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Impact of trauma severity on oxidant/antioxidant
status in injured patients during the first seven days

Abstract

Trauma is an important cause of death due to a combination of over-stimulation of the innate
immune responses and a subsequent immune-suppression. Neutrophils are recognized
significant contributors to the innate immune response following injury. However, the
impact of the severityof trauma, or the type of trauma on time dependent assessment of
neutrophil activity andsubsequent plasma antioxidant system is not known.

Aim and objectives: Therefore, this study was designed to understand the effects of trauma
severityon time dependent neutrophil count and activity following trauma. Also, we sought
to identify thepeak neutrophil activity following traumas and to relate neutrophil activity
with changes in plasmafree radical production in the same subset of trauma patients and to
relate these changes with the antioxidant concentrations observed post trauma.

Methods: A prospective study involving 120 trauma patients was carried out and these study
participants were classified into different trauma severity groups based on international
classification system of trauma into severe, moderate and mild categories as well as the
type of trauma causing the injury. The blood neutrophil count, activity, red cell glutathione
concentrationand the peroxide concentration in the plasma were assessed over 168-hour
period.

Results: Severe trauma was associated with significant increase in neutrophil count, and
red cell glutathione depletion. Head injured patients also showed significant depletion of
the red cell glutathione content more than other trauma groupings. Furthermore, plasma
peroxide level peaked12-18 hours post traumatic event.

Conclusion: We conclude that severe trauma and head injury have a significant impact on
plasmaoxidant and antioxidant status which may have prognostic implications in trauma
patients.
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Background

Trauma is one of the leading causes of death in humans, due to
a combination of over-stimulation of the innate immune responses
and a subsequent immune-suppression which promotes anincreased
susceptibility to infection and multi-organ dysfunction syndrome
(MODS)."? Predicting the degree of these immune mediated injury
following trauma remains a difficult task.* Polymorphonuclear
neutrophils (PMNs) make up the largest fraction of white blood cells
that are recognized significant contributors to the innate immune
response following injury.' In fact, PMN are recognized as the major
immune cells that contribute the first line of response following trauma.*
This response often is seen in form of an increased neutrophil count,
which occurs primarily from increased margination of neutrophils
following trauma rather than an increase in the bone marrowneutrophil
production.? Furthermore, trauma induces neutrophil activation, the
facilitation of emergency granulopoiesis and recruitment of naive
cells, which significantly contributes to neutrophil heterogeneity
observed in trauma.® Trauma initiates the migration of neutrophils
into injured tissues through the release of cytokines and chemokines.!
These molecules also provoke the activation of neutrophils to cause
secondarytissue damage through a host of toxic enzymes, generation
and release reactive oxygen species.' Therefore, PMN play a primary
initial role in tissue injury and in the etiologyof oxidative stress arising
from trauma.®®

Moreover, PMN count and activity are both important in trauma
response, and they have been shown to have a direct relationship to

the degree of immune responses triggered by trauma.! In fact, a direct
correlation between neutrophil count and the severity of injury was
reported by Akkose et al.” The greater the severity of the trauma, the
higherthe neutrophil count. Hence, Neutrophil count is suggested as a
prognostic indicator after trauma. Previously, Rovlias et al concluded
from their study that white blood cell counts at the point of admission
could serve as a strong indicator of injury severity among head injured
patients.!?

Neutrophil activity is another important indicator of trauma
response. Activated neutrophils generate and release ROS through an
overactive NADPH oxidase enzyme as well as promote theactivity
of a tissue toxic enzyme, Myeloperoxidase. Myeloperoxidase (MPO)
or circulating plasmalevels of MPO has been suggested as a more
specific indicator of neutrophil activity.'"'> MPO is a major protein
found in the azurophilic granules within the neutrophils, constituting
about 5% of the dry weight of the neutrophils.

The impact of the severity of trauma, or the type of trauma on time
dependent assessment of neutrophil activity and plasma antioxidant
system is not known. Does trauma severity affect neutrophil activity
and if yes how? These are some of the unanswered questions that we
sought toinvestigate in this study. Therefore, this study was designed
to understand the effects of trauma severity on time dependent
neutrophil count and activity following trauma; to identify peak
neutrophil activity following trauma; to relate neutrophil activity
with changes in plasma free radical production in the same subset
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of trauma patients and to relate these changes with the antioxidant
concentrations observed post trauma.

Materials and methods
Patient selection

A prospective study was designed to recruit eligible patients from
the Royal University Hospital,Saskatoon over a period of three months
(March-May 2003). All trauma patients (n=120) who were over 15
years of age who were assessed for trauma severity and admitted to the
health facilitywere included in the study. An informed consent was
obtained from each study participant beforethey were enrolled in the
study. Trauma assessment was done by the trauma team using the
InjurySeverity Score (ISS).

Sample collection and analysis

Blood samples were obtained upon admission via a venipuncture
of the median cubital vein, whenever possible. Blood samples were
fed into the automated blood sampler to obtain the neutrophil count of
each study participant. Plasma was promptly separated from the blood
samplesby spinning the whole blood sample collected at 3000 rpm for
10 mins and thereafter, carefully removing the top supernatant into
an Eppendorf tube. Plasma samples obtained were promptly stored at
-80°C for further analysis.

Reagents

All reagents used were of analytical grade and purchased from
(Sigma Aldrich, Canada).

Determination of myeloperoxidase concentration

Neutrophil activity was measured with the Myeloperoxidase
and EnzChek elastase assay kit (Powers, Gupton et al. 1977; Stein
and Trainor 1986). Briefly plasma was mixed with Solution A[0.5%
hexadecyltrimethylammonium bromide (HTAB) in 50mM Potassium
phosphate buffer (pH6.0)]. The mixture was centrifuged at 4°C for 15
minutes. The supernatant was decanted and 6.7mlof the supernatant
was mixed with 200ul of Solution B [S0ml of 50mM Potassium
phosphate buffer (pH 6.0) mixed with 8.35mg of o-dianisidine
dihydrochloride and 25ul of hydrogen peroxide] in a microtiter plate
on a shaker. The samples were read at 460nM in a spectrophotometeras
a kinetic assay every 11 second for 5 minutes.

Determination of neutrophil count and neutrophil
activity
Neutrophil count was carried out by the royal University Hospital

laboratory and the data wasobtained from each patient’s laboratory
report.

Determination of erythrocyte glutathione (GSH)
concentration

Erythrocyte GSH concentration was measured using Asensi’s”
modification of the method by Brigelius et al.'* Briefly, whole blood
was centrifuged at 300 rpm for 5 minutes at 4°C and plasma promptly
separated. Ice cold 30% trichloroacetic acid (TCA) (0.5 mls) was
added to 0.5 ml of red blood cells obtained from the spin cycle and
gently vortexed. The mixture obtainedwas centrifuged at 15,000 g
for 5 min at 4°C. GSH concentrations was determined by reading the
absorbance of the supernatant at a wavelength of 340 nm.

Determination of plasma and urine oxidant status
using the oxistress assay

Plasma and urine oxidants measured with the Oxistress assay.'
Briefly,a 1 in 10 or a 2 in 10 dilution of plasma or urine, respectively,
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were made up in a tube containing 900 pl or 800 pl of Oxistress
reagent consisting of {Thiobarturic acid (TBA) (50 mM), ferrous
sulfate (1 mM) and deoxyglucose reagent (100 mM)}, respectively
and gently vortexed. Hydrogen peroxide with concentrations of 10,
25, 50, 80,100 mol/l were used as standard. Color reaction inthe
tube was read at a wavelength of 532 nm after 5 minutes of standing
using a spectrophotometer. Plasma or urine oxidant concentration
was calculated by extrapolating the absorbance values of unknown
samples on a standard curve generated from the concentrations ofthe
hydrogen peroxide standards.

Statistical analysis

Data were presented as mean + SEM and presented in tables and
graphs. Statistical comparison between groups was carried out using
two — tailed students’ t-test. A p value of less than or equalto 5% was
set as the acceptable level of significance.

Results

Severe trauma rapidly depletes red cell glutathione
levels early in the injury

Time dependent changes in the concentration of red cell glutathione
levels for each trauma category over a 7-day period is summarized
in Figure 1. The red cell GSH concentration decreased over the first
24-hour period following the traumatic event in the severely injured
patient unlike the mild and moderately injured patients. The decline in
GSH concentration in the red cells reacheda nadir between 18-24 h
after the traumatic event and gradually recovered dramatically over
the next 6 days (Figure 1A & 1B). This decline suggests an increase
consumption of GSH by reactive oxygen species (ROS) possibly
arising from increased neutrophil activity. The mild and moderately
injured patients did not show a similar depletion of their red cell GSH
content over theperiod of 7 days that they were studied (Figure 1A &
1B).
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Figure 1A Red cell glutathione levels at different time points in relation to
different levels oftrauma severity.
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Figure 1B Red cell glutathione levels at different time points in relation to
different levels of trauma severity.
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Head trauma significantly depletes red cell glutathione
levels early in the injury

The effect of the type of injury on red cell glutathione concentration
is summarized in Figure 2A & 2B. Head Injured patients exhibited a
significant decline (p = 0.041) in the red cell glutathione levels which
peaked at 18-24 hours post trauma followed by a sustained significant
(p =0.001) risefrom 72 hrs till day 7 (Figure 2A & 2B). Moreover,
patients with body injury did not experiencea significant (p = 0.127)
rise in red cell GSH concentration even though there was an initial
increasethat later declined over the next 6 days and achieved higher
than initial red cell glutathione levelsby the seventh day. On the other
hand, isolated spinal injured patients demonstrated and maintained
a continual rise in red cell glutathione levels throughout the study
period.
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Figure 2A Red cell glutathione levels at different time points in relation to
different types oftrauma.
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Figure 2B Red cell glutathione levels at different time points in relation to
different types oftrauma.

All categories of trauma are associated with raised
neutrophil count

The neutrophil count in the mild moderate and severe trauma were
generally significantly higher than in normal subjects in the first six to
twelve hours of the traumatic event (Figure 3). Furthermore,neutrophil
count in the severely injured was significantly (p < 0.05) higher than
the neutrophil count in mildly or moderately injured subjects or patient
groups in the first 6 — 12 hours of traumasee (Figure 3A). The study of
the effect of type of injury on neutrophil count in the first 6-12 hr did
not show significantly (p >0.05) higher counts in head injured patients
compared to the isolated body injury patients or spinal trauma patients
(Figure 3B).
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Figure 3A Neutrophil count at 6-12 hours after the traumatic event in
relation to different levelsof trauma severity.
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Figure 3B Neutrophil count at different time points in relation to different

types of trauma.

Trauma caused raised plasma myeloperoxidase (MPO)
activity in the first 24 hours in injured patients

Plasma MPO activity was observed to have increased following
trauma in injured patients (Figure 4). There were two peaks in
myeloperoxidase activity between the 6 and 24 hours after the
occurrence of the traumatic event compared to controls. A higher
peak was observed within the first 7 to 10 hours post trauma while a
smaller peak was observed within 13 to 16 hourspost trauma. MPO
concentration returned to basal levels after 18 hours of injury (Figure
4).
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Figure 4 Myeloperoxidase activity versus time reported in hours post-trauma.
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Effects of time and trauma location on neutrophil
activity

The effects of duration and trauma location on neutrophil activity
is shown in Figure 5 & 6. Neutrophil activity increased amongst
the head injured versus the spinal injured (Figure 4). Additionally,

neutrophil activity continued to increase over the duration of the study
(Figure 5).
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Figure 5 Relationship between post trauma duration and neutrophil activity
amongst the headinjured.
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Figure 6 Relationship between post trauma duration and neutrophil activity
amongst theparticipants with spinal injury.

Plasma oxidant status in injured patients

To evaluate the plasma oxidant status, the plasma peroxide
concentration was measured, and itexhibited the highest peak between
12 to 18 hours post trauma and was observed to decrease subsequently
(Figure 7). Plasma oxidant levels were lowest at 6 hours post trauma.
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Figure 7 Plasma oxidant status versus post trauma duration amongst study
participants.

Discussion

Trauma has been regarded as one of the leading causes of death
in humans due to a combination of over-stimulation of the innate
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immune responses and a subsequent immune-suppressionresulting in
an increased susceptibility to infection and multi - organ dysfunction
syndrome (MODS).!? Predicting the severity of the trauma helps with
management, prognosis and patient disposition. This prospective
study investigated the effects of trauma location and severity and
duration post-trauma on parameters ranging from neutrophil (a major
player in immune response) count and activity to oxidant status and
trauma-induced free radical production in the injured.

Participants with either head or spinal injury with no signs of
infection, following obtaining informed consent were classified
using the ISS into mild (ISS < 8), moderate (ISS: 8 - 15) or severely
injured (ISS > 16) (Baker et al., 1974, Copes et al., 1988).'%!7 We
observed an increase in neutrophil count and activity with time
post injury irrespective of the location of the injury (Figures 3-6).
Polymorphonuclear neutrophil count and activity have been shown to
have a directrelationship to the immune reaction triggered by trauma.'
Furthermore, an increased leucocyte count which occurs primarily
due to an increased margination of neutrophils following trauma and
not necessarily due to an increase in the bone marrow production has
been described following trauma.? In the present study, two neutrophil
activity peaks, measured as MPO concentration in plasma irrespective
of the injury score, were observed,the first between 7 hr and 10 hr and
a second smaller peak between 13hr and 16 hr post injury (Figure 4),
thus lending credence to the observations from the previous studies.

MPO is a protein product of chromosome 17 in humans and is
found within the neutrophils’ azurophilic granules.’® MPO has been
shown to be released following any eventthat stimulates neutrophil
activation and granule-phagosome fusion such as trauma.!’” A two-
peak increase in the MPO concentration observed in the present
study occurred as aresult of the exposure of the participants to known
trigger neutrophil activation, in trauma. Following trauma, increase
in neutrophil count coupled with neutrophil degranulation leads to
anincrease in MPO concentration and activity which leads to rapid
generation of reactive oxygen species.

Increased production of reactive oxygen species has been observed
following various aetiology ofcellular and tissue damage including
physical (trauma), chemical, and inflammatory causes.”’ Increased
ROS generation lead to the consumption of antioxidant defense
systems proteins. Superoxide dismutase and glutathione are two
important antioxidant enzymes found in the body that mop up the
oxidants and free radicals found in circulation.”’ The increased ROS
production ultimately leads to oxidative stress, a process that causes
oxidation of proteins, carbohydrates and nucleic acids. Oxidative
stress arises as a result of loss of the balancebetween oxidation and
antioxidant systems.?>?* This balance is disturbed by trauma because
activated polymorphonuclear neutrophils generate and release
substantial amounts of reactive oxygen species after trauma.?* In the
present study, there was an evidence of increased pro-oxidant activity
following trauma as shownby an increase in plasma oxidant peroxide
concentrations which was highest in the first 24 hours following
trauma (Figure 7). This increased pro-oxidant activity occurs within
the same 24 hours in consonance with a depletion of the red cell
glutathione concentration within the same 24 hours. This suggests that
oxidative stress was highest during the first 24 hours in these injured
patients particularly in severely injured trauma patients.

Although several schools of thoughts exist about the relationship
and usefulness of neutrophil activity in prognosticating trauma, we
have shown here that there is an increase in neutrophil countand activity,
increased MPO, peroxide and erythrocyte glutathione concentrations
following severe trauma, as well as spinal and head injury. Although
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these are preliminary studies, it is apparent that trauma severely
impacts the oxidation/antioxidation systems in patients, but we don’t
know how these affect the outcome in these patients.

Limitations and future direction

The current study was carried out as a pilot study to investigate how
time after a traumatic event,trauma severity and the type of trauma
affects, neutrophil count and activity, increased MPO, peroxide and
erythrocyte glutathione concentrations. Our future directions will be
to explore howthese parameters and other important components of the
oxidant/antioxidant system affects healthoutcomes in trauma patients
and how these can be used in predicting outcome or in the early initiation
of certain treatments that may aid recovery and improve outcome. We
would also be comparing the results obtained between trauma patients
with age and sex-matched controls as thiswill strengthen our findings
and help us draw better conclusions. Furthermore, our future studies
will focus on using a larger sample size to investigate a more detailed
relationships that exist between neutrophil activity/count, patients’
disposition and physical characteristics.

Conclusion

This is the first study that looks at the role of trauma on oxidative
stress. [t reviews the effect of the severity of the trauma and the affected
organs on oxidative stress. The study shows that initial increaser
in the white cell count and the release of it reactive oxygen species
measured as myeloperoxidases varies based on trauma severity which
is in severe trauma as measured by the trauma scores. The study also
shows that we could measure the impact of oxidative stress in humans
by comparing the measurable balance of the effect of the free radical
release on glutathione and protein carbonyl and the attempts by the
body to prevent damage as measured by antioxidant level. Finally
the study introduces novel bedside measurement of oxidative such
as urine carbonyl and the oxistress assay which can make oxidative
measurement available in clinical setting.
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