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Abstract
Objectives—Antioxidant depletion is common in critically ill patients. This study was designed to
determine the effects of PN, with or without glutamine (Gln) supplementation, on systemic
antioxidant status in adult patients after major surgery who required parenteral nutrition (PN) in the
surgical intensive care unit (SICU) setting.

Methods—Fifty-nine SICU patients who required PN following pancreatic surgery or cardiac,
vascular or colonic (non-pancreatic) surgery were randomized in a double-blind study to receive
standard PN (Gln-free) or Gln-supplemented PN (Gln-PN) in which Gln was provided as alanyl-Gln
dipeptide. Conventional PN vitamin and mineral doses were administered to all subjects. Plasma
concentrations of the antioxidant glutathione (GSH) and the anti-oxidant nutrients α-tocopherol,
vitamin C and zinc were determined at baseline (initiation of study PN) and again after 7 days of
study PN. Data were analyzed for the total study cohort and within the pancreatic surgery and non-
pancreatic (cardiac, vascular and colonic) surgery patient subgroups.

Results—Mean plasma antioxidant concentrations were within or slightly below the normal ranges
at baseline. However, a high percentage of patients demonstrated below normal baseline plasma
concentrations of GSH (59%), vitamin C (59%) and zinc (68%), respectively. A lower percentage
of patients exhibited below normal plasma α-tocopherol levels (21%). Study PN significantly
improved plasma zinc levels in the entire study group and each surgical subgroup. Gln-PN
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significantly improved the change in plasma reduced GSH from baseline to day 7 in the non-
pancreatic surgery patients (PN: −0.27 µM vs Gln-PN: +0.26 µM; p<0.03).

Conclusions—Low plasma levels of key antioxidants were common in this group of SICU patients
despite administration of PN containing conventional micronutrients. Compared to standard PN, Gln-
supplemented PN improved plasma GSH levels in SICU patients after cardiac, vascular or colonic
operations.
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Critically ill surgical patients requiring prolonged stays in surgical intensive care units (SICU)
are at high risk for the development of nosocomial infection, sepsis syndrome, multiple organ
failure, and related systemic inflammatory responses [1–2]. These individuals are typically
extremely catabolic and exhibit compromised immune function, factors which are intimately
linked to complex interactions of antioxidants, thiol-disulfide redox regulation and zinc
homeostasis. Oxidative stress is common in critical illness as a result of the generation of
oxygen- and nitrogen-derived free radicals and disruption of redox signaling and antioxidant
control systems, including the decline in key antioxidant compounds [1–5]. The consequences
of oxidative stress include protein oxidation, lipid peroxidation and DNA damage, which may
contribute to cellular and organ dysfunction in SICU patients [2]. Enteral tube feedings and
parenteral nutrition (PN) support is routinely provided to prevent micronutrient depletion,
attenuate body protein catabolism and improve immune responses in this clinical setting.

Vitamin C, vitamin E (α-tocopherol) and glutathione (GSH) the major low-molecular weight
intracellular thiol antioxidant, are major mediators of host defense as direct free radical
scavengers [3,6]. GSH is inter-related with the major antioxidant nutrients vitamin C and α-
tocopherol as it maintains these nutrients in their reduced (functional) state [7]. Low plasma
concentrations of vitamin C and α-tocopherol and whole blood GSH have been variously
reported in catabolic and critically ill patients [1–2,6] and supplementation of these have been
suggested to maintain redox homeostasis in critical illness [6]. We previously reported low
plasma GSH in catabolic patients following high dose chemo-radiotherapy for bone marrow
transplantation [7]. Low circulating antioxidant levels during severe illness likely reflects
increased utilization coupled with inadequate exogenous provision (via diet or nutritional
support) relative to needs. In the case of the GSH, a possible decline in precursor amino acids
(cysteine, glycine and glutamate) for synthesis of this tripeptide may occur. Plasma GSH is
largely derived from the liver and skeletal muscle which releases GSH in proportion to tissue
concentrations [4,8]. Thus, plasma GSH levels may reflect systemic oxidative stress [9]. Zinc
is also important in the antioxidant defense system as a component in enzymes involved in free
radical detoxification [10,11] and in stabilization of thiol pools [12]. Previous studies have
shown that zinc depletion is associated with increased oxidative stress in trauma patients
[13]. In some studies, supplementation of zinc attenuated indices of oxidative stress, improved
immune function and/or attenuated cytokine production [9,14]. Thus, maintenance of optimal
redox status and host defenses in catabolic conditions is interrelated with vitamin C, α-
tocopherol and zinc nutriture and the levels of GSH and other antioxidants [1,4,6].

Unfortunately, the effects of conventional PN as a method to improve antioxidant nutrient
levels in critically ill patients unable to be adequately fed by the enteral route have been little
studied. Limited available data suggests that conventional PN does not maintain vitamin E and
GSH redox status in catabolic patients undergoing bone marrow transplantation or after
operation [7,15], but it is unknown whether current levels of supplementation are adequate to
maintain GSH and other antioxidants in the SICU setting [15].
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Gln may be a conditionally essential amino acid during critical illness when its utilization
exceeds endogenous production [16]. Gln is a precursor for GSH synthesis (possibly via
glutamate), and parenteral Gln supplementation restores plasma and tissue GSH status in
catabolic animal models, where it is also associated with increased resistance to infection
[16–18]. The current study was designed to test the hypothesis that Gln-supplemented PN
would improve plasma GSH concentrations and concomitantly increase key plasma
antioxidant nutrient concentrations in critically ill SICU patients. We also sought to determine
the effects of PN providing conventional doses of vitamins and minerals on these indices. Our
specific aims were to determine: 1) whether key plasma antioxidant levels are low in PN-
requiring SICU patients; 2) whether conventional PN improves these values from baseline over
a 7-day period; and 3) whether alanyl-Gln dipeptide supplementation further upregulates
plasma GSH, vitamin C, α-tocopherol and zinc levels in this clinical setting.

Methods
Human Subjects

The data for this paper were derived from a randomized, double-blinded clinical study
conducted in the SICUs at Emory University Hospital in Atlanta, GA. The main study was
designed to test whether administration of Gln-PN decreased nosocomial infection in selected
SICU patients requiring PN, and preliminary clinical data of the study are reported elsewhere
[19]. Adult patients (aged 18 to 79 years) who were expected to require at least seven days of
PN support following pancreatic, cardiac, vascular, or colonic surgeries were eligible. Patients
with any of the following situations were excluded from enrollment: (1) active malignancy,
(2) acute or uncontrolled infection, (3) significant hepatic dysfunction defined as serum total
bilirubin > 4.0 mg/dL or transaminases > 5-fold of normal values, (4) severe renal dysfunction
defined as serum creatinine concentrations > 3-fold of normal values or acute renal failure
requiring dialysis. Subjects who did not receive study PN for at least 5 days were excluded
from further analysis per pre hoc criteria. The APACHE II score of illness severity at baseline
(initial day of study PN) was calculated for each subject using standard methods. The study
was approved by the Institutional Review Board (IRB) of Emory University.

Subjects were block-randomized on the basis of surgical type to receive either alanyl-GLN
dipeptide-supplemented PN (Gln-PN) or conventional, Gln-free PN (control-PN). Study PN
was given as isocaloric and isonitrogenous solutions infused continuously over 24 hours via a
central venous catheter. Patients in the Gln-PN group received 0.5 g/kg/day of alanyl-Gln
(Dipeptiven®, Fresenius AG, Bad Homburg, Germany) added to 1.0 gram/kg/day of a Gln-
free amino acid solution (15% Clinisol® Baxter, Deerfield, IL). Control patients were given
Clinisol® at a goal initial PN amino acid dose of 1.5 g/kg/day. The total caloric intake goal for
all patients was 1.3 × basal energy expenditure (calculated by the Harris-Benedict equation)
from PN plus any enteral intake. Initial non-amino acid PN calories were provided as 70% as
dextrose and 30% as lipid emulsion (20% Intralipid® Kabi, Alameda, CA). All subjects
received 10 mL M.V.I.-12® (Mayne Pharma, Wilmington, NC) and 1 mL Multitrace-5®
Concentrate (American Regent, Inc., Shirley, NY) daily with PN, providing 200 mg vitamin
C, 10 mg α-tocopherol and 5 mg zinc/day. As a component of the standard nutrition support
protocol, the same amount of vitamins and trace elements were provided in PN of study patients
who received PN before study entry. Patients were followed daily clinically by the investigators
and were transitioned to enteral nutrition without Gln supplementation as indicated. Plasma
concentrations of vitamin C, α-tocopherol, zinc and GSH were determined at baseline (initial
day of study PN) and after 7 days of study PN (i.e. on study day 8). Blood was collected in
trace element-free plasma collection tubes.
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Determination of plasma vitamin C, α-tocopherol and zinc concentrations
Plasma concentrations of vitamin C and α-tocopherol were determined by high performance
liquid chromatography (HPLC) at the USDA Human Nutrition Research Center on Aging,
Tufts University, Boston, MA, as previously described [7,19–21]. Briefly, the dehydroascorbic
acid plasma concentration was reduced with homocysteine and mixed with 0.50 mol perchloric
acid/L. Vitamin C was separated using a Waters HPLC apparatus with a model 710B auto
sampler and a Bioanalytical Systems LC4B electrochemical detector with amperometric
detection (Bioanalytical Systems, West Lafayette, IN). Plasma α-tocopherol was measured via
reversed-phase HPLC consisting of a 510 pump, a 710B WISP autosampler, and a 490
multiwavelength detector set to 292 nm (Waters, Milford, MA). The lipid fraction of the plasma
was extracted with hexane and dissolved in methanol and ethyl ether. The α-tocopherol content
was determined by the peak height ratio method [21]. Plasma zinc concentrations were
determined with a Perkin-Elmer 5000 atomic absorption spectrometer (Roche Molecular
Systems, Inc, Branchburg, NJ) [7].

Determination of plasma GSH concentration
Reduced GSH concentration was determined via HPLC as previously described [7,22]. Briefly,
3 mL of blood was collected in a heparinized syringe from the central venous line and 1.5 mL
was immediately transferred to a microcentrifuge tube containing preservation buffer. After
centrifugation (12,000 g for 30 s), a 200 µL supernatant was transferred to a tube containing
ice-cold 200 µL 10% perchloric acid, 0.2 M boric acid and 10 mM γ-glutamyl-glutamate.
Samples were then derivatized with iodoacetic acid and dansyl chloride. Plasma GSH
concentrations were determined by HPLC on a 3-aminopropyl column (Waters, Milford, MA)
[7,22].

Statistical analysis
Data were analyzed using SPSS statistical software (Chicago, IL). Results are reported as mean
± SE. Unpaired student’s t-tests were used to compare the means of antioxidant concentrations
in control-PN and Gln-PN groups and between pancreatic surgery and nonpancreatic surgery
cohorts. The absolute values and change in plasma antioxidant concentrations from baseline
to day 7 were examined using paired student’s t-tests. Chi-square analysis was used to compare
the proportional changes of subjects with below normal blood antioxidant concentrations. The
level of statistical significance was set at p < 0.05.

Results
Sixty-three patients who met entry criteria were initially enrolled; 31 patients were randomized
to control-PN and 32 to Gln-PN. Four subjects (2 control-PN and 2 Gln-PN) did not receive
the required 5 days of study PN. One control-PN subject died on Day 4 with multiple organ
failure associated with bacteremic sepsis; a second control-PN subject was discharged to a
nursing home facility on Day 4. One Gln-PN subject was discharged to home on Day 4 and a
2nd Gln-PN subject had PN was discontinued on day 2. Thus, data on 29 control-PN and 30
GLN-PN subjects comprised the final study group (n=59). Demographic and clinical
characteristics were similar between control-PN and Gln-PN groups (Table 1).

Table 2 shows antioxidant concentrations at baseline and after seven days of study PN in the
total study group. At baseline, the mean plasma concentrations of reduced GSH, vitamin C,
α-tocopherol and zinc were within or slightly below the normal ranges for each compound. In
the entire study group, administration of study PN, which contained identical conventional
multivitamin and mineral doses (please see Methods), did not alter plasma GSH, but
significantly increased plasma concentrations of vitamin C, α-tocopherol and zinc. However,
as shown in Table 3, at baseline more than 50% of patients demonstrated below-normal plasma
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concentrations of GSH, vitamin C and zinc, while low levels of α-tocopherol were less frequent
(21%). The percentage of study subjects with below-normal levels of GSH and vitamin C were
unchanged after 7 days of study PN, while the percentage of subjects demonstrating low plasma
levels of α-tocopherol decreased (not significantly). In contrast, the percentage of patients with
below-normal plasma levels of zinc was decreased significantly with one week of study PN,
from 68% to 27% (Table 3).

Patients in the non-pancreatic surgery subgroup had a significantly higher level of illness
severity at baseline (APACHE II score = 14.8±1.4) compared to the pancreatic surgery patients
(APACHE II score = 9.8 ±1.1; P<0.05). Because indices of oxidative stress and plasma redox
are positively associated with illness severity [5], data were analyzed based on the type of
surgery, i.e. pancreatic surgery versus non-pancreatic surgery (cardiac, vascular and colonic
surgery). At baseline, plasma GSH levels were significantly higher and zinc levels significantly
lower, respectively, in the non-pancreatic surgery patients compared to the pancreatic surgery
patients (Table 4). Baseline plasma vitamin C and α-tocopherol levels were similar between
non-pancreatic and pancreatic surgery patients.

After 7 days of study PN, plasma vitamin C, α-tocopherol and zinc levels in the nonpancreatic
surgery group were significantly increased compared to baseline values. In the pancreatic
surgery cohort, α-tocopherol and zinc levels were similarly increased compared to baseline
after 7 days of PN and vitamin C levels tended to increase (NS) (Table 4). The percentage of
patients in each surgical cohort with below-normal plasma zinc levels significantly decreased
with study PN (Table 4). Mean plasma GSH concentrations were not altered after 7 days of
study PN in either the pancreatic surgery or the non-pancreatic surgery cohorts.

The effect of Gln-PN on plasma antioxidant levels was examined in the entire study group and
the two surgical subgroups. The APACHE II scores were similar between patients receiving
control-PN and Gln PN in entire study group (control PN: 13.1 ± 1.5 versus Gln-PN: 12.6±
1.2, p-value = NS) and pancreatic surgery subgroup (control PN: 9.4 ± 1.5 versus Gln-PN: 11.1
± 1.5, p-value = NS) and non-pancreatic surgery subgroup (control PN: 17.7 ± 2.1 versus Gln-
PN: 14.1 ± 1.9, p-value = NS). Plasma levels of vitamin C, α-tocopherol, zinc and GSH were
similar between Control-PN and Gln-PN subjects at baseline and day 7 in the entire study group
and the pancreatic surgery subgroup; their changes over the 7-day treatment period were also
similar between patients receiving Control-PN and Gln-PN. Plasma GSH levels were low and
unaffected by Gln-PN in either the entire study group and in pancreatic surgery subgroups (data
not shown). Figure 1 shows the effects of Gln-PN in non-pancreatic surgery cohort. In non-
pancreatic surgery patients, plasma α-tocopherol levels were significantly increased in the
control-PN patients (baseline: 628 ± 87 versus day 7; 953 ± 121 µµg/dL, p=0.038) and zinc
levels were significantly improved in the Gln-PN group (day 0: 60.5 ± 4.9 vs day 7: 84.0± 5.8
µg/dL, p=0.001). In addition, as shown in Figure 2, in this non-pancreatic surgery cohort,
changes of plasma concentrations of vitamin C, α-tocopherol and zinc were similar between
control-PN and Gln-PN groups (vitamin C: conrol-PN 0.13± 0.07 vs Gln-PN 0.25 ±0.12 mg/
dL, α-tocopherol:324.3 ± 133 vs 151.4 ± 80.0 µg/dL; zinc: 25.1 ± 11.8 vs 23.5 ± 4.65 µg/dL).
On the contrary, the change in plasma GSH concentrations was significantly increased with
Gln-PN compared to thechange (decrease) observed with control-PN in the non-pancreatic
surgery patients (control-PN - 0.27 ± 0.17 µM versus Gln-PN: + 0.26 ± 0.13 µM; p=0.026)
(Figure 1).

Discussion
Our study shows that a large proportion of SICU patients exhibit below-normal plasma levels
of vitamin C, GSH, and zinc after common major operations in which PN was required due to
intestinal failure. The high incidence of vitamin C, GSH and zinc depletion is consistent with
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previous findings in other groups of critically ill patients [6,7,13,23–30]. The percentage of
patients with low plasma α-tocopherol concentrations was lower than the percentage of patients
with low vitamin C, reduced GSH and zinc levels. Possible mechanisms for the depletion of
these antioxidant nutrient compounds include inadequate intake in the perioperative period,
increased antioxidant consumption to scavenge free radicals, increased urinary losses and/or
cellular redistribution as an acute phase response [23–25,28–30]. EDTA-containing sedatives
commonly used in the ICU may increase urinary zinc secretion, which may lead to zinc
depletion [31].

One of our goals was to assess the effects of conventional PN on these antioxidants in these
severely catabolic patients. Our PN formulations provided vitamin C at 200 mg/day, α-
tocopherol at 10 mg/day and zinc at 5 mg/day to all study subjects. However, plasma
concentrations of vitamin C remained low in approximately one-half of patients after PN was
administered for 7 days (Table 2, Table 3 and Table 4). This finding suggests that the amount
of vitamin C provided in standard PN multivitamin preparations is not adequate to normalize
plasma vitamin C levels in these types of critically ill surgical patients.

Nathens et al gave a large group of predominately trauma patients either placebo or large doses
of parenteral vitamin C (3000 mg/day) plus enteral α-tocopherol (3000 IU/day) for up to 28
days after SICU admission [24]. Most patients received enteral tube feedings throughout the
study. Mean serum ascorbate levels in the study patients were at the lower limit of normal at
entry (similar to our study cohort) and remained essentially unchanged in the placebo-treated
patients. Subjects receiving vitamin C supplementation achieved normal serum levels of
vitamin C within 1 day of therapy, which were maintained at the upper range of normal, without
evidence of toxicity, for the duration of the study [24]. Long et al [25] examined the
effectiveness of PN supplemented with varied amounts of ascorbic acid for 2 days in 14
severely injured patients. They found that plasma ascorbic acid concentrations were not
changed when ascorbic acid was given at 300 mg/day and only increased to low normal levels
when it was given at a dose of 1000 mg/day [25]. Therefore, additional studies are needed to
define the metabolic and clinical efficacy of larger doses of vitamin C supplementation than
are routinely administered in critically ill surgical patients as a method to support anti-oxidant
processes.

Although plasma α-tocopherol depletion was not as frequent in our study as was depletion of
vitamin C, 21% of our entire study group exhibited values below the normal limit at entry, and
11% remained low after 7 days of PN. We did observe an increase in mean plasma α-tocopherol
levels and a tendency for fewer subjects to exhibit below-normal plasma levels after 7 days of
PN (Table 2 and Table 3). It is possible that low α-tocopherol levels in these individuals
reflected a response to oxidative stress associated with the primary operation. Limited data
suggests that soybean oil-based intravenous lipid emulsions, as used in the PN mix of our
patients, may increase vitamin E requirements, possibly due to utilization to quench
peroxidized lipids present in lipid emulsion [7,32]. We previously found that plasma α-
tocopherol progressively declined in bone marrow transplant recipients receiving conventional
PN with soybean oil-based lipids compared to α-tocopherol levels in clinically matched
subjects receiving only micronutrients and a very low amount of lipid emulsion [7]. In the
study of Nathens et al [24], baseline serum α-tocopherol levels were similar to our baseline
plasma values. In that study, control subjects demonstrated a gradual increase in α-tocopherol
values over time, but were only significantly increased in the α-tocopherol-supplemented group
(3,000 IU/day, as q8 hr divided doses of 1000 IU given enterally). This may reflect the decrease
in oxidative stress as patients recovered from surgery and its complications. As with vitamin
C, additional trials seem indicated to assess the metabolic, redox and clinical effects of larger
doses of vitamin E supplementation in critically ill surgical patients.
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Our conventional PN trace element preparation provided 5 mg of zinc/day and significantly
improved plasma zinc concentrations and decreased the proportion of subjects with below
normal zinc levels after 7 days. In a previous study conducted in patients after coronary bypass
surgery, plasma zinc levels remained low two months after surgery when zinc was not
supplemented [33]. Therefore, we conclude that our short-term regimen of zinc
supplementation at 5 mg/day was effective in terms of normalizing plasma zinc levels in our
SICU patients. Some of this effect may be due to clinical improvement of the subjects over
time.

“In a previous study in patients with multiple organ failure, both total and reduced whole blood
GSH was depleted, although plasma total GSH was elevated [1]. We found that plasma GSH
(reduced GSH) was below our laboratory normal range in 59% of study subjects at entry,
similar to our previous findings in catabolic bone marrow transplantation patients [7]. We did
not measure whole blood GSH in the present study, but such data would have been of interest.
Differences in plasma GSH between the previous study and our data may reflect differences
in clinical characteristics of the patients in the two studies. GSH is a major intracellular
antioxidant thiol and its concentration is much higher in cells than in the plasma. Whole blood
GSH principally measures GSH in erythrocytes; it changes in response to the balance of its
synthesis and loss and is correlated to oxidative stress. On the other hand, plasma GSH is
largely derived from the liver (and also muscle and other extrahepatic tissues) [8], which release
GSH in proportion to tissue concentration, and thus can be considered a reflection of systemic
antioxidant capacity”.

Our study suggests that disease severity is not the only determinant of plasma GSH
concentration in catabolic, hospitalized adults. Although patients in the non-pancreatic surgery
cohort had higher APACHE II scores than those in the pancreatic surgery cohort, plasma GSH
levels were significantly lower in pancreatic surgery patients, consistent with the GSH
depletion induced by pancreatitis as previously shown by Schoenberg et al [34].

Previous studies indicate that Gln-supplemented PN is associated with decreased protein
catabolism and decreased nosocomial infections in hospital patients, the latter effect was
consistent with a potential role in upregulating immune functions [16,19,35]. Gln is a precursor
molecule for GSH synthesis in translational models [16–18] and Gln-supplemented PN
significantly attenuated GSH depletion in skeletal muscle of post-surgical patients [26]. GSH
is required to maintain vitamins C and E, while zinc is known to stabilize thiol pools, and plays
an important role in immune functions [12]. Therefore, we tested whether Gln supplementation
would improve the antioxidants vitamins C and E, Gln and the antioxidant-associated mineral
zinc. We did not find any advantage of Gln-PN over Gln-free control-PN in maintaining or
improving patients’ antioxidant status in the total study group, as GSH, vitamin C, α-tocopherol
and zinc concentrations were similarly improved in both Gln-PN and control groups over time.
Gln-PN also did not improve concentrations of GSH, vitamin C, α-tocopherol or zinc in the
pancreatic surgery subgroup. In the non-pancreatic surgical subgroup, who exhibited higher
APACHE II scores, Gln-PN did not alter the change from baseline in plasma concentrations
of vitamin C, α-tocopherol or zinc over time. However, in this cohort, the change from baseline
in plasma GSH concentrations was significantly increased with Gln-PN compared to the
decrease observed with control-PN (Figure 2).

Limitations of this study include the relatively small number of patients studied and the lack
of selenium determinations. Selenium participates in antioxidant defense as an essential
component of glutathione peroxidases, which catalyzes the reduction of hydroxyperoxides by
GSH. Decreased selenium levels were observed in trauma patients [6,11] and patients receiving
coronary bypass surgery [33]. As demonstrated by Berger et al, low serum selenium
concentrations were normalized after 7 days of selenium supplementation (62 mg/day) in
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critically ill trauma patients [36]. In a recent multi-center clinical trial of patients with severe
systemic inflammatory response syndrome, sepsis, and/or septic shock, supplementation of
intravenous sodium-selenite (1000 µg/day) for 14 days significantly improved whole blood
selenium concentrations and decreased the 28-day mortality rate [37].

In conclusion, our findings confirm that depletion of major antioxidants in the bloodstream is
common in critically ill SICU patients after major cardiac, vascular, colonic and pancreatic
operations. Despite the administration of standard PN containing conventional amounts of
micronutrients, vitamin C and GSH levels remained low in a significant proportion of patients
after 7 days of PN. Thus, increasing the amount of vitamin C and GSH substrates in PN should
be tested as an approach to normalize plasma levels and potentially clinical outcomes. Given
the improvement in plasma GSH with Gln-supplemented PN in the cardiac, vascular and
colonic surgery subgroup, intravenous Gln represents an approach to improve plasma GSH
concentrations in selected SICU patients that should be further investigated.
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Figure 1.
Absolute plasma antioxidant concentrations in non-pancreatic surgical patients at baseline and
after receiving control-PN or Gln-PN for 7 days. Plasma concentrations of Vitamin C, α-
tocopherol, zinc and GSH were similar between the two study groups at baseline and day 7.
However, compared with baseline (day 0) values, α-tocopherol levels were significantly
improved with control-PN at 7 days (* p<0.04, day 0 versus day 7) and zinc levels were
significantly improved with Gln-PN (*p<0.002, day 0 versus day 7). No differences in absolute
plasma vitamin C or GSH values occurred from baseline to day 7 in either PN group.
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Figure 2.
Change from baseline to day 7 in plasma antioxidant concentrations in non-pancreatic surgical
patients comparing effects of control-PN and Gln-PN. The change in plasma vitamin C, α-
tocopherol and zinc was similar between PN groups. However, change from baseline in plasma
GSH concentrations (increase) was significantly different in individuals receiving Gln-PN
compared to change from baseline (decrease) with control-PN. * p<0.03 control-PN versus
Gln-PN.
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Table 1
Demographic and clinical characteristics of study subjects

Control-PN
(n=29)

Gln-PN
(n=30)

Gender Male 21 19

Female 8 11

Diagnosis Pancreatic surgery 17 15

Cardiac surgery 5 6

Vascular surgery 5 6

Colonic surgery 2 3

Age (yrs) (mean ± SEM) 57±3 56±3

Hospital stay prior to study entry 12±2 10±1

Days from surgery to study entry 3.5±0.4 4.2±0.6

PN days prior to study entry 4±1 6±2

APACHE II score 13.1±1.2 13.4±1.4

Data are shown as absolute numbers or as group mean ± SE. All comparisons are not significantly different between groups.
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Table 2
Plasma antioxidant concentrations at baseline and after seven days of PN in the total study group

Baseline Day 7

GSH
(1.50–2.50 µM)

1.67±0.13 1.62±0.13

Vitamin C
(0.40–2.20 mg/dL)

0.40±0.06 0.73±0.12*

α-tocopherol
(500–1800 µg/dL)

708±40 894±52*

Zinc
(70–130 µg/dL)

66±4 90±4.2*

Data shown as mean ± SE.

*
P<0.05 Day 7 versus baseline values.
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Table 3
Percentage of subjects with below-normal plasma antioxidant concentrations at baseline and after seven days of PN in
the total study group

Baseline (%) Day 7 (%)

GSH 59 46

Vitamin C 59 47

α-tocopherol 21 11

Zinc 68 27*

*
P<0.05, baseline by Chi-square test day 7 versus baseline.
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