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Abstract
Background: Among major trauma patients in the emergency department (ED), the leading cause of
morbidity and mortality is a hemorrhagic shock. The low oxygen �ow with hypovolemia in trauma
patients is believed to play a signi�cant role. Hence, oxygen supply is essential in severe trauma patients
with massive hemorrhage. This study aimed to investigate the effect of different oxygen environments
(hypoxia 1%, normoxia 20%, hyperoxia 80% oxygen) and variable treatments such as pentoxifylline (PTX),
glycerol, hypertonic saline (HTS), protease inhibitor and dexamethasone (DEXA) in macrophage and T
cells.

Methods: Nitric oxide synthase (iNOS) and macrophage migration inhibitory factor (MIF) were measured
for macrophage. MIF, interleukin (IL)-2 and 8 were measured for T cells. MTT assay was done for
measuring T cell viability. Coculture was done on T cells on top of macrophages and the same protocols
were carried out.

Results: PTX decreased iNOS expression mostly followed by Glycerol under hypoxia. Under the hyperoxia,
PTX and other treatments decreased iNOS expressions. MIF expression was lowered with PTX under
hypoxia. PTX, glycerol, HTS, and protease inhibitor were effective under hyperoxia. PTX increased T cell
survival under hypoxia. Under the hyperoxia, IL-2 expressions were upregulated with PTX, Glycerol, and
HTS. PTX and other treatments were effective for IL-8, too. Our results indicate that PTX, HTS, and other
medications with oxygen showed an effect on macrophage and T cells under various insults and
stimulations.

Conclusion: Our study demonstrated potential usefulness in improving immune systems during severe
in�ammatory conditions similar to septic shock possibly caused by massive hemorrhage.

Background
Among major trauma patients admitted to the emergency department, hemorrhage is the leading cause
of morbidity and mortality. Hemorrhagic shock is one of the most common types of shock [1]. Shock is a
disequilibrium of the circulatory system. During a shock, a signi�cant difference between vascular
loading capacity and intravascular volume distribution leads to decreased tissue perfusion, cellular
hypoxia and microvascular aberrations causing metabolic damage, such as anaerobic glycolysis and
lactic acidemia [2]. Production of reactive oxygen species (ROS) by neutrophils and tissue hypoxia is a
signi�cant phenomenon in hemorrhage shock-induced in�ammatory response [3]. As hypovolemia
progresses, cardiac insu�ciency leads to diminished blood supply to organs and tissues. Compensatory
mechanisms, including catecholamine, antidiuretic hormone, and atrial natriuretic peptide release
compensate for the insu�ciency and redistribute blood �ow to vital organs. Nevertheless, cellular
hypoxia worsens without imminent efforts, and result in an irreversible state [4]. Despite successful
resuscitation after hemorrhage, shock results in diffuse reperfusion injury, and is associated with
endogenous oxidant production causing direct cytotoxicity and activation of potent in�ammatory cells
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such as neutrophils and macrophages [5]. The diminished �ow of oxygen associated with hypovolemia
in trauma patients is believed to play a signi�cant role in shock and cell damage, however, the speci�c
mechanism has yet to be identi�ed. Hence, oxygen supply is an essential step in the management of
severe trauma patients with massive hemorrhage.

This study aimed to investigate the effect of different oxygen environments and variable treatments such
as pentoxifylline (PTX), glycerol, hypertonic saline (HTS, 7.5% NaCl), protease inhibitor, and
dexamethasone (DEXA) in THP-1 derived macrophage and T cells.

Methods
Cell culture, cell stimulation and co-culture

Human acute monocytic leukemic cell line (THP-1) cells (ATCC, Manassas, VA, USA) and lymphocytic
leukemic cell line (Jurkat) cells (ATCC, Manassas, VA, USA) each were maintained in RPMI-1640
(Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine serum, 2 mM glutamine, 10 mM
HEPES, 100 U/mL penicillin/streptomycin at 37oC in 5% carbon dioxide incubator. Cells were cultured to a
density of 5 × 105 cells/mL. Cell viability, as determined by tyropan blue dye exclusion, was > 99%. For
macrophage differentiation, the THP-1 cells (5 × 105 cells/mL) were prepared in a 75T-�ask (corning Co,
USA) and 1 µL/mL of PMA (sigma-Aldrich Co., St. Louis, MO, USA) was added for 3days. The supernatant
was discarded and washed with 10 mL of phosphate buffer saline (PBS), followed by the addition of 5
mL of trypLETM express (Gibco Co, Denmark) to take the attached cells off the �oor. After the addition of
10 mL of fresh medium and the reaction mixture was centrifuged for 5 min at 500 × g get the
differentiated THP-1 cells. Therefore, THP-1-derived macrophages and Jurkat cells were used for the
experiments. Prostaglandin E2 (PGE2) (1μg/mL) (Sigma-Aldrich Co., St. Louis, MO, USA) stimulation was
used to demonstrate the effect of immunosuppression. Lipopolysaccharide (LPS) (1μg/mL) (Sigma-
Aldrich Co., St. Louis, MO, USA) induction was used to simulate the effect of endotoxin..

First, the differentiated THP-1 cells were plated at a density of 1 × 104 cells/mL in 24 well plates and were
placed under normoxia (20% O2) followed by hypoxia (1% O2) for 30min. After that, macrophages were
stimulated with LPS (1μg/mL) followed by variable treatments such as PTX, glycerol, HTS, protease
inhibitor, and DEXA, followed by normoxia (20% O2) or hyperoxia (80% O2) for 2 hrs. After 20hrs or
overnight under normoxic conditions, the levels of macrophage migration inhibiting factor (MIF) and
inducible nitric oxide synthase (iNOS) expression were measured by western blots and concentration of
MIF in supernatant was measured by ELISA. Second, Jurkat cells (2 × 106 cells/mL) were subjected to
normoxia followed by hypoxia for 30 min. After that, Jurkat cells induced with PGE2 (1μg/mL) with
various treatments such as PTX, glycerol, HTS, protease inhibitor, and DEXA, followed by either normoxia
or hyperoxia for 2 hrs. After 20hrs or overnight, their metabolic state, as indicated by cell survival, was
measured using an MTT assay (with dimethyl thiazolyl diphenyl tetrazolium salt). The levels of MIF,
interleukin 2 (IL-2), and interleukin 8 (IL-8) expression were measured by western blots. Third, in the event



Page 4/27

of hypoxia and trauma or infection, macrophages that are important to the initial responses were
cocultured with T cells to understand the effects of T cells that are important to the immunity in the
hypoxic condition. In addition, we want to �nd out the changes in oxygen supply and injection of variable
treatments such as PTX, glycerol, HTS, protease inhibitor, and DEXA in normoxia or hyperoxia. For
coculture, differentiated THP-1 cells (1 × 104 cells/mL × 0.5ml) / well were prepared on a bottom �oor pf
24-well plate and Jurkat cells (2×106 cells/ml X 0.5mL) / well were prepared in a top �oor of transwell
plate. In order to determine the proper incubation time for the coculture of macrophages and T cells in
hypoxia, it was cocultured for 1 minute, 5 minutes, 30 minutes, 1 hour, and 2 hours based on the values of
the appropriate MTT value and IL-2 of the T cells that are important for immunity. And cells were
incubated under hypoxic conditions for 30 min. After that, cells in transwell plate were stimulated with
LPS (1μg/mL) followed by variable treatments such as PTX, glycerol, HTS, protease inhibitor, and DEXA,
followed by normoxia or hyperoxia for 2 hrs and cells were incubated overnight under normoxic
conditions. The concentrations of MIF in the supernatant was measured, and MTT, IL-2, IL-8 were
measured using the western blots method using the Jurkat cells at the top of the transwell plate (Fig. 1).
Hypoxic insult is referred to as cells cultured under hypoxic conditions. Hyperoxic treatment is
administered to cells with hypoxic insult followed by hyperoxia. This study was carried out with the
approval of the Korea University Guro Hospital Institutional Review Board (approval number:
2019GR0188). 

Enzyme‐linked immunosorbent assay (ELISA) for MIF.

The MIF concen tration in the culture supernatants was measured by sandwich enzyme‐linked
immunosorbent assay (ELISA). Brie�y, 2μg/ml of monoclonal capture antibody (R&D Systems,
Minneapolis, MN, USA) was added to a 96‐well plate and incubated for one day at room temperature.
After incubation, the plates were incubated in a blocking solution of phosphate-buffered saline (PBS)
containing 1% bovine serum albumin (BSA) and 0.05% Tween 20 for 2hrs at room temperature. Test
samples and standard recombinant MIF (R&D Systems) were added to the plates and incubated for 2hrs
at 4˚C. Plates were washed three times with PBS containing Tween 20, and after the addition of
200ng/ml of biotinylated detection monoclonal goat‐antihuman antibodies (R&D Systems), the plates
were incu bated for 2hrs at room temperature. The plate were washed, streptavidin‐alkaline‐phosphatase
(1:2000; Sigma‐Aldrich Co.) was added and the reaction was allowed to proceed for 20min at room
temperature. The plates were washed three times and 1mg/ml of p‐nitrophenylphosphate dissolved in
diethanolamine (Sigma‐Aldrich Co.) was added to induce a color reaction, which was stopped with 50μl
of 1M NaOH. The optical density at 450nm was measured on an automated microplate reader (Bio‐Rad
Laboratories Inc., Hercules, CA, USA). A standard curve was generated by plotting the optical density vs.
the log of the MIF concentration.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) viability assay

The tetrazolium dye, MTT, is widely used to assess the viability or the metabolic state of the cells. The
MTT-colorimetric monocyte mediated cytotoxicity assay, is based on the ability of living cells to reduce
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MTT into formazan by mitochondrial succinate dehydrogenase in viable cells. After treatment at the
different culture conditions, Jurkat cells were plated in 96-well �at-bottom tissue culture plates to attain a
�nal concentration of 2 × 106 cells/mL. After incubation for 12 hours at 37oC, the resultant Jurkat cell
viability was determined by the MTT viability assay (ATCC, Manassas, VA, USA)

Western blot analysis for iNOs, MIF, IL-2 and IL-8 expression

The cells were washed 2 times in cold PBS and then centrifuged for 10 minutes. Cells pellet were
suspended in 10 μL per 2 × 106 cell/mL pro prep protein extraction buffer. Incubated on ice for 10
minutes, and then centrifuged at 3,000 × g for 15 minutes at 4℃. The supernatant was then transferred
to a new tube and used for assay. The total protein concentration was determined by the Bradford
method using a Bradford solution (Sigma Co.). The prepared protein were used for western blot analysis.
Expression of iNOs, MIF, IL-2 and IL-8 protein was quanti�ed by western blot analysis. Proteins
(20μg/sample) were fractionated on a 15% sodium dodecyl sulfate-polyacrylamide gel (Bio-Rad
Laboratories Inc.) and transferred onto a nitrocellulose membrane. Membranes were blocked for 1 hour in
5% skim milk (Bio-rad Co.), and then incubated with a primary antibody, anti-human IL-8, iNOS, MIF, IL-2
(1:500; R&D systems). After washing, membranes were incubated with 1:1000 horseradish peroxidase-
labeled anti-rabbit antibody (R&D systems) as the secondary antibody. The proteins were detected using
ECL (Cyanagen) chemiluminescence kit.

Data and Statistical analysis

All results were expressed as the mean ± SD. Statistical signi�cance was performed using a t-test, one-
way ANOVA, and the Mann-Whitney U test using SPSS 18.0 (SPSS Inc, Chicago, IL). Each experiment was
repeated tweleve times at least. p < 0.05 was considered statistically signi�cant.

Results
1. The effect of oxygen and medicines in the iNOs expression in macrophages in hypoxic condition

The mean iNOs expression ratio (iNOs/Actin ratio) was increased signi�cantly when cells were exposed
to hypoxia, compared with normoxic conditions (p < 0.05). After hypoxic insult and LPS stimulation, PTX
and glycerol treatment signi�cantly restored iNOS expression, compared to hypoxia and LPS injection (p
< 0.05). The oxygen supply under LPS and hypoxic condition, the expression of iNOS was decreased
signi�cantly in the presence of PTX, glycerol, HTS, or protease inhibitor, compared to oxygen and LPS
injection (Fig. 2). Therefore, oxygen supply reduced the iNOs expression compared to hypoxia, and most
medicines restored iNOs expression which were increased by LPS injection when oxygen was supplied in
the hypoxic condition, however, PTX or glycerol restored iNOs expression even in hypoxia.

2. The effect of oxygen and medicines in the MIF expression in macrophage in hypoxic condition.
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The mean MIF expression ration (MIF/Actin ratio) was signi�cantly elevated after the hypoxic insult
compared to normoxic conditions (p < 0.05), and was signi�cantly lowered with PTX compared to
hypoxic conditions (p < 0.05). The MIF expression was signi�cantly lowered with PTX, glycerol, HTS, and
protease inhibitor when oxygen was administered to LPS-stimulated macrophages under hypoxic insult,
compared to oxygen and LPS injection (p < 0.05) (Fig. 3). Therefore, Similar to iNOS expression, hypoxia
increased MIF expressions, and LPS injections in hypoxia did not affect. Unlike other drugs, however, PTX
restored the increased MIF expression in the hypoxic condition. In addition, oxygen supply restored the
increased MIF expression in hypoxic condition, and most drugs reduced MIF expression in oxygen supply
state.

3. The effect of oxygen and medicines in the cell viability of Jurkat cells (MTT)

Jurkat cells survival was decreased signi�cantly by hypoxic condition (p < 0.05), and was further
decreased under stimulation with PGE2 without statistical signi�cance. PTX and glycerol signi�cantly
increased survival in PGE2-stimulated Jurkat cells under hypoxia (p < 0.05). Also, oxygen supply in
hypoxic condition restored Jurkat cells survival, and a signi�cant increase (p < 0.05) was observed in
Jurkat cells treated with PTX and oxygen supply in cells exposed to hypoxia and PGE2 stimulation (p <
0.05) (Fig. 4). Therefore, oxygen supply restored cell viability in hypoxic condition and PTX restored cell
viability regardless of oxygen state.

4. The effect of oxygen and medicines in the IL-2 expression in Jurkat cells

After hypoxic insult and PGE2 stimulation, the IL-2 expression was a little decreased without statistical
signi�cance. However, various medicines did not restored IL-2 expression in hypoxic condition. In the
oxygen supply under hypoxic conditions, the IL-2 expression was restored signi�cantly by the addition of
PTX, glycerol, and HTS in cells subjected to hypoxia and PGE2 stimulation (p < 0.05) (Fig. 5). Therefore,
hypoxia a little decreased IL-2 expression and various medicines have restored IL-2 expression reduced by
PGE2 in state of oxygen supply.

5. The effect of oxygen and medicines in the IL-8 expression in Jurkat cells

The hypoxia increased a little the IL-8 expression without statistical signi�cance. PTX, glycerol, HTS and
Dexa signi�cantly downregulated IL-8 expression in PGE-stimulated Jurkat cells under hypoxia (p < 0.05).
PTX and Dexa downregulated IL-8 in Jurkat cells under oxygen supply following hypoxic insult and PGE2

stimulation (p < 0.05) (Fig. 6). Therefore, hypoxia a little increased IL-8 expression and various medicines
have restored IL-8 increased by PGE2 in hypoxic condition. PTX or Dexa restored IL-8 expression
signi�cantly increased by PGE2 in state of oxygen supply.

�. The effect of oxygen and medicines in the MIF expression in Jurkat cells

The hypoxia increased a little the MIF expression without statistical signi�cance. PTX, protease inhibitor
and Dexa signi�cantly downregulated MIF expression in PGE-stimulated Jurkat cells under hypoxia (p <
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0.05). Dexa downregulated MIF in Jurkat cells under oxygen supply following hypoxic insult and PGE2

stimulation (p < 0.05) (Fig. 7).

7. Cell viability of Jurkat cells in coculture with macrophage varying duration of hypoxia

The MTT values were measured at �ve different hypoxic exposure times (1 min, 5 min, 30 min, 1 h, and 2
h) in Jurkat cells cocultured with macrophages; the values decreased gradually (Fig. 8). And IL-2
expression of Jurkat cells cocultured with hypoxia under different exposure times. IL-2 expression was
measured at �ve different times of hypoxic exposure (1 min, 5 min, 30 min, 1 h, and 2 h) in Jurkat cells
cocultured with macrophages. A gradual downregulation of IL-2 expression was observed (Fig. 9).
Considering the usefulness of the experiment, the most appropriate time was set at 30 minutes and also
the appropriate number of cells was determined by our previous study (Fig. 10)

�. The effect of oxygen and medicines in the cell viability of Jurkat cells cocultured with macrophages
(MTT)

The hypoxia decreased a little the MTT value without statistical signi�cance. However, PTX treatment
increased the MTT levels in Jurkat cells cocultured with macrophages after hypoxic injury with LPS
stimulation (p < 0.05). The MTT value was increased with PTX treatment in Jurkat cells under oxygen
supply after hypoxic injury with LPS stimulation (P < 0.05) (Fig. 11). Therefore, oxygen supply restored
cell viability in hypoxic condition without statistical signi�cance. Of the three medicines that worked in
the previous study, PTX most effectively restored cell viability regardless of oxygen state.

9. The effect of oxygen and medicines in the IL-2 expression of Jurkat cells cocultured with
macrophages

After hypoxic insult, the IL-2 expression was a little decreased without statistical signi�cance. However,
various medicines did not restored IL-2 expression in hypoxic condition. In the oxygen supply under
hypoxic conditions, the IL-2 expression was restored signi�cantly by the addition of PTX in cells
subjected to hypoxia and LPS stimulation (p < 0.05) (Fig.12).

10. The effect of oxygen and medicines in the IL-8 expression of Jurkat cells cocultured with
macrophages

The hypoxia did not affect the IL-8 expression. And also none of the treatments showed a signi�cant
change in IL-8 expression under hypoxic injury in LPS-stimulated Jurkat cells cocultured with
macrophages. However, PTX downregulated IL-8 expression (p < 0.05) in Jurkat cells under oxygen
supply after hypoxic injury with LPS stimulation (Fig. 13).

11. The effect of oxygen and medicines in the MIF expression and concentration of MIF in Jurkat cells
cocultured with macrophages
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The hypoxia a little increased the MIF expression without statistical signi�cance. PTX, HTS and Dexa
signi�cantly restored MIF expression which were increased in Jurkat cells cocultured with macrophages
after hypoxic injury with LPS stimulation (p < 0.05). Although most medicines have restored MIF
expression, HTS in particular has decreased statistically MIF expression in Jurkat cells under oxygen
supply after hypoxic injury with LPS stimulation (p < 0.05) (Fig. 14). Measurement of MIF concentration
using ELISA method showed similar results to MIF expression by western blots, however, PTX only
restored the concentration of MIF regardless of hypoxia and oxygen supply state (Fig.15). Therefore,
hypoxia a little increased MIF expression and various medicines have restored MIF increased by LPS
regardless of hypoxic condition and oxygen supply state. However, PTX was more useful in restoring MIF
regardless of oxygen presence.

Discussion
Massive hemorrhage due to trauma is a major cause of septic shock in the later, which can trigger life-
threatening conditions. It is very closely related to multi organ failure due to defective immune response
against pathogen infections [6]. Data derived from recent studies showed that sepsis was associated
with a higher risk of long-term mortality [7]. In the past, in�ammation was believed to cause early
mortality and the anti-in�ammatory compensatory response caused organ failure, immune suppression,
and mortality subsequently [8]. Nevertheless, analysis of septic tissue samples and severe trauma
revealed sustained and concurrent in�ammatory and anti-in�ammatory state caused by dysfunctional
innate and suppressed adaptive immunity, which together resulted in prolonged organ injury and
mortality [9]. Our previous study showed the ameliorating effect of PTX in neuronal cells subjected to
hypoxia. Further, the combined exposure to HTS and PTX resulted in a possible neuroprotective effect in
neuronal cells after hypoxic injury [10]. Regulation and balancing have been known to play an important
role in sepsis control. Massive blood loss triggers hemorrhagic and septic shock and eventually leads to
death in the absence of appropriate intervention in severe trauma patients.

Macrophages, which are derived from bone marrow monocytes, play a vital role in the in�ammatory
response following hypoxia or infection. Macrophage induce the production of high levels of pro-
in�ammatory cytokines. Macrophages synthesize high levels of reactive nitrogen and oxygen
intermediates. They are microbicidal and enhance the ability to resist pathogens. In vitro, macrophages
are classically activated by the bacterial cell wall component LPS. Recognition of pathogen-related
molecular patterns such as endotoxin (LPS) ignites the activation [11]. Also, the reduced capacity of
blood monocytes after endotoxin stimulation in sepsis is associated with poor short- and long-term
outcomes [12]. T cells play a major role in immunity, which has been reduced in sepsis and multiple
organ failure [13,14]. For the experiment, PGE2 was used as a representative of immunosuppressive
substances. PGE2 is an in�ammatory mediator derived from arachidonic acid following the catalytic
action of PGE synthases and cyclooxygenase isoenzymes (COX-1 and -2) [15]. The PGE2 suppression on
T cells, natural killer cells and macrophages is mediated via speci�c receptors (EP2 and EP4). The
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interaction between PGE2 and speci�c receptors activates multiple pathways underlying the induction of
anti-in�ammatory and immunosuppressive genes [16].

It is well known that tissue injury and multiple organ dysfunction occur in sepsis when excessive iNOs
production induces nitric oxide (NO) synthesis [17-19]. In our research, the increased iNOS after hypoxia
and LPS stimulation was restored to PTX and glycerol injection, and the production of iNO was restored
to PTX, HTS, protease inhibitors, glycerol when oxygen was supplied. Therefore, hypoxia increased the
iNOs that were important to the occurrence of shock, was able to see the e�cacy of oxygen injection and
PTX, and had similar effects on MIF, indicating that they had an effect on in�ammatory reactions.

As in other studies, cell proliferation in hypoxia has decreased and further decreased by PGE2 [20].
However, PTX and glycerol treatments restored Jurkat cell viability under PGE2 stimulation, which
simulates immunosuppression. Interestingly, the results of IL-2 expression differed under hypoxia and
hyperoxia. In hypoxia, the PGE2 stimulation decreased the expression of IL-2, and the IL-2 expression was
not restored by variable medicines, whereas in the hypoxia-oxygen supply group, the IL-2 expression was
restored by PTX, glycerol and HTS. IL-2 plays an important role in immune homeostasis, especially in
determining the magnitude and duration of primary and memory immune responses and plays an
essential role in downregulating immune responses. The loss of IL-2 leads to severe autoimmunity due to
abnormal activation of T cell elimination [21,22]. IL-2 is known for anti-apoptotic signaling, and effects on
glycolysis and cellular metabolism, which are essential for the long-term survival of T cells [23,24]. The
contrasting results under hypoxia and hypoxia-oxygen supply are attributed to the effect of oxygen.
Therefore, it is estimated that there are various multiple factors other than IL-2 in hypoxia when it comes
to the proliferation of T cells. In hypoxia-insulted Jurkat cells, stimulation with PGE2 increased the IL-8
expression, whereas treatment with various medications decreased the IL-8 expression. Following
hypoxia-oxygen supply, exposure to PTX and Dexa signi�cantly decreased IL-8 expression. IL-8 is used as
an evaluation factor of immunity that results in sepsis and multiple organ failure in traumatic patients
and is an chemokine and angiogenic factor produced by alveolar macrophages, T cells, and epithelial
cells in response to a variety of stimuli, including LPS, IL-1, and hypoxia. IL-8 increased in hypoxia, as in
other studies, to show that it was related to the suppression of cell proliferation [25,26]. PTX in our study
shows meaningful results by restoring IL-8 during hypoxia and hypoxia-oxygen supply. MIF antagonizes
glucocorticoid inhibition of T cells proliferation in vitro by restoring IL-2 and IFN-γ production, as other
studies, and plays a critical role in the host control of in�ammation and immunity [27]. Although there
was no change in hypoxia in our study, we could see that there was also a change in hypoxia condition
as it was increased in injection of PGE2 and restored by PTX, protease inhibitor and Dexa. In hypoxia-
oxygen injection conditions, the results are similar to hypoxia, which is different from IL-2, so research on
hypoxia will be needed in the results are different from normal oxygen groups.

Coculture of macrophages and Jurkat cells induced simultaneous in�ammatory and anti-in�ammatory
states. The concentration of cells for coculture has been set by our previous study as Jurkat cells 2X106

cells/mL, and diffrentated THP-1 cells 1X104 cells/mL, which resulted in the same decrease in T cells in
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coculture in other studies [28]. In order to determine the time of hypoxia in coculture, cell viability (MTT),
IL-2 and MIF at various times were determined to be 30 minutes of statistical signi�cance. In coculture,
decreased Jurkat cell viability and diminished IL-2 levels were observed under prolonged hypoxia.
Regardless of statistical signi�cance, the results demonstrate cellular injury caused by hypoxic insult, and
the improved cell viability with PTX in both hypoxia and oxygen supply groups. Also, the results of IL-8,
MIF expression and concentration of MIF under coculture were similar to their individual cultures. PTX is
effective in enhancing cell viability, iNOs production, and the expression of IL-2, 8, and MIF. In addition to
altered red cell deformity and improved microcirculatory blood �ow, the attenuation of in�ammatory
response after the hemorrhagic shock has been established by the activity of PTX as an adjuvant to
conventional �uid resuscitation in hemorrhagic shock [29]. HTS demonstrated equivalent effectiveness in
attenuating in�ammatory conditions in this study. HTS has been used widely as a volume expander, and
the number of studies showed enhanced microcirculatory blood �ow and neutrophil adhesiveness after
HTS resuscitation [30]

Conclusions
Our results indicate the effect of PTX, HTS, and other medications administered with oxygen therapy on
macrophage and Jurkat cells under various insults and stimulations. Also, our study demonstrated the
potential usefulness in improving both innate and adaptive immune systems in severe in�ammatory
conditions similar to septic shock possibly caused by massive hemorrhage. Clinical studies in the future
are required to overcome the limitations associated with this in vitro study.
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Figures

Figure 1

Coculture method PMA; Phorbol 12-myristate 13-acetate, LPS; Lipopolysaccharide, PTX; Pentoxifylline,
HTS; Hypertonic saline, MTT; 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide, IL-2;
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Interleukin 2, IL-8; Interleukin 8, MIF; macrophage migration inhibiting factor, Hypoxia: 1% O2 condition,
Normoxia; 20% O2 condition, Hyperoxia; 80% O2 condition

Figure 2

The iNOs expression in macrophages under hypoxia and oxygen supply. After hypoxic insult (1% O2),
macrophage was stimulated with LPS. The iNOS expression was signi�cantly increased after hypoxic
insult and LPS stimulation (from 1.00 to 3.79, 3.16) and the iNOS expression was most signi�cantly
restored with PTX and followed by glycerol (from 3.16 to 0.35, 0.98). The oxygen supply under LPS and
hypoxic insult, the iNOS expression was restored with PTX and followed by HTS, protease and Glycerol,
respectively, compared to oxygen and LPS stimulation (from 1.03 to 0.54, 0.68, 0,72 and 0.87). Data are
presented as mean ± SD. *p < 0.05.
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Figure 3

The MIF expression in macrophage under hypoxia and oxygen supply. After hypoxic insult (1% O2),
macrophage was stimulated with LPS. The MIF expression was signi�cantly increased after hypoxic
insult (from 1.00 to 1.49) and the MIF expression was restored with PTX, compared to hypoxic injury
(from 1.49 to 1.06). The MIF expression was lowered with PTX, glycerol, HTS, protease inhibitor when
oxygen was administered to LPS-stimulated macrophage under hypoxic insult (from 0.90 to 0.65, 0.67,
0.75, 0.71). Data are presented as mean ± SD. *p < 0.05.
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Figure 4

The cell viability in Jurkat cell under hypoxia and oxygen supply. After hypoxic insult (1% O2), Jurkat cell
was stimulated with PGE2. MTT value was signi�cantly decreased after hypoxia and PGE2 stimulation
(from 1.00 to -13.99, -21.29) and MTT value was restored with PTX and followed by glycerol (from -21.29
to -1.69, -6.91). The MTT value was increased signi�cantly with PTX when oxygen was administered to
PGE2-stimulated Jukat cell under hypoxic insult (from -1.86 to 10.63). Data are presented as mean ± SD.
*p < 0.05.



Page 17/27

Figure 5

The IL-2 expression in Jurkat cell under hypoxia and oxygen supply. The IL-2 expression was a little
decreased without statistical signi�cance after hypoxic insult (1% O2) and PGE2 stimulation (from 1.00
to 0.91, 0.82), however, various medicines did not restored the IL-2 expression. In the oxygen supply in
hypoxic Jurkat cells, the IL-2 expression was restored by PTX, glycerol and HTS, compared to the oxygen
supply in PGE2-stimulated cells under hypoxia (from 0.79 to 0.93, 0.90 and 1.09). Data are presented as
mean ± SD. *p < 0.05.
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Figure 6

The IL-8 expression in Jurkat cell under hypoxia and oxygen supply. The IL-8 expression was increased
after hypoxia and PGE2 stimulation (from 1.00 to 1.26) and the IL-8 expression was signi�cantly
decreased with Dexa and followed by PTX, glycerol and HTS, respectively (from 1.26 to 0.93, 0.99, 1.00
and 1.05). PTX and Dexa signi�cantly further downregulated IL-8 expression when oxygen was
administered to PGE2-stimulated Jukat cell under hypoxic insult (from 1.08 to 0.73, 0.83). Data are
presented as mean ± SD. *p < 0.05.
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Figure 7

The MIF expression in Jurkat cell under hypoxia and oxygen supply. The MIF expression was increased
after hypoxia and PGE2 stimulation (from 1.00 to 1.25), however, Dexa, protease inhibitor and PTX
restored the MIF expression in PGE2-stimulated Jurkat cells under hypoxia (from 1.25 to 0.88, 0.88 and
0.93). Dexa downregulated MIF expression when oxygen was administered to PGE2-stimulated Jukat cell
under hypoxic insult (from 1.24 to 0.93). Data are presented as mean ± SD. *p < 0.05.
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Figure 8

The cell viability of Jurkat cells in coculture with macrophage. The MTT value was decreased from 1.00
to 0.933, 0.950, 0.862, 0.757 and 0.715, respectively, under 1 minute, 5 minutes, 30 minutes, 1 hour and 6
hour hypoxia (1% O2). Data are presented as mean ± SD. *p < 0.05.
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Figure 9

The IL-2 expression of Jurkat cells in coculture with macrophage. The IL-2 expression was decreased
from 1.00 to 0.78, 0.80, 0.81, 0.67 and 0.53, respectively, under 1 minute, 5 minutes, 30 minutes, 1 hour
and 6 hour hypoxia (1% O2). Data are presented as mean ± SD. *p < 0.05.
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Figure 10

The determination of concentration of THP-1 cells and Jurkat cells for coculture In order to determine the
concentration of two cells for coculture, the concentration of THP-1 cells was determined to be 1 × 104
cells/mL, and Jurkat cells to be 2×106 cells/ml, based on the MTT value. Data are presented as mean ±
SD. *p < 0.05.
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Figure 11

Cell viability of Jurkat cells in coculture with macrophage under hypoxia and oxygen supply. After
hypoxia and LPS stimulation, the MTT value was decreased (from 0.00 to -3.97, -12.95). The MTT value
was signi�cantly increased with PTX (from -12.95 to 8.93) compared to cocultured and LPS stimulated
under hypoxia. The MTT value was increased signi�cantly with PTX when oxygen was administered to
Jurkat cells in coculture with LPS-stimulated macrophage under hypoxia, comapred to cocultured Jukat
cell under hypoxia (from 9.03 to 28.71). Data are presented as mean ± SD. *p < 0.05.
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Figure 12

The IL-2 expression of Jurkat cells in coculture with macrophage under hypoxia and oxygen supply. The
IL-2 expression was little decreased without statistical signi�cance after hypoxic insult (1% O2) (from
1.00 to 0.93) and various medicines did not restored the IL-2 expression in hypoxic condition. In the
oxygen supply in hypoxic conditions, PTX have restored IL-2 expression reduced by LPS in state of
oxygen supply (from 0.74 to 0.96). Data are presented as mean ± SD. *p < 0.05.
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Figure 13

IL-8 expression of Jurkat cell in coculture with macrophage under hypoxia and oxygen supply. The IL-8
expression did not affected by hypoxia and none of the treatments showed a signi�cant change in the IL-
8 expression under hypoxia. PTX decreased IL-8 expression signi�cantly when oxygen was administered
to Jurkat cells in coculture with LPS-stimulated macrophage under hypoxia, comapred to cocultured
Jukat cell under hypoxia (from 0.89 to 0.76). Data are presented as mean ± SD. *p < 0.05.
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Figure 14

The MIF expression of Jurkat cell in coculture with macrophage under hypoxia and oxygen supply. The
MIF expression slighlty increased after cocultured with macrophage under hypoxia (1% O2) (from 1.00 to
1.36) and stimulation with LPS (1.00 to 1.40). MIF expression was restored most signi�cantly with HTS
and followed by Dexa and PTX (from 1.40 to 0.93, 0.94 and 1.07) compared to LPS stimulated cocultured
Jurkat cell under hypoxia. In the oxygen supply in hypoxic conditions, most medicines have restored MIF
expression increased by LPS. Data are presented as mean ± SD. *p < 0.05.
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Figure 15

The concentration of MIF of Jurkat cell in coculture with macrophage under hypoxia and oxygen supply.
The MIF expression slighlty increased after cocultured with macrophage under hypoxia (1% O2) with LPS
stimulation (1.00 to 1.24). MIF expression was restored most signi�cantly with PTX (from 1.24 to 0.79)
compared to LPS stimulated cocultured Jurkat cell under hypoxia. In the oxygen supply in hypoxic
conditions, PTX have restored concentration of MIF increased by LPS.


