin C has been shown to protect multiple organ functions. Fisher et al found in a mouse model of
acute lung injury caused by sepsis that after intraperitoneal injection of 200 mg/kg vitamin C, the release of

inflammatory mediators in the alveoli of mice was cut, the inflammatory reaction was subdued, and the skeletal
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construction of the alveolar epithelial cells was intact recovered and the lung function improved[28 29]. Sepsis
also often results in abnormal renal function. Giusti-paiva and other studies have shown that plasma
vasopressin in mice is significantly increased after vitamin C injection[3%], and vasopressin has been found to
not only greatly change the hypotensive state of patients with sepsis, but also increase renal excretion, Reduced
renal injury, decreased renal replacement therapy and use of catecholamines 311, Vitamin C has also been found
to have a protective effect on liver function. Kim et al. studied in septic rats and found that after the injection of
vitamin C combined with vitamin E, the damage of cytochrome P450 in the liver of rats was reduced, the
metabolism of the liver was improved, and the excessive oxidative stress and lipid peroxidation were
significantly reduced. The hepatic inflammatory response is significantly reduced, and it can also improve the
impairment of hepatic drug metabolism caused by abnormal cytochrome enzyme (CYP) family [32 331,
Reduce mortality and improve prognosis:

Sepsis has become a heavy burden to countries and people because of its high mortality rate and poor
prognosis. How to solve this problem has always been the focus of attention. Zabet et al conducted a
randomized double-blind trial in 28 adult surgical septic shock patients and found that the 28-day mortality in
the ascorbic acid group was significantly lower than that in the placebo group after vitamin C supplementation
for 3 consecutive days (25 mg/kg, 4 times a day)B4L.Li et al also used a meta-analysis to prove that the
application of vitamin C can significantly reduce the mortality of patients with sepsis[3°. Shi-Jin et al conducted
arandomized controlled study of 117 patients with sepsis. The control group was intravenously injected with
5% glucose and placebo (100 ml/time, twice a day), while the vitamin C group was intravenously injected with
3.0 g of vitamin C dissolved in 5% glucose (100ml/time, 2 times/day), after statistical analysis of mortality and
efficacy, it was found that vitamin C can effectively improve organ function and reduce mortality in patients
with sepsis[36l.

Effectiveness of drug combination:

When used in combination with other drugs, vitamin C also showed a good therapeutic effect. In a
study of ICU sepsis patients, Marik et al. conducted a study on ICU patients with sepsis and found that the risk
of multiple organ failure and mortality were significantly reduced in patients who received simultaneous
injection of vitamin C, hydrocortisone and vitamin B1, and the number of patients requiring renal replacement
therapy was significantly lower than that of patients with sepsis who received neither vitamin C nor vitamin
B1[371. Studies have also confirmed that in children with early sepsis, after vitamin C combined with vitamin B1
and hydrocortisone treatment, the probability of acute kidney injury in children is greatly reduced, and
oxidative stress and inflammatory stimulation are also rapidly reduced. Organ function decline was improved

and mortality was reduced(38l.

CONCLUSION

Sepsis is a serious threat to people's life and health, but the current treatment plan does not

fundamentally solve the pathogenesis of sepsis, so it is imminent to seek new therapeutic drugs. Several studies
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have shown that vitamin C can improve the physiological state of sepsis patients, inhibit organ failure, reduce
mortality and improve prognosis through various mechanisms. However, some studies have shown that

vitamin C treatment has not shown a therapeutic effect in patients with sepsis, so vitamin C treatment of sepsis

is controversiall39.The {2020 Rescue Sepsis Campaign Guidelines)also do not recommend the light use of

vitamin C in clinical treatment. It is worth noting that vitamin C is finally metabolized into oxalate in the body
and excreted in the form of urine. Therefore, long-term use of large doses of vitamin C may form calcium oxalate
stones in the kidneys. Patients with abnormal renal function should be cautious when using vitamin C. But the
effect of vitamin C use cannot be denied. However, many problems are waiting to be solved, such as the optimal
use time of vitamin C, the appropriate dose of vitamin C, and the safety of long-term high-dose use. Therefore,
more, higher-quality, more convincing research and clinical trials are needed to solve these confusions and
make people more convinced of the existing evidence, so as to achieve better results in the treatment of sepsis

and increase people's happiness index.
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