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Effects of vitamin C on oxidative status in pigs anesthetized with isoflurane
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Abstract : This study investigated the effects of vitamin C on oxidative stress induced by volatile anesthetics in pigs.
One group of pigs was used as an anesthesia control group (group 1), and they were anesthetized with isoflurane
in oxygen and saline (0.9% NaCl) was injected intravenously. The other group (group 2) was anesthetized with isoflurane
and injected intravenously with vitamin C. Total oxidant status, total antioxidant status, and the oxidative stress index
in group 2 were significantly different compared with those in group 1. The results showed that intravenous
administration of vitamin C decreased oxidative stress during isoflurane anesthesia in pigs.
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Introduction 

Reactive oxygen species (ROS) are generated in excess

due to damage to cell structures, and these accumulate lead-

ing to a condition known as oxidative stress. Volatile anes-

thesia induces ischemia-reperfusion injury and is a complex

phenomenon resulting in ROS production [1]. Previous stud-

ies in animals have suggested that exposure to volatile anes-

thetics can induce oxidative stress [5, 6]. Isoflurane is a less

hepatotoxic inhalation anesthetic than others, as it undergoes

quantitatively much less metabolism from toxic reactive

intermediates [4]. However, isoflurane is cytotoxic in vitro

[3], whereas the oxidative stress issue is still controversial.

The possibility of potential side effects from inhalation anes-

thetics has been the subject of various studies. Nevertheless,

the oxidant and antioxidant status of isoflurane in animals

has not been fully evaluated. 

Several antioxidant supplements increase antioxidant activ-

ity. Vitamin C, for one, may protect cellular membrane lipo-

proteins against oxidative damage caused by toxic free

radicals at the early stage [7]. These antioxidant functions of

vitamin C may prevent certain types of oxidative stress due

to anesthetics. Therefore, we investigated the protective

effects, if any, of intravenously injected vitamin C on oxi-

dant and antioxidant status in the plasma of pigs anesthe-

tized with isoflurane.

Materials and Methods

Animals 

Eighteen male Landrace and Yorkshire mixed pigs (37.6 ±

1.7 kg, 3~4 month old) were used. Pigs were randomly

assigned to a control untreated group (group 1, n = 9) or an

ascorbic acid-treated group (group 2, n = 9). All pigs were

obtained from the experimental livestock farm of the Col-

lege of Agriculture, Chungnam National University (CNU),

Korea. These experimental and housing protocols were

approved by the CNU Animal Care and Use Committee

(approval no. 2010-2-10). Pigs were starved for 12 h prior to

surgery in order to prevent any possible adverse effects asso-

ciated with anesthesia.

Anesthesia and drug administrations

Anesthesia was induced and maintained with 2% deliv-

ered isoflurane carried in oxygen using a face mask. The

ascorbic acid treatment (Ascorbic Acid Injection; Huons,

Korea; 300 mg, IV) was administered prior to anesthesia

induction. The control pigs were received intravenously

saline (0.9% NaCl) alone. A gas mixture (100% oxygen and

2% isoflurane) was administered for 1 h. Pigs were attached

to a standard monitoring device (Pulscan-Component, Patient

monitor; Scionic, Korea). The heart rate (HR), respiratory

rate (RR), oxygen saturation (SpO2) and rectal temperature

(RT) were measured by using a patient monitor (Pulscan-

Component, Patient monitor; Scionic) and were recorded.

Obtaining of blood and plasma

Venous blood samples were collected into heparin tubes

via venipuncture from the jugular vein at designated times.

Plasma was separated by centrifugation (1,000 × g for 10

min) and stored at –80oC. Plasma total oxidant status (TOS)

and total antioxidant status (TAS) levels were determined to
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evaluate oxidative stress using a commercially available kit

developed by Erel [2] (Mega Tip, REL Assay Diagnostics;

Gaziantep, Turkey). The ratio of TOS to TAS was the oxida-

tive stress index (OSI), an indicator of the degree of oxida-

tive stress.

Statistical analysis

Statistical analysis was performed using SPSS software for

Windows, release 18.0 (SPSS, USA). Results are expressed

as median (inter-quartile range). A Mann-Whitney U-test was

applied with a p < 0.05 being considered significant.

Results

Plasma TOS, TAS, and OSI values are shown in Table 1.

Decreases in plasma TOS and OSI levels in group 2 after

anesthesia were observed, whereas increases in group 1 were

observed. The group 1 TOS level was significantly higher at

the end of anesthesia than that before the induction of anes-

thesia (p = 0.016). Plasma TAS levels increased in group 2

after anesthesia, whereas they decreased in group 1. The TAS

level of group 1 was significantly lower at the end of anes-

thesia and 1 h after the end of anesthesia than before induc-

tion of anesthesia (p = 0.04 and 0.01, respectively). The

levels of TOS, TAS and OSI in group 2 were significantly

different compared with those of group 1 at the end of anes-

thesia (p = 0.01, 0.006, and 0.006, respectively) and 1 h after

the end of anesthesia (p = 0.016, 0.037, and 0.006, respec-

tively). 

Discussion 

The results showed that an intravenous administration of

ascorbic acid decreased oxidative damage during isoflurane

anesthesia in pigs. Isoflurane anesthesia significantly increased

the TOS and OSI values and decreased the TAS values in the

control group. In contrast, decreases in TOS and OSI levels

and increases in TAS levels were observed in the ascorbic

acid treated group.

Free radical species are constantly produced as a normal

consequence of aerobic metabolism. Oxidative stress results

from an imbalance between radical-generating and radical

scavenging system, leading to cell membrane impairment or

DNA damage. Hydrogen peroxide and other derivatives of

peroxides, produced physiologically in organisms and occur-

ring in higher concentrations under some pathologic condi-

tions, diffuse into plasma [2].The level of total peroxide was

measured and expressed as TOS in this study. The percent-

age of ratio of the TOS to the TAS gave the OSI, an indica-

tor of the degree of oxidative stress. The evaluation of

oxidative stress can indirectly reflect the changes in microcir-

culation in the organs during anesthesia.

Many oxidative stress markers, including nitric oxide, lipid

peroxidation, protein carbonyl content, and protein sulfhy-

dryl have been investigated. In addition to these stress

parameters, plasma TOS and TAS levels have been used to

reflect oxidative stress and actions against oxidative stress,

respectively. An evaluation of these oxidative stress parame-

ters can indirectly reflect changes in organ microcirculation

during anesthesia [2]. The blood contains many antioxidant

molecules that prevent and inhibit the harmful effects of

ROS. The effects of total antioxidant species reflect the anti-

oxidative status of plasma. The cooperative actions of these

various antioxidants in plasma protect organs against oxida-

tive stress. In spite of the fact, blood vitamin C concentra-

tions were not determined in this study, but increases in TAS

levels were thought to be related to the ascorbic acid treat-

ment. As a consequence, the results showed that vitamin C is

capable of increasing the antioxidant capacity of plasma in

pigs.

In conclusion, we observed that isoflurane increased oxida-

tive stress parameters. In the light of present results, vitamin

C may play a role in the prevention of oxidative injury pro-

duced by volatile anesthesia. However, more detailed studies

are needed to assess the possible relationships between anti-

oxidants and isoflurane.
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Table 1. Oxidative stress parameters of the pigs

Group Before induction of anesthesia End of the anesthesia 1 h after the end of anesthesia

TOS

(µmolH2O2/L)

Group 1 217.36 (11.6) 276.03 (21.09)* 240.09 (25.7)

Group 2 214.47 (12.26) 192.29 (30.36) ** 191.0 (27.01) **

TAS

(mmol Trolox equiv/L)

Group 1 527.1 (2.08) 520.5 (1.45)* 522.4 (2.94)*

Group 2 527.1 (1.90) 530.1 (9.33) ** 529.4 (8.15) **

OSI

(arbitrary unit)

Group 1 558.0 (0.95) 513.5 (1.87)* 510.9 (1.86)*

Group 2 557.9 (0.57) 556.7 (2.58) ** 556.8 (1.91) **

The values represent the median (inter-quartile range). *Statistically difference compared to “before induction of anesthesia” (n = 9). 
**Statistically difference compared to group 1 (n = 9).
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