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ER A I S - The combined administration of vitamin C and copper induces

systemic oxidative stress and kidney injury.
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[Purpose]

Ascorbic acid (AA, also known as vitamin C) and Copper (Cu?") are well-known health supplements
with many health-promoting actions. However, in combination, they produce several major oxidants,
including superoxide, H>O, and highly reactive hydroxyl radicals (OHe¢). Given that these oxidants have
been critically involved in initiating and developing various diseases, we speculated that in vivo
administration of AA plus Cu®" could lead to systemic oxidative stress and organ injuries. This study was
to address this possibility. Because the kidney is especially vulnerable to various toxicants, including ROS,
the effect of AA and Cu?* on the kidney has been the focus of this study.

[Methods]

C57BL6/J mice were administered various doses of AA and Cu?, either alone or in combination, via
gavage for up to 3 wks. The changes in the systemic and local oxidative state were monitored through the
level of protein thiol oxidation and free sulfhydryl groups (-SH). The changes in renal function, injury,
and structure were assessed by detecting biochemical parameters (Blood Urea Nitrogen (BUN), creatinine,
urinary proteins), injury markers (nephrin and podocin), and histopathology. In vitro, oxidative effects of
AA plus Cu?" were determined using rat renal tubular epithelial NRK-E52 cells. The generation of H2O»
by AA plus Cu?* was measured with an assay Kkit.

[Results]

1. Administration of mice with 100 mg/kg AA and 1 mg/kg Cu?*, alone or in combination, through
gavage once per day for 5 to 21 days resulted in a marked elevation in protein oxidation and a concomitant
reduction in -SH in serum, intestine, bladder and kidney, indicative of an occurrence of systemic oxidative
stress.

2. Administration of AA plus Cu?" also led to a significant reduction in renal size and renal function, as
evidenced by increased BUN, creatinine, and urinary protein levels. In addition, they also induced
glomerular and tubular cell injury. These effects of AA plus Cu?" were time- and dose-dependent.

3. In vitro, AA and Cu?" in combination caused oxidative renal cell injury, which was associated with
increased cellular protein oxidation. In addition, direct incubation of AA with Cu?* led to H,O, generation in an
AA- and Cu?* concentration-dependent manner.



4. The above-mentioned in vivo and in vitro effects of AA and Cu?" were only observed when they were used in
combination. Furthermore, the effects could be entirely prevented by thiol antioxidant NAC.

[Discussion]

AA is the most extensively used supplement. As an antioxidant, it has many health-promoting actions.
However, AA also has prooxidant properties, especially in the presence of transition metal iron and Cu?". It has
been reported that AA plus Cu?" caused cell injury and induced biological protein oxidation in vitro. Here, we
demonstrated, for the first time, that in vivo administration of AA plus Cu?* caused systemic oxidative stress
and oxidative kidney injury.

In this study, we used protein sulfenic acid formation to indicate oxidative stress. As the product of the
reaction between a protein thiol and hydrogen peroxide, the level of sulfenic acid should reflect the in vivo level
of H,O,. Taking advantage of this indicator, we observed that administration of AA plus Cu?" markedly
increased -SOH formation in serum and several organs, indicating the existence of systemic oxidative stress.

The kidney is an organ responsible for the filtration, reabsorption, and excretion of chemicals. In addition,
renal cells are also known to express both AA and Cu?" transporters. These features made the kidney especially
vulnerable to AA and Cu?*. Indeed, combined administration of AA and Cu?" caused severe renal damage. The
underlying mechanisms could be multiple, including a direct toxic effect derived from the locally generated
ROS and an indirect effect caused by the oxidized serum proteins. In support of this notion, AA plus Cu?* or
oxidized albumin induced renal cell oxidation and injury in vitro.

Ascorbic acid has pro- and antioxidative actions. Unexpectedly, we failed to detect a noticeable change in the
number of -SH in serum and cellular proteins when AA was used alone. The reason for the lack of antioxidative
activity in our system is unclear and needs to be further analyzed. As for the prooxidant action of AA, it
appeared that it required the presence of the transition metal Cu®*.

Our study could have significant implications. First, our study demonstrated that in vivo administration of AA
and Cu®" caused systemic oxidative stress and kidney injury through ROS-related mechanisms. This feature of
AA and Cu**could be used to develop novel models of ROS-driven kidney injury, through which the role of
ROS in the initiation and development of kidney diseases could be clearly defined. Second, our study indicates
that ascorbic acid and Cu?", as health supplements, should not be used together.

[Conclusion]

In conclusion, the current study reveals, for the first time, that the combined administration of AA and Cu**
resulted in systemic oxidative stress and oxidative kidney injury. This property of ascorbic acid and Cu?* could
be exploited to establish the currently unreported ROS-driven models of kidney diseases. In addition, the
finding from this study provides a warning of the health danger of the concomitant use of AA and Cu?*, either as
supplements or therapeutic regimens.
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