
lable at ScienceDirect

Chinese Journal of Traumatology 20 (2017) 207e211
Contents lists avai
Chinese Journal of Traumatology

journal homepage: http: / /www.elsevier .com/locate/CJTEE
Original Article

TNF-a release capacity is suppressed immediately after hemorrhage and
resuscitation

Arian Bahrami a, Mohammad Jafarmadar a, Heinz Redl a, Soheyl Bahrami a, *, Jian-Xin Jiang b

a Ludwig Boltzmann Institute for Experimental and Clinical Traumatology in AUVA Research Center, 1200 Vienna, Austria
b State Key Laboratory of Trauma, Burns and Combined Injury, Institute of Surgery Research, Daping Hospital, Third Military Medical University, Chongqing, China
a r t i c l e i n f o

Article history:
Received 14 August 2016
Received in revised form
5 April 2017
Accepted 12 April 2017
Available online 30 May 2017

Keywords:
Injuries
Endotoxins shock
Immunosuppression
* Corresponding author. Fax: þ43 59393 41982.
E-mail address: soheyl.bahrami@trauma.lbg.ac.at (
Peer review under responsibility of Daping Hospi

of Surgery of the Third Military Medical University.

http://dx.doi.org/10.1016/j.cjtee.2016.12.003
1008-1275/© 2017 Daping Hospital and the Research
access article under the CC BY-NC-ND license (http://
a b s t r a c t

Purpose: It has been suggested that patients with traumatic insults are resuscitated into a state of an
early systemic inflammatory response. We aimed to evaluate the influence of hemorrhagic shock and
resuscitation (HSR) upon the inflammatory response capacity assessed by overall TNF-a secretion ca-
pacity of the host compared to its release from circulating leukocytes in peripheral circulation.
Methods: Rats (8/group) subjected to HS (MAP of 30e35 mmHg for 90 min followed by resuscitation
over 50 min) were challenged with Lipopolysaccharide (LPS), 1 mg/kg intravenously at the end of
resuscitation (HSR-LPS group) or 24 h later (HSR-LPS24 group). Control animals were injected with LPS
without bleeding (LPS group). Plasma TNF-awas measured at 90 min after the LPS challenge. In addition,
whole blood (WB) was obtained either from healthy controls (CON) immediately after resuscitation
(HSR), or at 24 h post-shock (HSR 24). WB was incubated with LPS (100 ng/mL) for 2 h at 37 �C. TNF-a
concentration and LPS binding capacity (LBC) was determined.
Results: Compared to LPS group, HSR followed by LPS challenge resulted in suppression of plasma TNF-a
in HSR-LPS and HSR-LPS24 groups (1835 ± 478, 273 ± 77, 498 ± 200 pg/mL, respectively). Compared to
CON the LPS-induced TNF-a release capacity of circulating leukocytes ex vivo was strongly declined both
at the end of resuscitation (HSR) and 24 h later (HSR24) (1012 ± 259, 313 ± 154, 177 ± 63 ng TNF/mL,
respectively). The LBC in WB was similar between CON and HSR and only moderately enhanced in HSR24
(57 ± 6, 56 ± 6, 71 ± 5 %, respectively).
Conclusion: Our data suggest that the overall inflammatory response capacity is decreased immediately
after HSR, persisting up to 24 h, and is independent of LBC.
© 2017 Daping Hospital and the Research Institute of Surgery of the Third Military Medical University.
Production and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Despite the advances made in critical care therapeutic protocols,
severely injured patients that reach hospital after an immediate
resuscitation frequently develop a life-threatening failure of one or
more organs in the subsequent days of their ICU stay. The failure of
essential organ systems has been alleged to result from an un-
controlled immune inflammatory response triggered by the injury/
bleeding.1,2 The current consensus has been that patients with
traumatic insults are resuscitated into a state of an early systemic
inflammatory response (SIRS). SIRS is initiated immediately after
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trauma by activation of polymorphonuclear leukocytes (PMNs),
macrophages, lymphocytes, and the release of various inflamma-
tory mediators including cytokines, responsible for orchestrating
the normal physiologic responses to trauma and hemorrhage via
complex cellular and molecular events.1,3 While an immediate and
excessive SIRS frequently leads to an acute organ failure and early
death, an excessive counter-regulatory anti-inflammatory response
(CARS) may induce a prolonged immunosuppressed state that can
also be deleterious to the host at later stage.4 However, there is
increasing evidence that significant overlap exists in the pro- and
anti-inflammatory phase.5

Several authors have demonstrated various immunosuppressive
effects of trauma experimentally and clinically. These include,
among others, a significant correlation between severely trauma-
tized patients with ISS of 16 or greater and elevated plasma levels of
the anti-inflammatory cytokines and their correlation with
ilitary Medical University. Production and hosting by Elsevier B.V. This is an open
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mortality from trauma.6,7 The down regulation of the immune
response was also demonstrated by the work of Keel et al8 when
compared to healthy volunteers, PMNs obtained in injured patients
with an average ISS of 39 secreted markedly less pro-inflammatory
cytokines following stimulation with LPS. Overall, these studies
indicate that severe injury influences leukocyte function and
cytokine formation producing both immune-activation and im-
mune-suppression.

Circulating leukocytes represent a relatively narrow source of
the overall inflammatory mediators released to the systemic cir-
culation during the post-traumatic phase.9e11 Given that a post-
traumatic inflammatory response maybe compartmentalized,10

the inflammatory capacity readout obtained from the circulating
blood cells stimulated ex vivo may not necessarily reflect the global
immune status of the host. We aimed to evaluate the influence of
hemorrhagic shock upon a) the early secretion capacity of TNF-a by
comparing its release from circulating leukocytes and in peripheral
circulation, and b) the endotoxin-binding capacity (LBC).
Materials and methods

Animals

Male SpragueeDawley rats (n ¼ 24), weighing 440e460 g, were
used. Animals were kept under controlled temperature (22 �C),
humidity, and lighting (12-h lightedark cycles) with free access to
standard laboratory chow and water. Prior to the experiment, ani-
mals were fasted overnight but allowed water ad libitum. All ani-
mal procedures were approved (MA58-955/94) by the Viennese
(Austria) Legislative Committee and conducted according to Na-
tional Institute of Health Guidelines.
Surgical procedure

Anesthesia was induced by ketamine/xylazine (112/15 mg/kg,
intramuscularly). The animals were kept on a temperature
controlled surgical board (38 �C ± 1 �C) and allowed to breathe
spontaneously. The left femoral artery was cannulated under
aseptic conditions and connected to a pressure transducer. A sec-
ond catheter was inserted to the level of right atrium via the right
jugular vein.
Fig. 1. Experimental procedure: The rats were bled to mean arterial pressure of 30e35 mm
Ringer's solution, twice the shed blood volume, over 50 min. Blood samples for ex vivo expe
control animals received the same LPS dose but without bleeding.
Hemorrhagic shock and resuscitation (HSR)

The rats were bled through the jugular vein catheter to mean
arterial pressure (MAP) of 30e35 mmHg over 5 min and main-
tained at that level for 90 min (Fig. 1). The shed blood was then
returned followed by the infusion of Ringer's solution, twice the
shed blood volume, over 50 min. Next the catheter was removed,
the femoral artery ligated, the groin incision closed, and the ani-
mals were returned to their cages for 24 h observation.

In vivo endotoxin (lipopolysaccharide: LPS) challenge

Animals subjected to HSR received a bolus injection of E. coli
026:B6 LPS (Difco, Detroit, MI) at a dose of 1 mg/kg of body weight
via penis vein at the end of reperfusion (140 min, HSR-LPS group,
n ¼ 8) or at 24 h post shock (HSR24-LPS group, n ¼ 8). Control
animals received the same LPS dose but without bleeding (LPS
group, n ¼ 8).

Ex vivo studies

Whole blood (WB) obtained from controls (CON), at the end of
resuscitation (HSR ¼ 140 min), and at 24 h post shock (HSR 24)
prior to LPS challenge in vivo (Fig. 1) was incubated with LPS
(100 ng/mL) for 2 h at 37 �C.

Samples

Blood samples of 1 mL volume, replaced by 2 mL saline, were
obtained for ex vivo studies prior to shock, at 140 min, and 24 h
post-shock (Fig. 1). Similarly, blood samples were obtained for TNF
measurements at 230min and 25.5 h following shock (90min post-
LPS challenge). All plasma samples were stored at �30 �C before
analysis. Circulating cell counts were determined using a leukocyte
counter (TOA Sysmex PL-110, Japan).

TNF analysis

A custom made enzyme-linked immunosorbent assay (ELISA)
was performed as previously described.12,13 Briefly, 96-well
immunoplates were coated with guinea pig anti-mouse TNF
monoclonal antibody TN3 (Celltech, Slough, Berkshire, United
Hg over 5 min and maintained for 90 min. Shed blood was then infused followed by
riments were obtained prior to the In vivo endotoxin (LPS: 1 mg/kg BW) challenge. LPS



Table 1
Body weight, shed blood volume, blood cell counts, and mean arterial blood pressure (Data are presented as mean ± SEM).

Group Body weight (g) Shed blood (mL) White blood cells (K/ml) Platelets (K/ml) Mean arterial pressure (mmHg)

Pre e LPS 0 min 90 min 140 min

LPS 455 ± 2 10.2 ± 0.7 548 ± 34
HSR-LPS 448 ± 1 15.2 ± 0.2 8.9 ± 0.5 443 ± 50 110 ± 2 31 ± 1 106 ± 2
HSR-LPS24h 452 ± 3 15.6 ± 0.2 17.4 ± 1.2 381 ± 34 111 ± 2 31 ± 1 109 ± 2
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Kingdom) and blocked with albumin. After serum samples were
incubated for 2 h at 37 �C the plates were washed, incubated with
rabbit anti-mouse TNF immunoglobulin (Genzyme, Cambridge,
Massachusetts) and peroxidase-conjugated goat anti-rabbit
immunoglobulin G. After washing, o-phenylenediamine dihydro-
chloride substrate was added. The presence of TNF was detected at
A492, using recombinant mouse TNF (Genzyme, Cambridge, Mas-
sachusetts) as the standard.
Fig. 2. Plasma TNF-a concentrations 90 min after LPS challenge in vivo. LPS: Animals
received 1.0 mg/kg LPS intravenously without hemorrhage; HSR-LPS: Animals received
Endotoxin determination

The endotoxin content of plasma samples was assayed by the
limulus amebocyte lysate test using a chromogenic substrate
(Chrogenix, Molndal, Sweden) with a kinetic modification of the
test kit procedure.13
1.0 mg/kg LPS intravenously immediately after hemorrhage and resuscitation; HSR-
LPS24: Animals received 1.0 mg/kg LPS intravenously 24 h after hemorrhage and
resuscitation; *p < 0.05 vs. LPS control group.
Endotoxin-binding capacity

Whole blood spiked with 100 ng/mL LPS was incubated for 2 h
at 37 �C and the LPS concentration in plasma determined. LPS-
binding capacity (LBC %) ¼ 100 e LPS-Recovery. LPS-Recovery
¼ [(plasma LPS concentration/spiked LPS concentration) � 100].
Fig. 3. LPS-induced TNF-a formation ex vivo. The whole blood was obtained from
Statistics

Statistical analysis was performed using GraphPad Prism 5.02
(GraphPad Software, California, USA). Data was tested for normal
distribution, transformed when necessary and compared using
analysis of variance (ANOVA) or a KruskaleWallis test as appro-
priate. The data are presented as means and deviations as standard
error of the means. Significance level was set at p ¼ 0.05.
controls immediately after hemorrhage and resuscitation (HSR ¼ 140 min) or 24 h
thereafter (HSR 24) prior to LPS challenge in vivo. The heparinized whole blood was
incubated with LPS (100 ng/mL) for 2 h at 37 �C. *p < 0.05 vs. control.
Results

Body weight and blood cell counts did not differ between
groups prior to the experiment (Table 1). Similarly, shed blood
volume and mean arterial blood pressure were identical between
the shock groups (Table 1). HS alone resulted in a moderate but
significant increase in plasma TNF-a concentration at the end of
resuscitation (41.0 pg/mL ± 10.3 pg/mL). At 24 h post shock, prior to
LPS challenge, TNF-a concentration in the circulation declined
(22.9 pg/mL ± 8.5 pg/mL). HS prior to the endotoxin challenge
resulted in a significant reduction of plasma TNF-a in HSR-LPS and
HSR-LPS24 (6 and 3-fold, respectively) rats as compared to the
control LPS group, without HSR (Fig. 2).

The ex vivo LPS-induced TNF release capacity of circulating
leukocytes was very strongly suppressed by 3 and 5-fold in WB
obtained at the end of resuscitation (HSR) and at 24 h (HSR24)
compared to controls (Fig. 3). The LPS-binding capacity was not
affected in WB obtained at the end of resuscitation if compared to
the control values (57%± 6%, 56% ± 6%), but it was slightly increased
(to 71% ± 5 %) at 24 h after shock.
Discussion

Traumatic insults are typically accompanied by a blood loss of
different magnitude and in more severe cases, frequently followed
by a hemorrhagic shock. The systemic response after trauma may
be categorized into three phases14: immediate cardiovascular,
delayed (hours to days) immunological, and late (days to weeks)
metabolic. Although the inflammatory and/or immunological
consequences of trauma/hemorrhage are usually detectable several
hours or days after the initial insult, they may be triggered by the
very early phase with consequences in the development of late
multiple organ failure and death. The existing literature strongly
suggest that the overwhelming release of inflammatory cytokines,
such as TNF-a, IL-1, IL-6, and IL-10 is an initiating event in the
posttraumatic acute phase response.1,2,15 Moreover, despite its
transient appearance in circulation, TNF-a is considered the most
important triggering mediator of the downstream cytokine
cascade. Consequently, in the present study we selected TNF-a as
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surrogate marker of the early inflammatory response capacity eli-
cited by HS.16e18

The main knowledge regarding the inflammatory response in
trauma patients comes from the measurements of inflammatory
mediators performed in systemic circulation.19 Considering that in
critically ill patients virtually all body systems are activated, in-
flammatory markers detected in the blood have been likely syn-
thesized in multiply organs and compartments. The current data
are in line with our previous findings12,13,20 and those by others2,21

collectively demonstrating that an early and transient increase in
plasma TNF-a concentration occurring immediately after hemor-
rhage and resuscitation is irrespective of the cellular origin. In order
to evaluate the global TNF-a response capacity of the host, we
injected a low dose of endotoxin, to not exceed the maximum
response capacity, into the rats either immediately after resusci-
tation or 24 h later. Our results clearly demonstrate that TNF-a
formation capacity is suppressed in animals immediately after
hemorrhage and resuscitation when compared to their naïve
counterparts. Surprisingly, the magnitude of the early suppression
remained unchanged within the initial 24 h of HS. This is an
important observation, given that the early phase is typically
referred to as the hyper-inflammatory phase due to the presence of
circulating inflammatory mediators22e24 compartmentalized syn-
thesis and release of inflammatory cytokines has been suggested
being equally important in inflammation10,25,26 and that compart-
ments other than circulating leukocytes may be responsible for
morbidity andmortality in trauma.9,26 Studies have also shown that
differences exist in peripheral blood cells responses to hemorrhage
that do not correlatewith changes that occurs within organs.27e30 It
has been reported that an immediate hyper-activation of circu-
lating monocytes is rapidly followed by a paralysis of cell function
and that the capacity of de novo TNF-a synthesis in monocytes
significantly correlated with the MODS score.31,32 In the present
study the TNF-a formation capacity of the circulating leukocytes
obtained immediately after resuscitation and stimulated ex vivo
was suppressed in a similar manner as the overall host response.
The down regulated TNF-a release capacity did not recover within
the first 24 h of shock.

Onemay argue that both HSR and HSR24 groups that showed an
attenuated TNF-a release after LPS were infused with shed blood
plus Ringer's solution in contrast to the LPS control group. Thus, the
reduction of TNF-a observed in those two groups (vs. LPS control)
may in part be attributed to the dilution effect (i.g. fewer number of
circulating cells). In this respect, it is important to note that the cell
counts (WBC, platelet counts prior to LPS challenge) are not
significantly different between the LPS control group without HSR
and HSR-LPS groups. Thus, the reduced TNF-a formation capacity
by 3e5-fold following HSR in our experiments does not appear to
be solely due to a dilution effect.

Given that the reduced TNF-a response could have been caused
by an enhanced inactivation of LPS in the blood. Our results clearly
show that the LPS binding capacity of blood was not significantly
changed at the early phase after resuscitation - the time-point of
the most pronounced TNF-a release down regulation. The LPS
binding capacity was only moderately increased at 24 h post shock.

In general, endotoxemia in rodents is induced by a LPS dose in
the range of 10 mg/kg BW. Our previous studies in rats have shown,
however, that the TNF-a formation induced by 100 mg LPS/kg BW
reaches a plateau similar to that induced by 10 mg LPS/kg BW.33 In
order to avoid a maximal response and plateau level, which could
have mask the inhibitory effect of hemorrhage and resuscitation on
the inflammatory response capacity, we chose a small LPS dose of
1 mg/kg BW.

Shortcomings of our study include that pro-/anti-inflammatory
cytokines other than TNF-a were not evaluated. However,
considering the limited blood sample volume and TNF-a as an
accepted surrogate marker of general inflammatory response, we
decided to rely on it to examine the early inflammatory response to
the HSR challenge. Moreover, our experiments focused on the first
24 h following HSR, which makes TNF-a an appropriate early phase
marker. Further studies should examine for how long the response
capacity remains down regulated after HSR.

In conclusion, our data suggest that the overall TNF-a release
capacity decreases immediately after HSR and remains down
regulated within the next 24 h. We additionally demonstrate that
the LPS-inactivating capacity of the peripheral blood is enhanced
24 h after hemorrhagic shock.
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